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In the present study, changes in fish species composition, distribution, and diversity
caused by cascade dam constructions on Someșul Cald River, Romania, were analyzed.
Cascade dam constructions may act as a freshwater stressor both on short and long term.
The river was divided into two sections according to the positioning of the cascade dams
(T1-inferior section, respectively T2-superior section). In the T1 and T2 sections, 8 and 12
sampling stations were established, respectively. A total number of 1789 specimens
grouped in 12 species and 8 families were sampled from August to September 2018. The
most abundant species in both sections was S. trutta. The most abundant family was
Salmonidae, with 66.2%. Alpha diversity (species richness) in the T2 section was higher
than in T1 (T2 = 12 species vs T1 = 9 species). The Kruskal-Wallis test indicated no
significant differences (p > 0.05) for beta diversity of T1 vs T2 (Sørensen coefficient). The
species that contributed most to the dissimilarities between the two river sections were T.
thymallus, B. carpathicus, C. gobio, and S. cephalus, their summed contribution to the
dissimilarity being larger than 50%. The analyzed environmental variables influenced the
distribution of some fish species. Alpha and beta diversity distribution on elevation gradient
showed that stations close to reservoirs had more species (both in T1 and T2 sections)
than the other stations, clearly showing that the distance from lake/reservoir is influencing
species richness. The effect of dams from Someșul Cald River on fish species distribution
was analyzed by comparing previous data (before 1968) to recent collected data.
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INTRODUCTION

The use of dams has significantly contributed to human development in many ways: flood control,
energy supply, water supply for the population, industry, and agriculture (Shi et al., 2019).
Freshwater demand is increasing globally, even though it represents a limited and unevenly
distributed resource (Altinbilek, 2002). Along with the benefits of dams, there are also
disadvantages, especially when their effects are projected on wildlife management. The concept
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of clean/green energy in the case of dams is questioned by some
scientists (Li et al., 2019; Laţiu et al., 2020a). Freshwater fish fauna
diversity is placed under great stress by anthropogenic activities,
causing important ecological alterations (Jellyman and Harding,
2012). Changes in hydrological conditions, as a consequence of
dam constructions, may well cause loss of native species, loss of
taxonomic distinctness, and also loss of habitat (Cutler et al.,
2020). Alterations in freshwater habitats are at the leading edge of
a global biodiversity crisis, sometimes causing irreversible fish
species decline (Johnson et al., 2008; Kirk et al., 2020). Previous
case studies and reviews have shown that dams harm biodiversity,
especially of ichthyofauna (Jackson et al., 2001; Johnson et al.,
2008; Arantes et al., 2019; Bănăduc et al., 2020). Natural
connectivity is blocked by river fragmentation both for
longitudinal and lateral dimensions limiting the transfer of
energy, matter (organic and inorganic), and organisms
(Pringle, 2003; Grill et al., 2015). The main cause-effect of
dams is represented by riverbed fragmentation–causing
migration limitations, sediment accumulation behind the
dam–causing loss of structural integrity and river discharge,
and alterations of downstream habitat (Agostinho et al., 2008;
Zarfl et al., 2015; Moran et al., 2018). For example, fish species
such as the Danube salmon (H. hucho) use river connectivity for
reproduction, growth, and survival, and when spawning grounds
are blocked, the existence of the species is at risk. Cascade dams (a
series of impounding reservoirs built on one river) tend to cause
more intense environmental impacts, such as a decrease in fish
species abundance (Ganassin et al., 2021). Not only fish
communities are affected by dams, but also crayfish, snails,
mammals, birds, and plants, especially in mountain areas
(Nilsson and Dynesius, 1994; Jansson et al., 2000; Barnett and
Adams, 2021; Bohada-Murillo et al., 2021). In some cases,
invasive and non-native fish species thrive in artificial lakes
and reservoirs at the expense of native species (Bunn and
Arthington, 2002; Mota et al., 2014).

According to FAO, there are around 1,324 large dams geo-
referenced in Europe, of which 80 are found in Romania and were
put to use between 1964 and 1996. Large dams are considered to
have a height of more than 15 m, or a reservoir capacity of more
than 3 million m3 (height between 5 and 15 m). Based on the
same database, dams and reservoirs can be sorted by purpose.
Most of them have multiple purposes, as follows: water
supply—40; flood control—26; hydroelectricity—63;
navigation—8; recreation—6; pollution control—1; other
purposes—14 and livestock and irrigation—0 (Aquastat-FAO).

In general, biodiversity conservation has multiple level effects
on economy, culture, aesthetics, welfare, and sustainability
(Hiddink et al., 2008). However, these effects gain more
importance when genetic distinctness of populations and sub-
populations, specific behavior and life history are known
(Hutchings et al., 2007). Genetic differentiation leads to local
endemism, which is of great importance in terms of conservation.
Fish species extinction risk can be monitored by analyzing the
patterns of threatening processes affecting both the long and
short-term aquatic habitats (Arthington et al., 2016). Ecological
integrity, especially in mountain areas, is often rendered by fish
species such as European grayling (T. thymallus), bullhead (C.

gobio), and Carpathian lamprey (E. danfordi) considered
indicator species (Utzinger et al., 1998; Hayes et al., 2021).
Since freshwater fish species are considered more vulnerable to
human activities (pollution, habitat alteration, poaching) than
terrestrial and marine species, protection and conservation
measures need to be applied (Basooma et al., 2020). On a
global scale, the interest in dam impacts on fish fauna
distribution and diversity is increasing, one of the main
reasons being the magnitude of freshwater fish species decline.
In Romania, the interest for this subject gained more and more
interest, but it has some limitations caused by data deficiency.
There are only a few qualitative studies (presence and absence
based) of fish fauna before the large dams were put to use in
Romania. The main source, in this case, was represented by
Bănărescu’s work, published in 1964, which predates all major
dam constructions and is still used today as the main reference for
fish species distribution at European level.

The study aimed to analyze the changes in fish species
assemblage and distribuţion from Someșul Cald River,
comparing qualitative data before cascade dam constructions
and qualitative and quantitative data after dam constructions.

MATERIALS AND METHODS

Study Area and Fish Species Before
Cascade Dam Constructions
Someșul Rece River and Someșul Cald River form Someșul Mic
River, with a length of 178 km. They are part of the Someș-Tisa
River catchment (Romanian Environment Ministry, 2015). The
surface of Someșul Cald River is 3,773 km2, with a total length of
66.5 km. It springs from the Bihariei-Vlădeasa massif below the
Piatra Arsă peak, Cârligatele peak (Duma, 2016) (altitude
1,550 m), and is the largest river that supports the Beliș-
Fântânele Reservoir. For these reasons, Someșul Cald River is
considered the mainspring of Someșul Mic. Someșul Cald River
crosses a large part of the Apuseni Natural Park (Figure 1). From
a lithological perspective, the river passes over crystalline shale,
granite, and sedimentary rocks (limestone) and has an exocarst
and endocarst structure. The geological structure, the
geographical position, and the ecological potential make it an
important area for both flora and fauna. The specialized literature
in the field of geography regarding the area of this body of water
describes the special quality of the substrate, the abundant
precipitations, and the lack of pollution sources (Șerban et al.,
2010). The arrangement of the accumulation reservoirs and dams
on Someșul Cald River (Beliș-Fântânele, Tarniţa, Someșul Cald,
and Gilău) started in 1968, to produce electricity, as a water
supply, and for flood prevention (Petrișor, 2016). The project
aimed to overcome the watershed that separates the Someșul Mic
River catchment and the Arieș River Catchment. A series of
adductions were built through the mountains, guiding waters
such as Valea Ierii, Șoimu, Valea Calului, Negruţa, Dumitreasa,
Răcătău and Someșul Rece Rivers to the Beliș-Fântânele
Reservoir. The project had 2 successive stages. The first stage
lasted from 1968 to 1980, when the Gilău (1972), Tarniţ;a (1973),
and Beliș;-Fântânele (1976) Reservoirs were put into use. The
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second stage consisted of the completion of the deviation’s
constructions and the accumulation of Someșul Cald River
(1983). Currently, all catchments and reservoirs are
operational. It is worth mentioning that the whole damming
project was not designed with fish passes. The analyzed specialty
literature is limited in the case of the studied river. Bănărescu

(1964) and Bănărescu (1994) presented a qualitative analysis of
fish species observed in Someșul Cald River, mentioning 10 fish
species. These data are of great importance since they represent
the only source describing the ichthyofauna from Someșul Cald
River and a basis for the analysis of the influence of damming on
fish communities (Table 1).

FIGURE 1 | River sections T1 and T2 from Someșul Cald River catchment after dam construction project. (source: the authors).

TABLE 1 | Fish species from Someșul Cald River mentioned before the dam construction.

Species (according to
Bănărescu, 1964 [31])

Species Observations (according to
Bănărescu, 1964 [31])Accepted Name (2021)

Salmo trutta fario Linnaeus, 1758 Salmo trutta Descends downstream from Gilău
Linnaeus, 1758

Thymallus Linnaeus, 1758 Thymallus Linnaeus, 1758 Descends to the confluence of Someșul Cald River and Someșul Rece
River

Leuciscus cephalus Linnaeus, 1758 Squalius cephalus Upstream of the confluence of Someșul Cald River and Someșul Rece
RiverLinnaeus, 1758

Phoxinus Linnaeus, 1758 Phoxinus Linnaeus, 1758 On Someșul Cald and downstream to Cluj-Napoca City
Alburnoides bipunctatus Bloch, 1782 Alburnoides bipunctatus Bloch, 1782 Uppstream of the confluence of Someșul Cald River with Someșul

Rece River
Gobio obtusirostris Valencienes,
1842

Gobio obtusirostris Valencienes, 1842 Upstream of Gilău–limnophilic morph

Gobio uranoscopus friči Vladykov,
1925

Romanogobio uranoscopus Agassiz, 1828 On Someșul Mic River up to Gilău, migrates to its tributaries

Barbus meridionalis petenyi Risso,
1826

Barbus carpathicus Kotlík, Tsigenopoulos, Ráb and
Berrebi, 2002

Found in Someșul Cald River

Noemacheilus barbatulus Linnaeus,
1758

Barbatula Linnaeus, 1758 Found at the confluence of Someșul Cald River with Someșul Rece
River

Cottus gobio Cottus gobio Linnaeus, 1758 On both Someșul Cald River and Someșul Rece Rivers to their
confluenceLinnaeus, 1758
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Mapping, Sectoring, and Environmental
Variables
To map the minor riverbed of Someșul Cald River, a Garmin
Etrex 20X GPS device was used. The mapping was carried out in
July 2018. The team progressed through the minor riverbed,
along its entire length. In the first phase, the areas of interest were
marked. Areas of interest were represented by structures and
configurations of the riverbed with a high degree of complexity
(areas with deep water, areas with sandy, stony or muddy
substrate, mostly shaded areas, areas without shading, etc.).

To analyze the lotic fish fauna from Someșul Cald River,
sectorization was carried out as follows: the inferior section (T1),
limited downstream by the inlet of Tarniţa Reservoir and
upstream by the Beliș-Fântânele Dam; the superior section
(T2), limited downstream by the inlet of Beliș-Fântânele
Reservoir and upstream by the springs of Someșul Cald River
(Figure 1). In the inferior section T1, a total of 8 sampling
stations (from T1-S1 to T1-S8) were analyzed, while in the
superior section T2, a total of 12 stations (from T2-S1 to T2-
S12) were analyzed.

The geographic starting point for the study was the Tarniţa
Reservoir inlet area. The argument underlying the selection of
this point results from the configuration of the Someșul Cald
River. This stretch of river has a high degree of anthropization
due to the successions of dams and reservoirs. To characterize the
aquatic habitat and morphology of the river, altitude, width,
distance from lake and depth were analyzed. Altitude and length
of the limits of each sampling station were determined with a
Garmin Etrex 20X GPS device (Table 2). Riverbed width was
determined with a measuring tape (5 determinations/station,
including the start and end of the station and 3 intermediary
determinations). The depth of the major riverbed was determined
with a 1.5 m measuring rod (5 determinations/station, including

the start and end of the station and 3 intermediary
determinations).

Fish Sampling
Fish sampling was performed by single-pass electrofishing
techniques using a SAMUS 725 MP apparatus, powered by a
12 V and 24 A rechargeable battery (Kubečka et al., 2021). The
sampling period was from August to September 2018. The
efficiency of freshwater fish sampling by electrofishing
methods is highly effective, especially in streams and small
rivers (Dybko et al., 1998). Water conductivity was tested
before electrofishing to adjust the output current at non-lethal
frequencies (Barwell et al., 2015).

Data Analysis
A total of 20 sampling sites were analyzed (8 and 12 sites in T1
and T2, respectively). Alpha diversity was represented by species
richness, the total number of species from each sampling site
(Cheng et al., 2019). Sørensen’s coefficient was used to determine
beta diversity to assess the similarities or dissimilarities among
neighboring sampling stations (Sørensen, 1948). Non-metric
multidimensional scaling (NMDS) and analysis of similarity
(ANOSIM) were used to compare fish species composition
and differences in resemblances among groups of sampled
sites (Runde et al., 2021). The contribution of fish species to
the dissimilarity of the two river sections was determined by
similarity percentage analysis (SIMPER) based on Bray-Curtis
similarity (Medeiros-Leal et al., 2021). Species composition and
environmental variables were analyzed by canonical
correspondence analysis as a data exploration method (Carosi
et al., 2015). Fish species abundance data and environmental
variables (station altitude, distance from lake, mean riverbed
width, mean water depth) were log (x+1) transformed. NMDS,

TABLE 2 | GPS coordinates of the sampling sites.

T1-Inferior Section Downstream Limit Upstream Limit

T1-S1 46°42′24.8″N 23°12′55.9″E 46°42′27.2″N 23°12′49.0″E
T1-S2 46°41′54.8″N 23°10′59.4″E 46°42′00.3″N 23°10′54.1″E
T1-S3 46°41′53.5″N 23°09′32.3″E 46°41′55.6″N 23°09′17.2″E
T1-S4 46°42′01.4″N 23°08′07.5″E 46°42′00.8″N 23°07′59.5″E
T1-S5 46°42′04.8″N 23°07′46.9″E 46°42′09.2″N 23°07′40.3″E
T1-S6 46°42′29.7″N 23°07′01.7″E 46°42′34.7″N 23°06′54.4″E
T1-S7 46°42′36.5″N 23°06′27.9″E 46°42′36.7″N 23°06′21.8″E
T1-S8 46°41′55.5″N 23°04′36.1″E 46°41′57.5″N 23°04′49.5″E

T2-Superior Section Downstream Limit Upstream Limit

T2-S1 46°38′46.0″N 22°52′06.7″E 46°38′47.2″N 22°51′57.1″E
T2-S2 46°38′49.1″N 22°51′50.2″E 46°38′49.9″N 22°51′37.3″E
T2-S3 46°38′50.0″N 22°51′27.4″E 46°38′47.2″N 22°51′19.6″E
T2-S4 46°38′35.3″N 22°50′34.9″E 46°38′29.9″N 22°50′13.3″E
T2-S5 46°38′25.7″N 22°49′24.5″E 46°38′22.7″N 22°49′19.4″E
T2-S6 46°38′18.1″N 22°49′03.6″E 46°38′13.0″N 22°48′45.3″E
T2-S7 46°37′57.3″N 22°48′17.0″E 46°37′48.8″N 22°48′04.8″E
T2-S8 46°37′46.2″N 22°46′24.4″E 46°37′48.8″N 22°46′19.6″E
T2-S9 46°38′05.5″N 22°45′01.3″E 46°38′06.7″N 22°44′55.9″E
T2-S10 46°38′29.1″N 22°44′04.0″E 46°38′31.9″N 22°43′59.7″E
T2-S11 46°38′39.2″N 22°43′42.7″E 46°38′38.9″N 22°43′37.0″E
T2-S12 46°38′21.4″N 22°43′08.3″E 46°38′18.6″N 22°43′07.9″E
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ANOSIM, SIMPER, and CCA analyses were conducted in PAST
Software ver. 4.03 (Hammer et al., 2001; Hammer and Harper,
2006). Non-parametric Spearman correlations were determined
for species richness and environmental variables (log-
transformed).

RESULTS

Mapping, Sectoring, and Environmental
Variables
The sampling river sections are presented in Figure 1. The mean
altitude of the stations from T1 ranged from 518.5 to 832 m, while
the mean altitude in stations from T2 ranged from 1,001.5 to
1,153.5 m (Table 3). Station length varied from 142 to 328 m in
T1 and from 105 to 458 m in T2. The mean riverbed width of the
stations varied from 4.48 to 9.53 m in T1 and from 2.34 to
24.68 m in T2. The mean water depth of the stations varied from
20.4 to 55.8 cm in T1 and from 16.4 to 42 cm in T2. Distance from

the lake in the T1 river section (distance from Tarniţa Reservoir)
ranged from 1 to 15,540.56 m while in T2, ranged from
2,454.56 m to 16,508.86 m (Table 3 and Table 4).

Fish Species Composition in the Someșul
Cald River
The fish survey was carried out from August to September 2018
(50 years after the start of the damming project in 1968). A total
number of 1789 specimens were sampled and analyzed, 761 from
T1 and 1,028 specimens from T2. Nine species grouped into 7
families were found in the inferior section (Salmonidae: Salmo
trutta, Thymallus; Cyprinidae: Barbus carpathicus,
Nemacheilidae: Barbatula, Leuciscidae: Phoxinus and Squalius
cephalus; Cobitidae: Cobitis elongatoides; Cottidae: Cottus gobio;
Petromyzontidae: Eudontomyzon danfordi). Twelve species
grouped into 8 families were found in the superior section
(Salmonidae: Salmo labrax, Salmo trutta, and Thymallus;
Cyprinidae: Barbus carpathicus, Nemacheilidae: Barbatula,

TABLE 3 | Altitude, width, depth, and distance from the lake in the inferior river section T1.

Stations from T1 T1-S1 T1-S2 T1-S3 T1-S4 T1-S5 T1-S6 T1-S7 T1-S8

Mean altitude (m) 518.5 577.5 617.5 655 696 725 732 832
Mean station width (m) 9.53 6.28 5.16 4.48 7.12 6.76 6.19 5.94
Mean water depth (cm) 55.8 24.2 26 40.6 20.4 50.2 42.2 38.2
Distance from lake (m) 1 4266.8 6881.3 9029.1 9597.1 11060.15 11908.72 15540.56

TABLE 4 | Altitude, width, depth, and distance from the lake in the superior river section T2.

Stations from T2 T2-S1 T2-S2 T2-S3 T2-S4 T2-S5 T2-S6 T2-S7 T2-S8 T2-S9 T2-S10 T2-S11 T2-S12

Mean altitude (m) 1001.5 1005.5 1008 1013.5 1019.5 1027 1040.5 1068.5 1111.5 1125 1135.5 1153.5
Mean station width (m) 24.68 20.64 14.48 18.7 15.3 13 7.11 6.22 4.37 4.47 4.3 2.34
Mean water depth (cm) 17.8 25 26.6 38 33.8 30.8 24 42 19.2 21.4 16.4 19.6
Distance from lake (m) 2454.56 2818.07 3362.54 4607.45 6267.52 6787.46 8161.85 11065.96 13105.99 14866.18 15502.08 16508.86

FIGURE 2 | Fish species abundance in the two river sections T1 and T2.
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Leuciscidae: Phoxinus, Rutilus, and Squalius cephalus; Cobitidae:
Cobitis elongatoides; Cottidae: Cottus gobio; Percidae: Perca
fluviatilis; Petromyzontidae: Eudontomyzon danfordi) (Figure 2).

Identification and validation of fish species were performed using
meristic character analysis for all the specimens in the study. In the
case of B. carpathicus, identification in the field is difficult, and the
species distribution based on specialty literature was used to validate
the species’ presence (Kottelat and Freyhof, 2007; Antal et al., 2016).
For the identification and validation of S. labrax, non-overlapping
meristic characters to S. trutta were used (Laţiu et al., 2020b).

Overall, Salmonidae and Leuciscidae families were the richest
(3 genera for each family were identified). Of the total number of
observed specimens, 66.2% were represented by Salmonidae fish
species. Overall, species from Leuciscidae family represented
19.6%, followed by Cottidae (9.9%), Cyprinidae (2.9%),

Petromyzontidae (0.7%), Nemacheilidae (0.6%), Percidae
(0.1%) and Cobitidae (0.1%) (Figure 3).

Diversity and Distribution Patterns of Fish
Species
Alpha diversity varied in the two river sections of the Someșul
Cald River. The inferior section T1 had 9 species, while the
superior section T2 had 12 species. It can be noticed that the
global alpha diversity (T1+T2) is equal to the alpha diversity of T2
(Figure 4). In terms of species composition, the differences are
caused by S. labrax, R. rutilus and Perca fluviatilis found only in
the superior river section T2.

Beta diversity determined by Sørensen’s coefficient ranged from
0.29 to 1 in the T1 section and from 0.67 to 1 in the T2 section
(similarity between neighboring stations) (Figure 5). The determined
overall beta diversity (T1 vs T2) was 0.86, suggesting a high degree of
similarity between the two river sections. Beta diversity between
neighboring stations inside each river section showed less variation in
T2 than in the T1 section (Coefficient of variation: T2 = 14.72% vs T1
= 32.94%). Beta diversity values were tested using a t-test to compare
the mean values of the T1 and T2 sections. The results showed that
there is no significant difference between the two sections (p= 0.2047,
t = 1.322) in terms of means for beta diversity.

The Kruskal–Wallis test showed that the alpha diversity in
sampled stations of section T1 did not show significant variation
(p > 0.05), while the opposite was determined for stations from
the T2 section (p < 0.05). In the case of beta diversity, the
Kruskal–Wallis test showed no significant variations (p >
0.05). Based on ANOSIM analysis, no significant evidence of
differences in fish species between the two river sections was
found (R = 0.1362, p = 0.069). Based on NMDS (T1 stress =

FIGURE 3 | Fish family composition % from Someșul Cald River.

FIGURE 4 | Alpha diversity (species richness) from the two sections of
Someșul Cald River.
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0.0644 and T2 stress = 0.146), fish species composition displayed
different distribution patterns in the two river sections (Figure 6).

SIMPER showed that T. thymallus (contributed 15.78%), B.
carpathicus (contributed 14.06%), C. gobio (contributed 13.1%),
and S. cephalus (contributed 14.49%) contributed with more than
50% to the dissimilarity of the two sampled river sections. The
species that contributed most to the similarity of both the T1 and
T2 river sections was S. trutta.

Fish Species and Environmental Variables
The direct gradient analysis represented by environmental variables
in the sampled sites and fish species’ presence or absence was
determined by Canonical Correspondance Analysis (CCA). A
total of 4 environmental variables were included in the study
(altitude, water depth, station width, and distance from the lake).
For the inferior river section T1, 67.24% was explained by axis 1 and
24.91% by axis 2. A similar situation was observed in the case of the
superior river section T2, where 66.55% was explained by axis 1 and
27.37% was explained by axis 2. Environmental variables influenced
the distribution of some fish species. In both T1 and T2 sections, the

mean altitude influenced the distribution of C. gobio, the species
being better represented at higher altitudes. Mean water (station)
width influenced C. elongatoides and E. danfordi distribution in T1
river section. The same environmental variable influenced the
distribution of E. danfordi and T. thymallus in T2. Mean water
depth in T1 section did not influence fish species distribution, while
in T2 section, the distribution of B. barbatula, P. fluviatilis, E.
danfordi and T. thymallus was influenced by this environmental
variable. Distance from lake influenced the distribution of S. trutta in
both T1 and T2 sections, the species being better represented in
terms of numbers in stations more distant from the lake/reservoir.
(Figures 7A,B). Even when CCA is used as an exploratory method,
applied on data that is not normally distributed, itmay showpatterns
of habitat preferences in some fish species.

Alpha and Beta Diversity Patterns on an
Elevation Gradient
In terms of species richness (alpha diversity), a species
distribution pattern can be observed in both T1 and T2 river

FIGURE 5 | Beta diversity (Sorensen’s coefficient) determined for the two river sections T1 and T2.

FIGURE 6 | Non-metric multidimensional scaling (NMDS) based on Bray-Curtis Similarity (species abundance from each station and environmental variables;
(A)–T1 section; (B)–T2 section).
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sections. The inferior stations from each river section had more
species in both cases compared to the superior stations (stations
T1-S1, T1-S2, and T2-S1 and T2-S2). In this case, increased alpha

diversity is to be associated with the distance from the lake rather
than elevation. The stations mentioned above make the
connection of the river with Tarniţa and Beliș-Fântânele

FIGURE 7 | Canonical Correspondence Analysis (CCA): relationship of fish species and environmental variables for T1 (A) and T2 (B) river sections (used as
exploratory method).

FIGURE 8 | Variations of alpha diversity in the T1 and T2 river sections.

FIGURE 9 | Variations of beta diversity in the T1 and T2 river sections.
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Reservoirs. In general, alpha diversity showed a monotonic
decrease when altitude is increased (Figure 8). The
determined beta diversity showed that neighboring superior
stations from both river sections were more homogenous
(T1 S5-S6, T1 S6-S7, T1 S7-S8, T2 S9-S10, T2 S10-S11, and
T2 S11-S12), beta diversity ranging from 0.86 to 1 in T1, and 1 in
T2 (Figure 9). The superior river section T2 had more species
than the inferior section T1 (12 vs 9).

Spearman correlations between alpha diversity and
environmental variables showed different patterns in the 2
analyzed river sections. Moderate negative correlations of
alpha diversity and mean altitude were determined for T1 (r =
-0.577, p = 0.1423), while very strong negative correlations were
determined for T2 (r = -0.9231, p < 0.0001). In the case of alpha
diversity and station width, correlations were moderate and
positive for T1 (r = 0.5647, p = 0.1494) and strong and
positive for T2 (r = 0.9591, p < 0.0001). Alpha diversity and
mean water depth for both river sections were weak and positively
correlated (T1: r = 0.1596, p = 0.7101 respectively T2: r = 0.4526,
p = 0.1401). Alpha diversity and distance from lake showed
moderate and negative correlations in T1 section (r = -0.577,
p = 0.1423) and very strong and negative correlations in T2
section (r = -0.9231, p < 0.0001) (Table 5).

DISCUSSION

Quantitative studies on fish species distribution before and after
cascade dam construction were not conducted for Someșul Cald
River. The only data available was published by Bănărescu (1964),
being a qualitative study before cascade dam constructions, where
10 fish species were mentioned (Salmo trutta, Thymallus,
Squalius cephalus, Phoxinus, Alburnoides bipunctatus, Gobio
obtusirostris, Romanogobio uranoscopus, Barbus carpathicus,
Barbatula, Cottus gobio), grouped into 6 families (Salmonidae,
Leuciscidae, Gobionidae, Cyprinidae, Nemacheilidae and
Cottidae). In terms of species distribution, there are
differences between “before cascade dam construction” and
“after cascade dam construction”. Species such as A.
bipunctatus, G. obtusirostris, and R. uranoscopus were reported
only before dam constructions, while species such as C.
elongatoides, R. rutilus, S. labrax, and P. fluviatilis were
reported after dam constructions, in this study. Voicu and
Merten (2014) mentioned that longitudinal connectivity was
also highly affected by hydro-technical facilities downstream of
our study area, and habitat restoration is necessary. Other species

(C. nasus, B. carpathicus) that live below the trout and grayling
ecological zones may be affected in the long term due to
longitudinal fragmentation. Yujun et al. (2010) noticed that
when migration routes are cut off, changes in fish species
composition may occur, with some species being threatened
while others may disappear. Species from the Thymallus genus
are affected worldwide by hydro-constructions. Studies show that
the habitat of the Arctic grayling T. arcticus is restricted due to
dam constructions and habitat management should be analyzed
according to “the new fragmented distribution” (Clarke et al.,
2007). Assessments on species sensitivity to hydropower
constructions are well known, but too few measures are taken
for protection purposes (Weiss et al., 2018). Dispersal by the
current-mediated drift of fish larvae is another issue influencing
migration (upstream-downstream migration) (Zitek et al., 2004;
Lechner et al., 2014).

Brown trout S. trutta was observed in all stations, at all
altitudes, ranging from 2 specimens (T2-S12) to 174
specimens (T1-S4). Since it is well distributed along the
elevation gradient, we can assess that the species has high
plasticity in terms of habitat, a characteristic also observed by
other authors (Ayllón et al., 2010). In some countries, the species
is viewed as a possible invader due to its capacity to adapt to new
environments (Budy and Gaeta, 2017). The observed altitude
range distribution of S. trutta in Someșul Cald River was from
518.5 to 1,153.5 m. The Black Sea trout S. labrax is a rare species
in both Romanian fresh and saltwater. Further analysis of its
distribution has to be performed. The habitat of European
grayling T. thymallus is limited not only in Romania, but also
in Europe due to genetic drift and limited migration. In some
cases, grayling populations should be treated as separate units for
conservation plans (Swatdipong et al., 2009). The present
population of the species in the studied river has a limited
distribution range in terms of altitude (1,001.5 m–1,068.5 m)
compared to the 1960s, when it was found from Beliș to the
confluence with the Someșul Rece River (Bănărescu et al., 1999).
The small number of specimens from the T1 river section
suggests that the river stretch connecting Tarniţa Reservoir
and Beliș-Fântânele Dam is not a suitable habitat for the
species. The stone loach B. barbatula is a bottom-dwelling fish
species inhabiting shallow depositional habitats. The presence of
macrophytes is another habitat element prefered by the species
(Santoul et al., 2005). In our case, the small number of specimens
and the small number of sites where it was observed may be
attributed to an unsuitable habitat. At higher altitudes,
depositional habitats are limited (T2 river section), and a

TABLE 5 | Spearman correlations of alpha diversity and environmental variables.

Alpha Diversity vs EV Alpha vs Mean
Altitude (m)

Alpha vs Mean Station
Width (m)

Alpha vs Mean Water
Depth (cm)

Alpha vs Distance from
the lake(m)

River section T1 T2 T1 T2 T1 T2 T1 T2

r −0.577 −0.9231 0.5647 0.9591 0.1596 0.4526 −0.577 −0.9231
P (two-tailed) 0.1423 <0.0001 0.1494 <0.0001 0.7101 0.1401 0.1423 <0.0001
P-value summary ns **** ns **** ns Ns ns ****
Significant? (alpha = 0.05) No Yes No Yes No No No Yes
Number of XY Pairs 8 12 8 12 8 12 8 12
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similar situation can be found in river stretches connecting
cascade dams (T1 river section limited downstream by Tarniţa
Reservoir and upstream by Beliș-Fântânele Dam). Carpathian
barbel B. carpathicus occurs usually in the Northern and Central
parts of the Carpathian mountains (Konopiński et al., 2013). The
species was recently described as an individual species, in the past
being referred to as B. meridionalis or Barbus petenyi. Further
studies are needed to have more insights into the species ecology.
It can be noticed that the species tends to cluster in particular
areas of the river (T1-S4 and T2-S2). The Eurasian minnow P.
phoxinus is a gregarious species with a wide area of distribution in
Europe and Asia. In terms of habitat preferences, it is found in
cold, well-oxygenated streams, rivers, and lakes (Vucić et al.,
2018). In our study, the species was observed in both river
sections and almost all the stations from altitudes ranging
from 518.5 to 1,068.5 m. The European chub S. cephalus
specimens found in Someșul Cald River showed a similar
distribution pattern in both river sections T1 and T2. It was
found in both river sections in the first 4 and 5 stations upstream
of the reservoirs. This may suggest that the species’ presence is
influenced by the distance from the lake/reservoir. The presence
of Cobitis elongatoides in both river sections is rather accidental.
Previous studies did not mention the species in this river, also our
observations are limited to only 2 specimens, one in each river
section. The bullhead C. gobio is considered to be an indicator
species for habitat integrity and quality (Gosselin et al., 2010). In
the present study, the species showed a clear distribution based on
elevation gradient. It was observed from altitudes ranging from
696 to 1,153.5 m (from T1-S5 to T2-S12). The roach R. rutilus is
found in a large number of habitats, especially in lowland areas. It
prefers nutrient-rich water bodies, so its presence in the superior
section of the studied river is spontaneous and conditioned by the
spawning season. It is found in large numbers in Beliș-Fântânele
Reservoir, migrating upstream between July to August. The
spawning season of the roach is in general from April to May,
similar to the European chub (May to June), but at higher
altitudes, it can be observed until late in the summer (June to
August) (Șași, 2004; Nõges and Järvet, 2005). The Carpathian
lamprey E. danfordi is usually found in the trout, grayling, and
sometimes barbel ecological zones. Slow water with silt and mud
substrate is essential for the species to thrive, especially for larvae
development (Curtean-Bănăduc et al., 2015). The species’
presence in Someșul Cald River can be associated with the
sampling stations close to reservoirs (T1-S1, T1-S2, T2-S2, T2-
S4, and T2-S6). In general, these areas are richer in depositional
matter than areas closer to the spring. The presence of the perch

P. fluviatilis in Someșul Cald River is spontaneous and mainly
caused by its migration from Beliș-Fântânele Reservoir, which
cannot be associated with spawning season, but rather with
accidental migration. It is found in large numbers in both
reservoirs (Tarniţa and Beliș-Fântânele).

In terms of alpha diversity, more species are found in both
river sections in the stations closer to the reservoirs. Beta diversity
shows heterogeneity in fish species assemblages in the same areas
where alpha diversity is high. On the other hand, it can be noticed
that more homogeneity is found in the upper stations of both
river sections.

This study presented the qualitative and quantitative status of
fish species from Someșul Cald River, under the influence of
cascade dam construction. The presence of new species and the
absence of previously reported species may be a consequence of
habitat alteration. The populations of T. thymallus, C. gobio, and
E. danfordi are fragile in the studied water body and habitat
protection is required, while the S. trutta population is well
distributed in all river sections and stockings with this species
are not recommended (Aquastat, 2018).

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

The animal study was reviewed and approved by the Ethics
Committee of the University of Agricultural Sciences and
Veterinary Medicine Cluj-Napoca (No. 143/2019).

AUTHOR CONTRIBUTIONS

CL: writing, editing, methodology, fieldwork and review. TP: data
curation, fieldwork, language editing. GM: data curation,
fieldwork, substantial correction. PU: writing, editing,
fieldwork and review. RC: fieldwork, review and visualization,
M-CM-L: writing, fieldwork review and visualization, A-SN:
writing, map editing, CC: data analysis, review and
visualization. VM: methodology, and DC: methodology and
supervision.

REFERENCES

Agostinho, A., Pelicice, F., and Gomes, L. (2008). Dams and the Fish Fauna of the
Neotropical Region: Impacts andManagement Related to Diversity and Fisheries.
Braz. J. Biol. 68 (4), 1119–1132. doi:10.1590/s1519-69842008000500019

Altinbilek, D. (2002). The Role of Dams in Development. Int. J. Water Resour. Dev.
18 (1), 9–24. doi:10.1080/07900620220121620

Antal, L., László, B., Kotlík, P., Mozsár, A., Czeglédi, I., Oldal, M., et al. (2016).
Phylogenetic Evidence for a New Species of Barbus in the Danube River Basin.
Mol. Phylogenetics Evol. 96, 187–194. doi:10.1016/j.ympev.2015.11.023

Aquastat (2018). FAO’s Global Information System on Water and Agriculture.
Available at: https://www.fao.org/aquastat/en/databases/dams (Accessed
Febuary 02, 2022).

Arantes, C. C., Fitzgerald, D. B., Hoeinghaus, D. J., and Winemiller, K. O. (2019).
Impacts of Hydroelectric Dams on Fishes and Fisheries in Tropical Rivers
through the Lens of Functional Traits. Curr. Opin. Environ. Sustain. 37, 28–40.
doi:10.1016/j.cosust.2019.04.009

Arthington, A. H., Dulvy, N. K., Gladstone, W., and Winfield, I. J. (2016). Fish
Conservation in Freshwater and Marine Realms: Status, Threats and
Management. Aquat. Conserv. Mar. Freshw. Ecosyst. 26 (5), 838–857. doi:10.
1002/aqc.2712

Frontiers in Environmental Science | www.frontiersin.org June 2022 | Volume 10 | Article 91874510

Laţiu et al. Someşul Cald River Fish Diversity

https://doi.org/10.1590/s1519-69842008000500019
https://doi.org/10.1080/07900620220121620
https://doi.org/10.1016/j.ympev.2015.11.023
https://www.fao.org/aquastat/en/databases/dams
https://doi.org/10.1016/j.cosust.2019.04.009
https://doi.org/10.1002/aqc.2712
https://doi.org/10.1002/aqc.2712
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


Ayllón, D., Almodóvar, A., Nicola, G. G., and Elvira, B. (2010). Ontogenetic and
Spatial Variations in Brown Trout Habitat Selection. Ecol. Freshw. Fish. 19,
420–432. doi:10.1111/j.1600-0633.2010.00426.x

Bănăduc, D., Noblet, B., Chauveau, R., Latrache, Y., Touati, A., and Curtean-
Bănăduc, A. (2020). Mountainous Lotic Systems Dams Associated
Environmental Risks - a Comparative Short Review between the
Carpathians and Alps. Acta Oecol. Carp. 13, 57–68.

Bănărescu, P. (1964). Fauna Republicii Populare Romîne,Volumul XIII. Pisces –
Osteichthyes (Pești Ganoizi Șiosoşi). București: Editura Academiei Republicii
Populare Române.

Bănărescu, P. (1994). The Present Day Conservation Status of the Freshwater Fish
Fauna of Romania. Ocrot. Nat. 38 (1), 5–20.

Bănărescu, P., Telcean, I., Nalbant, Th., Harka, A., and Ciobanu, M. (1999). “The
Fish Fauna of the River Someş/ Szamos Basin,” in Tiscia-Monograph Series (The
Somes/Szamos River Valley). Editors A. Sarkany-Kiss and J. Hamar (Tg. Mureş:
Szolnok-Szeged-Tg. Mureş), 249–268.

Barnett, Z. C., and Adams, S. B. (2021). Review of Dam Effects on Native and
Invasive Crayfishes Illustrates Complex Choices for Conservation Planning.
Front. Ecol. Evol. 8, 621723. doi:10.3389/fevo.2020.621723

Barwell, L. J., Isaac, N. J. B., and Kunin, W. E. (2015). Measuring β-diversity with
Species Abundance Data. J. Anim. Ecol. 84 (4), 1112–1122. doi:10.1111/1365-
2656.12362

Basooma, A., Nakiyende, H., Olokotum, M., Nkalubo, W., Musinguzi, L., and
Natugonza, V. (2020).Using the Novel Priority Index in Prioritizing the Selection
of Inland Water Bodies for Site-Based Fish Species Conservation. Cold Spring
Harbor: bioRxiv. [Preprint]. Available at: https://www.biorxiv.org/content/10.
1101/2020.11.12.380618v1 (Accessed March 20, 2022).

Bohada-Murillo, M., Castaño-Villa, G. J., and Fontúrbel, F. E. (2021). Effects of
Dams on Vertebrate Diversity: A Global Analysis. Diversity 13, 528. doi:10.
3390/d13110528

Budy, P., and Gaeta, J. W. (2017). “Brown Trout as an Invader: a Synthesis of
Problems and Perspectives in Western North America,” in Brown Trout:
Biology, Ecology and Management. Editors J. Lobón-Cerviá and N. Sanz
(Hoboken: Wiley), 525–544.

Bunn, S. E., and Arthington, A. H. (2002). Basic Principles and Ecological
Consequences of Altered Flow Regimes for Aquatic Biodiversity. Environ.
Manag. 30, 492–507. doi:10.1007/s00267-002-2737-0

Carosi, A., Ghetti, L., Forconi, A., and Lorenzoni, M. (2015). Fish Community of
the River Tiber Basin (Umbria-Italy): Temporal Changes and Possible Threats
to Native Biodiversity. Knowl. Manag. Aquat. Ecosyst. 416, 22. doi:10.1051/
kmae/2015018

Cheng, D., Zhao, X., Song, J., Sun, H., Wang, S., Bai, H., et al. (2019). Quantifying
the Distribution and Diversity of Fish Species along Elevational Gradients in the
Weihe River Basin, Northwest China. Sustainability 11 (21), 6177. doi:10.3390/
su11216177

Clarke, A. D., Telmer, K. H., and Shrimpton, J. M. (2007). Habitat Use and
Movement Patterns for a Fluvial Species, the Arctic Grayling, in a
Watershed Impacted by a Large Reservoir: Evidence from Otolith
Microchemistry. J. Appl. Ecol. 44 (6), 1156–1165. doi:10.1111/j.1365-
2664.2007.01350.x

Curtean-Bănăduc, A., Danci, O., and Bănăduc, D. (2015). Eudontomyzon
Danfordi (Regan, 1911) Species Populations Ecological Status in Maramureş
Mountains Nature Park (Romania). Transylv. Rev. Syst. Ecol. Res. 17, 139–154.
doi:10.1515/trser-2015-0071

Cutler, J. S., Olivos, J. A., Sidlauskas, B., and Arismendi, I. (2020). Habitat Loss Due
to Dam Development May Affect the Distribution of Marine-associated Fishes
in Gabon, Africa. Ecosphere 11 (2), e03024. doi:10.1002/ecs2.3024

Duma, D. A. (2016). Cadrul natural și elemente de turism în bazinul Someșului
Rece. Arad: Paradigme Universitare Băimărene.

Dybko, A., Wróblewski, W., Roźniecka, E., Poźniakb, K., Maciejewski, J.,
Romaniuk, R., et al. (1998). Assessment of Water Quality Based on
Multiparameter Fiber Optic Probe. Sensors Actuators B Chem. 51, 208–213.
doi:10.1016/s0925-4005(98)00192-0

Ganassin, M. J. M., Muñoz-Mas, R., de Oliveira, F. J. M., Muniz, C. M., dos Santos,
N. C. L., García-Berthou, E., et al. (2021). Effects of Reservoir Cascades on
Diversity, Distribution, and Abundance of Fish Assemblages in Three
Neotropical Basins. Sci. Total Environ. 778, 146246. doi:10.1016/j.scitotenv.
2021.146246

Gosselin, M.-P., Petts, G. E., and Maddock, I. P. (2010). Mesohabitat Use by
Bullhead (Cottus gobio). Hydrobiologia 652, 299–310. doi:10.1007/s10750-010-
0363-z

Grill, G., Lehner, B., Lumsdon, A. E., MacDonald, G. K., Zarfl, C., and Reidy
Liermann, C. (2015). An Index-Based Framework for Assessing Patterns and
Trends in River Fragmentation and Flow Regulation by Global Dams at
Multiple Scales. Environ. Res. Lett. 10, 015001. doi:10.1088/1748-9326/10/1/
015001

Hammer, Ø., and Harper, D. A. T. (2006). Paleontological Data Analysis. Oxford:
Blackwell.

Hammer, Ø., Harper, D. A. T., and Ryan, P. D. (2001). PAST: Paleontological
Statistics Software Package for Education and Data Analysis. Palaeontol.
Electron. 4 (1), 1–9.

Hayes, D. S., Lautsch, E., Unfer, G., Greimel, F., Zeiringer, B., Höller, N., et al.
(2021). Response of European Grayling, Thymallus thymallus, to Multiple
Stressors in Hydropeaking Rivers. J. Environ. Manag. 292, 112737. doi:10.
1016/j.jenvman.2021.112737

Hiddink, J. G., MacKenzie, B. R., Rijnsdorp, A., Dulvy, N. K., Nielsen, E. E.,
Bekkevold, D., et al. (2008). Importance of Fish Biodiversity for the
Management of Fisheries and Ecosystems. Fish. Res. 90 (1-3), 6–8. doi:10.
1016/j.fishres.2007.11.025

Hutchings, J. A., Swain, D. P., Rowe, S., Eddington, J. D., Puvanendran, V.,
and Brown, J. A. (2007). Genetic Variation in Life-History Reaction
Norms in a Marine Fish. Proc. R. Soc. B 274, 1693–1699. doi:10.1098/
rspb.2007.0263

Jackson, D. A., Peres-Neto, P. R., and Olden, J. D. (2001). What Controls Who Is
where in Freshwater Fish Communities – the Roles of Biotic, Abiotic, and
Spatial Factors. Can. J. Fish. Aquat. Sci. 58 (1), 157–170. doi:10.1139/f00-239

Jansson, R., Nilsson, C., and Renöfält, B. (2000). Fragmentation of Riparian Floras
in Rivers with Multiple Dams. Ecology 81 (4), 899–903. doi:10.1890/0012-
9658(2000)081[0899:forfir]2.0.co;2

Jellyman, P., and Harding, J. (2012). The Role of Dams in Altering Freshwater Fish
Communities in New Zealand. N. Z. J. Mar. Freshw. Res. 46 (4), 475–489.
doi:10.1080/00288330.2012.708664

Johnson, P. T., Olden, J. D., and Vander Zanden, M. J. (2008). Dam Invaders:
Impoundments Facilitate Biological Invasions into Freshwaters. Front. Ecol.
Environ. 6, 357–363. doi:10.1890/070156

Kirk, M. A., Maitland, B. M., and Rahel, F. J. (2020). Spatial Scale, Reservoirs and
Nonnative Species Influence the Homogenization and Differentiation of Great
Plains-Rocky Mountain Fish Faunas. Hydrobiologia 847, 3743–3757. doi:10.
1007/s10750-019-04129-5

Konopiński, M. K., Amirowicz, A., Kotlík, P., Kukuła, K., Bylak, A., Pekarik, L.,
et al. (2013). Back from the Brink: The Holocene History of the Carpathian
Barbel Barbus Carpathicus. PLoS ONE 8 (12), e82464. doi:10.1371/journal.
pone.0082464

Kottelat, M., and Freyhof, J. (2007). Handbook of European Freshwater Species.
Switzerland: Publications Kottelat: Cornol.

Kubečka, J., Godø, O. R., Hickley, P., Prchalová, M., Říha, M., Rudstam, L., et al.
(2012). Fish Sampling with Active Methods. Fish. Res. 123-124, 1–3. doi:10.
1016/j.fishres.2011.11.013

Laţiu, C., Cocan, D., Uiuiu, P., Ihuţ, A., Nicula, S. A., Constantinescu, R., et al. (2020a).
The Black Sea Trout, Salmo Labrax Pallas, 1814 (Pisces: Salmonidae) in Romanian
Waters. Buasvmcn-asb 77 (7), 9–20. doi:10.15835/buasvmcn-asb:2020.0017

Laţiu, C., Cocan, D., Uiuiu, P., Matei, M. C., Ihuţ, A., Nicula, S. A., et al. (2020b).
The Influence of Damming on the Distribution of Brown Trout Salmo trutta
Linnaeus, 1758 and European Grayling Thymallus thymallus Linnaeus, 1758
(Pisces: Salmonidae) from Someșul Cald River. Scientific Papers. Ser. D. Animal
Sci. LXIII (2), 528–538.

Lechner, A., Keckeis, H., Schludermann, E., Humphries, P., McCasker, N., and Tritthart,
M. (2014). Hydraulic Forces Impact Larval FishDrift in the Free Flowing Section of a
Large European River. Ecohydrol. 7, 648–658. doi:10.1002/eco.1386

Li, X., Gui, F., and Li, Q. (2019). Can Hydropower Still Be Considered a Clean
Energy Source? Compelling Evidence from aMiddle-Sized Hydropower Station
in China. Sustainability 11, 4261. doi:10.3390/su11164261

Medeiros-Leal, W. M., Castello, L., Freitas, C. E. C., and Siqueira-Souza, F. K.
(2021). Single-species Co-management Improves Fish Assemblage Structure
and Composition in a Tropical River. Front. Ecol. Evol. 9, 604170. doi:10.3389/
fevo.2021.604170

Frontiers in Environmental Science | www.frontiersin.org June 2022 | Volume 10 | Article 91874511

Laţiu et al. Someşul Cald River Fish Diversity

https://doi.org/10.1111/j.1600-0633.2010.00426.x
https://doi.org/10.3389/fevo.2020.621723
https://doi.org/10.1111/1365-2656.12362
https://doi.org/10.1111/1365-2656.12362
https://www.biorxiv.org/content/10.1101/2020.11.12.380618v1
https://www.biorxiv.org/content/10.1101/2020.11.12.380618v1
https://doi.org/10.3390/d13110528
https://doi.org/10.3390/d13110528
https://doi.org/10.1007/s00267-002-2737-0
https://doi.org/10.1051/kmae/2015018
https://doi.org/10.1051/kmae/2015018
https://doi.org/10.3390/su11216177
https://doi.org/10.3390/su11216177
https://doi.org/10.1111/j.1365-2664.2007.01350.x
https://doi.org/10.1111/j.1365-2664.2007.01350.x
https://doi.org/10.1515/trser-2015-0071
https://doi.org/10.1002/ecs2.3024
https://doi.org/10.1016/s0925-4005(98)00192-0
https://doi.org/10.1016/j.scitotenv.2021.146246
https://doi.org/10.1016/j.scitotenv.2021.146246
https://doi.org/10.1007/s10750-010-0363-z
https://doi.org/10.1007/s10750-010-0363-z
https://doi.org/10.1088/1748-9326/10/1/015001
https://doi.org/10.1088/1748-9326/10/1/015001
https://doi.org/10.1016/j.jenvman.2021.112737
https://doi.org/10.1016/j.jenvman.2021.112737
https://doi.org/10.1016/j.fishres.2007.11.025
https://doi.org/10.1016/j.fishres.2007.11.025
https://doi.org/10.1098/rspb.2007.0263
https://doi.org/10.1098/rspb.2007.0263
https://doi.org/10.1139/f00-239
https://doi.org/10.1890/0012-9658(2000)081[0899:forfir]2.0.co;2
https://doi.org/10.1890/0012-9658(2000)081[0899:forfir]2.0.co;2
https://doi.org/10.1080/00288330.2012.708664
https://doi.org/10.1890/070156
https://doi.org/10.1007/s10750-019-04129-5
https://doi.org/10.1007/s10750-019-04129-5
https://doi.org/10.1371/journal.pone.0082464
https://doi.org/10.1371/journal.pone.0082464
https://doi.org/10.1016/j.fishres.2011.11.013
https://doi.org/10.1016/j.fishres.2011.11.013
https://doi.org/10.15835/buasvmcn-asb:2020.0017
https://doi.org/10.1002/eco.1386
https://doi.org/10.3390/su11164261
https://doi.org/10.3389/fevo.2021.604170
https://doi.org/10.3389/fevo.2021.604170
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


Moran, E. F., Lopez, M. C., Moore, N., Müller, N., and Hyndman, D. W. (2018).
Sustainable Hydropower in the 21st Century. Proc. Natl. Acad. Sci. U.S.A. 115
(47), 11891–11898. doi:10.1073/pnas.1809426115

Mota, M., Sousa, R., Araújo, J., Braga, C., and Antunes, C. (2014). Ecology and
Conservation of Freshwater Fish: Time to Act for a More Effective
Management. Ecol. Freshw. Fish. 23 (2), 111–113. doi:10.1111/eff.12113

Nilsson, C., and Dynesius, M. (1994). Ecological Effects of River Regulation on
Mammals and Birds: A Review. Regul. Rivers Res. Mgmt. 9 (1), 45–53. doi:10.
1002/rrr.3450090105

Nõges, P., and Järvet, A. (2005). Climate Driven Changes in the Spawning of Roach
(Rutilus rutilus (L.)) and Bream (Abramis brama (L.)) in the Estonian Part of
the Narva River Basin. Boreal Environ. Res. 10, 45–55.

Petrișor, A. I. (2016). Assessment of the Long-Term Effects of Global Changes
within the Romanian Natural Protected Areas. Int. J. Conserv. Sci. 7 (3),
759–770.

Pringle, C. (2003). What Is Hydrologic Connectivity and Why Is it Ecologically
Important? Hydrol. Process. 17, 2685–2689. doi:10.1002/hyp.5145

Romanian Environment Ministry (2015). Planul de management al riscului la
inundatii (Management plan for flooding risk). Administraţia Bazinală Someș-
Tisa. In Romanian. Available online: www.mmediu.ro (Accessed on December
03, 2021).

Runde, B. J., Buckel, J. A., Rudershausen, P. J., Mitchell, W. A., Ebert, E., Cao, J., et al.
(2021). Evaluating the Effects of aDeep-WaterMarine ProtectedArea aDecade after
Closure: A Multifaceted Approach Reveals Equivocal Benefits to Reef Fish
Populations. Front. Mar. Sci. 8, 775376. doi:10.3389/fmars.2021.775376

Santoul, F., Mengin, N., Céréghino, R., Figuerola, J., and Mastrorillo, S. (2005).
Environmental Factors Influencing the Regional Distribution and Local
Density of a Small Benthic Fish: the Stoneloach (Barbatula barbatula).
Hydrobiologia 544 (1), 347–355. doi:10.1007/s10750-005-1823-8

Șași, H. (2004). The Reproduction Biology of Chub (Leuciscus cephalus L. 1758) in
Topçam Dam Lake (Aydin, Turkey). Turk. J. Vet. Anim. Sci. 28, 693–699.

Şerban, G., Mirișan, B., and Danciu, D. (2010). “The Functions of the Reservoirs
from the Mountain Area and from the Hilly Area - Comparative Study, the
Someşul Cald and Upper Crasna Improvements,” in Proceedings of the Water
resources from Romania. Vulnerability to the pressure of man’s activities,
Romania, June 2010 (Târgovişte: Targoviste), 11–13.

Shi, H., Chen, J., Liu, S., and Sivakumar, B. (2019). The Role of Large Dams in
Promoting Economic Development under the Pressure of Population Growth.
Sustainability 11, 2965. doi:10.3390/su11102965

Sørensen, T. (1948). AMethod of Establishing Groups of Equal Amplitude in Plant
Sociology Based on Similarity of Species Content and its Application to
Analyses of the Vegetation on Danish Commons. Videnski Selsk. Biol. Skr.
5, 1–34.

Swatdipong, A., Vasemagi, A., Koskinen, M. T., Piironen, J., and Primmer, C. R.
(2009). Unanticipated Population Structure of European Grayling in its

Northern Distribution: Implications for Conservation Prioritization. Front.
Zool. 6, 6. doi:10.1186/1742-9994-6-6

Utzinger, J., Roth, C., and Peter, A. (1998). Effects of Environmental Parameters on
the Distribution of Bullhead Cottus gobio with Particular Consideration of the
Effects of Obstructions. J. Appl. Ecol. 35 (6), 882–892. doi:10.1111/j.1365-2664.
1998.tb00006.x

Voicu, R., and Merten, E. (2014). Creating A System for Upstream - Downstream
Fish Migration over the First and the Second Discharge Sills Downstream of
Mănăştur Dam on the Someşul Mic River (Cluj Napoca, Transylvania,
Romania). Transylv. Rev. Syst. Ecol. Res. 162, 161–180. doi:10.1515/trser-
2015-0025

Vucić, M., Jelić, D., Žutinić, P., Grandjean, F., and Jelić, M. (2018). Distribution of
Eurasian Minnows (Phoxinus: Cypriniformes) in the Western Balkans. Knowl.
Manag. Aquat. Ecosyst. 419, 11. doi:10.1051/kmae/2017051

Weiss, S., Apostolou, A., Đug, S., Marčić, Z., Mušović, M., Oikonomou, A., et al.
(2018). Endangered Fish Species in Balkan Rivers: Their Distributions and
Threats from hydropower Development. Vienna: Riverwatch & EuroNatur,
162. doi:10.13140/RG.2.2.22638.10563

Yi, Y., Yang, Z., and Zhang, S. (2010). Ecological Influence of Dam Construction and
River-Lake Connectivity on Migration Fish Habitat in the Yangtze River Basin,
China. Procedia Environ. Sci. 2, 1942–1954. doi:10.1016/j.proenv.2010.10.207

Zarfl, C., Lumsdon, A. E., Berlekamp, J., Tydecks, L., and Tockner, K. (2015). A
Global Boom in Hydropower Dam Construction. Aquat. Sci. 77, 161–170.
doi:10.1007/s00027-014-0377-0

Zitek, A., Schmutz, S., and Ploner, A. (2004). Fish Drift in a Danube Sidearm-
System: II. Seasonal and Diurnal Patterns. J. Fish Biol. 65, 1339–1357. doi:10.
1111/j.0022-1112.2004.00534.x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Laţiu, Papuc, Muntean, Uiuiu, Constantinescu, Matei-Laţiu,
Nicula, Craioveanu, Mireșan and Cocan. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Environmental Science | www.frontiersin.org June 2022 | Volume 10 | Article 91874512

Laţiu et al. Someşul Cald River Fish Diversity

https://doi.org/10.1073/pnas.1809426115
https://doi.org/10.1111/eff.12113
https://doi.org/10.1002/rrr.3450090105
https://doi.org/10.1002/rrr.3450090105
https://doi.org/10.1002/hyp.5145
http://www.mmediu.ro
https://doi.org/10.3389/fmars.2021.775376
https://doi.org/10.1007/s10750-005-1823-8
https://doi.org/10.3390/su11102965
https://doi.org/10.1186/1742-9994-6-6
https://doi.org/10.1111/j.1365-2664.1998.tb00006.x
https://doi.org/10.1111/j.1365-2664.1998.tb00006.x
https://doi.org/10.1515/trser-2015-0025
https://doi.org/10.1515/trser-2015-0025
https://doi.org/10.1051/kmae/2017051
https://doi.org/10.13140/RG.2.2.22638.10563
https://doi.org/10.1016/j.proenv.2010.10.207
https://doi.org/10.1007/s00027-014-0377-0
https://doi.org/10.1111/j.0022-1112.2004.00534.x
https://doi.org/10.1111/j.0022-1112.2004.00534.x
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

	Fish Species Diversity From Someșul Cald River: 50Years After Cascade Dam Constructions
	Introduction
	Materials and Methods
	Study Area and Fish Species Before Cascade Dam Constructions
	Mapping, Sectoring, and Environmental Variables
	Fish Sampling
	Data Analysis

	Results
	Mapping, Sectoring, and Environmental Variables
	Fish Species Composition in the Someșul Cald River
	Diversity and Distribution Patterns of Fish Species
	Fish Species and Environmental Variables
	Alpha and Beta Diversity Patterns on an Elevation Gradient

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


