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The fishes’ last stand: the fish fauna of Jiu River Gorge, between decades of coal
mining and present day hydroenergetic works
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Abstract Profile

The Jiu River within its gorge was for a long time a river without fish due to pollution
from the coal mines in the Petrogani basin, situated upstream. Currently, the river is
threatened by the development of hydroenergetic installations, which are projected
to reduce the river flow drastically. As a result of the project, less than 10% of the
river flow will remain in the gorge. In the summer of 2015, we studied the composi-
tion of the fish fauna in Jiu River Gorge. We found 11 fish species, of which 10 are
native to Romania and characteristic for the region and of the habitats studied. Only
Lepomis gibbosus is invasive; it was identified in one tributary, with fast flow and
rocky substrate, where it was probably introduced. The fish fauna from the Jiu River
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is uniform due to the region’s and river’s uniformity. Typically, mountain species are Country

rare and present only in the upstream tributaries. The high anthropogenic influence

in the southern part of the gorge, the presence of a less-affected area in its centre, Romania
and the mountain species found exclusively in the upstream zones are observed in
relation both to fish and to other groups. Despite decades of coal mining pollution,

the Jiu River now has a fish fauna that corresponds to the region and its habitats.

Introduction

The Carpathian Mountains are recognized as a ref-
uge area and a speciation centre (Schmitt 2009). Fish
species new to science were described recently in this
region (Kotlik et al. 2002; Freyhof et al. 2005; Antal et
al. 2016). At the same time, important zoo-geographic
endemites are known in the area (Bindrescu 1964,
2005; Kottelat & Freyhof 2007; Telcean et al. 2011).
Their presence is important particularly in the context
of strong disturbance to freshwater habitats (Saunders
et al. 2002; Dudgeon et al. 2006). However, heavily
polluted watercourses without fish were found in the
region in the past, like the Jiu River downstream of
its entrance into the gorge (Bindrescu 1964). Initially,
this was a consequence of the coal mining upstream
(Ujvari 1972). This industry was well developed and
functional for a long time in the upper sector of the
Jiu River, in the Petrosani basin (Baron & Dobre-Bar-
on 2009). However, after 1989 coal mining activity was
reduced significantly: between 1989 and 2007, more
than 75% of miners lost their jobs (Monea 2007). This
strong reduction of coal mining activity had beneficial
effects on the water quality of the Jiu River (Barbu
2008). Thus, in the study carried out at the creation of
the Jiu Gorge National Park (NP), 11 fish species were
registered (Theme no. 11.RA/2004), of which four
were also mentioned in the Natura 2000 site data form
(ROSCI0063 standard Natura 2000 data form), a site
which overlaps with the park. If in the past the great-
est threat for the fish fauna in Jiu River gorge was the
upstream mining pollution, there is currently a new
threat, represented by a hydroenergetic project which

intends to take much of the river water from the gorge
(Theme no. 11.RA/2004, S.C. Hidroconstructia S.A.
2016). The hydroenergetic works (for which the con-
structions in the field are mostly finished) will affect
the entire gorge sector of the Jiu River (Theme no.
11.RA /2004, S.C. Hidroconstructia S.A. 2016). In the
gorge, the medium flow of the river is reported to vary
between 20 and 23 m’/s (Ujvati 1972) or between
18.81 and 22.28 m’/s (Theme no. 11.RA/2004).
After the hydroenergetic installations are complete,
the river flow in the northern part of the gorge will
be only 2.7 m’/s (Theme no. 11.RA/2004, S.C.
Hidroconstructia S.A. 2016). From the middle of the
gorge onwards, the situation will be even worse, the
river flow being reduced to 1 m?/s (see Theme no.
11.RA/2004). This study is an inditect consequence
of that situation. It started with the park administra-
tion’s request to know the fish fauna of the Jiu River in
the territory covered by the gorge and the park, and it
will be the last study of its kind in the Jiu Gorge before
the hydroenergetic project is completed.

Material and methods

The Jiu Gorge NP overlaps with the Jiu River
Gorge. It is situated in the Southern Carpathians, be-
tween the Valcan and Parang Mountains (Figure 1), in
southwestern Romania (Mandrut 2006). The park has
no human settlements and is mostly covered by beech
forests. The Jiu River cuts through the park from
north to south, between the towns of Petrosani and
Bumbesti, and is one of the largest rivers in Romania
(Ujvari 1972). The Jiu gorge is approximately 30 km
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Figure 1 — The region studied and the sampling points in Jin Gorge National Partk.

long, and vatious minor tributaries (the Polatistea,
Strambuta, Dumitra, Chitul, Bratcu and Sadu) flow
into the Jiu within the gorge.

The field research was carried out 5-7 August 2015,
at the request of the Jiului Gorge NP’s administration,
in view of the threat from the hydroenergetic project.
Fish were captured by electro narcosis using a HANS-
GRASSL 1G200-2 device. This was operated by one
person, sampling sections approximately 100 m in
length. As the research was carried out during the
summer, the water level was low. The fish captured
were identified iz sitn and released immediately at the
collecting sites. We also analysed various abiotic pa-
rameters: pH value, redox potential, dissolved oxygen,
conductivity, dissolved solids and salinity. These were
determined using a portable multimeter, type HAN-
NA HI98291-02. The water velocity was measured us-
ing a hand-held rod current meter RHCM. We took
samples from 14 collecting stations, of which six were
situated on the tributaties, and the other eight along
the Jiu River (Figure 1).

The data were processed both for total numbers
of the various fish species found and in comparative
terms, between the Jiu River and its tributaries. We
estimated the percentage abundance of the fish both
in total and at each site. We also calculated the fre-
quency of occurrence of the species at the collecting
points. The diversity was calculated using the Shan-
non-Weaver index (Shannon & Weaver 1949), and the
similarity between the various sampling sites using the
Jaccard index. The significance of the differences was

estimated using the Mann Whitney and Kruskal Wal-
lis indices. For statistical analyses, we used the Past.3x
software (Hammer et al. 2001).

Results

We identified 11 fish species in the Jiu River within
the Jiu Gorge NP (Table 1). The most frequent was
B. petenyi, the Romanian barbel, a species found at 13
collecting points. C. gobio (bullhead) and L. gibbosus
(pumpkinseed) registered the lowest frequency of oc-
currence, each being identified in only 1 station. The
highest number of species per collecting point was 5, a
number reached in 4 of the 14 collecting points. At the
other extreme is Bratcu stream, a tributary in which we
encountered only one species (Table 1). In total, we
captured 646 individuals. Most belonged to B. petenyi,
which represented 49.53% of the fish captured in the
Jiu River (Table 1). A very low percentage abundance
of only 0.30%, was registered for G. gobio and L. gib-
bosus (Table 1). The percentage abundance differed
greatly between the 14 collecting stations. The highest
number of fish was captured in the Jiu main course
close to the downstream limit of the gorge, and the
lowest number in the Bratcu tributary.

The total diversity of the fish assemblages was
H=2.41. The diversity differed between stations, the
highest being in Strambuta stream (H=1.176), and
the lowest in Bratcu stream (H=0), a tributary with
just one species (Table 1). In terms of the similarity
between stations, there are two clusters, one of the sta-
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Table T — The percentage abundance, frequency of occurrence and diversity of fish species in the Jiu Gorge NP (Bp — Barbus
petenyi, S¢— Squalius cephalus, .44 — Alburnoides bipunctatus, Gg— Gobio gobio, Ob — Orthrias barbatulus, §7—
Salmo trutta, Pp — Phoxinus phoxinus, Cg — Cottus gobio, S7— Sabanejewia romanica, .4z — Alburnus alburnus,
Ig— Lepomis gibbosus).

Species Diversity | Abundance
Bp [Sc |Ab |Gg |ob st [pp [Ccg [Sr |Aa |Lg [H] [P%]

1. Strdmbuta stream 60 - - - 8 18 4 10 - - - 1.176 7.73
2. Jiv, Strémbuta area 76.92 -1 23.1 - - - - - - - - 0.54 6.03
3. Polatiste stream 1.96 - - - -| 92.2| 5.88 - - - 0.319 7.89
4. Dumitra stream 22.58 - - - - 71| 6.45 - - - 0.756 4.79
5. Jiv, Meri 17.24 | 34.48 6.9| 3.45 - - - -137.93 - 1.336 4.48
6. Chitu stream 8 - - - 4 88 - - - - - 0.443 3.86
7. Jiu, Dragalina 55.81 -| 37.2 - - - - -1 6.97 - - 0.879 6.65
8. Jiu, upstream Bratcu 38.88 | 5.55 - - - - - -| 5.55 50 - 1.035 2.78
9. Bratcu stream - - - - 100 - - - - - 0 2.32
10. Jiu, downstream 77.55| 2.04 - - - - -1 6.12]14.28 - 0.726 7.58
Bratcu
11. Jiu, upstream 45.45| 3.03 - - - - -| 6.06|45.45 - 0.993 5.10
Bumbesti
12. Jiu, upstream Sadu 62.85 24 - -| 0.57 - - -1 1.14111.42 - 0.963 27.08
13. Sadu stream 84.61| 3.84 - - - 7.69 - - -| 3.84 0.589 8.04
14. Jiu, downstream 19.44| 8.33 -| 2.78 - - -161.11| 8.33 - 1.133 5.57
Bumbesti
Abundance [P%)] 4953 | 9.28| 4.17| 0.30| 0.92|17.80| 1.70| 0.77| 6.81| 8.35| 0.30
Occurrence [F%] 92.85 50| 21.4|14.28|21.42|35.71|28.57| 7.14 50(35.71| 7.14

tions along the Jiu and the other of stations along the
tributaries (Figure 2). With only one species, Bratcu
stream is also in this case the most distinct (Figure 2).
In terms of the Jaccard index, the stations from Jiu’s
main course resemble each other more closely than the
stations along the tributaries, but the tributaries also
differed among each other. A high overlap (J=0.8,
J=1) was registered between the collecting points
from the gorge’s downstream sector. The differenc-
es between all stations are not statistically significant
(Kruskal-Wallis H test, p=0.910). The differences are
also not significant when the individual stations are
compared with each other using the Mann Whitney
test (p>0.05). The same number of species (7) was
identified both in the Jiu and in its tributaries. There
are species present only in tributaries, others present
only in the Jiu’s main course (Table 2). According to
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Figure 2 — The similarity between the fish assemblages from
different stations.

the Jaccard index, the overlap between the fish com-
munity from the Jiu’s main course and its tributaries is
0.27. The differences between the tributaries and the
river course are not statistically significant (Kruskal-
Wallis H test p=0.866, Mann Whitney p =0.892).
There was no linear relationship between the num-
ber of individuals and the abiotic parameters analysed
(r between —0.134 and +0.096). The redox potential
influenced both the species number (r=—0.584) and
their diversity (r = —0.741). The water speed did not af-
fect the species number, but a positive linear relation-
ship was registered between the species number and
the water speed (r=+0.619). Numbers and diversity
of B. petenyi (Romanian barbel), S. cephalus (chub), A.
bipunctatus (schneider), A. alburnus (bleak) did not show
any relation to the parameters analysed. For G. gobio
(gudgeon), the individual number was influenced neg-
atively by the water redox potential (r=—0.655). The
number of O. barbatulus (stone loach) was influenced
negatively by the water conductivity (r=—0.586), by
the solid substances dissolved in the water (r = —0.558),
and by the salinity (r=—0.543). §. #rutta (brown trout)
showed a strong negative relation with the water
temperature (r=—0.774), a moderate positive rela-
tion with the water redox potential (r=+0.518) and
with the quantity of oxygen dissolved in the water
(r=+0.680), and a moderate negative relation with the
water pH (r=-0.494). Individual numbers of P. pi-
oxinus (Burasian minnow) showed a negative relation
with the conductivity (r=-0.568), pH (r=-0.538),
dissolved solid substances (r=-—0.5306), salinity
(r=-0.581), and water temperature (r=-—0.533). C.
gobio numbers were negatively influenced by the water
conductivity (r=—0.547), dissolved solid substances
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Table 2 — The percentage abundance, and frequency of occurrence of fish species in the Jiu River and in its tributaries. (Bp - Bar-
bus petenyi, S¢ - Squalius cephalus, 45 - Alburnoides bipunctatus, Gg - Gobio gobio, Ob - Orthrias barbatulus,
S7 - Salmo trutta, Pp - Phoxinus phoxinus, Cg - Cottus gobio, S7 - Sabanejewia romanica, 4« - Alburnus alburnus,

Lg - Lepomis gibbosus),

Species
Bp Sc Ab Ob St Pp Cg Sr Aa Lg
Ji . Abundance [P%] 55.92 | 13.74| 6.39| 0.47 0.23 10.42| 12.79
IU Main course Occurrence [F%] 100 75 37.5 25 12.5 _ _ 87.5 62.5 -
. . Abundance [P%] 37.5 0.89 2.23| 51.33 4.91 2.23 0.89
Tributaries
Occurrence [F%] 83.33| 16.66 33.33| 83.33| 66.66| 16.66 16.66

(rt=—0.514), and water salinity (t = —0.507). S. romanica
(Romanian loach) showed a positive relation with pH
(r=+0.5406), conductivity (r=+0.520), and water tem-
perature (r=+0.551). This species had a negative rela-
tion with the redox potential (r =—0.618), and with the
dissolved oxygen (r = —0.514). B. petenyi, S cephalus and
A. alburnus showed a moderate positive relation with
the water speed (r=+0.644, r=+0.670, r=+0.520),
and S. romanica a moderate negative relation with the
water speed (r=—0.448).

DISCUSSION

In terms of composition and number of species,
the fish fauna from the Jiu Gorge resembles those
recorded in other rivers of the Southern Carpathians
(Ureche et al. 2007; Banaduc et al. 2013a, b). With
one exception, the fish species from the Jiu River are
the ones expected to be present, having ecological re-
quirements that coincide with the characteristics of
the river and region, and the altitude. They are species
that are well represented in Romania, characteristic of
mountains and hills (Bandrescu 1964). The exception
is L. gibbosus, a species associated with stagnant waters
from lowlands (Bandrescu 1964). L. gibbosus is the only
non-native species (Banarescu 1964).

Although 11 species seems a low number, more
than 60 years ago the Jiu River was considered a river
without fish throughout the gorge, the only records
being from the tributaries (Banarescu 1964). In the
mid-1990s, the river was still a polluted one, with black
water (personal observations). Between 2002 and
2005, the mineral suspension in the river was reduced
from 64000 mg/1 to less than 100 mg /1 (Muririta et
al. 2008). Thus, in less than 20 years since the reduc-
tion in pollution, the fish fauna in the Jiu River has
recovered concerning both species and numbers of
individuals. Because almost all species were present
in the region, the river must have been recolonized
by the fish species from the tributaries in the gorge,
from upstream of the affected sector, and also prob-
ably from downstream sectors. Species associated with
low altitude areas and slow-flowing waters, like G. gobio
(Banarescu 1964), which has been recorded in waters
of flat areas (Banarescu 1964; Costiniuc et al. 2007;
Banaduc et al. 2013a; Telcean et al. 2014), have prob-
ably travelled upstream. The rapid colonization proves

that even during the most-polluted period small popu-
lations had remained in the region, little affected by
the pollution, and able in a short period to fill the geo-
graphic and population gaps. Fish assemblages seem
able to recover relatively rapidly after periods of cata-
strophic pollution, if there are colonization sources
(Antal et al. 2013; De Miguel et al. 2014, 2015, 20106).
Evenif the effect of pollution can be very harsh, it can
nevertheless be transitory: although the impact on the
Jiu River lasted several decades, the Jiu is a river with
fish again. The improvement in water quality has led to
an increase of fish species numbers in other rivers as
well (Azimi & Rocher 2016; Kruk et al. 2016).

The recovery of the Jiu River fish fauna probably
took less than 10 years, although in large degraded riv-
ers the recovery of the fish fauna required 10-20 years
(Kruk et al. 2016). In 2003, in the study regarding the
establishment of the Jiu Gorge NP, 11 fish species
were mentioned (Theme no. 11.RA/2004), exactly
the same number as we found in 2015. Although the
number is the same, the species are not entirely the
same. The differences between the species recorded in
the previous studies (Theme no. 11.RA/2004, ROS-
CI0063 standard Natura 2000 data form) and the ones
that we encountered are probably accidental. Thus,
the absence in our study of the previously mentioned
G. uranoscopus (Banarescu 1964; ROSCI0063 standard
Natura 2000 data form) has no apparent reason.

One species recorded for the first time in the Jiu
Gorge, L. gibbosus, is non-native and invasive in Roma-
nia (Bandrescu 1964). It was previously mentioned in
the Jiu’s lower sector, in artificial lakes (Dumitrascu &
Mitrea 2012). Those habitats correspond with the re-
quirements of L. gibbosus, a species frequently found in
stagnant waters in plain areas (Banarescu 1964; Imecs
& Nagy 2013; Telcean et al. 2014). Although the char-
acteristics of the Sadu tributary are contrary to the
requirements of I.. gibbosus, this species is extremely
adaptable, having been recorded in other atypical hab-
itats (Sumer et al. 2005; Sas-Kovacs et al. 2015). Its
presence in Sadu is difficult to explain. The tributary is
characterized by a fast flow and rocky substratum, and
L. gibbosus was not encountered in Jiu’s main course
downstream of the confluence of the Sadu with the
Jiu. Because the localities in the Jiu where the species
have been mentioned (Dumitrascu & Mitrea 2012) are
situated downstream, in other types of habitats, and



because between these locations and the Sadu the river
is unfavourable to the species, we concluded that L.
gibbosus did not reach Sadu by moving upstream in the
Jiu on its own. It was probably introduced by humans
for fishing purposes, in a small dam lake upstream
on the Sadu tributary, from where it escapes into the
stream. In other regions as well, isolated populations
of L. gibbosus have been identified near human settle-
ments (van Kleef et al. 2008). In Romania, a similar
case was recorded for another invasive species, Psex-
dorasbora parva (Telcean et al. 2015). The presence
of L. gibbosus in new regions was explained in other
cases by its introduction by fishermen (Oliva-Paterna
et al. 2005). Its further upstream distribution in the
Jiu River is improbable, because of the contradiction
between its demands and the river’s characteristics.
The presence of L. gibbosus in the Sadu is due to the
higher human impact in the southern sector of the Jiu
Gorge, a fact also observed in some terrestrial animals
(Covaciu-Marcov et al. 2009; Tomescu et al. 2011).

The composition of the Jiu river fish fauna is a re-
sult of the gorge’s uniformity. The altitude differences
are small; the river has a fast flow and stony substra-
tum, and is surrounded by forests. The uniformity of
the habitats has determined the uniformity of the fish
fauna. Even if the fish fauna from the Jiu gorge com-
prise hilly and mountain species, those species which
are typically mountain species are very rare and have
retreated to the upper sector and the tributaries. This
is the case of C. gobio, a species present only in cold
mountain waters (Bandrescu 1964). We identified it
only in Strambuta tributary in the upper sector of the
gorge. Only a short segment of the tributary is located
in the park, and the population is very small. It is pos-
sible that because of the high summer temperatures at
the time of our survey, C. gobio had ascended into the
coldest tributary, being influenced in the first place by
thermal conditions and preferring small, clear streams
(Legalle et al. 2005). Nevertheless, C. gobio is a strictly
sedentary species (Banarescu 1964). It has low disper-
sal capabilities, being stopped even by small barriers
(Utzinger et al. 1998). It is strongly influenced by the
amount of shelter available (Vlach et al. 2005). Thus,
in the gorge the fish distribution resembles that of the
distribution of herpetofauna, where the typical moun-
tain species are very rare, present only in the highest
sections of the gorge (Covaciu-Marcov et al. 2009).
The differences between the fish fauna of the Jiu and
those of its tributaries are small, mainly because the
river was colonized from its tributaries. Only those
species strongly related with cold water, like C. gobio,
did not leave the tributaries and did not colonize the
river’s main course. Because of the more intense hu-
man impact on the lower part of the gorge, the middle
and upper sections have a higher conservation value, a
fact previously observed in the case of herpetofauna
(Covaciu-Marcov et al. 2009).

The fish are not the most important group in Jiu
Gorge NP; other vertebrates, like the herpetofauna,
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having more protected species in the park (Covaciu-
Marcov et al. 2009). Nevertheless, in the park there are
species with high conservation importance, like C. go-
bio (O.U.G 57/2007), but also species endemic to Ro-
mania, like §. romanica (Binirescu 1964). The presence
of this species is important for the protected area, §.
romanica having a limited distribution range (Bandrescu
1964, 1998; 2005). Jiu Gorge is situated inside the spe-
cies distribution range, S. romanica being recorded in
neighbouring rivers (Biniduc et al. 2013b).

The fish fauna from the Jiu prove that they can re-
cover rapidly, even after a long period of human im-
pact, forming stable assemblages that are characteristic
for the region. After the cessation of mining activities,
the fish fauna recovered to levels that could be expect-
ed, from the other unpolluted waters of the region.
In the future, human impact will affect specifically the
waters of the region: the hydroenergetic works will
lead to the drastic reduction of the river flow, affecting
not only the fish fauna but the region as a whole. The
maintenance of a natural hydrologic regime and the
integrity of the hydrographic network are considered
essential for freshwater protected areas (Saunders et
al. 2002). But the hydroenergetic works on the Jiu Riv-
er will drastically alter the river flow. There are many
consequences for biodiversity of a modified flow re-
gime (Bunn & Arthington 2002). Unfortunately, in
the Jiu Gorge changes cannot be considered minor:
a flow reduction of more then 90% along the entire
length of the gorge will be implemented (Theme no.
11.RA /2004, S.C. Hidroconstructia S.A. 2016). In the
water remaining in the Gorge, we can hardly consider
that real fish communities will survive. Furthermore,
the upstream populations will be isolated. And yet in
other countries, fish-friendly solutions are implement-
ed at new hydroelectric stations (Larinier 2008). Un-
fortunately, in Romania other hydroenergetic projects
led to the disappearance of one of only three known
populations of the endemic Romanichthys valsanicola
in 1965, when as a result of the construction of the
Vidraru dam, the Arges River remained without water
(Banarescu et al. 1995). Although such rare species are
not present in the Jiu River, the Jiu Gorge is a NP, in
which the history of 1965 should not be repeated.
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