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Abstract. Fish species composition in the Akhuryan River upper and below a small hydroelectric power
plant (SHPP) “Amasia” was investigated (2018-2019). Twelth fish species have been identified. For the
first time, electrofishing was used for determining fish composition. The highest fish diversity (seven
species) was recorded in the spring 2019 in the lower reach of the river near the village of Marmashen,
while the lowest (three species) in the autumn 2018 near the SHPP “Amasia” below the water intake
point and in the tributary of the Akhuryan. At all fish sampling sites, Kura chub — Alburnoides eichwaldii
De Filippi 1863 and Kura barbell — Barbus cyri De Filippi 1985 were met. In autumn, Kura chub were a
super-dominating species in all the sites. In the spring 2019, they were dominating in the lower reach of
the river. The absence of Kura khramicarp Capoeta capoeta Guldenstadt 1772 below the SHPP’s water
intake point and near the dam on the river between the villages Caps and Jradzor was likely the result of
SHPP operation. The only listed fish species (status “endangered” in The Red Book of Armenia) found
during the study period was the asp Leuciscus aspius Linnaeus 1758.

Keywords: ichthyofauna; diversity of fish species, relative frequency; dominance metric; endangered
species
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AHHoTauums. NpuBegeHbl pesynsraThl UCCNegoBaHNA BUOOBOIO coctaBa MXTUOdayHbl p. AXypsiH 4o
1 nocne marnon rugpoanekrtpoctaHumm (MIF3C) «Amacus», npoeaeHHoro B 2018-2019 rr. OTmeueHo
12 BngoB puib. BnepBble nsyvyeHne BUOOBOro coctaBa pbib p. AXypsiH Obilo NPOBEAEHO C MOMOLLBIO
anekTporora. HanbonbLuee uncno Bugos (7) 6wino 3admkcmpoBaHo BecHor 2019 I. B HUXKHEM TeYEHUU
pekn y noc. MapmalueH, HammeHbLluee (3 Buga) — oceHbto 2018 roga Ha yyactkax otbopa npob BOrmau
MI3C «Amacusy nocne Bogosabopa 1 Ha NpuToke pekn AXypsiH. Ha Bcex cTaHUMAX BbinioBa pbib Obinn
OTMeYeHbl BOCToYHaa GbicTpsaHka Alburnoides eichwaldii De Filippi, 1863 n kypuHckuin ycad Barbus
cyri De Filippi, 1985. B oceHHMIA nepuog BOCTOYHasi ObICTpsHKA Oblnia cynepaoMMHaHTOM Ha BCEX
nccnenoBaHHbIX yvacTkax. BecHo 2019 r. B HIXKHEM TEYEHMM peKM DbICTPSIHKA cTana 4OMUHUPYHOLWNM
Bugom. OTcyTCTBME KypUHCKOWM Xxpamynu Capoeta capoeta Guldenstadt, 1772 B mecTtax oTbopa
npo6 B6nm3m MIrOC nocne To4ykm Bogo3abopa M BONU3M NNOTUHBLI HA peke Mexay nocernkamu Kanc
n [hkpagsop, BEpPOSITHO, siBNseTcs pesynsratom BnunaHuss MIOC. 3a nepuog wmccrnegoBaHWiA Ha
obcregyemown Tepputopun 13 pbib, 3aHeceHHbIx B KpacHyto KHUry ApMEHMU Kak HaxOOsLWMXCH Mnog
Yrpo30K nc4esHoBeHMs1, ObI 0BHapYXXeH ToNbKO Xepex Leuciscus aspius Linnaeus, 1758.

KnroueBble cnoBa: VIXTVIO(bayHa, pa3Hoo6pa3v|e BMOOB pbl6, OTHOCUTENbHAaA BCTPE4aeMOCTb, NMoKa3aTeslb
OOMWUHNPOBaHUA, ncHelarllne B1uabl
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Introduction

The Akhuryan River (transboundary river, left tributary to the Araks River) originates from Lake
Arpilich in the Ashotcq highland (Armenia). By water content, it is the third river in the country The
Akhuryan’s watershed area is 9670 km?, average discharge is 26.9 m?¥'sec (annually, 900 min m?3). The
length of the river is 186 km.

The Akhuryan River is one of the rivers in Armenia with the greatest diversity of fish species
(Dadikyan, 1986). In the 1960s—1970s, 14 fish species were found (Table 1) (Dadikyan, 1986). Later
works described 24 fish species in the river, 11 of which were recorded in the area of the village of
Ashotsk, on the outskirts of the National Park “Arpilich” (Gabrielyan, 2001; Pipoyan and Malkhasyan,
2014) (Table1). The most abundant fish species were the chub, Kura nase, Kura chub, and the Prussian
carp; the least numerous were the asp, which have been very rarely encountered. In a study conducted
in the lower reach of the river, before the inflow into the Akhuryan Reservoir, 24 species of fish were
noted (Pipoyan, 2007). However, the ecology and distribution of fish in the Akhuryan River have not
been sufficiently studied. The previous authors did not mention the type of fishing gear used. Pipoyan
and Malkhasyan (2014) presented results of a 27-year research, but did not specify which species and
when were discovered in the Akhuryan River or Lake Arpilich. Of all the fish species recorded in the
Akhuryan River, 3 species (asp, Kura gudgeon and golden spined loach) have been included in the Red
Book of the Republic of Armenia as endangered ones (Krasnaya Kniga..., 2010).

According to the data of the Public Services Regulatory Commission of the Republic of Armenia, four
small hydroelectric power plants (SHPP) are currently operated on the Akhuryan River: “Jradzor” (since
2013), “Marmashen” (2011), “Paros” (2012), and “Amasia” (2014). Studies on the fish composition in
the Akhuryan were carried out until 2012 and were stopped after construction and operation of these
SHPPs.

Streams and rivers in the mountainous regions have great social and economic importance (Winston
etal., 2015). However, rivers are complex aquatic-terrestrial networks in which small-scale local changes
may result in far-reaching longer impacts (Khosrovyan, 2024). Considering the construction rate of new
SHPPs on different rivers of Armenia, the ecological monitoring and assessment of their bioresources
become imperative.

Although hydroelectric power plants are considered to be the ecologically-friendly energy
source, their operation is associated with the ecosystem degradation caused by water abstraction,
hydropeaking, impoundments and fragmentation (Huckstorf et al., 2008; Nilsson et al., 2005; Opperman
et al., 2015; Seliger et al., 2016). As shown by numerous studies worldwide, the primary impact of these
multiple stressors falls on biodiversity (Vorésmarty et al., 2010). SHPPs imped spawning migrations of
anadromous and semi-anadromous fish thereby disrupting their natural reproduction. Sedentary fish
populations become isolated from each that leads to the impoverishment of gene pools. The absence
and/or inefficiency of fish protection measures brings to the ingress of eggs, larvae, fry and adult fish
(especially at lower temperature and suppressed activity) into the turbines and the water taken for
technical use, leading to their death (Rubenyan and Gabrielyan, 2011). Moreover, water abstraction
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from river channels often exceeds the limit for the “ecological flow”, which is also detrimental to the
inhabiting fish population.

Among other factors of SHPP impacts on the fish communities are changes in the temperature
regime, flow rate, water chemistry and gas regime, concentration of biogen elements in the rivers, as
well as solid runoff and water level fluctuations (Gabrielyan et al., 2022; Krylov et al., 2013; Rubenyan
and Gabrielyan, 2011).

Taking into account the incompleteness of the previous studies and the potential changes occurred
in the Akhuryan River ecosystem and its watershed as a result of intensified human activities, there is a
need for detailed ichthyologic investigations. The aim of this study was to investigate the ichthyofauna
of the Akhuryan River under conditions of increased anthropogenic pressure, and in particular, the
operation of small hydroelectric power plants.

Material and methods

Study area

During September-November 2018 and May 2019, ichthyological surveys were conducted along
the Akhuryan River at 8 sampling sites (Fig. 1): site N1 in the upper reach; site N2 near the SHPP
“Amasia” below the water intake point; site N3 near the village of Jradzor; site N4 on the left tributary of
the Akhuryan River; site N5 near the dam on the river between the Caps and Jradzor villages; site N6
near the village of Marmashen; site N7 near the village of Arapi; site N8 near the village of Yerazgaors.

Sampling and identification

Fish were caught using a castnet and electrofishing. The latter was applied only once as a control
catch (Guidelines for electrofishing..., 2000). Fish species were identified using freshwater species atlas
(Atlas presnovodnykh ryb..., 2003; Dadikyan, 1986).

Species relative richness in the catch was assessed by their occurrence: < 0.1% — rarely met species,
0.1-1.0 % - low abundance, 1.1-5.0% — common, 5.1-10.0% — sub-dominant, > 10% — dominant,
> 50% — super-dominant (Tsereshenko and Nadirov, 1996).

Diversity metric was measured bv the Shannon index (Shanon. 1948):

H=-YY,pixlog,pi

where pi is the proportion of the i-th species by number and N is the total number of species in the
catch.
The dominance metric was estimated using the Ferster’s index (Antomonov, 1977):

R=1—- [— Z}Vzlpi x log, pi]/logz N

where pi is the proportion of the i-th species by number and N is the total number of species in the
catch.

Results and discussion

As it can be seen from Table 1, different authors have reported about 25 fish species and subspecies
in the Akhuryan River over the past 60 years. In the present study, 12 fish species were detected.
No specimen of brown trout Salmo trutta Linnaeus 1758 was found, however, they were met in the
tributary of the river near the village of Egnadjur. Brown trout is more typical for the upper reaches of the
Akhuryan. However, few in number and isolated populations may inhabit some small tributaries, which
serve for the species reproduction.

The relatively small number of species registered during this study may be due to several reasons:

We considered all caught khramicarp fish as Capoeta capoeta Guldenstadt, 1772 since our studies
did not reveal any significant differences that would allow us to determine subspecies. This requires a
more detailed study using modern molecular methods.
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Fig. 1. Location of the sampling sites on the Akhuryan River basin.

Previous studies describing the ichthyofauna of the Akhuryan did not provide a detailed description
and exact location of the sampling sites where these 25 species and subspecies of fish were caught.

Our sampling sites were spread from the upper to the lower reaches of the river, which could be
affected by SHPP.

Presumably, such species as the mursa, blachbrow bleak, grass carp, bighead carp, golden spined
loach, wels catfish, etc. (described in the previous studies) may inhabit Lake Arpilich, the Akhuryan
reservoir and the lower reaches of the river.

The diversity assessment analysis showed that the highest diversity (H = 2.5) was observed in the
spring 2019 in the lower reach at site N6. The lowest diversity (H = 0.5) was recorded in the autumn
2018 at sites N2 (below the water intake) and N4 (left tributary) (Table 2). Three species that do not
undertake long annual migrations were encountered here. Higher diversity was noted in the spring
compared to the autumn that was likely related to the dominance of carp species undertaking feeding
and spawning migrations in spring.

At site N1, the following fish species were recorded: Kura barbel, Kura nase, chub, khramicarp and
Kura chub. In the autumn 2018, adult specimens of khramicarp were not met, only fry were found. The
latter may point to a possible spawning of khramicarp in this section of the river. In the spring of 2019,
mature khramicarp specimens (stage V of gonadal maturity) were caught. In the autumn of 2018, the
Kura chub was the superdominant (73.8%), the Kura nase was a dominant one (13.1%), the chub was
subdominating (6.6%), and the Kura barbel and khramicarp were common (3.3%). In the spring of 2019,
the Kura chub was still superdominant (57.1%), the Kura barbel and khramicarp became dominant
(11.9% and 14.3%, respectively), and the chub and Kura nase were subdominant (9.5% and 7.1%)
(Figs. 2, 3). The high proportion of the Kura barbel and khramicarp in the spring could be related to the
occurrence of their spawning migration.
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Table 1. Fish species revealed in Akhuryan River basin in different periods

Years of study

; ; 1985-2012
N Fish species — — ;
i Bdin Foosen, [iroyanand - 2018-2019
’ ' alkhasyan, our data
1986) 2007) 2014)
Family Salmonidae
Salmo trutta
1 Linnaeus, 1758 + + +
Brown trout
Oncorhynchus mykiss
2 Walbaum, 1792 +
Rainbow trout
Family Cyprinidae
Squalius cephalus
3 Linnaeus, 1758 + + + +
Chub
Leuciscus aspius
4 Linnaeus, 1758 + + + +
Asp
Chondrostoma cyri
5 Kessler, 1877 + + + +
Kura nase
Luciobarbus capito
6 Glldenstadt, 1773 + +
Bulatmai barbell
Barbus cyri De Filippi, 1985
7 Kura barbel * * * *
Luciobarbus mursa
8 Gulldenstadt, 1773 + +
Mursa
Capoeta capoeta
9 Guldenstadt, 1772 + + + +
Khramicarp
Capoeta capoeta
10 heratensis +
Keyserling, 1861
Herat scarper
Capoeta capoeta sevangi
11 Filippi, 1865 +
Sevan khramicarp
Alburnus filippi
12 Kessler, 1877 + + + +
Kura bleak
Acanthobrama microlepis
13 De Filippi, 1863 +

Blackbrow bleak
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Fish species

Years of study

1960-1970 1988-1970

(Dadikyan, (Pipoyan,
1986) 2007)

1985-2012
(Pipoyan and
Malkhasyan,

2014)

2018-2019
(our data)

14

15

16

17

18

19

20

21

22

23

24

25

Alburnoides eichwaldii
De Filippi, 1863
Kura chub

Pseudorasbora parva
Temminck and Schlegel,
1846
Stone moroko

Cyprinus carpio
Linnaeus, 1758
Common carp

Carassius gibelio
Bloch, 1782
Gibel (Prussian) carp

Ctenopharyngodon idella
Valenciennes, 1844
Grass carp

Hypophthalmichthys nobilis
Richardson, 1845
Silver carp

Hypophthalmichthys
molitrix
Valenciennes, 1844
Bighead carp

Oxynoemachelius angorae
Steindachner, 1897
Angora loach

Oxynoemacheilus brandltii
Kessler, 1877
Kura loach

Neogobius fluviatilis
Pallas, 1814
Monkey goby

Sabanejewia aurata
De Filippi, 1863
Golden spined loach

Silurus glanis
Linnaeus, 1758
Wels catfish

Family Nemachelidae

+ +

Family Gobiidae

Family Cobitidae
+ +

Family Siluridae

+ +
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Table 2. Indicators of fish species composition in the Akhuryan River.

Station number Season Number of species  Shannon index Ferster index
Autumn 2018 5 1.3 0.4
1 Spring 2019 5 1.8 0.2
Autumn 2018 3 0.5 0.7
? Spring 2019 3 0.8 0.5
Autumn 2018 5 1.1 0.5
° Spring 2019 5 1.4 0.4
Autumn 2018 3 0.5 0.7
) Spring 2019 3 0.9 0.4
Autumn 2018 4 1.4 0.3
° Spring 2019 4 1.2 0.4
Autumn 2018 5 1.6 0.3
° Spring 2019 7 2.5 0.1
Autumn 2018 5 1.2 0.5
! Spring 2019 7 24 0.1
Autumn 2018 4 1.7 0.2
° Spring 2019 5 1.6 0.3

At site N2, Kura barbel, Kura chub and Angora loach were met. In the autumn 2018, Kura chub were
superdominant (90.9%), Angora loach — subdominant (5.2%), Kura barbell — common (3.9%). In spring
2019, Kura chub again was superdominant (83.9%), while Kura barbell became dominant (10.7%) and
Angora loach — subdominant (5.4%). The higher proportion of the Kura barbel was likely related by their
spawning migration (Figs. 2, 3).

At site N3, Kura barbel, chub, khramicarp, Kura chub and Angora loach were met. In the spring
2019, the specimens of khramicarp and Kura chub were at stage V of the gonad maturity. In the autumn
2018, the Kura chub was a superdominant species (77.7%), khramicarp was dominant (11.6%), Kura
barbel was subdominant (7.8%), Angora loach was common (1.9%), and chub was rare (1.0%). In the
spring of 2019, the Kura chub were still superdominant (67.3%), while the Kura barbel and khramicarp
became dominant (11.5% and 15.4%, respectively), and the chub and Angora loach were common
(1.9% and 3.8%, respectively) (Figs. 2, 3).

At site N4, the Kura barbel, khramicarp, and Kura chub were met. In the autumn 2018, the Kura chub
was superdominant (91.9%), the Kura barbel subdominant (5.7%), and the khramicarp common (2.3%).
In the spring 2019, the Kura chub remained superdominant (79.4%), the Kura barbel became dominant
(11.8%), and the khramicarp subdominant (8.8%) (Figs. 2, 3).
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Fig. 2. Relative frequency of Akhuryan River ichthyofauna at sampling sites (species share in catches, %) in fall 2018.
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Fig. 3. Relative frequency of Akhuryan River ichthyofauna at sampling sites (species share in catches, %) in spring 2019.
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At site N5, the following fish species were met: Kura barbel, Kura chub, Angora loach, and Kura
loach. Throughout the study period, the Kura chub was superdominant (59.4% and 71.9%), the Kura
barbel dominant (29.7% and 15.6%), the Angora loach subdominant (8.9% and 9.4%), and the Kura
loach common (2.0% and 3.1%) (autumn 2018 and spring 2019, respectively) (Figs. 2, 3).

At site N6, the Kura barbel, chub, khramicarp, Kura chub, Angora loach, Kura bleak and stone
moroko were found. In the autumn 2018, the Kura chub was superdominant (61.7%), the chub and
Angora loach were dominant (16.1% and 14.8%), the Kura bleak was subdominant (6.2%), and the
khramicarp was rare (1.2%). In the spring 2019, the dominant species were the Kura chub, Angora
loach, khramicarp, and Kura barbel (23.1%, 11.6%, 27.9%, and 18.6%, respectively). Subdominants
were the chub and Kura bleak (9.3% and 7.0%), while stone moroko was common (2.3%) (Figs. 2, 3).

It is important to note that SHPP is located between sampling sites N5 and N6. After the SHPP’s
dam, the river becomes shallow for along 500 m. Fish passes of the SHPP are about 25 m long with
a slope of 75%. In spring, they practically dry up. These are the obstacles for fish migration upstream
(Fig. 4). After the embankment, where the river practically turns into a lake, Prussian carp can be found,
according to fishermen.

At station N7, the following fish species were found: Kura barbel, khramicarp, Kura chub, Angora
loach, Kura bleak, common carp and asp. In the autumn 2018, Kura chub were superdominant (76.6%),
Angora loach — dominant (12.8%), Kura barbel, khramicarp and Kura bleak — common (2.1%, 4.2% and
4.2%). In the spring 2019, Kura chub, Angora loach, Kura barbel and khramicarp were dominant (36.6%,
19.5%, 14.6% and 17.1%, respectively), while Kura bleak, common carp and asp were common (4.9%,
4.9% and 2.4%) (Fig. 2, 3). In this site, there was a fence, which practically impeded fish migration due
to the blockage of its holes by plant remains and branches.

Fig. 4. Site N6 with fish corridors of a hydro-power station and a small lake.
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At station N8, the following species were recorded: khramicarp, Kura chub, Angora loach, and
Prussian carp. In addition, Kura barbel was recorded in the spring catches. In the autumn 2018, the
Kura chub was superdominant (54.8%), while the Angora loach, khramicarp, and Prussian carp were
dominant (19.4%, 12.9%, and 12.9%, respectively). In the spring 2019, the Kura chub was dominant
(24.0%), the Prussian carp was the superdominant (60.0%), the Angora loach and khramicarp were the
subdominants (8.0% and 6.0%), the Kura barbel was common (2.0%) (Figs. 2, 3).

During our study from three listed species (asp, golden spined loach, and Kura gudgeon) (Red Book
of the Republic of Armenia, 2010), only asp was met (spring 2019, site N7).

Adults of asp inhabit lower reaches of rivers and estuaries. They migrate from lakes to tributaries for
spawning in April-June (water temperature 12-14 °C) (Muus, Dahlstrom, 1968; Billard, 1997). Spawning
occurs in fast-flowing waters on gravel or submerged vegetation. The species is threatened due to
river morphology alteration (Kottelat and Freyhof, 2007). Asp is a rare species, which numbers and
habitats are constantly reduced (Dadikyan, 1986; Krasnaya Kniga..., 2010). In Armenia, the fish was
met in the rivers Akhurian, Arpa, Metsamor and Vorotan and in the reservoir Akhurian and Lake Arpilich
(Gabrielyan, 2001). The ecology and biology of the fish is poorly studied in Armenia. Factors, causing
a decline of the fish population, include river flow regulation, ambient pollution, disruption of natural
reproduction and poaching (Pipoyan, 2007). Asp is of recreational importance, but measures on its
protection are not undertaken. According to IUCN criteria it is categorized as Vulnerable (VU Blabiii)),
listed in the Red Book of Armenia (2010), and included into Resolution 6 to Bern Convention.

In addition to the asp, the golden spined loach and Kura gudgeon are listed. The golden spined
loach is the endangered and also poorly studied species. Rarely, specimens were found in some rivers
of Armenia (Gabrielyan, 2001). The factors affecting the population on the territory of Armenia are not
known. The fish is not important for both commercial and recreational fishing. According to IUCN criteria
it is categorized as Data Deficient (DD), listed in the Red Book of Armenia (2010), and included into
Resolution 6 to Bern Convention.

The Kura gudgeon is endangered species, but practically uninvestigated in Armenia. According to
IUCN criteria it is categorized as Data Deficient (DD) (Red Book of the Republic of Armenia, 2010). The
absence of the gudgeon in the Akhuryan River is, probably, related to the construction and operation
of the SHPP, which has led to changes in the temperature and hydrological regime of the Akhuryan
reservoir.

Conclusion

The results revealed 12 fish species in the study area of the Akhuryan River. The greatest fish
diversity was recorded in the spring 2019 in the lower reaches of the river near the village of Marmashen,
the lowest - in the autumn below the water intake point of the SHPP and in the river tributary.

In all sampling sites, the Kura chub and the Kura barbel were met. In the autumn 2018, the Kura
chub was superdominating in the catches at all sites. However, in the spring 2019, in the sites of the
lower reach N6-8, its relative richness decreased from superdominant to dominant. The absence of
the khramicarp at the sampling stations near the SHPP (after below the water intake and near the dam
between the villages of Kaps and Jradzor) is likely due to the influence of the SHPP. Of all the species
listed in the Red Book of Armenia, only the asp was encountered.

Thus, the Akhuryan River, remaining one of the rivers with the greatest fish diversity in Armenia,
demonstrates a declining tendency in diversity of the ichthyofauna. This may be a result of an increased
anthropogenic pressure, in particular, due to the construction of the SHPP-that caused the changes in
fish reproduction and feeding conditions. The most vulnerable are fish valuable in terms of biodiversity
(often listed in the Red Book).
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