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The results of estimation of Vardenis river basimiter ecological state based on hydro-
biological and hydromorphological studies has bpessented. Study has been carried out by
AQEM methodology which based on the norms of EU WHbe results of river’ water quality
estimation by FBI, BBI, BMWP indices based on dataa@obenthos have been comparatively
analyzed and the most reliable index for estimatibwater quality based on multihabitat samp-
ling method has been revealed.

The results have shown that the most reliable irfd@x 3 implemented for the estima-
tion of Vardenis river water quality is FBI. Theoses of indices have shown that water quality
of Vardenis river not lower than “good”, at the satime all 3 indices have shown that the best
quality is in the middle stream (FBI-1.4, BBI-9, BM\IB3), lower quality in the upper stream
(FBI-4.8, BBI-7, BMWP-58) and the worst — in the dwstream (FBI-5.35, BBI-4, BMWP-68).
This is generally due to differences in anthropagémpact size in different parts of river as a
result of hydromorphological parameters.

Lake Sevan basin — Vardenis river — EU WFD — Zotitmn— Water quality

Upjuwnwpnid tbpluyugdus i dwpnbthu gbinh wjuquinid hpujuwbwgyuws gpuljto-
uwpwbwlub b gpuunpdninghujutt hbnwgnunmpniitbph hhdwb Jpw oph Bynnghwljut Jhdwlh
quuhunniwb  wpymbpubpp:  Zhnwgnumpnitbbpt hpuljubug]ly  Eu pun AQEM-h
Ubpnpupwinipyul, npp hhdunud £ U QT unpdbph Ypu Qonplupnuh wdyuyubph hhdwb ypw FBI,
BBI U BMWP huntputtipny hpuljutugqus qinh oph npujh quuthwndwt wpnyniuputpp Eupupyyty
Eu hudbdwnwljut Jipnismipiut b pugwhuyndt) b Uniyynhhwphinwn tdnipwndwt hhuwt Jpu
onh npuyh quwhwndwt hwdwp wewykp hujuwuwnh hugkpup:

Upmyniuptbipp gnyg ko viwhu, np Yhpunquws tpkp hunbputibphg Ywpnkuhu ginh oph npuljh
quuhwndwi hudwp wpwk) hujuuwnh E FBI huinkpup: Pugkputitiph wipdtpubtpp gnyg ku tnwihu, np
Juwpnkuhu qglinh oph npulp ,judo quuhwwnwlwithg gusdn sk, uwluyl kptp huinkputikpt b gnyg tu
wuwhu, np oph wdktwpwpdp npulyp dhohtt hnuwuph hwnygwsnid t (FBI-1.4, BBI-9, BMWP-133), nphtt
hwenpymu £ Jtpht hnuwbph oph npulp (FBI-4.8, BBI-7, BMWP-58) U wbiwgwdpp uwnnphi
hnuwupmu E (FBI-5.35, BBI-4, BMWP-68): Ujuyhuh thnthnjunipmiuubph hhdtwfui wyuwngwnp
hhppnunpdninghwljun wuydwtbkph  htwnbwipny  wbppnungkt wqpbgnipyut  swthh
wnuppbpnipniitpt Bu glnh wwpplp hwnguwsubpnud:

Ulwinu j&h wijmquil — wpnkipu glan — EU Q8 —Qnnpkipnu — ph npuily

B pabore mpezcTaBieHbl Pe3yIbTAaTHl OIeHKH DKOJIOTMYECKOTO COCTOSHHUA BOZABI B
GacceiiHe pek. BapzeHuc Ha OCHOBe IIPOBeIEHHBIX TMAPOOHONIOTHIECKUX U TUAPOMOPPO-
Jlorudyeckux wuccaemoBaHuit. MccimemoBanus Osvinu mpoBefeHsl 1mo Meroguke AQEM,
KoTtopas coszmaHa Ha ocHoBe HopMm BPJ/I EC. Brin mpoBemeH CpaBHUTeNBHBIH aHAmIn3
Ppe3yJIbTaTOB OIleHKM KadecTBa BoA®l p. Bapmenuc mo mupekcam FBI, BBI u BMWP na
OCHOBe JaHHBIX II0 300- GEHTOCY M BBIABJIEH CaMBIH JOCTOBEPHBIN HHIEKC A OLEHKHU
KaduecTBa BOJBI IIPU My/IbTHAOUTaTHOM MeTOZe c6opa MaTepHaa.
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PesypTaTsl MOKa3bIBalOT, YTO CAMBIM JOCTOBEPHBIM MHAEKCOM H3 TPEX HCIIOJbB30-
BaHHBIX ABiasgercs uHAeKc FBI. Bainsl MHIEKCOB IIOKAa3bIBAIOT, YTO KAaYeCTBO BOJBI PEKHU
Bapzenuc He HuKe “Xopolnero”, Ipy 3TOM CaMoOe BFICOKOE KaueCTBO BOBI OBLIO 3aperucT-
pupoBano B cpesHem TeueHuu (FBI-1.4, BBI-9, BMWP-133), Heckombko HuXe — B
BepxHeM TeueHuu (FBI-4.8, BBI-7, BMWP-58) u camoe HHU3KOe — B HIDKHEM TEYeHHUU
(FBI-5.35, BBI-4, BMWP-68). OcnoBHass nmpuymuHa TaKuX H3MeHEHUH 3aKI0YaeTcs B
Pa3TIHYHOM CTeIleHM aHTPOIIOTeHHOTO BO3JEeiCTBMA Ha pasHBIX Y4acTKax peKH,
06y CIOBIEHHOM TUAPOMOPGOIOTHIECKUMHU yCIOBUAMHU.

baccerir o3epa Cepar — Pexa Bapgernc — BP/] EC — 3o06ernroc — Kauecrso Bogs!

Water Code of RA established in 2002 is largelyedasn the norms and approaches
of EU Water Framework Directive (EU WFD (2000/60JieGVhereas the requirements of
WFD are less integrated in the hydrobiological steictarried out in Armenia. Thus, an
attempt to implement some requirements of WFD tdrdiyiological studies was done in
this work. The aim of this study is to assess th@agjical state of Vardenis river based on
the results of investigations according to WFD r&riardenis is one of the largest rivers
of Lake Sevan basin. It starts from the north sdagfevardenis range. The length of river is
28 km (4" river by length in Lake Sevan basin), catchmesirbis 116 krfy density of hyd-
rological net — 1.08 km/kfrwhich is 1.4 times more than the average densitnydrologi-
cal net in Sevan basin. Fall of stream is 1315tnea® gradient — 49.6 m/km. Vardenis flo-
ods in spring season due to mixed-type alimenta{{®é % from snow melt, 31 % from
groundwater, 13 % from rain). Average river disgesis 1.87 rfisec, maximal — 20 ffsec
[1, 4]. Vardenis river is also significant, becaitsis spawning river for endemic fish spe-
cies of Lake Sevan — Sevan ischkhan-trout and Sessdoell [2].

Materials and methodsHydrobionts are the primary and main component&$imation
of ecological state of water ecosystems accordingld WFD. Particularly, the linking organism
groups are benthic macroinvertebrates, benthioulist ichthyofauna and macrophytes [6]. Huge
amount of studies shows, that benthic macroinveateb is the most suitable assemblage for esti-
mation of water ecological state in the small maindus rivers according to requirements of
WFD [5, 7-9, 11, 12]. Based on this, the complexrbiiblogical and hydromorphological field
studies in Vardenis river basin were carried oudatober of 2013. The month has been chosen as
a most appropriate for hydrobiological studies agditg to WFD requirements, because it is follo-
wed by the low water phase of river Vardenis, whilthe most suitable period for monitoring.
The study has been carried out in 4 stationstibstés in the upstream of the river {3 20" N,
45°2652"E). It is in the 2680 m above sea level (a.s.))mi@nt biotopes here are mesolithal
(>6cm to 20cm) — 45% and macrolithal (>20cm to 4Pen85%. Il station — before small HPP
(40°0528"N, 45°27'43"E) is located in 2220 m a.s.l., dominant biotopes megalithal (>40cm) —
40 % and macrolithal — 35 %: Ill station — 0.5kmoed Vardenik village (4D724'N,
45%2703'E) is located in 2000m a.s.|. Dominant biotops mesolithal — 50% and megalithal —
25%: Besides stone bhiotopes, sampling in this statias carried out from inorganic silt and clay
as well. IV station — downstream %0941"N, 45° 2547"E) is located in 1918 m a.s.l. Dominant
biotopes are mesolithal — 40 %, and macrolithab-%2 Besides stone biotopes, sampling in this
station has been carried out from sand-sludge (18%d)submerged macrophytes (5 %) as well.
Registration of hydromorphological data, samplingbehthic macroinvertebrates and following
laboratory processing of materials have been chwoig by the methods of AQEM consortium
[10]. Estimation of water quality has been donetty indices FBI, BBl and BMWP [3]. Spatial
processing and analyze of sampled data were camedy ArcMap 10.1 software.

Results and DiscussiorDue to study, the ecological state of water inedédht
parts of Vardenis river has been estimated. Alllemgnted indices have shown that the
best conditions were in the Il then in the Il Bat(tab. 1). Mentioned 2 stations are in the
middle stream of the river, which allow us to makeonclusion, that middle stream is the
most pristine.
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Table 1. Water quality in different stations of Vardeniger

’ C Stations
Biological index I T m Y
Water quality by BBI index (value of index) good (7 high (9) good (8) bad (4)
Water quality by FBI index (value of index) goodg#) excellent (1.4) excellent (1.94] good (5.35)
Water quality by BMWP index (value of index godB) very good (133)[ very good (103)  good (63)
\é\([)aet;:,?gg:gzlgé?\(/\l/gse'T;ﬁ::a::)le individual good (58) very good (122 good (81) not high (48)
EPT (%) 22 97 86 34

The results of different water quality estimatiowlices for | and IV stations are
contradictory. Values of FBI and BBI indices hatwwn, that water quality of | station
is better. Although, BMWP score has shown that wapgality of both stations are
“good”, but the value of BMWP score in station I'dshbeen higher than in station I. The
reason of such contradictory lies in the multinatb#&ampling method and theoretical ap-
proaches of calculation of different indices. Oa #ssumption of multihabitat sampling
method, the number of zoobenthic families in the dtdtion has been more than in
station | by 5 families (tab. 2). Thus, the scofeBMWP index, which based on the
number of revealed families of zoobenthos is niée for stations | and IV.

Table 2. The structure of benthic fauna of Vardenis river

Taxon name Stations
Group Order Family | Il 1} [\
Insecta Diptera Tipulidae - - - |+
Insecta Diptera Simuliidae - + - |+
Insecta Trichoptera Sericostomatidae + + -
Insecta Trichoptera Rhyacophilidae 4 + + -
Insecta Diptera Psychodidae E + + -
Mollusca Gastropoda Planorbidae + + +
Insecta Plecoptera Perlidae E + + -
Insecta Diptera Pedicidae H + - -
Mollusca Gastropoda Lymnaeidae E - - +
Insecta Trichoptera Limnephilidae - + - -
Insecta Ephemeroptera Leptophlebiidae - E E 4
Insecta Trichoptera Hydropsychidae i + + +
Insecta Coleoptera Hydraenidae t + + -
Insecta Odonata Gomphidae B + - -
Hirudinea Rhynchobdellidae Glossiphoniidae - +H -
Crustacea Amphipoda Gammaridae + + +
Hirudinea Arhynchobdellida Erpobdellidae + - - +
Insecta Coleoptera Dytiscidae - - + -
Platyhelminthes Turbellaria Dugesiidae - + + +
Insecta Diptera Chironomidae +H + + +
Insecta Plecoptera Capniidae T + + -
Insecta Ephemeroptera Caenidae o B B 4
Insecta Trichoptera Brachycentridae F + + +
Insecta Ephemeroptera Baetidae i 4 & 1
Insecta Diptera Athericidae - + - -
Insecta Coleoptera Elmidae - + + +
Insecta Ephemeroptera Heptagenidae + t + r
Insecta Diptera Limnophilinae - + + +
Insecta Plecoptera Nemouridae + + -
Insecta Plecoptera Perlodidae F + + -
Total number of family 100 24 21 15

In case of using BBI index the sole individuals égrimarily eliminated, thus
water quality of | station has been estimated amtj and in station IV — as “bad”,
which has also not reliable result. FBI is the niogtgral index from mentioned due to
its methodology of score calculation. So, the nmeBable result for multihabitat samp-
ling method has been gained when FBI index werd.u3téus, we recommend FBI
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in-dex for the estimation of Vardenis river wateratity and future using of these results
for river basin ecological zoning.

The percent of Ephemeroptera, Plecoptera, TrichagtePT) taxa in all taxono-
mical diversity of each station has been calculadecheck the validity of gained results
estimated by indices, because these 3 groups @entioos are more sensitive to pollu-
tion. The results have shown that in both statiohsiddle stream representatives of
EPT taxa were absolutely dominant. On the othedhtireir percent in taxonomical di-
versity of | and IV station were low than 35 %. fh@rmore, although their part in the
taxonomical diversity of station IV is a little Hiigher than in station I, but it is due to
high number of Baetidae family representativeschiare resistant to the pollution.

The model of Vardenis river basin slope gradierst baen created by using the
slope tool of GIS, which allow us to recognize thasons of such fluctuations in water
quality between different parts of the river. Tlsults of hydromorphological parame-
ters recorded within field study and gained frotmola@atory processing have shown that
the upper stream of the river coincides with tleeigh valley, which is the main area for
pasture and meadows in the basin of Vardenis rivee to this, hydroecosystem in this
area carries additional anthropogenic and natuigdrac pressure. After trough valley
Vardenis river flows into V-shape valley, which bete a canyon in some parts and
anthropogenic pressure in this area reach a mininvaloe. Due to high stream gradient
and flow velocity water in this part self-purifi@gensively. Thus, in the middle stream,
where anthropogenic pressure is minimal becauselief, water quality is strongly imp-
roves. Adjacent to Vardenik village perennial gaisland arable, which have an influen-
ce on water quality of Vardenis river, spreads gldaer banks, and after village sewa-
ges inflow into the river as well, which strengthibe organic and nutrient enrichment in
the downstream course of the river.

Thus, due to hydromorphological features and &sualtrof different strength of an-
thropogenic pressure in different parts of Vardeisr, the basin can be conditionally
divided into 3 different zones. | zone coincideshwthe trough valley in upper stream,
where water quality is lower than in the middleeatn due to impact of Livestock and
meadows. The more pristine part of river is thedhe, which coincides with the middle
stream of Vardenis river. This zone starts frometige of trough valley and spreads to the
upper boundary of settlement system. There is n@ob anthropogenic pressure on hyd-
roecosystem due to hydromorphological conditioliszdne, which coincides with the
downstream of the river, is the most vulnerableabse it is influences by the sewages and
agricultural wastewaters of Vardenik village. Doethis, water quality of some parts of
Vardenis river downstream can be lower than theessary “good” quality required by
WEFD. The results of investigations and estimatiérwater quality have shown that in
general water quality of Vardenis river appropriatespawning of endemic fishes as well.
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