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ABSTRACT: The interest for this type of scientific studieas raised by the increasing concerns considetiagtrend of the
marked diminishing of the aquatic ecosystems asptmresources worldwide. Based on some charatite@arpathian rivers
(Cibin, Tarnava Mare, Tarnava MicTarnava and \éeu) habitats and fish fauna, this paper proposessmethods which can be
used, in different optimum combination sets, teoffomparable results for complex ichtiologicabdsts, of the Carpathian specific
rivers, through assessing species or/and thisespaabitats for measurable conservative and ecengmails. The approach used for
these river basins assessment, monitoring and rear&g can be used as a model approach for any Gtreathian watersheds,
both of economic and/or conservative interest. Bpigroach should be based on extensive and ineebgiogical and ecological

data, obtained and monitorised in the field attladeng a three-five (better more) years period.

1. INTRODUCTION

The interest for this specific category of sciaatstudies was
raised from the leading concerns considering teadrof
interrupted and pronounced quantitatively and dat@hely
diminishing of the aquatic ecosystems as complek ety
valuable resources worldwide (Kalinin and Bykov,7Q9
Sokolov, 1977; Aldwell, 1977; Arnell, 2004; Lundgyi
2009). In spite of the relatively low/medium hurreatess in
the mountainous zones, these areas become latetyeaand
more attractive target for socio-economic objectiamd the
Carpathian Mountains basin is not an exception kdaln,
1993; Costea, 2008; CurteaarBduc et al., 2008; Sandu et
al., 2008; Hajdu and Fuleky, 2008; Reif, et al.,020
Banaduc, 2010).

In any period of the human civilisation evolutiomdain
almost all geographic regions (excepting Antargficde
streams and rivers were very important resourceswere
used by people with various interests, methods alsd
associated effects.

From the human economic perspective, the lotic ystems

and the ecosystems which depend on these offer many

distinct resources (water, minerals, biologicabreses, etc.)
and also services (absorption and recycling of huma
activities wastes through natural processes, rgored
services, etc.) (Minca and Petz, 2008; Radu, 20B8).the
sustainable management of the hydrographical hains
main steps are necessary to be adapted to eadbamieaof
interest like: assessment of their capacity fopsupand self-
regulation, monitoring to have a permanent updateje of
the ecological status and the potential threatgjettiog to
support different scenarios of actions, and prognadsll of
this should be adapted and integrated for riverinisas
optimum management plans.

All of these important elements, through the fiskurfa
conservation, protection and economic exploitation
perspective, based on some Carpathian charaaterigéirs
data, were approached here, and specific proposeais
bring out.

2. FISH DIVERSITY ASSESSMENT

Historically, the human society activities have hagbortant
destructive impact on fish species associations and
communities from small streams to large rivers,dmakes,
seas and oceans. The present is not different, nthm
disadvantageous direct or/and indirect effectsreshf water
ecosystems are mainly due to the habitats chengodl
physical alterations (Petts, 2001; Dudgeon, 1992951
lannuzzi and Ludwig, 2004; Das and Chakrebarty, 7200
Markovi¢ et al., 2007; Liogchii, 2008; Kutzenberger, 2008;
Yacoub, 2011; Tockner et al., 2009; Yildiz et 2D10).

The fish community diversity assessment is a staktool
which is used for the aquatic habitats ecologicseasment
all over the world (Fausch et al., 1990; Edds, 199&rison
and Whitfield, 1995; Schiemer, 2000; Aparicio et 2000;
Magalhaes et al., 2002; Pont et al., 2007; Vassitel/Botev,
2008; Kadye et al., 2008). To obtain more precisecHic
results, these assessments can/should differ fram o
biogeographical area to another, also from one ¢fjgriman
society to another, among one goal to another, Ete
transferability of some methods from one ecoregion
another without appreciable adaptations is restfict

Assessing fish communities diversity causes andceff
requires an adaptative scale approach (Friesel.,efl286;
Habersack, 1998; Levin, 1992; Naiman et al., 1992)e
river/basin approach is one of the most appropoatein this
respect.

For the Romanian Carpathian rivers of | and Il osdbere is
a solid scientific base in this respect, actudily majority of
these rivers were studied starting with Antipa @90
Banarescu (1964, 1969) and others important ichtyologis
generations. Along over this more than a Centung, fish
diversity assessment studies were variable in teohs
methods, the results of these studies starting eéath which
underlined only the type of habitats, qualitatinvformation
regarding the collected fish and only lately somarditative
information regarding the sampled fish, the lasprapch
which can allow an ecological perspective on thgh fi
populations, associations, communities and theditats.
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Based on some characteristic Carpathian riversir{Giiver,

Tarnava Mare River, Tarnava MidRiver, Tarnava River,
Viseu River) habitats and fish faunaa(@duc, 1999, 2000,
2005, 2006, 2008, 2010), this paper propose sontbous
which can be used, in different flexible combinatiets, to
offer comparable results for complex ichtiologiealalyses,
of the Carpathian specific lotic ecosystems, thhoagsessing
species or/and their habitats for measurable coatee and
economic objectives.

Using fish as bio-indicators for the habitats assemt is a
relatively common practice, but the obtained resgln be
valuable only in the following circumstances: usingn-
destructive sampling techniques, the samplings Idhou
include all the present fish species, to be awamuiathe
human impact types and pressure presence and ipbtast
threats, to catch not only the short-lived fishceeg but also
the long-lived species, to understand the fish isgec
mobility, knowing the fish spatial and temporal Ibgical
and ecological needs, to be aware about the ndtiatid and
abiotic conditions variability in space and time;.e

When choosing a method or a combination of metliadthe

fish assessment, we have to take care about thewing
important issues: an optimum coverage of the dpatia
distribution of the fish species in the area ofeiest (all
habitats and microhabitats categories for all ibh $pecies
and all their life cycles); appropriate/adapted éach local
conditions sampling techniques and methods, optimum
recording of the primary data; optimum timing ottfish
assessment to ensure the fact that the resultdighigthe
ecologic status of the fish populations in the eahtof the
natural or seminatural cycles and of the humanvities
impact presence; registering proper environmergtd tb can
find final explanations for different situations tire field.

The sampling techniques and methods should berplaye
used together, in different combinations which fynaffer a
solid image of the reality based on which futureeded
monitoring systems and management plans will batede
The electric fishing (single or/and multiple catgfenerator
driven or back-pack with single or multiple anodeffer a
good picture concerning the distribution and alde t
abundance of some fish species along many yeadsasia
consequence the identification of the negative humgact
effects. The electric fishing inefficiency/partialefficiency
in the cases of large rivers, of big/very big fish
species/individuals, of the water with low conteansalts and
minerals, of the water column depth, of the suhstna
characteristics, etc., should be avoided by usitiero
categories of fishing (with net active tools arabs, angling,
direct observations, etc.). For complementary tatale
information cheeking the fishermen captures andeking
the dead fish corps where there are available, beamlso
taken in consideration. The fishing should be ddne
time/effort unit or river sector/length unit.

The direct observations can be performed in thogemwhen
the river water is clear, in bypass reaches, inwspa
habitats, near the hydro-power stations intakes, et

The fishing activity costs can be reduced if thesiing sites
selection (localisation and number) is based on old
information about distribution and on the naturald/ar
human induced characteristics of the fish habi@fscourse
the surprises can appear in such cases in thentstances in
which no historical reliable data exist in this essve should
make an extensive sampling programme.
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Beyond the relatively numerous assessment apprsache
existing today, we will highlight here some elensenthich

we consider as appropriate for the Carpathian shésls
ichtyofauna habitats assessment. The selectioatisfactory
approach takes place normally based on biologiceantbgic
considerations, social and economic considerations,
methodological limitations, time limitations and sal
financial constraints.

The more or less old maps and historical data camige

utilizable abiotic data and information (mineraleeji

geological, geomorphologic, hydrological, geographi
pedological, climatological, etc.) to discover aifdhracterise
past undisturbed/relatively undisturbed conditiahghe river
scale, for needed up to date comparative analyses.

With certain major economic value, fish are onethaf few
groups of freshwater organisms for which substantia
historical information and data are acquirable.tétis fish
captures, fish sales, fish markets and even bicédgiata on
the distribution of species are disposable backmiany
centuries ago. In general all these information based
mainly on some commercial fish species.

The historical human impact data on fish and fighitats can
be sometimes discovered, in respect of: fishingrishing,
river beds regulations, construction of dams, lawVer
alterations, riverine corridors alterations, etc.

The fish species diversity criteria approach camalestrate
the indigenous versus non-indigenous fish faunaaipg in
a distinct category of Carpathian rivers in natusaminatural
or anthropogenic impacted river sectors.

The sef-sustainable versus not self-sustainablelptpns of
indigenous fish species, can reflect elements dbithia
quality, connectivity, reproduction and geneticiahility.

The species composition criteria depend on the ilpless
anticipation of definite fish communities in a niveector,

communities which contain or not some key-specfieg

species and other associated species to themisfhsplecies
composition has various situations and dynamic atural,

seminatural or anthropogenic impacted lotic ecasyst
sectors.

The guild composition approach is based on the faat
different guilds take over different functions withlotic
ecosystems. Each guild show analogous strategiesofirce
discovery and use, and have created similar orgenii
respect of their habitat and microhabitats prefezen
reproduction, migration, colonisation, recolonisati
sheltering, feeding, etc.

The population size analyze, based on quantitativat least
semi-quantitative measures of density and/or bigmaer
surface units/subunits or per river sections lengtreal the
ecological status of the fish associations, and alfstheir
habitats and ecosystems.

The decisive role of reproduction, make the fisipylation
age structure and sex structure approach, a needeior the
reproduction and the recruitment success or ingscce
analyse.

For the fish associations assessment the most aemther
approach is to use comparable field data of retereiver
sections along the studied lotic system. Actudtfiata are
often missing for the Carpathian rivers; this ingl@c switch
to upstream or/and downstream sections, but indsgdde in
the same ichthyologic zone {Birescu, 1964) of the studied



river. If the needed reference sites are not ptesen
accessible for sampling in the studied river, aterahtive
solution is to switch to other similar rivers withthe same
ecoregion, also in the same ichtyolgic zone. Thep&hians
areas fortunately still have such river sectorewen rivers
which can be used as reference rivers or riveosect

Each of the above mentioned approaches are chasactéy
advantages and disadvantages, their applicatioosldstbe
done in appropriate integrated sets of approachescial
selected to can work together for one or other fd t
Carpathian different categories of rivers.

One of the largely accepted integrated approachthis
respect is that one based on the biotic integréina fish
communities (Karr, 1981; Leonard and Orth, 1986u9€a
and Schrader, 1987; Lyons, Wang and Simonson, 1996;
Hughes and Oberdorf, 1998; Goldstein and Simon,8;199
Smathers et al., 1998; Miller et al., 1988; Brarttbkend
Fausch, 1991; Oberdorff et al., 2002; Sostoa et24l03;
Bozzetti and Schulz, 2004; Pont et al., 2007; Reted al.,
2007; Casatti et al., 2009). It is demonstrable fut that
particular adaptations are necessary for eachestudier in
different regions. Such a specific adaptation ofirgegrity
biotic index for the Carpathians area basins/rivaras
proposed by Bnaduc and Curteani®aduc (2002) and its
main elements are shortly presented below.

The combination of metrics for this index was oeelato
expose insights of assemblage, community, populatmd
ecosystem perspectives, and to suit local and/giomal
patterns in fish ecology.

Every selected metric value should to be comparitd tive
value estimated from similar/comparable sites/gsctaith
smaller, minimal or no human impact.

In general it can be considered that as this ad#ferible

biotic integrity index values decreases, the halatad lotic
ecosystems (as sources of services and resourcedijyq
decrease too.

The Carpathian Fish — Integrity Biotic Index scoepresent a
nine-metrics sum and can be interpreted using dhewing

intervals for comparation: (45-43 — excellent) thhaximum
score attest an excellent, comparable to pristom@litions,

exceptional assemblage of species; (42-36 — veoggthis

second score certify a decreased species richimskerant
species in particular, sensitive species presdbt3( — good)
this score describes fair intolerant and sensithpecies
absent, skewed trophic structure; (30-24 — fagta@re which
reflect some expected species absent or rare, onesivand
tolerant species dominant; (23-17 — fairly poor thcore
shows few species and individuals present, tolespeties
dominant; (16-10 — poor) this score reveal very fpecies
and individuals present, tolerant species domingd]l —
very poor) this minimum possible score reflectyexie few
species and individuals present, tolerant spe@esirthnt, or
no fish individuals present.

The selected fish assemblage metrics in this résgrecthe
following: species richness and species composifiotal
number of fish species; proportion of benthic fighecies;
proportion of water column species; proportionrafividuals
of intolerant species; proportion of individuals typically
tolerant species), trophic composition (proportioof
individuals as omnivores feeders; proportion ofvittlials as
insectivores feeders) and fish abundance and dondit
(number of individuals in sample; introduced specieon

zoogeographic basis). Ratings of 5, 3 and 1 argraess to
each metric according to weather its assessed value
approximates, deviates from the value expected at a
comparable site that is relatively undisturbed.

The Carpathian Fish - Index of Biotic Integrity se® results
are generally overlapping on the other much moseures
consuming assessment methods. This index significan
metrics respond to river natural, seminatural and/o
anthropogenic variations/disturbances in a predieta
manner, match lotic ecosystem quality correctlyesdwng an
important correlation with the local habitats and
microhabitats degradation, are generally spatiadnd
temporally stable, and showed significant corretatiwith
independent measures of water quality. Althoughaberall
classifying success of this index is similar totthd its
significant metrics, the index is superior to thetrts. This

is because it represents a compromise measurechajahe
tendencies of the metrics overestimate or undenasti the
habitat quality.

The high quality of the Carpathian Fish - Index Ribtic
Integrity, as an indicator of fish assemblage arabitat
quality, rely on the: possibility to explain theafares of the
fish assemblage in a particular Carpathian regteecked
medium-term and long-term modifications, is repbiea
across a wide suite of sampling sections; is etigen
correlated with other indicators of the river wagerlity.

The Carpathian Fish — Index of Biotic Integrity v@ry
efficient in discriminating over a large gradient lmuman
activities negative effects: biotic assemblagesngimy due

to flow alteration, dam discharges, toxic chemicals
(accidental, episodic, intense, concentrate innsedis, etc);
habitat disturbance, microhabitat disturbance, turah
runoff, banks vegetation clearing, islands vegetatiearing,
excess sediments or nutrients transport, chantielizade-
shagging; and seem consistent in medium and lorigdseof
time in differentiating human activities negativepacts.

The principal quality of the assessment made witls t
specific index is based on its capacity to interphe main

features of the fish assemblage in characteristigp&thians
area conditions.

Even if some of the fish species of the fish asdag#s can
change from one Carpathian area to another, ifapproach
of the relationship between ecosystem function &sH

diversity have correct basis, the transferabilityhis specific
index applicability, for other Carpathian rivers derrect.
Some slightly technical adjustments made by ichtiyists
with local/regional knowledge are possible needed.

The spatial assessment unit — the unit of a rieetos of a
lotic system where a specific method is used — fmas
highlight all the main spatial attributes which cdzterise a
Carpathian specific river type. In these circumstsn the
smallest unit should include all types of the perera water
bodies or related with them (main channel, secondar
channel, floodplain, etc.) and habitats (poolse sidms, runs,
oxbows, etc.).

The temporal assessment unit — the time unit whemeaific
method or a set of methods are applied — has kectedll the
temporal attributes characteristic for a Carpathspecific
river type.

The fish diversity assessment is a mandatory ésstential
step in the cases when we have to create an it¢elgra
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monitoring system for fish and/or related abioticl@r biotic
elements.

This approach is in the view of the European Unigater
Framework Directive requirements to diagnose ttadoggcal
status of the aquatic ecosystems using fish andi@stors.

3. FISH DIVERSITY MONITORING

The results of the fish diversity assessment shputdiuce
the first needed data base for creating a mongaystem for
fish and/or related abiotic and/or biotic elemeAstually the
assessment support the construction of a monit@ystem,
avoiding future redundancy in monitoring data amerefore
reducing the involved time and costs.

Some of the advantages of using fish monitoringttier lotic
ecosystems protection are: direct interest to tiverine
settlements human population, the major visible pament
of aquatic biodiversity, total dependence on theiatiq
environment, fish community reflect the ecologioakgrity,
integrate the effects of different negative factorsime and
space, reflect the ecologic status of the wateybsehsibility
to the point and non-point accidental and permapelhaition
sources, not expensive, relatively easy to be caot
identified, include a range of species that represe
multitude of trophic levels, top positions in theol webs,
good biological and ecological knowledge aboutrtregority
of the fish species, etc.

For proper managerial conclusions based on the torarg
data base, the data should include the followintijsiate and
meteorological conditions, stream description (loydr
geomorphological characteristics, perennial or emhal),
watershed characteristics and description (geonabogic

characteristics, land use - orchards, forest, tmds
agriculture, settlements, industry, nonpoint souroé
pollution, point source of pollution, erosion), aipan

vegetation (trees, shrubs, grasses, buffer strgggs and
characteristics), in-stream features (length, widthrface,
velocity, morphology, modified sectors, diversiomsineral
exploitations, dams), aquatic vegetation (hydropbiytsemi
aquatic grasses, algae), water quality (odour, urplo
temperature, transparency, conductivity, dissoleaggen,
turbidity, pH, sulphate, nitrite, nitrate, phosp#at river
bottom materials (boulders, cobbles, gravel, sasit,
detritus, mud, marl), fish, etc. The fish diversihonitoring
programmes should include variables that could basured
in short periods of time, as simply and accuratis aessible,
not only by specialists but also by non-specialistsed on a
minimum initial training.

To refine the capacity of the monitoring programimevoid
redundancy and bigger then is necessary time arsts co
investments, an initial pilot monitoring programsteould be
create. Only after at lest one year cycle of maititpwe can
be sure that are no redundant locations, periodslata, and
can to adjust finally the monitoring programme.

Each specific physiographic, botanical and ichtgao

(Banarescu, 1964) zone/subzone should be covered by

sampling sections. The sampling sections shoulcrctive
main human impacted sections/subsections. No ai good

or bad site should be considered as monitoringasectEach
monitoring section should be approximately of miaim100

m in length. The monitoring sections should be asable as

is possible, including where are accessible formgta: main
channels, side channels, backwaters, impounded szone
tributaries confluence, etc.
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Full sets of samplings should be made during allstbasons.

The relative abundance is one of the most commonablas
which can be monitorized for all fish specimensaregess of
size and weight or it can be monitorized separdtaadults
and juveniles.

The fish abundance is characterized as fish nundodiected
on site, on species and on life stage categories.

The fish species richness, as a component of tlezalhv
diversity of the fish community, is referring toethotal
number of fish species taken in a sampling campaigio a
defined unit of effort.

Biomass will be characterized by biomass per eash f
species and each fish life stage at each sampting s

Density will be reported as numbers and/or biompss
kilometre per each fish species and fish spedesiage.

The fish population structure is referring to thstribution of
fish individuals of a single fish species amongestr age
categories, no smaller than 100 specimens.

The fishing methods should be select in the assmssm
period and should be ameliorate, in the monitopegod of
an initial pilot programme. Excepting the fish iidiuals
needed for gut analyse, toxicological analyse (heaetals,
organochlorines, etc.) fish tissue analyse andrttividuals
for parasitological fish tissue analyse, and théividuals
with anomalies, all the captured individuals aréeased
immediately after their identifying, measuring, gleing,
enumerating and photography in their habitat. Amaoing
individuals with anomalies only 1% will be presedwend the
others will be released but their anomalies willrbeorded
(as: parasites, anatomical abnormality, morphokigic
abnormality, multiple abnormalities, injuries, furgy
tumours, etc.). The general retained individualsust be as
much as possible in minimum number/percentage fuorons
conservative interest, and will be preserved in fo¥nalin
for further studies.

Active monitoring can be based on passively andtively
transmitters of data.

The unsuccessful samplings attempts should beteegisto
can change the used methods sets.

The field fish sampling sheet should be adaptethatiocal
conditions, in general will contain the followindements:
geographical or/and administrative area name, fiation
number, location personal code, project code, semide,
subsector code, start date, start time, finish,datish time,
site type, stratum type, technique, method, gesordinates,
fishing effort (time, distance, area), etc.

For good report writings, these are indicated to dome
immediately after or in short time after the fieddtivities.
Properly completed data sheets are submitted twamiar on
a certain time periods basis.

(Noss, 1990; Gutreuter, 1993; Angradi, 2006n&luc, 2008;
Oprean and Popa, 2010: West et al., 2008).

4. FISH DIVERSITY MANAGEMENT

The fish diversity continues to decline in the Gahians
Basin, in response to intense anthropogenic thmewsge
elements. At the same time, natural resources andces
management are obviously deficient to change thistson,
new effective basin planning of priority strategy still



needed. However, despite the scientific data onnptey for

fish management, policy and strategic actions aeynimes
compromised by lack of logic and of clarity in sifiecterms

and proper expertise. As a consequence each basach
eco-geographic area should have specific adapted
management approaches.

The management plans should integrate the fishfool¢he
local communities and widely accepted values asd,fo
passive recreation, active recreation, occupaticuliural
benefits, educational benefits, genetic resoursiesliversity
ethic, etc.

Fish does not stop at national boundaries, so dis¢ Wway to

protect, conserve and manage fish diversity islbgectrans-

boundary and international co-operation between tiad

countries within the Carpathian area: Serbia, Raéajan
Ukraine, Slovakia, Hungary, Czech Republic, Polamdtl

Austria.

The river basin approach only can offer a propenagament

to fish and associated abiotic and biotic elemehtsthis
respect the Carpathian basins of the European Union
countries are managed since 2000 using the rivainba
approach in relation with the EU Water Framework
Directive.

The management plans for each approached basinber s
basin should include all the significant presentpotential
pressures as: organic pollution from urban and lrura
settlements wastewater, organic pollution from &tdy
organic pollution from agriculture, nutrient poirsiource
pollution, nutrient diffuse source pollution, hadaus wastes
pollution, river and habitat continuity interruptio
hydromorphological alterations, disconnection ofijaadnt
wetlands/floodplains, hydrological alterations, isgehtation,
invasive species. Here, should be included alstesgription

of the main pressures, an integrated overview o@ th
monitoring networks, the modified water bodies imogy
and characterisation, a social and economic amabfsihe
lotic systems resources and services, water quantit
characterisation, climate change perspective, pi@tdeareas
inventory and characterisation, etc.

At the base of the management decisions (in special
regarding the partitioning of the lotic ecosysterasources
and services) can stay mathematic models whictwatle
prognosis of the fish communities diversity (exgesb
through diversity indexes) in the conditions of thabitat
characteristics variation, or mathematic modelsctvhreveal

the variation of some parameters of fish population
relation with the variation of the habitat charaistics.

Each basin, or each basin considered importantdtave a
specific adapted management plan. In this respecg will
be presented some specific management elementrioe
considered Carpathian rivers (Cibin River, TarnRiger and
Viseu River.

Cibin River

The Cibin lotic system (78 km length) watershed1&nf)
is situated in the center of the Romanian natidesgitory
(between 45°10' and 46°20' northern latitude antivdsen

23°41' and 24°59' eastern longitude) in the soutktyart of
Transylvania Depression.

In this case the fish fauna was negatively impabtetduman
activities effects. Historically, important humammpact
presence on the Cibin River area started in 1206800 a.C.

period (Niedermayer, 1979; B, 1998; Baliu, 2001;
Banaduc-Curtean, 2002; Angela CurteaarBduc, 2011),
with minerals exploitation, river banks changeshutaries
deviations, wetlands drainages, sewage wastesnaiugtrial
pollutants discharges get started for more thanersev
centuries till the present moment. More specificaly the
present, the local ichtiocenosis management actitasild
face the following main threatnings effects: river
channalisation, marshes and floodplain drainages, of
meanders, river banks reshaping and embankingjtéries
deviations, dams, water and sediments pollution raieral
resource exploitation.

There are few remedies proposed for the hydroteahni
works impact in relation with an optimum managenwfrthe
fish fauna: land acquisition and wetlands areaslogom
rehabilitation; rehabilitation of river assimilagicapacity; the
dam lakes water should be use based on an equiaiole
balanced allocation among the watershed consumdiish
must include not only the servitute discharge remssfor
the downstream users, but the sanitation dischaoge
revitalization of the best traditions for land prction and
use; restoration, creation and enhancement of netlamds;
protect and restore sectors of typical local ecesys; etc.

For the river and its triburaies water and sedimgmtiution
impact minimisation, there are proposed also sanmoitant
remedies like: increasing water consumption efficie
through general contor meters utilisation and bédia
transport pipe systems; keeping inactive the hazerdvaste
sites; creation of a hazardous site evaluation, gtdtffed by
biologists and/or ecologists, which represents féd
interests, involved in the process of identify aridan up
inactive and active hazardous waste sites; devedo@
potential resource damage claim against the majthatprs;
the physical and chemical standards used to clesised and
manage wastwater treatment must be addapted tecpithe
downstream environment in the below vicinity of the
wastewater works; countermeasures against the hnnua
several oil spills; the protected and semiprotecteabr
sectors must be large and dense enough to allovivireself
cleaning capacity to be active to face the humapath
pressure; the healthy fish populations must be gechéike a
valuable biological capital whose interest is attihel through
reducing the expenses for water cleaning techne¢ogitc.

In oposition with the river bed mineral exploitatioor
overexploitation effects, a rational gravel minirgtivity
should be based on the river bed exploitation qtiesitunder
the annually river bed regeneration rate and ofilteeing of
the the used industrial water for the sand andejnaashing.

The problems coming from the riverine land expioiatcan

be minimized or avoided based on some specific d&se
rational grazing on river banks; incentive policiésr

cultivation of multy-year cultures (forests, vinegs,

orchards); rehabilitation of the riverine forest rridors,

interdiction of the arable land extension in theimium 5-15
m riverine corridors along the banks; prohibitingess to the
upper parts of the catchment areas (limiting daniega the

water erosion) so that spontaneous perennial viigetzould

regenerate in best conditions; varying sylvicultuaad

grazing activities; etc.

Totaly or partialy protected from human direct adirect
aggressions, the protected habitats are needdt inantext
of an optimum management of the ichtiocenosis. [&tger a
protected area the better it could fulfill its censation and
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protection functions. In respect of protected ardhe
management should be a permissive one in the follpw
directions: a properly conceived protection coudabuseful
aid to the direct and indirect economic developnathe
riverine setlements; perfect complementarity shoeidst,
between local development and nature conservation.

Although there is a considerable number of damaging
practices and activities affecting Cibin River nesies and
services, the potential for the recovery is sulighnn case

of a proper ecological integrated management. &anrt
Banaduc and Bnaduc, 2001).

Viseu River

The Viseu River watershed (1606 Kmis situated in the
Maramurg Depression, in the north-west of Romania.

For this watershed fish fauna rehabilitation, pctte and
conservation, the basin management measures should
minimize the impact of: waste waters, non-natigh pecies
escaped from fish farms; hidrotechnical works, nidesl and

river banks changing, illegal fishing, solid wasteposits,
riverbed minerals overexploitations, increasingrage water
temperature, eutrophication, mining waste depddiposits

with Cd, Cu and Zn content), transport of logs he t
riverbeds, siltation, clear felling of mountain s, illegal
sawdust depositation in the rivers and on riveikbaatc.

The management of fish populations for increasihgirt
number and biomass represent in fact species pimieand
conservation. There are some management elemernth wh
should be integrated in this basin management like:
maintaining of the relatively high and constant evafiow;
forest water retention capacity should be encourdnethe
appropriate forestry management in all the basm;dam
type hydro-technical works should be allowed toblbét on
the Viseu River basin in the future; no important water
captures should be allowed for hydro-technical warkthe
neighbouring watersheds; the water quality in ttreasns
should be improved everywhere in the basin wherns &
necessity, through (quantitative and qualitativég@acing
activities, canalisation of villages, sawdust mamagnt and
avoidance of river bed alteration; stopping illefishing and
forbidding legal fishing for the Danube salmorlug¢ho
huchg; the lower gorge sector of thegéu River, including
the confluence area, should have a highly restticte
protection regime not only for Danube salmon butdi the
local fish species (as trophic resources) and Her ttophic
resources of benthic macroinvertebrates; the adfuaeuof
Danube Salmon and the artificial stocking and &stm of
water bodies of interest should be initiated; digant
decrease of physical and chemical pollution; no agament
actions for trout fishing in the upper lotic syst&emo natural
and/or semi-natural riverbed modifications; etc.

From the perspective of management objectives and
measurements required, in thes&i River watershed two
management zones can be revealed: 1. zones wtoclddbe
managed for biodiversity conservation - Vaser W&ited,
upper Ruscova watershed, uppegedi River, Vieu River
Gorge. In these areas the natural structure ohdhéats and
the fish communities, and the natural dynamic eféhologic
processes, are still existing. 2. Zones where #sources
should be used in a sustainable way — zones in hwhic
resources and lotic ecosystems services can be wisieid

the self-regulation and self-support limits of thescologic
systems. (Oprean et al., 2009)

24

Tarnave rivers

The Tarnava River basin (6157 km2) is placed indbetral
part of Romanian Carpathians arch, drain the Tisasian
Depression, respective its southern section thenav@tor
Plateau, and vary significant in climate, geologglief,
hydrology and anthropogenic impact.

For this watershed fish fauna diversity rehabilitat
protection and conservation, the basin managemedna
should minimize the impact of: hydrotechnical works
(drainage works in the river’'s floodplain, marshesd
secondary channels and tributaries deviations, shihg of
some river sectors and some ponds and wetlandsctath
with the river drainage, cutting meanders, rivernksa
reshaping and embankments, floodplain and marshes
drainages and tributaries deviations, dams); rivexd
“cleaning”; water overabstraction; riverbed seditsen
overexploitation (the banks and river bed increasexsion,
reshaping and elevation changings, the downstre@essive
siltation and decrease of water quality); water lys@n
(hazardous wastes, sewage effluent, polluted tiirg;
organic substances in different degrees of decoipos
chemical zootechnics disinfectants, phyto-sanitagimoducts,
suspensions, detergents, oil products, nitritésates, sodium
chlorite products, organic solvents, synthethicn®sSQ,
SG;, NO,, CO, Cr, Pb, Zn, Cu, Cd); riverine lands wrong
exploitation (arable lands coming near the riveisstroyed
riverine buffer areas), etc.

For the water and sediment pollution effects rewgah, the
following management directions/actions should
integrated in the Tarnave rivers basins managerméait:
increasing water consumption efficiency through egah
contour meters utilization and a reliable transppipe
system; keeping inactive the hazardous waste sites;
creation of a hazardous waste site evaluation ataffed by
biologists, which represents wildlife interestsyalved in the
process of identify and clean up inactive and acti@zardous
waste sites; developing a potential resource dantéajen
against the major polluters; countermeasures agahes
accidental oil spills; the protected and semi e river
sectors must be large and numerous enough to dhew
existence of the river self cleaning capacity, derg term
cheapest alternative to the present one “pollutatemwpass
away to the downstream effluent”; the healthy river
biocoenosis must be managed like a biological ahpihose
interests is collected through reducing the expefisewater
cleaning technologies; etc.

be

For the hydrotechnical works impact remediation the
following management directions should be integtatethe
Tarnave rivers basins management plan: activit@stlie
river assimilative capacity restoration, includinand
acquisition and wetlands areas restoration; the&d&am
management strategy must be based on the equitable
allocation of water resource; revitalization of theest
traditions for land protection and use (ecological
systematization of riverbanks, protection of lamd=sar the
river channel); the impact of inevitable wetlandsd, as long
as wetlands may legally be destroyed and in théitons of
the fall in annual precipitation in the last quanbé century,
can be mitigated and compensated through restoratio
creation, or enhancement of other wetlands; proted
restore sectors of typical local ecosystems.

For the river bed mineral overexploitation remediat
should be imposed a rational gravel mining actjvitgsed on



riverbed exploitation quantities under the annuaiyerbed
regeneration rate and filtering the used industwater for
the minerals washing.

For the riverine land wrong land exploitation reragidn, the
following management directions should be integtatethe
Tarnave rivers basins management plan: determine of
incentive policies for cultivation of multy-year loures;
rehabilitation of riverine forest corridor, withtardiction of

the arable land extension in the minimum 5-20 nerine
corridor along the river banks; rotating rationglvgulture

and grazing activities, having regard to seasonabitions,
especially on the river banks.

Past and present active response actions, cautent planed

do not or will not sufficiently remedy the injuryo tfish
populations resources without further integratececsjc
actions. Although there is a considerable number of
damaging practices and activities affecting Tarnavers
basin, the potential for the recovery of the fiskedsity under
gualitative and quantitative aspects is substaniti@luding
many possibilities to recovery them, in case of ppro
management actions. (CurteaéirBduc and Bnaduc, 2005)

4. CONCLUSIONS

The approach used for these basins assessmentorrapi
modelling and management can be used as a mod&laabp
for any other Carpathian watersheds, both of ecim@mnd
conservative interest.

This approach should be based on extensive andsiuge
biological and ecological data, obtained and moisiéal at
least along a three-five (better more) years period
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