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ABSTRACT

The implementation of some strategies such as DPSIR framework may
lead to a better coordination at both local and national level with a view to
maintaining biodiversity and quality of water bodies. The different sensi-
bility of the benthic macroinvertebrates has been used in determining the
manner in which these communities are being influenced by the socio-
economic development, in the end modifying the biodiversity. The present
study aims at presenting a list concerning the different species of cad-
disflies identified in the larva phase in Natura 2000 site Lower Gorge of
Mures river, to draw attention on existing threats regarding the quality of
aquatic ecosystems based on the indentified caddisflies species and also
to propose a series of conservation measures considered essential to the
sustainable development of socio-ecological complexes in the target area.
The sample collecting points were represented by 13 stations used to
identify the caddisflies species in the larva phase. There were identified
20 species included in a number of 7 families. The most frequent species
were Hydropsyche instabilis and Hydropsyche fulvipes (qualitative sam-
ples), and Hydropsyche instabilis, Hydropsyche fulvipes and Ecclisopteryx
madida (quantitative samples), respectively.

RESUME

Le role du cadre conceptuel DPSIR : une étude de cas concernant les menaces et les
mesures de conservation pour les trichoptéres en Roumanie

Mots-clés :
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La mise en ceuvre de certaines stratégies telles que le cadre DPSIR peut
conduire a une meilleure coordination au niveau local et national en vue de
préserver la biodiversité et la qualité des masses d’eau. La sensibilité va-
riable des macroinvertébrés benthiques a été utilisée pour déterminer la ma-
niere dont ces communautés sont influencées par le développement socio-
économique, modifiant finalement la biodiversité. La présente étude vise a pré-
senter une liste concernant les différentes espéces de trichopteres identifiés
en phase larvaire dans le site Natura 2000 de la partie inférieure des gorges
de la riviere Mures, pour attirer I'attention sur les menaces existantes concer-
nant la qualité des écosystémes aquatiques en fonction des espéces de tri-
chopteres repérées et également de proposer une série de mesures de conser-
vation considérées comme essentielles pour le développement durable des
complexes socio-écologiques dans la zone cible. Les points d’échantillonnage

(1) West University of Timisoara, Faculty of Chemistry, Biology, Geography, Department of Biology Chemistry,
Pestalozzi 16A, 300115 Timisoara, Romania
* Corresponding author: malina.pirvu@e-uvt.ro

Article published by EDP Sciences


http://www.kmae-journal.org
http://dx.doi.org/10.1051/kmae/2013078
http://www.edpsciences.org

M. Pirvu and M. Petrovici: Knowl. Managt. Aquatic Ecosyst. (2013) 411, 11

sont 13 stations utilisées pour identifier les espéces de trichoptéres en phase lar-
vaire. On a identifié 20 espéces appartenant a 7 familles. Les espéeces les plus
fréquentes ont été Hydropsyche instabilis et Hydropsyche fulvipes (échantillons
qualitatifs) et Hydropsyche instabilis, Hydropsyche fulvipes et Ecclisopteryx ma-
dida (échantillons quantitatifs), respectivement.

INTRODUCTION

In recent years many alarm signals have warned us on the deterioration of environmental
components due to the social and economic developments. Few people have understood the
danger of environmental degradation and express concern for the necessity of maintaining
the natural balance, water degradation becoming a more and more disputed issue of debate
around the world (Tamazian et al., 2009; Acreman and Ferguson, 2010).

Integrated ecological monitoring of aquatic environment quality entails the use of multiple
chemical, physical and biological analyses, in addition to the coordinated and sustainable
implementation of sustainable strategies. The scientific importance of studying aquatic life is
given by the particularities of the aquatic environment where aquatic organisms are adapted
to particular habitat conditions (King et al., 2010; Ren&falt et al., 2010; Décamps, 2011; Pinto
etal., 2011; Gerth et al., 2013).

Furthermore, biodiversity, as the main condition of human civilization, plays a central role in
ensuring the life support system as well as the development of social and economic systems.
In natural and semi-natural ecosystems the intra and interspecific connections enable the
material, energetic and information exchanges and ensure ecosystems productivity, adapt-
ability and resilience. Every species plays a distinct role in the functioning and maintenance
of ecological systems as main providers of resources on which human development depends
(Xing et al., 2009, Tisdell, 2011, Schetke et al., 2012), the preservation of biodiversity being
essential for the survival of all forms of life, including benthic macroinvertebrates as an indis-
putable trophic link (Azrina et al., 2006; Yoshimura, 2008; Arthington et al., 2010; Ohl et al.,
2010).

Beginning with 1992, the European Union has launched the network of nature conservation
Natura 2000 in order not only to protect the natural environment but also to preserve the nat-
ural richness in the long term (Marcer et al., 2010; Velazquez et al., 2010). The DPSIR frame-
work (Drivers — Pressure — State — Impact — Response) stands for an appropriate framework
towards this direction. It has developed as a systems-based approach which captures key
relationships between society and the environment, and is regarded as a philosophy for struc-
turing and communicating policy-relevant research about the environment (Borja et al., 2010;
Chen et al., 2011; Tscherning et al., 2012). According to this framework, the socio-economic
development acts as pressure factor upon the environment and, as a result, its state changes
constantly, along with the conditions that ensure the “ecosystems state of health”, resource
availability, in one word, biodiversity. All these lead to the impact upon human health, which
calls for the response from the part of the society with effect on the socio-economic compo-
nent or directly on the state and causes of impact through remediation action.

The varied sensibility of caddisflies (Insecta: Trichoptera) as well as the anthropic effects,
represents an important argument to widely use caddisflies as biological parameters so that
aquatic ecosystems might be more appropriately monitored (Kubosova et al., 2010; Li et al.,
2010; Varnosfaderany et al., 2010; Thorp and Rogers, 2011; Pirvu and Pacioglu, 2012; Savi¢
etal., 2013).

Natura 2000 site Lower Gorge of Mures river (NLGM) is located in the West of Romania. Re-
searchers have not so far carried out studies on the structure of caddisflies community within
the boundaries of the site and on the potential threats to this population. This paper aims to
complement and extend the research data and bring forward specific measures attempting
to improve the aquatic ecosystems conservation schemes across Romania.
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Table |
The gross domestic product at the national level and in the three target counties according with the RSY
(2008), INS (2009).

Romania 116768.7 | 152017.1 | 197427.6 | 247 368.0 | 288954.6 | 344650.6 | 416006.8
West 11223.6 | 14913.4 | 19822.3 | 25254.1 | 29081.7 | 35788.9 | 42995.7
Arad 2668.7 3452.5 45911 6106.3 7028.1 8406.7 10064.4
Hunedoara 2468.5 3303.5 4134.3 5205.1 5791.2 6867.1 8740.1

Timis 4512.5 6157.3 8381.5 10587.9 | 12526.2 | 16069.9 | 18838.0

RSY - Romanian Statistical Yearbook.
INS - National Institute of Statistics.

METHODOLOGY
>NLGM PHYSICAL CHARACTERISTICS

The site (total surface of 55.660 ha) covers two hydrographic basins: Mures and Bega Basin.
77% of the territory is covered by Mures Basin (site surface of about 800 ha, average flow
rate — 157 m3.s™" on entering the site, and - 179 m3.s™" on leaving the site, 260 tributary
streams with total length of 240 km) and 23% is covered by Bega Basin (site surface of about
45 km?, 135 tributary streams with total length of 115 km) (according to the local Management
Plan, 2007).

NLGM adjoins with the Natura 2000 site Drocea and with Runcu Grosi Nature Reserve. Mures
corridor, situated in the south of Arad County is a net line between Poiana Rusca Mountains
and Lipova Hills to the South and Zarandului Mountains to the north. Its emerging as a sep-
arate unit over a long distance of about 70 km, forming a corridor with narrow valleys and
basins sectors which shows a very complex morphology (according to the local Management
Plan, 2010).

>SOCIO-ECONOMIC CHARACTERISTICS AND INTERACTIONS

The site is included in one region, namely the West Region of Romania. It spreads across
the administrative territory of three counties: Arad, Timis and Hunedoara (54% — Arad, 35% -
Timis, 11% — Hunedoara). It overlaps the administrative territory of 15 localities (towns and
villages). 33108 inhabitants live within the site boundaries and in the neighbouring areas,
according to the 2002 census (according to Direction of Statistics Arad, Timis and Deva,
2002).

In order to obtain an overview on the socio-economic status of the area were analyzed
the socio-economic situations of each of the component county. In late 2006 in Timis
County for instance, the business environment recorded a massive increase in the number of
micro-enterprises and a decrease for the large enterprises. According with the Timis Socio-
Economic Development Agency (TSEDA) the foreign capital invested in Timis County through
participation in the capital of the companies established in the period 1991-2006, amounts to
805 million USD (622 million euros), representing 4.1% of total foreign investment nationwide
(TSEDA-TCC, 2009). Thus, Timis County ranks 4th in the country in terms of foreign capital
invested and in 2nd place in terms of the number of foreign companies active in late 2006.
According to the sources, the situation is similar for the Arad and Hunedoara counties.
Overall, there was a decrease in economic activity in the turnover, indicating changes in the
economic structure of the county, and also lower industrial activity in favor of services. It
can be observed an increase in activity (and turnover) especially in the construction, trans-
port and transport related activities, wholesale and brokerage services, real estate activities
(TSEDA-TCC, 2009). The Western Region is considered to be a growing region with superior
economic results, the intra-regional disparities being evident in the three counties (Table I).
According with the West Regional Agency for Development (WRAD) in 2008 the western re-
gion recorded a total of 859 000 active people, which means a reduction of 112 000 compared
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Figure 1
The location of the sample collecting stations from the NLGM, 2010.

to 2000 due to demographic decline. The active population fluctuation and decline, even if it
involves a recovery in the range 2006—-2007, can be seen in both sexes. The western region
also has the largest share of employment in industry. In the case of services, this region has
a share of 38.6% of all employed persons (WRAD, 2009).

Another important social factor is the demographic dependency ratio. Distribution of demo-
graphic dependency ratio during 2003-2008 indicates a clear decrease at all levels of analysis
(national, regional and county). The lowest economic dependency ratio was found for Timis
County in 2008 when there were 37.8 dependents per 100 persons of working age. Another
example is the Hunedoara County in the national development (WRAD, 2009).

>MATERIAL AND METHOD

The samples were collected during June and September of 2010, from the NLGM (13 sam-
pling stations) (Figure 1). Qualitative and quantitative samples were collected. Were processed
a total of 13 qualitative samples (1 sample/station) and 39 quantitative samples (3 sam-
ples/station). The samples were collected by using a hand net (meshes of 250 um — qualitative
samples) and a Surber benthometer (surface of 1072 cm?, dimension of the meshes in the net
of 250 um — quantitative samples). The samples were preserved in ethanol 70%. In the lab-
oratory, the identification of the individuals was conducted on a species level (Waringer and
Graf, 1997; Wallace et al., 2003). There were not identified those individuals in the first stages
of existence at a species level, due to the fact that they did not feature the fully developed
morphological traits to allow a proper analysis. In total, a number of 2895 individuals were
processed.

>LOCALIZING THE SAMPLING STATIONS AND PROCESSING THE DATA

The localization of the sampling stations according to the code number is presented in Table II
and Figure 1.

The vegetation covering degree was found to be between 0-100%, with average canal depth
and width values of 0 + 0.03 cm, and 5.42 + 2.91 m, respectively.

The sub-layer type corresponding to the benthos sample collecting points varied from the
one with a stones, gravel and tamping sand (S1 - S5, S8, S12, S13), to boulders and large
amounts of bank (S11), fine gravel and detritus (S9, S10) and to the boulders and gravel one
(S6, S7).

There have been calculated the density (D; = ni/Sp), the abundance (A = (n;/N) x 100) and the
frequency (F = N;x100/Np), where n; represents the total number of individuals for the i series,
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Table Il
The localization of the sampling stations in NLGM, 2010.

Stejar Valley S 46.03368 N 22.154565 E 158.6 upstream Stejar village

Vanesti Valley S2 46.0305 N 22.2221 E 153 upstream Parnesti
village

Troas Valley S3 46.0282 N 22.2517 E 64 downstream Savarsin

Troas Valley S4 46.0418 N 22.2643 E 157.5 upstream Temesesti

Crsciunesti Valley S5 46.15819 N 22.20237 E 57 Toc

Dutu rivulet S6 45.9895 N 22.3387 E 102.9 Dutu

Dinisului rivulet S7 45.5937 N 22.2132 E 1011 tailings heap,

Pojoga quarry

Tiganului Valley S8 45.9873 N 22.3867 E 144.4 upstream Pojoga
village

Corbeasca Valley S9 46.0171 N 22.3959 E 144.4 Petris

Serban Valley S10 45.9880 N 22.4097 E 133 downstream Salciva
village

Almas Valley S11 46.0290 N 22.4407 E 143.9 Almas Valley

Glodului Valley S12 45.9809 N 22.4727 E 201.5 upstream Glodghilesti
village

Danuleasca Valley S13 46.0308 N 22.6063 E 264.7 Carmazanesti

Sp the total researched area, N the total number of individuals belonging to all species (from
the sample or the studied samples), N; the number of stations within which been identified the
subjected species, N, the total number of stations (Stan, 1995). There have been calculated
the diversity with Shannon-Wiener (SW) (H' = —Xp; xlog, x p;), where p; represents the i series
abundance (p; = n;/N) (Sirbu and Benedek, 2004). In order to standardize the variation values
Pielou’s evenness index was further used (E = H’/Hmax, Hmax = logS), where S represents
the total number of species (Sirbu and Benedek, 2004).

RESULTS

>INVENTORY AND DESCRIPTION OF THE POTENTIAL DRIVERS
IN THE REGION (D)

In Table Il the two categories of the potential drivers specific to the target area are presented,
i.e. natural and anthropogenic drivers. Natural drivers include invasive species that play a key
role in altering the integrity of natural terrestrial and aquatic ecosystems specific to the tar-
get area, together with factors such as changes in temperature and precipitation regime. An-
thropogenic drivers were identified as socially, economically and ecologically/morphologically
oriented. Social drivers make direct reference to key elements in ensuring the quality of wa-
ter bodies, namely the population in the target area and, therefore, urban and rural centers
included in the site perimeter (Tables |, III).

The economic drivers were identified as belonging to well developed fields of activity in the
area, i.e. agriculture (land cultivation, mowing, orchards, grazing), fishing and hunting, min-
ing, etc. (Table lll). The ecological and morphological drivers were considered as follows:
inappropriate tourism, household wastes deposit sites commonly found in industrialized and
populated areas, activities such as damming, drainage, draining, etc. (Table IlI).

>ENVIRONMENTAL PRESSURES IN THE TARGED AREA (P)

The study carried out within the site area has highlighted a series of threats to caddisflies pop-
ulations among which we underscore: rivers modification and rectification works the present
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Table Il
Main categories of drivers identified in NLGM, 2010 (according to the local Management Plan, 2007).
land cultivation 7.380 ha and thousands of owners Agricultural agencies 100
mowing 920 ha Agricultural agencies 102
orchards 60 ha Agricultural agencies 190
grazing 2780 ha Agricultural agencies 140
forestry 38600 ha Forest agencies 160
forest explotation - in private forests Forestry and Hunting 167
no forestation Inspectorate
mineral extraction 2 gravel pits inside the site National Administration 300
and 1 by Mures river of Romanian Waters
quarry 2 gravel quarry at Pojoga National Agency 301
and Caprioara of Mineral Resources
mining activities mining extraction National Agency 331
upstream the site of Mineral Resources
urban/rural areas 13 localities/ Local councils, 400
383. 108 inhabitants County Statistics Agencies
water pollution in all localities inside and outside Field observations 701
the site/refuse, tailings heap
drainage, damming, |past drainage, damming or draining| National Administration | 800/803/810
draining led to diminishing humid areas of Romanian Waters
species invasion Acer negundo Forest agencies 954
and Amorpha fruticosa
tourism travel pass field observations 623

ESF - European Social Fund.

study identified on Chiciura and Julita river valleys, sand and gravel extraction observed on
Julita and Vanesti river valleys, modifications observed in the major and minor bed of the wa-
ter bodies monitored, deforestation of riparian vegetation on Serban and Julita river valleys,
together with accumulation of household waste along many rivers (Stejar, Chiciura, Troas,
Julita, Glodului), mining activities (upstream the site), gravel quarries (Pojoga and Caprioara),
mineral extraction (there are two gravel pits inside the site and 1 by Mures river, close to the
site), urbanism (13 localities are included in site area, which means about 10.000 inhabitants),
damming (several hundred meters) (Figure 1).

>THE AQUATIC ECOSYSTEM STATUS IN THE TARGET AREA USING
CADDISFLIES AS BIOLOGICAL INDICATORS (S)

Caddisflies community structure

After processing the samples, the following caddisfly species were identified:

Qualitative samples: there were identified 6 genera included in a number of 4 families: Fam.
Hydropsychidae: genus Hydropsyche (H. angustipennis Curtis 1834, H. fulvipes Curtis 1834,
H. instabilis Curtis 1834, H. incognita Pitsch 1993, H. pellucidula Curtis 1834), Fam. Poly-
centropodidae: genus Polycentropus (Pl. flavomaculatus Pictet 1834), Fam. Limnephilidae:
genus Limnephilus (L. affinis Curtis 1834, L. rhombicus Linnaeus 1758), genus Potamophy-
lax (P. latipennis Curtis 1834, P. rotundipennis Brauer 1857, P. nigricornis Pictet 1834) Fam.
Phryganeidae: genus Hagenella (H. clathrata Kolenati 1848), genus Halesus (HI. digitatus von
Paula Schranch 1781), Fam. Rhyacophilidae: genus Rhyacophila (R. fasciata Hagen 1859).
The Hydropsyche featured the highest number of species (5), followed by the rest of the types,
with one to three species each. Their distribution according to the sample collection stations
and species code is shown in Table IV.

11p6



M. Pirvu and M. Petrovici: Knowl. Managt. Aquatic Ecosyst. (2013) 411, 11

Table IV
Cad(disflies species distribution (qualitative samples) in NLGM, 2010.
H. angustipennis H. a. X X
H. fulvipes H. f. X X | x| x| Xx X X X
H. instabilis H.ins. | x | x | X | x| X X | X X X X X
H. incognita H.inc. X | X
H. pellucidula H. p. X X X
PI. flavomaculatus | PI. f. X
L. affinis L. a. X
L. rhombicus L.r. X
P. latipennis Pl X | x X X X
P. rotundipennis Pr X X
P. nigricornis P n. X X
HI. digitatus HI. d. X
R. fasciata R. f. X | x

The x sign indicates the presence of the species; SC — species code.

The main caddisfly species identified in this phase together with the numeric abundance
percentages (%) and the frequency values were shown in Figure 2.

As far as frequency is concerned, the H. instabilis species values remained highest (82.62%),
followed by H. fulvipes (61.54%), as opposed to the remaining species whose frequency did
not exceed 16% with a few exceptions: H. angustipennis and H. pellucidula (23.08%). The
lowest values were identified as belonging to 5 species, with a frequency value of 7.69% each
(Figure 2A).

The numerical abundance percentages have shown high values for 2 species belonging to
genus Hydropsyche (H. instabilis — 41.07%, H. fulvipes — 21.79%) and a species belonging
to genus Potamophylax (P. latipennis — 17.71%), the rest of the values ranging from 0.31%
(L. rhombicus) to 6.90% (H. pellucidula) (Figure 2B).

Quantitative samples: there were identified 9 genera included in 7 families: Fam. Lepto-
ceridae: genus Athripsodes (Ath. bilineatus Linnaeus 1758), Fam. Hydropsychidae: genus
Hydropsyche (H. angustipennis Curtis 1834, H. fulvipes Curtis 1834, H. instabilis Curtis 1834,
H. pellucidula Curtis 1834), genus Cheumatopsyche (C. lepida Pictet 1834), Fam. Limnephil-
idae: genus Limnephilus (L. affinis Curtis 1834, L. rhombicus Linnaeus 1758), genus Ec-
clisopteryx (E. madida McLachlan 1867), Fam. Polycentropodidae: genus Polycentropus (PI.
flavomaculatus Pictet 1834), Fam. Rhyacophilidae: genus Rhyacophila (R. fasciata Hagen
1859, R. dorsalis Curtis 1834, R. obliterata MclLachlan 1863), Fam. Goeridae: genus Silo
(SI. nigricornis Pictet 1834), Fam. Sericostomatidae: genus Sericostoma (S. personatum Kirby
and Spence 1826).

The most numerous species were identified for genera Rhyacophila and Hydropsyche, with 4
and 3 species respectively. Their distribution according to the sample collection stations and
species code was shown in Table V.

The main caddisfly species identified in the quantitative samples together with the average
density values (ind m?~"), the numeric abundance percentages (%) and the frequency values
were shown in Figure 3.

The frequency (%) shows maximum values for a great number of species (6), while the rest
of the species identified in the LMNP in the current study accumulated values of 2.56% each
(Figure 3A).

The collected quantitative samples showed a high numerical abundance percentage (%) for
3 of the 15 species identified in the current study (H. instabilis — 44.66%, H. fulvipes — 19.76%
and E. madida with values of 8.43%). The smallest numerical abundance percentages (0.53%)
were established for 2 of 15 species (R. dorsalis, L. rhombicus) (Figure 3B).

When calculating the average density (LC = the confidence limit at 0.05p) there were no-
ticed high values for the 3 species mentioned earlier, with a maximum of 81.01 ind m?- for
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Figure 2
Frequency — % — (A) and percentage numerical abundance — % (B) (qualitative samples) in NLGM, 2010.

Table V
Cad(disflies species distribution (qQuantitative samples) in NLGM, 2010.

H. angustipennis H.
H. fulvipes H.
H. instabilis H.ins. | x | x
H. pellucidula

C. lepida

PI. flavomaculatus
L. affinis

L. rhombicus

E. madida

S. personatum

A. bilineatus

SI. nigricornis

R. fasciata

R. dorsalis

R. obliterata

a. X
f.

x
x
x
x
x
x
x
x

T
©
x

I| T 1| L > 0| M —| | T 0
olal~s|oo|3 |~ @~
x

the x sign indicates the presence of the species; SC - species code.
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Frequency — % — (A), percentage numerical abundance — % — (B) and average density — ind m?>~' — (C) of

caddisflies species (quantitative samples) in NLGM, 2010.
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0.4

Figure 4
Average values of SW index regarding the caddisflies species identified within the NLGM area, 2010.

equitability

Figure 5
Average values of the equitability indices regarding the caddisflies species identified within the NLGM
area, 2010.

H. instabilis, followed by H. fulvipes (35.84 ind m?™") and E. madida (15.29 ind m?'). The
smallest value was established as belonging to the R. dorsalis (0.96 ind m>") (Figure 3C).

Caddisflies diversity in the targed area

The lowest values of Shannon-Wiener index (SW) regarding the structure of caddisflies com-
munity submitted to study were identified at station S3 (0.082), collection point characterized
by a series of threats such as significant quantities of waste in the bed river, followed by
station S10 (0.141) where high pressures were recorded due to frequent domestic waste ac-
cumulations (plastic, metal, bottles, etc.), in the river bed and on the riparian vegetation, and
station S7 (0.191) located in the vicinity of a tailings heap.

Maximum values of caddisflies species diversity were determined for station S13 (0.308),
ecosystem characterized by a natural aspect, without visible or potential threats, and station
S6 (0.301) (Figure 4). For evenness purposes, similar values may be due to the occurrence of
many common species, or on the contrary, the values may be specific to each station, char-
acterized by a reduced number of individuals. This is the case of a large number of species
(H. pellucidula, H. angustipennis, R. obliterata, L. rhombicus, A. bilineatus, Pol. flavomacula-
tus and C. lepida) identified only at certain control points and represented by a small number
of individuals (Figure 5).
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>IMPACTS ASSESSMENT (I)

The presence of some species with high tolerance to changes in water quality parameters,
such as those belonging to genus Hydropsyche, indicates the occurrence and spread of these
threats to the health of the entire aquatic system of the area. Actually, the importance of
caddisflies species was recognized not only from the trophic perspective but also due to the
fact that the presence, absence or any changes in population size are important parameters
in assessing the ecological state of water bodies (Camargo et al., 2011; Simanonok et al.,
2011; Wildsmith et al., 2011).

>RESPONSES (R)

The modification of water quality parameters on account of the uncontrolled actions of these
drivers may leave a mark on the natural capital structure and functions in the target area,
the decrease of biological diversity in aquatic communities being supported by seemingly
unimportant communities such as caddisflies. The identification of a large number of species
resistant to pollution in many sectors monitored in this study is a further proof to the study
results (see discussions).

DISCUSSIONS

Water quality monitoring programs are becoming an increasingly important preoccupation in
most European countries, as elsewhere in the world, each one using its own or a similar sys-
tem, the common element being the benthic macrofauna, commonly used as indicator. Since
2000, a new EU Water Framework Directive was adopted setting the objectives for water
protection for the future, one of the most important objectives including benthic invertebrates
protection as essential trophic link in aquatic ecosystems (Sundermann et al., 2008).

Given the considerable stretch of the site, it is absolutely essential to adopt sustainable man-
agement measures in order to support the conservation of biological diversity in the area
with the aim of protecting natural aquatic ecosystems and ecological environments in cor-
relation with human activities specific to the target area. Like other species belonging to
this genus, H. instabilis is a filter-type species as it sometimes find food by capturing the
prey; it also shows preference for the sub-layer which consists mainly of fine detritus (Graf
et al., 2008). The high values of percentage numerical abundance along with the maximum
frequency (84.62%) identified in the samples collected indicate high adaptability to different
habitat conditions (Mobes-Hansen and Waringer, 1998; Gonzalez et al., 2002; Argerich et al.,
2004; Jovi¢ et al., 2006; Durance and Ormerod, 2007). The larvae of the H. instabilis species is
being generally tolerating when the qualitative parameters of the aquatic eco-systems change
(Graf et al., 2008). Inside the NLGM, it was identified in 10 locations (Tables IV, V).

The second highly abundant species (H. fulvipes) can be described as being specific for the
spring brooks and as well for the upper trout region, at an altitude of more than 1500 m,
and below 150 m, along the main channel and connected side arms (Wallace, 1990; Graf
et al., 1995; 2002; Malicky, 2008). It is usually found in streams with high preference for slowly
flowing streams and lentic zones (Graf et al., 2008). In the present study, it was identified in
the samples collected from 7 stations (Table IV, V). The two species of genus Hydropsyche (H.
instabilis and H. fulvipes) are generally characteristic for the lotic eco-systems whose speed
can vary from moderate to high, although their high tolerance to the water quality may suggest
a large distribution (Admiraal et al., 2000; Bonada et al., 2004; Brunke, 2004).

Establishing maximum percentage numerical abundance values for the same two aforemen-
tioned species shows, in case of quantitative sampling as well, low sensitivity and high adapt-
ability of these species to habitat conditions (Luka$ and Krno, 2003; Kazanciand and Duigel,
2008). Actually, numerous studies have included the two species in the category of those
species that are not influenced by changes in parameters such as pH, oxygen concentration
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development industry, structure and production results,

DRIVING " sectors/sourses of importance, agriculture, forestry, rural

FORCES consumption
PRESSURE | -emissions, resourse use
STATE Factors of a physical | -hydrology of the area
nature - accessibility of resourses
Factors of a chemical | - quality of aquatic ecosystems
nature
Biological/ecological - species diversity of the target
factors area
IMPACT ~ environmental and economic impact in the function of]

aquatic ecosystems

-simplification of the structure and functions of the
natural capital

- impacts on human health and on the economic and social

performance of the society
~ setting priorities and objectives persued
RESPONSE | -measures at macroeconomic level

- environmental strategies

Figure 6
DPSIR framework structure proposed for NLGM, 2010.

in water, pollution (Braukmann and Biss, 2004; Pastuchova, 2006; Graf et al., 2008; Schmeraa
and Erds, 2011). With a distribution and a preference different for genus habitat, E. madida
can frequently be found at altitudes between 1500 and 300 m in upper and lower trout region
also (Graf et al., 2008; Paulsa et al., 2008; Schmeraa and Erds, 2011). In contrast, species of
genus Rhyacophila were identified as having the lowest values, the 3 species being generally
conditioned by physical and chemical parameters, particularly for waters with low temper-
ature, high flow rate and a sub-layer made up mainly of gravels (Langheinrich et al., 2002;
Bonada et al., 2004; Hildrew, 2009).

The large part of the caddisfly species are potamobiont, although the diversity of the micro-
habitats allows even the presence of those species such as A. bilineatus which is a species
with a wider ecological spectrum. As a consequence, caddisflies were chosen as bioindica-
tors because this insect order has evolved a wide range of physiological, behavioural and mor-
phological adaptations, allowing them to colonise a variety of aquatic ecosystems (Al-Shami
et al., 2011; Ruiz-Garcia et al., 2012). In addition to their function as biological indicators, the
importance of these organisms is given by both their practical and theoretical role. From a
practical point of view, the adult individuals but especially larvae, are particularly important to
pisciculture, as main link in trophic chain (Hershey et al., 2007; Winkelmann et al., 2007). Sim-
ilarly, trichoptera larvae consume decomposing organic substances and thus, they contribute
to cleaning waters (Lepneva, 1970). From a theoretical point of view, caddisflies provide data
particularly for phylogenetic and zoogeographical researches (Lepneva, 1970).

Low diversity identified in the study area may be considered as a feature of a stressed bio-
coenosis that tends to be unstable, instability which is finally felt at the level of all trophic links
of the particular ecosystem (Figures 4, 5). NLGM was identified as a complex system includ-
ing economic, social and environmental factors (Table |, 1ll). The way biodiversity of aquatic
ecosystems is perceived, along with the implementation of inefficient management measures
at local level, feasible only for a short period of time, led to the growth of the effects various
factors have upon aquatic communities such as caddisflies in the target area.

In the long term, the drivers and pressures identified in the target area may lead to the ero-
sion of biological biodiversity and the extinction of some species and taxa, loss of genetic
resources, increase of rare or threatened species. Considering all these elements, including
the analysis and synthesis of data identified in the study area, we have proposed a DPSIR
framework structure suitable for the approached study case (Figure 6).
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Taking into account the main drivers and pressures identified in this study, we bring solid ar-
guments that support the need to track closely this process in the future in order to establish a
sustainable control program management transferable to other geographic areas worldwide:

1 Ensuring a high level of public awareness with regard to the need to maintain the security
of water bodies so that water quality might be maintained through management measures
and policies taken to support sustainable development at local and national level, with
potential consequences at global level.

2 Coordinating governmental agencies, local authorities and communities, corroborated
with a multidisciplinary approach taken by academic and administrative structures and
various stakeholders.

3 Maintaining the quality parameters of water bodies by prohibiting the discharge of un-
treated domestic wastewater or of any type of waste into the river beds.

4 Prohibiting activities such as deforestation of riparian vegetation and sub-layer extrac-
tion from river beds, as well as strictly controlling hydraulic works preventing changes to
habitat characteristics.

5 Avoiding the application of sustainable management measures for a short period of time
in a fragmented (local) way without implications at a large spatial-temporal scale.

CONCLUSIONS

A number of 20 caddisfly species was identified across the NLGM (2010).

For the qualitative samples, the highest numerical abundance percentages and frequency
were established for 2 of the 20 species which had been identified (Hydropsyche instabilis,
Hydropsyche fulvipes). The lowest values were identified for a several species among them
species of genus Potamophylax.

For the quatitative samples, values of 25.64% frequency were noticed in 1 of the 20 species,
while the remaining registered values between 17.95 and 5.13%. The highest values of the
numerical abundance percentages and average density were established for 2 species men-
tioned above (Hydropsyche instabilis and Hydropsyche fulvipes).

The application of viable management measures for a long period of time at local, regional and
national level, including sustainable development and appropriate education may contribute
to improving the quality of aquatic ecosystems as well as the quality of life now and in the
future.
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