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Abstract:

The study aimed to analyse the representativeness of the monitoring sites for the ecological status
assessment of running water bodies through an example of a model systems: Chetirka (Logodashka)
River and its tributaries Gabrovska and Leshtinska River as well as the section of the Struma River
after the Chetirka inflow. Hydrobiological (benthological and physical-chemical) studies were conducted
in the summer of 2016 at six selected representative sites affected by different types of anthropogenic
pressures (habitat change, over-exploitation, contamination with nutrients, etc.). The data were compared
to the ecological status assessment performed by the Bulgarian West-Aegean Basin Directorate during
2011-2018. The analysis of the associated physical-chemical parameters showed good-high status for all
studied rivers and stretches. According to the Biotic Index, the Gabrovska River was determined in a high—
good status whereas the Leshtinska, Chetirka and the section of the Struma River after the Chetirka inflow
were characterised by moderate ecological status. The results obtained for the polluted sites demonstrate
the need for more frequent monitoring observations at vulnerable sites exposed to adverse influences and
droughts in order to prevent potential negative impacts on the main river basin.
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obligatory biological quality element were defined as

Introduction

To ensure the conservation, maintenance and
restoration of water resources in Bulgaria, River
Basin Management Plans (RBMP) have been
developed. An important role in the second planning
period (2016-2021) was played by the Program of
Measures. It paid special attention to those water
bodies, which, due to anthropogenic pressure, did
not meet the criteria of the EU Water Framework
Directive (2000/60/EC) for the “good” status of
surface running water. Benthic macroinvertebrates as
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the most frequently used organisms in the ecological
assessment of different water bodies and sensitive to
water status alteration (ROSENBERG & REsSH 1993).
According to the national water typology, the
Chetirka River (also known as Logodashka River),
being an important tributary of the Struma River,
has been included in the water body Struma River
from the inflow of the Blagoevgradska Bistritza
River with tributaries of the Chetirka River and
the Aydarovsko Dere to the influx of the Stara Reka
River,Code BG4ST500R1049. It has been defined as
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River type R5: Semi-mountain type in Ecoregion 7.
The Chetirka River is one of the tributaries, which is
frequently considered as a source of polluted waters
joining the transboundary Struma River. Thus, in
2011, the data of hydrobiological monitoring by
WABD (2016) showed a bad ecological status of
the lotic water body. Although an improvement in
status of the Chetirka River was observed in 2012, a
deterioration of status of the Struma waters, defined
as “moderate” was recorded again in 2014. This was
due to the negative human impact on both main river
basin and tributaries. These trends characterised the
aquatic ecosystem as being in unstable ecological
condition, which necessitates additional attention
and prevention of the unfavourable influences on the
Struma River. Therefore, periodical studies for the
assessment of the conditions in both the main river
and its tributaries are needed. Different sampling
approaches and a variety of methods of analysis and
evaluation were used in these surveys. At an earlier
stage, the study by Sourr et al. (2002) covered the
trends of the changes in the saprobiological state of
Struma River for a 20-years period. On this base, a
link between the classical saprobiological assessment
methods and biotic indices was established (Sourt
et al. 2006, SToYANOVA et al. 2010). SAKELARIEVA &
VARADINOVA (2013) analysed the water quality and
assessed the status of the left tributary of the Struma
River, i.e. Blagoevgradska Bistritsa River. VIDINOVA
et al. (2006) analysed the taxonomical status of
the members of the orders Ephemeroptera and
Plecoptera regarding the saprobiological situation in
the Bulgarian part of the Struma River. STOYANOvA
et al. (2014) presented ecological evaluation of the
Luda Reka River (left tributary of the Struma River)
based on the Ephemeroptera/Plecoptera/Trichoptera
(EPT) index.

Nevertheless, data on the ecological status eval-
uation of the one of the significant tributaries of the
Struma, i.e. Chetirka River, and its tributaries (Ga-
brovska and Leshtinska) are still scarce. Some inves-
tigations on abiotic conditions in this area such as
debris flow natural hazards, incl. erosion, landslides,
flash floods (KENDEROVA et al. 2013) have been pub-
lished. Concerning the biotic component, especially
the taxonomic composition of the macrozoobenthos,
only the study by Korsakova (2016) has been re-
ported. Detailed and systematic ecological research
in this area will lead to the enrichment of hydrobio-
logical knowledge and a more complete and updated
assessment of the ecological situation of the Ga-
brovska — Leshtinska — Chetirka River system.

The study aims to analyse the representative-
ness of the assessment of the ecological status of
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surface water bodies through the example of the
model lotic systems — Chetirka (Logodashka) River,
its tributaries Gabrovska and Leshtinska River and
the section of the Struma River, after the Chetirka
inflow. We compare data obtained from six monitor-
ing sites at this water body and consider their values
as representative points for assessing the ecological
status of the river ecosystem.

Materials and Methods

Study area

Benthological and water samples were taken in the
summer of 2016 at six selected representative sites
of the water body Chetirka River, with its right inflow
Leshinska River from the springs to the inflow into
the Struma River, Code BG4STS500R049 (Fig. 1).
The Gabrovska River catchment area, respectively
Site 1 (S1), Site 2 (S2) and part of the Site 6 (S6),
were located in the Natura 2000 Protected Zone
Oranovski Prolom — Leshko (DIRECTIVE 92/43/
EEC). The sites S5 and S6 were part of the area
classified as sites of high risk by floods (FRMP
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Fig. 1. Sampling sites along the Chetirka (Logodashka)
River, Gabrovska and Leshtinska River and the section of
the Struma River, after the Chetirka inflow.
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Table 1. Sampling sites description.

. .. Coordinates | River . .
Site Description Elevation type Pressures/impacts Specifics
E/}S?amz SCl}(ZbIr{(l)‘\//Zr’ N41%33°44.17 Water extraction, hydromorpho- Protected Zone “Oranovski
S1 Cian e | E22°55°5437 | RS . alierzﬁons PRO™ | brolom — Leshko” (Natura 2000
. 825 ma.s.l. & code BG0001022)
neighbourhood
. N 41°55°11.7” . . Protected Zone “Oranovski
2 bgzzovvﬁﬁa ;Ilf;;:h E22°59°08.7" | RS Hyiﬁ%ﬁ:ﬁ‘;ﬂﬁggﬂaﬁmﬂgm’ prolom — Leshko” (Natura 2000
g 581 ma.s.l. P Y code BG0001022)
N 41° 56°00.8” Construction of migration
93 Leshtinska River, E 220 58’18-3” RS barriers - weirs, etc., diffuse Before WARBD monitoring site
village Leshko 583 m as 1 pollution from agricultural BG4ST65542MS403
o activities, farms
N 41°56°17.2” Arable land, pollution from point
S4 Leshtinska River after E 22° 59°5 0.8” R sources (waste water discharge After WARBD monitoring site
village Padesh : in the Gabrovska River by the BG4ST65542MS403
539 mas.l. « »
Sewerage System — Padesh”)
Chetirka (Logodashka) | N 41° 58’51.4” RlYer bed uncleaned from fallen Area classified as “high risk
S5 River after village E23°04°07.2" | RS timber, hydromorphological by floods, code BG4 APS-
Pokrovnik & 336 m as .l alterations (disturbed normal FR_ST 05 after WARBD site
v o conductivity during high water) BG4ST65541MS402
Struma River after N 41° 58°40.5” Hydromorphological alterations | Area classified with “high risk”
S6 village Moshanets E 23°4°33.9” R 5 | (migration barrier — sill, partially | by floods, code BG4 APSFR
& 323 ma.s.l. damaged) ST 05

2016). The sites S3, S4 and S5 were situated
close to the hydrobiological monitoring points
BG4ST65542MS403 (Leshtinska River after village
Leshko) and BG4ST65541MS402 (Chetirka River
before estuary, bridge to village Moshanets). For
detailed descriptions of the sites affected by various
type of anthropogenic pressures (water abstraction,
morphological alteration, channelization, pollution
from point and diffuse sources, etc., after MAEs et al.
2018), see Table 1.

Sampling techniques: water quality parameters
and biology

Standard measurements of basic water parameters
such as temperature, pH, dissolved oxygen (DO),
oxygen saturation and electrical conductivity (EC)
were taken from all studied sites. An assessment
based on supporting physical-chemical elements was
applied according to the requirements of the national
legislation (ReEGuLaTiON H-4, 2013). The benthic
macroinvertebrate collection was in accordance
with an adapted version of the multi-habitat
sampling methodology developed on European
AQEM/STAR projects (CHESHMEDJIEV et al. 2011)
and with the standard BDS EN ISO 10870:2012.
The method was regulated by the applicable water
legislation (REGuLATION H-4, 2013). Two standard
biological metrics were applied, with corresponding

scales for assessment of the ecological status: Total
Number of Taxa (TNT) and Adapted Biotic index
(ABI) (CHESHMEDJIEV & VARADINOVA 2013). The
cluster analysis (Bray-Curtis Similarity Matrix)
was performed by the statistical package Primer 6
(CLARKE & WARWICK 2001).

Results

Environmental conditions

Characteristics of the studied sites (specific
substrate, alternation of rapids and pools, relatively
high slope and high flow rate) created favourable
conditions for rich physical aeration of the
water environment. Regardless of the registered
anthropogenic influences (Table 1), environmental
conditions provided high values of oxygen
concentration. The pH values range from neutral
to slightly alkaline environment. The DO and EC
values showed a high status for all studied sites.
However, higher EC values were recorded at sites
from S3 to S6 (Table 2). The monitoring data by the
National Executive Environmental Agency reported
similar results for 2016 at the controlling monitoring
site BG4ST65541MS402, situated between S3 and
S4 for these physical-chemical parameters, with an
average annual value of a similar scale (DO 8.36
mgO,/1, pH 7.93 and EC 567.33 pS/cm).
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Table 2. Classification of ecological status of the studied sites.

. Physical-chemical parameter Biological Indices .
Stl}dled Dissolved oxygen Oxygen Electrical conductivity Biological Ecological
sites T°C pH A TNT : status
[mgO /1] saturation [%] [nS/cm] Indices
S1 10.8 7.49 102 108.2 400 25 4.5 High
S2 14.6 7.36 10.79 118.2 350 22 5 High
S3 18.0 | 7.40 8.88 106.7 643 10 3.5 Good
S4 18.8 7.73 9.96 116.2 639 13 Moderate
SS 17.4 | 7.34 10.7 114.3 693 12 Moderate
Sé6 14.8 7.33 9.39 97.8 548 6 2.5 Moderate
Biological (benthological) assessment 229
Totally, 45 benthic taxa containing 663 individuals
were found in the studied sites along the 159
Gabrovska—Leshtinska—Chetirka River system.
The highest taxonomic richness and number of 105 104
individuals were established for S1 and S2 (Fig.
2). These points were characterised by the most 57
favourable environmental conditions and the least 25 53
anthropogenic pressure. J 4 - 6 9
The macrozoobenthos taxonomic composition . . . . ) _=
S1 S2 S3 S4 S5 S6

in the Gabrovska River was presented predominantly
by stenobiotic taxa, typical for clean, unpolluted
waters (Fig. 3). They belonged mainly to the groups
of mayflies, caddisflies and stoneflies. It should
be noted that there were no previous systematic
observations in the catchment area of the Gabrovska
River. The conducted study was the first from
hydrobiological/ecological point of view for this
river. The remaining surveyed water sites were
more or less affected by various anthropogenic
pressures (Table 1) and characterised mostly by the
presence of tolerant benthic taxa of chironomids and
oligochaetes (Fig. 3).

The analysis of the similarity in the
macrozoobenthos taxonomic composition, divided
the studied sites into two main groups (Fig. 4).
The first group included S1, S2 and S4, which
characterised as clean, unaffected (S1) or less
affected by anthropogenic impact (S2 and S4). The
second group was formed from sites that could be
identified as more significantly influenced by human
activity (S3, S5 and S6).

According to the leading ABI (Table 2),
the Gabrovska River was determined in a high
ecological status, whereas the Leshtinska, Chetirka
and the section of the Struma River after the
Chetirka inflow were characterised by moderate
ecological status. Results reported by WERBMP
showed similar values for ABI during 2011-2014
for Leshtinska and Chetirka Rivers. Later studies in
the pointed rivers have not been carried out.
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Fig. 3. Distribution of the main macrozoobenthic groups [%].

Discussion

The assessment based on the physical-chemical
parameters showed a balanced water environment
characterised with undisturbed conditions (Table
2). However, physical water characteristics are
highly variable, reflecting a snapshot of the
ecological situation in the aquatic environment
and describing water conditions in short terms
(Junsnum et al. 2008). Representative bottom
invertebrates are the key communities in the lotic
ecosystems and demonstrate lasting changes in
rivers due to the human impact. Macroinvertebrates
as bioindicators of environmental impacts in
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Fig. 4. Comparative analysis of the macrozoobenthos taxonomic composition similarity between studied sites.

rivers (BENETTI et al. 2012) can be utilised to
identify impaired waters, determine aquatic life
stressors, set pollutant load reductions and indicate
improvement (KENNEY et al. 2009). Therefore, the
evaluation by macrozoobenthos with support of
the underlying physical-chemical quality elements
can be considered representative in determining the
ecological status of the lotic ecosystems.

However, can the derived ecological status
assessment based on the study of one or two sites
only be representative of all river sections that
make up the water body? According to WABMP
(2016-2021), the status of the studied water body
was assessed only by two monitoring sites declared
as “representative” (see Materials and Methods).
In our study, these are S3 and S5. The ecological
evaluation defined as moderate also coincides with
these two sites. The deterioration of the condition
initiates a significant impact on the riverine
ecosystem due to the pollution, which has been
registered after the village of Leshko. In this section,
the river has been subjected to activities related to
runoff regulation and diffuse local impact of the
adjacent agricultural lands and livestock farms. The
unfavourable ecological situation continued because
of the discharge of the sewage system of the Padesh
Village in Gabrovska River. The adverse effect was
exacerbated and observed in Chetirka River after
the village of Pokrovnik (Table 2). Thus, the aquatic
contamination and hydromorphological alterations
induced negative effects on the aquatic variables
and the bottom communities. In addition, waters

of the Chetirka River are used for irrigation. Water
abstraction and the fact that the clean tributaries
Gabrovska and Logodashka often dry up in summer
periods lead to a significant reduction of the flow.
Therefore, changes in quantitative parameters may
have a negative impact on river ecosystems and
make them highly vulnerable.

According to the national water legislation
requirements, the ecological assessment of the water
bodies is determined by using data for the worst
monitoring site of the assessed body (WABD 2016—
2021). However, it cannot always be considered
representative because the revealed significant
differences between rivers and river sections
belonging to the studied water body.

Despite the unfavourable general assessment
of the ecological status of the Chetirka River
(WABMP 2016-2021), not all river sections and
rivers within the water body were characterised
by a moderate status. Thus, the Gabrovska
River (Table 2) as well as the Logodashka River
(unpublished data) are unaffected and determined
as rivers with high water quality. These tributaries
fed the main river with clean waters, and aquatic
ecosystems of both main river and tributaries might
be described as balanced. An appropriate example
is another major tributary of the Struma River, i.e.
Strumeshnitsa River (SmiLyanov 2016). In this
water body, the evaluation does not correspond to
the ecological status assessment of all river stretches
and, especially, the tributaries at higher altitudes.
Even in one river, the water quality is frequently
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varying when comparing among its sections. The
Strumeshnitza River stream has sections assessed
as having moderate and bad ecological status.
However, its tributary Luda Mara River, above the
town of Petrich, is clean and unaffected, with high
water quality. Under the city Petrich, Luda Mara
River has been heavily polluted due to sewage
inflow into it (SMILYANOV 2016).

The previous assessment of the ecological
status of the Chetirka River system was determined
as the worst one based on the study carried out at the
two representative national monitoring sites. They
are located in the lower sections of the river basin and
have a collective character in terms of the impacts
registered upstream. However, when analysing the
status of aquatic ecosystems for scientific purposes,
for a correctness of the evaluation, it is necessary to
investigate more sites located within the water body
and to include consistently the so-called /ot spots
where local anthropogenic impacts were observed.

Regular monitoring and taking measures to
maintain the good ecological status of the waters
of the Chetirka River is of particular importance by
various reasons, including its function of a tributary
of the transboundary Struma River. Inflow into the
main valley further strains the already polluted
Struma River in the area. The official monitoring data
show that the ecological status of the Struma River in
2017 was defined as poor based on biological quality
elements and moderate according to the physical-
chemical conditions. In 2018, the ecological status
of the section of the Struma River after the Chetirka
inflow was improved with one degree, i.e. based on
biological indicators (biological quality elements
phytobenthos and macrozoobenthos) to moderate
and based on physical-chemical parameters to good.

The reference to the registers of the WABD has
demonstrated that monitoring studies on the status
of the Leshtinska and Chetirka Rivers have not
been carried out in 2017-2018. This does not allow
interpretations of trends in the status of aquatic
ecosystems in the study area. Preventive actions
and the implementation of appropriate measures are
particularly important, especially because shortly
after the Chetirka River joints the Struma River, the
Natura 2000 Protected Zone “Oranovski Prolom
— Leshko” is situated. This is a territory requiring
additional restrictions to negative impacts in line
with the DIrRecTIVE 92/43/EEC (1992) and the
BioLogicAL DiversiTY Act (2002).
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Conclusion

The ecological status characterisation of water
bodies in Bulgaria revealed a significant problem
that concerns the majority of the river catchments
in Bulgaria. They have clean and unaffected river
sections in the upper parts corresponding to the high
water quality and downstream status deterioration,
which is a result of human pressures. Pollution
prevention is particularly important in the case
of the Chetirka River, as it is a tributary of the
transboundary Struma River, which is also crossing
a Natura 2000 site. This raised the urgent need of
taking preventive actions and gradual construction
of treatment plants not only in large settlements
but also in small villages in the catchment areas
of the tributaries. In this context, in parallel with
the WARBMP measures, more frequent, periodic
monitoring of rivers is required to prevent potential
negative impacts on aquatic ecosystems in the
big river basins. Another approach to ensure a
corresponding assessment is to increase the number
of representative sites along the water body; this
will guarantee an objective assessment of the
environmental situation and accuracy in determining
the ecological status of the water body. The results
obtained could be a reliable basis for the decision-
making process to prevent anthropogenic pressures,
the improvement of the conditions in aquatic
environment and the achievement of the targeted
“good ecological status” of rivers.
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