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Abstract:

The main aim of our study was to assess the water quality in the Lake Ohrid watershed (Macedonian part)

based on diatom indices (Trophic Diatom Index and Saprobic Index) as defined by the EU Water Framework
Directive. In addition, dissolved oxygen, dissolved organic matter and total phosphorus were measured.
The study was carried out along the following tributaries of Lake Ohrid: Sateska, Koselska, Velgoshka,
Rachanska and Cherava rivers and the Canal Studenchishta, as well as the outflow Crni Drim/ Drini River.
The Saprobic Index ranged from 1.6 (oligo-f3 mesosaprobic class) to 1.9 ( mesosaprobic class) registered
in the inflow of the Cherava River. The Trophic Diatom Index ranged from 1.6 (mesotrophic class) in
the upper flow of the Sateska River and the middle flow of the Koselska River to 2.5 (eutrophic class) in
the inflow of the Velgoshka River. The rivers Velgoshka and Cherava showed the highest pollution and

negative influence on Lake Ohrid.
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Introduction

Diatoms are usually the most abundant and most
diverse group of algae in the composition of the
phytobenthos (periphyton) of the aquatic ecosystems
(Buczkd & Acs 1994). The oligotrophic Lake Ohrid
represents a unique ecosystem with numerous floristic
and faunistic elements, including siliceous algae
— diatoms (STANKOVIC 1960, ALBRECHT & WILKE
2008). The lake provides numerous services essential
for human life (ZDRrRAVESKI et al. 2015). However,
recently, significant loading with organic and inorganic
matter of Lake Ohrid, originating from its tributaries,
have been reported (VELJANOSKA-SARAFILOSKA 2002,
MATZINGER et al. 2007, JORDANOSKI et al. 2008).

The ecological state of rivers is assessed
based on long-term monitoring and the evaluation

of biological quality elements, as well as
hydromorphological, and physical and chemical
parameters, supporting the biological elements (EU
2000). During the last two decades, diatoms have
gained considerable popularity throughout the world
as a tool to provide an integrated reflection of water
quality (ATazZADEH et al. 2007). Most of the diatom
indices are designed to give an indication of general
water quality (HARDING et al. 2004). LOSHKOSKA
(2015) studied benthic diatoms of Lake Ohrid and
its watershed and concluded that diatoms may
potentially be useful in assessing the trophic state
within the waters of the lake and its watershed.

The aim of this study was to assess for the first
time the ecological state of some tributaries of Lake
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Ohrid (Macedonian part) based on benthic diatoms
as defined by the European Union (EU) Water
Framework Directive (EU 2000).

Materials and Methods

The topographic watershed of Lake Ohrid comprises
an area of 2,393 km?, incorporating Lake Prespa
(VogeL etal. 2010). Lake Ohrid has 40 tributaries, 23
in the Albanian and 17 in the Macedonian territory.
The largest rivers flowing into the lake are Sateska,
Koselska and Cherava (in the Macedonian part) and
the rivers Pogradeci and Verdova, with substantially
lower flow (in the Albanian part). The outflow of
Lake Ohrid is the Crni Drim/ Drini River.

The sampling was conducted at three localities
(upper flow, middle flow and inflow) along the Crni
Drim/Drini River and the Koselska River, and at
two localities (upper flow and inflow) along each
of the other studied tributaries (the rivers Sateska,
Velgoshka, Rachanska, Cherava, and the Canal
Studenchishta), in May 2013. In total, 16 samples
from the six tributaries and the outflow Crni Drim/
Drini River, all in the Macedonian part, were
collected.

The following chemical parameters were
analysed: dissolved oxygen, measured according
to the Winkler method (APHA 1980); dissolved
organic matter (DOM) permanganate consumption,
determined by digestion in acid and by titration
(BETHER 1953); and total phosphorus (TP), determined
by the persulfuric oxidation method (MENZEL &
CORWIN 1965, STRICKLAND & PARSONS 1972).

The basic substrate for diatom analysis was
the periphyton on stones. The laboratory treatment,
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Fig. 1. Concentration of dissolved organic matter (DOM)
permanganate consumption in the sampled tributaries and
outflow of Lake Ohrid (Macedonian part), in May 2013
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preparation of permanent slides and identification of
species were done according to the method and keys
of KRAMMER & LANGE-BERTALOT (1986-1991). The
assessment of water quality was conducted according
to the requirements of the EU Water Framework
Directive (EU 2000), following EN 13946:2003
and EN 14407:2004. Two diatom based indices
were used: the Trophic Diatom Index (TI,,) and
the Saprobic Index (SI), calculated by the formula
of ZELINKA & MARVAN (1961). The water quality
was classified according to RoTT et al. (1997, 1999,
2003). TIL,, represents a useful monitoring tool for
site assessments prior to designation of sensitive
areas and proved to be generally applicable in the
European rivers (KeLLy & WHiTTON 1995, KELLY
et al. 2009); it is in correlation with the presence
of inorganic matter in the water. SI classifies water
quality based on loading of dissolved organic matter.
The statistical analysis of the results was made using
the software package IBM SPSS Statistics 19.

Results and Discussion

The waters from all sampling localities were quite well
oxygen-saturated; the lowest values were registered
at both localities along the Cherava River (8.51 mg
I" O,and 9.31 mg I'" O,), while the highest values
were along the rivers Sateska and Koselska, which
might be due mostly to the higher water velocity
of both tributaries, contributing to higher aeration.
The dissolved organic matter (DOM) permanganate
consumption varied from 2.06 mg 1! recorded in the
Rachanska River (upper flow) to 8.06 mg 1" in the
Velgoshka River (inflow) (Fig. 1). The highest value
of total phosphorus was found in the inflow locality

0,06

0,05
- 0,04
o
£ 0,03
a
= 0,02
o | | I [
0,00 1 I
D ,b DA DD DD DD DD
P \0 & \0 0 \0 \0 \0 \0 0 Q0 o0 \0 \0 \0 Q®
0"6 \@Q <§’ e,*(( \\% & \@ Q(\K \Vj( \\é @é( Qé e‘Q S \Qf( \é
N T R QQ b QQ Q o
& § St \5¢\ g\\ og\wo&.\&\\
‘-J
-i"‘\Q i\<° z‘}@ 5% \°’® *:b N vﬁ -‘\“\% '\"0 bé\ (\Q’Q %
&9 FA P i S &3 F
O & o & @ &g e o
PR, + 2 @ e
(b\,b(, q}'b e K & \‘Qﬁ@ @
ot ¥ ARG

Fig. 2. Concentration of total phosphorus (TP) in the sam-
pled tributaries and outflow of Lake Ohrid (Macedonian
part), in May 2013
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Fig. 3. The Saprobic Index (SI) in the sampled tributar-
ies and outflow of Lake Ohrid (Macedonian part), in May
2013

of the Cherava River (0.05 mg I'!) followed by the
sampling localities along the Koselska River, while
the lowest value was in the middle flow locality of
the Crni Drim/ Drini River (Fig. 2).

A total of 115 taxa of diatoms were recorded
at the studied localities. Most of the species found
at the localities in the Sateska River (upper flow)
and the Koselska River (middle flow), such as:
Diatoma ehrenbergii (Kiitzing, 1844), Diatoma
hyemalis ((Roth) Heiberg, 1863), Diatoma mesodon
((Ehrenberg) Kiitzing, 1844), Gomphonema pumilum
((Grunow) Reichardt & Lange-Bertalot, 1991),
and Navicula radiosa (Kiitzing, 1844) are known
as oligotrophic. Some mesotrophic to eutrophic
species were registered as well: Cocconeis pediculus
(Ehrenberg, 1838) in the Velgoshka River (middle
flow and inflow); Diatoma vulgaris (Bory, 1824) at
Dobovjani, the Crni Drim/ Drini River (middle flow),
and the rivers Sateska (inflow) and Cherava (inflow);
Gomphonema olivaceum ((Hornemann) Brébisson,
1838) in the Koselska River (upper flow) and the
Canal Studenchista (inflow); and Rhoicosphaenia
abbreviata ((Agardh) Lange-Bertalot, 1980) at
Dobovjani, the Crni Drim/ Drini River (middle flow),
and the rivers Velgoshka (middle flow) and Cherava
(inflow). The species Nitzchia palea ((Kiitzing) W.
Smith, 1856) accompanied by other tolerant species
as Fragilaria ulna ((Nitzsch) Lange-Bertalot, 1980)
and Gomphonema parvulum ((Kiitzing) Kiitzing,
1849) were found at the localities along the rivers
Velgoshka and Cherava.

The values of the Saprobic Index (SI) were
characterised by much lower variation, compared
to the Trophic Diatom Index (TI,), which values
were more diverse across the sampling localities.
The highest value of SI (1.9) was calculated for the
Cherava River (inflow), while the lowest (1.6) for
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Fig. 4. The Trophic Diatom Index (T1,) in the sampled
tributaries and outflow of Lake Ohrid (Macedonian part),
in May 2013

the upper flows of the rivers Sateska and Rachanska,
the middle flow of the Koselska River and the inflow
of the Canal Studenchishta (Fig. 3). The Saprobic
Index was estimated as 1.8 at the following localities:
Dobovjani, the middle flow of the Crni Drim/ Drini
River, Velgoshka, Cherava, and the inflow of the
Rachanska River; all the respective localities were
classified as B mesosaprobic. The values of TI
varied from 1.6 in the upper flow of the Sateska
River and the middle flow of the Koselska River to
2.5 in the inflow of the Velgoshka River (Fig. 4).

The water from the upper flow of the Sateska
River was classified as mesotrophic, while the
inflow part as meso-eutrophic. The studied localities
are characterised by a great variation in the local
living conditions, especially in regards to the origin
and type of the sediments, as well as the chemical
composition of water, which are important factors
affecting the composition of the benthic diatom
flora. The assessment of the changes in the natural
habitats has indicated a decreased share of the
benthic fauna from Lake Ohrid in the total fauna
exchange with the waters from its watershed and
a tendency of change in the correlation between
endemic and cosmopolitan species (TRAJANOVSKI
et al. 2015). Furthermore, the Sateska River has a
developed hydrographic network and passes through
a number of settlements and agricultural areas. The
sediments, which precipitate in the littoral region of
Lake Ohrid, represent the main problem of the river;
most of the suspended particles are deposited in the
river estuary, thus creating a small island.

Based on the TI,, the water of the Koselska
River was classified as mesotrophic in the middle
flow and inflow to meso-eutrophic in its upper flow
(1.9). These results can be explained by the landfill
and the lower level of the river in its upper flow, the
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water growing turbid due to the erosive sediments,
and intake of different municipal and industrial
waste along the river. The highest value of the T1
was recorded in the Velgoshka River (inflow); all
sampling localities along the rivers Velgoshka and
Cherava were classified as eutrophic. The water
supply of the Velgoshka River varies throughout the
year depending on the weather conditions. Its basin
in the lower reaches is a recipient of waste water from
the sewage and the households in the area. Its trophic
state reflects the uncontrolled disposal of different
waste materials, use of fertilisers and pesticides in the
surrounding agricultural areas, sediment load due to
the low discharge during the summer period and the
formation of temporal marshy waters. Most of the
localities in Lake Ohrid watershed were classified as
meso-eutrophic to eutrophic based on the TL ,.

Different diatom indices in Europe generally
correlate with each other (SCHNEIDER et al. 2013).
The correlation between TI , and SI was significant
at the 0.01 level, the Pearson coefficient (r) had
the value of 0.729, p=0.001. There was a positive
insignificant correlation between the values of SI and
dissolved organic matter, r = 0.070, p = 0.797 (Fig.
5). The correlation of the obtained values for TI
and TP indicated an inverse or negative insignificant
correlation, r=—0.218, p = 0.416 (Fig. 6).

The diatoms are recommended as a monitoring
tool in the rivers in the Republic of Macedonia
(Levkov & Krstic 2002) and have also been used
as bioindicators in the neighbouring countries
(MiHO & LANGE-BERTALOT 2003, MIHO et al. 2006,
Kupe & MiHO 2009, KrizMANIC et al. 2015). The
assessment of water quality based on diatoms in

the Albanian part of Lake Ohrid shows that the
TI,,, varies from 1.5 recorded in Tushemishti to
2.5 in Driloni (MiIHO & LANGE-BERTALOT 2003).
The results are explained as a direct consequence
of potential high content of nutrients from urban
settlements, agriculture and industry in the Driloni
River. According to POULICKOVA et al. (2004), the
assessments based on littoral diatoms may be useful
for the evaluation of specific trophic situations and
variations along the shores of lakes (point-pollution
sources). The studies in Lake Ohrid suggest meso-
to slightly eutrophic littoral ecosystem conditions
where the total phosphorus (TP) concentrations
are generally low. Three biotic metrics from three
different organism groups (diatoms, macrophytes
and macroinvertebrates) indicate at least some
degree of eutrophication in the lake littoral, but
none of those three biotic metrics correlate with
the measured water TP concentrations (SCHNEIDER
et al. 2014). According to the same authors, this is
neither a discrepancy nor a sign of ‘poorly working
biological indices’, but a consequence of ecosystem
processes in the lake littoral.

During our study, the Saprobic Index in the
tributaries and outflow of Lake Ohrid (Macedonian
part) ranged from 1.6 (oligo-f§ mesosaprobic class)
to 1.9 (B mesosaprobic class) in the inflow of the
Cherava River, while the Trophic Diatom Index
ranged from 1.6 (mesotrophic class) in the upper
flow of the Sateska River and the middle flow of the
Koselska River to 2.5 (eutrophic class) in the inflow
of the Velgoshka River. According to our preliminary
results of the assessment of ecological state based
on diatom indices, the rivers Velgoshka and Cherava
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Fig. 5. Correlation between the Saprobic Index (SI) and
the concentration of dissolved organic matter (DOM)
in the sampled tributaries and outflow of Lake Ohrid
(Macedonian part), in May 2013
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Fig. 6. Correlation between the Trophic Diatom In-
dex (TI,,) and concentration of total phosphorus (TP)
in the sampled tributaries and outflow of Lake Ohrid
(Macedonian part), in May 2013
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showed the highest pollution and negative influence
on Lake Ohrid (Macedonian part). Both rivers are
the end recipients of different liquid and solid waste.
Our results also showed that more inorganic matter
was entrained and transported along the tributaries
compared to organic matter.

Further use of the benthic diatoms as sensitive
bio-indicators and enhancement of the research
methods for diatoms and diatom indices are
recommended for monitoring of the water quality in
the Lake Ohrid watershed.
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