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Abstract 

Great Lake is the largest of 14 lakes situated in Lurë National Park, in the eastern part 

of the Lurë Mountains, Albania. To characterize lake ecological status, epiphytic and epilithic 

diatom samples were collected from the lakeshore in summer 2005, 2013, and 2017. However, 

in 2017 no macrophytes were present, such that only epilithic diatom samples could be 

collected. After laboratory analysis, 52 diatom taxa were identified in July 2005, 67 in June 

2013, 111 in August 2013, and 126 in August 2017. The genera Diatoma, Epithemia, 

Fragilaria, and Surirella were not recorded in 2017, contrary to previous years. We applied 

two diatom indices to asses the ecological status of the Great Lake, IPS (Indice de Polluo–

sensibilité), and TDIL (Trophic Diatom Index for lakes). The IPS index indicated very good 

water quality in all years, while the TDIL indicated moderate water quality in 2005 and 2013 

and good water quality in 2017. Because more species have indicator values for calculating the 

IPS than the TDIL (valve number used to calculate the IPS was above 95%, while for TDIL 

was below 50% of 400 counted valves), the IPS may be a more promising tool for bioindication 

of lakes in Albania according to the demands of the Water Framework Directive. 
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Introduction 

Diatoms are a widespread group of organisms and many taxa have a cosmopolitan 

distribution (Round et al. 1990). They can colonize different microhabitats in all types of water, 

from small streams to the sea, and from clean to polluted water (Kociolek and Spaulding 2000; 

Sanal and Demir 2018). A feature that sets them apart from other organisms is their highly 

resistant and ornamented silica cell wall, called the frustule. The stable structure of the frustule 

enables identification to the species level, but according to Mann (1990), diatom identification 

should not be underestimated due to high morphological variability. Some diatoms live in 

highly polluted waters, while some are characteristic of clean water, which makes them very 

useful in assessing the ecological status of surface waters. For this reason, many diatom water 

quality indices were developed, based on strong species-environment relationships (Kelly et 

al. 2008). 

Since 1949, diatoms have been used as indicators for water quality (Sanal and Demir 

2018). Since 2000 the Water Framework Directive (WFD, European Parliament 2000) 

demands that all water bodies in Europe achieve good ecological quality, and phytobenthos is 

one of the mandatory quality elements for monitoring standing and flowing waters. Most 

countries in Europe have chosen to use diatoms for monitoring because they have been shown 

to represent the entire phytobenthos well (Kelly et al. 2009). Today, diatoms are routinely used 

for monitoring and assessment of water quality in running waters (Kelly 2013), but methods 

specifically for lakes are still scarce. Many countries use the IPS index (Coste in Cemagref 

1982), which was primarily developed for rivers, also in lakes (Bolla et al. 2010; Cheshmedjiev 

et al. 2010; Kahlert and Gottschalk 2014). The reason for the widespread use of the IPS, 

including the calibration of other indices, is its large taxonomical and ecological database, 

describing ecological preferences of many diatom species (Kelly 2013; Teittinen et al. 2015). 

However, specific indices for lakes were developed in some countries, e.g. Hungary - Trophic 

Diatom Index for Lakes TDIL (Stenger-Kovács et al. 2007), Poland - Trophic Index for Lakes 

TIJ (Picinska-Faltynowicz and Blachuta 2008), Ireland and UK - a version of the TDI 

optimized for lakes LTDI (Bennion et al. 2014). Of the above indices, only the TDIL can be 

calculated using the software OMNIDIA. A disadvantage with the TDIL is that it is based on 

ecological characteristics for 127 taxa only (Stenger-Kovács et al. 2007). 

The Albanian National Monitoring System for lakes does not include biological 

parameters, and no officially accepted diatom index is in place. To assess the ecological status 

of rivers in Albania, Rott saprobic and trophic diatom indices (SI and TI, include the reference 
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to Rott) are mainly used (Miho et al. 2006; Kupe et al. 2011). These indices were recently also 

applied in some lakes in Albania (Alikaj et al. 2019). 

In Lurë National Park, which has an area of 1 280 hectares, 14 glacial lakes are located, 

of which the Great Lake is the largest (Golloshi et al. 2014). In the past years, increased logging 

activities, as well as littering were observed in the area, which may affect the lake littoral and 

the organisms that live in the lakes (Golloshi et al. 2014; Cena 2016). According to the available 

literature, only floristic studies of several lakes in the Lura area were done without even 

specifying to which exact lakes it refers (Miho and Lange-Bertalot 2001; Shumka and Miho 

2006). 

The aims of our studies were: (1) to analyze the benthic diatom communities (epiphytic 

and epilithic) in Great Lake and (2) to assess the ecological status of this lake using diatom 

indices. 

 

Material and methods 

Great Lake (Liqeni i Madh in Albanian) is a glacial, high mountain lake situated in the 

eastern part of Lurë Mountain in the Lurë National Park, at an altitude of 1 722 m a.s.l. Samples 

were collected in July 2005, June and August 2013, and August 2017. A high anthropogenic 

impact on the lake is reflected by cutting trees around the lake and the disturbance of the coast 

(Fig. 1). During the first fieldwork, July 2005, a large number of macrophytes caused collection 

epiphytic samples to form the diatom checklist. Eight years later, in June epilithic sample was 

collected (macrophytes were not found due to snow cover), while in August we collected 

epiphytic samples. In August 2017 no macrophytes were found, which is the reason why we 

collected epilithic samples only. In 2005, samples were collected from a single site only, as 

well as in 2013. In 2017, samples were collected from 6 localities (LM1–LM6) around the lake 

(Fig. 2). 

All samples were collected from around 0.5 m water depth. Epiphytic samples were 

collected by squeezing out or scraping off the periphyton from the dominant macrophyte 

species, while epilithic samples were sampled by scrubbing the surface of stones with a 

toothbrush. Samples were immediately fixed with formaldehyde to a final concentration of 4%. 

The organic content of the raw material was removed from the samples with two different 

methods: H2O2 method (EN 13946:2003) (samples from 2005 and 2013) and using hot HCl 

according to Taylor et al. (2007) (samples from 2017). Permanent slides of the cleaned material 

were mounted with Naphrax®. Light microscope observations and micrographs were made 

using a Motic BA310 optic microscope and with digital camera CMOS 1/2” 3MP (at the 
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University of Tirana, Faculty of Natural Sciences, Tirana) and Zeiss AxioImagerM.1 

microscope with DIC optics and AxioVision 4.9 software (at the University of Belgrade, 

Faculty of Biology, Serbia). Taxon-specific relative abundances were calculated after counting 

400 valves on the slide. 

With the software OMNIDIA 6.0. IPS (Index Polluosensitivity Specific, Coste in 

Cemagref 1982), TDIL (Trophic Diatom Index for Lakes, Stenger-Kovács et al. 2007) were 

calculated. Class boundaries for IPS and TDIL and ecological status of the lake were 

determined by Prygiel and Coste (2000): 

1˗4.99 - very poor water quality, 

5˗8.99 - poor water quality, 

9˗12.99 - medium water quality, 

13˗16.99 - good water quality, 

17˗20 - very good water quality. 

 

Results 

Diatom species composition 

We generally found a higher species richness in epilithic than epiphytic samples, and 

in samples collected in August compared to June/July. Also, diatom richness increased from 

2005 to 2017 (Fig. 3). Dominant taxa were different between the years. In the epiphytic 

community collected in July 2005, Achnanthidium minutissimum (Kützing) Czarnecki 

(13.01%), Diatoma vulgaris Bory (13.84%) and Meridion circulare (Greville) C.Agardh 

(11.76%) were dominant. In contrast, only A. minutissimum (22.26%) dominated the epiphytic 

community in 2013. In the epilithic community collected in June, 2013 A. minutissimum was 

dominant, with a similar relative abundance as in the epiphytic community collected in August 

in the same year (21.48%). In Aug 2017 species richness was higher than previously observed, 

and different taxa dominated. At different sampling localities around the lake, dominant taxa 

were different: LM1 Cyclotella cretica var. cyclopuncta (Håkansson & J.R.Carter) R.Schmidt 

(29.38%), LM2 and LM3 Encyonopsis microcephala (Grunow) Krammer (20.74%, 21.05%, 

respectively), LM4 Cyclotella cretica var. cyclopuncta (17.41%) and Encyonopsis krammeri 

E.Reichardt (18.91%), LM5 and LM6 A. minutisimum (27.79%, 30.47%, respectively). 

The genera Diatoma, Epithemia, Fragilaria and Surirella were not recorded in 2017, 

contrary to previous years. Diatoma vulgaris was recorded in the epiphytic community in 2005, 

as well as Fragilaria capucina Desmazières sensu lato. In 2013, F. capucina sensu lato was 

found in low abundance in both the epiphytic and the epilithic community (0.6–0.9%). 
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Epithemia smithii Carruthers, Surirella spiralis Kützing and S. terricola Lange-Bertalot & 

E.Alles were recorded only in August 2013 (all species 0.1%). Figures 4–7 show some of the 

diatom taxa collected in August 2017 and the list of identified taxa with their percentage 

representation in the diatom communities in Great Lake is given as Supplementary Material. 

 

Diatom indices 

To assess the ecological status of the Great Lake we selected one saprobic (IPS-Indice 

de Polluo-sensibilité) and one trophic diatom index (TDIL-Trophic Diatom Index for lakes). 

The values of the IPS indicated very good water quality in all years at all sites, while the TDIL 

indicated moderate water quality in 2005 and 2013 and good water quality in 2017 (Fig. 8). 

Valve number used to calculate the IPS was above 95%, while for TDIL was below 50% of 

400 counted valves. 

Discussion 

Detailed diatom research of lakes in the Lurë area started in 1993 and 460 taxa were 

recorded (Miho and Lange-Bertalot 2001). They described 3 new taxa: Cymbopleura albanica 

Krammer & Miho, C. lata var. lura Miho & Krammer and C. lura Miho & Krammer. Of these 

three species, we recorded only C. albanica during our investigations in August 2013. 

The Great Lake is a high mountain lake, with a short vegetation time due to snow cover. 

This probably also was the reason why we found a higher diatom species richness in August 

than in June and July. We also noticed a higher species richness in epilithic than in epiphytic 

communities (Fig. 3). Some studies have shown that diatoms do not have clear habitat 

preferences and that species overlap between different habitats (Winter and Duthie 2000; Cetin 

2008). In general, physicochemical differences between stone and macrophyte habitats, or 

different grazing by invertebrates can lead to variation in diatom communities between 

different substrates (Stevenson and Hashim 1989). 

Achnanthidium minutissimum is one of the most common diatom species in different 

types of freshwater (Blanco et al. 2004; Wojtal and Sobczyk 2006; Potapova and Hamilton 

2007; Lange-Bertalot et al. 2017), and this species was dominant in 2005 and 2013 and at two 

localities (LM5 and LM6) in 2017. This species has a very wide ecological amplitude, although 

it seems to be absent from water with very low electrolyte content (Lange-Bertalot et al. 2017). 

Diatoma vulgaris and Meridion circulare were dominant together with A. minutissimum in the 

epiphytic community in June 2005. Both species can be found in standing freshwater in 

epilithic and epiphytic communities but are more commonly found in running waters (Lange-

Bertalot et al. 2017). However, D. vulgaris, as well as M. circulare, were recorded in different 
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lakes before, but mainly in epilithic communities (e.g. Ohrid Lake, North Macedonia and 

Albania (Miho et al. 2004), Jeziorak Mały Lake, Poland (Zębek et al. 2012), Asartepe Dam 

Lake, Turkey (Atici and Obali 2010)). Cyclotella cretica var. cyclopuncta and Encyonopsis 

microcephala were two of the most dominant taxa in August 2017. These species are 

characteristic of standing freshwater. Cyclotella cretica var. cyclopuncta was described from 

Kournas Lake, Crete (John and Economon-Amilli 1990), but also found in Lake Ohrid, Albania 

(Miho et al. 2004), Malo and Veliko Jezero, Croatia (Wunsam et al. 1999), or Tatar Dam 

Reservoir, Turkey (Varol et al. 2018). Encyonopsis microcephala is not a rare species and may 

be locally abundant, but it is taxonomically still not distinguished from similar taxa (Lange-

Bertalot et al. 2017). It was previously recorded for instance in Ohrid Lake, North Macedonia 

and Albania (Miho et al. 2004), in lakes in Spain in epilithic communities (Blanco et al. 2004), 

in benthos in Işıklı Lake, Turkey (Barinova et al. 2014), in the Vrutci Reservoir, Serbia 

(Trbojević et al. 2019). 

In August 2017 no macrophytes were found in the lake littoral, which is the reason why 

we could not sample epiphytic diatoms. We believe that this was due to water level fluctuations, 

possibly caused by the use of lake water for hydropower generation. Large water level 

fluctuations in lakes generally lead to a degradation of the lake littoral and negatively affect 

macrophyte biomass and taxonomic richness (Carmignani and Roy 2017). The loss of 

microhabitat for the development of epiphytic diatom communities may have caused the 

absence of the genera Diatoma, Epithemia, Fragilaria and Surirella. According to Lange-

Bertalot et al. (2017), Epithemia is preferentially an epiphytic genus. Epithemia smithii is 

reported as widespread in Europe, often in epiphytic communities, in lakes and rivers 

(Krammer and Lange-Bertalot 1988). Diatoma vulgaris was described by Bory (1824), found 

attached on Conferva glomerata (a green algae currently known as Cladophora glomerata). 

Most of the species in the genus Fragilaria are growing attached to a common pad of mucilage 

adhering to the substrate (Lange-Bertalot et al. 2017). The genus Surirella mostly can be found 

in the benthos. Surirella terricola is characteristic of soils (Lange-Bertalot et al. 2017) and it 

probably reached the lake from the surrounding soil. In our samples, we observed it in very 

low abundance (0.1%). 

Despite differences between the diatom communities in rivers and lakes, the IPS index, 

which was developed for rivers in Belgium, is sometimes used for ecological assessment of 

lakes, e.g. in Sweden (Kahlert and Gottschalk 2014), Bulgaria (Cheshmedjiev et al. 2010), and 

Hungary (Bolla et al. 2010). The diatom index for lakes – TDIL was developed in 2007 for 

Hungarian lakes (reference TDIL). However, it includes much fewer indicator species than the 
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IPS. For example, only about 40% of the diatom species found in Lake Balaton were assigned 

indicator values in the TDIL, while 75% were assigned IPS indicator values (Bolla et al. 2010). 

Because indices which are based on only a small proportion of the species occurring in a lake 

are uncertain, Bolla et al. (2010) recommend using the IPS index in Lake Balaton. In our 

samples, 95% of the valve number was included in the IPS, while less than 50% were included 

in the TDIL. The IPS seems therefore to be a promising tool for ecological status evaluation of 

lakes in Albania. 

Despite good lake water quality, the Great Lake is in danger of ecological degradation. 

The absence of macrophytes in the lake observed in 2017 is a warning signal which should not 

go unnoticed. The pictures in Fig. 1 shows how the lake littoral and the surrounding area 

changed during the last years, and that natural forest was removed from the surroundings. Also, 

this lake is used as a reservoir for a local hydropower station influencing water level 

fluctuations. If no measures are taken, this may lead to a lack of habitats for various organisms 

and a loss of biodiversity. 
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Figure 1. The anthropogenic impact that is reflected in the cutting trees around the lake and 

the disturbance of the coast. A- the year 2013; B – the year 2017. 
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Figure 2. Map showing the location of the Great Lake in Albania, and the sampling sites in 

2005, 2013, and 2017. The background for the detailed maps was taken from Google. 

 

 

 

Figure 3. Average species richness of the diatom communities collected in different years. 
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Figure 4. Light microscopy (LM) micrographs. 1 Cymbopleura lata (Grunow ex Cleve) 

Krammer; 2 Cymbella lange-bertalotii Krammer; 3 C. cymbiformis C.Agardh; 4, 5 C. vulgata 

Krammer; 6 C. excisiformis var. nonprotracta Krammer; 7, 8 Encyonopsis subminuta 

Krammer & E.Reichardt; 9 E. microcephala; 10 E. perborealis Krammer; 11 Cymbella 

hustedtii Krasske; 12, 13 C. neoleptoceros Krammer; 14, 15 Cymbopleura florentina var. 

brevis Krammer; 16, 17 C. naviculiformis (Auerswald ex Heiberg) Krammer; 18, 19 C. 

amphicephala (Nägeli ex Kützing) Krammer; 20, 21 C. frequens Krammer. Scale bar = 10 µm. 
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Figure 5. Light microscopy (LM) micrographs. 1 Amphora paracopulata Levkov & Edlund; 

2. A. ovalis (Kützing) Kützing; 3, 4 A. copulata (Kützing) Schoeman & R.E.M.Archibald; 5, 6 

Cyclotella cretica var. cyclopuncta; 7, 8 Cavinula jaernefeltii (Hustedt) D.G.Mann & 

A.J.Stickle; 9 C. cocconeiformis (W.Gregory ex Greville) D.G.Mann & A.J.Stickle; 10 

Staurosirella martyi (Héribaud-Joseph) E.A.Morales & K.M.Manoylov; 11–13 S. pinnata 

(Ehrenberg) D.M.Williams & Round; 14, 15 Delicata delicatula (Kützing) Krammer; 16 

Encyonema cespitosum Kützing; 17, 18 E. silesiacum (Bleisch) D.G.Mann; 19 E. subelginense 

Krammer; 20 Kurtkrammeria aequalis (W.Sm.) Krammer; 21 Epithemia smithii. Scale bar = 

10 µm. 
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Figure 6. Light microscopy (LM) micrographs. 1 Pinnularia nodosa (Ehrenberg) W.Smith, 2 

P. subcommutata var. nonfasciata Krammer; 3 P. microstauron (Ehrenberg) Cleve; 4 Caloneis 

alpestris (Grunow) Cleve; 5 C. silicula (Ehrenberg) Cleve; 6, 7 C. bacillum (Grunow) Cleve; 

8 Tryblionella angustata W.Smith; 9, 10 Nitzschia hantzschiana Rabenhorst; 11, 12 N. 

denticula Grunow; 13, 14 N. bryophila (Hustedt) Hustedt; 15 N. alpina Hustedt; 16, 17 

Denticula tenuis Kützing; 18 Neidium hercynicum Ant.Mayer; 19 Reimeria uniseriata Sala, 

Guerrero and Ferrario; 20, 21 Sellaphora stroemii (Hustedt) H.Kobayasi; 22 S. pupula 

(Kützing) Mereschkovsky; 23, 24 Brachysira zellensis (Grunow) Round & D.G.Mann; 25 B. 

vitrea (Grunow) R.Ross; 26, 27 B. neoexilis Lange-Bertalot; 28, 29 Stauroneis smithii Grunow. 

Scale bar = 10 µm. 
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Figure 7. Light microscopy (LM) micrographs. 1, 2 Gomphonema brebissonii Kützing; 3, 4 

G. lateripunctatum E.Reichardt & Lange-Bertalot; 5, 6 G. truncatum Ehrenberg; 7, 8 G. 

elegantissimum E.Reichardt & Lange-Bertalot; 9, 10 G. auritum A.Braun ex Kützing; 11–13 

Navicula cryptotenelloides Lange-Bertalot; 14 Gomphonema minusculum Krasske; 15 G. 

drutelingense E.Reichardt; 16, 17 Diploneis oculata (Brébisson) Cleve; 18 D. krammeri 

Lange-Bertalot & E.Reichardt; 19 Navicula radiosa Kützing; 20, 21 N. densilineolata (Lange-

Bertalot) Lange-Bertalot; 22 N. aff. trophicatrix Lange-Bertalot; 23, 24 N. subalpina 

E.Reichardt; 25, 26 N. cryptocephala Kützing; 27, 28 N. wygaschii Lange-Bertalot. Scale bar 

= 10 µm. 
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Figure 8. Value of IPS and TDIL diatom indices in different years. 
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