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Abstract:  

Mašić, E., Žero, S., Barudanović, S., Memić, M.: Effect of heavy metals on phytobenthos assemblages in 

mine pit lakes of Bosnia and Herzegovina. Biologica Nyssana, 9 (2). December, 2018: 103-118. 

The field research was performed during autumn season in 2014, at six mine pit lakes in the territory of Bosnia 

and Herzegovina. During investigations concentration of certain heavy metals (Al, Cr, Zn, Ni and Fe) was 

measured and composition of phytobenthos was analysed. Statistically, significant correlation was determined 

between values of chromium and aluminum (r=0.7685*) and between values of iron and aluminium 

(r=0.7226*). High values of Pearson's coefficient of correlation and statistical significance are determined 

between the diversity index (H') and values of zinc (r=-0.8697*). Within the qualitative and quantitative 

composition of phytobenthos of the explored mine pit lakes, 99 species of cyanobacteria and algae were found 

altogether. The identified species belong to the following classes: Cyanophyceae, Bacillariophyceae, 

Chrysophyceae, Dinophyceae and Conjugatophyceae. Tolerant algal taxa were noted in the explored mine pit 

lakes listed as follows: Oscillatoria sp., Nitzschia palea, Achnanthidium minutissimum, Navicula trivialis, 

Brachysira microcephala and Ulnaria ulna. With the aim of improving the status of the mine pit lakes with 

high concentrations of heavy metals, their restoration is necessary. After the restoration, the mine pit lakes may 

be used for conservation of wetland diversity. 
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Apstrakt: 

Mašić, E., Žero, S., Barudanović, S., Memić, M.: Efekat teških metala na zajednicu fitobentosa u 

kopovskim jezerima Bosne i Hercegovine. Biologica Nyssana, 9 (2). Decembar, 2018: 103-118. 

Terenska istraživanja za potrebe ovog rada vršena su tokom jesenje sezone u 2014. godini na šest kopovskih 

jezera koja se nalaze na području Bosne i Hercegovine. Tokom istraživanja izvršeno je merenje koncentracija 

odabranih teških metala (Al, Cr, Zn, Ni i Fe) i analiziran je sastav zajednica algi fitobentosa. Statistički značajna 
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korelacija je utvrđena između vrijednosti hroma i aluminijuma (r=0.7685*) i između vrednosti gvožđa i 

aluminijuma (r=0.7226*). Visoke vrednosti Pearsonovog koeficijenta korelacija i statistička značajnost je 

utvrđena između indeksa diverziteta i koncentracije cinka (r=-0.8697*). U kvalitativno-kvantitativnom sastavu 

algi fitobentosa u istraživanim kopovskim jezerima konstatovano je prisustvo 99 vrsta cijanobakterija i algi. 

Identifikovane vrste pripadaju sledećim klasama: Cyanophyceae, Bacillariophyceae, Chrysophyceae, 

Dinophyceae i Conjugatophyceae. Tolerantne vrste algi koje su konstatovane u kopovskim jezerima su: 

Oscillatoria sp., Nitzschia palea, Achnanthidium minutissimum, Navicula trivialis, Brachysira microcephala i 

Ulnaria ulna. U cilju poboljšanja statusa kopovskih jezera sa povećanim koncentracijama teških metala, 

potrebno je izvršiti njihovu restauraciju. Nakon provedene restauracije, kopovska jezera se mogu koristiti za 

konzervaciju močvarnog diverziteta. 

Ključne reči: teški metali, kopovska jezera, alge, diverzitet, restauracija 

 

Introduction 

 Metals are necessary components of all ecosystems 

and occur naturally in the earth's crust. They are 

present in the environment with a wide range of 

oxidation states and coordination numbers, and these 

differences are related to their toxicity. Some metals 

such as copper (Cu) and zinc (Zn) are essential to life, 

whereas others such as lead (Pb) and mercury (Hg) 

are not known to perform a useful biochemical 

function (Pinto et al., 2003). 

Some heavy metals such as iron (Fe), copper 

(Cu) and zinc (Zn) are necessary for the process of 

photosynthesis (Volland et al., 2014, Shanmugam et 

al., 2011, Kovacik et al., 2010).  

Environmental pollution by metals became 

extensive as mining and industrial activities 

increased in the late 19th and early 20th century. The 

worldwide mine production of Cu, Cd, Pb and Hg 

was considerable (Pinto et al., 2003).  

Metals are considered to be one of the main 

sources of the environmental contamination since 

they have a significant effect on its ecological quality 

(Branković et al., 2013). 

These pollutants, ultimately derived from a 

growing number of diverse anthropogenic sources 

(industrial effluents and wastes, urban runoff, sewage 

treatment plants, boating activities, agricultural 

fungicide runoff, domestic garbage dumps, and 

mining operations) have progressively affected more 

and more different ecosystems (Macfarlane & 

Burchett,  2001 in Pinto et al., 2003). 

Very high concentrations of 

heavy metals occur close to metal 

mines and the associated processing 

plants long after mining ceases 

(Ciszewski et al., 2013). 

Former mine sites 

contaminate also the aquatic 

environment either directly from the 

drainage of adits (Younger, 1997), 

surface runoff and the spillway of 

tailing ponds (Marques et al., 2001) 

or groundwater seepage (Mighane-

tara et al., 2009 in Ciszewski et al., 

2013). 

Mine pit lakes are known to 

be long-term sinks for heavy metals, 

which affect aquatic biota in a way 

not proportional to the degree of 

sediment contamination (Lukin et 

al., 2003).  

The effects are considered to 

depend on numerous factors such as 

water and sediment properties, the 

shape and depth of the reservoir or 

biosystem productivity (Suchanek et 

al., 2008 in Ciszewski et al., 2013). 

 

Fig. 1. Distribution map of explored mine pit lakes in Bosnia and 

Herzegovina 
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The primary effect of heavy metals on the 

algae is maintained on a biochemical and 

physiological level, whereupon changes occur on an 

ecological level. Adverse effect first causes reduction 

of biomass, and then reduction of diversity 

(Kalinowska et al., 2008). 

Many of these chemicals are toxic to 

organisms and can lead to rearrangement of the biotic 

structure of lake ecosystems. Pollutants can release 

compounds, which assimilated by organisms, can 

interfere in physiologic processes, such as 

reproductive aspects, survival and consequently, 

change the population structure and community 

structure. Heavy metals accumulated in benthic 

organisms can also be concentrated in food webs 

(Klavniš et al., 1998).  

Table 1. Basic characteristics of the explored mine pit lakes  

Lake Mošćanica 

(L1) 

Đuvelika 

(L2) 

Suhodanj 

(L3) 

Ramići  

(L4) 

Mušići  

(L5) 

Sjerkovača 

(L6) 
Area Zenica Živinice Živinice Banovići Tuzla Živinice 

Coordinate (N) 44˚10ʹ11.16ʹʹ 44˚24ʹ14.07ʹʹ 44°23'34.32'' 44˚25ʹ02.60ʹʹ 44˚31ʹ38.68ʹʹ 44˚23ʹ52.21ʹʹ 

Coordinate (E) 18˚00ʹ26.67ʹʹ 18˚35ʹ44.74ʹʹ 18°38'43.60'' 18˚25ʹ36.57ʹʹ 18˚34ʹ38.81ʹʹ 18˚36ʹ09.22ʹʹ 
Altitude (m) 672 288 291 380 210 322 

Length (m) 200.66 276.76 324.80 644.52 550.17 683.67 

Average width (m) 0.066 0.105 0.206 0.157 0.345 0.122 
Coastline length (m) 548.39 729.89 1259.32 2015.63 2043.45 2275.30 

Total area (ha) 1.32 2.91 6.67 10.14 18.96 8.36 

 

 
 

Fig. 2. Mine pit lakes in Bosnia and Herzegovina: a) Mošćanica, b) Đuvelika, c) Suhodanj, d) Ramići, e) 

Mušići, f) Sjerkovača 
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Algal communities may be dominated by 

tolerant species with some diatom taxa forming 

significant blooms in polluted waters (Chen et al., 

2014). 

Mine pit lakes are a specific type of water 

accumulations, caused by the cessation of drainage or 

exploitation process, and the filling of the final crater 

with water or by damming the watercourse with mine 

tailings. These lakes may be formed by subsidence 

after underground mining (Barudanović & Mašić, 

2014, Barudanović et al., 2014, Kamberović et al., 

2014). 

In the newly established mine pit lakes, 

microphytes (cyanobacteria and algae) and 

macrophytes (vascular plants) are the basis for 

establishing a dynamic equilibrium in the ecosystem. 

Cyanobacteria and algae are especially prominent in 

their number. In addition to representing primary 

producers of organic matter and importance in the 

food chain, they have the ability to react quickly to 

changes occurring in the environment (Kamberović 

& Barudanović, 2012).  

Previous researches have determined that the 

mine pit lakes are colonized by the algae from the 

phylum Ochrophyta, especially diatoms (Class 

Bacillariophyceae). Diatoms are sensitive to the 

many changes taking place in the ecosystems 

(changes in light intensity, humidity, temperature, 

oxygen concentration, salinity, pH, concentration of 

mineral substances and others). They are excellent 

indicators widely used in biomonitoring of aquatic 

ecosystems, and mostly during the monitoring of 

acidification process, eutrophication, water pollution 

and climate change (Levkov & Krstić, 2002, 

Kamberović & Barudanović, 2012, Cantonati et al., 

2013, Barudanović & Mašić, 2015).  

The objective of this paper is: (I) analysis of 

concentration of heavy metals in water in mine pit 

lakes, (II) analysis of the phytobenthos assemblages 

in mine pit lakes and (III) assessment of the effects of 

certain heavy metals on the diversity of this group of 

organisms. 

 

Material and methods 

Study area 

Basic characteristics of the explored mine pit lakes 

(Tab. 1) and the map of their distribution are shown 

in figure (Fig. 1).  

The field research was performed during the 

autumn season in 2014 at six mine pit lakes in the 

territory of Bosnia and Herzegovina: Mošćanica 

(Fig. 2a), Đuvelika (Fig. 2b), Suhodanj (Fig. 2c), 

Ramići (Fig. 2d), Mušići (Fig. 2e) and Sjerovača 

(Fig. 2f). 

The explored mine pit lakes were formed in the 

craters after the completion of the exploitation and 

drainage process (Mošćanica, Suhodanj, Sjerkovača, 

Ramići and Mušići) or subsidence of terrain due to 

various mining activities (Đuvelika). The littoral 

zone of the mine pit lakes is overgrown with 

macrophyte vegetation, while in some mine pit lakes 

macrophyte vegetation is in the initial phase. The 

common use of explored mine pit lakes is for 

recreation and tourism activities, irrigation, a source 

of industrial water and for educational purposes. 

 

Heavy metals analysis 

Water samples were collected in polyethylene 

bottles, following the ISO standard method (ISO 

5667-4:1987). All glass and plastic dishes used for 

sampling and analysis were washed with 10% HNO3 

and rinsed with redistilled water. The bottles were 

properly labelled and stored until laboratory analysis. 

The analysis of water samples was carried out in the 

next 24 h.  

The concentrations of Cr, Zn, Fe and Ni were 

determined by graphite furnace atomic absorption 

spectrometry. The concentration of Al was 

determined by using UV-Vis spectrometry. 

All used reagents were of analytical grade. 

Redistilled water was used throughout the complete 

experimental work. The concentration of Cr, Zn, Fe 

and Ni were determined on an electrothermal atomic 

absorption spectrometer (AA240Z, Varian, 

Australia) equipped with an autosampler (PSD 120), 

a graphite furnace (GTA 120), and hollow cathode 

lamps. The concentration of Al was determined by 

using a UV-Vis spectrophotometer (Cary® 50, 

Varian, Australia). 
 

Phytobenthos analysis 

Samples of phytobenthos were collected from 

different types of substrates: epilithon, periphyton 

and epipelon. Sample from submerged stones was 

collected by scraping with a scalpel blade or brushing 

the upper surface of submerged stones. Stones 

overgrown by filamentous algae or covered by mud 

were avoided due to possible contamination by non-

epilithic diatoms. Periphyton samples contained non-

washed parts of submerged macroalgae and 

macrophytes. Epipelon samples were collected from 

the uppermost layer of mud with a spoon or pipette 

aspirator. Portions of the samples were preserved 

with 4% formaldehyde solutions.  

In order to determine diatoms to the species 

level, permanent diatom slides were prepared. 

Permanent slides were prepared after chemical 

treatment of samples of phytobenthos using sulfuric 

acid (H2SO4), potassium permanganate (KMnO4) and 
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oxalic acid (C2H2O4). The cleaned valves are then 

mounted in a special mountant (Canada balsam) with 

a high refractive index in order to make it easier to 

see surface ornamentation such as striae and other 

characteristic structures (Hustedt, 1930).  

Five permanent slides have been prepared for 

each sample and a total 400 valves were counted to 

asses relative abundance. All slides were scanned for 

taxa with low relative abundances.  

Light microscope observation was conducted 

using a Best Scope 2020 microscope. Species 

composition and quantitative relationship of diatoms 

are estimated from the permanent slides under 1000x 

magnification. Species abundance of diatoms are 

estimated on a five-degree scale as follows: 1-rare 

(single valve or frustule), 2-sparse (up to 10% of the 

sample), 3-frequent (11-15% of the sample), 4-very 

frequent (51-75% of the sample), 5-common (in more 

than 75% of the sample). The relative abundance for 

the cyanobacteria and algae (except diatoms) assess 

was carried out by assigning them numbers from 1 to 

3 (1-rare, 2-frequent and 3-numerous). The sampling 

of the cyanobacteria and algae was carried out at the 

same places where the water for heavy metals had 

been sampled. On each lake, one sample of water and 

phytobenthos were collected. The type of the sample 

was dependent on the current characteristics of the 

lake bottom. Cyanobacteria and algae identification 

were mainly based on: Hustedt, 1930, Krammer & 

Lange-Bertalot, 1981-1991, Lange-Bertalot, 1993, 

2001, Cvijan & Blaženčić, 1996, Lange-Bertalot & 

Metzeltin, 1996, Krammer, 1997a,b., 2000, 2001, 

2003, Reichardt, 1999, John et al., 2003, Bey & 

Ector, 2013a-f, Hofman et al., 2013, John, 2015, 

Cantonati et al., 2017, and a number a specialized 

references listed with respective taxa: Wojtal, 2003, 

Witkowski et al., 2004, Schmidt et al., 2004, Wojtal 

& Kwandras, 2006, Wojtal, 2009, Wojtal et al., 2011, 

Levkov et al., 2010, Levkov & Ector, 2010, 

Cantonati et al., 2010, Levkov & Williams, 2012, 

Pavlov et al., 2013, Pavlov & Levkov, 2013, Bucko 

et al., 2013, Lange-Bertalot & Wojtal, 2014, Pavlov 

et al., 2016.  

The nomenclature of the cyanobacteria and 

algae are adjusted according to the following internet 

base: Guiry & Guiry (2018).  
 

Data analysis  

In order to determine variables important for the 

number of species, i.e. determining the correlation 

between dependent (diversity index) and the 

independent variables (concentration of heavy 

metals) Pearson's coefficient of simple linear 

correlation (r) was used. Pearson's coefficient of 

correlation between analysed variables was tested 

using Student t-test at a significance level of p<0.05. 

A univariate statistical analysis was performed using 

the software package PAST v.3.15 (Hammer, 2017).  

In order to analyse the diversity of 

cyanobacteria and algae in the studied mine pit lakes 

α-diversity is selected or diversity within the 

investigated samples. α-diversity is expressed 

through the Shannon diversity index (Shannon & 

Weaver, 1949).  

For differentiation of samples, a method of 

Cluster analysis was used, and in order to understand 

the differentiation of phytobenthos community in 

relation to the gradient of the measured chemical 

parameters PCO analysis was used. The ordination 

was conducted on the Bray-Curtis similarity matrix 

of species data (Legendre & Legendre, 1998, 

Kamberović et al., 2016). The data were transformed 

by square root to restrict the influence of abundant 

taxa on the results. A multivariate statistical analysis 

was performed using the software package PRIMER 

v6 (Anderson et al., 2008).  

 

Results  

Concentration of selected heavy metals in mine pit 

lakes 

Results of concentration measurements of selected 

heavy metals are presented in Tab. 2.  

The highest concentrations of aluminium (Al) 

were measured in the mine pit lakes of Đuvelika (49 

µg/L), Mušići (37 µg/L) and Mošćanica (37 µg/L) 

(Tab. 2). 

The highest concentrations of chromium (Cr) 

were measured in the mine pit lake of Đuvelika (4.92 

µg/L). Concentration of zinc (Zn) was in the range of 

1.17 to 6.49 µg/L. High concentrations of nickel (Ni) 

were measured in the mine pit lake of Mošćanica (57 

µg/L) and Mušići (43 µg/L).  

Iron (Fe) was not detected by using graphite 

furnace atomic absorption spectrometry in the mine 

pit lakes of Sjerkovača, Ramići and Mušići. Obtained 

concentration of iron in the mine pit lakes of 

Đuvelika is 6.90 µg/L and Mošćanica is 6.40 µg/L.    

High values of Pearson's correlation 

coefficient obtained between Cr and Al (r=0.7685*; 

p<0.05), Fe and Al (r=0.7226*; p<0.05) and Fe and 

Cr (r=0.6883) may indicate a strong chemical 

relationship between these parameters. There is a 

significant correlation at the p<0.05 level between 

concentrations of chromium and aluminium, and iron 

and aluminium. Moderate values of Pearson's 

correlation coefficient are obtained between Ni and 

Al (r=0.4360), Fe and Ni (r=0.4371), Ni and Zn (r=-

0.4111) and Zn and Cr (r=0.3634). Weak values of 

Pearson's correlation coefficient are obtained 

between Zn and Al (r=0.2390) and there was no 
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significant correlation between Ni and Cr (r=-0.117) 

and Fe and Zn (r=0.0547).  

Correlation between measured heavy metals in 

mine pit lakes and level of significance are presented 

in Tab 3.  

 

Correlation between diversity index and heavy 

metals  

Diversity index (H') are in correlation with 

concentrations of zinc (Zn), chromium (Cr), 

aluminium (Al) and iron (Fe). Concentration of 

nickel (Ni) is slightly correlated with diversity index. 

High value of Pearson's correlation coefficient 

obtained between diversity index and concentration 

of zinc (r=-0.8697*; p<0.005). This correlation is 

significant at the p<0.05 level. Moderate and 

negative values of Pearson's correlation coefficient 

obtained between diversity index and concentration 

of chromium (r=-0,6408), aluminium (r=-0.5968), 

iron (r=-0.4852) and weak and positive Pearson's 

correlation coefficient obtained between diversity 

index and concentration of nickel (r=0.1715). This 

correlation is not significant at the p<0.05 level.   

Table 2. The obtained concentrations of heavy metals in mine pit lakes 

Indicator Al Cr Zn Ni Fe 

Unit µg/L µg/L µg/L µg/L µg/L 

Mošćanica 37 0.71 1.38 57 6.40 

Suhodanj 18 0.50 1.41 2.47 0.50 

Sjerkovača 29 0.61 6.49 2.96 ND 

Đuvelika 49 4.92 4.33 13.30 6.90 

Ramići 28 0.55 1.17 4.71 ND 

Mušići 37 0.63 1.47 43 ND 

*ND – not detected by the used determination technique. 
 

Table 3. Correlation between measured heavy metals and level of significance 
 

 Al Cr Zn Ni Fe 

Al 1.00 . . . . 

Cr 0.7685* 1.00 . . . 

Zn 0.2390 0.3634 1.00 . . 

Ni 0.4360 -0.117 -0.4111 1.00 . 

Fe 0.7226* 0.6883 0.0547 0.4371 1.00 

*Correlation is significant at the p<0.05 level. 
 

 

Fig. 3. Correlation plot between heavy metals and diversity index (H') 
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Table 4. Algal and cyanobacterial taxa composition and diversity presented as abundances (1-5) and 

frequency (F) in studied mine pit lakes  

 Mine pit lakes  

Taxon L2 L6 L1 L4 L5 L3 F 

Cyanophyceae        

Oscillatoria sp. 1 1 1 1 1 1 1 6 

Merismopedia punctata Meyen . . 1 . . . 1 

Phormidium sp. 1 . . 1 . . . 1 

Chroococcus minutus (Kützing) Nägeli . . . 1 . . 1 

Anabaena sp.2 . . . . 1 . 1 

Dinophyceae         

Peridinium bipes Stein . . 1 . . . 1 

Ceratium hirundinella (O.F.Müller) Dujardin . . . . 1 . 1 

Chrysophyceae        

Dinobryon divergens O.E.Imhof . . . 1 . . 1 

Bacillariophyceae         

Navicula sp. 1 2 2 2 3 1 1 6 

Nitzschia palea (Kützing) W. Smith 4 1 1 1 . 1 5 

Nitzschia sp. 1 4 1 1 1 . 1 5 

Achnanthidium minutissimum (Kützing) Czarnecki 1 1 1 . 1 4 5 

Navicula trivialis Lange-Bertalot 2 1 . 2 . 1 4 

Brachysira microcephala (Grunow) Compère . 1 5 . 1 1 4 

Ulnaria ulna (Nitzsch) Compère . 1 . 1 2 1 4 

Navicula radiosa Kützing . . 3 1 1 1 4 

Hantzschia amphioxys (Ehrenberg) Grunow 1 1 . . . 1 3 

Nitzschia commutata Grunow 1 . 1 . . 1 3 

Nitzschia recta Hantzsch ex Rabenhorst 1 . . 1 . 1 3 

Discostella stelligera (Cleve & Grun.) Houck & Klee . 5 1 . 1 3 3 

Gomphonema acuminatum Ehrenberg . 1 . . 1 1 3 

Encyonopsis microcephala (Grunow) Krammer . . 2 . 1 1 3 

Cymbella sp. 1 . . . 1 1 1 3 

Luticola mutica (Kützing) D.G. Mann 1 1 . . . . 2 

Caloneis bacillum (Grunow) Cleve . 1 . . . 1 2 

Cymbella affinis Kützing . 1 . . . 1 2 

Gomphonema truncatum Ehrenberg . 1 . . 1 . 2 

Pinnularia gibba Ehrenberg . 1 . . . 1 2 

Cymbopleura amphicephala (Nägeli) Krammer . . 1 . 1 . 2 

Cymbopleura naviculiformis (Auerswald ex Heiberg) 

Krammer 
. . 1 . 1 . 

2 

Eunotia minor (Kützing) Grunow . . 1 . 1 . 2 

Encyonopsis sp. 1 . . 1 1 .  2 

Denticula kuetzingii Grunow . . 3 . . 1 2 

Navicula viridula (Kützing) Ehrenberg . . 1 1 . . 2 

Pinnularia major (Kützing) Rabenhorst . . 1 1 . . 2 

Epithemia sorex Kützing . . . 1 4 . 2 

Cocconeis placentula Ehrenberg . . . 1 . 1 2 

Fragilaria vaucheriae (Kutzing) J.B. Petersen . . . 1 1 . 2 

Navicula erifuga Lange-Bertalot . . . 2 . . 2 

Pantocsekiella ocellata (Pantocsek) K.T.Kiss & E.Ács . . . 3 1 . 2 

Pinnularia obscura Krasske . . . 1 . 1 2 

Pinnularia viridis (Nitzsch) Ehrenberg . . . 1 . 1 2 

Placoneis placentula (Ehrenberg) Mereschkowsky . . . 1 . 1 2 

Craticula cuspidata (Kützing) D.G.Mann . . .  1 1 2 

Cyclotella meneghiniana Kützing . . .  1 1 2 

Cymatopleura solea (Brébisson) W.Smith . . . . 1 1 2 

Encyonema ventricosum (C.Agardh) Grunow . . . . 1 1 2 

Amphypleura pellucida (Kützing) Kützing .  . . 1 1 2 

Gomphonema sp. 1 .  . . 1 1 2 

Gyrosigma sciotense (Sullivan & Wormley) Cleve 2 . . . . . 1 

Hantzschia sp. 1 1  . . . . 1 

Tryblionella angustata W.Smith 1 . . . . . 1 

Achnanthes sp. 1 . . 1 . . . 1 

Denticula tenuis Kützing . . 1 . .  1 

Diploneis sp. 1 . . 1 . .  1 

Eucocconeis flexella (Kützing) Meister . . 1 .  . 1 
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Results of the correlation between heavy 

metals and diversity index are shown in Fig. 3. 

Heavy metal pollution alters algal diversity 

and also community structure. Different species may 

be more or less tolerant of pollution and some may 

dominate in a polluted environment. The analysis 

determined that high concentrations of heavy metals 

in the investigated mine pit lakes significantly affect 

the diversity of algae and colonisation of these 

artificial lakes. Correlation analysis has shown that 

the mine pit lakes with a higher value of 

concentration of heavy metals have a smaller number 

of species and vice versa.  

 

Diversity of cyanobacteria and algae of the 

explored mine pit lakes 

Within the qualitative and quantitative composition 

of phytobenthos of the explored mine pit lakes, 99 

species of cyanobacteria and algae were found 

altogether. The identified species belong to the 

following classes: Cyanophyceae (5), 

Bacillariophyceae (87), Chrysophyceae (1), 

Dinophyceae (2) and Conjugatophyceae (4) (Tab. 4).  

Dominant algal taxa were noted in the  

explored mine pit lakes listed as follow: Oscillatoria 

sp. 1, Navicula sp. 1, Nitzschia palea, Nitzschia sp. 1,  

Achnanthidium minutissimum, Navicula trivialis, 

Continuation of the table 4.  

Taxon L2 L6 L1 L4 L5 L3 F 

Nitzschia amphibia Grunow . . 1 . . . 1 

Caloneis fontinalis (Grunow) Cleve-Euler . . . 1 . . 1 

Craticula ambigua (Ehrenberg) D.G. Mann . . . 1 .  1 

Cyclotella sp. 1 . . . 1 .  1 

Cymatopleura elliptica (Brébisson) W. Smith . . . 1 .  1 

Frustulia vulgaris (Thwaites) De Toni . . . 1  . 1 

Gomphonema parvulum (Kützing) Kützing . . . 1 . . 1 

Gyrosigma obtusatum (Sulivan & Wormley) C.S.Boyer . . . 1 . . 1 

Nitzschia sp. 2 . . . 1 . . 1 

Planothdium lanceolatum (Brébis. ex Kütz.) Lange-Bert. . . . 1 . . 1 

Rhopalodia gibberula (Ehrenberg) Otto Müller . . . 1 . . 1 

Tryblionella debilis Arnott ex O'Meara . . . 1  . 1 

Rhopalodia gibba (Ehrenberg) Otto Müller . . . . 4 . 1 

Epithemia turgida (Ehrenberg) Kutzing . . . . 2 . 1 

Ulnaria capitata (Ehrenberg) Compère . . . . 2 . 1 

Cocconeis pediculus Ehrenberg . . . . 1 . 1 

Amphora ovalis (Kützing) Kützing . . . . 1 . 1 

Cymbella neolanceolata W.Silva . . . . 1 . 1 

Cymbella proxima Reimer . . . . 1 . 1 

Gomphonema dichotomum Kützing . . . . 1 . 1 

Halamphora sp. 1 . . . . 1 . 1 

Halamphora veneta (Kützing) Levkov . . . . 1 . 1 

Nitzschia sigma (Kützing) W.M.Smith . . . . 1 . 1 

Placoneis clementis (Grunow) E.J.Cox . . . . 1 . 1 

Placoneis gastrum (Ehrenberg) Mereschkowsky . . . . 1 . 1 

Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot . . . . 1 . 1 

Cymatopleura solea var. apiculata (W.Smith) Ralfs . . . . . 2 1 

Cymbella cistula (Ehrenberg) O. Kirchner . . . . . 1 1 

Eunotia sp. 1 . . . . . 1 1 

Fallacia pygmea (Kützing) Stickle & D.G.Mann . . . . . 1 1 

Fragilaria sp. 1 . . . . . 1 1 

Neidium affine (Ehrenberg) Pfitzer . . . . . 1 1 

Nitzschia gracilis Hantzsch  .  . . 1 1 

Nitzschia sigmoidea (Nitzsch.) W. Smith . . . . . 1 1 

Nitzschia tabellaria (Grunow) Grunow . . . . . 1 1 

Pinnularia borealis Ehrenberg . . . . . 1 1 

Sellaphora pupula (Kützing) Mereschkowsky . . . . . 1 1 

Surirella angusta Kützing . . . . . 1 1 

Ulnaria delicatissima (W. Smith) Aboal & P.C.Silva . . . . . 1 1 

Conjugatophyceae         

Spirogyra sp. 1 1 . 1 . . 1 3 

Mougeotia sp. 1 . . 1 1 1 . 3 

Cosmarium sp. 1 . . 1 . 1 . 2 

Pleurotaenium trabecula Nägeli . . . . . 1 1 

Number of species (S) 14 16 28 34 41 45  

Shannon diversity index (H') 1.0738 1.1086 1.3808 1.5004 1.5665 1.6306  
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Brachysira microcephala, Ulnaria ulna, Navicula 

radiosa, Hantzschia amphioxys, Nitzschia 

commutata, Nitzschia recta, Discostella stelligera, 

Gomphonema acuminatum, Encyonopsis 

microcephala, Cymbella sp. 1, Gyrosigma sciotense, 

Rhopalodia gibba, Epithemia turgida, Ulnaria 

capitata and Cymatopleura solea var. apiculata. 

Upon the diversity level analysis (Shannon’s 

Index) it may be concluded that the phytobenthos 

samples collected from the mine pit lakes of Đuvelika 

(1.0738), Sjerkovača (1.1086) and Mošćanica 

(1.3808) have a low diversity level. In these lakes, 

high concentrations of heavy metals were measured.  

The phytobenthos samples collected from the 

mine pit lakes of Suhodanj (1.5665), Mušići (1.5665) 

and Ramići (1.6306) have a higher diversity level. In 

these lakes, lower concentrations of heavy metals 

were measured.  

In order to differentiate the composition of the 

phytobenthos, the method of cluster analysis was 

used (Bray-Curtis similarity).  

Figure 4 presents a clear differentiation of 

phytobenthos community into two groups:  

• Group I (samples from Mošćanica, Mušići and 

Suhodanj) and 

• Group II (samples from Ramići, Đuvelika and 

Sjerovača). 

The left side of the chart contains 

phytobenthos samples collected from the mine pit 

lakes of Ramići, Đuvelika, and Sjerkovača. In these 

lakes, high concentrations of zinc, chromium, iron 

and aluminium were measured. The right side of the 

chart contains phytobenthos samples collected from 

the mine pit lakes of Mošćanica, Mušići and 

Suhodanj. In these lakes, high concentrations of 

nickel and aluminium were measured. 

Results of PCO differentiation of the analysed 

communities of the phytobenthos in relation to the 

gradient of the measured chemical parameters were 

shown in Fig. 5. 

PCO analysis showed similar differentiation as 

a cluster analysis. The first PCO axis explained 

35.5% of total variation, while the second PCO axis 

explained 25% of the total variation. On the first PCO 

axis, mine pit lakes from the first Cluster group were 

distributed (Mošćanica, Mušići and Suhodanj), and 

on second PCO axis mine pit lakes from the second 

group were distributed (Ramići, Đuvelika and 

Sjerovača). Mine pit lakes from second group were 

characterised with higher concentrations of heavy 

metals, especially Al, Cr, Fe and Zn, while the mine 

pit lakes from first group were characterized by lower 

concentrations of heavy metals. Higher value of 

nickel was measured in the mine pit lakes of 

Mošćanica 57 µg/L and Mušići 43 µg/L. 

Tolerant species of cyanobacteria and algae on 

high heavy metal concentrations which is noted in 

mine pit lakes were: Oscillatoria sp., Nitzschia palea, 

Achnanthes minutissima, Navicula trivialis, 

Brachysira microcephala and Ulnaria ulna. Finding 

of this species in mine pit lakes with high heavy metal 

concentrations correspond with literature data (Chen 

et al., 2014, Cantonati et al., 2014).  

 
Fig. 4. Cluster differentiation of the analysed communities of the phytobenthos  
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Discussion 

The negative effects of heavy metals on the structure 

and patterns of phytobenthos have been studied by 

many authors (Wołowski et al. 2013; Pandey et al., 

2014; Płachno et al. 2015). 

The most evident effect of heavy metals in 

water is reduced biodiversity level (Hernandez & 

Pastor, 2008).  

Based on examination of the latest scientific 

literature, it may be observed that high concentrations 

of heavy metals in water have adverse effects on 

structure and patterns of the living world. All benthic 

organisms may be directly and/or indirectly impacted 

by heavy metals in water (Kiffney & Clements, 

1996), substratum (Chapman et al., 1998) and food 

resources (Farag et al., 1998 in Chiba et al., 2011).  

In terms algae of phytobenthos, heavy metals 

cause oxidative stress (Pint et al., 2003) or various 

morphological abnormalities typical for diatoms 

(Falasco et al., 2009; Pandey et al., 2014).  

Selective pressures also lead to the 

development of metal resistance in diatoms living in 

contaminated water. Therefore, these species, owing 

to their capability to survive in these extreme 

conditions, may be used successfully as resources for 

biomonitoring of polluted waters in terms of presence 

of heavy metals (Levkov & Krstić, 2002; Cattaneo et 

al., 2011; Pandey et al., 2014; Cantonati et al., 2014,). 

First studies of mine pit lakes in Bosnia and 

Herzegovina were carried out on a wider area of 

Tuzla region (Kamberović & Barudanović, 2012; 

Kamberović et al., 2014).  

Authors were studying abiotic and biotic 

characteristics of mine pit lakes with special 

emphasis on colonization of new water bodies and a 

possibility of establishing wetland ecosystems. 

Following mine pit lakes were explored: Sjerkovača, 

Ramići, Mušići, Suhodanj, Požar, Šićki Brod and 

Brestovica. These lakes were colonized with 

cyanobacteria and algae, and wetland vegetation was 

also established. 

Authors Kamberović & Barudanović (2012) 

determined the presence of 73 species of 

cyanobacteria and algae. The largest numbers of 

species belong to the class Bacillariophyceae (48 

taxa), while representatives from the classes 

Cyanophyceae, Dinophyceae, Zygnematphyceae and 

Chlorophyceae appear with lower values. Dominant 

species which are determined in all explored mine pit 

lakes where listed as follows: Synedra ulna, 

Mougeotia sp. and Cymbella affinis. Besides them, it 

is important to highlight the presence of the following 

species: Navicula cuspidata, Rhopalodia gibba, 

Navicula radiosa, Cocconeis placentula etc. 

The explored mine pit lakes were colonised 

with wetland vegetations. Association Typhetum 

latifoliae G. Lang 1973 were confirmed in the coastal 

 
Fig. 5. PCO differentiation of the analysed communities of the phytobenthos 
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part of mine pit lakes Suhodanj, Mušići and Šićki 

Brod, while association Phragmitetum australis 

Schmale 1939 were confirmed in coastal part of mine 

pit lakes Šićki Brod and Ramići (Kamberović et al., 

2014).  

In the mine pit lakes Suhodanj, Požar and Šićki 

Brod hard oligo-mesotrophic waters were confirmed 

with benthic vegetation of algae from genus Chara 

(Natura code 3140), while in mine pit lakes Mušići 

and Ramići habitat of eutrophic lakes with 

Magnopotamion or Hydrocharition - vegetation type 

were confirmed (Natura code 3150). The presence of 

wetlands vegetation has not be confirmed in mine pit 

lakes Sjerovača and Brestovica (Kamberović & 

Barudanović, 2012). 

The concentration of heavy metals in mine pit 

lakes in Bosnia and Herzegovina has not been carried 

out. Only basic physical and chemical parameters 

were measured. Based on that measurement, it can be 

concluded that mine pit lakes in our area were slightly 

neutral to slightly alkaline. pH values in the mine pit 

lakes in the wider area of Tuzla region varied from 

7.8 to 8.3. In the water of the investigated mine pit 

lakes, average values of oxygen and low nutrient 

concentrations were measured (Kamberović & 

Barudanović, 2012, Kamberović et al., 2014). 

Authors Wołowski et al. (2013) have 

determined the presence of 96 algae taxa in the area 

of Poland (Jeleniak Mikuliny Reserve). Freshwater 

habitats were characterized by a high concentration 

of heavy metals. Identified species belong to the 

following classes Cyanophyceae, Bacillariophyceae, 

Chrysophyceae, Raphidophyceae, Xanthophyceae, 

Cryptophyceae, Dinophyceae, Euglenophyceae, 

Chlorophyceae and Zygnematophyceae.  

In similar freshwater habitats in the area of 

Graniczna Woda stream (southern Poland), Płachno 

et al. (2015) have identified the presence of 66 algal 

taxa, and the most numerous were algal species from 

phylum Euglenophyta (37 taxa) and species with 

small number belong to the class as follows 

Cyanophyceae, Xanthophyceae, Bacillariophyceae 

and Chlorophyceae.  The most numerous species 

from phylum Euglenophyta in Graniczna Woda 

stream were Euglena archaeoviridis, Euglena 

archaeoplastidiata, Petalomonas mediocanellata, 

Phacus angustus, Phacus ichthydion, Phacus 

indicus, Phacus inflexus, Phacus obolus, Phacus 

pusillus, Phacus unguis and Trachelomonas 

perforata. In the investigated freshwater habitats 

high concentration of heavy metals (Tl, Cd, Zn and 

Pb) have been measured.  

The high diversity of euglenoids in Graniczna 

Woda stream indicates high tolerance on Tl by these 

algae. Years of research on euglenophytes have 

shown that they are remarkably tolerant to various 

kinds of pollution with heavy metals such as Fe, Zn, 

Cu, Cd, Mn, Pb, Ni and Al (Walne & Kivic, 1990).  

They have also been found in waters polluted 

with diesel oil (Dennington et al., 1975), phenol 

(Pawlitz & Werner, 1978) and herbicides and 

insecticides (Poorman, 1973; Butler, 1977), and can 

survive in highly radioactive water (Lackley, 1968 in 

Płachno et al., 2015).  

Euglenophytes are also found living under 

very high salinity, for example, in Great Salt Lake 

(Jones, 1944 in Płachno et al., 2015). 

It is generally known that acidophilic Euglena 

mutabilis and Euglena gracilis are able to grow in 

highly polluted habitats. Species Euglena mutabilis 

colonizes highly acidified waters, tolerates pH of ca. 

1 and can be dominant among the eukaryotes in 

habitats such as the metal-contaminated ponds of the 

Smoking Hills region of the Canadian Arctic and 

acidic post-mining ponds contaminated with heavy 

metals (Wołowski et al., 2008., 2013). 

Autors Płachno et al. (2015) have determined 

that the shape and arrangement of the chloroplasts in 

Euglena viridis and Euglena mutabilis varied and did 

not always fit the classical description, and that the 

dimensions of euglenophyte specimens were at their 

lower limits. 

In the studied freshwater habitats authors have 

found the presence of 15 species of the genus Phacus 

as follows Phacus caudatus, Phacus curvicauda and 

Phacus parvulus were recorded repeatedly 

throughout the study. Following species from genus 

Euglena were constant in the study area: Euglena 

mutabilis, Euglena viridis, Euglena 

archaeoplastidiata and Euglena agilis (Bartosz et al., 

2015).  

In different freshwater habitat in the area of 

Egypt (El-Farafra Oasis, Western Deset, Egypt) 

which are contaminated with heavy metals, 

Wołowski et al. (2017) have identified the presence 

of 20 species from the phylum Euglenophyta. In 

investigated freshwater habitats authors have 

measured high concentration of heavy metals as 

follows Sr, B, Li, Fe, Mn, Zn and Cu. Determined 

species belong to the genera Peranema (1), Euglena 

(4), Euglenaformis (1), Euglenaria (2), Discoplastis 

(1), Lepocinclis (4), Phacus (6) and Trachelomonas (1).   

Some cyanobacteria of the genera 

Oscillatoria, Phormidium, Plectonema and 

Schizothrix are often abundant in alkaline waters 

polluted by heavy metal compounds. Golden algae 

are more sensitive to both eutrophication and metal 

contamination (Cattaneo et al., 2008).  

Among the 15 Chlorophyceae taxa found in 

Graniczna Woda stream one of the most commonly 

noted was Desmodesmus sp. (Płachno et al., 2015).  
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Several studies on metal polluted rivers have 

shown that diatoms respond to perturbations not only 

at the community level through shifts in dominant 

taxa (Hirst et al., 2002), changes in diversity (Leland 

& Carter, 1984 in Medley & Clements, 1998), but 

also at the individual level with alteration in cell wall 

morphology (Chen et al., 2014). 

In the presence of different types of 

environmental stressors, diatoms can produce 

frustules that are deformed in different ways 

(anomalies mainly in symmetry, striation pattern, 

raphe course and structure) (Falasco et al., 2009). 

However, the exact physiological processes causing 

diatom teratologies are yet mostly unsolved (Morin 

et al., 2012).  

The causes of these deformations are diverse, 

but the most common appears to be due to toxic 

concentrations of trace elements. Cell size reduction 

(Cattaneo et al., 1998) and frustule deformations 

have been associated with high metal concentrations, 

commonly related to high concentrations of copper 

and zinc (Ruggiu et al., 1998 in Chen et al., 2014).  

That means that diatoms teratology is 

considered to be one of the most significant 

indicators of metal pollution (Falasco et al., 2009; 

Lavoie et al., 2012; Cantonati et al., 2014).  

Other causes, such as silicon limitation and 

extreme pH are also indicated for such abnormalities 

(Chen et al., 2014). Diatoms metal response models 

are difficult to establish because metal contamination 

is frequently associated with acidic environments 

(Dixit et al. 1991).  

While high metal concentrations may cause a 

marked increase in the relative abundance of metal-

tolerant species, such as Achnanthidium 

minutissimum, Fragilaria tenera, Gomphonema 

parvulum, Eolimna minima and Nitzschia palea, 

diatom biomass is apparently not affected (Cantonati 

et al., 2014).  

Nitzschia palea is known to tolerate heavy 

metals and it is often designated as a characteristic 

species in streams and lakes with heavy metal 

contamination. Nutrient enrichment should prohibit 

the development of Achnanthidium minutissimum but 

favour the growth of Nitzschia palea in the metal-

polluted waters. The dominant species should be co-

tolerant to metals and nutrients. The phenomena of 

multiple tolerance and co-tolerance have been 

reported in some algae (Chen et al., 2014). 

There are mostly negative opinions about the 

effects of heavy metals on planktonic organisms. It 

seems that algae populations can quite easily adjust 

to long-lasting contamination. However, there are 

other factors that may explain the existence of 

microorganisms inhabiting contaminated water. One 

is the presence of high concentrations of Ca and Mg 

cations. It is known that these cations can limit the 

penetration of high amounts of Zn and Pb into cells 

(Ciszewski et al., 2013). In fact, high nutrient loading 

would protect some algae from heavy metal toxicity 

(Chen et al., 2014). 

The effect is less drastic in benthic diatoms 

because, in thick biofilms, metals are mostly 

assimilated by the cells present in the upper part, 

which reduces the exposure of the underlying diatom 

assemblage (Cantonati et al., 2014). 

High concentration of heavy metals has direct 

toxic effects on diversity and abundance of benthic 

invertebrates (Clements, 1994).  

Indirect effects include modification of species 

interaction (Clements, 1999) and reduction in food 

quality (Chiba et al., 2011, Carlise, 2000). 

Many studies have been developed in 

concentrations of heavy metals as well in aquatic 

macroinvertebrate population and in cyanobacteria 

and algae assemblages through the establishment of 

bioindicators. This approach reflects a new trend in 

conservation worldwide because it uses a 

methodology that integrates low cost and high 

efficiency and accuracy (Chiba et al., 2011). 

    

Conclusion 

High concentrations of heavy metals in the water of 

the mine pit lakes may have adverse effects on the 

structure and patterns of the living world. Adverse 

effects of the presence of heavy metals in water are 

primarily observed with photosynthetic organisms, 

including cyanobacteria and algae, as well as other 

groups of organisms. In terms of photosynthetic 

organisms, heavy metals cause various 

morphological and physiological changes. The most 

prominent effect of heavy metals in water is the 

reduction of the biodiversity level. With the aim of 

improving the status of the mine pit lakes with high 

concentrations of heavy metals, their restoration is 

necessary. After the restoration, the mine pit lakes 

may be used for conservation of wetland diversity. 
 

Acknowledgements. Authors would like to thank Aldin 

Boškailo on the mapping of distribution of explored mine 

pit lakes. 

 

References 
 

Anderson M. J, Gorley R. N, Clarke K. R 2008: 

PERMANOVA + for PRIMER: guide to software 

and statistical methods. PRIMER-E, Plymouth. 

214 p. 

Barudanović, S., Mašić, E. 2014: State of the mine-

pit lakes in the wider area of Zenica-Doboj region. 

24th International Scientific-Expert Conference 



BIOLOGICA NYSSANA 9 (2) ⚫ December 2018: 103-118 Mašić et al. ⚫ Effect of heavy metals and phytobenthos assemblages... 

  

 115 

of Agriculture and Food Industry. Zbornik radova 

/Proceedings. 25-28.2013. Sarajevo, Bosna i 

Hercegovina. Izmir, Turska. 550-555.).  

Bey, M-Y., Ector, L. 2013a: Atlas des diatomées des 

course dʹeau de la région Rhône-Alpes. Tome 1: 

Centrique: Monoraphidées. Avec la collaboration 

de Rémy Chavaux et Patrick Béranger. DREAL 

Rhône-Alpes. 181 p. 

Bey, M-Y., Ector, L. 2013b: Atlas des diatomées des 

course dʹeau de la région Rhône-Alpes. Tome 2: 

Araphidées, Brachyraphidées. Avec la 

collaboration de Rémy Chavaux et Patrick 

Béranger. DREAL Rhône-Alpes. 330 p. 

Bey, M-Y., Ector, L. 2013c: Atlas des diatomées des 

course dʹeau de la région Rhône-Alpes. Tome 3: 

Naviculacées, Naviculoidées (a). Avec la 

collaboration de Rémy Chavaux et Patrick 

Béranger. DREAL Rhône-Alpes. 530 p. 

Bey, M-Y., Ector, L. 2013d: Atlas des diatomées des 

course dʹeau de la région Rhône-Alpes. Tome 4: 

Naviculacées, Naviculoidées (b). Avec la 

collaboration de Rémy Chavaux et Patrick 

Béranger. DREAL Rhône-Alpes. 750 p. 

Bey, M-Y., Ector, L. 2013e: Atlas des diatomées des 

course dʹeau de la région Rhône-Alpes. Tome 5: 

Naviculacées, Cymbelloidées, Gomphonémato-

idées. Avec la collaboration de Rémy Chavaux et 

Patrick Béranger. DREAL Rhône-Alpes. 972 p. 

Bey, M-Y., Ector, L. 2013f: Atlas des diatomées des 

course dʹeau de la région Rhône-Alpes. Tome 5: 

Bacillariacées, Rhopalodiacées, Surirellacées. 

Avec la collaboration de Rémy Chavaux et 

Patrick Béranger. DREAL Rhône-Alpes. 1182 p. 

Branković, S., Glišić, R., Pavlović-Muratspahić, D., 

Topuzović, M., Đekić, V. 2013: The 

bioconcentration of some metals in species 

Potentilla visianii Pančić.  Biologica Nyssana, 4 

(1/2): 57-64.  

Bucko, K., Wojtal, Z. A., Magyari, E. K. 2013: 

Lectotypification, emeneded description and 

distribution of Planothidium distinctum 

(Achnanthaceae, Bacillariophyceae). Phytotaxa, 

117 (1): 1-10.  

Cantonati, M., Angeli, N., Virtanen, L., Wojtal, Z. 

A., Gabrieli, J., Falasco, E., Lavoie, I., Morin, S., 

Marchetti, A., Fortin, C., Smirnova, S. 2014: 

Achnanthidium minutissimum (Bacillariophyta) 

valve deformities as indicators of metal 

enrichment in diverse widely-distributed 

freshwater habitats. Science of The Total 

Environment, 475: 201-215.  

Cantonati, M., Kelly, G. M., Lange-Bertalot, H. 

2017: Freshwater Benthic Diatoms of Central 

Europe: Over 800 Common Species Used in 

Ecological Assesment. English edition with 

updated taxonomy and added species. Koeltz 

Botanical Book. 942 p. 

Cantonati, M., Lange-Bertalot, H., Angeli, N. 2010: 

Neidomorpha gen. nov. (Bacillariophyta): A new 

freshwater diatom genus separated from Neidium 

Pfitzer. Botanical Studies, 51: 195-202.  

Cattaneo, A., Couillard, Y., Wunsam, S., Fortin, C. 

2011: Littoral diatoms as indicators of recent 

water and sediment contamination by metals in 

lakes. Journal of Environmental Monitoring, 13 

(3): 572-582.  

Cattaneo, A., Couillard, Y., Wunsan, S. 2008: 

Sedimentary diatoms along a temporal and spatial 

gradient of metal contamination. Journal of 

Paleolimnology, 40: 115-127.  

Cattaneo, A., Asioli, A., Comoli, P., & Manca, M. 

1998: Organisms' response in a chronically 

polluted lake supports hypothesized link between 

stress and size. Limnology and Oceanography, 

43(8): 1938-1943  

Carlise, D. M. 2000: Bioenergetic food webs as a 

means of linking toxicological effects across 

scales of ecological organisation. Journal of 

Aquatic Ecosystem Stress Recovery, 7: 155-165.  

Chen, X., Li. C., McGowan, S., Yang, X. 2014: 

Diatom response to heavy metal pollution and 

nutrient enrichment in an urban lake: evidence 

from paleolimnology. Annales de Limnologie - 

International Journal of Limnology, 50: 121–130.  

Ciszewski, D., Aleksander-Kwaterczak, U., 

Pociecha, A., Szarek-Gwaizda, E., Waloszek, A., 

Wilk-Wozniak, E., 2013: Small effects of a large 

sediment contamination with heavy metals on 

aquatic organisms in the vicinity of an abandoned 

lead and zinc mine. Environmental Monitoring 

and Assessment, 185 (12): 9825-9842.  

Chiba, W. A. C., Passerini, M. D., Tundusi, J. G. 

2011: Metal contaminant in benthic 

macroinvertebrates in sub-basin in the southeast 

of Brazil. Brazilan Journal of Biology, 2011, 

71(2): 391-399.  

Clements, W. H. 1999: Metal tolerance and predator-

prey interactions in benthic macroinvertebrate 

stream communities. Ecological Application, 9: 

1073-1084.  

Clements, W. H. 1994: Benthic invertebrate 

community response to heavy metals in the Upper 

River Basin, Colorado. Journal of the North 

American Benthological Society, 13: 30-44.  

Cvijan, M., Blaženčić, J. 1996: Cyanophyta. Naučna 

knjiga, Beograd. 290 p.  

Dixit, S. S., Smol, J. P., Kingston, J. C., Charles, D. 

F. 1991: Diatoms: powerful indicators of 

environmental change. Environmental Science 

and Technology, 26: 21-33.  



BIOLOGICA NYSSANA 9 (2) ⚫ December 2018: 103-118 Mašić et al. ⚫ Effect of heavy metals and phytobenthos assemblages... 

 

116 

 

Falasco, E., Bona, F., Ginepro, M., Hlubikova, D., 

Hoffman, L., Ector, L. 2009: Morphological 

abnormalities of diatom silica wals in relation to 

heavy metal contamination and artificial growth 

conditions. Water SA, 35 (5): 595-606.  

Guiry, M.D. & Guiry, G.M. 2018. AlgaeBase. 

World-wide electronic publication, National 

University of Ireland, Galway. 

http://www.algaebase.org; searched on 30 July 

2018. 

Hammer, Ø. 2017: PAST PAleontological STatistics 

Version 3.18. Reference manual. 259 p. 

Hernandez, A. J., Pastor, J. 2008: Realationship 

between plant biodiversity and heavy metal 

bioavailability in grasslands overlying an 

abondoned mine. Environemental Geochemistry 

and Health,30 (2): 127-133.  

Hirst, H, Jüttner, I, Ormerod, S. J. 2002: Comparing 

the responses of diatoms and macroinvertebrates 

to metals in upland streams of Wales and 

Cornwall. Freshwater Biology 47: 1752–65.  

Hofman, G., Lange-Bertalot, H., Werum, M. 2013: 

Diatomen im Süsswasser-Benthos von 

Mitteleuropa. Koeltz Scientific Book. 908 p. 

Hustedt, F. 1930: Bacillariophyta (Diatomae). In: Die 

Üsserwasser-flora Mitteleuropas, Heft 10. Jena. 

466 p. 

John, D. M., Whitton, B. A., Brook, A. J. 2003: The 

freshwater Algae Flora of the British Isle. An 

Identification Guide to Freshwater and Terres-

trial Algae. The Natural History Museum and the 

British Phycology Society, 2002, Cambridge. 714 p. 

John, J. 2015: A Beginnerʹs guide to diatoms. Revised 

second edition. Koeltz Scientific Books. 174 p. 

Kalinowska, R., Trzcińska, M., Pawlik-Skowrońska, 

B. 2008: Soil algae in post-mining areas 

contaminated with heavy metals. Wiadomości 

Botaniczne, 52 (3/4): 63-79.  

Kamberović, J., Kišić, A., Hafner, D., Plenković-

Moraj, A. 2016: Comparative analysis of epilithic 

diatom assemblages of springs and streams in the 

Konjuh mountain (Bosnia and Herzegovina). 

Works of the Faculty of Forestry, University of 

Sarajevo, 2: 54-67. 

Kamberović, J., Barudanović, S., Mašić, E., Dedić, 

A. 2014: Marshland vegetation of the order 

Phragmitetalia on shores of mine pit lakes in 

north-eastern Bosnia and Herzegovina. Biologica 

Nyssana, 5 (1): 1-10.  

Kamberović, J., Barudanović, S. 2012: Algae and 

macrophytes of mine pit lakes in the wider area of 

Tuzla, Bosna and Herzegovina. Natura Croatica, 

21 (1): 101-118.  

Kovacik J, Klejdus B, Hedbavny J, Backor M. 2010: 

Effect of copper and salicylic acid on phenolic 

metabolites and free amino acids in Scenedesmus 

quadricauda (Chlorophyceae). Plant Science, 

178 (3): 307–311.  

Krammer, K. 1997a: Die cymbelloiden Diatomen. 

Eine Monographie der weltweit bekannten Arten. 

Teil 1. Allgemeines und Encyonema Part. 

Bibliotheca Diatomologica, 36. 382 p. 

Krammer, K. 1997b: Die cymbelloiden Diatomen. 

Eine Monographie der weltweit bekannten Arten. 

Teil 2. Encyonema part., Encyonopsis und 

Cymbellopsis. Bibliotheca Diatomologica 37. 469 

p.  

Krammer, K. 2000: The genus Pinnularia. Diatoms 

of Europe. Diatoms of the European Inland 

Waters and Comparable Habitats. Edited by Horst 

Lange-Bertalot. Volume 1. A.R.G. Ganter Verlag 

K. G. 294 p. 

Krammer, K. 2001: Cymbella. Diatoms of Europe. 

Diatoms of the European Inland Waters and 

Comparable Habitats. Edited by Horst Lange-

Bertalot. Volume 3. A.R.G. Ganter Verlag K. G. 

584 p. 

Krammer, K. 2003: Cymbopleura, Delicata, 

Navicymbulla, Gomphocymbellopsis, Afrocymbe-

lla. Diatoms of Europe. Diatoms of the European 

Inland Waters and Comparable Habitats. Edited 

by Horst Lange-Bertalot. Volume 4. A.R.G. 

Ganter Verlag K. G. 530 p. 

Krammer, K., Lange-Bertalot, H. 1986: 

Süsswasserflora von Mitteleuropa. 

Bacillariophyceae, 1. Teil: Naviculaceae. VEB 

Gustav Ficher Verlag, Jena. 876 p. 

Krammer, K., Lange-Bertalot, H. 1988: 

Süsswasserflora von Mitteleuropa. 

Bacillariophyceae, 2. Teil: Bacillariophyceae, 

Epithemiaceae, Surirellaceae. VEB Gustav 

Ficher Verlag, Jena. 596 p. 

Krammer, K., Lange-Bertalot, H. 1991: 

Süsswasserflora von Mitteleuropa. 

Bacillariophyceae, 3. Teil: Centrales, 

Fragilariaceae, Eunotiaceae. VEB Gustav Ficher 

Verlag, Jena. 576 p. 

Krammer, K., Lange-Bertalot, H. 1991: 

Süsswasserflora von Mitteleuropa. 

Bacillariophyceae, 4. Teil: Achnanthaceae, 

Kritische Erganzungen zu Navicula (Lineolatae), 

und Gomphonema Gasamliteraturerzeichnis, Teil 

1-4. VEB Gustav Ficher Verlag, Jena. 248 p. 

Lange-Bartalot, H. 2001: Navicula sensu stricto. 10 

Genera Separated from Navicula sensu lato 

Frustulia. Diatoms of the European Inland Waters 

and Comparable Habitats. Edited by Horst Lange-

Bertalot. Volume 4. A.R.G. Ganter Verlag K. G. 

526 p. 

Lange-Bertalot, H. 1993: 85 Neue Taxa und über 100 

weitere neu definierte Taxa ergänzend zur 



BIOLOGICA NYSSANA 9 (2) ⚫ December 2018: 103-118 Mašić et al. ⚫ Effect of heavy metals and phytobenthos assemblages... 

  

 117 

Süsswasserflora von Mitteleuropa Vol. 2/1-4. 

Bibliotheca Diatomologica, 27. 455 p. 

Lange-Bertalot, H., Metzeltin, D. 1996: 

Oligotrophie-Indicatoren. 800 Taxa 

repräsentative fur drei diverse See-Typen. 

Iconographia Diatomologica, 2. 390 p. 

Lange-Bertalot, H., Wojtal, A. Z. 2014: Diversity in 

species complexes of Placoneis clementis 

(Grunow) Cox and Paraplaconeis placentula 

(Ehrenberg) Kulikovskiy, Lange-Bertalot & 

Metzeltin. Nova Hedwigia. Beiheft 143: 403-420. 

Lavoie, I., Lavoie, M., Fortin, C. 2012: A mine of 

information: benthic algal communities as 

biomonitors of metal pollution leaching from 

abandoned tailings. Science of the Total 

Environment, 425: 231–241.  

Legendre, P., Legendre, L. 1998. Numerical Ecology. 

2nd English edition. Elsevier, Amsterdam.  

Levkov, Z., Williams, D. M. 2012: Checklist of 

diatoms (Bacillariophyta) from Lake Ohrid and 

Lake Prespa (Macedonia), and their watersheds. 

Phytotaxa,  45: 1-76  

Levkov, Z., Ector, L. 2010: A comparative study of 

Reimeria species (Bacillariophyceae). Nova 

Hedwigia, 90 (3/4): 469-489.  

Levkov, Z., Mihalić, K. C., Ector, L. 2010: A 

taxonomical study of Rhoicosphenia Grunow 

(Bacillariophyceae) with a key for identification 

of selected taxa. Fottea, 10 (2): 145-200. 

Levkov, Z., Krstić, S. 2002: Use of algae for 

monitoring of heavy metals in the River Vardar, 

Macedonia. Mediterranean Marine Science, 3 (1): 

99-112.  

Lukin, A., Dauvalter, V., Kashulin, N., Yakovlev, V., 

Sharov, A., Vandysh, O. 2003: Assessment of 

copper–nickel industry impact on subarctic lake 

ecosystem. The Science of the Total Environment, 

306: 73–83. 

Macfarlane, G. R., Burchett, M. D. 2001: 

Photosynthetic pigments and peroxidase activity 

as indicators of heavy metal stress in the grey 

mangrove, Avicennia marina (Forsk.) Vierh. 

Marine Pollution Bulletin, 42: 233–40. 

Marques, M. J., Martinez-Conde, E., Rovira, J. V., 

Ordonez, S. 2001: Heavy metals pollution of 

aquatic ecosystems in the vicinity of a recently 

closed underground lead–zinc mine (Basque 

Country, Spain). Environmental of Geology, 40: 

1125–1137. 

Medley, C. N, Clements, W. H. 1998: Responses of 

diatom communities to heavy metals in streams: 

the influence of longitudinal variation. Ecological 

Application, 8: 631–644. 

Mighanetara, K., Braungardt, C. B., Rieuwerts, J. S., 

Azizi, F. 2009: Contaminant fluxes from point 

and diffuse sources from abandoned mines in the 

river Tamar catchment, UK. Journal of 

Geochemicla Exploration, 100: 116–124. 

Morin, S, Cordonier, A, Lavoie, I, Arini, A, Blanco, 

S, Thuy Duong T. 2012: Consistency in diatom 

response to metal-contaminated environments. In: 

Guasch H, et al, editors. Emerging and Priority 

Pollutants in Rivers, 19. The Handbook of 

Environmental Chemistry, 117–146. 

Pandey, L. K., Kumar, D., Yadav, A., Rai, J., Gaur, 

J. P. 2014: Morphological abnormalities in 

periphitic diatoms as a tool for biomonitoring of 

heavy metal pollution in a river. Ecological 

Indicators, 36: 272-279.  

Pavlov, A., Jovanovska, E., Wetzel, C. E., Ector, L., 

Levkov, Z. 2016: Freshwater Mastogloia 

(Bacillariophyceae) taxa from Macedonia, with a 

description of the epizoic M. sterijovskii sp. nov. 

Diatom Research, 31 (2): 85-112. 

Pavlov, A., Levkov, Z. 2013. Diversity and 

distribution of taxa in the genus Eunotia 

Ehrenberg (Bacillariophyta) in Macedonia. 

Phytotaxa, 86 (1): 1-117. 

Pavlov, A., Levkov, Z., Williams, D. M., Edlund, 

M.B. 2013: Observations on Hippodonta 

(Bacillariophyceae) in selected ancient lakes. 

Phytotaxa, 90 (1): 1-53. 

Pinto E., Sigaud-Kutner T. C. S., Leitao M.A.S., 

Okamoto O. K., Morse D., Colepicolo P. 2003: 

Heavy metalinduced oxidative stress in algae. 

Journal of Phycology, 39: 1008–1018. 

Płachno, B. J., Wołowski, K., Augustynowicz, J., & 

Łukaszek, M. 2015: Diversity of algae in a 

thallium and other heavy metals-polluted 

environment. In Annales de Limnologie-

International Journal of Limnology, 51 (2): 139-

146. 

Reichardt, E. 1999: Zur Revision der Gattung 

Gomphonema. Die Arten um G. affine/G. insigne, 

G. angustatum/micropus, G. acuminatum sowie 

gomphonemoide Diatomeen aus dem 

Oberoligozän in Böhmen. Iconographia 

Diatomologica, 8: 1-203. 

Schmidt, R., Kamenik, C., Lange-Bertalot, H., Klee, 

R. 2004. Fragilaria and Staurosira 

(Bacillariophyceae) from sediment surface of 40 

lakes in the Austrian Alps in relation to 

environment variables, and their potential for 

paleoclimatology. Journal of Limnology, 63 (2): 

171-189. 

Shanmugam V, Lo J. C, Wu C. L, Wang S.L, Lai C. 

C, Connolly E. L. 2011: Differential expression 

and regulation of iron-regulated metal 

transporters in Arabidopsis halleri and 

Arabidopsis thaliana - the role in zinc tolerance. 

New Phytologist, 190 (1):125–137. 



BIOLOGICA NYSSANA 9 (2) ⚫ December 2018: 103-118 Mašić et al. ⚫ Effect of heavy metals and phytobenthos assemblages... 

 

118 

 

Shannon, C.E., Weaver, W. 1949: The Mathematical 

theory of Communication. In: Kent et Cocker, 

1992: Vegetation description and analysis. A 

Practical Approach. CRC Press, Boca Roton.  

Suchanek, T. H., Eagles-Smith, C. A., Harner, E. J. 

2008: Is Clear Lake methylmercury distribution 

decoupled from bulk mercury loading? Ecology 

Application, 18, 107–127. 

Taylor, J. C., Harding, W.R., Archibald, C. G. M. 

2007: A Methods Manual for the Collection, 

Preparation and Analysis of Diatom Samples. 

Version 1.0. 1-49.  

Volland, S., Bayer, E., Baumgartner, V., Andossch, 

A., Lütz, C., Sima, E., Lütz-Meindl, U. 2014: 

Rescue of heavy metal effects on the cell 

physiology of the algal model system 

Micrasterias by divalent ions. Journal of Plant 

Physiology, 171 : 154-163. 

Walne P. L., Kivic P.A., 1990: 15. Phylum 

Euglenida. In: Margulis L., Corliss J.O., 

Melkonian M. and Chapmann D.J. (eds.), 

Handbook of Protoctista. Jones and Bartlett, 

Boston, 270–287. 

Witkowski, A., Lange-Bertalot, H., Kociolek J. P., 

Ruppel, M., Wawrzyniak-Wydrowska, B., Bak, 

M., Brezezinska, A. 2004: Four new species of 

Nitzschia sect. Tryblionella (Bacillariophyceae) 

resmbling N. parvula. Phycologia, 43 (5): 579-

595.  

Water quality -- Sampling -- Part 4: Guidance on 

sampling from lakes, natural and man made (ISO 

5667-4:1987). 

Wojtal, A. Z., Ector, L., Van de Vijver, B., Morales, 

E. A., Blanco, S., Piatek, J., Smieja, A. 2011: The 

Achnanthidium minutissimum complex 

(Bacillariophyceae) in southern Poland. 

Algological Studies, 136/137: 211-238. 

Wojtal, A. Z. 2009: The diatoms of Kobylanka 

Stream near Krakow (Wyzyna Krakowsko-

Czestochowska upland, S Poland). Polish 

Botanical Journal, 54 (2): 129-330. 

Wojtal, A. Z., Kwandras, J. 2006: Diatoms of the 

Wyzyna Krakowsko-Czestochowska upland (S 

Poland) - Coscinodiscophyceae (Thalassiosiro-

phycideae). Polish Botanica. Journal, 51 (2): 177-

207. 

Wojtal, A. 2003: Diatoms of the genus Gomphonema 

Ehr. (Bacillariophyceae) from karstic stream in 

the Krakowsko-Czestochowska upland. Acta 

Societatis Botanicorum poloniae, 72 (3): 213-220. 

Wołowski , C., Saber, A. A., Cantonati, M. 2017:  

Euglenoids from the El-Farfara Oasis (Western 

Desert, Egypt). Polish Botanical Journal, 62 (2): 

241–251. 

Wołowski, K., Uzarowicz, Ł., Łukaszek, M., 

PawlikSkowron´ska, B., 2013: Diversity of algal 

communities in acid mine drainages of different 

physico-chemical properties. Nova Hedwigia, 97: 

117–137. 

Wołowski, K., Turnau, K., Henriques, F. S., 2008: 

The algal flora of an extremely acidic, metal-rich 

drainage pond of Sao Domingos pyrite mine 

(Portugal). Cryptogamie Algologie, 29: 313–324. 

Younger, P. L. 1997: Longevity of mine water 

pollution: A basis for decision-making. The 

Science of the Total Environment, 194/195: 457–

466. 

 


