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Abstract. This paper provides an analysis of the effect of submerged vegetation on the physicochemical 

parameters of water with particular regard to transparency in mining subsidence reservoirs (MSR). The 

research encompassed 8 subsidence reservoirs with a diversified structure of submerged plants in the 

littoral zone. It has been proven that reservoirs where submerged vegetation coverage is greater than 25% 

of the water surface area are characterized by significantly greater transparency of water. High water 

transparency is desirable due to a greater utility value of reservoirs and their biologic diversity. The 

results from this research indicate that supporting the development of submerged vegetation in mining 

subsidence reservoirs may be an effective method for improving the water quality of such reservoirs. 

Keywords: submerged vegetation, mining subsidence reservoirs, water clarity, alternative stable states, 

physicochemical parameters 

Introduction 

Subsidence reservoirs, as anthropogenic water ecosystems, are generally formed as a 

result of underground mining activity. This type of reservoirs compared to natural 

reservoirs (Sierka et al., 2012), frequently characterize high concentrations of dissolved 

substances, primarily sulfates and chlorides, and may be subject to intensive 

eutrophication (Raclavská et al., 2003; Strzelec et al., 2010; Kašovská et al., 2014). The 

water eutrophication is leading to dominance of algae, as well as reduction or even 

elimination of submerged plants, and cause the deterioration of water quality in 

reservoirs (Irfanullah and Moss, 2004). Hasler and Jones (1949), Jeppesen et al. (1990), 

Gross and Sütfeld (1994), Coops and Doef (1996), Bachmann et al. (2002), Nakamura 

et al. (2008), Kosten et al. (2009), Li et al. (2014), Phillips et al. (2016) and Verhofstad 

et al. (2017) have proved in their research that submerged plants have the capability to 

increase the clarity of water and efficiency of pollutant removal e.g. lakes. As a starting 

point of investigation within this paper should be the resume of general ideas behind the 

alternative stable states theory for shallow lakes. The theory indicates that if submerged 

plants are abundant, they can greatly reduce turbidity (Scheffer et al., 1993). Is the fact 

that the research has been conducted for almost 30 years. The problem of maintaining 

the clarity of water is still valid (Wang et al., 2019), because it is closely related to the 

searching of effective methods to maintain good status of water ecosystems. Access to 

the reservoirs with clear water for citizens, especially in urban and periurban areas 

https://www.researchgate.net/profile/Haseeb_Irfanullah
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(Woźniak et al., 2018), is important factor to enhance their well-being. Furthermore, 

only ecosystems with good water quality deliver suitable habitats for aquatic organisms 

(Tokarska-Guzik and Rostański, 1996; Pierzchała et al., 2016). 

One of the water quality parameters is clarity which indicates the presence or 

absence of suspended matter, and hence it is a reflection of the overall quality of the 

water. The role of macrovegetation in reservoirs formed in subsidence basins as a factor 

related to improving water quality is unknown. It seems that understanding the 

relationship between the functioning of submerged vegetation and water parameters in 

mining subsidence reservoirs may be the basis for their effective restoration (Hilt et al., 

2006). In natural shallow reservoirs, vegetation is not the only one parameter used for 

the evaluation of the ecological condition of water ecosystems. Aquatic plants, 

particularly species with submerged leaves, compete with algae for domination in the 

water ecosystems. 

The main aim of this paper is to answer these questions: 

1) is submerged vegetation a factor promoting water clarity in mining subsidence 

reservoirs as in lake? 

2) does water clarity depends from submerged vegetation percentage cover surface 

area of the mining subsidence reservoirs? 

Materials and methods 

Area of research 

The research was conducted within subsidence reservoirs located in Karvina county, 

Czechia. The area of research is part of the Ostrava-Karvina coal basin located within 

the Moravian-Silesian Region in the North-Eastern part of Czechia. The region is 

entirely industrial in nature and its landscape has been strongly affected by coal mining 

activities (Macoun et al., 1965; Menčik, 1983). There are also dozens of fresh water 

reservoirs of various size, formed due to direct activity (storage reservoirs, fish ponds) 

and indirect human activity (subsidence reservoirs). The accumulation of water is 

geologically related to Quaternary layers, primarily Quaternary sands and clayey sands 

that prevail in this area (Plaček, 1984). The elevated salinity of water in subsidence 

reservoirs is primarily the effect of washing out substances from mine waste dumps 

(Molenda and Rzętała, 2001). In addition, gangue (waste material from mining) is 

frequently used to shape the shore of the analyzed objects. The leaching of readily 

soluble mineral components (primarily chlorides and sulfates) from such formations 

leads to the higher salinity of the water. 

In order to conducted research on the effect of the aqatic vegetation on water 

chemistry, informed by former reaserch (Raclavská et al., 2003; Stalmachová, 2003; 

Pertile, 2007), 8 reservoirs of diverse salinity and trophic status were selected 

(Figure 1). All of the selected reservoirs had undergone spontaneous succession for at 

least 10 years. The hydromorphological properties of the analyzed reservoirs are 

presented in Table 1. 

Methodology 

Water samples were collected from May to October in monthly intervals in 2010. 

The sampling points (one par lake) were determined within the littoral zone, at a 

distance of over 50 m from the reservoir’s inlet and outlet, where water movement was 
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undisturbed. The water transparency were measured in situ by Secchi Disk. The depth 

where the Secchi Disk settles beyond visual recognition, was determined as an index of 

water transparency - SD (Secchi Depth). The laboratory analyses included the following 

physico-chemical parameters: pH, TSS (Total Suspended Solids), TDS (Total Dissolved 

Substances), TN (Total Nitrogen), and TP (Total Phosphorus) were conducted in 

accordance with appropriate standards ISO. Seasonal mean values of the parameters 

were used for further computational analyses. 

 

Figure 1. Location of the research subjects. 1 - Pod lesem, 2 - Bartošůvka, 3 - František, 4 - 

Barbora, 5 - U cesty, 6 - Darkovské moře, 7 - Velký Myškovec, 8 - Mlýnské rybníky against the 

background of the hydrographic network 

 

 
Table 1. Hydromorphological properties of the analysed reservoirs 

Subject 

No. 

Name of the 

reservoir 

Depth 

[m] 
Area [ha] 

Circumference of 

the reservoir [m] 

Shore with forest 

covered area [%] 

Flow-through 

reservoir 

1 Pod lesem 2.5 1.34 701 85.8 Yes 

2 Bartošůvka 8.5 3.95 1070 0 Yes 

3 František 5 0.57 386 29.2 No 

4 Barbora 4.5 1.24 740 51.3 No 

5 U cesty 4.5 0.79 368 45.3 No 

6 Darkovské moře 25 34.9 2311 0 Yes 

7 Velký Myškovec 3.5 6.56 1106 74.1 Yes 

8 Mlýnské rybník 3 17.33 2288 17.8 Yes 

 

 

Vegetation research was conducted in August 2010, when there was a stable water 

level according to the methodology by Grulich and Vydrová (2006). Each reservoir, 

depending on its surface, was divided into 6-10 transects perpendicular to the shoreline. 

Transects were further divided into zones with regard to their depth: 0-1 m, 1-2 m, 

2-3 m, >4 m (Schaumburg et al., 2004). In each zone there were 2 research plots of an 

area of 1 m2. The composition of the aquatic vegetation, in terms of species and 

coverage of each, species was determined as a percentage: 0, 1, 10, 20, 30... 100%. To 

characterise the spatial structure of macrophytes of each reservoir the average 

percentage of vegetation coverage for individual species was calculated and this value 

was used for further analysis. 
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The different aquatic vegetation were classified according to their ecological groups: 

elodeids –classified submerged macrophytes and nymphaeids - plants rooted in the 

bottom with leaves floating on the water surface. 

The normality data of distribution within particular groups was confirmed using the 

Shapiro-Wilk test. The parametric T-test (Statistica 12.0) was employed to determine 

the significance of differences among particular groups with regard to the values of 

physico-chemical and hydromorphological indicators. The relationship between the 

aquatic vegetation characteristics and physico-chemical parameters of the water samples 

were analysed using Pearson's linear correlation coefficient. 

In order to determine the habitat conditions that differentiate the type of aquatic and 

coastal vegetation, a linear model of ordination analysis, PCA (Principal Component 

Analysis) was applied. The PCA was used to: 1) identify the main differentiation 

patterns of aquatic vegetation and 2) determine the relationship between the 

differentiation of vegetation and the analyzed environmental factors. RDA (Redundancy 

Analysis) was employed to determine to what extent coverage of elodeids and 

nymphaeids affect the diversity of basic water quality parameters (SD, TN, TP, TSS). 

The Monte Carlo permutation test (499 permutations) was used to determine the 

significance of explanatory variables in the RDA model. The analysis was conducted 

using the CANOCO package. Prior to analysis all environmental data ver log(x+1) 

transformed (Šmilauer and Lepš, 2014). 

In order to define the major relationships between the percent cover type of aquatic 

vegetation and hydromorphological and physico-chemical water parameters, a 

parametric test of Pearson’s correlation coefficient was conducted (Statistica 12.0). 

Parameters that showed significant statistical correlation (p < 0.05) were included in the 

ordination analysis. Due to the length of the gradient obtained in the preliminary 

Canonical Correspondence Analysis (CCA) (gradient length <3), the linear model of 

ordination analysis (PCA and RDA) was used (Lepš and Šmilauer, 2000). Ordination 

analysis were conducted in CANOCO 4.1. 

Results 

The main species, in the reservoirs sampled forming submerged vegetation 

communities are Ceratphyllum demersum, Myriophyllum spicatum, and Najas marina 

(Table 2). With regard to the type of vegetation, submerged vegetation in reservoirs 6, 

4, 3 and 5 plant cover a was greater than 25% of the water surface area. 

The analyzed reservoirs were divided into two groups with regard to the average 

percentage cover of submerged vegetation. The first group encompassed reservoirs 

where elodeids cover was at least 25% (Group I - site 6, 4, 3, 5), while the second group 

included reservoirs where the submerged vegetation cover less than 25% of the water 

surface area (Group II - site 7, 8, 1, 2). The transparency of water in Group I reservoirs 

exceeded 1.8 m and this was a statistically significant difference when compared to 

reservoirs where submerged vegetation was scarced. Significant differences between the 

analyzed groups of reservoirs were also found in the values of pH, salinity (TDS) and 

the concentration of suspended solids. The mean concentration of total phosphorus in 

the group of reservoirs abundant in vegetation was within the range 0.011 - 0.06, while 

in the other group it was within the range 0.01 - 0.03. Moreover, no differences in 

nitrogen concentration were found between these groups (Table 3). No statistically 
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significant differences in the morphological parameters presented in table 1 were found 

between the analyzed groups of reservoirs. 

 
Table 2. Diversity of aquatic vegetation in particular reservoirs 

Number of the reservoir 
6 4 3 5 7 8 2 1 

Average cover [%] 

elodeids 57.75 38 29.17 28.5 5.76 1.56 0 0 

Ceratophyllum demersum (Cer_dem) 5.25 38 28.33 4 0.20 0 0 0 

Elodea canadensis (Elo_can) 0.25 0 0 0 0.10 0 0 0 

Lemna minor (Lem_min) 0 4.833 1.667 0 0 0 0 0 

Myriophyllum spicatum (Myr_spi) 0.75 0 0.833 24.5 0 0 0 0 

Najas marina (Naj_mar) 28.5 0 0 0 2.93 1.56 0 0 

Najas minor (Naj_min) 12.5 0 0 0 0 0 0 0 

Potamogeton crispus (Pot_cri) 0.625 0 0 0 0.61 0 0 0 

Potamogeton nodosus (Pot_nod) 2.625 0 0 0 0.30 0 0 0 

Potamogeton obtusifolius (Pot_obt) 0.125 0 0 0 0 0 0 0 

Potamogeton pectinatus (Pot_pec) 0.25 0 0 0 0 0 0 0 

Potamogeton lucens (Pot_luc) 0 0 0 0 1.62 0 0 0 

Ranunculus aquatilis (Ran_aqu) 1.125 0 0 0 0 0 0 0 

Utricularia vulgaris (Utr_vul) 6.875 0 0 0 0 0 0 0 

nymphaeids 1.5 6.833 1.667 1.5 0.808 1.778 0 0 

Nymphea alba (Nym_alb) 0 0 0 0 0.808 0 0 0 

Polygonum amphibium (Pol_amp) 0.375 2 0 1.5 0 1.778 0 0 

 

 
Table 3. Physico-chemical water parameters of the analyzed reservoirs 

Groups 
Reservoir 

No. 

SD 

[m]* 

avd ± sd 

pH0 

avd ± sd 

TP 

[mgl-1] 

avd ± sd 

TN 

[mgl-1] 

avd ± sd 

TDS 

[mgl-1]* 

avd ± sd 

TSS 

[mg l-1]* 

avd ± sd 

Group I 

(coverage of 

submerged 

vegetation 

≥25%) 

6 2.30±0.50 8.00±0.26 0.013±0.01 0.69±0.36 727.5±55.7 6.90±5.33 

4 2.20±0.15 7.80±0.10 0.011±0.01 0.48±0.20 1701.3±312.82 3.10±1.31 

3 2.00±0.12 8.00±0.13 0.044±0.04 1.18±0.18 731.2±52.53 3.60±2.96 

5 1.80±0.16 8.00±0.17 0.06±0,06 0.77±0.19 1067.8±19.63 5.70±2.50 

Group II 

(coverage of 

submerged 

vegetation 

<25%) 

7 0.70±0.24 8.00±0.36 0.03±0.01 0.88±0.26 431.6±26.69 18.4±11.04 

8 1.00±0.30 8.00±0.18 0.02±0.01 1.10±0.25 383.3±39.36 9.30±3.84 

2 0.70±0.06 7.90±0.16 0.01±0.01 1.15±0.31 684.0±65.14 7.50±4.43 

1 0.60±0.20 7.70±0.09 0.02±0.01 1.49±0.33 236.6±31.08 21.9±19.9 

Statistically significant differences between the groups p ≤ 0.05 are marked with * 

 

 

The analysis of linear correlation between physico-chemical parameters of water and 

the type of vegetation showed the following significant: positive correlations: between 

water transparency (SD) and the average percentage cover of submerged vegetation 

(ELO) (0.95); the maximal depth of submerged vegetation (dep_lim) and water 

transparency (SD) (0.96); the number of species (Num_spe) and the depth (depth; 0.76) 

and area of the reservoir (area; 0.74); between salinity (TDS) (0.7) and water 

transparency (SD). The negative correlation was indicated (-0.76) between water 

transparency (SD) and total suspended solids (TSS) (Table 4). 

The PCA analysis showed that the analyzed physico-chemical parameters accounted 

by 96.97% of the variation of vegetation. The first ordination axis (axis I) of the PCA 

model accounts for 52.47% of the total variation of vegetation and it has the strongest 

positive correlation with water of total nitrogen (TN) (0.74) and the concentration of 

suspended solids (-0.68) (TSS). This axis has the strongest negative correlation with 
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transparency (0.97) (SD) and salinity (-0.69) (TDS). This axis, therefore, determines the 

gradient of the strongest positive correlation with the average percentage cover of 

submerged vegetation (ELO) The other axis (axis II) accounts for 28.48% of the total 

variation of vegetation and has the positive correlation with depth (0.78), area of the 

reservoir (0.89) (Figure 2). Many of submerged vegetation species has the strongest 

positive correlation with this axis (Table 5). 

 
Table 4. The linear correlation coefficients between seasonal mean values of physico-

chemical parameters of water and the type of vegetation 

 SD 

[m] 
pH TP TN TSS TDS 

Depth 

[m] 

Area 

[ha] 

Cer_dem 0.69 -0.16 -0.04 -0.44 -0.61 0.76 -0.09 -0.30 

Lem_min 0.54 -0.34 -0.22 -0.51 -0.49 0.82 -0.18 -0.32 

Myr_spi 0.24 0.28 0.81 -0.25 -0.24 0.28 -0.11 -0.24 

ELO 0.95 0.25 0.01 -0.70 -0.61 0.60 0.69 0.45 

NYM 0.63 -0.18 -0.19 -0.728 -0.54 0.86 -0.07 -0.10 

num_spec 0.52 0.53 -0.03 -0.59 -0.12 0.08 0.76 0.74 

dep_lim 0.96 0.33 0.12 -0.75 -0.63 0.63 0.59 0.38 

SD [m] 1.00 0.26 0.12 -0.68 -0.77 0.71 0.47 0.27 

TP 0.12 0.42 1.00 0.03 -0.09 0.01 -0.31 -0.40 

TN -0.68 -0.29 0.03 1.00 0.55 -0.79 -0.23 -0.23 

TSS -0.77 -0.39 -0.09 0.55 1.00 -0.72 -0.03 -0.01 

TDS 0.71 -0.09 0.01 -0.79 -0.72 1.00 -0.06 -0.25 

Statistically significant values of correlation coefficient p ≤ 0.05 are bold (N=8) 

 

 

Figure 2. Results of the Principal Component Analysis (PCA) Diversity of aquatic vegetation 

(Species see Table 2, elo –elodeids, nym- nymphaeids) with relation to analyzed 

hydromorphological (Area – surface water area of reservoirs, Dep –depth of reservoirs) and 

physico-chemical parameters of water (SD - water transparency, TDS – salinity, TP - total 

phosphorus concentration, TN - total nitrogen concentration, TSS - total suspended solid 

concentration) 
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Table 5. Values of the correlation coefficient between hydromorphological and physico-

chemical parameters of water and axes I and II of the PCA model 

Parameter Axis I Axis II 

SD [m] -0.97 0.00 

TP [mgl-1] -0.22 -0.38 

TSS [mgl-1] 0.68 0.27 

TN [mgl-1] 0.74 -0.07 

TDS [mgl-1] -0.69 -0.45 

Depht [m] -0.45 0.79 

Area [ha] -0.25 0.90 

 

 

In the RDA model, canonical axes significantly account for 94.22% of the variation. 

The first axis is positively correlated with average percentage cover of elodeids (ELO, 

0.86) and nymphaeids (Nym 0.75) and accounts for 52.15% of the variation of the main 

water quality parameters (SD, TN, TP, TSS). The statistical significance of the relation 

was confirmed by Monte Carlo test (test of first axis F value 2.7, p<0.05) (Figure 3). 

 

Figure 3. Results of Redundancy Analysis (RDA). Correlations between explanatory variable 

(Elo - average percentage coverage of elodeids, Nym - average percentage coverage of 

nymphaeids) and response variable (SD - water transparency, TP - total phosphorus 

concentration, TN - total nitrogen concentration, TSS - total suspended solid concentration) 

 

 

Discussion 

A persistent regime of transparent water is perceived as more desirable due to a 

greater utility value and the subsequent development of biological diversity of a fresh 

water reservoir (Moss, 1998; Scheffer et al., 2003; Cardinale, 2011) among water 

parameters. Multiple authors claim that water transparency in fresh water ecosystems 

greatly depends on low concentrations of phosphorus (Schindler, 1977; Kentzer, 2001; 

Suchowiec and Górniak, 2006; Vitense et al., 2019). Despite the fact that the 

concentration of phosphorus does not directly affect water transparency, low 

concentrations of this element may inhibit the development of phytoplankton. It has 
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been proven within this paper that the concentration of phosphorus is not a key factor 

affecting the transparency of water in the analyzed reservoirs. Although there were 

significant differences in the transparency of water in the particular reservoirs, the 

concentration of phosphorus was at similar concentration in water in all of them. 

Similar to phosphorus, for reservoirs with a turbid water regime (group II) there were 

no significant differences between the concentration of nitrogen when compared to 

reservoirs with a transparent water regime (group I). This indicates that the 

concentration of nitrogen is not important factor responsible for maintaining a regime 

with turbid water in the ecosystems of MSR. 

The results of this study show that the depth and area of a reservoir are important 

factors that determine the species composition of submerged vegetation. However, these 

factors did not indicate significant correlation with water transparency (Table 5). The 

results of T-test also did not indicte significant differences between the two group of 

reservoirs (Table 4). As reservoir 2 are deeper than reservoirs 3, 4 and 5, it was assumed 

that it would have a higher level of water transpirancy. However results show, that a 

clarity of water is lower in Reservoir 2 (Table 1). This indicate that the depth is the one 

of many important factors which determines water quality in mining subsidence 

reservoirs. 

Since reservoirs with a transparent water regime were characterized by elevated 

concentrations of dissolved compounds and a correlations between salinity and 

transparency were found, it appears that it is the elevated concentration of dissolved 

ions that may constitute a significant factor which is responsible for maintaining a 

transparent water regime in these ecosystems. Increased salinity (> 1000 mg TDS l-1) 

may directly inhibit the development of phytoplankton (Raclavská et al., 2003; Redden 

and Rukminasari, 2008; Flöder et al., 2010; Belovsky et al., 2011). A concentration of 

dissolved solids exceeding 200 mgl-1 may lead to an increase in water transparency by 

reducing the concentration of undissolved solids (Oliver et al., 1999; Nielsen and 

Hillman, 2000). Calcium and magnesium ions, in particular, coagulate with other 

particles in a column of water, and leads to their sedimentation. Nevertheless, the 

Bartosuvka reservoir (Reservior 2) was characterized by one of the lowest SD values 

(<1 m) despite high concentrations of dissolved compounds (542-790.00 mg l-1). This 

indicates that increased salinity is not the solitary mechanism that impacts the 

improvement of water quality of mining subsidence reservoirs. 

A regime with transparent water was maintained in all the reservoirs where the 

littoral zone was characterized by a significant average percentage covers usually much 

higher than 25% of aquatic vegetation. The percentage cover of submerged vegetation 

has a positive correlation with water transparency. This substantiates of results research 

Schefer (1998), Moss (1998, 2007) and Hejzlar (2006), that aquatic vegetation play an 

essential role as necessary element in maintaining a transparent water regime in 

freshwater ecosystems. 

Tested reservoirs varied in their concentrations of both total phosphorus and 

nitrogen. The results appear to support the assumptions of the theory of alternative 

stable states, which claims that a transparent water regime may remain stable under a 

wide range of physico-chemical parameters since particular regimes remain constant as 

a result of complex bio-physico-chemical interactions that taking place in the ecosystem 

(Moss, 1998; Scheffer et al., 2003; Rameshkumar et al., 2019). Appropriate explanation 

of those interactions requires further detailed research, however, on the basis of the 

obtained results it may be assumed that the percentage cover of submerged vegetation is 

https://link.springer.com/article/10.1007/s10750-008-9376-2#auth-1
https://link.springer.com/article/10.1007/s10750-008-9376-2#auth-2
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important factors responsible for maintaining a regime with transparent water in the 

ecosystems of mining subsidence reservoirs. The increased salinity of the water of such 

reservoirs does not limited the submerged vegetation from developing. TDS may cause 

susceptible species to retreat (Hart et al., 1991; Metzeling et al., 1995; Bailey, 1998; 

Bailey and James, 2000). 

Presented results support the assumed hypothesis about the positive effect of 

submerged vegetation on the quality of water in subsidence reservoirs. Simultaneously 

this study show possibility the use of reclamation methods based on supporting the 

development of submerged vegetation in anthropogenic water reservoirs to increase the 

environmental and utility potential of such objects is validated by this research. 

Results of presented research was obtained a few years ago, but did not lose their 

science value and are the complementary in the related field in investigation of the role 

submerged vegetation functioning in anthropogenic mining water reservoirs. Presented 

results are important in post-mining areas in the aspect of their revitalization of 

subsidence reservoirs while this issue is not wide recognized by other authors. 

Conclusions 

1. Submerged vegatation were proved to have the capability to increase the clarity of 

water in mining subsidence reservoirs. 

2. If submerged vegetation cover quarter surface area of the MSR causes higher 

water transparency. 

3. Therefore submerged plants is a good alternative in keeping a clear waterstate in 

mining subsidence reservoirs as in lakes. 

4. Further work requires research of mining subsidence reservoirs of various sizes, 

controlled introduction of sumerged vegetation with different coverage, selection 

of species with different functional characteristics in situ and recognition of 

submerged and of floating plants relationships. 
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