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1. Introduction  

Understanding the complex functioning and role of macrophytes is a critical aspect of 

restoration and management of aquatic ecosystems, for instance lakes. Depending on the 

content of nutrients as well as succession of lakes, we distinguish between three types of 

lakes eutrophic, oligotrophic and dystrophic (Podbielkowski and Tomaszewicz 1979). 

Lake Durowskie is a particular example, which is the most popular tourist attraction and has 

a broad range of ecological and socio-ÅÃÏÎÏÍÉÃ ÖÁÌÕÅÓ ÉÎ 7äÇÒÏ×ÉÅÃȟ 0ÏÌÁÎÄȢ )Ô ÈÁÓ 

importance for recreational activities, tourism, fishing, etc. Also, it is home of many different 

floral and faunal species indicates the high ecological value. In general, it is surrounded by 

ÆÏÒÅÓÔ ÆÒÏÍ ÔÈÅ ÎÏÒÔÈ ÁÎÄ ÔÈÅ ÔÏ×Î ÏÆ 7äÇÒÏ×ÉÅÃ ÉÓ ÁÄÊÁÃÅÎÔ ÉÎ ÔÈÅ ÓÏÕÔÈȢ 

The local population and tourists use this area for water sport and other recreational 

ÁÃÔÉÖÉÔÉÅÓ ɉ'ÏčÄÙÎ ÅÔ ÁÌȢ ςπρσɊȢ )Î ÁÄÄÉÔÉÏÎȟ ÔÈÅ ÕÐÐÅÒ ÒÉÖÅÒ ÉÎÆÌÏ× ÔÏ ÔÈÅ ÌÁËÅ ÈÁÄ ÂÅÅÎ ÕÓÅÄ 

for untreated sewage disposal for several years and hence increased the phosphorus 

content of the water (Macroinvertebrate report 2014). Furthermore, the catchment area 

around the upper lakes has been typically used for agricultural activities. 

As a result of these unsustainable anthropogenic activities, the water quality of the lake has 

been degraded. The ecological state of Lake Durowskie became sevÅÒÅÌÙ ÅÕÔÒÏÐÈÉÃ ɉ'ÏčÄÙÎ 

et al. 2013), though the sewage disposal activity has been stopped since 2006 

(Macroinvertebrate report 2014).  

It was reported that a large bloom of cyanobacteria happened during the summer in 2008. 

Immediately after that, the local sanitary authorities had to close the lake for recreational 

activities. Realising the overall importance of this lake, the responsible authority decided to 

launch a research project aiming to identify the problems and monitor the status of the lake. 

As part of this project, study on macrophyte is being carried ÏÕÔ ÓÉÎÃÅ ςππω ɉ'ÏčÄÙÎ ÅÔ ÁÌȢ 

2013). 

Aquatic macrophytes play an important role in the structuring and functioning of different 

communities where they are present. Several types (e.g. submerged, floating leaves, 

emergent, etc.) of macrophytes are found in the aquatic environment. They increase habitat 

complexity, heterogeneity and spawning ground for various organisms such as 

invertebrates, fishes and waterfowl. Generally these plants colonize the shallow zone of the 

watercourses, influencing key ecological processes (e.g. nutrient cycling) and attributes of 

other aquatic assemblages (e.g., species diversity). Moreover, macrophytes contribute to the 
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transfer of chemical components from sediment to water and sediment accumulation and 

influence physico-chemical processes of the water column, e.g. oxygen, inorganic carbon, pH 

and alkalinity. Furthermore, several species of macrophytes produce considerable amount 

of refractory matter (e.g. fibrous material), which elevate the carbon sequestration in 

aquatic ecosystems, retention of solids and nutrients by their submerged roots and leaves, 

thus reducing the nutrients concentration in the water. Finally, they provide protection 

against waves and winds, which also promotes the stabilization of shores and a reduction in 

erosion and sediment resuspension (Thomaz & da Cunha 2010). 

Communities of hydro-macrophytes such as submerged ones are used as an indicator of the 

status of the lake ecosystem over time. Charophytes are particular examples of clear state of 

water and hence ensure good aquatic environment when grows ÅØÔÅÎÓÉÖÅÌÙ ɉ0ÅčÅÃÈÁÔÙ Ǫ 

Pronin 2015).  

The objectives of the present study are firstly, to understand the role of macrophytes on the 

functioning of lake ecosystem. Secondly, to determine the ecological status of the Lake 

Durowskie based on the ESMI and MIR indices, following the requirements of WFD. Finally, 

to compare the findings of the present study with those of the studies conducted in the years 

2009 to 2015 in order to get information of changes in the status of the lake. 
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2. Material and Methods  

2.1. Study area 

The Lake Durowskie ɉ&ÉÇÕÒÅ ρɊȟ ÌÏÃÁÔÅÄ ÉÎ ÔÈÅ ÃÉÔÙ 7äÇÒÏ×ÉÅÃȟ .ÏÒÔÈ×ÅÓÔ ÏÆ 0ÏÌÁÎÄ ×ÁÓ 

selected purposively to conduct the macrophyte study. Its geographical location lies 

ÂÅÔ×ÅÅÎ . υςЈτωͻφͻͻ ÁÎÄ % ρχЈρςͻρͻͻȢ )Ô ÉÓ Á ÐÏÓÔÇÌÁÃÉÁÌ ÌÁËÅ ×ÉÔÈ ÅÌÏÎÇÁÔÅÄ ÓÈÁÐÅȟ ×ÉÔÈ Á 

surface of 143.7 ha and maximum depth recorded of 14.6 m (Table 1). 

It is the seventh and final lake in the catchment area, therefore its ecosystem has been 

ÓÔÒÏÎÇÌÙ ÉÎÆÌÕÅÎÃÅÄ ÂÙ ÔÈÅÉÒ ÉÎÆÌÏ×Ȣ 3ÔÒÕÇÁ 'ÏčÁÎÉÅÃËÁ ÉÓ ÔÈÅ ÒÉÖÅÒ ÔÈÁÔ ÆÌÏ×Ó ÔÈÒÏÕÇÈ ÔÈÉÓ 

lake. 

 
Figure 1: ɉÁɊ ,ÏÃÁÔÉÏÎ ÁÎÄ ɉÂɊ ÂÁÔÈÙÍÅÔÒÉÃ ÍÁÐ ÏÆ ,ÁËÅ $ÕÒÏ×ÓËÉÅȟ 7äÇÒÏ×ÉÅÃȢ 

(from maps.google.com and Goldyn & Messyasz 2008 apud Robiansyah et al. 2010). 

Table 1: Basic data of Lake Durowskie 
(Goldyn et al. 2013 apud Warach et al. 2015) 

Location  Commune and district 7äÇÒÏ×ÉÅÃ 

Surface 143.7 ha 

Volume  11,322.ω Íύ 

Maximum depth  14.6 m 

Average depth  7.9 m 

Surface of the entire catchment area  361.ρ ËÍό 

Main tributary  3ÔÒÕÇÁ 'ÏčÁÎÉÅÃËÁ 
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2.2. Field data collection  

Field data were collected during the first week (from June 27 to July 2nd). Different 

macrophyte communities were identified and recorded on the littoral and deeper part of the 

Lake Durowskie as well as in the outflow at the southern part of lake. Transect sampling 

method was followed to collect different patches of macrophytes (e.g. rush plants, floating 

on the surface and submerged plants). Coordinates of starting of each new patches were 

recorded by GPS. Length and width of the associations were measured to get the spatial 

coverage of the patches identified. Aerial coverage of macrophytes were determined 

following the Braun-Blanquet method. Depth in meters of submerged macrophytes were 

measured to understand the ecological requirements. Simultaneously, presence of 

submerged macrophytes were examined by the usage of an anchor. 

2.3. Data record  

The following week (July 4 to July 8), data were analysed in the PC laboratory. At first, GPS 

coordinates were imported via QGIS and saved as ESRI shapefile. After that, spatial areas of 

each patch were digitized by creating polygons for each association using the ArcGIS 

ÓÏÆÔ×ÁÒÅȢ )Î ÔÈÅ ÎÅØÔ ÓÔÅÐȟ ÓÐÁÔÉÁÌ ÃÏÖÅÒÁÇÅ ɉÍόɊ ÏÆ ÅÁÃÈ ÁÓÓÏÃÉÁÔÉÏÎ ×ÁÓ ÃÁÌÃÕÌÁÔÅÄ ÁÎÄ 

summed up to get the total value for each macrophyte association. 

2.4. Data analysis 

The assessment of the ecological status of the Lake Durowskie based on macrophytes was 

performed through the use of the following two indices, which are both compliant with the 

Water Framework Directive of the European Union (2000/60/EC) (Ciecierska and 

Dynowska 2013). 

2.4.1. Ecological State Macrophyte Index (ESMI)  

ESMI evaluates two main aspects of macrophyte community patterns: taxonomic 

composition and abundance. The index values range from 0 to 1, where 1 denotes the 

theoretical reference value and it decreases as the quality of the ecosystem deteriorates 

(Ciecierska and Kolada 2014). 

It is an index composed of other indices, with the following formulas: 
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Where:  

P =  total area of the lake. In our study case is 147.3 ha. 

ni =  is the proportion in percentage of the area inhabited by each plant 

association in the total of the phytolittoral. 

N (H) =  is the total area vegetated in percentage (100%). 

S =  is the total number of plant associations in the phytolittoral. 

N (ESMI, Z) = total phytolittoral area vegetated in m2. 

Pisob2.5 =  is the potential phytolittoral area bounded by the 2.5 meters isobath (area in 

the lake with a depth inferior to 2.5 meters). In the case of Lake Durowskie, 

to be consistent with previous years, it is of 20.96 ha. 

2.4.2. Macrophyte Index for Rivers (MIR)  

MIR identifies the presence of certain macrophytes to indicate the degree of degradation in 

the rivers, through the following formula (Ciecierska and Dynowska 2013): 

ὓὍὙ 
ВὒὭ Ͻ ὡὭ Ͻ ὖὭ

ВὡὭ Ͻ ὖὭ
 Ͻ ρπ 

Where: 

i =  individual species.  

L* = species indicator value. 

Specifies the average trophic level of the environment and ranges from 1 

(indicators of eutrophic conditions) to 10 (indicators of oligotrophic water) 

(Muratov and Szoszkiewicz 2015). 

W* =  weighting factor. 
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Is a measure of ecological tolerance of species to trophy and ranges from 1 

(plants with a large range tolerance ɀ eurybionts) to 3 (organisms of a narrow 

tolerance scope ɀ ecological specialists, stenobionts) (Muratov and Szoszkiewicz 

2015). 

* L and W values are obtained from the list of bioindicator species used to calculate the MIR, 

in Ciecierska and Dynowska 2013. It should be noted that the species found in situ that are 

not in the forementioned list, are not bioindicators and thus are not relevant for this index. 

P =  coefficient of coverage for each species. 

For the coverage in percentage of each specie identifi ed in situ, the following table 

(Ciecierska and Dynowska 2013) provides a value assigned: 

Table 2: Conversion table for the cover coefficient (P) 

Cover coefficient 

(P)  

Cover of species in % 

(in situ)  

1 <0.1 

2 0.1 - 1 

3 1 - 2.5 

4 2.5 - 5 

5 5 - 10 

6 10- 25 

7 25- 50 

8 50- 75 

9 75 - 100 

To determine the index in the Lake Durowskie, we sampled the macrophytes in the river 

which is the outflow of the lake. 
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3. Results 

3.1 Macrophytes association coverage  

For this report, macrophyte associations are used to indicate the ecological state of the Lake 

Durowskie. The coverage of macrophyte associations observed in 2016 are shown in Table 

3. 

Table 3: Macrophytes associations coverage in the Lake Durowskie in 2016 

Association  !ÒÅÁ ÉÎ Íό Area in %  

Phragmitetum communis (Garms 1927 , Schmale 1931) 68,751 69.95% 

Typhetum angustifoliae (Allorge 1922 , Soo 1927) 12,694 12.92% 

Myriophylletum spicati (Soo 1927) 8,136 8.28% 

Nupharo-Nymphaeetum (Tomaszewicz 1977) 3,060 3.11% 

Fontinaletum antipyreticae (Kaiser 1936) 2,950 3.00% 

Potametum perfoliati (W. Koch 1926) 1,104 1.12% 

Acoretum calami (Kobendzz 1948) 714 0.73% 

Caricetum ripariae (Soo 1928) 327 0.33% 

Charetum tomentosae (Corillion 1957)  112 0.11% 

Scirpetum lacustris (Allorge 1922 , Chouarge 1924) 108 0.11% 

Typhetum latifoliae (Soo 1927) 86 0.09% 

Butometum umbelati (Konczak 1968) 75 0.08% 

Sparganietum erecti (Roll 1938) 69 0.07% 

Eleocharitetum palustris (Schennikov 1919) 39 0.04% 

Glycerietum maximae (Hueck 1931) 19 0.02% 

Thelypteridi-Phragmitetum (Kuiper 1958) 18 0.02% 

Caricetum acutiformis (Eggler 1933) 13 0.01% 

Potametum lucentis (Hueck 1931) 11 0.01% 

Total  98,286 100%  

 
Figures 2, 3 and 4 show the distribution of macrophyte associations along the shoreline of 

Lake Durowskie in 2016. The map of the lake is divided in three sections, since it provides a 

ÍÕÃÈ ÃÌÅÁÒÅÒ ÖÉÅ× ÏÆ ÔÈÅ ÁÓÓÏÃÉÁÔÉÏÎȭÓ ÁÐÐÅÁÒÁÎÃÅ ÁÎÄ ÄÉÓÔÒÉÂÕÔÉÏÎ ÔÈÒÏÕÇÈÏÕÔ ÔÈÅ 

shoreline. 

As it is clearly visible, the northern belt of the lake shows much wider and larger patches 

with a maximum width of 60 meters. The central part has up to 13 meters wide.  

On the other hand, the southern side close to the city, has the widest patch with 20 meters 

but the images show clearly fewer appearance and bigger gaps between patches.  
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Figure 2: Distribution of macrophytes in the north segment of Lake Durowskie 
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Figure 3: Distribution of macrophytes in the central segment of Lake Durowskie 
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Figure 4: Distribution of macrophytes in the south segment of Lake Durowskie 

  
























