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Abstract. Studies were conducted on the eleven largest and oldest ponds in the mesoregion Western 

Polesie in Eastern Poland. The aim of the study was to analyze the influence of environmental variables 

on species richness and vegetation cover of ponds. The analyzed variables included hydraulic parameters 

of ponds, water quality and buffer zone management. Detrended correspondence analysis (DCA), 
principal component analysis (PCA) and redundancy analysis (RDA) were applied to reveal principal 

variation patterns within the data. There were a different number of species comprising the phytolittoral 

zone in the investigated ponds. This study also showed that ponds are valuable for plant biodiversity. In 

total 75 species of plants occurred in the studied complex. The total number of species ranged from 10 to 

49 in pond. The water of the ponds is characterized by very low value for most tested water quality 

indicators. The ponds are characterized by statistically significant differences of the buffer zone 

management. They have similar environmental conditions (temporariness of flooding period, low depth, 

water quality) and they potentially can share similar species. Our results also showed that the 

relationships between macrophyte species and cover depends on buffer zone management and some 

physicochemical variables of water. 

Keywords: water body, plant community, water quality, buffer zone management, ordination methods 

Introduction 

Owing to their important contribution to aquatic biodiversity, ponds should be 

considered as an important target system in strategic plans that aim at conserving or 

developing aquatic biodiversity at the landscape scale. Such plans can only be effective 

if based on a solid knowledge of the factors that affect pond community structure and 

diversity. In issue, several studies document clear associations between the aquatic 

community characteristics and a variety of ecologically relevant, such as hydroperiod 

(Della Bella et al., 2008), surface area (Céréghino et al., 2008a), salinity and pond 

connectivity (Oertli et al., 2007; Boix et al., 2008; Gascón et al., 2008). In the first 

European Pond Workshop devoted to the Conservation and Monitoring of Pond 

Biodiversity launched a European network of people and institutions to collaboratively 

work on solving fundamental scientific issues and developing practical applications to 

protect ponds (Heino et al., 2015). 
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Ponds, particularly temporary ones, are aquatic habitats with multiple constraints due 

to their great abiotic spatial variability. However, this abiotic variability can provide 

certain, well adapted species, advanced opportunities to succeed (Lemmens et al., 

2013). Drought is the principal constraint limiting macrophytes development and 

establishment in ponds. This constraint is even greater because of its unpredictability 

and alternation of dry and wet phase varies (Della Bella et al., 2008). The development 

of life cycles with different length, the dominance of one form of reproduction, the 

major or minor investment in seed production and the germination patterns, might 

concur in structuring the macrophyte assemblages in wetlands with different 

hydroperiod length (Ierotheos et al., 2010). 

Research, driven both by the need to improve pond conservation strategies and by 

increasing interest in fundamental aspects of pond ecology (Heino et al., 2015), has 

started to shed new light on pond ecosystem structure and function. As a result, there is 

growing evidence that ponds are functionally different from larger lakes (Bornette et al., 

2011) and that despite their small size they are collectively biologically diverse 

(Ierotheos et al., 2010). Ponds also show greater biotic and environmental temporal 

amplitudes than rivers and lakes (Céréghino et al., 2008b; Søndergaard et al., 2010). 

In the mesoregion Western Polesie several pond complexes exist among which are 

the Sosnowica and Libiszów pond complexes. These pond complexes have been altered 

for harbouring and breeding carp. From an economic point of view, eutrophication is 

beneficial as it stimulates the growth of organisms that serve as the base of the food 

chain for fish. Hypertrophy is an adverse phenomenon resulting from over-fertilizing of 

ponds. In addition the data generated, so that this information may be used as the 

decision maker for conservation and effective utilization of water bodies particularly the 

reservoirs (Grzywna, 2013). 

Studies were conducted on the eleven largest and oldest ponds in this region. They 

have been for one fish farming since World War I (Grzywna and Nieścioruk, 2016). 

The aim of the study was to evaluate the richness and distribution of aquatic 

macrophytes in fishing farm and to examine the relationships between habitat 

characteristics, environmental conditions, and aquatic macrophyte compositions. The 

ponds were all located within the border parts of protected natural areas of the Natura 

2000 zone – the Forest of Parczew PLB060006. Data concerning physical and chemical 

properties of water, as well morphology, landscape and macrophytes were collected. 

The aim of the study was to analyze the influence of environmental variables on 

species richness and vegetation cover of ponds. The analyzed variables included 

hydraulic parameters of ponds, water quality and buffer zone management. Hydraulic 

parameters of ponds were characterized by 2 values. Water quality was determined 

based on 10 physical and chemical properties of water. Five ways of using the buffer 

zone were identified. 

Materials and methods 

The paper presents the results of water quality tests, buffer zone management and 

richness of macrophyte species. Studies were carried out in July 2016 in two pond 

complexes in Western Polesie (Eastern Poland). The first complex, Sosnowica, consists 

of 6 fish ponds located in the Piwonia river basin (51°30'N, 23°05'E). The second 

complex, Libiszów, consists of 5 fish ponds located in the Konotopa river basin 

(51°40'N, 22°50'E). Both ponds in spring time are filled with water from the Wieprz 
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and Krzna Canal (Fig. 1). They were all shallow with a different water area – WA, and 

depth – D (Table 1). The three largest ponds in each of the investigated complexes were 

flowing ponds connected by a system of ditches with the river Piwonia and river 

Konotopa. The rest of the studied ponds were standing ponds. All the studied ponds 

were temporary, having shorter wet-phase duration < 200 days. The ordination analysis 

covered 75 species, 11 study sites and 17 environmental variables. 

 

 

Figure 1. Location of the study area in the Western Polesie. 1 – study area, 2 – lakes, 3 – 
ponds, 4 – river, 5 – Wieprz-Krzna Canal 

 

 

Minimum and maximum water depth was measured in situ using a meter stick. Pond 

area, water surface and buffer zone management (BZM) were estimated using ortho-

image interpretation. Detailed analysis of land use types were carried out in ponds 

buffer zones, assuming the same radius length for ponds, 100 m, measured from the 

centroid of ponds and set automatically by the ArcGIS 10.0 software. Five ways of 

using the buffer zone were identified – Infrastructure (I), Water surface (W), Grasslands 

(G), Forests (F), Bushes (B). 

 
Table 1. Hydraulic parameters of ponds 

No. 

ponds 
Name of pond 

Total area 

(ha) 

Water 

area (ha) 

Depth 

min-max (m) 

Volume of the 

water (m3
) 

Power supply 

1 Hetman 90 54.5 0.8-1.2 530 Flowing pond 

2 Anielski 83 44.7 0.8-1.2 440 Flowing pond 

3 Kłoda 64 31.6 0.6-1.0 250 Flowing pond 

4 Jedlina 41.5 30.4 1.0-1.5 360 Standing pond 

5 Renta 15.5 13.3 0.7-1.2 120 Standing pond 

6 Rumieniec 34 25.7 0.7-1.2 230 Flowing pond 

7 Płonne 37 28.6 0.5-0.9 220 Flowing pond 

8 Wiklik 40 30.8 0.8-1.2 300 Flowing pond 

9 Morski 35 29.5 0.6-1.0 240 Standing pond 

10 Kościuszko 27 23.8 0.6-1.0 190 Standing pond 

11 Racławice 24 19.5 0.6-1.0 150 Standing pond 
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Conductivity (Con), dissolved oxygen (DO) and pH were measured in situ with a 

multi-parameter probe. Three subsamples were taken and preserved at 4 
o
C to be 

analyzed in the laboratory later. Two of the subsamples were glass filtered to determine 

chlorides (Cl), sulphates (SO4), nitrate nitrogen (N-NO3) and ammonia nitrogen (N-

NH4). The third subsample, which was unfiltered, was used to determine total 

phosphorus (TP) and total nitrogen (TN). Water transparency was measured by visual 

evaluation Secchi disc (SD) (Grzywna et al., 2015). 

Total surface covered with all studied groups of plants was calculated on the basis of 

macrophyte analysis in horizontal transects, extending from the edge of the 

embankment of the pond to the maximum colonization depth in pond. Aquatic transects 

radiated inward towards the centre of the pond for the length of macrophyte occurrence 

and were uniformly distributed along the entire shoreline every 100 m. The spatial 

structure of macrophytes was analysed in detail from 9 (the smallest pond) to 25 (the 

biggest pond) transects within the each pond. In each transect we collected emergent 

macrophytes using frames with sampling area of 0.5 m
2
. Each measurement was 

repeated five times. Submerged and floating leaves macrophytes were sampled using a 

floristic Bernatowicz type of sampler (area 0.16 m
2
) (Sender, 2016). On this basis, we 

determined species composition and the range of occurrence of particular groups of 

macrophytes in ponds. We recorded all species among 4 groups of macrophytes 

(emergent – EM, submerged – SM, floating – FM and flood meadow taxa – MT). 

To calculate the present proportion of the different plant groups in ponds ArcGIS 

10.0 software was used. Total coverage and range of particular groups of plants 

occurrence was done by a retrospective photointerpretative analysis (Chmielewski et al., 

1996) using orthophotomap (2013), bathymetry maps of ponds, as well as field 

investigations. Maximum depth and GPS location were determined using the sonar Elite 

no. 5 of LOWRENCE. Aquatic plants were grouped in five class of coverage (1 = 1–

5%, 2 = 5–25%, 3 = 26–50%, 4 = 51–75% and 5 = 76–100%), following the 

phytosociologic approach (Braun-Blanquet, 1976). Phytosociological units were 

distinguished using a systematic and nomenclature system by Matuszkiewicz (2008). 

The data set was first subjected to detrended correspondence analysis (DCA) which 

showed a first-axis gradient length of 0.68 in standard deviation units. Therefore we 

decided to apply linear methods of ordination as principal component analysis (PCA) 

and redundancy analysis (RDA). PCA with standardized environmental variables was 

used to visualize patterns of environmental variation across ponds. Prior to the analysis, 

redundant environmental variables (with linear correlation coefficient r > 0.7) were 

omitted to avoid collinear rite (Blanchet et al., 2008). Further analysis took the 

following environmental variables into account: W, G, F (buffer zone management); 

TN, TP and Con (water quality). Significant PCA axes were selected with both Kaiser-

Gutman criterion and the broken-stick model (Borcard et al., 2011). In the next stage, 

redundancy analyses with forward selection were performed. We carried out an RDA 

with all environmental explanatory variables, as well as for two subsets of variables 

(BZM and plant cover). We decided to apply Hellinger transformation to the species 

data (Legendre and Gallagher, 2001). Environmental data was cube root transformed 

and standarized to fulfill the assumption of normality. The RDA results were used to 

produce an ordination triplot. Statistical analyses were performed using vegan package 

in R (R Core Team, 2015; Oksanen et al., 2016). 
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Results 

The water of the ponds is characterized by very low value for most studied water 

quality indicators. It applies mainly concentrations of such indicators as: Cl, SO4, N-

NO3, N-NH4, conductivity (con.), water reaction (pH), as well as TN. The concentration 

of DO and TP were different and rather high in studied ponds. The DO concentration 

reached average value 2.3 mgO2·dm
-3 

(range from 1.9 to 2.8 mgO2·dm
-3

), while, TP 

concentration ranged from 0.62 to 4.35 mgP·dm
-3

 (Table 2). 

Statistically insignificant differences in physical and chemical parameters of water 

are characteristic of the analyzed ponds. 

The ponds are characterized by statistically significant differences of the buffer zone 

management. The zone is predominantly overgrown with forests and bushes 

(accounting for > 50% of the total area). In the case of ponds situated in the central part 

of the complexes the water of the neighbouring ponds constitutes more than 40% of the 

ecotone area (Table 3). 

 
Table 2. Physical-chemical variables of water in ponds 

Feature Unit\Pond 1 2 3 4 5 6 7 8 9 10 11 

SD m 0.7 0.7 0.7 0.4 0.3 0.5 0.6 0.5 0.5 0.4 0.5 

pH  7.1 6.9 6.9 7 7.1 7.4 7.3 7.7 8.2 8 7.6 

DO mgO2·dm-3 2.5 2.3 2.0 1.9 2.6 2.1 2.8 2.5 2.7 2.8 2.4 

Con µS·cm-1 389 209 237 220 302 360 370 380 300 340 321 

N-NH4 mg·dm-3 0.45 0.09 0.11 0.08 0.06 0.37 0.29 0.22 0.17 0.25 0.3 

N-NO3 mg·dm-3 0.46 0.65 0.48 0.6 0.61 0.5 0.53 0.55 0.59 0.51 0.6 

TN mg·dm-3 1.4 0.5 0.9 0.6 0.9 0.97 0.82 0.93 0.61 0.55 0.8 

TP mg·dm-3 0.62 1.88 2.77 4.35 0.84 1.98 1.67 1.82 1.24 1.11 1.5 

SO4 mg·dm-3 25 30 32 21 69 27 24 20 31 33 40 

Cl mg·dm-3 18 16 14 12 4 13 11 10 8 7 15 

 

 
Table 3. Buffer zone management 

Land use [%] 1 2 3 4 5 6 7 8 9 10 11 

Infrastructure (I) 8 2 3 1 0 3 12 10 1 3 1 

Water (W) 40 31 7 19 14 0 0 0 45 40 26 

Grasslands (G) 3 0 5 10 1 12 20 18 10 5 7 

Bushes (B) 29 59 60 37 19 25 18 9 4 7 18 

Forest (F) 20 8 25 33 66 60 50 63 30 45 48 

 

 

Distribution of plants in the ponds was heterogeneous (mosaic). Phytolittoral zones 

often developed from one bank to another. Four different growth groups of macrophytes 

were found: submerged, emergent, floating and flood-meadow taxa. In total, 75 species 

of plants occurred in the studied complex. The number of species ranged from 10 in 

Morski pond to 49 in Anielski pond. There was a different number of species 

comprising the phytolittoral zone in the investigated ponds. The most abundant aquatic 

plant species found in the ponds were flood-meadow species (Table 4). They were 

represented by 49 (up to 67%) of aquatic species in some ponds. The species richness of 
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the pond was up 6 to 34 species. The most common species were: Bidens trpartita, 

Lycopus europaeus, Scirpus sylvaticus. They overgrow the embankment area, beyond 

the permanent water surface. Emergent macrophytes (EM) were represented by 10 

species, occurring in all ponds. The dominant species among emergent macrophytes 

were Phragmites australis and Typha angustifolia. Submerged macrophytes (SM) 

comprised the poorest group, representing only 7 species. Species of this group occur in 

only 6 ponds. The most common species of SM was Ceratophyllum demersum. Floating 

macrophytes (FM) were represented by 9 species occurring in 9 ponds. The species 

richness of the pond was up to 5 species. The most common FM species were: Lemna 

minor i Polygonum amphbium. Among the species present in the investigated ponds 

were protected ones including: Nuphar lutea, and Nymphea alba. The total pond area 

covered with vegetation ranged from 5.0 to 39.6%. 

 
Table 4. Characteristic of the macrophytes occurrence 

Pond 1 2 3 4 5 6 7 8 9 10 11 

Macrophyte cover [%] 

Floating  2.7 8.9 3.7 0 1.0 1.9 0.4 0 0.4 0 0.5 

Submerged 2.2 3.2 3.9 0 0 2.8 4.9 4.4 0 0 0 

Emergent 5.4 13.2 12.1 5.0 2.2 4.3 5.2 7.4 3.2 2.1 1.1 

Flood-meadows 9.2 4.7 19.9 6.9 2.6 4 3.2 2.3 2.3 3.1 3.4 

Total cover 19.5 30 39.6 11.9 5.8 13 13.4 14.1 5.9 5.2 5.0 

Species number 

Floating  2 6 7 0 3 3 1 0 2 0 2 

Submerged 0 2 3 0 0 3 3 3 0 0 0 

Emergent 7 7 6 3 3 5 2 3 2 4 4 

Flood-meadows 25 34 22 10 12 20 17 15 9 6 12 

Total number 35 49 38 13 18 31 23 22 13 10 18 

 

 

PCA axes 1 and 2 explained 72.06 % of a total variance (Fig. 2). Axis 1 explained 

48.55 % of the total variance with forest and grassland coverage and conductivity 

showing high positive loading ( 04.1 , 81.0 , 77.0 , respectively) and total 

phosphorus and total nitrogen showing a negative loadings ( 75.0 , 71.0 , 

respectively). Axis 2 explained 23.52 % of the total variance and showed high negative 

loading for water coverage ( 87.0 ) and a positive loading of total nitrogen 

( 73.0 ). Forest coverage and conductivity are highly positively correlated. Water and 

grassland coverage are negatively correlated. Total nitrogen and water coverage have 

nearly orthogonal arrows, indicating a correlation close to 0. 

Redundancy analysis results are visualized in an ordination diagram (Fig. 3). All 

environmental variables explained 76.28% of the total variation (Legendre and Birks, 

2012). The first two RDA axes explained 35.58% of the total variation in the species 

data (RDA1 = 18.8%, RDA2 = 16.78%). We performed a statistical significance test 

using the anova function in the vegan package for all variables and received a 

significant result (p = 0.039). The results of the forward selection and permutation tests 

indicated that only total phosphorus are significantly related to the species data 

(p = 0.02; R
2
 = 0.67). When the subset of variables related to plant cover was 

considered, a total inertia of 26.85% was explained (p = 0.03; R
2
 = 0.29). After the 
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forward selection procedure the variable total phosphorus was selected as significant. 

However, when the subset BZM of environmental variables were taken into account, 

the explained total inertia was slight (34.87%) and not significant (p = 0.105; 

R
2
 = 0.35). Among the strongest species-environment associations, we found that the 

species Iris pseudoacorus was positively associated with total phosphorus. Typha 

angustifolia and Eupatorium cannabinum were negatively associated to total 

phosphorus. Variable total phosphorus seemed to be associated to the negative part of 

Axis 1. 

 

 

Figure 2. Principal components analysis (PCA) of the environmental variables included in the 

study and ordination of the sites 

 

 

 

Figure 3. RDA ordination diagram of the environmental variables was included in the study 
and the sites. All species were included in the analysis, but for clarity the most poorly 

represented species were displayed on scatter plots as “+” 
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Discussion 

Biodiversity in ponds is frequently studied because ponds are rich in microhabitats 

(Céréghino et al., 2008a) and provide appropriate conditions for aquatic vegetation 

development and establishment. Specifically, occasional breaks in the surrounding 

canopy on pond banks create changes in sediment properties that foster the development 

of plants (Gallego et al., 2014; Gallego et al., 2015). 

Ordination analysis included 11 study fish ponds and 17 environmental variables. 

This study also showed that ponds are valuable for plant biodiversity. In total 75 species 

of plants occurred in the studied complex. The total number of species ranged from 10 

in Morski pond to 49 in Anielski pond. In the studied ponds, a high number of aquatic 

plants were found according to the most recent works in Europe. In the studied ponds in 

the Mediterranean there were 51 species (on average 24 species per pond). In a study of 

lowland ponds in Great Britain an average number of 6 species in standing ponds and 

11 species in flowing ponds was recorded and in ponds located in central Italy the 

average was 9 species (Della Bella et al., 2008; Gallego et al., 2014). 

Maintaining the greatest diversity of macrophytes, as well as stable quality water, 

provides high economic effects in the studied ponds (Lemmens et al., 2013). Landscape 

characteristics mainly played an important role in species composition-environmental 

conditions relationships, ale chemical characteristics were significant (Hrivnák et al., 

2013). The chemical parameters of the water to a large degree determine the occurrence 

of macrophytes; however, this is not the only type of pressure. Also, the development of 

the catchment area and of the littoral zone of the aquatic ecosystems has a significant 

effect on water and rush plant communities. Studies on the effect of the method of 

development of the littoral zone of lakes in the state of Wisconsin show that housing 

development definitely has a negative effect on submerged and floating-leaf plants. 

Such an effect was not observed for emergent vegetation. On the other hand, a lower 

share of forests in the catchment basin reduced the development of all macrophyte 

groups (Ahrenstarff et al., 2009; Akasaka et al., 2010). 

The results of the forward selection tests indicated that only floating leaves are 

significantly related to the cover. They cover the water’s surface and in this way provide 

fish the benefits of shade, protection and breeding areas. Ponds as a rule are shallow and 

during the summer their temperature rises very fast. This could cause a rapid increase in 

algal (Lin-lin et al., 2012). The proper buffer zone management (forest mixed meadow) 

could limit the penetration of sunlight (Sender, 2016). In these places, where the buffer 

zone is without shading vegetation, they cool the water for the fish and give fish a place 

to hide. But they could decrease the occurrence of submerged macrophytes. Submerged 

macrophytes, in the investigated ponds, were not numerous. So, in our opinion a 

compensation phenomenon appeared in these ponds, like in the shallow lakes from the 

Polesie region (Sender et al., 2015). Floating leaves may grow well in water with low 

transparency, well sunlit (Feldmann and Nöges, 2007), so it seems that ponds create the 

best habitat for them. The litoral and especially the zone of floating leaved plants 

decrease with increasing lake area due to wind stress related to the height and strength 

of waves (Feldmann, 2012; Kolada, 2014). 

Ponds are ecosystems created by man and like each type of such ecosystem they 

require man’s constant interference (regulation of water level, feeding fish). They are 

usually formed in unattractive agricultural places, while their presence significantly 

increases the natural values of the area. Antrophogenic waters provide suitable 

environmental conditions for the potential establishment and growth of macrophytes, 
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floating-leaved and flood-meadow taxa. The analysed ponds could be an excellent 

example of sustainable development. 

Conclusions 

In conclusion, this study highlighted that temporary ponds in Western Polesie have 

different macrophyte species composition, with aquatic species exclusively found in 

each pond. Temporary ponds, while capable of hosting some hydrophytes, are tightly 

linked to humid meadows. They have similar environmental conditions (temporariness 

of flooding period, low depth, water quality) and they potentially can share similar 

species. Our results also showed that the relationships between macrophyte species and 

cover depends on buffer zone management and some physico-chemical variables of 

water. The PCA analysis showed a positive effect of the presence of grassland and 

forests in the buffer zone on the diversification of plant vegetation. We observe a 

negative effect on the diversity of vegetation in the case of high concentration of 

nitrogen and total phosphorus and increasing surface of the ponds. The RDA analysis 

showed a statistically significant negative effect of the total phosphorus concentration 

on macrophyte differentiation. 

For conservation purposes, the studied temporary ponds hosted some species of 

conservation interest at regional scale: Nuphar lutea, Nymphea alba and Epipactis palustris 

(Lower Risk Category) are exclusively found more than in only one of pond. Therefore, the 

ponds should be preserved or created because both could give an irreplaceable contribution 

to the conservation of aquatic plant diversity of small water bodies. 

Studies on physical and chemical parameters and occurrence of aquatic vegetation 

should be carried out in subsequent years at different times of the year. These factors 

are subject to seasonal and long-term changes. In the future, these studies will allow to 

determine the directions of changes and their causes. 
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