
Monitoring’2023   

 

 

XVII International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
7–10 November 2023, Kyiv, Ukraine 

 

Mon23-134 
Accumulation of nitrogen, phosphorus, potash, and dynamic 
patterns of cover growth in emergent and floating aquatic 
vegetation of the Dniester Delta region 

S. Medinets (Odesa National I. I. Mechnikov University, Ukraine; Centre for Ecology & Hydrology, 
UK), *Ye. Gazyetov, Yu. Rudka (Odesa National I. I. Mechnikov University, Ukraine), T. Pavlik, 
I. Yakuba (Odesa National I. I. Mechnikov University, Ukraine), V. Medinets, O. Pauzer (Odesa 
National I. I. Mechnikov University, Ukraine), S. Snihirov, N. Kovalova (Odesa National 
I. I. Mechnikov University, Ukraine) 

SUMMARY 

In the Dniester River catchment, human activities are causing excess nutrient loads and 
eutrophication in vital ecosystems. This study assesses annual changes in aquatic vegetation 
cover and nutrient accumulation (N, K, P) in the Dniester Delta region to aid targeted 
management. 

In the Dniester Delta, our study reveals notable trends in aquatic vegetation and nutrient 
implications. Emergent vegetation has remained stable, with less than 1% variation, in the 
Dniester mouth and adjacent during the period of 2000-2021. However, this area often faced 
challenges from overgrowing floating vegetation in summer time. Floating plant cover grew 
from 4.1 km² in 2000 to 10.1 km² in 2019, declining to 7.2 km² since 2020. In addition, the 
deltaic lake Bile experienced a substantial 16% decrease in area since 1984 due to the 
overgrowth of emergent vegetation. 

Our research highlights the crucial role of aquatic vegetation in nutrient removal. Emergent 
plants accumulated ca. 18.2 Gg N, 9.0 Gg K, and 0.7 Gg P, while floating vegetation up-took 
ca. 49.7 Mg N, 36.0 Mg K, and 1.7 Mg P over a vegetation period in 2021 within the studied 
Dniester Delta area, creating a significant 'temporary' nutrient pool. These plants can 
potentially serve as both nutrient-removing agents and regional nutrient resources, benefiting 
agriculture and energy sectors. 

Our data aims to raise public awareness, support evidence-based policies, and emphasize the 
hidden benefits of sustainable nutrient and aquatic vegetation management in the Dniester 
Delta. 
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Introduction 
Freshwater ecosystems, crucial for local well-being and regional economy through services like 

drinking water supply, tourism, aquaculture, and hydropower generation, are susceptible to human 
impacts (Sutton et al., 2022). A primary ecological concern in many transboundary river catchments, 
including the Dniester, is the excessive nutrient load from human activities like agriculture, industry 
(wastewater discharges and gas emissions), domestic sewage, and others (e.g., Medinets et al., 
2020a,b). This leads to increased eutrophication in river deltas, lakes, estuaries and coastal areas 
(Medinets et al., 2020a and references therein; Rudka et al., 2022). Climate change, altered 
precipitation patterns, and hydro power construction also exacerbate negative impacts on biodiversity, 
biological resources, and ecosystem services (e.g., Rouholahnejad et al., 2014). Additionally, 
excessive aquatic vegetation growth, often seen in vulnerable Delta areas, exacerbates problems. In 
the Dniester Delta, the wetlands areas located in the Lower Dniester National Nature Park (LDNNP) 
play vital roles as biodiversity hotspots, nutrient ‘purifiers’, and contributors to air quality and 
greenhouse gas balance. However, aquatic vegetation overgrowth is a common issue. When natural 
aquatic plants become overgrown or bloomed, they harm water quality, biodiversity, and ecosystem 
services by reducing oxygen levels, altering pH, limiting light penetration, slowing water flow (while 
increasing temperature), increasing siltation, providing substrates for algae, obstructing navigation 
and fishing areas, and diminishing recreational appeal (Greenfield et al., 2007; Hussner et al., 2017). 

Hence, monitoring changes in aquatic vegetation cover and quantifying nutrient accumulation is 
crucial for region-specific aquatic vegetation management strategies. These strategies can address 
environmental issues in the Lower Dniester and provide an additional nutrient source for regional 
agriculture. This study aims to estimate the annual changes in emergent and floating vegetation cover 
and quantified nutrient content accumulated by plant biomass in the Dniester Delta area. 

 

Methods 
The study was performed in two pilot areas of the Lower Dniester: (i) the deltaic lake Bile and (ii) 

the river delta with the adjacent Dniester Estuary (Odesa region, Southern Ukraine) (Fig. 1). Climate 
is temperate continental with annual mean air temperature of 10.5°C (Bilanchyn et al., 2021). Annual 
precipitation sum is ca. 464 mm (2000-2014) varying substantially over the recent years from 420 mm 
(2020) to 771 mm (2021). This area is exposed to atmospheric N deposition of 10-20 kg N ha-1 yr-1 

with a large share of organic constituents similar to that observed in the coastal areas of the Black Sea 
(Medinets et al., 2020b and references therein). Aquatic vegetation boundaries were measured in-situ 
by using a GPS device of Eagle SeaCharter 640CDF (hor. acc. 3-5 m) mounted on a research boat in 
July/ August 2011-2021. Post-expeditionary processing was done in QGIS. Corrections were carried 
out using available satellite (LandSat 5,7,8, Sentinel 2) and aerial imageries. Data for the years before 
2011 were retrospectively estimated using satellite images only (without ground-truth validation). 
Aquatic plans were sampled in the representative plots using 50x50 cm plastic frame in 2021 (Rudka 
et al., 2022). Species composition was identified, nutrient (nitrogen (N), phosphorus (P) and 
potassium (K)) contents were measured in plant biomass of each species according to the standard 
ISO methods.  

 

Results and Discussion 
We found that emergent vegetation cover (Fig. 2a) remained stable in the Dniester Delta area, 

fluctuating between 0.5% and 1%. The maximum cover, 89.4 km², was recorded in 2000, while the 
minimum, 88.4 km², occurred in 2011. Over the past 20 years, we observed a positive trend in 
emergent vegetation cover (r²=0.64; p<0.05) (Fig. 2a). Fig. 2b illustrates the evolution of floating 
vegetation since 2000. River mouth areas were heavily affected by floating vegetation overgrowth 
during the summer. We detected a gradual increase in the area covered by floating vegetation, from 
4.1 km² in 2000 to 10.1 km² in 2019. However, since 2020, this plant type's coverage has decreased to 
7.2 km². The inter-annual variation in vegetation cover near the Dniester branch mouth was higher 
(variation coefficient (VC): 32.3%) than near the Deep Turunchuk branch mouth (VC: 21.8%) (data 
not shown here).  
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We observed that the area of Bile Lake has been 
decreasing over time due to the overgrowth of 
emergent vegetation. From 1984 to 2005, we 
estimated a reduction in area of only 5%, but 
over the last 16 years, this process intensified 
and reached 11% (Fig. 2c). In total, the lake's 
area decreased by 16%, from 1.17 km² in 1984 
to 0.98 km² in 2021. Our study demonstrates 
that manually processed satellite images with 
resolutions ranging from 60 to 10 meters per 
pixel provide a valuable source for reliably 
estimating changes in the lake area over time. 
We revealed the intensification of this process 
from 2005 to 2010 and then from 2012 to 2021. 
These changes appear to be related to 
inadequate or lack of naturally-induced flushing 
of the wetland areas surrounding the lake during 
low-water (dry) years.  

This phenomenon is exacerbated by shifts in rainfall patterns from spring/ early summer to late 
summer/ early autumn (Loboda et al., 2021), as well as the impact of hydro power structures and their 
operation procedures, which affect water flow by filling reservoirs and decreasing ecological water 
release downstream (Corobov et al., 2021).  

Therefore, ongoing monitoring of aquatic 
vegetation cover and the identification of 
different types/species in deltaic areas of 
regulated rivers, including the Dniester, are 
essential for regional authorities and national 
park administrations (Dvoreckiy and Gubanov, 
2023; Manakos et al., 2023). 

Whereas near-real-time monitoring is 
challenging through field surveys, automated 
approaches using satellite data are still facing 
challenges in shallow water bodies (Ade et al., 
2022). Unique long-term field measurements 
remain invaluable for training and validating 
state-of-the-science methods and models (Ade 
et al., 2022 and references therein). Recently, 
an automated method for monitoring aquatic 
vegetation in freshwater ecosystems, involving 
categorization and mapping of three primary 
classes (floating, emergent vegetation, and 
open water) using satellite-derived indicators 
and a multicriteria hierarchical analysis with 
unsupervised thresholding, was developed by 
Manakos et al. (2023) and successfully 
validated using in-situ data presented in this 
study. 

Many transboundary river catchments 
experience excessive nutrient loads from 
anthropogenic activities within their catchment 
areas, and the Dniester River is no exception 

(Medinets et al., 2020a and references therein). This leads to increased eutrophication in Deltaic 

 
Figure 1 Study area boundaries of the Dniester Delta 
(blue line) and the Bile lake (yellow line) 

 
Figure 2 Emergent (a) and floating (b) vegetation 
cover in the Dniester Delta area (2000-2021); Bile lake 
boundaries (c) on emergent vegetation cover (1984-
2021) 
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areas, lakes, and estuaries (Medinets et al., 2020a), which in turn contributes to the overgrowth of 
aquatic plants (Rudka et al., 2022; Manakos et al., 2023). These plants can accumulate nutrients, 
heavy metals, and other compounds from river water and bottom sediments, temporarily purifying 
aquatic ecosystems. However, when these plants reach the senescent stage, all the compounds they 
have absorbed during their growth return to the water as organic detritus. While aquatic vegetation 
serves as a large nutrient immobilizing pool during its mature development stage, it then gets a 
‘pollution’ source for water bodies if no measures are taken (Greenfield et al., 2007; Hussner et al., 
2017). Conversely, it can be used as a nutrient source for agriculture and energy sectors with proper 
management (OECD, 2017). Therefore, based on the results of this study, we quantified the capacity 
of different aquatic vegetation species in the Dniester estuary and the Bile Lake areas to store N, P, 
and K, as presented in Table 1. 
 

Table 1 Mean nutrient content (kg per ha-1) in different aquatic plant species per covered area in the Dniester 
estuary and the Bile lake (sampled in July 2021) [d.m.: dry matter] 

 
 

We demonstrated that Phragmites australis, growing in the wetlands of the Dniester Estuary, 
represented a substantial source of N (2042 kg N ha-1) and K (1016 kg K ha-1), approximately 7.5-fold 
higher than that found around Bile Lake (Table 1). While Typha angustifolia had a relatively high 
nutrient content but not considered a valuable resource due to its limited coverage in the study area. 
On the other hand, floating vegetation accumulated nutrients in comparable amounts in both areas, 
ranging from 63-81 kg N ha-1, 1.9-2.5 kg P ha-1, and 32-52 kg K ha-1 (Table 1). 

We quantified that the above-water parts of floating vegetation (at the mature development stage) in 
the small Bile Lake (0.94 km²) absorbed ca. 4.05 Mg N, 2.2 Mg K, and 0.11 Mg P from the aquatic 
ecosystem in July 2021 (Table 1). Simultaneously, the aquatic vegetation in the Dniester estuary 
(study area of 256.4 km²; Fig. 1) had the capacity to remove up to 18.2 Gg N, 9.0 Gg K, and 0.7 Gg P 
through emergent plants, and ca. 49.7 Mg N, 36.0 Mg K, and 1.7 Mg P through floating vegetation 
from the water-sediment continuum, as estimated for July 2021. In the absence of smart sustainable 
management practices, the nutrients accumulated in these plants during the summer are re-deposited 
into the aquatic system in the (late)autumn, causing negative impacts on the ecosystem the following 
spring, instead of being utilized in agriculture as nutrient-rich agents or for bio-fuel/ energy generating 
(Mansour et al, 2022). 

 

Conclusions 
We observed that emergent vegetation cover remained relatively stable over time in the Dniester 

Delta area, with a deviation of less than 1%. In contrast, the deltaic lake Bile experienced a significant 
decrease in area by 16% since 1984. Nevertheless, over the past 20 years, we noted a trend of 
increasing emergent vegetation cover throughout the entire area. 

The river mouth areas with the adjacent estuary were highly affected by the overgrowth of floating 
vegetation during the summer months. We observed an increase in floating plant cover from 2000 to 
2019, followed by a decrease since 2020. 

Our study highlights the critical role of aquatic vegetation, both emergent and floating, as a 
significant source of nutrients (N, K, P) in the study region. Currently, this exacerbates negative 
impacts on the ecosystem, but these plants have the potential to serve as both nutrient-eliminating 
agents from water bodies and valuable nutrient resources for the agricultural and energy sectors. 
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We believe that the data generated within this study will raise public awareness of the issues 
associated with aquatic plant overgrowth, support evidence-based decision-making by policymakers, 
and help them recognize the potential 'hidden' benefits of developing and implementing coupled 
sustainable nutrient and aquatic vegetation management strategies in the Dniester Delta. 
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