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Abstract. Long-term eutrophication remains one of the major pressures
affecting freshwater lake ecosystems in Europe. Lake Durowskie (north-
western Poland) has experienced sustained nutrient loading from
agricultural runoff, urban activities, and hydrological connections with
upstream lakes, resulting in a hypertrophic state. Since 2009, restoration
measures combined with systematic ecological monitoring have been
implemented to improve the lake’s ecological condition. This study
evaluates long-term phytoplankton and periphyton dynamics as indicators
of ecological recovery in Lake Durowskie during 2008-2025. Samples
were collected from multiple lake and inflow sites and analysed in terms
of taxonomic composition, abundance, biomass, and ecological
characteristics. Ecological status was assessed using biological indices,
including the Shannon—Wiener diversity index (H’), Pielou evenness
index (E), Jaccard similarity index, Nygaard mixed trophic index, and the
diatom index (DI). The results indicate relatively high phytoplankton
diversity and evenness across the lake. Chlorophyta and
Bacillariophyceae contributed most to species richness, whereas total
biomass was largely influenced by dinoflagellates, particularly Ceratium
hirundinella and Peridiniopsis berolinense. Long-term observations
revealed increasing algal species richness since 2022 and low Jaccard
similarity values (17-25%), indicating significant community
restructuring. Although the Nygaard index consistently classified the lake
as hypertrophic, improvements in the periphyton diatom index at several
sites suggest gradual ecological improvement. Overall, the results indicate
a transitional recovery phase under persistent eutrophic pressure and
confirm the value of phytoplankton and periphyton as indicators for long-
term monitoring of hypertrophic lake ecosystems.

Keywords: phytoplankton; periphyton; eutrophication; ecological
recovery; long-term monitoring; bioindicators; diatom index;
hypertrophic lake; Lake Durowskie

1. Introduction

Eutrophication remains one of the most widespread and persistent
pressures on freshwater ecosystems worldwide, particularly in temperate
regions of Europe (Xu et al., 2022). Excessive nutrient inputs from
agricultural runoff, urbanisation, and altered hydrological connectivity
promote high primary production, frequent algal blooms, and long-term
degradation of ecological status in lakes (Xu et al., 2022; Yan et al., 2024).
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Even when restoration measures are implemented, the ecological response of eutrophic and
hypertrophic lakes is often non-linear, requiring long-term biological monitoring to reliably assess
recovery trajectories (Jeppesen et al., 2005; Reyjol et al., 2014).

Algal communities, including phytoplankton and periphyton, are widely recognised as sensitive
bioindicators of environmental change in freshwater ecosystems (Jakovljevi¢ et al., 2021; Messyasz
& Wu, 2017). Due to their short life cycles and direct dependence on nutrient availability, light
conditions, and water chemistry, algae respond rapidly to both anthropogenic pressures and
restoration efforts. Changes in algal taxonomic composition, biomass distribution, and diversity
indices provide valuable insights into trophic status, ecosystem stability, and successional processes
(Reynolds, 2006; Padisak et al., 2009; Karpowicz et al., 2025). Consequently, algal-based indices,
such as diversity metrics, trophic indices, and diatom-based indicators, are increasingly applied in
ecological status assessments and water management frameworks (Tokatl et al., 2020; European
Commission, 2000; Birk et al., 2013; Blanco, 2024).

Long-term datasets are particularly valuable for distinguishing between short-term variability
and genuine ecological recovery (Li et al., 2025; Reynolds, 2006). Recent studies highlight the
importance of long-term ecological monitoring in evaluating restoration success in eutrophic lakes,
particularly under conditions of persistent nutrient loading (Poikane et al., 2016; Carvalho et al., 2020;
Hilt et al., 2017). While reductions in nutrient concentrations may occur relatively quickly, biological
communities often respond with a delay, exhibiting complex restructuring processes rather than
simple linear improvement (Li et al., 2025; Karpowicz et al.,2025). Declining community similarity,
shifts in dominant functional groups, and divergence between abundance- and biomass-based patterns
are frequently observed during transitional phases of recovery. Therefore, integrating phytoplankton
and periphyton analyses over extended time periods is essential for understanding ecosystem
trajectories in hypertrophic lakes.

Lake Durowskie, located in north-western Poland, represents a characteristic example of a
small urban lake subjected to long-term eutrophication driven by agricultural inflow, urban pressure,
and hydrological connections with upstream lakes (Xu et al., 2022; Reyjol et al., 2014). Since 2009,
the lake has been the focus of continuous ecological monitoring combined with restoration measures
aimed at improving water quality. This unique long-term dataset provides an opportunity to evaluate
how algal communities respond to sustained management efforts under persistent eutrophic
conditions (Li et al., 2025; Reynolds, 2006).

The present study aims to assess long-term phytoplankton and periphyton dynamics as
indicators of ecological recovery in Lake Durowskie over the period 2008-2025. By combining
taxonomic analyses with multiple algal-based indices, this study seeks to characterise spatial and
temporal changes in algal community structure, evaluate trends in ecological status under continued
hypertrophic pressure (Xu et al., 2022; Bennion et al., 2004; Li et al., 2025; Birk et al., 2013), and
assess the usefulness of phytoplankton and periphyton as complementary bioindicators in long-term
lake monitoring and sustainable ecosystem management (Li et al., 2025; Tokatl et al., 2020; Blanco,
2024; Van den Brink et al., 2011).

2. Materials and Methods
2.1. Study area

The study was conducted in Lake Durowskie, located in north-western Poland within the town
of Wagrowiec (52°49'06" N, 17°12'01" E) (Figure 1). Lake Durowskie is a post-glacial, lowland lake
strongly influenced by anthropogenic pressure due to intensive agriculture in the catchment area,
urban development along the shoreline, and hydrological connectivity with upstream lakes. This
connectivity promotes continuous nutrient inflow and contributes to the lake’s long-term
hypertrophic condition.
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Figure 1. Location of Lake Durowskie (north-western Poland) and satellite view of the study area
(Source: authors)

The morphometric and hydrological characteristics of Lake Durowskie are presented in Table
1, while the land-use structure of the direct catchment area is summarized in Table 2. The dominance
of agricultural and forested areas indicates a mixed-type catchment, where diffuse pollution plays a
key role in shaping the trophic status of the lake.

Table 1. Morphometric and hydrological characteristics of Lake Durowskie

Parameter Value
Surface area 143.7 ha
Volume 11.32 x 105 m®
Maximum depth 14.6 m
Mean depth 79m
Total catchment area 23.610 ha
Direct catchment area 1.581 ha

Table 2. Land-use structure of the direct catchment area

Land use type Share (%)
Urban 8.25
Agriculture 33.52
Forest 58.26

2.2. Sampling and monitoring

Field investigations were carried out in June 2025 as part of the long-term ecological
monitoring program. The sampling design ensured coverage of inflow, central, aeration, and littoral
Zones.

Phytoplankton: 8 sampling stations

Periphyton: 12 sampling stations
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Water samples (30 L) were collected from the epilimnion layer (0—3 m) and concentrated using
plankton nets. Periphyton samples were obtained by scraping submerged stones along the shoreline.
All samples were preserved with Lugol’s iodine solution( Figure 2).

Physicochemical parameters (temperature, pH, electrical conductivity, dissolved oxygen) were
measured in situ using a YSI 556 multiparameter probe. Water transparency was determined with a
Secchi disk.

(d) (€) (f)

Figure 2. Field sampling procedures and in situ measurements during the monitoring campaign

(a) Water sampling for phytoplankton analysis (Source: authors)

(b) water transparency measurement using Secchi disk;

(c) in situ measurements of physicochemical parameters using a multiparameter probe (YSI
556);

(d) sample labeling;

(e) field protocol documentation;

(F) representative phytoplankton taxa under light microscopy.

2.3. Laboratory analysis

Algal taxa were identified to the lowest possible taxonomic level using light microscopy and
standard taxonomic keys(Rimet & Bouchez, 2012). Quantitative analysis was conducted by counting
individual algal cells in subsamples. Phytoplankton abundance was expressed as individuals per litre
(ind. L%) using appropriate concentration factors.

Biomass was estimated based on species-specific biovolume calculations, where algal cells
were approximated using geometric models. Biomass values were expressed in mg Lt and rounded
to three decimal places.

2.4. Biological indices
Biological assessment followed the principles of the EU Water Framework Directive, with
emphasis on biological quality elements (Scott et al., 2005).

2.4.1. Phytoplankton indices
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The following indices were applied:

Shannon—Wiener diversity index (H') — assessment of species diversity;

Evenness index (E) — evaluation of species distribution uniformity;

Jaccard similarity index (SJ) — long-term comparison of species composition (2008-2025);

Nygaard trophic index — determination of trophic state, with trophic status classification based
on threshold values presented in Table 3.

Table 3. Classification of trophic status based on Nygaard index

Trophic status Index value
Oligotrophic <1.0
Mesotrophic 1.0-3.0

Eutrophic 3.0-5.0
Hypertrophic >5.0

The Nygaard index classification was used to interpret phytoplankton-based trophic status.

2.4.2. Periphyton and diatom index

The ecological status was assessed using the Diatom Index (DI), based on species-specific
sensitivity, tolerance ranges, and relative abundance (Poikane et al., 2016), with ecological status
classes defined according to the classification scheme presented in Table 4.

Table 4. Ecological status classification according to diatom index

Ecological status Diatom index
Very good >0.83
Good 0.55-0.83
Moderate 0.30-0.55
Poor 0.15-0.30
Bad <0.15

This classification was applied to interpret diatom-based ecological status across sampling sites.

2.5. Data analysis framework

Data processing included quantitative and qualitative analysis of phytoplankton and periphyton
communities. Phytoplankton density (ind. L) and biomass (mg L) were calculated using species-
specific biovolume estimates.

Descriptive statistical analysis was applied to summarize spatial patterns in species richness,
abundance, and biomass. Diversity indices were calculated for each sampling station. Long-term
trends in species richness and trophic indices were interpreted using comparative analysis of
monitoring data collected between 2008 and 2025.

3. Results
3.1. Phytoplankton structure and diversity

Phytoplankton communities of Lake Durowskie in 2025 exhibited high taxonomic richness and
pronounced spatial heterogeneity. In total, 86 phytoplankton taxa belonging to seven major algal
groups were identified, including Bacillariophyceae, Chlorophyta, Cyanobacteria, Cryptophyta,
Dinophyta, Euglenophyta, and Chrysophyceae.

Species richness was highest in the inflow zone, where 46 taxa were recorded, whereas central
pelagic stations showed lower values ranging from 13 to 27 taxa. This pattern indicates that the inflow
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acts as an important source of phytoplankton diversity, continuously supplying taxa to the lake
ecosystem.

Chlorophyta and Bacillariophyceae dominated the phytoplankton community at all sampling
sites, together accounting for more than 65% of the total species pool (Figure 3). This taxonomic
structure is characteristic of eutrophic lowland lakes exposed to sustained nutrient loading.
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Figure 3. Number of Phytoplankton Species at each site and depth. The belonging group of the
species is indicated with different colors (Source: authors)

Figure 3 shows a higher number of species in the inflow (46) than in the lake (13-27). This
indicates that the inflow acts as an additional source of phytoplankton species for the lake ecosystem.
Chlorophyta and Bacillariophyceae groups contribute to more than 65% of the number of the
phytoplankton species at every site.

Phytoplankton diversity, expressed by the Shannon-Wiener index, varied among sampling
zones. The highest values were observed in the inflow (approaching 5.0), whereas lake stations
showed moderate to high diversity levels ranging from 2.5 to 3.5 (Figure 4). Elevated diversity in the
inflow reflects reduced dominance and higher environmental heterogeneity compared to the central
lake basin. Evenness index values were consistently high across all sites (0.63-0.83), indicating a
relatively balanced distribution of species abundances and the absence of strong dominance patterns.
Overall, these results suggest a structurally complex phytoplankton community despite the
persistence of eutrophic conditions.
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Figure 4. Phytoplankton group abundance for each site and depth (Source: authors)

Figure 4 shows that the most abundant phytoplankton groups are Bacillariophyceae and
Chlorophyta at lake stations, whereas no single dominant group was observed in the inflow.

As illustrated in Figure 5, at the inflow station, phytoplankton abundance was characterised by
the dominance of a limited number of taxa, while the remaining species together accounted for more
than 60% of the total abundance.
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Figure 5. Relative abundance of the five dominant phytoplankton species at different sampling sites
in the surface layer (0 m depth): (a) inflow station; (b) site 2; (c) site 3; (d) site 4; (e) site 5 (Source:

authors)

3.2. Periphyton and diatom index

Periphyton communities of Lake Durowskie in June 2025 were dominated by benthic diatoms,
demonstrating clear spatial variation in species composition and dominance patterns among sampling
sites (Table 5). The assemblages were characterised by a limited number of dominant taxa
accompanied by a diverse group of less abundant species.

Table 5. Relative abundance (%) of dominant diatom taxa in periphyton communities of Lake
Durowskie in June 2025. No diatoms were recorded at site 12

Taxon

Site 1

Site 2

Site 3

Site 4

Site 5

Site 6

Site 7

Site 8

Site 9

Site 10

Site 11

Site 12

1

2

3

4

5

6

7

8

10

11

12

13

IAchnanthes
lanceolata

6.77

Achnanthes
laterostrata

IAchnanthes
minutissima
Kutz.

35.00

32.77

44.03

38.14

37.00

39.80

38.84

43.10

48.00

39.43

14.00

Amphora
pediculus
(Kitz.)
Grunow

1.93

5.01

28.76

3.47

Cocconeis
pediculus

3.75

7.60

3.56

Cocconeis
placentula Ehr.

20.50

18.29

15.34

13.96

15.54

11.60

13.17

21.88

17.00

29.43

18.00

Gomphonema
mesodon (Ehr.)
Kutz.

7.00

9.30

Diatoma tenuis

16.00

10.68

11.93

8.47

5.01

8.92
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Continuation of the Table 5

1 2 3 4 5 6 7 8 9 10 11 12 13

Diatoma

vulgaris 665705706 | — | - | - | - | - | - | - | - | -

Fragilaria
capucina
(Desm.)
Rabenhorst

- | - |568| — | - | - | = | - |600| - | - | -

Fragilaria
capucina var{ — - - - | 802 - |405| - - - | 800 | -
\vaucheriae

Fragilaria

virescens - - - - - 5.56 - - — _ _ _

Gomphonema

parvulum B B B B B - - B B B 6.00 B

Gomphonema
pumilum

Naviculacari | 10.75| - _ _ _ _ _ _ _ _ _ _

\Witzschia

dissipata - - - - - |55 | - | 347 | - - | 700 | -

\Witzschia
palea (Kitz.) — - — — — - - - _ _ _ _
W. Sm.

Across most sites, Achnanthes minutissima represented the most abundant diatom species,
reaching particularly high relative contributions at sites 3-9, where its share exceeded 35-48%. This
widespread dominance reflects the high ecological tolerance of this species and its adaptability to
eutrophic and environmentally variable conditions. Achnanthes lanceolata and Achnanthes
laterostrata occurred sporadically with low relative abundance.

Cymbella microcephala was another frequent and ecologically important taxon, contributing
between approximately 12% and 27% at several sites, suggesting relatively stable littoral habitats
with sufficient oxygen availability. Other taxa, including Diatoma tenuis, Fragilaria capucina,
Gomphonema parvulum, Gomphonema pumilum, Navicula cari, and Nitzschia spp., occurred with
moderate to low relative abundance and contributed to local-scale differentiation of periphyton
communities.

No diatom species were recorded at site 12, indicating unfavourable conditions for periphyton
development at this station.

Diatom Index values revealed pronounced spatial variability in ecological status along the
littoral zone. In 2025, several stations achieved good ecological status, while other sites remained
within moderate or poor classes, indicating partial improvement of benthic ecological conditions
under persistent eutrophic pressure.

3.3. Long-term dynamics (2008-2025)

Long-term analysis revealed pronounced temporal changes in the phytoplankton communities
of Lake Durowskie over the period 2008-2025. Total species richness increased markedly after 2022,
with 2025 exhibiting the highest number of recorded taxa since the beginning of the monitoring
programme (Figure 6). This trend indicates a gradual increase in community complexity and may
reflect the cumulative effects of restoration measures implemented in the lake since 2009. This
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increase indicates an ongoing restructuring of phytoplankton assemblages rather than a return to
earlier community states.

Biomass of phytoplankton (mg/L

N = .
Site and depth e \erat |

Figure 6. Shows that Dinophyta and Chlorophyta dominate phytoplankton biomass across all sites
and depths (Source: authors)

In particular, dinoflagellates contributed disproportionately to total biomass, reflecting their
large cell size and high biovolume, despite relatively moderate numerical abundance. This divergence
between abundance- and biomass-based patterns highlights the importance of considering multiple
metrics when assessing ecological change.

Community similarity analysis further confirmed the dynamic nature of phytoplankton
succession. Jaccard similarity values between 2025 and earlier monitoring years ranged from 17% to
25%, indicating low resemblance to historical assemblages and high species turnover. Such low
similarity suggests continuous species replacement and adaptive reorganisation under sustained
environmental pressure.

Despite increasing taxonomic richness, the Nygaard mixed trophic index remained consistently
high across all stations in 2025, with values ranging from 5.7 to 11.5 (Table 6), corresponding to
eutrophic and hypertrophic conditions. These values were comparable to those observed in 2023—
2024, demonstrating that nutrient enrichment continues to exert strong control over phytoplankton
structure and ecosystem functioning.

Table 6. Nygaard mixed trophic index values at sampling sites in Lake Durowskie in 2025

Methods |Cyanobact Chlorococc| Centric | Euglenoids | Desmids Mixed Index
eria ales diatoms
Inflow 6 10 1 0 3 57
Aerotor 2 7 14 1 0 3 11,0
Middle 1 4 9 1 1 3 5,0
Middle 2 3 13 2 0 4 9,0
Aerotor 1 6 15 2 0 2 115

Overall, the long-term dynamics of phytoplankton in Lake Durowskie indicate a transitional
ecological state, characterised by increasing biodiversity, high species turnover, and persistent
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eutrophic conditions. These patterns suggest that biological reorganisation is occurring under long-
term management, although full trophic recovery has not yet been achieved.

4. Discussion
4.1. Phytoplankton

The phytoplankton community of Lake Durowskie exhibits clear spatial and temporal patterns
typical of eutrophic to hypertrophic lake ecosystems undergoing long-term management. One of the
most prominent features is the role of the inflow as a major biodiversity source. Significantly higher
species richness and diversity at the inflow compared to pelagic lake stations indicate continuous
introduction of taxa into the lake, promoting spatial heterogeneity and contributing to community
complexity.

A marked discrepancy between numerical dominance and biomass dominance was observed.
While Chlorophyta and Bacillariophyceae dominated phytoplankton assemblages in terms of species
richness and abundance, phytoplankton biomass was largely controlled by dinoflagellates,
particularly Ceratium hirundinella and Peridiniopsis berolinense. This pattern reflects the large cell
size and high biovolume of dinoflagellates, allowing them to dominate biomass despite relatively low
abundance. Such divergence between abundance- and biomass-based metrics is well documented in
eutrophic lakes and has important implications for energy flow and trophic interactions (Reynolds,
2012).

Long-term analysis revealed increasing phytoplankton biodiversity since 2022, with 2025
showing the highest total number of recorded taxa since the beginning of monitoring. At the same
time, declining Jaccard similarity values indicate substantial species turnover and ongoing
community restructuring rather than recovery toward historical assemblages. This combination of
increasing diversity and low similarity suggests a transitional ecological state characterized by
dynamic reorganization under persistent environmental pressure.

Similar transitional dynamics have been reported in other European lakes undergoing
restoration, where biological communities often respond more slowly than physicochemical
parameters (Jeppesen et al., 2005; Carvalho et al., 2020). These findings confirm that biological
indicators provide essential information on ecosystem recovery processes.

Despite these biological changes, the Nygaard mixed trophic index consistently classified the
lake as eutrophic to hypertrophic. This confirms that nutrient enrichment remains a dominant driver
of ecosystem functioning. The coexistence of high biodiversity with persistent eutrophy highlights
the non-linear response of phytoplankton communities to management measures and emphasizes that
biological recovery may precede detectable improvements in trophic status (Reynolds, 2012).

4.2. Periphyton

Periphyton communities provided complementary insights into ecological conditions,
particularly in littoral zones. The dominance of Achnanthes minutissima and Cymbella microcephala
across most sampling sites reflects the prevalence of taxa tolerant to eutrophic conditions and variable
environmental stress. Nevertheless, spatial differences in dominance patterns indicate local-scale
habitat differentiation (Van den Brink et al., 2011)

Diatom index values demonstrated a clear improvement in ecological status at several littoral
sites in 2025 compared to previous years, with multiple stations shifting from moderate or poor to
good ecological classes. These changes suggest that benthic communities may respond more rapidly
to environmental improvement than pelagic phytoplankton, making periphyton a sensitive early
indicator of ecological recovery.

Ecological preference analyses showed persistent dominance of eutrophic indicator species,
confirming sustained nutrient enrichment. However, the increasing contribution of mesotrophic taxa
suggests partial alleviation of eutrophication pressure. High proportions of oxygen-demanding
species across sites indicate favourable oxygen conditions, while dominance of alkaliphilous taxa
reflects stable alkaline pH typical of productive eutrophic lakes.
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Overall, periphyton-based assessment indicates gradual improvement of nearshore ecological
conditions, even though eutrophication remains the defining characteristic of the lake (Feio &
Dolédec, 2012; Ma et al., 2019; Ramezani et al., 2014).

Descriptive statistical analysis and comparative evaluation of long-term monitoring data
revealed a gradual increase in phytoplankton species richness after 2022, accompanied by substantial
community turnover. These trends suggest that biological restructuring is occurring despite the
persistence of hypertrophic conditions.

5. Conclusion
Phytoplankton communities of Lake Durowskie are characterized by high taxonomic diversity,
with diatoms and green algae dominating in terms of abundance, while dinoflagellates - particularly
Ceratium hirundinella - control phytoplankton biomass. Diversity and evenness indices indicate
structurally complex communities with limited dominance, despite persistently high nutrient levels.
Periphyton-based diatom indices reveal significant improvement at several littoral sites
compared to previous years, supporting the conclusion that ecological conditions are gradually
improving, especially in nearshore zones. However, low Jaccard similarity values demonstrate
substantial community restructuring rather than recovery toward historical assemblages.
The Nygaard trophic index confirms that Lake Durowskie remains in an eutrophic to hypertrophic
state. Taken together, the results indicate a transitional ecological phase characterized by persistent
eutrophication accompanied by increasing biodiversity and partial biological recovery. Continued
long-term monitoring and nutrient load reduction remain essential to consolidate ecological
improvements and prevent future degradation.
These findings highlight the importance of long-term biological monitoring for evaluating the
effectiveness of lake restoration strategies.
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I'mnepTpodThl KOJIAIH JIKOJOTHSUIBIK KAJINbIHA KeJYiHiH HWHINKATOPJIapPbI
peTiHae (UTOMIAHKTOH MeH Nepu(UTOHHBIH Y3aK Mep3iMai JIMHAMHKACHI:
JypoBckoe keJi, ITosbma

Beata Messyasz, Boguslawa Leska

Anaarna. ¥3axk Mep3iMai aBTpodukanus Eyponaaarsl TYIIBI Cy Keiepi dKOKyHenepine acep eTeTiH
HETI3T1  HKOJIOTHSUIBIK KbICBIMIapAblH Oipi  Oonbinm  Tabbutaabl. Conarycrik-Oateic [lombmiana
opHanackaH JlypoBckoe Keili aybUIIapyanibUIBIK aFbIHIBUIAPBIHBIH, KaJallbIK KbI3METTIH JKOHE
KOFapbl arbICTa OpHAJIACKAH KOJJAEPMEH T'HIPOJOTUSIBIK OaillaHBICBIHBIH OCEpiHEH KOPEKTIK
3aTTapblH TYPaKThl TYCyiHEe yIIbIparn, rurnepTpod el kyiire sketkeH. 2009 xpiinan Gactarn KeJIiH
SKOJIOTHSUIBIK JKaFlailblH  KakcapTyFa OaFbITTalfaH KaJlblHA KeNTIpy MIapanapbl OKyiemni
HKOJIOTHSUTBIK MOHUTOPHHTTICH KaTap kyprizizyae. byn 3eprrey 20082025 xpuimap apaibiFbHIA
JlypoBckoe KeusiHJeri (UTOIUIAaHKTOH MEH MNepU(PUTOH KaybIMAACTBIKTAPBIHBIH Y3aK Mep3imji
JTMHAMUKACBIH KOXKYHEHIH AKOJOTHSIIBIK KaJdlblHA KETYIHIH WHIUKATOpJAphl peTiHae Oaranayra
OarpITTaNIFaH. YJTiIep KONAIH OpTYpil YydYacKeNepiHeH KOHE KYATHIH aFbIHIApJaH >KUHAJBII,
TaKCOHOMMSUTBIK KYpaMbl, MOJIIIBIIBIFBI, OMOMACCAChI XKOHE SKOJIOTUSIIBIK CUIIaTTaMaliapbl OOMBIHIIIA
TangaHabpl. DKoJoTwsuIbIK Jkarmaid [llennon—Yusep optypainik unaaekci (H'), [Iueny tenectipimy
unnekci (E), Xakkap ykcacTblk wuHaekci, HioraparelH apanac TpO(UKAIBIK WHACKCI JKOHE
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muatoMablk uHIeKe (DI) cusKTBI OMONOTHSIBIK HMHACKCTEPAl KOJJAHy apKbUIbl OarayiaHJIbL.
Hormxkenep xen OolibiHIIIA (PUTOIIIAHKTOHHBIH CATBICTHIPMAJIBI TYPJE XKOFAPhl TYPJIK SPTYPIILIIri
MeH TeHecTipinayin kepcetTi. Typiik Gainsikra Chlorophyta men Bacillariophyceae 6aceim 60sbL,
al Kalmel OMOMAacCaHbIH KalbIITaCyblHa HeTi3iHeH auHoduare/uiatTap, ocipece Ceratium
hirundinella >xone Peridiniopsis berolinense typnepi oacep erti. ¥3ak mep3imui Oakpuiaymap 2022
KbUIAH Oactanm OaiabIpiapAblH TYPJIK OalyIbIFBIHBIH apTKaHbIH JkoHe JKakkap YKCacThIK
MHJICKCiHIH ToMeH MaHzepiH (17-25%) kepceTTi, Oy KaybIMIACTHIK KYPBUIBIMBIHBIH €JICYJIi KalTa
KaJIbINTacyblH  Oinmmipeni. Hriorapn wWHAEKCT Kol TYpPakThl TypAe THNEPTPOPTHI  JIEM
CHUIIaTTaraHbIMEH, TNEPUPHUTOHHBIH JMATOMIBIK HMHICKCIHIH KeHOip yuackenepiae Kakcapybl
AKOJIOTHUSUIBIK KaFIalIbIH OIpTIHIEH )KaKcapybIH KepceTei. JKambl anFania, alblHFAaH HOTHXKEIEp
HBTPOQTHIK KbICHIM CaKTaJIFaH jKaF/1aiiia KeJl 3KOXKYHECiHIH OTIeNi KallblHa KeTy Ke3eHIH I eKeHIH
KepceTeal XoHe (UTOIUIAHKTOH MEH NEepU(PUTOHHBIH TUNEPTPODTH KOJAEpal Y3aK Mep3imii
MOHHUTOPHUHITE OaFanay YIIiH MaHbI3bl HHIUKATOPJIAP €KEHIH IoIeIIeHIi.

Tyiiin ce3nep: pUTOIIIAHKTOH; TEPUPHUTOH; SBTPOPUKAIHS; SKOIOTHUSIIBIK KAIIBIHA KETy; Y3aK
Mep3iM/Ii MOHUTOPHMHT; OHOMHIMKATOPIIAP; AUATOMIBIK HHIEKC; THIEPTPOdTHI KoT; JlypoBCKOE
KOJIl.

Jouarocpoynasi AMHAMHMKA (PUTOIVIAHKTOHA U NMePU(PUTOHA KAK HHAMKATOPOB
IKOJIOTHYECKOr0 BOCCTAHOBJIeHHMsI rumeprpogHoro osepa: o3zepo /lyposckoe,
Iouabma

Beata Messyasz, Boguslawa Leska

AnHoTanusa. JmurenpHas 3BTpodUKAIMs OCTAETCA OJHUM U3 Hambojee 3HAYMMBIX (PaKTOPOB
HKOJIOTMUECKOTO JIaBIIEHUS HAa AIKOCHCTEMBI MpecHOBOAHBIX o03ep EBpombl. Ozepo JlypoBckoe,
pacToIOKEHHOE B ceBepo-3amagHoi 4dacTu [loipImm, Ha TPOTSDKEHWH JTMTEIBHOTO BPEMEHH
MOJIBEpPrajioch MOCTYIUICHUIO M30BITOYHBIX OMOTEeHHBIX BEIIIECTB BCIIE/ICTBHE
CEIIbCKOXO3SMUCTBEHHOTO  CTOKa, ypOAHW3UPOBAHHOW  JEATCIILHOCTH W THAPOJIOTHYECKOMN
CBSI3aHHOCTH C BBIIIEPACIIONOKEHHBIMU 03€paMH, YTO MPUBENO K (POPMUPOBAHUIO THIEPTPOGHHOTO
cocrossusi. C 2009 roma Ha o3epe peaNnmM3yIOTCS MEpPONPHUATHS 1O BOCCTAHOBIJICHUIO,
COMPOBOXAAEMbIE CHUCTEMATHYECKUM OSKOJOTHYECKMM MOHHMTOPMHIOM, HAIlpaBJICHHBIE Ha
VIy4IIEHWE €ro SKOJIOTWYECKOro COCTOsHMs. Hacrosiee ucclenoBaHHE TOCBSIICHO OICHKE
JONTOCPOYHON TUHAMUKH (PUTOTIIAHKTOHA U TepU(UTOHA B KAUeCTBE OMOIOTHUECKUX HHIUKATOPOB
IKOJIOTHYECKOTO BOccTaHOBJIeHUs o3epa JlypoBckoro 3a mepuoa 2008-2025 rr. Ot6op mpob
(UTOIIIAaHKTOHA U TEPUPUTOHA OCYIIECTBIISIICS HA Pa3IMYHBIX YUYaCTKaxX 03epa U B IPUTOKAX, OCIIE
9ero TMPOBOJWIICS aHAU3 WX TAKCOHOMHYECKOTO COCTaBa, YHCICHHOCTH, OWOMAacChl U
OKOJIOTMUECKUX  XapaKTepucTUK. J[ms OIEeHKH MpOCTPaHCTBEHHO-BPEMEHHBIX HW3MEHEHUMN
9KOJIOTHYECKOTO COCTOSIHHSI MPUMEHSUICS KOMIUIEKC OMOJIOTMYECKUX HHJICKCOB, BKIIFOYAS WHICKC
pasHooOpaszus lllennona—Yusepa (H'), unaekc BeipaBHeHHoctu [lueny (E), wHmekc cxozacrsa
XKaxkkapa, cmemanubiii Tpoduueckuii uuaekc Hiorapaa u quaromossiii uaaekc (D). PesynbraTs
MOKAa3adu BBICOKOE BHUJIOBOE Pa3HOOOpasve M BBIPAaBHEHHOCTH (UTOIIAHKTOHA. [lo BUmOBOMY
ooratctBy momunupoBanm Chlorophyta u Bacillariophyceae, Torna xax dbopmupoBanue ooOriei
OuoMacchl B 3HAUUTEIILHOM CTENEHH OINPEIesIOch AMHOQIIare/uisTaMu, npexae Bcero Ceratium
hirundinella u Peridiniopsis berolinense. C 2022 roma otMeueHo yBelndeHHe 0OIIEro Yrcia BH/IOB
BOJIOpOCTic W Hu3kue 3HaueHus wuHAekca JKakkapa (17-25%), 49TO CBUAETENBCTBYET O
3HAYUTENBHOH mepecTpoiike coobiecTB. HecMoTpst Ha coxpaHeHue TunepTpodHON Kiaccupukanum
no wHAeKcy Hrorapna, AMaToMOBBIA WHAEKC Tepu(UTOHA Ha psAAC YYACTKOB YKasbIBaeT Ha
MOCTETICHHOE  YIIYYIIEHHWE OJKOJIOTUYECKUX YCIOBUU. B 1eMoM monydeHHBIE pPe3yabTaThl
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CBUJCTENBCTBYIOT O MEPeXOJHONM CTaguM HKOJOIMYECKOTO0 BOCCTAHOBJICHHSI O3€pa IIpU
COXpaHSIOMIEMCST 3BTPO(HOM  JABIICHMM M TIOATBEPXKIAIOT BBICOKYI0 HMH(MOPMATHBHOCTH
(GUTOTUTAHKTOHA W TNEepU(PHUTOHA KaK OMOMHAMKATOPOB [UIS JOJTOCPOYHOTO MOHHUTOPUHTA U
YCTOWYHMBOTO YIPABJICHUS TUIEPTPOGHBIMH 03€PHBIMU YKOCHCTEMaMH.

KiroueBblie cjioBa: pUTOMIIAHKTOH; IEpUGUTOH; 3BTPO(UKALUS; FKOJIOIMYECKOE BOCCTAHOBJICHUE;
JOJATOCPOYHBII MOHUTOPUHT; OMOMHINKATOPHI; AMATOMOBBIA HHJIEKC; TUIIEPTPOGHOE 03ep0; 03€PO

HypoBckoe.
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