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ABSTRACT 

An unpolluted regulated stream and its recovery gradient dependency from environmental variables.
 

altered, regulated, unpolluted stream and its dependency on the main environmental variables. Macroinvertebrate assemblages 

summer) and as a result, macroinvertebrate communities had the highest recovery rates in the autumn. In this season the stream can 
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RESUMEN

Una corriente regulada no contaminada y su dependencia del gradiente de recuperación de variables ambientaless. 
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INTRODUCTION

The thermal regime of unregulated river reaches 
depends principally on atmospheric temperature, 
hydro-morphological settings, topography and 
degree of shadiness. (Halaj et al., 2015; Salmaso 

-

Meißner et al., 2018). This can be a consequence 
-
-

ter masses or the depth of the reservoir discharge 
channel (epi- vs hypolimnetic release). As a re-
sult, a reduction in annual and daily temperature 

-

-

2008; Salmaso et al., 2016).
The natural temperature regime maintenance 

parameters such as dissolved oxygen (DO) and 
-

ing the solubility of gasses and the intensity of 
-

-
mining the intensity of biological processes oc-
curring in lotic ecosystems (Caissie et al., 2007; 

-
-

River-Moore, 2012). Seasonal alterations of such 
rates can result in disruption of the complete life 

One of the many activities causing thermal 
-

Physicochemical alterations as a result of tem-

ecologically important impact derived from river 
regulation by dams (Kampa et al., 2017).

designed for irrigation purposes and has a 29 m 

summer period, as usual (Meißner et al., 2018). In 

such as the studied one, can accumulate ammonia 
(NH ) near the bottom due to the decomposition 

2013). This accumulation of inorganic nitrogen 
can be further enhanced by a release from the 
sediments due to reduced oxygen concentrations 
(Mermillod-Blondin et al., 2024). The depletion 
of oxygen quantity could be exacerbated by 

temperatures because of climate change. In the 

could be further dam eutrophication and nutrient 

quality gains greater importance (Rodal-Morales 
et al., 2024), and considering the short period (till 
2027) for achieving good ecological status for all 

-
mission, 2019), gaining a better understanding of 

pressure becomes more important.
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The subsequent thermal, oxygen and nutrient 
regime alterations are essential and require a long-

pressure. Dalgachka River is such an example 
because: (1) it is free from intensive aquaculture 

-
cal purposes of about 20 l/s (although the mini-

l/s); (3) agricultural practices around the stream 

an extensive natural riparian habitat (Fig. 1); (4) 

NATURA 2000 and is protected by the Birds Di-
rective, bordering protected sites by the Habitats 
Directive (Fig. 2). Considering all pointed facts, 
the goal of the study emerged.

-
-

of macroinvertebrate communities in the river 
reach. In addition, the study aims to elucidate the 

-
-

logical status assessment in the riverine sampling 
sites, using multivariate analyses and the use of 

internal loading and to increased concentrations 
of ammonia and phosphates at the bottom layer, 

-

anaerobic conditions augment the content of dis-
solved inorganic nitrogen and phosphorus in the 

 
MATERIALS AND METHODS

Study area

Dalgachka River is a small stream (14 km long) 
springing from the northern slopes of Preslavska 

slopes consists of consolidated non-carbonate 
rocks: sandy limestones, marls and clayey marls 

(Nikolova, 2010). It includes several small dams 

a “semi-mountain river – R4”, in ecoregion 12 
(Pontic Province) and the dam built in the river-
bed as a “small and semi-mountain lake type – 
L12” (RBMP, 2016). The “broad river type”, ac-
cording to Lyche Solheim et al. (2019) is “R-09: 
mid-altitude, siliceous, very small-small”.

from the spring. It has a perimeter of about 2.5 

part is located at 306 m above the sea level. The 
maximum storage capacity is about 3 x 106 m  but 

 m3. 

m /s is released from the hypolimnion as an aver-
age from June 2018 till November 2022.

-

analysis from the epilimnion. Measurements 

depth.

the Dalgachka River. They are longitudinally 

from the dam, at an average elevation of 262 m 

territory of the protected area (Fig. 2). Outside 

stream is 0.85 m and the average depth is 0.08 m. 

 and  as dominant tree and 
shrub species, respectively. Helophytes are repre-
sented by 4 species (Table S1, supplementary in-

en/limnetica) and cover 5% of the stream banks 
and channel. The riverbed substrate consists pri-

https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
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marily of macrolithal (20–40 cm diameter; 40%). 
Mesolithal (6-20 cm), microlithal (2-6 cm), akal 
(0.2–2 cm diameter) and empty dreissenid shells 

for every sediment type.
The second stream sampling site (Dalgachka 

the average depth is 0.06 m. The sampling site 
is completely shaded by broadleaved trees (

). Helophytes are not present in D2 (Ta-
ble S1). The substrate is dominated by mesolithal 

Figure 1. Picture of the sampling sites. .

Figure 2 Map of the sampling sites. OV - sampling site at the dam. D1 - first sampling site at the river. D2 - second sampling site 
at the river. D3 - third sampling site at the river. The area in pink color is protected area by the Birds Directive and in dark green is 
protected area by the Habitats Directive

 Coordinates 



Unpolluted regulated stream and its recovery gradient dependency

Limnetica, 44(1): 159-177 (2025)

163

(45%) and macrolithal (25%). Microlithal (10%), 
akal (10%), psammal (5%) and agrillal (<0.02 cm 

-
es.

The third sampling site in Dalgachka River 
(D3) is located 1.25 km from the dam. D3 is 1.15 

site is almost totally shaded by the tree canopy 
( ). Shrubs and helophytes are present 

the bottom substrate. Microlithal represents 20%, 

each one).

the riparian habitat on invertebrate communities 
-

ed. This index evaluates both the riparian forest 
quality (cover, composition, structure) and the 
main hydromorphological alterations.

Collection and determination of macroinverte-
brates

-
lected from D1, D2 and D3 during the four years 
(2019-2022). The sampling events took place in 
June 2019, October 2019, June 2020, June 2021, 
June 2022, and November 2022. In June 2019 it 

-
tration in the substrate. 

“kick” covered 0.125 m  and corresponded to one 

m ) at every site (30 m length) proportionally to 
the microhabitat distribution.

-
-
-

sp.,  sp., ,  
sp.,  sp.,  sp., 

 and 
genus and species level.

Environmental variables

 measurements included T, pH, DO and 

-
many).

-

-
), nitrites (NO ), ni-

trates (NO ) and ammonia (NH ). Those nutrients 
-

guidance for photometer Hanna HI 83200 (Hanna 
Instruments, Rhode Island, USA).

-

ten-day periods. Based on their data, a graphic of 
-

-
lation of hydrological indices. Six indices related 
to the magnitude and rate of change of the envi-

-

of variation of the annual discharge (QCVANN); 

for 1 year, of more than 0.004 m /s (QPORR); (5) 

for 1 year of more than 0.004 m

-



Doychev and Taneva

Limnetica, 44(1): 159-177 (2025)

164

in the dam for 1 year prior to sampling events 
(VDAV).

 measure-

-
-

fornia, USA). Based on this information and the 

Biomonitoring metrics and Ecological Status 
(ES) assessment

Several biological indices for the determination of 
-

2000) and the Bulgarian Ordinance H-4/2012, the 
-

-

-
logical status.

-
ical parameters, or the so-called physicochemical 

-

macroinvertebrate communities:
• Total number of taxa, or richness (S), as a sim-

certain taxonomic level.

exhibits stability in unpolluted sites, is suita-
ble for semi-mountain river sections (Chesh-

hydrological alterations (Carlisle et al., 2012, 

2019) and more rigorous than other indices 

(Doychev, 2023).

the total abundance of macroinvertebrates.

-
garia for more than 24 years (Cheshmedjiev 

-

on the sensitivity of invertebrate families to 
organic pollution.

• Average score per taxon (ASPT) is a deriv-

families), thus equally based on the sensitivity 

number of taxa. Its sensitivity to other anthro-
pogenic impacts, such as hydrological altera-

• The dominance index (DOMN) (Simpson, 
1949) demonstrates the ability of more 
resistant and resilient taxa to increase their 
relative abundance in adverse conditions.

Data analysis

conducted to extract the main information from 

Figure 3. Hydrological regime from June 2018 to November 
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the sets of environmental variables in order 
to reduce the dimensionality of multivariate 

applied separately on hydrological indices and 
physicochemical parameters in the R environment 
(R 4.2.3, R Core Team, 2023), using “factoextra” 

( <0.05) of the environmental variables for 
principal components 1 (Dim 1) and 2 (Dim 2) 

in “FactoMineR”. The contribution for each of 
the explaining variables in Dim 1 and Dim 2 

further analysis (Kassambara, 2017).
-

-

2 

> 0.36 are represented since this value is good 
enough for making predictions (Phillips et al., 
2018).

RESULTS

Environmental variables

Ovcharovo Dam registered T of the epilimnion 

cm2

supplementary information, available at https://

NH  and NO

mg/l and from 0.02 to 0.09 mg/l respectively. The 

the autumn. NO  at OV demonstrated clear sea-

samplings of 10.2 mg/l and spring-summer ones 
of 2.22 mg/l (Fig. 4a). PO

-
ble S2).

the dam, reaching 7.5 mg/l at D2 and 7.9 mg/l at 

at D1 and the highest at D2. The average value of 

cm
(Table S2).

A clear longitudinal reduction of average NH

of 0.214 mg/l at D1 to the minimum values at D3 
of 0.016 mg/l (Fig. 4b, Table S2). Nitrites also 

-
-
-

Figure 4. a) Boxplots for nitrate concentrations from the dam 
by seasons b) Boxplots for ammonia concentrations from the 
river by sampling sites. 

a

b

https://www.limnetica.net/en/limnetica
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ue is registered. Measurements of NO  and PO
-

pling sites longitudinally (Table S2).
Physicochemical variables resulting from all 

Dim 2 respectively, explained 28.7% and 19.7% 

, 
pH and DO. For Dim 2 those parameters are CD, 
T and PO  (Table S3, supplementary information, 

-

(Table S4, supplementary information, availa-

contribution close to the average one (Fig. S1, 
supplementary information, available at https://

-
pal components – T, NH , pH, CD, DO and PO .

physicochemical conditions in the dam could 

S5). It is visible that higher concentrations of dis-
solved oxygen from the dam (DOd) are related to 
less NH  and less PO  at D1 in 85% and 78% of 
the cases, respectively (Fig. 6, Table S5 (supple-

limnetica.net/en/limnetica)).

the samplings, is clear that June 2022 coincides 

AV -
ferent results, registering a maximum in Novem-
ber 2022 and a minimum in June 2021 (Table S6, 
supplementary information, available at https://

-

and 0.35 m/s at all sampling sites. D1 had higher 

Figure 5 -
meters from all stream sites. The contribution of every varia-
ble is colored – “contrib”. 

Figure 6. 

https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
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-
nel and D2 and D3 registered similar values from 

-

0.005 and 0.025 m /s (Table S6).
From the results considering V, is visible that 

the period before the sampling event in June 2021 

300 000 m . The autumn of 2019 registered the 

slightly higher than the results of June 2019 and 
-

nected to June 2021 (Table S6).
-
-

parison to the rest because of the larger number 

-
ity is almost absent considering the period con-

only 2 changes of more than 4 l/s occurred and 

and Table S6).
PCA considering hydrological indices, hy-

for QCVANN, VDAV and V (Table S7, supple-

-

use for further data analysis hydrological indices 

supplementary information, available at https://

-

indices related to the magnitude of the discharge 
and its negative and positive changes. Those are 

dam, during samplings (Fig. 7, Table S8). This 
means that during the studied period augmenting 

-

In Dim 2 QCVANN and VDAV are positively 

Q (Fig. 7, Table S8). That principal component 
reveals that during those 4 years, retaining high-

-
charge.

Macroinvertebrate responses

Considering the total number of macroinverte-
brate taxa is clear that D2 has the greatest number 
(45) and D1 and D3 are equivalent (38) (Table S9, 
supplementary information, available at https://

sampling events and the scores from all used bio-
logical indices (Fig. 8).

predominantly giving “poor” results. The autumn 

-

Figure 7

of every variable is colored – “contrib”. 

https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
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in October 2019 and November 2022, but their 
values reached “high ecological status”. Sam-
plings from 2020, 2021 and June 2022 had val-
ues of about 100 points and stayed at moderate 

the results into 4 ecological status classes. All of 
them are registered at D1. The highest result is 

-

Figure 8. 
-
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achieved for all sampling events excluding June 
2019. The best score is from June 2021 (Fig. 8).

once reached moderate status in October 2019. In 

-
istering moderate and good status at D2, reaching 
the highest score for the site in November 2022. 

-

-
ure 8 illustrates the tendency and demonstrates 

-
coptera and Trichoptera is less than 5% even con-
sidering the highest result from October 2019. At 

and 25% in the autumn samplings. In 2020, 2021 

reaching its maximum score of above 30% in Oc-

2021 (Fig. 8).
-

tive to changes in the ecosystem conditions on a 
seasonal or interannual base because the index 

values throughout all classes and equally good 
results from October 2019 and November 2022. 

-

studied river stretch of 28 families in the autumn 

families. The smallest number of registered fami-

DOMN registered the highest scores at D1 

June 2020. The second most balanced community 

D2 had mean value for this index of 0.47 and D3 
-

1232 individuals per 1.25 m
individuals per 1.25 m , for D2 and D3 (Fig. 8).

QBR results demonstrated the dominance of 

of poplar trees. According to the NATURA 2000 

 and .

equal results, reaching 90 points (Fig. S3, supple-

limnetica.net/en/limnetica).
 

Interrelationships

-

-
icochemical parameters.
 

, S-NH , 
ASPT-NH  and S-PO . The highest R  is for BI-
NH  (  (  < 
0.005) (Fig. 9). Supplementary information about 

single model is provided in Table S10 (available 

for Bulgaria and used in the state monitoring pro-
gram – BI.

https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
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Hydrological indices calculated from the hy-
drological regime 1 year before the sampling 
event and VD (considering D1) did not create sta-

-

parameters.

The mean discharge and the total volume of the 

-
ica) but augmenting them both result in CD re-
duction in more than 41% of the cases (Fig. 10).

DISCUSSION

-

an important role in nutrient cycling and in the 

column of lentic ecosystems (Dory et al., 2024). 
Unfortunately, in the context of the climate change 

-

even more serious problem leading to inorganic 
nitrogen enrichment predominantly in the form of 

Figure 9. 

https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
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ammonia (Rodal-Morales et al., 2024).
The limitations of our study related to the lack 

-
perature, oxygen and nutrients from Ovcharovo 

-
-

sults from the conducted statistical analysis based 
on a survey in the epilimnion and riverine sam-

and lakes (Beutel et al., 2008; Rodal-Morales et 

macroinvertebrate assemblages are exactly those 
related to natural internal loading processes, am-
monia and phosphates. Considering the season-

the dam in the spring-summer periods, our hy-
pothesis is accepted. A management addressing 
the reduction of the ubiquitous biogenic element 

NH  (Fan et al., 2021) and PO , from reservoirs in 
unpolluted regulated streams, could be a practical 
implication, assuring better recovery gradient for 
macroinvertebrates.

the same inverse proportionality from the upper 

oxygen in the dam (DOd) and NH  at D1. In 85% 
of the cases augmenting the oxygen concentration 
at OV leads to NH  reduction at D1 (Fig. 6). This 

is higher, during the autumn samplings, NH  in the 

(Table S2). Considering this and the close values 
of T at OV and D1 during those samplings (Table 

-

interface. This can be explained by the capability 
-

ganism activity and to facilitate the transforma-

-
-

cesses, could be a consequence of the decompo-

consumption of the available oxygen (Charlton, 
1980). This is connected to the conversion of 
nitrogen to ammonia and ammonium through a 

-
-

ter system from the epilimnion by photosynthesis 
(Charlton, 1980), could result in NH  accumula-

spp. and  spp. bacteria and to inhibit 
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-
tion Agency, 2013). 

Rising concentrations of ammonia in deeper 
parts of dams can be related not only to the inca-

bacteria (Beutel et al., 2008).
The impact of NH  in an ecosystem is like-

through chronic toxicity because of the reduced 
-

mental Protection Agency, 2013). Considering 
the aquatic organisms most sensitive to ammonia 

-

a similar response to ammonia as mammals and 

-

These impacts can be minor and hard to notice 

Longitudinally, those impacts can vary greatly 

-
mental Protection Agency, 2013). The assimila-
tion rate for the riverine system and the uptake 
lengths for ammonia are variable and can range 

2018), as the studied reach of Dalgachka River.
Although ammonium concentrations in lakes 

-
tion, this biogenic element could be responsible 
for 95% of the primary production in oligotrophic 

-

-

fact that NH  is the most important environmen-
tal variable for the entire river reach, according to 
the PCA (Fig. 5 and Table S3), and the generated 

-

-

ASPT (Fig. 9, Table S10). Those biological indi-

53% (ASPT) to 88% (BI) of the cases.
Phosphates are the other environmental pa-

important since PO  has an impact on macroin-
vertebrate richness solely in 39% of the cases 
(Fig. 9, Table S10). Phosphates also seem to be 

78% of the cases (Fig. 6). But unlike ammonia, 

physicochemical parameters, PO  are just third in 
Dim 2 and sixth on the simultaneous contribution 
(Fig. 5, Table S3, Fig. S1). Therefore, they are of 
much less importance for the studied river reach.

Nevertheless, phosphates cannot be neglected 

should be considered by addressing management 

that, oxygen and nitrate concentrations could 
be important factors inhibiting internal loading 

of 22 m (Beutel et al., 2008). Ovcharovo Dam 

epilimnion (Table S2).

have the opportunity to measure this nitrogen-
containing parameter from the profundal, but 

nitrates during the autumn samplings is a natural 
consequence of the mixing processes occurring in 

if the temperature at OV and D1 is almost equal 
during autumn samplings (Table S2). Therefore, 
all the nutrients that accumulated during the 

for the higher concentration of nitrates at the 
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of a regression model (
phosphates from D1 by nitrates from OV. This 
linear regression analysis is not represented since 

reduced phosphates at D1.
The other physicochemical parameter that 

-

-
sion, 2024). Unlike ammonia, it built dependen-

magnitude (Fig. 10, Table S11) but not to bio-
monitoring metrics.

According to the R
of the cases augmentation of the total volume 

directly biological indicators in Dalgachka River, 
Alkan et al. (2013) found a moderate correlation 

-
eral river reaches. This could be a possible inter-
relation in the Dalgachka River and an eventual 

the future.
Protected sites like “Ovcharovo” usually are 

although human activity is not prohibited. The 

activities near the riverbed (Fig. 1), maintaining 
 enter-

ing from the hypolimnion of the dam, addition-
ally assures that no other variables are seriously 

the ecological status. This means that mitigation 
measures as the use of multiple intakes for the 

sampling sites, and not only for the more distant 
-

content, more seasonally balanced temperatures 
and as a consequence less NH .

In addition, our data can serve for the spec-

for conducting monitoring on macroinvertebrates 

almost all indexes achieve the highest results dur-
ing autumn samplings (Fig. 8). Therefore, to con-

-
lated to the state monitoring agencies in Bulgaria, 

-

exclusion of seasonal samplings to assess the 
condition of the benthic community.
 
CONCLUSION

is focused on macroinvertebrate recovery gradi-

-
es and catchment areas. The previously published 

-

-
sures.

system in the studied unpolluted stream, related 

suggest that ammonia is generated during the 

measures that are able to mitigate the negative 
pressure of ammonia by improving the quality of 

Multiple intakes can be considered as an ef-
-

of good ecological status in all seasons and at all 
sites, by balancing the temperature, oxygen and 
nutrient content. Those characteristics proved to 
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-

2015), if retained at about 20 l/s.

ACKNOWLEDGEMENT 

This research is supported by Konstantin Pre-
slavsky University of Shumen, Bulgaria, under 
Projects Nos RD-08-108/30.01.2024 and RD-08-
126/01.02.2024.
 
REFERENCES

-
-

ical Characteristics and Nutrient Levels of the 

, 13, 847-859. 
DOI: 10.4194/1303-2712-v13_5_09.

-
lease from anoxic profundal sediments in lakes 
using hypolimnetic oxygenation. 

, 28, 271–279. DOI: 10.1016/j.
ecoleng.2006.05.009. 

-
ygen and nitrate on nutrient release from pro-
fundal sediments of a large, oligo-mesotroph-

, 24, 18-29. DOI:  
10.1080/07438140809354047. 

-
ministic model: Application on Miramichi 

, 336, 303–315. DOI:  
10.1016/j.jhydrol.2007.01.008.

Macroinvertebrate community condition as-
-

ation. , 30, 
29–39. DOI: 10.1002/rra.2626.

Charlton, M. N. (1980). Hypolimnion Oxygen 
Consumption in Lakes: Discussion of Pro-

, 37, 
1531-1539.

-

-
-

od for benthic macroinvertebrate communities 

, 1, 55-58.

 (pp. 147 – 163) 

-
versity Publishing House, Plovdiv.

-

and approaches for assessing biotic response, 

v34i3.180634.
-

ical Thermal Maxima of aquatic macroinver-

thermal alteration. , 679, 61–
76. DOI: 10.1007/s10750-011-0856-4.

-

climate change?. 
, 906, 167566. DOI: 10.1016/j.scito-

tenv.2023.167566.
Doychev, D. D. (2023). Longitudinal recovery 

-

river reach. , 82, 2125. 
DOI: 10.4081/jlimnol.2023.2125.

Council of 20 October 2000 establishing a 

L327, 22.12.2000, p. 1–73. Available from: 
https://eur-lex.europa.eu/legal-content/en/

-

https://doi.org/10.4194/1303-2712-v13_5_09
https://doi.org/10.1016/j.ecoleng.2006.05.009
https://doi.org/10.1016/j.ecoleng.2006.05.009
https://doi.org/10.1080/07438140809354047
https://doi.org/10.1016/j.jhydrol.2007.01.008
https://doi.org/10.1002/rra.2626
https://doi.org/10.4314/wsa.v34i3.180634
https://doi.org/10.1007/s10750-011-0856-4
https://doi.org/10.1016/j.scitotenv.2023.167566
https://doi.org/10.4081/jlimnol.2023.2125
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32000L0060


Unpolluted regulated stream and its recovery gradient dependency

Limnetica, 44(1): 159-177 (2025)

175

of ecological status and ecological potential. 
Available from: https://circabc.europa.eu/
sd/a/06480e8727a641e6b1650581c2b046ad/

-

-
-

ards, Directive and Floods Directive. Brus-

from: https://commission.europa.eu/publica-
-

Centre, Kelly, M., Teixeira, H., Lyche Sol-
-

https://data.europa.eu/doi/10.2760/355815, 
JRC136407.

-

978-92-79-45758-6, ISSN 1725-1087. Publi-
-

bourg. doi: 10.2779/775712. 
-

, 5, 317–321. DOI: 10.1061/

Ammonia spatiotemporal distribution and risk 
-

ic ecosystem in China. 
, 207, 111541. DOI: 

10.1016/j.ecoenv.2020.111541. 

-

from: Naredba H-4.pdf (government.bg).

temperature and heat exchange dynamics in 

Publications. , 9, 123 – 132.

score system. , 32, 964–968. 
DOI: 10.1016/S0043-1354(97)00275-3.

. 

Kassambara, A. (2017). 

Lumivero, 2023. 

Kristensen, P., Jannicke Moe, S., Persson, J., 

for large-scale environmental assessments. 
t, 697, 134043. 

DOI: 10.1016/j.scitotenv.2019.134043.

(2018). Riverine regime shifts through reser-
voir dams reveal options for ecological man-
agement. , 28, 1897–
1908. https://doi.org/10.1002/eap.1786.

and recovery gradients in macroinvertebrate 
communities and biomonitoring tools along 
regulated rivers. 

, 695, 133774. DOI: 10.1016/j.scito-
tenv.2019.133774.

-

characteristics and oxygen conditions at the 

https://circabc.europa.eu/sd/a/06480e8727a641e6b1650581c2b046ad/Guidance%20No%2013%20%20Classification%20of%20Ecological%20Status%20 (WG%20A).pdf.
https://commission.europa.eu/publications/fitness-check-water-framework-directive-and-floods-directive_en#details.
https://data.europa.eu/doi/10.2760/355815, JRC136407
https://doi.org/10.2779/775712
https://doi.org/10.1061/(ASCE)1084-0699(2000)5:3(317)
https://doi.org/10.1061/(ASCE)1084-0699(2000)5:3(317)
https://doi.org/10.1016/j.ecoenv.2020.111541
https://doi.org/10.1016/S0043-1354(97)00275-3
http://www.sthda.com
https://www.xlstat.com/en
https://doi.org/10.1016/j.scitotenv.2019.134043
https://doi.org/10.1002/eap.1786
https://doi.org/10.1016/j.scitotenv.2019.133774
https://doi.org/10.1016/j.scitotenv.2019.133774


Doychev and Taneva

Limnetica, 44(1): 159-177 (2025)

176

-
ences on nutrient dynamics and eutrophication 

dynamics and eutrophication. , 
851, 3433–3452. DOI: 10.1007/s10750-024-
05508-3. 

-

for assessing the ecological quality of ripari-
an habitat in rivers and streams: QBR index. 

, 13, 147–163. DOI: 10.1002/
aqc.529.

Nikolova, V. (2010). Determining of the morpho-
lithology types in the Kamchia River Basin 
(eastern Bulgaria) by means of geographic 

, 14, 76-82. ISSN 1820-7138.

-
tic Constituents: The Paradox of High Flux–

, 13, 2301. DOI: 10.3390/

-

assessments: modifying dam operations to re-

, 55, 86-107. DOI: 10.1111/j.1365-
2427.2009.02179.x.

-

. 

DOI: 10.2760/84425.

-

nutrient boundaries to protect aquatic commu-
nities: The importance of comparing observed 

derived from a confusion matrix. 
. 912, 168872. DOI: 

10.1016/j.scitotenv.2023.168872.

R Core Team. (2023). 
. Vienna, 

Austria: R Foundation for Statistical Comput-

, 45, 
17-23. 

River basin management plan (RBMP), (2016). 

bsbd.org/bg/index_bg_5493788.html.
Rodal-Morales, N. D., Beutel, M., Fuhrmann, B., 

-
-

ygen addition drive nutrients, metals, and 
methylmercury cycling in a hypereutrophic 

, 6, 

-
lated Italian river (Ticino River) and impli-
cations for aquatic communities. 

, DOI: 10.4081/jlimnol.2016.1437.

(2013). Macroinvertebrate metrics and their 
integration for assessing the ecological sta-
tus and biocontamination of Lithuanian lakes. 

, 43, 308–318. DOI: 10.1016/j.
limno.2013.01.003. 

, 163, 608. DOI: 10.1038/163688a0

advances in stream and river temperature re-
search. , 22, 902–918. 
DOI: 10.1002/hyp.6994.

-

temperature variability across regulated and 
non-regulated rivers. , 10, 
e1773. DOI: 10.1002/eco.1773.

https://doi.org/10.1007/s10750-024-05508-3
https://doi.org/10.1007/s10750-024-05508-3
https://doi.org/10.1002/aqc.529
https://doi.org/10.1002/aqc.529.
https://doi.org/10.3390/w13162301
https://doi.org/10.3390/w13162301
https://doi.org/10.1111/j.1365-2427.2009.02179.x
https://doi.org/10.1111/j.1365-2427.2009.02179.x
https://doi.org/10.2760/84425
https://doi.org/10.1016/j.scitotenv.2023.168872
https://www.R-project.org/
https://www.bsbd.org/bg/index_bg_5493788.html.
https://doi.org/10.3389/frwa.2024.1356994
https://doi.org/10.4081/jlimnol.2016.1437
https://doi.org/10.1016/j.limno.2013.01.003
https://doi.org/10.1038/163688a0
https://doi.org/10.1002/hyp.6994
https://doi.org/10.1002/eco.1773


Unpolluted regulated stream and its recovery gradient dependency

Limnetica, 44(1): 159-177 (2025)

177

. (pp. 
67-89). Springer Open. DOI: 10.1007/978-
3-319-73250-3.

-

aquatic environments. 

, 336, 122374. DOI: 10.1016/j.en-
vpol.2023.122374. 

-
ing microorganisms play an important role 

, 243, 125405. 
DOI:  10.1016/j.chemosphere.2019.125405.

https://doi.org/10.1007/978-3-319-73250-3
https://doi.org/10.1007/978-3-319-73250-3
https://doi.org/10.1016/j.envpol.2023.122374
https://doi.org/10.1016/j.envpol.2023.122374
https://doi.org/10.1016/j.chemosphere.2019.125405

