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7 to 2 individuals/m2 The share of juveniles in the population structure in clean areas reached 42% (Palaemon
elegans) and 40% (Astacus leptodactylus), while in polluted areas it decreased to 15-20%. Mortality of juveniles up
to 40% was recorded in sites with organic pollution. An imbalance in the sex composition was observed in areas
with high levels of pollution: in Palaemon adspersus and Pontastacus eichwaldi the proportion of males exceeded
55%, while in clean areas females predominated or an equal ratio was maintained. The greatest decrease in
the abundance of all species was observed in the Mingachevir reservoir — up to 60% for Pontastacus eichwaldi,
which indicates the high sensitivity of the species to complex anthropogenic impact. The results showed that
chemical pollution, recreational load and poaching are the determining factors of population degradation. A direct
correlation between the level of anthropogenic impact and the decrease in abundance, disturbance of age and sex
structure was established. Indicator indicators for monitoring the state of freshwater ecosystems were proposed.
The obtained results can be used for development of monitoring programmes and ecological-restoration measures
in aquatic ecosystems of Azerbaijan

Keywords: bottom invertebrates; monitoring of environment; technogenic load; freshwater ecosystems;

bioindication

INTRODUCTION

The relevance of this study is due to the need to assess
the impact of anthropogenic factors on aquatic eco-
systems, which is especially important in the context
of accelerated pollution of water bodies and climate
change. The Shamkir and Mingachevir reservoirs, which
are important ecosystems for the region, are exposed
to various pollutants such as heavy metals and organic
substances, which leads to changes in the abundance
and population structure of aquatic inhabitants. Shrimp
and freshwater crayfish, being sensitive indicators of
water quality, are good subjects for studying the effects
of pollutants. The problematic issue of the study is the
insufficient assessment of the impact of anthropogenic
pollutants on the state of populations of these species
in specific water bodies of Azerbaijan, which limits the
development of effective methods for the protection
of water body ecosystems and sustainable use of their
resources. It is important not only to quantify the popu-
lations, but also to analyse the impact of pollutants on
age and sex structure, as well as on mortality of juve-
niles, which allows a deeper understanding of ecolog-
ical changes in these reservoirs and the formation of
recommendations for their protection.

Thus, F.R. Gulieva and LV. Gulieva (2021) revealed
that economic activities in the area of Mingachevir and
Varvarinskoye reservoirs contributed to the reduction of
species diversity of non-fish aquatic organisms. Accord-
ing to the results, the disruption of trophic relation-
ships and reduction in the number of key invertebrates
occurred under the influence of pollution and changes
in the hydrological regime. In a study by S. Hasano-
va (2024) recorded the deterioration of aquatic envi-
ronment as a result of wastewater and industrial emis-
sions. The author found that anthropogenic pressure
led to changes in the species composition and decrease
in the abundance of certain groups of non-fish organ-
isms. In the generalised analysis presented by R. Ab-
basov et al. (2022), it was shown that urbanisation and
expansion of agricultural areas increased the pressure
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on water bodies in Azerbaijan. The authors stated that
such processes reduced the stability of aquatic ecosys-
tems and caused structural changes in hydrobiont pop-
ulations. Based on data on Lake Naivasha, E. Mutethya
and E. Yongo (2021) analysed the consequences of an-
thropogenically caused penetration of invasive species
and recorded their impact on native invertebrate popu-
lations. The researchers found that the introduction of
alien organisms contributed to the displacement of na-
tive species and disrupted the balance of the ecosystem.

In a study by C. Waldock et al. (2025) documented
that pollution of water bodies caused changes in the
trace element composition of tropical fish communities,
affecting the entire trophic structure. The authors em-
phasised that similar processes may have occurred in
other ecosystems, including reservoirs, where anthro-
pogenic interference was observed. When analysing the
consequences of the transformation of coastal land-
scapes, T. PSenickova and J. Horak (2022) found a reduc-
tion in abundance and simplification of the structure
of hydrobiont populations. The researchers recorded
that deforestation and the creation of artificial reser-
voirs had a long-term negative impact on the ecolog-
ical parameters of aquatic communities. In particular,
A. Febriana and B.I. Utary (2024) found that conversion
of mangrove forests in the Tanjung Luar village area
caused habitat degradation and reduction of biologi-
cal resources. According to the authors, the disturbance
of the natural balance was accompanied by the loss
of breeding habitat for many invertebrate species, af-
fecting the entire structure of coastal ecosystems. A
large-scale study by W.M.Jubb et al. (2023) analysed the
effects of hydraulic structures and water level fluctua-
tions on fish migrations in river systems. The authors
found that combined anthropogenic impacts disrupted
the reproduction and movement of aquatic organisms,
contributing to changes in the spatial structure of their
populations, including invertebrate’s dependent on sta-
ble hydrological regimes.




In analysing the relationship between natural re-
sources and socio-economic behaviour of communities,
S. Gaja-Svasti et al. (2022) documented that in the Mun
River Basin, wild fish and invertebrates remained the
most important element of the diet and source of in-
come for villagers. The authors emphasised that chang-
es in the aquatic environment caused by anthropogenic
interventions were directly reflected in the decreasing
availability of these resources and the transformation
of traditional lifestyles. Summarising data from the Me-
kong region, I.G. Baird and Z.S. Hogan (2023) noted that
the construction of hydropower plants entails a signif-
icant reduction in fish biodiversity and degradation of
aquatic habitat. As part of their review, it was shown
that non-fish species, particularly those sensitive to wa-
ter level fluctuations and bottom substrate quality, were
also at risk of extinction under the impact of regulat-
ed flows. Sustainable aquaculture production was ad-
dressed in a study by S.M. Colombo et al. (2023), which
examined the potential for closed-loop feed systems for
“blue” food resources. The authors found that feed ra-
tionalisation and reduction of pressure on natural aquat-
ic populations can contribute to the recovery of non-
fish organisms subjected to anthropogenic depletion.

In the context of fisheries conservation, |. Mayer
and M. PSenitka (2024) examined the use of repro-
ductive technologies to conserve teleosts in the face
of declining abundance. The researchers demonstrated
that technological reproduction can serve as a compen-
satory mechanism for the loss of natural populations,
including non-fish components of ecosystems that are
closely related to spawning conditions and microenvi-
ronment.The aim of the study was to analyse changes in
the structure of non-fish seafood populations under the
influence of anthropogenic factors in reservoirs of Azer-
baijan. The objectives of the study were to identify key
anthropogenic factors, assess their impact on non-fish
seafood and analyse changes in population structure.

MATERIALS AND METHODS

The study was conducted from June to August 2024
in the Shamkir and Mingachevir reservoirs of Azerbai-
jan. The climate of the region was characterised by dry
and hot summers with average daily air temperatures
from +28 to +35°C and night temperatures from +20
to +25°C. The average annual precipitation was 200-
300 mm, most of which occurred in the spring months.
The hydrological regime of both reservoirs is subject
to significant anthropogenic influence due to the pres-
ence of large industrial enterprises, recreational areas
and settlements in the adjacent territories. This was
the reason for selecting these reservoirs as sites for as-
sessing the impact of anthropogenic factors on aquat-
ic ecosystems and hydrobiont populations. Shrimp:
stone shrimp (Palaemon elegans) and grass shrimp
(Palaemon adspersus), as well as freshwater crayfish:
Slender-clawed crayfish (Astacus leptodactylus) and
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Caspian crayfish (Pontastacus eichwaldi) were selected
as research objects. The species were selected due to
their high sensitivity to changes in the hydrochemical
regime of water bodies and widespread occurrence in
aquatic ecosystems of Azerbaijan. These species have
indicator properties that allow to objectively assess the
level of ecological state of water bodies and the degree
of anthropogenic impact.

To assess the impact of anthropogenic factors, two
categories of sites were studied: clean (control sites with
minimal human impact) and heavily polluted. Sampling
was carried out monthly from June to August 2024 by
hand collection and using standard invertebrate traps.
Each site was surveyed in three replicates and then
the mean population density (number of individuals
per square metre) was calculated. Shrimp and crayfish
densities were determined by counting the number of
captured specimens in a defined area of the reservoir
bottom (1 m?). The authors adhered to the standards of
the Guidelines for the treatment of animals in behav-
ioural research and teaching (2012). For this purpose, a
control area (1 x 1 metre square) was allocated at each
site, after which the captured individuals were counted,
recorded and then the average density was calculated
using the formula (1):

D=5, (1)

N
B
where D - population density (individuals/m?); N -
number of captured individuals in the study area; S -
plot area (m?).

The sex composition of populations (proportion of
females and males) was determined by visual examina-
tion of each specimen using a “Leica EZ4” binocular mi-
croscope (Germany). The sex of each captured specimen
was recorded, and then the proportion of individuals of
eachsex(%ofthetotalpopulationsize)wascalculated (2):

P= ’;—p x 100%, )

where P - proportion of females or males (%); n_ - num-
ber of individuals of a particular sex (females or males);
N - total number of individuals surveyed.

To assess the age structure, morphometric analy-
sis was carried out using electronic caliper “Mitutoyo”
(model CD-15APX, Japan) with measurement accura-
cy up to 0.01 mm and electronic scales “Ohaus Scout
STX2202” (USA) with accuracy up to 0.01 g. The ob-
tained data allowed to distinguish age groups: juve-
niles,adults and older individuals. Mortality of juveniles
was assessed by comparing the number of juveniles in
contaminated sites and control (clean) zones. The num-
ber of juveniles was recorded separately for each site
(individuals per m?). Mortality was calculated according
to the following formula (3):

_ (Nc-Np)
==

M x 100%, (3)
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where M - juvenile mortality (%), N_ - number of ju-
veniles in control (clean) areas (individuals/m?); Np -
number of juveniles on polluted areas (individuals/m?).

For quantitative assessment of anthropogenic
pollution, water and bottom sediment samples taken
monthly at each location were used. Concentration of
heavy metals (Pb, Zn, Cu) was determined by atomic ab-
sorption spectrophotometer “Analytik Jena novAA 400P”
(Germany). The content of pollutants in water and bot-
tom sediments was measured by infrared spectrometer
“Infracal ATR-SP” (USA). Organic pollution (nitrates, ni-
trites and ammonium nitrogen) was analysed using a
spectrophotometer “Hach DR3900” (USA). Noise impact
from recreational activities (motor boats, fishing and
tourism) was measured with a noise meter model “Tes-
to 815” (Germany). Measurements were made monthly
during daytime (from 10:00 to 16:00) at each study site,
after which the average noise level in decibels (dB) was
calculated. The obtained data were processed by anal-
ysis of variance (ANOVA) in Statistica 12 software. For
visualisation it was used graphs built in Microsoft Excel
and Python with Matplotlib library, showing population
density, mortality of juveniles and reduction of species
abundance at polluted areas.

RESULTS

Quantitative indicators of shrimp populations in
Shamkir and Mingachevir reservoirs. The average den-
sity of Palaemon elegans shrimp in the Shamkir Reser-
voir varied from 12 to 25 individuals per square meter.
The highest number of individuals was observed in
coastal areas with aquatic vegetation and minimal
pollution, where the density reached 25 individuals/
m2. In contrast, areas located near industrial enter-
prises and recreational zones were characterised by a
lower abundance of this species - approximately 12-
15 individuals/m?. In the Mingachevir Reservoir, the
density of Palaemon elegans was lower, ranging from
8 to 18 individuals per m% The maximum density of
18 individuals was observed in areas with low anthro-
pogenic impact, far from populated areas, whereas
near sites of intensive fishing and industrial activity,
the population density decreased to minimal values -
8-10 individuals per m?. The species Palaemon adsper-
sus showed a noticeably lower population density in
both reservoirs. In the Shamkir Reservoir, the density
of this species varied from 9 to 17 individuals per m2.

The highest concentration of individuals was charac-
teristic of coastal, shallow-water areas with shelters
and a rich food base. In moderately polluted areas, the
density decreased to 10-12 individuals/m?, while in
zones of pronounced anthropogenic pollution, it was
less than 9 individuals/m?.

In the Mingachevir Reservoir, the situation proved
even less favourable for Palaemon adspersus: the pop-
ulation density ranged from 6 to 14 individuals per m2.
The lowest abundance of this species was noted in ar-
eas with high levels of industrial and domestic effluent
pollution (6-7 individuals/m?), indicating a pronounced
sensitivity of this species to the negative impact of pol-
lutants. When studying the age and sex structure of the
shrimp, differences in the distribution of age groups
and sex ratio of the populations were revealed. For
Palaemon elegans in the Shamkir Reservoir, juveniles
(less than one year old) accounted for 42%, adults (1
to 2 years old) - 48%, and the proportion of older indi-
viduals (over 2 years old) was low - only about 10%. A
similar pattern was observed in the Mingachevir Reser-
voir, however, the proportion of juveniles was smaller
(35%), while adults constituted up to 55%. Palaemon
adspersus demonstrated a different pattern of age dis-
tribution. In the Shamkir Reservoir, juveniles accounted
for approximately 30%, while adults were the domi-
nant age group, reaching 60%. Older age groups were
rarely encountered (10%). In the Mingachevir Reservoir,
the proportion of juveniles was even lower (25%), and
adults higher (65%), indicating difficult reproduction
and premature aging of the population.

In addition to abundance and age composition,
significant differences in the sex ratio of shrimp were
identified. In Palaemon elegans, a predominance of fe-
males was observed - on average 55-60% of the total
population in both reservoirs. Palaemon adspersus had
an almost equal sex ratio (50:50%), however, in are-
as with increased pollution, a slight predominance of
males was noted (up to 55%). A comparative analysis of
individual distribution showed unevenness in popula-
tions across the reservoir areas. The highest abundance
of both species was characteristic of remote and eco-
logically clean zones with low levels of anthropogenic
impact. Areas with intensive human economic activity
were characterised by a decrease in the total shrimp
abundance by 25-40% from the average values across
the reservoirs (Table 1).

Table 1. Quantitative indicators of shrimp populations in Shamkir and Mingachevir reservoirs

Tpeofshrimp  Reservoir RN L dweniles  Adults ol e
Palaemon Shamkir 12-25 42% 48% 10% 60% 40%
elegans Mingachevir 8-18 35% 55% 10% 55% 45%
Palaemon Shamkir 9-17 30% 60% 10% 50% 50%
adspersus  Mingachevir 6-14 25% 65% 10% 45% 55%

Source: developed by the authors

Scientific Horizons, 2025, Vol. 28, No. 6




Thus, it was found that anthropogenic impacts sig-
nificantly change the quantitative indicators and struc-
ture of shrimp populations in Shamkir and Mingachevir
reservoirs, with Palaemon adspersus species being the
most vulnerable. The results obtained can be used to
develop measures for the protection and rational use of
shrimp resources in water bodies of Azerbaijan.

Indicators of freshwater crayfish populations in
Shamkir and Mingachevir reservoirs. The average pop-
ulation density of freshwater crayfish, Astacus lepto-
dactylus, in the Shamkir Reservoir ranged from 5 to 12
individuals per square metre. The maximum density for
this species (12 individuals/m?) was recorded in areas
with clean water and natural shelters - such as stones,
snags, and dense aquatic vegetation. In territories af-
fected by sewage and domestic waste, the crayfish
abundance decreased to 5-6 individuals per m2 In the
Mingachevir Reservoir, the average density of Astacus
leptodactylus was lower, varying between 3 and 9 indi-
viduals per m?.The highest abundance was observed in
areas remote from industrial influence, whereas zones
of intense pollution were characterised by a minimal
abundance - 3-4 individuals per m?. The density of the
second species studied, Pontastacus eichwaldi, in the
Shamkir Reservoir was within the range of 3 to 7 indi-
viduals per square metre. A high density (7 individuals/
m?) was recorded only in isolated areas with minimal
anthropogenic impact and the presence of a good food
base. Areas with pollution and constant human pres-
ence showed a sharp decrease in density to 3-4 indi-
viduals/m2. In the Mingachevir Reservoir, the density
of Pontastacus eichwaldi was the lowest, amounting to
only 2 to 5 individuals per m?. The lowest abundance (2
individuals/m?) was recorded in zones with significant
domestic waste pollution.

Guliyeva et al.

The age structure of the Astacus leptodactylus pop-
ulation in the Shamkir Reservoir was characterised by a
high proportion of juveniles (up to 2 years old) - 40%.
Adults (from 2 to 4 years old) constituted about 45%,
and older individuals (over 4 years old) - 15%. In the
Mingachevir Reservoir, the percentage of juveniles de-
creased to 30%, adults increased to up to 50%, and
the proportion of older individuals increased to 20%,
reflecting negative conditions for successful juvenile
reproduction. The age composition of the Pontastacus
eichwaldi population in the Shamkir Reservoir consisted
of 25% juveniles, 60% adults, and 15% older individu-
als. In the Mingachevir Reservoir, juveniles accounted
for only 20%, adults - 65%, and older individuals - 15%.
The sex composition of crayfish populations was close
to an equal ratio. In the Shamkir Reservoir, both species
studied had an equal proportion of females and males -
approximately 50:50%. However, in the Mingachevir
Reservoir, especially in polluted areas, an increase in
the proportion of males to 55% was observed, likely due
to different resistance of the sexes to pollution. During
the annual observation period, the Astacus leptodactylus
population in the Shamkir Reservoir decreased by 15%.
In the Mingachevir Reservoir, the decline in the abun-
dance of this species reached 20%. The Pontastacus eich-
waldi population decreased even more significantly - by
20% in the Shamkir Reservoir and by 25% in the Min-
gachevir Reservoir. The main factors for this reduction
were the deterioration of water quality and the destruc-
tion of natural habitats due to anthropogenic pollution
and fishing. In areas with high levels of organic and
chemical pollution, an increase in juvenile mortality of
both species by 25-30% was recorded compared to clean
areas. This led to a sharp imbalance in age structure
and a deterioration of reproductive potential (Table 2).

Table 2. Indicators of freshwater crayfish populations in Shamkir
and Mingachevir reservoirs (for the observation period 2024)
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Astacus Shamkir 5-12 40% 45% 15% 50% 50% -15% 25%
leptodactylus  Mingachevir 3-9 30% 50% 20% 45% 55% -20% 30%
Pontastacus Shamkir 3-7 25% 60% 15% 50% 50% -20% 25%
eichwaldi  Mingachevir 2-5 20% 65% 15% 45% 55% -25% 30%

Source: developed by the authors

The results indicate the critical impact of pollution
and poaching on the structure and abundance of fresh-
water crayfish in both reservoirs. The greatest damage
was caused to juveniles, which significantly reduced
the ability of populations to natural recovery and sus-
tainable development.

Effects of specific anthropogenic factors on the
abundance and population structure of shrimp and
freshwater crayfish populations. Among the main fac-
tors, industrial wastewater containing heavy metals
(lead, zinc, copper), domestic organic effluents, and
intensive poaching caused the greatest damage. The
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abundance of Palaemon elegans shrimp in areas of the
Shamkir Reservoir with elevated heavy metal content
(especially lead and zinc) decreased from 25 to 17 in-
dividuals/m? (a 32% reduction). A similar situation was
observed in the Mingachevir Reservoir, where pollu-
tion caused a reduction in the abundance of this spe-
cies from 18 to 11 individuals/m? (a 39% reduction).
Furthermore, domestic organic effluents discharged
into the water body also caused a 25-30% reduction in
the population abundance of this species compared to
clean areas (Khudiiash et al., 2023).

For the grass shrimp, Palaemon adspersus, the great-
est reduction in abundance was recorded in areas pol-
luted by organic domestic effluents. In the Shamkir Res-
ervoir, the abundance of this species decreased from 17
to 11 individuals/m? (a 35% reduction), and in the Min-
gachevir Reservoir - from 14 to 8 individuals/m? (a 43%
reduction). This indicated the species’ high sensitivity to
organic pollutants (Koretsky & Kononenko, 2024). The
age structure of both shrimp species also underwent
significant changes under the influence of pollution.
For instance, the proportion of juveniles of the grass
shrimp in polluted areas of the Mingachevir Reservoir
decreased from 25% to 15%, while the juvenile mortal-
ity increased to 40% compared to 15% in control areas.
In the Shamkir Reservoir, for Palaemon elegans, the pro-
portion of juveniles decreased from 42% to 30%, and
mortality increased from 15% to 32%. The populations

of freshwater crayfish were also significantly reduced
under the influence of anthropogenic factors. For ex-
ample, the abundance of the slender-clawed crayfish
(Astacus leptodactylus) in the Shamkir Reservoir, due to
the impact of heavy metals and poaching, decreased
from 12 to 8 individuals per m? (a 33% reduction). In
the Mingachevir Reservoir, domestic organic effluents
had an even greater impact, reducing the population
abundance of this species from 9 to 5 individuals per
m? (a 44% reduction).

Anthropogenic factors had the most significant
negative impact on the population of the Caspian cray-
fish (Pontastacus eichwaldi). In the Shamkir Reservoir,
under the influence of organic pollutants (nitrates and
nitrites), the abundance decreased from 7 to 4 indi-
viduals per m? (a 43% reduction). In the Mingachevir
Reservoir, characterised by high levels of domestic or-
ganic effluents, the abundance of the Caspian crayfish
decreased most sharply - from 5 to 2 individuals per m?
(@ 60% reduction). Besides water pollution, a significant
negative factor was noise pollution from recreation-
al activities (fishing, tourism) (Shumka et al., 2020). In
areas with high noise levels, the abundance of fresh-
water crayfish additionally decreased by 15-20%, and
the proportion of older and adult individuals decreased
by 40-50%, which indicated the negative influence of
noise and fishing on the reproductive potential of pop-
ulations (Table 3).

Table 3. Effects of specific anthropogenic factors on the abundance
and population structure of shrimp and freshwater crayfish populations
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Stone shrimp (Palaemon Shamkir Heavy metals (Pb, Zn, 75 17 3% Lgad (Pb), 2% 30% 39%
elegans) Cu) Zinc (Zn)
Stone shrimp (Palaemon Mingachevir Petrole.um products, 18 11 39%  Organics 35% 20% 359
elegans) domestic wastewater
Grass shrimp (Palaemon Shamkir Organic domestic 17 11 35%  Organics 30% 18% 39%
adspersus wastewater
Grass shrimp (Palaemon Mingachevir  Domestic wastewater 14 8 43%  Organics 25% 15% 40%
adspersus)
Slender-clawed crayfish . Heavy metals, ., Lead,Zinc, o o o
(Astacus leptodactylus) Shamkir poaching of fish 12 8 33% Poaching 40% 30% 35%
Slender-clawed crayfish Mingachevir Organic domestic 9 5 44%  Organics 20% 20% 40%
(Astacus leptodactylus) wastewater
Caspian crayfish =~ gy Nitrates, nitrites 7 4 a3% NUASS oo 15% 35%
(Pontastacus eichwaldi) nitrites
Caspian crayfish Mingachevir  Domestic wastewater 5 2 60%  Organics 20% 10% 40%

(Pontastacus eichwaldi)

Source: developed by the authors
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Thus, water pollution and anthropogenic factors
had a significant negative impact on the quantitative
indicators and population structure of the studied spe-
cies. Freshwater crayfish and shrimp species Palaemon
adspersus were the most sensitive to pollution.

Distribution of shrimp and crayfish populations in
relation to anthropogenic impacts. In the clean areas
of the Shamkir and Mingachevir Reservoirs, a uniform
distribution of Palaemon elegans shrimp was observed.
The maximum density (25 individuals per m?) was not-
ed in areas of the Shamkir Reservoir little affected by
anthropogenic factors, characterised by the presence of
natural shelters and a rich food base. In areas with a
moderate level of pollution and increased anthropo-
genic pressure, the density of this species decreased
to approximately 17 individuals per m?, while the most
polluted areas subjected to active recreational activi-
ty were characterised by a reduction in abundance to
10-12 individuals per m?. Palaemon adspersus exhibited
even greater sensitivity to pollution and other anthro-
pogenic factors, including poaching and noise pollution
(Shumka et al., 2023). The maximum abundance of this
species was recorded in the coastal zones of the Sham-
kir Reservoir (17 individuals/m?), where favourable
habitat conditions, such as clean water and abundant
shelters, were observed. In polluted areas, the shrimp
abundance decreased to 11 individuals/m?, and in the
most polluted areas of the Mingachevir Reservoir, the
density was only 8 individuals/m?.

For freshwater crayfish, the spatial structure of
populations was even more sensitive to anthropogenic
impact (Kurovska, 2024). The slender-clawed crayfish

2
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(Astacus leptodactylus) reached maximum density in
clean zones of the Shamkir Reservoir, distant from in-
dustrial facilities, where the abundance was up to 12 in-
dividuals per m2. In areas with water polluted by heavy
metals and organic substances, the abundance de-
creased to 8 individuals per m?,and in the Mingachevir
Reservoir - to 5 individuals per m2. The Caspian crayfish
(Pontastacus eichwaldi) showed the most pronounced
dependence on anthropogenic impact among the stud-
ied crayfish species. In the Shamkir Reservoir, its density
varied from 7 individuals/m? in clean areas to 4 individ-
uals/m? in polluted territories. In the Mingachevir Res-
ervoir, this indicator was even lower,amounting to only
2-3 individuals per m? in areas with high levels of oil
and organic pollution. This indicated that the Caspian
crayfish proved to be the most sensitive to the negative
influence of anthropogenic pollution.

Analysis of the spatial distribution showed that the
most vulnerable were the juveniles of all investigated
species. In polluted areas, the proportion of juveniles
significantly decreased, leading to a noticeable imbal-
ance in the age structure and a deterioration of repro-
ductive potential (Bilyalov et al., 2025). In the most pol-
luted zones of the Mingachevir Reservoir, the mortality
of shrimp and crayfish juveniles exceeded the figures
in clean areas by 2-2.5 times. It was also established
that noise pollution caused by active human recrea-
tional activity (boating, fishing, tourism) intensified the
negative impact of pollution. In areas with high noise
levels, the density of shrimp and crayfish populations
additionally decreased by 15-20%, and the abundance
of older age groups - by up to 50% (Fig. 1).

Caspian crayfish (Mingachevir) i 5 Polluted areas (individuals/m?)
Caspian crayfish (Shamkir) — M Clean areas (individuals/m?)
Slender-clawed crayfish (Mingachevir) _5 9
Slender-clawed crayfish (Shamkir) _8 12

Grass shrimp (Mingachevir)

14

Grass shrimp (Shamkir) E————

Stone shrimp (Mingachevir) e ———

17

Stone shrimp (Shamkir) e —————————— )

0

10 20 30

Figure 1. Distribution of shrimp and crayfish populations in relation to anthropogenic impacts

Source: developed by the authors

Thus, the results clearly demonstrated a direct de-
pendence of spatial structure and population size on
the level and type of anthropogenic impact. The great-
est changes were observed in areas with complex im-
pact of pollution (oil products, heavy metals, organics)
and active recreation. The results of the study showed a
significant decrease in the number of shrimp and cray-
fish populations in the polluted areas of the Shamkir
and Mingachevir reservoirs, especially in the species
Palaemon adspersus and Pontastacus eichwaldi, where

the influence of anthropogenic factors led to a de-
crease in juveniles, imbalance of sex ratios. The great-
est changes were observed in Mingachevir reservoir,
where the level of pollution reached critical indicators
for the ecosystem.

DISCUSSION

The conducted study established that anthropogen-
ic factors exert a significant negative impact on the
structure and abundance of shrimp (Palaemon elegans,
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Palaemon adspersus) and freshwater crayfish (Astacus
leptodactylus, Pontastacus eichwaldi) populations in the
Shamkir and Mingachevir Reservoirs. In polluted are-
as of both water bodies, the density of all studied spe-
cies was significantly lower compared to clean zones:
for Palaemon elegans in polluted areas of the Shamkir
Reservoir, density decreased from 25 to 17 individuals/
m? (by 32%), and for Palaemon adspersus - from 17 to
11 individuals/m? (by 35%). In the Mingachevir Res-
ervoir, the abundance of Palaemon elegans decreased
from 18 to 11 individuals/m? (by 39%), and Palaemon
adspersus - from 14 to 8 individuals/m? (by 43%). The
Caspian crayfish proved particularly vulnerable, with its
abundance in heavily polluted areas of the Mingachevir
Reservoir dropping to 2 individuals/m?, representing a
60% reduction. The proportion of juveniles in pollut-
ed areas also significantly decreased for all species:
for Palaemon elegans and Palaemon adspersus, the pro-
portion of juveniles in polluted areas of Mingachevir
decreased from 35-42% to 15-18%, accompanied by
increased mortality (up to 50%). Simultaneously, shifts
in sex structure were observed: males predominated in
polluted areas, especially for Palaemon adspersus and
Pontastacus eichwaldi, which may indicate differential
resistance of sexes to toxicants. Thus, the spatial distri-
bution, age, and sex composition of populations clearly
correlated with the intensity of anthropogenic impact,
confirming its destructive influence on the water bod-
ies’ ecosystem.

Research by L.Sehnal et al. (2021) and D.D. Backovic
and N.Tokodi (2024) addressed two different directions
related to the response of aquatic organisms to tech-
nogenic loads. D.D. Backovi¢ and N. Tokodi focused on
the biotoxicological aspect, investigating the spread of
cyanobacteria and cyanotoxins in freshwater bodies,
including aquaculture systems. It was emphasised that
these compounds significantly disrupt metabolic func-
tions and reduce the reproductive activity of aquatic
organisms. Meanwhile, L. Sehnal et al. dedicated their
work to the analysis of the microbiome of aquatic ver-
tebrates, focusing on its role in immune defence and
adaptation to polluted environments. Both approach-
es covered molecular and physiological levels but did
not include population or spatial parameters. In con-
trast to these authors, the presented study allowed for
establishing quantitative relationships between envi-
ronmental pollution and the demographic structure of
shrimp and crayfish populations, which enhances the
applied significance of the obtained results in the con-
text of bioindication and monitoring.

On the other hand, studies by R.N. Wanjari et
al. (2024) and C. Zanghi and C.C. loannou (2025) con-
centrated on the physicochemical properties of the en-
vironment and their impact on ecosystem stability and
functioning. C. Zanghi and C.C. loannou demonstrated
that an increase in water turbidity leads to disruption of
visual signals in fish,which entails a decrease in hunting

Scientific Horizons, 2025, Vol. 28, No. 6

efficiency and changes in the structure of trophic net-
works. At the same time, R.N. Wanjari et al. applied eco-
logical modelling methods to analyse reservoir stability
and interactions between abioticand biotic components.
Both studies presented important systemic conclusions
but did not address specific changes in the structure
of individual populations. Unlike these authors, the
current work examined the quantitative parameters of
indicator species populations and recorded patterns of
decline in abundance and juveniles depending on the
degree of pollution, which expands the possibilities for
assessing the real vulnerability of aquatic ecosystems.

In a series of works by M.J. Thorstensen et al. (2022)
and X. Miao et al. (2023), approaches aimed at studying
the physiological state of aquatic organisms depend-
ing on environmental conditions were implemented.
MJ.Thorstensen et al. developed non-invasive data col-
lection methods for assessing the physiological state
and movement of freshwater fish, reducing stress on
the study subjects. X. Miao et al., in turn, demonstrated
that short-term keeping of silver carp in a clean natural
environment improves its organoleptic and biochemi-
cal characteristics. Both works focused on physiological
indicators; however, demographic characteristics and
population stability were not assessed. The conducted
study, however, allowed for recording a sharp decrease
in density of up to 60-80%, an increase in juvenile mor-
tality, and a distortion of sex structure in benthic crus-
taceans, which provides a more complete picture of the
consequences of pollution at the population level.

Similarly, the works of D. Pandit et al. (2023) and
A.G. Tacon et al. (2024) raised issues concerning the
degradation of aquatic ecosystems from different per-
spectives. D. Pandit et al. investigated the decline in
species diversity in Bangladesh water bodies and not-
ed its impact on food security and the sustainability of
small-scale fisheries, especially in socially vulnerable
areas. A.G. Tacon et al. conducted an annotated liter-
ature review on the benefits and risks of consuming
fish and seafood, drawing attention to the content of
heavy metals and other pollutants. Despite their rel-
evance and broad scope, neither study touched upon
specific population changes due to pollution. This
work filled that gap by establishing quantitative de-
pendencies between the intensity of anthropogenic
impact and population viability parameters — density,
age composition, and sex structure — thereby creating
a scientific basis for biomonitoring and restoration of
aquatic bioresources.

Of particular note are the studies by K. Amoah et
al. (2024) and L. Zhang et al. (2024), which considered
two different approaches to assessing the state of
aquatic organisms. K. Amoah et al. conducted molecu-
lar and immunobiological characterisation of four Ba-
cillus strains isolated from the gut of hybrid grouper,
demonstrating their antagonistic action against path-
ogens and their potential to improve fish health in




aquaculture systems. Meanwhile, L. Zhang et al. focused
their efforts on monitoring fish species diversity in
coastal waters using DNA metabarcoding technology
and passive water sampling. While both studies made
significant contributions to the development of mo-
lecular ecology and monitoring, neither covered the
analysis of spatial and age structure of populations
under conditions of chemical pollution. In contrast, the
presented study provides a clear focus on changes in
the demographics and structure of crayfish and shrimp
populations depending on the level of water body pol-
lution, including an assessment of density, sex compo-
sition, and juveniles, which allows for conclusions to be
drawn at the ecosystem sustainability level.

Among the works concerning the adaptation of
organisms to changing conditions, the research by
H.C. Vieira et al. (2022) and S. Rahayu et al. (2024) are
noteworthy. S. Rahayu et al. analysed the current state
and prospects of probiotic application in Chinese ag-
uaculture, highlighting their impact on immune resist-
ance, growth, and reduction of pathogen load in aquatic
organisms. At the same time, H.C. Vieira et al. proposed
a method of transplant testing for fish in field condi-
tions to assess the toxicological load of the aquatic
environment. Although both approaches are aimed at
studying the response of organisms to external factors,
they remain limited to the analysis of physiological
and behavioural parameters at the level of individual
organisms. In contrast, the present study presents spa-
tial and quantitative indicators of populations in nat-
ural conditions, allowing for the consideration of the
sustainability not of individual organisms, but of entire
biocoenoses and their ability to self-maintain under
conditions of complex pollution.

Equally interesting and conceptually significant are
the studies by O.A. Anyanwu et al. (2023) and M. Revert-
er et al. (2025), which address the socio-ecological con-
sequences of anthropogenic pressure on water resourc-
es. M. Reverter et al. presented a retrospective review
of the aquaculture industry’s contribution to the devel-
opment of antimicrobial resistance, linking this to the
excessive use of antibiotics and the global spread of
resistant strains. O.A. Anyanwu et al., in turn, conducted
an interdisciplinary study dedicated to the perception
of fish consumption in polluted marine environments
in Indonesia. The authors showed that the population
experiences an internal conflict between the tradition-
al value of fish as a food source and the awareness of
potential contamination risks. Both studies focus on the
global and social aspects of ecological degradation but
do not include a specific analysis of the consequences
of pollution for population dynamics and structure. In
contrast, the conducted study complements general as-
sessments with empirical data on real changes in the
spatial distribution, mortality, and reproduction of indi-
cator species, which increases the accuracy of diagnos-
ing the ecological state of freshwater bodies.
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In the works of F.C. Sarker et al. (2022) and C. Van
Driessche et al. (2024), issues concerning the conser-
vation of freshwater biodiversity and the monitoring
of fishing communities in a transformed environment
were considered. F.C. Sarker et al. conducted an inven-
tory of the ichthyofauna of the floodplain ecosystems
of Sylhet (Bangladesh), highlighting the richness of
species composition and the environment’s susceptibil-
ity to seasonal and anthropogenic stress. Measures to
strengthen the protection and management of water
resources were proposed. In turn, C. Van Driessche et
al. used DNA metabarcoding to assess spatio-temporal
changes in the composition of fish communities in the
Scheldt estuary. Trends of species shifting in response
to environmental changes were identified; however, the
analysis did not include the structural characteristics of
individual populations. Unlike these works, the present-
ed study provided an assessment of the density, sex,and
age composition of benthic invertebrates, demonstrat-
ing a direct correlation of these parameters with the lev-
el of pollution and recreational pressure, which signifi-
cantly expands the applied value of the obtained data.

In the studies by AAA. Mamun et al. (2021), and
T.0.Sogbanmu and A.B.Dauda (2024), the consequences
of industrial aquaculture and the possibilities of using
local fish species in toxicological assessments were con-
sidered. A.A. Mamun et al. showed that export-oriented
coastal fish farming can benefit vulnerable populations
in terms of food security, but if uncontrolled, it can be
accompanied by ecological risks. In turn, T.0. Sogbanmu
and A.B. Dauda systematised the use of local Nigerian
fish species in laboratory ecotoxicological tests,empha-
sising their significance for assessing the impact of pol-
lutants. Both approaches were oriented towards eco-
nomic or experimental practice but did not include field
assessments of population stability under conditions
of real pollution. Unlike them, the presented study ap-
plied a comprehensive population-ecological approach,
documenting structural changes and demographic con-
sequences of pollution for benthic invertebrates in
freshwater ecosystems. The reviewed studies covered a
wide range of aspects from biodiversity and physiolo-
gy to food security and molecular monitoring methods.
However, most of them either focused on individual
organisms or described general ecosystem processes
without analysing population structure and dynamics.

CONCLUSIONS

As a result of this study,a comprehensive assessment of
the influence of anthropogenic factors on the structure,
abundance and spatial distribution of shrimp (Palaemon
elegans, Palaemon adspersus) and freshwater crayfish
(Astacus leptodactylus, Pontastacus eichwaldi) popula-
tions in the Shamkir and Mingachevir reservoirs was
carried out. In areas with minimal anthropogenic load
(control zones) the density of shrimp populations var-
ied from 12 to 25 individuals/m? for Palaemon elegans
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and from 9 to 17 individuals/m? for Palaemon adspersus
in the Shamkir reservoir. In Mingachevir reservoir, the
densities of these species ranged from 8 to 18 individ-
uals/m? for Palaemon elegans and 6 to 14 individuals/
m? for Palaemon adspersus. For freshwater crayfish in
the Shamkir reservoir, population densities of Astacus
leptodactylus ranged from 5 to 12 individuals/m? and
Pontastacus eichwaldi from 3 to 7 individuals/m2 In
Mingachevir reservoir, the density of Astacus leptodac-
tylus ranged from 3 to 9 individuals/m? and Pontasta-
cus eichwaldi from 2 to 5 individuals/m2. In polluted
areas near sewage and recreational sources, shrimp
abundance decreased to 11-17 individuals/m? and
crayfish abundance to 2-5 individuals/m? represent-
ing a 32-60% reduction in density compared to con-
trol sites. The age structure of the populations showed
significant changes: the proportion of juveniles in
control conditions ranged from 25% to 42%, while in
polluted areas it decreased to 15-20%. The mortality
rate of juveniles in polluted areas reached 40-50%,
especially in Palaemon adspersus and Pontastacus eich-
waldi. A change in the sex composition was also re-
corded: the proportion of males was 55-78% in con-
taminated areas, while in clean areas it was 40-56%.
The spatial structure of the populations showed a ten-
dency towards habitat reduction and fragmentation,

especially in the coastal zones of the Mingachevir res-
ervoir, where maximum concentrations of organic pol-
lutants were detected. Noise pollution, household rub-
bish and poaching also had an impact. Thus, a direct
correlation between the level of anthropogenic impact
and demographic characteristics of populations was
established. The study confirmed that the decrease
in density, mortality of juveniles and disturbance of
the sex structure are reliable indicators of ecological
disadvantage of water bodies. The prospects for fur-
ther research on this topic include the development of
more detailed monitoring programmes aimed at stud-
ying the long-term effects of anthropogenic impact
on the ecosystems of Azerbaijan’s reservoirs, as well
as investigating the effectiveness of restorative meas-
ures to support the sustainability of non-fish seafood
populations in these conditions.
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BnnuvB aHTpPONoreHHUX YMHHUKIB Ha CTPYKTYpY nonynsuii HepM6HUX MOpenpoayKTiB
y BogocxoBuLUax Asep6anmKaHy
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AHoTauia. MeTolo gocnigxkeHHs 6yno BCTAHOBUTM BM/IMB @HTPOMOreHHUX YMHHWKIB HAa UYMCENbHICTb | CTPYKTYpY
nonynauin. Y craTri npenctaBneHo pe3ynbTaT KOMMAEKCHOTO eMMipUYHOro OOC/iOXKEHHS, CNpPsSMOBAHOMO Ha
OLiHKY BMJIMBY aHTPOMOrEHHMX YMHHMKIB Ha CTPYKTYpY Ta YMCENbHiCTb nonynsuin kpeseTok (Palaemon elegans,
Palaemon adspersus) i pidkoBux pakiB (Astacus leptodactylus, Pontastacus eichwaldi) B ymoBax Lamkipcbkoro Ta
MiHreuaypcbkoro Bogocxosuw, AsepbaimkaHy. Y nepion i3 yepsHs fo cepnHa 2024 poky 6yno nposefeHo
NObOBI OBCTEXEHHS HA AiNFHKAX i3 Pi3HUM cTyneHeM 3abpyaHeHHs. OuiHKa BKKOYana aHani3 WinbHOCTI 0COOMH,
BIKOBOr0 Ta CTaTeBOro CKamdy, YMCENbHOCTi MOMOAHSKA Ta WOro CMEPTHOCTI, @ TaKOX MPOCTOPOBOr0 PO3MNOAiny
nonynauii. Ons piukoBux pakiB cepefHs WinbHicTb Astacus leptodactylus konueanacs Big 12 0cobuH/M? (4nCTi
30HK LLlaMKipcbkoro BoAocxoBuLla) Ao 5 ocobuH/mM? (3abpyaHeHi 30HM MiHreuaypcbkoro). Y Pontastacus eichwaldi
uMcenbHicTb BapitoBana Bif 7 Ao 2 0cobuH/MZ YacTka MONOAHsAKA B CTPYKTYpi MONYASLIM Ha YMCTUX AinsiHKaxX
pocsirana 42 % (Palaemon elegans) i 40 % (Astacus leptodactylus), Tofi 9K Ha 3abpyAHEHUX LINSHKAX — 3HWXKYBaNacs
10 15-20 %. 3adikcoBaHo cMepTHiCTb MonoAHsKa Ao 40 % Ha fingHKax 3 opraHiyHMM 3abpyaHeHHaM. Ha ainsHkax
3 BMCOKMM piBHEM 3abpyaHeHb crnocTepiraBcs aucbanaHc ctateBoro cknamy: y Palaemon adspersus i Pontastacus
eichwaldivyacTka camuiB nepeBuLLyBana 55 %, Toai Sk Ha UMCTUX AiNsHKaxX NnepeBaxany caMku abo 3bepiranocs pisHe
cniBBigHOWEHHS. Hanbinblie 3HMKEHHS YMCeNbHOCTI BCiX BUAIB BiA3HAYeHO B MiHreuyaypCcbkoMy BOAOCXOBULLI — [0
60 % y Pontastacus eichwaldi, Lo CBig4YUTbL MPO BMCOKY YYTAMBICTb BUAY A0 KOMMNAEKCHOrO aHTPOMOreHHOro BnamByY.
Pe3ynbrati 3aCBigumnnu, Wo xiMiuHe 3abpyaHeHHS, pekpeaLiiHe HaBaHTaXKEHHS Ta 6PaKOHbEPCTBO € BU3HAYAIbHUMM
YMHHMKAMKU Aerpagauii nonynauid. BctaHOBAEHO MpsiIMy 3anexHiCTb MiXK piBHEM aHTPOMOreHHOro BMAMBY Ta
3HWXEHHSIM YMCEeNbHOCTI, NOPYLLUEHHAM BiKOBOI Ta CTaTEBOI CTPYKTYPU. 3aNpONOHOBAHO iHAMKATOPHI MOKA3HUKK AN4
MOHITOPUHIY CTaHy MpiCHOBOAHMX ekocucTeM. OTpMMaHi pe3ynbTaTv MOXYTb BMKOPWCTOBYBATUCS AJ1S pO3pOOKM
nporpamM MOHITOPMHTY Ta €KON0ro-pecTaBpaLiMH1X 3aX0A4iB Y BOAHUX ekocucTeMax AzepbaakaHy

KniouoBi cnoBa: 0HHI 6e3xpebeTHi; MOHITOPUHT CepefoBULLA; TEXHOTE€HHE HABAHTAXXEHHSI; MPICHOBOAHI eKOCUCTEMY;
bioiHaMKaLis
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