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ABSTRACT. Freshwater goby (Family Gobiidae) is one of the diverse and widespread fish species in
rivers and lakes, with economic values ranging from ornamental and subsistence provisions. Several
ichthyofaunal surveys have been conducted in the Philippines; however, no systematic review and
meta-analysis was performed to analyze freshwater goby species richness over fish species richness.
Following the PRISMA Protocol, twenty—three (23) studies were assessed and statistically analyzed
using JASP Version 0.18.3. Each paper was reviewed to identify study sites, goby genera, diversity indi-
ces (Shannon, Pielou’s evenness, and Simpson), and physicochemical parameters, with correlations ana-
lyzed across fish species, goby species richness, and diversity indices. Results revealed that most fresh-
water goby studies take place in Luzon, and the genus Glossogobius is the prevalent goby species at most
study sites. The diversity index for introduced fish species ranged from low to medium, as indicated by
the enriched biodiversity index score from Guerrero (2014). In terms of physicochemical parameters, all
values generally met the standards set by DAO 2016-08. However, the forest plot revealed that the effect
size was entirely on the positive side of zero, with a combined effect size of 0.46, suggesting a moderate
impact. The funnel plot indicated an asymmetrical pattern among studies, suggesting potential publi-
cation bias. Analysis suggests that goby diversity in the Philippines is high in terms of species richness,
with a moderate effect size when compared to overall fish species richness based on the collated studies.
Taking into account the high publication bias observed, we recommend including more studies from
Southeast Asian countries. Researchers are encouraged to prioritize biodiversity studies in the Visayas
and Mindanao regions to mitigate study bias. A comparative analysis of native and introduced fish spe-
cies richness would also be beneficial in determining their potential impact on the overall effect size of
species richness.
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1. Introduction ing grounds (Millenium Ecosystem Assessment [MEA],

2005). Recent estimates indicate that 25% of evaluated
freshwater fish species worldwide face extinction (Vié
et al., 2009). Despite their widespread distribution

Freshwater gobies (Family Gobiidae) play a
crucial ecological role in tropical freshwater ecosys-

tems, particularly in insular streams where they dom-
inate due to the absence of primary freshwater fishes.
However, approximately 20% of their populations are
increasingly threatened by habitat degradation, pol-
lution, climate change, and human activities such as
deforestation, agricultural runoff, and dam construc-
tion, which disrupt their migratory routes and breed-

and ecological importance, many freshwater gobies
remain understudied, and their conservation status is
largely unknown, particularly in the Philippines and
other Southeast Asian regions. The conservation status
of freshwater gobies (Family Gobiidae) varies globally,
with many species facing population declines due to
habitat degradation, invasive species, pollution, and
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climate change, particularly in Southeast Asia and the
Pacific. While conservation efforts in regions like Japan
and Hawaii have led to improved habitat protection,
many goby species remain understudied, highlighting
the need for further research and sustainable manage-
ment strategies (Guo et al., 2013).

As key players in maintaining the ecological sta-
bility of island environments, these small but signifi-
cant fish species help regulate ecological processes and
provide multiple ecosystem services in freshwater eco-
systems (Benstead et al., 2003; N’Guyen et al., 2018).
Many species exhibit amphidromous life cycles, requir-
ing both freshwater and marine habitats to complete
their development. In oceanic islands, such as some
islands in the Philippines, there are no primary fresh-
water fishes, but instead peripheral freshwater fishes
are typically found with the dominant Gobiidae group
(Herre, 1953; Leveque et al., 2008). Smith et al. (2003)
added that many freshwater fish species are phyloge-
netically derived from marine ancestors such as gobies,
sleepers, and eels because their planktonic larvae drift
long distances among islands in oceanic currents. These
species, found in insular streams, also support fewer
freshwater species than continental streams since mul-
tiple factors (i.e., island age, length, and geographi-
cal location) shape their biodiversity. Insular streams,
found mostly in Southeast Asian countries, possess a
complex combination of species dispersal from multi-
ple continental sources and other islands, inter-island
migration, and the evolution of new endemic species
(Covich, 2006; Reichenbacher et al., 2020).

In the Philippines, despite their ecological and
economic significance, freshwater gobies face numer-
ous threats that jeopardize their populations and the
livelihoods of communities dependent on them (Herre,
1953). Overfishing affects subsistence fisheries such
as ‘ipon’ fisheries, which has led to declining stocks
due to unsustainable harvesting practices and the lack
of strict regulations) (Herre, 1927; Blanco, 1956).
Human-mediated activities have resulted in sedimen-
tation, water pollution, and the destruction of critical
breeding and nursery grounds. Additionally, the rapid
expansion of urbanization, dam construction, and river
channelization disrupts the natural migratory patterns
of amphidromous goby species, leading to population
fragmentation and genetic bottlenecks. The ornamen-
tal fish trade threatens goby populations due to high
demand and unregulated collection, while the lack of
comprehensive research and conservation efforts fur-
ther leaves many species understudied and vulnerable
(Kornis et al., 2013). Without immediate interven-
tion through habitat conservation, sustainable fisher-
ies management, and stricter policy enforcement, the
future of goby populations in the Philippines remains
at risk, along with the ecological balance of the fresh-
water ecosystems they support.

Several ichthyofaunal surveys have been con-
ducted in the Philippines, but yet no comprehensive sys-
tematic review and meta-analysis have been performed
to quantify the effect size of goby species richness rela-
tive to overall fish species richness. Understanding the
abundance and diversity of goby species is crucial for
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assessing their ecological significance and conserva-
tion status. This study aims to bridge this research gap
by conducting a systematic review and meta-analysis
of ichthyofaunal surveys in the Philippines from 2010
to 2022. Specifically, the study seeks to: (1) assess the
existing goby species documented in the Philippines
up to the genus level, (2) analyze diversity trends over
time and across different freshwater ecosystems, and
(3) generate forest and funnel plots to statistically
determine the effect size of goby species richness in
relation to total fish species richness in these studies.
Synthesizing data from various surveys provides a more
comprehensive understanding of goby biodiversity pat-
terns, which can serve as a foundation for future con-
servation and management efforts.

2. Materials and Methods

PRISMA Protocol: We developed a search
strategy that minimized bias when identifying the
cohort of studies for our review. The study utilized
the Preferred Reporting Items for Systematic Reviews
(PRISMA) (Page et al., 2021) to review the occurrence
of Freshwater goby species (Family Gobiidae) in the
recently conducted Ichthyofaunal surveys from January
2024-June 2024. Using the literature search software
Publish or Perish (Version 7.26; https://harzing.com/
pophelp/index.htm). We conducted searches across
multiple academic databases, including Google Scholar,
Scopus, and Web of Science (ISI) for articles related to
Gobi richness and fish species richness in freshwater
ecosystems in the Philippines, with no restrictions on
language and publication year. Using the search term
“Freshwater Fish Diversity Philippines”, we initially
identified 980 articles from Google Scholar and Web of
Science (ISI) while 34 articles from Scopus. After apply-
ing screening criteria to assess quality and relevance,
we narrowed the selection to 45 articles, ensuring that
only high-quality and pertinent studies were included
in our review. This systematic approach allowed us to
compile a robust dataset for analyzing goby species
diversity and their ecological significance in Philippine
freshwater ecosystems. (Fig. 1)

Data collection and extraction

We compiled a comprehensive list of 23 arti-
cles that were included in our systematic review and
meta-analysis, synthesizing research on goby species
richness and overall fish species richness in Philippine
freshwater ecosystems. For each study, key details
were documented, including the province where the
survey was conducted, the specific location, and the
corresponding scientific references from ichthyofaunal
surveys in the Philippines. To ensure efficient organi-
zation and management of sourced literature, Zotero
was utilized, a widely used reference management tool
that facilitates the storage, citation, and retrieval of
academic materials. This systematic approach allowed
us to maintain accuracy, streamline data handling, and
ensure transparency in our analysis of goby diversity
trends across the country.
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Fig.1. The study utilized the PRISMA flow diagram to showcase the plotted systematic review that comes from published

articles.

Inclusion and exclusion criteria: To ensure the
rigor and reliability of our meta-analysis on goby spe-
cies richness relative to overall fish species richness, we
established a set of a priori inclusion criteria for select-
ing published articles (van Rhee et al., 2015). These
criteria were designed to filter studies that provided
comprehensive and comparable ecological data from
ichthyofaunal surveys in the Philippines. Specifically,
a study was included only if it reported goby species
richness and total fish species richness, ensuring that
the data were relevant to our analysis. Additionally,
the study must have been conducted within Philippine
freshwater ecosystems and provided key biodiversity
metrics, such as species richness, relative abundance,
and diversity indices, including Shannon, Evenness,
and Simpson indices. To account for changes in biodi-
versity over time, if multiple studies were conducted at
the same location, only the most recent reassessment
study was considered. This approach prevented data
redundancy while capturing the most up-to-date trends
in goby diversity.

Only studies with active and passive random
sampling, which are standard for ichthyofaunal assess-
ments, were included to ensure consistent methodol-
ogy. Additionally, studies had to report critical phys-
icochemical parameters such as water temperature,
pH, and dissolved oxygen, as these factors significantly
influence freshwater fish distribution and diversity.
By enforcing these strict inclusion criteria, we ensured
that our meta-analysis incorporated only high-qual-
ity, standardized data, allowing for robust statistical
comparisons and reliable insights into the patterns of
goby species richness in Philippine freshwater ecosys-
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tems. This meticulous selection process was crucial in
reducing bias and enhancing the validity of our find-
ings, ultimately contributing to a more comprehen-
sive understanding of goby diversity and its ecological
implications.

Data analysis: We extracted data for 17 key cat-
egories from each article to ensure a comprehensive
and standardized dataset (Table 1 and Table 2). Given
that a single publication could report abundance data
for multiple goby species, we structured our dataset by
article, ensuring that each observation recorded was
associated with a specific publication. Each goby spe-
cies documented within a study was assigned to a sep-
arate row in our database, and its abundance statistics
were recorded along with the presence or absence of
other measurements of fish species richness within the
same study (Table 2). This systematic approach allowed
us to capture species-specific trends while maintaining
consistency in data organization (Hak et al., 2016).

The extracted data included publication charac-
teristics such as (1) publication year, (2) title of the
study, (3) author(s), (4) province, (5) municipality, (6)
freshwater ecosystem type (lake or river), (7) survey
year, (8) protection status (protected or unprotected
area), (9) seasonality, and (10) survey method (see
Table 2). Additionally, we gathered information on
(11) dissolved oxygen, (12) pH, and (13) water tem-
perature at each study site. Key biodiversity metrics
were also recorded, including (14) goby species rich-
ness, (15) total fish species richness, and three diver-
sity indices: (16) Shannon Diversity Index, (17) Pielou’s
Evenness Index, and (18) Simpson’s Dominance Index
(see Table 2). To determine whether a study was con-
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Table 1. Final list of publications included in the systematic review and meta-analysis.

Publication No. Site Province References
1 Minalin Channel-Pampanga River Basin Pampanga Baysa et al., 2022
2 Ambuklao Dam, Karao River, Eddet River, Adaoay River, Benguet Bestre et al., 2018
Agno River, Galiano River, Sab-dang River, Amburayan
River, Payay-Asin River, Poblacion River, Asin-Lewen River
Dopi River
3 Lake Taal River System (Looc, Magapi {Inlets} and Pasipit Batangas Corpuz et al., 2015a
{Outlet})
4 Lake Bato, Agos River, Bagacay Falls, Lake Baao-Bula, and Camarines Sur Corpuz et al., 2015b
Pawili River
5 Lake Oro and Lake Dakong Napo, Esperanza Agusan Del Sur Cuadrado et al., 2019
6 Santa Cruz River System Laguna Cui et al., 2022
7 Tigum River Toilo Denusta et al., 2020
8 Candaba Wetland Pampanga Garcia, 2010
9 Tablas Island Wetlands Romblon Gonzalez et al., 2023
10 Eight Floodplain Lake in Agusan Marsh (Panlabuhan, Agusan Del Sur Jumawan and Seronay,
Mihaba, Tugno, Kasawangan, Mambagongon, Sabang- 2017
Gibong, Kilobidan, and Tikgon)
11 Tikub Lake Quezon Labatos and Briones, 2014
12 Sawaga River Bukidnon Lubos et al., 2020
13 Pajo-Sto. Domingo River System Catanduanes Masagca et al., 2022
14 Daniog River Surigao Del Sur Mercado, 2018
15 Thawan Spring Community Watershed Surigao Del Sur Ojao et al., 2021
16 Ilog-Hilabangan River System Negros Occidental Pacalioga and Peralta,
2016
17 Bago River Negros Occidental Pacalioga et al., 2010
18 Watersheds of Mt. Makiling Forest Reserve Laguna Paller et al., 2011
19 Tayabas River Quezon Paller et al., 2013
20 Lake of San Pablo (Yambo, Sampalok, Pandin, Palakpakin, Laguna Paller et al., 2017
Mohicap,Calibato, & Bunot)
21 Danao Lake Leyte Romero et al., 2023
22 Talabaan River Sytem Misamis Oriental Vedra et al., 2022
23 Bega Watershed Agusan Del Sur Visto et al., 2015

ducted on an island or the mainland, we relied on
information provided within each article and used it
to contextualize goby species richness and fish species
richness in relation to geographical location.

To assess effect size and standard deviation, we
utilized the web-based Campbell Collaboration Effect
Size Calculator (https://www.campbellcollaboration.
org/research-resources/effect-size-calculator.html).
Meta-analysis was conducted using JASP statistical soft-
ware, focusing on freshwater species richness and goby
species richness. Our analysis revealed that Shannon
Diversity, Pielou’s Evenness, and Simpson’s Dominance
indices showed no strong correlation with goby species
richness. However, due to missing data in some arti-
cles, diversity indices were manually calculated when
species richness and relative abundance were available.

Descriptive statistical analysis was applied to
the physicochemical parameters, including water tem-
perature, pH, and dissolved oxygen, to identify patterns
and variations across study sites. The final dataset was
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analyzed to ensure thematic consistency among the
selected research articles, reinforcing the validity of
this systematic review and meta-analysis in evaluating
goby diversity and its relationship with freshwater fish
communities in the Philippines.

Risk bias assessment: To ensure the reliability
and validity of the included studies, we conducted a
rigorous risk of bias and quality assessment using the
Risk of Bias In studies of Temporal Trends in Ecology
(ROBITT) framework, developed by Boyd et al. (2022).
This framework consists of a 17-question assessment
designed to evaluate potential biases within ecological
studies, particularly those analyzing temporal trends
in biodiversity and species richness. The ROBITT tool
allows for a systematic and standardized evaluation of
study quality, helping to identify methodological lim-
itations such as incomplete data reporting, inconsisten-
cies in sampling techniques, and the potential influence
of external environmental factors. By implementing
this framework, we aimed to minimize the inclusion of
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studies that may introduce bias into our meta-analysis,
ensuring that our findings reflect accurate and unbi-
ased trends in goby species richness relative to fish spe-
cies richness in Philippine freshwater ecosystems.

Each study was critically assessed based on mul-
tiple criteria, including study design, data collection
methods. Factors such as whether the study provided
sufficient details on sampling protocols and included
robust statistical analyses were considered in the qual-
ity assessment. Additionally, we evaluated whether the
studies adhered to standardized ecological survey meth-
odologies, which is crucial for ensuring comparability
across different research works. Studies that scored
low in ROBITT’s risk assessment were either excluded
from the meta-analysis or noted as having potential
biases that could influence interpretation. This rigor-
ous assessment process allowed us to refine our dataset,
ensuring that our systematic review and meta-analy-
sis were built upon high-quality research, ultimately
strengthening the reliability of our conclusions regard-
ing goby biodiversity and its ecological significance in
Philippine freshwater habitats. All data were analyzed
using JASP Software (Goss-Sampson, 2019).

3. Resulits

Location of the study: Among the studies
included in our systematic review and meta-analysis,
the majority were conducted on Luzon Island, with
significantly fewer studies focusing on freshwater eco-
systems in Mindanao and the Visayas (see Table 1 and
Table 2). This geographic disparity highlights a research
gap in goby species assessments outside Luzon, where
ecological studies on freshwater fish diversity appear
to be more concentrated. The scarcity of research in
Mindanao and the Visayas suggests their potential
underrepresentation in ichthyofaunal studies, possibly
resulting in unaddressed critical biodiversity patterns
and conservation concerns. Given the unique ecolog-

ical characteristics of freshwater ecosystems on these
islands, further research is necessary to provide a more
comprehensive understanding of goby species richness
and distribution across the Philippine archipelago.

In terms of habitat type, most studies were con-
ducted in river systems, while only a smaller portion
focused on lakes. This trend may be attributed to the
fact that riverine environments, particularly those with
direct connectivity to marine waters, serve as critical
habitats for amphidromous goby species, which require
both freshwater and marine environments to complete
their life cycles. Rivers also provide more accessible
sampling sites for researchers, making them the pre-
ferred study areas for ichthyofaunal surveys. In con-
trast, lake ecosystems, though equally important for
fish diversity, are less frequently studied, possibly due
to logistical challenges or differences in research prior-
ities. This uneven distribution of studies suggests the
need for more focused efforts in assessing goby popula-
tions in lake ecosystems to ensure a holistic understand-
ing of their ecological roles and conservation needs.

Goby species richness: Overall, this study doc-
umented a total of twenty-nine (29) genera of freshwa-
ter gobies from the family Gobiidae, highlighting the
rich diversity of goby species in Philippine freshwater
ecosystems (Fig. 2). Among these, the most prevalent
genus recorded was Glossogobius sp., which appeared
in seventeen studies, indicating its widespread distri-
bution and ecological significance. Additionally, other
frequently documented genera included Sicyopterus sp.,
Redigobius sp., Rhinogobius sp., and Awaous sp., which
were consistently observed across multiple study sites
(Table 2; Fig. 2). The dominance of these genera sug-
gests their adaptability to various freshwater habitats,
particularly in riverine systems with direct connectiv-
ity to marine environments. Their frequent occurrence
across different studies underscores their potential role
as ecological indicators and emphasizes the need for
further research on their population dynamics, habitat
preferences, and conservation status.

Recorded Goby Genus in Studies (2010-2022)

Awaous 1
Carragobius
Cryptocentroides
Exyrias
Favonigobius

Glossogobius

Gobiodes
Goblopterus F____— 1
Gobius
Mesagabius
Mitichthys
w Neogobius
g Odontamblyopus
[0} Oligolepis
9 Ophiocara
> Periohthalmus 1
0
[=}
Q

Platycephalus
Proterorhinus
Psammagobius
Psuedogobius
Redigobius ]
Rhinogobius 1
Rhyacichthys

Scartelaos
Sicyopterus
Sicyopus
Stenogobius
Stiphodon ]
Taenioides ]
0 2 4 6 8 10 12 14 16

Number of Studies

Fig.2. Recorded Goby Genus across studies between 2010 and 2022.
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Diversity indices: The diversity indices com-
puted from the analyzed studies reveal considerable
variation in goby species richness and distribution across
different freshwater ecosystems in the Philippines.
H’=2.657 to 0.19 indicated a wide disparity in species
diversity among study sites (Table 3). Higher H’ val-
ues suggest more evenly distributed and diverse goby
communities, whereas lower values reflect dominance
by a few species or low overall species richness. This
variation may be attributed to differences in habitat
conditions, environmental disturbances, or anthropo-
genic impacts such as pollution, habitat fragmentation,
and overfishing. Additionally, variations in sampling
effort and methodologies may have also influenced the
recorded diversity levels across studies.

Similarly, differences in how uniformly goby
species are distributed within the studied freshwater
systems (PE=0.918-0.12). A higher PE Index suggests
a more balanced species composition, whereas lower
values indicate dominance by certain species, poten-
tially due to ecological competition or environmental
stressors. The Simpson’s D values ranged from 0.788
to 0.10, further reinforcing the disparity in community
structure across the surveyed sites (Table 3). Higher
Simpson’s D values indicate a more evenly distributed
goby community, while lower values suggest the domi-
nance of a few resilient species that outcompete others

in specific environments. These findings underscore the
complexity of goby assemblages in Philippine freshwa-
ter ecosystems and emphasize the importance of con-
servation efforts to protect habitats that support high
species diversity and evenness.

Physicochemical analysis: Out of the 23 stud-
ies reviewed, only 11 provided data on key physico-
chemical parameters, namely dissolved oxygen (DO),
pH, and water temperature, which are crucial in
assessing the environmental conditions of freshwa-
ter ecosystems (Table 4). The recorded DO indicated
varying oxygen availability across different study sites
(DO=10.00 mg/L-5.42 mg/L). Higher DO values
suggest well-oxygenated waters that support diverse
aquatic life, while lower values may indicate poten-
tial stressors such as organic pollution or eutrophica-
tion. pH levels observed across study sites revealed
slightly alkaline to near-neutral conditions (pH=_8.54
to 7.73), which are generally suitable for freshwater
gobies and other fish species. Meanwhile, water tem-
perature (31.50°C to 24.22°C) varied significantly, with
the highest temperatures recorded in studies such as
Mercado (2018) and the lowest in Paller et al. (2013).
These temperature fluctuations may influence meta-
bolic rates, breeding behaviors, and species distribution
within these freshwater habitats.

Table 3. Goby species richness and biodiversity indices (Shannon H’, Evenness-PE, and Simpson D).

No. References Species richness Goby species H PE D
1 Baysa et al., 2022 24 3 1.63 0.56 0.38
2 Bestre et al., 2018 13 3 1.54 0.45 0.22
3 Corpuz et al., 2015a 37 7 2.68 0.78 0.1
4 Corpuz et al., 2015b 29 8 1.65 0.62 0.33
5 Cuadrado et al., 2019 12 2 1.45 0.52 0.34
6 Cui et al., 2022 12 3 1.38 0.73 0.69
7 Denusta et al., 2020 8 1 1.2 0.58 0.62
8 Garcia, 2010 21 2 2.16 0.79 0.85
9 Gonzalez et al., 2023 44 12 1.7 0.65 0.29
10 | Jumawan and Seronay, 2017 16 2 1.9 0.69 0.788
11 Labatos and Briones, 2014 1 1.87 0.21 0.18
12 Lubos et al., 2020 0 1.9 0.2 0.84
13 Masagca et al., 2022 20 3 2.66 0.89 0.92
14 Mercado, 2018 13 2 1.6 0.72 0.78
15 Ojao et al., 2021 23 1 1.88 0.6 0.42
16 | Pacalioga and Peralta, 2016 56 11 2.41 0.733 0.85
17 Pacalioga et al., 2010 55 7 1.71 0.45 0.22
18 Paller et al., 2011 16 3 1.04 0.36 0.4
19 Paller et al., 2013 15 6 1.55 0.74 0.26
20 Paller et al., 2017 10 1 1.56 0.68 0.3
21 Romero et al., 2023 8 1 0.19 0.12 0.08
22 Vedra et al., 2022 12 4 1.21 0.74 0.59
23 Visto et al., 2015 6 1 1.22 0.65 0.65

Note: H’ = Shannon Index, PE = Pielou’s Evenness Index, D = Simpson Index
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Table 4. Physicochemical variables found across 23 articles.

No. References Water Temperature pH DO
1 Baysa et al., 2022 27.765 7.6 27.765
Corpuz et al., 2015a 28.14 7.62 28.14
4 Corpuz et al., 2015b 28.178 7.976 28.178
13 Masagca et al., 2022 28.73 7.91 28.73
14 Mercado, 2018 31.503 7.68 31.503
15 Ojao et al., 2021 28.873 7.367 28.873
17 Pacalioga et al., 2010 24.971 7.699 24,971
18 Paller et al., 2011 26.287 8.539 26.287
19 Paller et al., 2013 24.225 7.315 24.225
20 Paller et al., 2017 27.755 7.825 27.755
23 Visto et al., 2015 25.625 7.375 25.625

Table 4 highlighted site-specific variations
in water quality, which can be influenced by factors
such as seasonal changes, geographic location, and
anthropogenic activities. For instance, studies con-
ducted in urbanized or disturbed environments may
exhibit higher temperatures and lower DO levels due
to increased runoff, reduced vegetation cover, and pol-
lution. Conversely, sites in relatively undisturbed areas
with stable riparian vegetation and minimal human
impact tend to maintain more favorable water qual-
ity parameters. The variations observed emphasize
the need for continued monitoring and assessment of
freshwater ecosystems, as physicochemical factors play
a vital role in maintaining the health and stability of
goby populations. Understanding these environmental
parameters can provide valuable insights into habitat
suitability, species adaptability, and potential threats to
freshwater biodiversity in the Philippines.

Relationship among variables from the pool
of publications: A strong positive relationship was
observed between goby species richness and overall
fish species richness, suggesting that areas with higher
fish diversity also tend to support a greater number of
goby species (r=0.846, p<.001; Table 5). This finding
indicates that gobies, as a taxonomic group, thrive in

ecologically rich freshwater systems where fish com-
munities are more diverse, possibly due to favorable
environmental conditions such as habitat complexity,
resource availability, and stable water quality param-
eters. The significant correlation also suggests that
gobies may serve as an important ecological indicator
of freshwater biodiversity, with their presence reflect-
ing overall ecosystem health. Furthermore, since gobies
exhibit amphidromous life cycles requiring both fresh-
water and marine environments, the observed cor-
relation may highlight the importance of hydrological
connectivity in sustaining both goby and broader fish
assemblages.

Apart from the strong goby-fish species rich-
ness correlation, additional positive relationships were
observed between fish species richness and H’, indi-
cating that higher fish species richness contributes to
greater species diversity and evenness in freshwater
ecosystems (r=0.487, p=0.019). Similarly, PE showed
significant correlations with both H’ and Simpson D,
reinforcing the idea that ecosystems with a balanced
distribution of species tend to exhibit greater overall
diversity (r=0.611, p=0.002; r=0.657, p<0.001,
Table 5). This implies that in areas where fish species
are more evenly distributed, goby species also benefit

Table 5. Pearson correlation (r) of variables from the final selection of studies.

Variable Goby species Fish species Shannon Simpson Evenness
richness richness Index Index Index

1. Goby species Pearson’s r —

richness p-value .

2. Fish species Pearson’s r 0.846 —

richness p-value < .001 —

3. Shannon Index | Pearson’s r 0.327 0.487 —
p-value 0.128 0.019 —

4. Simpson Index | Pearson’s r -0.170 -0.098 0.330 —
p-value 0.438 0.656 0.124 —

5. Evenness Index | Pearson’s r 0.161 0.118 0.611 0.657 —
p-value 0.462 0.591 0.002 < .001 —
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from reduced interspecific competition and more stable
ecological conditions. The presence of strong evenness
and diversity relationships further highlights the role
of habitat conservation in maintaining the structural
integrity of fish communities, as disturbances such as
habitat fragmentation and pollution can disrupt these
ecological balances.

Conversely, the Simpson D in Table 5 displayed
weak and non-significant correlations with goby spe-
cies richness (r=-0.170, p=0.438) and fish species
richness (r=-0.098, p=0.656), due to the dominance
by several species that does not necessarily correspond
with higher goby or fish diversity. This may indicate
that in some freshwater habitats, a few dominant spe-
cies outcompete others, leading to lower overall diver-
sity despite relatively high species richness. Such find-
ings highlight the complexity of species interactions in
freshwater ecosystems, where diversity indices alone
may not fully capture the ecological dynamics at play.
Ultimately, these results emphasize the importance of
taking into account multiple biodiversity metrics when
assessing freshwater fish communities, as well as the
need for conservation strategies that maintain both spe-
cies richness and community evenness to support long-
term ecological stability.

Meta-analysis, forest plot, and residual het-
erogeneity across study sites and publications: The
forest plot analysis revealed that all studies included in
the meta-analysis are positioned entirely on the posi-
tive side of zero, indicating a consistent trend in the
relationship between goby species richness and overall
fish species richness (Fig. 3). Among the studies, Study
16 exhibited the highest effect size (0.69), suggest-
ing that goby richness in this dataset has a relatively
strong association with fish species richness. This may
be due to favorable environmental conditions, such as
well-preserved freshwater habitats, optimal water qual-
ity parameters, or higher habitat complexity, which
support diverse goby and fish populations. Conversely,
Study 12 recorded the lowest effect size (0.0), indicat-
ing little to no measurable relationship between goby
richness and overall fish species richness in that study
(Fig. 3). This could be attributed to various ecologi-
cal factors, such as habitat degradation, pollution, or
methodological inconsistencies in species sampling and
identification.

The combined effect size across all studies falls
within the range of a low but statistically significant
effect (g=0.46; 0.34-0.57). This suggests that although
goby species richness d positively correlates with total
fish species richness, this association is not very sub-
stantial. Several factors could contribute to this low
effect size, including ecological niche differentiation,
varying habitat preferences among fish species, or
site-specific environmental conditions that influence
community structure. Additionally, differences in sur-
vey methodologies, seasonal variations, and geograph-
ical distribution may also play a role in moderating the
observed relationship. Despite the relatively low effect
size, the positive direction of the results reinforces
the idea that freshwater ecosystems with greater fish
diversity tend to support higher goby richness, albeit to
varying degrees.

143

Furthermore, a low heterogeneity index was
recorded across publications (Fig. 3), indicating mini-
mal variability among the included studies (I> = 14.74%;
H2=1.173). This suggests that the relationship between
goby species richness and fish species richness is con-
sistent across different research locations, with little
variation associated with methodological differences
or external environmental factors. A low heterogeneity
value strengthens the reliability of the meta-analysis
findings, implying that outliers or conflicting results
from individual studies do not significantly influence
the observed trend. However, the relatively low effect
size highlights the need for further investigations into
additional ecological factors that may influence goby
species distribution, such as hydrological connectiv-
ity, competition, and habitat fragmentation. Future
research should consider a broader range of environ-
mental variables and explore potential interactions that
may contribute to variations in goby and fish diversity
patterns across different freshwater ecosystems.

Study 1 0.39 [-0.04, 0.82]
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Fig.3. Forest plot.

Table 6. Residual heterogeneity estimates.

Estimate
12 0.010
T 0.102
2 (%) 14.737
H? 1.173
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The funnel plot in Figure 4 provided a visual
assessment of potential publication bias among the
studies included in the meta-analysis of freshwater
goby species from recent ichthyofaunal surveys in the
Philippines (2010-2022). Ideally, in the absence of
publication bias, the data points representing individ-
ual studies should be symmetrically distributed around
the central effect size, forming an inverted funnel
shape. This symmetrical pattern indicates that stud-
ies with both large and small effect sizes are equally
reported, reducing the likelihood of selective publica-
tion and ensuring a more balanced representation of
available data.

However, the observed funnel plot displays
noticeable asymmetry, suggesting a significant devi-
ation from the expected distribution. This pattern
demonstrates the potential presence of publication
bias, where studies with smaller effect sizes or non-sig-
nificant results may be underreported or unpublished.
Several factors could contribute to this asymmetry,
including selective reporting, variations in sampling
methodologies, or geographical disparities in research
focus. Additionally, differences in study quality, sample
sizes, or ecological conditions across study sites may
also influence the distribution of effect sizes. Taking
into account this deviation, further statistical analyses,
such as Egger’s regression test, are necessary to quanti-
tatively assess the extent of publication bias and eval-
uate its potential impact on the overall findings of the
meta-analysis.

Publication bias in freshwater goby studies:
Egger’s regression test for funnel plot yielded a statisti-
cally strongly significant result, indicating the presence
of publication bias (sei=-2.749, p=0.006). A p-value
below 0.05 suggests that smaller studies with non-sig-
nificant or negative findings may be underreported or
unpublished, leading to an overestimation of the over-
all effect size in the meta-analysis.

The result of the funnel plot in Figure 4 revealed
an asymmetrical pattern among studies’ standard error
over effect sizes, indicating a strong publication bias.
Moreover, the Egger’s test further confirmed a publica-
tion bias (p=0.006). The presence of publication bias
in this study may stem from multiple factors, including
selective reporting of studies with significant findings,
variations in survey methodologies, or regional biases
in freshwater goby research across the Philippines.
Given these findings, sensitivity analyses such as
the trim-and-fill method or fail-safe N tests could be
explored to adjust for bias and assess the robustness
of the meta-analytic conclusions. While publication
bias does not invalidate the primary conclusions, it
underscores the need for cautious interpretation of the
results. Future ichthyofaunal surveys should aim for
comprehensive reporting, including non-significant
findings, to ensure a more balanced representation of
freshwater goby diversity in the region.

4. Discussion

Across 23 studies, Luzon emerges as the predom-
inant locus of research on Philippine freshwater gobies,
corroborating earlier evidence that it is the country’s
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Table 7. Regression test for funnel plot asymmetry
(“Egger’s test”).

sei [ -2.749 0.006

most intensively studied freshwater region (Magbanua
et al., 2017). This concentration of effort has yielded a
comparatively coherent picture of gobiid diversity and
assemblage structure in Luzon’s riverine systems, but it
also risks entrenching a geographic bias in our national
understanding of freshwater fish ecology. Although
the available is sufficient for robust inferences about
Luzon, it also emphasizes the limited generalizability of
these insights to the rest of the archipelago.

By contrast, freshwater systems in the Visayas
and Mindanao remain poorly studied, creating a sig-
nificant knowledge gap in goby species distributions,
assemblage composition, and biodiversity processes
in these regions. The observed disparity mirrors the
broader pattern identified by Magbanua et al. (2017)
for freshwater ecosystem research in the Philippines,
reinforcing the need for spatially balanced sampling.
Targeted, stratified ichthyofaunal surveys—designed
to capture habitat gradients, hydrological seasonality,
and watershedlevel landuse pressures—are therefore
essential to develop a comprehensive, archipelagowide
baseline.

Taxonomically, the compiled records converge on
the prominence of Glossogobius, with Glossogobius spp.
as the most prevalent gobies across studies, which is
consistent with the genus’s recognition as one of the
most speciose gobioid lineages (Agorreta et al., 2013).
Comparative biogeographic work supports ongoing
species radiation within Glossogobius across Papua New
Guinea, Sulawesi, Madagascar, and the Philippines
(Hoese and Allen, 2009). Within the Philippines, eight
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Glossogobius spp. have been documented to date, with
G. aureus as the most abundant and commercially
salient, a pattern aligned with the genus’s ecological
versatility and capacity to occupy a range of lowland
freshwater habitats.

Across studies reporting community metrics,
diversity indices (Shannon, Evenness, and Simpson)
normally fall within low to medium ranges (Magurran,
2021). This is consistent with theory and empirical pat-
terns, demonstrating that insular tropical rivers typi-
cally support lower fish diversity than their continen-
tal tropical counterparts (Smith et al., 2003). Insular
stream fish assemblages are shaped by dispersal from
multiple sources, including adjacent islands, produc-
ing species pools constrained by overwater coloniza-
tion and habitat connectivity (Covich, 2006). Notably,
introduced species were recorded in all studies; while
their ecological impacts warrant focused assessment,
they have—at least numerically—contributed to higher
local species counts in some Philippine freshwater sys-
tems (Guerrero, 2014).

Physicochemical data from 11 studies indicate
that dissolved oxygen, pH, and water temperature gen-
erally meet thresholds that were established by the
Department of Environment and Natural Resources
Administrative Order (DAO) No. 201608 on Water
Quality Guidelines and General Effluent Standards.
These conditions are broadly suitable for sustaining
freshwater fish communities, including gobiids, which
often exhibit finescale microhabitat specialization.
Nevertheless, maintaining water quality is critical:
fluctuations in oxygen dynamics, thermal regimes, and
acidity can reshape trophic interactions, alter recruit-
ment, and precipitate shifts in community composition.
Sustained, watershedscale monitoring is therefore war-
ranted to detect and mitigate degradation arising from
pollution, deforestation, sedimentation, and landuse
change under DAO 201608 compliance frameworks.

Correlation analyses reveal a strong positive rela-
tionship between goby species richness and overall fish
species richness, reinforcing the ecological expectation
that in oceanic islands—where diadromous and amphi-
dromous lineages frequently dominate—peripheral
freshwater fishes such as Gobiidae are naturally prev-
alent (Leveque et al., 2008). Concordantly, fish spe-
cies richness is positively associated with the Shannon
Index, which integrates both richness and evenness;
as richness rises, Shannon entropy typically increases,
provided dominance does not intensify. By contrast,
the strong positive correlation between Simpson and
Evenness indices, coupled with the absence of a direct
richness-Simpson correlation, underscores Simpson’s
sensitivity to dominance structure rather than to rich-
ness per se, highlighting the importance of balanced
relative abundances for community stability.

The metaanalysis (Forest Plot) places all studies
on the positive side of zero, yielding a combined effect
size of 0.46, indicative of a moderate yet statistically
meaningful association between goby richness and total
fish richness. Low heterogeneity (I>=14.74%) suggests
broadly comparable methodologies across studies,
with only minor differences in sampling gear, effort,
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or habitat coverage. Two caveats deserve attention.
First, introduced species in total richness may inflate
effect sizes by adding taxa independent of native com-
munity assembly processes; sensitivity analyses exclud-
ing nonnative species would clarify this influence.
Second, the funnel plot shows asymmetry, and Egger’s
test indicates potential publication bias—an unsurpris-
ing outcome given the topic’s specificity and a liter-
ature base that already emphasizes gobiid dominance
in Philippine freshwaters (Herre, 1953; Leveque et al.,
2008). Addressing these biases will require broader
geographic coverage and systematic inclusion of gray
literature and null results.

These findings motivate a forward agenda
grounded in geographic rebalancing, methodologi-
cal standardization, and data transparency. Priorities
include (i) expanding surveys in the Visayas and
Mindanao with stratified designs across watershed
types and disturbance gradients; (ii) coupling mor-
phology with molecular barcoding to resolve cryp-
tic Glossogobius lineages (cf. Hoese and Allen, 2012);
(iii) harmonizing protocols for effort, gear, and index
calculation to reduce residual heterogeneity; (iv) con-
ducting sensitivity analyses that partition native versus
introduced assemblage components (Guerrero, 2014);
and (v) integrating longterm waterquality monitoring
within the DAO 201608 framework to link commu-
nity responses with environmental change (DENRBMB,
2016). Such steps will strengthen inference on gobiid
biogeography and community ecology, enhance the
robustness of future metaanalyses, and generate the
evidence base needed to identify endemism, assess
ecosystem health, and design effective, regionappropri-
ate conservation strategies (Herre, 1953; Smith et al.,
2003; Leveque et al., 2008; Covich, 2006; Magbanua
etal., 2017).

5. Conclusion

Goby diversity in the Philippines, as mea-
sured by species richness, remains notably high, with
Glossogobius sp. emerging as the most prevalent genus
across the studies. However, a significant geographical
disparity exists in ichthyofaunal surveys, as most stud-
ies were conducted in Luzon, while freshwater systems
in the Visayas and Mindanao remain underrepresented
in published literature. This research gap underscores
the need for further exploration in these regions to
obtain a more comprehensive picture of goby species
distribution and diversity. The diversity index scores
from the studies revealed low to medium diversity,
which is consistent with the general understanding that
tropical insular streams have fewer fish species com-
pared to continental rivers. Additionally, the presence
of introduced fish species contributed to an increase
in overall biodiversity scores, although their ecologi-
cal impacts on native goby populations require further
investigation. Understanding whether these introduced
species compete with, displace, or coexist with native
gobies is critical for future conservation and manage-
ment strategies (Patzner et al., 2011).
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The strong positive correlation between goby
species richness and total fish species richness suggests
that gobies are a dominant and ecologically significant
group within Philippine freshwater habitats. Meta-
analysis results further supported this finding, with a
combined effect size of 0.46, indicating a moderate but
notable influence of goby richness on overall fish diver-
sity. This highlights the ecological importance of gobies
in structuring freshwater communities, particularly in
insular environments where they thrive as peripheral
freshwater species. Given their adaptability and preva-
lence, gobies may serve as reliable indicators of fresh-
water ecosystem health. However, publication bias, as
detected in the funnel plot and Egger’s test, suggests
that existing studies may not fully capture the diversity
and ecological roles of gobies across all freshwater sys-
tems in the Philippines. Addressing these gaps through
expanded research efforts in understudied regions,
along with standardized methodologies, will enhance
our understanding of goby diversity and its broader
ecological implications.

Taking into account the high publication bias
observed in this study, future research studies should
expand their focus beyond the Philippines to include
goby diversity across Southeast Asian nations. A
broader regional approach will provide a more com-
prehensive understanding of goby distribution pat-
terns, reduce bias, and allow for comparisons between
different freshwater ecosystems. Moreover, there is a
critical need to increase ichthyofaunal surveys in the
Visayas and Mindanao regions, as these areas remain
underrepresented in published literature. Expanding
research efforts in these regions will not only help
address publication bias but also contribute valuable
data on goby diversity and freshwater fish assemblages
in lesser-studied habitats.

Furthermore, a meta-analysis comparing native
fish species richness with introduced fish species rich-
ness would be highly beneficial in assessing the ecologi-
cal impact of non-native species on freshwater biodiver-
sity. This analysis could determine whether introduced
species significantly influence overall species richness
and whether their presence alters native fish communi-
ties, including goby populations. Understanding these
effects is crucial for developing informed conservation
and management strategies aimed at preserving native
biodiversity while mitigating the potential ecological
disruptions caused by introduced species.
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ABSTRACT. This study examines water quality parameters and zooplankton community structure in
the Gambhiri River, Chittorgarh district of Rajasthan, India, to assess the ecological health and trophic
state of this vital freshwater ecosystem. Seasonal sampling was conducted from January to December
2023 at six sampling sites to observe spatial and temporal variations in physicochemical parameters
and zooplankton communities. Key water quality parameters, including water temperature, pH, total
dissolved solids, turbidity, electrical conductivity, total hardness, chloride, alkalinity, dissolved oxy-
gen, and biological oxygen demand, were measured using standard analytical techniques. Zooplankton
samples were collected with a plankton net, preserved, and identified to the lowest possible taxonomic
level, following standard keys. In the study period, 65 species of zooplankton were analyzed, of which
26 species of Rotifera, 25 species of Cladocera, 8 species of Copepoda, and 6 species of Ostracoda were
recorded. Cladocera appeared as the dominant group of zooplankton with a higher density (38.67%),
followed by Rotifera (35.72%), Copepoda (18.57%), and Ostracoda (7.03%). The season-wise zooplank-
ton analysis revealed that Cladocera and Rotifera were the dominant groups across all seasons, while
Copepoda and Ostracoda contributed comparatively less to the total density. Cladocera showed higher
density than Rotifera during summer and post-monsoon seasons, whereas during monsoon and winter,
Rotifera slightly dominated over Cladocera. Copepoda consistently remained the third dominant group
in all seasons, while Ostracoda recorded the lowest density throughout the study period. The study
highlights the importance of zooplankton as sensitive bioindicators for evaluating the health of fresh-
water ecosystems and recommends routine monitoring and pollution control measures to preserve the
ecological integrity of this crucial water resource in Rajasthan’s semi-arid region.

Keywords: Gambhiri River, zooplankton diversity, physicochemical parameters, seasonal variation

For citation: Kumar S., Veerwal B., Garwa H. Assessment of water quality and zooplankton community structure in
the Gambhiri River (Chittorgarh, Rajasthan, India) // Limnology and Freshwater Biology. 2026. - No 3. - P. 148-158.
DOI: 10.31951/2658-3518-2026-A-3-148

1. Introduction of global significance (Strayer and Dudgeon, 2010).

In the Indian subcontinent, rivers have long played a
central role in shaping human civilization by sustain-
ing large populations and acting as hubs of economic
activity as well as cultural and traditional practices
(Gopal and Chauhan, 2006). However, rapid urbaniza-
tion, industrialization, and agricultural intensification
have led to severe deterioration of water quality in riv-
ers across the country, with developing regions facing

Water is the essential factor for the emergence,
development, and protection of life. Rivers are crucial
for the progress of any community or country, fulfilling
needs in various sectors, including domestic, agricul-
tural, aquatic, industrial, and hydroelectric. Freshwater
ecosystems, particularly rivers, are among the most vital
natural resources on Earth, providing essential ecosys-

tem services, including water supply, nutrient cycling,
and support for aquatic biodiversity (Dudgeon et al.,
2006). Despite covering less than 1% of the Earth’s sur-
face, freshwater ecosystems harbor approximately 10%
of all known species, making them biodiversity hotspots

particularly acute challenges (Vorosmarty et al., 2010;
Singh et al., 2004).

The diversity and seasonal variation studies of
zooplankton are of great importance in water bodies
because they are the intermediate link between phyto-

*Corresponding author. E-mail address: veerwal.b@gmal.com (B. Veerwal)

Received: March 05, 2026;
Accepted after revised: April 28, 2026;
Available online: June 18, 2026

© Author(s) 2026. This work is distributed
under the Creative Commons Attribution- BY NG

NonCommercial 4.0 International License.


https://www.doi.org/10.31951/2658-3518-2026-A-3-148
mailto:veerwal.b@gmal.com

Kumar S. et al. / Limnology and Freshwater Biology 2026 (3): 148-158

plankton and fish. It has been reported that zooplank-
ton are predators of phytoplankton and are very sensi-
tive to changes in environmental conditions (Xiong et
al., 2016). Zooplankton are an integral component of
the food chain; they occur in all waterbodies and are
important to nutrient recycling and regeneration of pri-
mary production. According to Dudgeon et al. (2006),
factors such as anthropogenic activities and climate
change are obstructing the stability of most freshwater
ecosystems, thereby causing a loss in the diversity of
zooplankton (Alahuhta et al., 2019). A lot of research
has been carried out on the diversity of various types of
plankton, many of which are associated with far-rang-
ing ecological and economic impacts (Anyanwu et al.,

2023).

Plankton thrive in diverse environmental con-
ditions but are highly responsive to changes in the
physicochemical properties of their habitats. Research
indicates that factors such as dissolved oxygen, tem-
perature, salinity, and other physicochemical variables
influence various zooplankton species (Anyanwu et al.,

2023).

The ecological integrity of riverine systems
depends on complex interactions between physical,
chemical, and biological components. Among these,
zooplankton communities form a crucial link in aquatic
food webs, serving as primary consumers that convert
phytoplankton and detrital matter into biomass avail-
able to higher trophic levels, including fish (Dutta et
al., 2025). Beyond their ecological role, zooplankton
have emerged as effective bioindicators of water qual-
ity due to their sensitivity to environmental changes,
short generation times, and differential species-specific
tolerances to pollution (Jeppesen et al., 2011; Gannon
and Stemberger, 1978). Studies across Indian freshwa-
ter systems demonstrated strong correlations between
zooplankton diversity metrics and physicochemical
parameters such as dissolved oxygen, nutrients, con-
ductivity, and temperature (Roychoudhury et al., 2013;

Thakur et al., 2013).

74°36'
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Like many rivers in rapidly developing regions
of India, the Gambhiri faces multiple anthropogenic
pressures, including discharge of untreated or par-
tially treated sewage from Chittorgarh city and smaller
towns, agricultural runoff containing fertilizer and
pesticide residues, potential small industrial effluents,
water abstraction for irrigation and domestic use, and
sedimentation from land use changes (Rodell et al.,
2009). In the present study, we attempted to assess
water quality and investigate the species composition,
distribution, and seasonal variation of zooplankton at
the Gambhiri River, Chittorgarh District, Rajasthan.

2. Materials and methods
2.1. Location of the study area

Chittorgarh is an important city of Rajasthan in
western India. The city lies between the Berach and
Gambhiri rivers and is situated at an average eleva-
tion of approximately 394 m (1292 ft) above mean
sea level. It occupies a location in the southern region
of Rajasthan and the northwestern part of India.
Chittorgarh is situated adjacent to a prominent hill,
on which the historic Chittorgarh Fort is located, near
the Gambhiri River. Geographically, the area extends
between latitudes 23°32’ and 25°13’N and longitudes
74°12’ and 75°49’E, falling within the southeastern part
of Rajasthan (Fig. 1) (Loth and Panchal, 2023).

2.2. Collection of water samples

Water samples were collected from January to
December 2023 from the effluent discharge points into
the Gambhiri River in Chittorgarh district of Rajasthan,
India. Sampling was carried out at six designated sites
along the river. The samples were gathered in 1-liter
plastic bottles that had been thoroughly pre-cleaned
and rinsed, adhering to standard safety and contamina-
tion prevention protocols.

74°42'

24°54

24°51"

Fig.1. Map showing sampling sites at the Gambhiri River.
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2.3. Analysis of water samples

The physicochemical parameters of water were
analyzed following standard procedures recommended
by the Indian Standards (IS) and the American Public
Health Association (APHA). Water temperature was
recorded using a mercury thermometer (°C) (IS 3025
pt-9, 1984). The hydrogen ion concentration (pH) was
measured in situ with a calibrated digital pH meter
in accordance with IS 3025 pt-11 (1983). Total dis-
solved solids (TDS), turbidity, and electrical conductiv-
ity (EC) were determined using standard instruments
as prescribed under IS 3025 guidelines. Total hard-
ness was estimated by the EDTA titrimetric method,
employing Eriochrome Black T as an indicator (IS 3025
pt-21, 2009). Chloride content was analyzed through
argentometric titration using a standard silver nitrate
solution with potassium chromate as an indicator, fol-
lowing IS 3025 pt-32 (1988) procedures. Alkalinity
was determined by titration with standard sulfuric
acid using phenolphthalein as an indicator (IS 3025
pt-23, 1986). Nitrate concentration was measured by
the UV spectrophotometric method (APHA 4500-NO_,
1992), with absorbance recorded at 220 nm and cor-
rection applied at 275 nm. Dissolved oxygen (DO) was
estimated by Winkler’s iodometric method in accor-
dance with IS 3025 pt-38 (1989). Biochemical oxygen
demand (BOD) was calculated from the difference in
DO values measured initially and after a five-day incu-
bation period, following standard IS 3025 pt-44 (1993)
protocols. Phosphorus was analyzed using a colorimet-
ric technique based on the formation of a molybdate
complex, as described in APHA Method 4500-P (1992).
Sulphate concentration was determined by the turbi-
dimetric method, wherein sulphate was precipitated
as barium sulfate and measured at 420 nm using a
spectrophotometer, in accordance with APHA Method

4500-S0,* (1992).

2.4. Collection and identification of
zooplankton

For the zooplankton study, samples were col-
lected from surface waters. Quantitative samples were
obtained by towing a Hensen standard plankton net at a
constant speed. The net was made of nylon with a mesh
size of 50 um. Immediately after collection, plankton
samples were transferred to a polyethylene bottle (100
mL) and preserved in 70% ethyl alcohol for further
analysis. For quantitative estimation, 50 L of surface
water were filtered through a small plankton net made
of nylon with a mesh size of 50 um. The concentrated
samples were thoroughly mixed, and 10 mL was with-
drawn for counting. Zooplankton enumeration was car-
ried out using a counting chamber under a compound
microscope (Olympus CH20iBIMF). Zooplankton abun-
dance was expressed as the number of individuals per
liter of water. Zooplankton taxa were identified using
standard identification keys, reference books, and rel-
evant monographs (Edmondson, 1992; Battish, 1992;
Tonapi, 1980; Khan, 2003; Sharma et al., 2012; Horne

et al., 2019).
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2.5. Statistical analysis

The statistical methods to analyze data were as
follows: mean, standard deviation, one-way ANOVA,
two-way ANOVA, and Karl Pearsons’s Coefficient of
Correlation. The R software was used for data analysis
(https://www.r-project.org/about.html).

3. Results and discussion

Table 1 shows season-wise physicochemical
parameters of water samples collected. Most of the test
results revealed significant differences in water quality
parameters across seasons. Seasonal variation in water
temperature regarding each sampling site demonstrated
a highly significant difference in electrical conductiv-
ity, hardness, chloride, alkalinity, nitrate, and sulfate.
A significant difference was found for TDS and turbid-
ity. At the same time, a non-significant difference was
found for pH, dissolved oxygen, BOD, and phosphorus.

In river ecology, water temperature is the most
critical environmental parameter influencing aquatic
organisms as well as the biological and chemical pro-
cesses in water. Natural variations in water tempera-
ture are commonly governed by several environmental
factors, including seasonal changes, water depth, wave
activity, latitude, solar radiation, wind patterns, and
heat exchange in near-shore zones (Saad et al., 2017).
Statistical analysis revealed a highly significant vari-
ation in water temperature (F=128.73; p<0.001).
As shown in Table 1, surface water temperature in
the Gambhiri River varied from 21.15+1.07 °C to
30.50+1.07 °C during different seasons of the study
period.

The ecological performance of aquatic environ-
ments is strongly influenced by pH, as it regulates met-
abolic activity and the availability of nutrients. In the
present investigation, river water pH showed moder-
ate seasonal variation, which can be attributed to the
combined influence of domestic sewage, surface runoff,
and occasional industrial effluent inputs. Throughout
the study period, pH values remained within a narrow
range of 7.71+0.40 to 7.94 +0.51 (Table 1). The lowest
pH values were recorded during winter, whereas higher
values were observed in the post-monsoon period. The
increase in pH during post-monsoon may be linked to
intensified photosynthetic activity, resulting in greater
assimilation of dissolved CO, and a subsequent rise
in pH (Islam et al., 2025). Comparable seasonal pat-
terns were also reported by Islam et al. (2025) for the
Kangsabati River, West Medinipur, and Khairy et al.
(2015) for the Mediterranean Lakes in Egypt.

Total dissolved solids (TDS) consist primarily of
inorganic ions, including calcium, magnesium, sodium,
potassium, bicarbonate, chloride, and sulphate, which
accumulate in aquatic systems through natural and
anthropogenic processes (Adimalla et al., 2018). The
overall concentration of dissolved solids serves as a gen-
eral indicator of water suitability for various purposes.
In the present study, total dissolved solids (TDS) ranged
from 408.67 +43.78 to 510.83+48.83 mg/L, with the
lowest concentrations recorded during winter and the
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Table 1. Season-wise physicochemical parameter

Season
Parameter - Sig.
Winter Summer Monsoon Post-Monsoon
Water Temp. 27.62+0.57 30.50+1.07 29.07 +0.75 21.15+1.07 F=128.73
o p=0.000
pH 7.71+0.40 7.81 £0.57 7.77 £0.64 7.94+0.51 F=0.21
p=0.889
NS
TDS (mg/L) 408.67+£43.78 | 510.83+48.83 | 485.67+36.48 | 421.50+111.39 F=3.24
p=0.044
Turbidity (NTU) 4.12+2.43 12.83+8.28 5.43+4.20 2.87 £2.41 F=4.90
p=0.010
EC (uS cm™) 691.33+125.04 | 995.17+84.53 | 933.50+109.66 | 840.67 =86.35 F=9.92
p=0.000
¥k
Hardness (mg/L) 251.67£23.17 | 175.00+36.74 | 156.67 +42.74 | 173.33+24.22 F=10.07
p=0.000
Yk
Chloride (mg/L) [102.80+14.8200| 48.43+10.67 60.75+10.55 70.57+11.48 F=22.55
p=0.000
Yk
Alkalinity (mg/L) | 281.02+25.04 | 148.33+38.69 | 153.33+47.61 195.00 +=48.89 F=13.35
p=0.000
Yok
Nitrate (mg/L) 19.18 £6.82 13.33+£2.97 6.54+4.80 6.30%+2.96 F=10.46
p=0.000
Yok
DO (mg/L) 6.47 £2.19 4.65+1.15 7.10+0.85 6.68 +2.02 F=2.57
p=0.083
NS
BOD (mg/L) 4.12=x2.22 4.92+4.40 4.65+1.22 6.28 +2.97 F=0.59
p=0.628
NS
Phosphorus (mg/L) 0.17x0.17 0.19+0.01 0.25+0.06 0.14+=0.10 F=1.20
p=0.334
NS
Sulphate (mg/L) 28.19+4.58 33.74+1.65 39.99+3.49 47.64+3.91 F=32.82
p=0.000

Note: NS = p>0.05; *=p<0.05; **=p<0.01; ***=p<0.001

highest during summer. A comparable seasonal result
in TDS was also reported by Chauhan et al. (2020).

Turbidity showed a statistically significant sea-
sonal variation (F=4.90; p=0.010) (Table 1), with
maximum values recorded during summer (12.83 +8.28
NTU). A similar seasonal trend in turbidity was also
reported by Chauhan et al. (2020). Elevated turbidity
during this period is likely associated with increased
runoff and a higher sediment load. Turbidity showed a
positive relationship with water temperature (r =0.468;
p<0.05) and strong correlations with TDS (r=0.658;
p<0.001) and electrical conductivity (r=0.632;
p<0.001), suggesting a concurrent rise in suspended
particles and dissolved constituents, primarily driven
by runoff and erosion processes (Table 2).
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Water temperature, along with the concentration
and mobility of dissolved ions, determines electrical
conductivity (EC). The World Health Organization rec-
ommends an upper limit of 1500 uS cm™ for EC in drink-
ing water (WHO, 2017). In the present study, EC values
remained within the permissible range, varying from
691.33+125.04 to 995.17 £84.53 uS cm™ (Table 1).
Similar EC values were reported by Reddy et al. (2025).
A strong positive relationship was observed between
EC and total dissolved solids (r=0.772; p<0.001)
(Table 2), indicating that EC effectively reflects the
overall ionic composition of the river water.

Seasonal variation in total hardness was evi-
dent, with values ranging from 156.67 +42.74 mg/L
during the monsoon to 251.67 +23.17 mg/L in winter
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Table 2. Intercorrelation between physicochemical parameters

a w
£ 2 % = oy ] g
s 7 =) g s g =1 a
5 =, 8 B8 =2 S 8 = 5 g Q )
— — o (=4} 7]
= 5 g 5 = z S
2 = < >
pH -0.076
NS
TDS 0.382 | 0.281
NS NS
Turbidity 0.468 | 0.008 | 0.658
* NS *hk
EC 0.336 | 0.275 | 0.772 | 0.632
NS NS *kk *hdk
Hardness 0.049 | -0.096 | 0.036 | 0.247 | -0.235
NS NS NS NS NS
chloride -0.212 | 0.037 | -0.206 | -0.213 | -0.466 | 0.774
NS NS NS NS * ek
Alkalinity | -0.187 | 0.374 | -0.230 | -0.199 | -0.412 | 0.660 | 0.817
NS NS NS NS * dkk dodkk
Nitrate 0.348 | -0.049 | 0.092 | 0.300 | -0.003 | 0.756 | 0.544 | 0.590
NS NS NS NS NS ek ok b
DO -0.200 | -0.131 | -0.616 | -0.602 | -0.476 | -0.196 | 0.085 | -0.098 | -0.466
NS NS wH * NS NS NS *
BOD -0.168 | 0.479 | 0.576 | 0.256 | 0.386 | 0.110 | 0.161 0.197 | 0.097 | -0.518
NS * NS NS NS NS NS NS xk
Phosphorus | 0.232 | 0.204 | 0.387 | 0.159 | 0.439 | -0.037 | 0.039 | -0.013 | 0.202 | -0.220 | 0.021
NS NS NS NS * NS NS NS NS NS NS
Sulphate -0.639 | 0.153 | 0.060 | -0.248 | 0.282 | -0.503 | -0.230 | -0.323 | -0.637 | 0.139 | 0.244 | 0.193
ok NS NS NS NS * NS NS ek NS NS NS
Note: NS=p>0.05; *=p<0.05; **=p<0.01; ***=p<0.001

(Table 1). Total hardness exhibited significant positive
correlations with chloride (r=0.774; p<0.001) and
alkalinity (r=0.660; p<0.001), suggesting that these
parameters together represent the mineral richness of
the water (Table 2).

Chloride concentrations showed a substantial
seasonal decline, decreasing from 102.80+14.82 mg/L
in winter to 48.43+10.67 mg/L in summer. This vari-
ation was statistically significant (F=22.55; p<0.001)
and likely reflects seasonal changes in anthropogenic
inputs and natural dilution processes (Table 1).

Alkalinity exhibited significant seasonal differ-
ences (F=13.35; p<0.001), with the highest values
observed in winter (281.02+25.04 mg/L). This vari-
ation may be attributed to changes in carbonate and
bicarbonate concentrations, influenced by biological
activity and runoff. Alkalinity of the Gambhiri River
also showed a positive correlation with hardness and
chloride (Table 2).

Nitrate concentrations were significantly higher
in winter (19.18+6.82 mg/L) compared to monsoon
and post-monsoon periods (F=10.46; p<0.001), sug-
gesting enhanced inputs from agricultural runoff or
reduced dilution during comparatively dry conditions.
Variations in nitrogen levels are often linked to changes
in dissolved oxygen, reflecting microbial activity asso-
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ciated with nutrient-rich inputs from domestic sewage,
industrial effluents, and agricultural waste. Elsayed et
al. (2019) reported similar observations. Nitrate exhib-
ited strong positive correlations with total hardness
(r=0.756; p<0.001), chloride (r=0.544; p<0.01),
and alkalinity (r=0.590; p<0.01), indicating that
nutrient enrichment may be associated with increased
mineral and ionic loads (Table 2).

Among the physicochemical parameters ana-
lyzed, dissolved oxygen (DO) displayed considerable
seasonal fluctuation (Table 1). DO concentrations in
the Gambhiri River ranged from 4.65+1.15 mg/L
during summer to 7.10+0.85 mg/L in the monsoon
season. Statistical analysis revealed negative correla-
tions between DO and other water parameters, such
as water temperature, pH, total hardness, and alka-
linity (Table 2). A similar trend was also reported by
Muthukumaravel et al. (2025). Reduced dissolved oxy-
gen levels can adversely affect aquatic organisms, as
oxygen availability is critical for sustaining aquatic
life. Higher DO values during cooler periods may be
attributed to lower temperatures and increased veg-
etation growth, as cooler water holds more dissolved
oxygen than warmer water (Sherif et al.,, 2018).
Additionally, DO showed negative correlations with
TDS (r=-0.616; p<0.01), turbidity (r= —0.602;
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p<0.01), electrical conductivity (r= —0.476; p<0.05),
and nitrate (r=—0.466; p<0.05) (Table 2), suggest-
ing that elevated levels of dissolved solids and nutri-
ents can reduce oxygen availability, thereby impacting
aquatic ecosystem health.

Biochemical oxygen demand (BOD) represents
the quantity of dissolved oxygen, which microorgan-
isms utilize during the decomposition of organic matter
in aquatic systems. In the present study, BOD values in
the river water ranged from 4.12+2.22 mg/L during
winter to 6.28+2.97 mg/L in the post-monsoon sea-
son (Table 1). Comparable trends were also reported
in previos studies. The observed BOD levels indicate
favorable conditions for fish breeding, as they lie close
to the optimum range recommended for fish growth
(Bhatnagar and Devi, 2013). BOD exhibited positive
correlations with pH (r=0.479; p<0.05) and total dis-
solved solids (TDS) (r=0.576; p<0.01), suggesting a
close relationship between organic matter decomposi-
tion and water chemistry (Table 2).

Phosphorus plays a vital role in cellular metab-
olism and enzyme synthesis, commonly occurring in
aquatic systems in various phosphate forms derived
from both natural and anthropogenic sources. In the
present investigation, phosphorus concentrations
ranged from 0.14+0.10 mg/L during the post-mon-
soon season to 0.25+0.06 mg/L in the monsoon period
(Table 1). No statistically significant seasonal variation
in phosphorus levels was observed (p > 0.05). Elevated
concentrations at certain sites may be associated with
industrial effluent discharge, whereas lower values may
result from increased planktonic uptake, leading to
nutrient depletion in the water column (Lawson, 2011).

Sulphate concentrations in the Gambhiri River
varied from 28.19 = 4.58 mg/L in winter to 47.64 +3.91
mg/L during the post-monsoon season. Similar seasonal
variation reported by Singh et al. (2025) for the River
Ganga, India. Statistical analysis revealed a significant
increase in sulphate levels from winter to post-mon-
soon (F=32.82, p<0.001), which may be attributed to
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enhanced oxidation of sulphur-containing compounds
and increased anthropogenic inputs during later sea-
sons. Sulphate exhibited strong negative correlations
with water temperature (r= —0.639, p<0.001) and
nitrate (r= —0.637, p<0.001) (Table 2), indicating an
inverse relationship with thermal conditions and nutri-
ent dynamics.

The zooplankton community in the study area
was classified into four major groups: Cladocera,
Copepoda, Ostracoda, and Rotifera, accounting for
38.67%, 18.57%, 7.03%, and 35.72% of the total abun-
dance, respectively (Fig. 2, 3). The seasonal variation
in zooplankton density across all six sampling sites
(Table 3) revealed marked fluctuations among differ-
ent seasons and groups. The highest total zooplankton
density was recorded during summer (3381+24.71
ind./L), followed by winter (1501 +11.24 ind./L), mon-
soon (1192 +9.28 ind./L), while the lowest density was
observed during the post-monsoon season (1109+11.19
ind./L). Group-wise analysis indicated that Cladocera
was the most dominant group (2778+17.77 ind./L),
followed by Rotifera (2566 +=16.42 ind./L), Copepoda
(1334+36.28 ind./L), and Ostracoda (505+15.39
ind./L), which showed the least contribution. All zoo-
plankton groups exhibited peak densities during sum-
mer, with Cladocera (1345 +13.08 ind./L) and Rotifera
(1111+16.56 ind./L) being particularly abundant,
whereas comparatively lower densities of all groups
were observed during the post-monsoon season. During
the monsoon season, Cladocera (38.59%) and Rotifera
(37.84%) were the dominant groups, contributing
almost equally to the total density, while Ostracoda
showed the least contribution (5.12%). A similar trend
was observed in the post-monsoon season, where
Rotifera (37.87%) and Cladocera (35.62%) remained
dominant, with a slight increase in Ostracoda (8.39%).
In summer, all zooplankton groups showed a marked
increase in density, with Cladocera (39.78%) main-
taining dominance, followed by Copepoda (20.11%),
Rotifera (32.86%), and Ostracoda (7.25%). The winter

38.91

B Post-Monsoon

37.84
37.87

Winter

32.86

8.39
7.25
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5.12

Cladocera

Copepoda

Ostracoda Rotifera

Zooplankton Group

Fig.2. Seasonal and groupwise zooplankton percentage density.
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Fig.3. Examples of common zooplankton species collected during the study period: (A) Chydorus ovalis, (B) Ceriodaphnia
laticaudata, (C) Scapholeberis kingi, (D) Simocephalus serrulatus, (E) Simocephalus vetulus, (F) Diaphanosoma sarsi, (G) Diaphanosoma
brachyurum, (H) Ilyocryptus spinifer, (I) Lecane leontina, (J) Nauplius, (K) Sinodiaptomus indicus, (L) Thermocyclops hyalinus, (M)
Brachionus quadridentata, (N) Brachionus elevatus, (O) Asplanchna brightwelli, and (P) Stenocypris major.

season exhibited a balanced distribution, with Rotifera
(38.91%) slightly dominating over Cladocera (38.51%),
while Copepoda (15.52%) and Ostracoda (7.06%)
contributed comparatively less (Fig. 2). Elevated zoo-
plankton species diversity during the summer season
has also been documented in other freshwater ecosys-
tems. Comparable observations were also recorded by
Muthukumaravel et al. (2025) in Chellikurichi Lake,
Thanjavur District, Tamil Nadu, India

To compare the mean densities of different groups
and in different seasons, analysis of variance tests were
conducted. An interaction test between two factors was
also conducted. The test results show a highly signif-
icant difference in the mean densities of zooplankton
species in different seasons (F=27.03, p<0.001). The

mean densities differed significantly among groups,
indicating a highly significant variation (F=20.41,
p<0.001). The test results also indicated that the
interaction between season and group was significant
(F=1.97, p<0.05) (Table 4). It can be observed that
the mean density of Cladocera and Rotifera were the
dominant zooplankton groups throughout all seasons,
whereas Copepoda and Ostracoda contributed compar-
atively less to the overall density. Cladocera exhibited
higher densities than Rotifera during the summer and
post-monsoon seasons, while Rotifera slightly domi-
nated during the monsoon and winter periods. Copepoda
consistently ranked as the third most abundant group
across all seasons, whereas Ostracoda recorded the low-
est density throughout the study period (Table 3).

Table 3. Season and groupwise zooplankton density at all six sites (Individual per L)

Season Cladocera Copepoda Ostracoda Rotifera Total
Monsoon 460+6.26 220+13.85 61+4.92 451 +£8.96 1192+9.28
Post-Monsoon 395+8.09 201+16.77 93+9.81 420+11.66 1109+11.19
Summer 1345+13.08 680+46.16 245+16.99 1111+16.56 3381 +£24.71
Winter 578+7.62 233+18.89 106+4.18 584+12.05 1501 +11.24
Total 2778+17.77 1334+36.28 505+15.39 2566 +£16.42 7183 +20.94
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Table 4. Density Comparison of different zooplankton groups

Variable SSR df MSR Sig.
Season 205.56 3 68.52 F=27.03; p=0.000***
Group 155.24 3 51.75 F=20.41; p=0.000***
Interaction 44.99 9 5.00 F=1.97; p=0.039*
Residual 3731.33 1472 2.53

Note: NS = p > 0.05; * = p < 0.05; ** = p < 0.01; *** = p<0.001

The results indicate that, among the 65 identi-
fied zooplankton species, the community is diverse and
well-structured, with a few species showing higher mean
densities. Nauplii and Thermocyclops hyalinus (Rehberg,
1880) were the most dominant, followed by rotifers
such as Keratella tropica (Apstein, 1907), Brachionus
falcatus (Zacharias, 1898), and Lecane leontina (Turner,
1892). Other species, including Ceriodaphnia pulchella
(Sars, 1862), Brachionus elevatus (Michaloudi et al.,
2018), and Asplanchna brightwelli (Gosse, 1850), also
contributed significantly to the overall community

composition. Moderate densities were observed in such
species as Daphnia magna (Straus, 1820), Eucyclops ele-
gans (Herrick, 1884), and Ilyocryptus spinifer (Herrick,
1882), indicating balanced distribution. In contrast, a
few species, such as Testudinella sp., Philodina citrina
(Ehrenberg, 1832), and Testudinella patina (Hermann,
1783) showed very low densities (Table 5). Overall, the
findings suggest a highly diverse zooplankton assem-
blage characterized by the dominance of a few species
and the presence of many others in moderate to low
proportions.

Table 5. List of zooplankton species recorded and percentage in the Gambhiri River during the study period

Zooplankton species Density %
Alona guttata (Sars, 1862) 1.60
Alona quadranhgularis (O.F. Muller, 1785) 1.59
Asplanchna brightwelli 1.28
Asplanchna priodonta (Gosse, 1850) 1.21
Bosmina longirostris (O.F. Muller, 1785) 1.67
Bosminopsis deitersi (Richard, 1895) 1.66
Brachionus calyciflorus (pallas, 1766) 1.64
Brachionus caudatus (Barrois & Daday, 1894) 1.48
Brachionus diversicornis (Daday, 1883) 2.23
Brachionus elevatus 2.26
Brachionus falcatus 2.49
Brachionus forficula (Wierzejski, 1891) 1.88
Brachionus havanaensis (Rousselet, 1911) 1.85
Brachionus quadridentatus (Hermann, 1783) 1.34
Ceriodaphnia laticaudata (P. E. Muller, 1867) 1.80
Ceriodaphnia pulchella 1.85
Ceriodaphnia reticulata (Jurine, 1820) 1.68
Ceriodaphnia rigaudi (Richard, 1894) 1.52
Chydorus ovalis (Kurz, 1875) 1.14
Chydorus sphaericus (O.F. Muller, 1785) 1.56
Cyprinotus cassidula (Smith & Chang, 2020) 0.88
Cypris sp. 0.95
Daphnia ambigua (Scourfield, 1947) 1.42
Daphnia magna 1.24
Daphnia pulex (Leydig, 1860) 1.00
Diaphonosoma brachyurum (Lieven, 1848) 1.98
Diaphonosoma sarsi (Richard, 1894) 1.28
Eucyclops elegans 1.88
Eucypris sp. 0.97
Filinia longiseta (Ehrenberg, 1834) 0.88
Filinia opoliensis (Zacharias, 1898) 0.93
Heliodiaptomus viduus (Gurney, 1916) 2.03
Heterocypris sp. 2.00

Zooplankton species Density %
Hexarthra mira (Hudson, 1871) 1.04
Ilyocryptus spinifer 1.68
Indialona Ganpati (Petkovski, 1966) 1.49
Keratella sp. 1.99
Keratella tropica 2.12
Keratella valga (Ehrenberg, 1834) 0.78
Lecane leontina 2.59
Lecane luna (O.F. Muller, 1776) 1.24
Lecane papuana (Murray, 1913) 1.02
Lecane ungulata (Gosse, 1887) 1.10
Macrothrix laticornis (Jurine, 1820) 1.46
Macrothrix rosea (Jurine, 1820) 1.07
Mesocyclops leuckarti (Claus, 1857) 1.11
Mesocyclops sp. 1.80
Moina sp. 1.85
Monostyla bulla (Gosse, 1851) 1.32
Nauplii 3.83
Paracyclops affinis (Sars, 1873) 1.42
Philodina citrina 0.57
Philodina megalotrocha (Ehrenberg, 1832) 0.65
Pleuroxus aduncus (Jurine, 1820) 1.25
Scapholeberis kingi (Sars, 1888) 1.38
Scapholeberis mucronate (O.F. Muller, 1785) 1.77
Simocephalus serrulatus (Koch, 1841) 0.93
Simocephalus vetulus (O.F. Miiller, 1776) 2.80
Sinodiaptomus indicus (Kiefer, 1936) 1.63
Stenocypris major (Baird, 1859 1.38
Strandesia sp. 0.85
Testudinella patina 0.63
Testudinella sp. 0.24
Thermocyclops hyalinus 4.87
Trichocerca elongata (Gosse, 1886) 0.97

Total 100.00
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The predominance of Cladocera and Rotifera
aligns with common patterns in freshwater ecosystems,
where these groups contribute substantially to trophic
dynamics. The findings of the present investigation are
consistent with earlier studies, which were conducted
in various freshwater bodies across India. Similar
patterns were reported by Balai et al. (2014) from
Jaisamand Lake, Udaipur, and by Khaire (2020) in
Chandani Dam, Maharashtra. Comparable observations
were also documented by Rajani (2023) in Mulukanoor
Lake of Karimnagar district, Telangana, and by
Muthukumaravel et al. (2025) from Chellikurichi Lake,
Thanjavur District, Tamil Nadu, thereby reinforcing
the results of the present study. The dominance of zoo-
plankton species indicates environmental conditions
that are conducive to their growth, reflecting their
affinity for nutrient-rich waters. Seasonal variations in
zooplankton density also reflect ecological responses
to changes in temperature, food availability, and
hydrological conditions. The summer and post-mon-
soon peaks in Copepoda and Cladocera densities likely
reflect optimal thermal conditions and enhanced pri-
mary productivity, which promote reproductive suc-
cess. Conversely, reduced densities during the monsoon
season may result from dilution effects and increased
turbidity, which negatively influence zooplankton pop-
ulations (Banerjee et al., 2024).

4. Conclusion

The present investigation of the Gambhiri River,
Chittorgarh (Rajasthan), provides a comprehensive
assessment of seasonal and spatial variability in physi-
cochemical characteristics and zooplankton community
structure, thereby elucidating the ecological status of
this freshwater ecosystem. Statistically significant sea-
sonal variations were observed in key water quality
parameters, including temperature, electrical conduc-
tivity, total hardness, chloride, alkalinity, nitrate, and
sulphate, reflecting the integrated influence of climatic
variability, hydrological processes, and anthropogenic
inputs. Although most parameters remained within or
proximate to the permissible limits prescribed by WHO
and ICMR, signs of localized ecological stress were
obvious.

The zooplankton assemblage exhibited high taxo-
nomic diversity, comprising 65 species across four main
groups. Cladocera and Rotifera dominated in terms of
relative abundance, while Copepoda contributed sub-
stantially to overall density. Seasonal trends revealed
peak zooplankton densities during summer and win-
ter, likely driven by optimal temperature regimes,
enhanced nutrient availability, and elevated primary
productivity. In contrast, reduced densities during the
monsoon season were associated with dilution effects,
increased turbidity, and hydrodynamic disturbances.

A strong and statistically supported relationship
between physicochemical parameters and zooplank-
ton distribution underscores the sensitivity of these
communities to environmental fluctuations. The pre-
dominance of certain taxa indicates nutrient-enriched
(mesotrophic to eutrophic) conditions and reaffirms the
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utility of zooplankton as robust bioindicators of water
quality and trophic dynamics. Furthermore, correlation
and ANOVA analyses substantiated the pivotal role
of water chemistry in regulating the composition and
structure of zooplankton assemblages.

Collectively, the findings suggest that the
Gambhiri River sustains a moderately healthy yet
ecologically responsive aquatic system under increas-
ing anthropogenic pressure. This study highlights the
critical importance of integrating biological indicators
with physicochemical monitoring for holistic ecosys-
tem assessment and provides essential baseline data
for long-term ecological evaluation. Implementation
of continuous monitoring frameworks, along with tar-
geted pollution control and conservation strategies,
is strongly recommended to safeguard the ecological
integrity of this vital river system in Rajasthan’s semi-
arid region.
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ABSTRACT. This study examines the functional digestive morphology and feeding intensity of the
halfbeak Zenarchopterus clarus (Hemiramphidae) in a tropical estuarine habitats of southern Vietnam.
A total of 892 specimens were collected monthly from August 2024 to July 2025 at two estuarine
sites. The species exhibited a superior mouth with an elongated lower jaw, dense conical dentition,
well-developed pharyngeal tooth plates, and numerous gill rakers. The digestive tract consisted of a
muscular esophagus and a short intestine, lacking a clearly differentiated stomach, indicating rapid
processing of soft prey. Feeding intensity was evaluated using the gut-somatic index (GI) and analyzed
with generalized linear mixed models. The model indicated significant variation in GI (p < 0.001).
The GI differed significantly between sexes and sampling locations, with higher values in females and
at Dam Doi. Although the season had no significant main effect, a significant sex X season interaction
indicated contrasting seasonal feeding patterns between males and females. Morphological traits and
GI collectively suggest that Z. clarus is adapted for surface-oriented feeding on small, mobile prey in
dynamic estuarine environments. However, the feeding strategy was inferred from morphological traits
and GI, as diet composition was not directly examined. These findings provide baseline insights into the
digestive morphology and feeding ecology of an estuarine hemiramphid fish.

Keywords: digestive morphology, feeding intensity, gut-somatic index, Hemiramphidae, Zenarchopterus clarus
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1. Introduction The family Hemiramphidae comprises sur-

face-oriented fishes widely distributed in tropical and
subtropical coastal and estuarine waters (Talwar and
Jhingran, 1991; More et al., 2022). Many species within
this family exhibit characteristic morphological adap-
tations, including an elongated lower jaw and special-
ized dentition associated with surface feeding. Previous
P studies have described digestive morphology and
2024; Nguyen et al., 2024). Within these systems, feed- feeding traits in several hemiramphid species, includ-
ing strategy and digestive morphology play crucial roles ing Hyporhamphus limbatus (Nguyen et al., 2025) and
in determining trophic performance and energy alloca- related taxa (Tibbetts and Carseldine, 2003; Buddery
tion. Structural features of the digestive tract, including et al., 2009), demonstrating considerable interspecific
mouth orientation, dentition, gill rakers, and intestinal variation linked to trophic specialization. However,
configuration, are closely associated with dietary hab- detailed functional information integrating digestive
its and feeding mechanisms in teleost fishes (Nikolsky, morphology and feeding intensity remains limited for
1963; Berkovitz and Shellis, 2023). Moreover, varia- many regional species.

tion in digestive morphology often reflects ecological Zenarchopterus clarus (Mohr, 1926) is a common
adaptation to specific feeding niches (Amundsen et al., halfbeak species inhabiting brackish and estuarine
2004; Day et al., 2011). waters of the Mekong Delta, Vietnam (Nguyen, 2005;

Digestive tract morphology is a key determinant
of feeding strategy and trophic adaptation in fishes,
particularly in environmentally dynamic systems such
as estuaries. Estuarine ecosystems are characterized by
high environmental variability, supporting diverse fish
assemblages and complex trophic interactions (Dien,
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Tran et al., 2013). Despite its frequent occurrence in
coastal ecosystems, detailed descriptions of its diges-
tive tract morphology and quantitative assessments of
feeding intensity remain lacking. Feeding intensity in
fishes can be estimated using somatic indices, such as
the gut-somatic index (GI), which reflects the relative
development of digestive organs in relation to body
weight and provides insight into energy allocation and
feeding activity (Desai, 1970; Egerton et al., 2018).
Differences in feeding intensity between sexes and sea-
sons have been documented in several fish species and
are often associated with reproductive investment and
environmental variation (Gebremedhin and Mingist,
2014; Hua et al., 2023).

To date, no study has examined simultaneously
digestive tract morphology and seasonal variation in
the GI in Z. clarus from the Mekong Delta. Therefore,
this study aims to: (i) describe the functional digestive
tract morphology of Z. clarus in relation to feeding
strategy, and (ii) evaluate the effects of sex, season, and
sampling location on GI using generalized linear mixed
models. By integrating morphological descriptions with
quantitative analysis, this study provides functional
insights into trophic adaptation and feeding ecology of
Z. clarus in estuarine environments.

2. Materials and Methods

Study area and sample collection

Specimens of Z. clarus were collected monthly
from August 2024 to July 2025 at two estuarine loca-
tions in Ca Mau Province, southern Vietnam: Vinh
Phuoc (VP; 9°26747.8”N, 105°27’03.4”E) and Dam Doi
(DD; 9°05’00.0”N, 105°09’00.0”E) (Fig. 1). These sites

represent brackish-water habitats within the Mekong
Delta estuarine system and differ in local hydrological
conditions. Tidal processes and freshwater input influ-
ence both Dam Doi and Vinh Phuoc; however, spatial
variation in water exchange, sediment characteristics,
and local hydrodynamics may result in differences in
turbidity, nutrient availability, and prey distribution
between sites. These environmental variations are
expected to influence feeding conditions and digestive
traits in Z. clarus.

Fish were captured using hand nets (mesh size
1.0 cm) during late afternoon, when individuals were
less active. Immediately after capture, specimens were
euthanized following approved ethical procedures of
Can Tho University (CTU-AEC25025) using tricaine
methanesulfonate (10 g/L). All samples were fixed in
4% formaldehyde and transported to the laboratory for
analysis. Species identification and sex determination
were performed as described by Tran et al. (2013).
A total of 892 individuals were examined. Specimens
were collected consistently across months and sites to
ensure representative sampling coverage.

Morphological examination

Total body weight (W, =0.01 g) was recorded
prior to dissection using an electronic balance (AND
EK-610). Morphometric measurements included lower
jaw length (LJ, *=0.01 cm), upper jaw length (UJ,
+0.01 cm), and mouth width between corners (AB,
+0.01 mm). Measurements were taken using digi-
tal calipers (MOORMAN-110-15DP) and a measuring
ruler (TPS-R021). Mouth diameter (MD) was calculated
following Shirota (1970): MD = AB X V2, where AB
represents the linear mouth width measured as the dis-
tance between the left and right mouth corners (mm).
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Fig.1. Map of sampling sites in Ca Mau Province, Vietnam (1: Dam Doi; 2: Vinh Phuoc; modified from Dinh (2018)).
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The digestive tract was dissected and examined
under a stereomicroscope (Motic DM143). Detailed
images of dentition were obtained using an Olympus
CX41 microscope equipped with a digital camera
(Olympus U-CMAD3). The following structures were
observed and described: mouth, dentition, tongue, gill
arches, esophagus, and intestine. Digestive morphology
was described following standard ichthyological crite-
ria outlined by Nikolsky (1963).

Gill rakers and gill filaments were counted on
each gill arch. Pharyngeal teeth were examined and
quantified. Intestinal configuration was recorded to
determine the presence or absence of stomach differ-
entiation. Gill raker and pharyngeal tooth counts were
recorded from a randomly selected subsample of 67
specimens. These measurements were conducted as an
additional post hoc analysis; therefore, metadata on sex
and sampling site were not retained for this subsample.

Gut-somatic index

Feeding intensity was assessed using the gut-so-
matic index (GI), calculated according to Desai (1970):
GI = (Wg / W) X 100, where Wg is intestinal weight
(g), and W is total body weight (g). GI was used as a
proxy for relative digestive development and feeding
intensity.

Statistical analysis

All statistical analyses were performed using
Jamovi version 2.6.44 with the GAMLj module (The
jamovi project, 2024). To evaluate variation in MD,
a generalized linear mixed model (GLMM) with a
Gamma error distribution and log link function was
applied, with sex as a fixed effect and month as a ran-
dom intercept. The GI, a continuous positive variable,
was analyzed using a similar GLMM framework. Fixed
effects included sex (male, female), season (dry, wet),
and location (VP, DD), along with their two-way and
three-way interactions. The month was included as a
random intercept to account for temporal variation and
repeated monthly sampling. Estimated marginal means
(EMMs) were calculated on the response scale, and
pairwise comparisons were conducted using Tukey-
adjusted tests. Statistical significance was set at p <
0.05. Model assumptions and goodness-of-fit were eval-
uated using residual diagnostics and model fit indices.

3. Resulits

Digestive tract morphology
The mouth of Z. clarus was superior, with the

Fig.2. Mouth morphology of Zenarchopterus clarus (A: lateral view; B:
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upper jaw approximately one-quarter the length of the
elongated lower jaw (Fig. 2A-B). The upper jaw was
flattened and triangular, whereas the lower jaw was
pointed and projected upward. Mean lower jaw length
was 3.39 = 0.01 cm (SE). GLMM analysis revealed
a significant difference in MD between sexes (y? =
14.07; df = 1; p < 0.001). Estimated marginal means
indicated that males exhibited larger MD values than
females (8.54 = 0.57 mm (SE) vs. 8.12 * 0.55 mm
(SE)). MD did not vary significantly among months,
seasons, or sampling locations (p > 0.05).

Teeth were small, conical, and densely distrib-
uted on both upper and lower jaws (Fig. 3A-D). Teeth
were elongated, with pointed tips and broad bases
firmly attached to the jaw margins. In the upper jaw,
tooth size increased from the inner to the outer margin
(Fig. 3A-B). In the lower jaw, teeth were sparser near
the mouth edge and denser toward the inner region
(Fig. 3C). High-magnification images revealed pointed
tooth tips and dense packing along the jaw margins
(Fig. 3D). Tooth density on the outer jaw surface aver-
aged 25 *+ 0.6 (17-39) N/mm? in the upper jaw and
22 + 0.4 (14-32) N/mm? in the lower jaw. Inner tooth
density averaged 24 = 0.5 (15-33) N/mm? in the upper
jaw and 24 = 0.6 (16-39) N/mm? in the lower jaw.
The lower pharyngeal tooth plate (LPT) was triangular
with rounded lateral margins and a blunt anterior apex,
whereas the upper pharyngeal tooth plate (UPT) exhib-
ited a three-lobed triangular structure (Fig. 4A-B). Both
plates were covered with densely packed conical teeth.
Mean counts of pharyngeal teeth were 88 + 1.7 (54—
120) in the upper plate and 131 * 2.4 (84-162) in the
lower plate.

The tongue was poorly developed and firmly
attached to the floor of the buccal cavity (Fig. 5). The
anterior region exhibited a rough texture, gradually
becoming smoother toward the posterior region. This
reduced development suggests a limited role in food
manipulation, consistent with a feeding strategy that
relies primarily on jaw and dentition for prey capture.

Four pairs of gill arches were observed
(Fig. 6A-B). Each arch bore two rows of gill filaments
and one row of gill rakers. Gill rakers on the first arch
were longer and larger than those on subsequent arches
(Fig. 6C-D). The arrangement of filaments and rakers
is further illustrated in the transverse section of the gill
arch (Fig. 6E). Mean gill raker counts were 118 + 1.0
(97-148) for the first arch, 109 + 2.0 (88-142) for the
second arch, 96 *= 2.0 (70-136) for the third arch, and

1.0 cm

1.0 cm

dorsal view).
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Fig.3. Dentition of Zenarchopterus clarus (Inner teeth: A: upper jaw, B: lower jaw; C: distribution pattern of teeth on the jaws;

D: morphology of the upper jaw teeth).

79 + 2.0 (68-114) for the fourth arch. Mean numbers
of gill filaments were 14 *+ 1.0 (7-22), 14 = 1.0 (11-
23), 13 = 1.0 (9-20), and 12 + 1.0 (8-16) for arches
I-1V, respectively.

The digestive tract consisted of a tubular esoph-
agus followed by a short intestine divided into anterior
and posterior sections (Fig. 7). The esophagus had a
relatively thick wall, whereas the intestinal wall was
thinner. No clearly differentiated stomach structure
was observed.

Gut-somatic index

The generalized linear mixed model (GLMM)
explained a moderate proportion of the variation in GI
and was overall significant (y? = 154.97,df = 8,p <
0.001). Sex had a significant effect on GI (estimate
—0.100 = 0.036 (SE), 95% CI: —0.171 to —0.029,
p 0.006), with males exhibiting lower GI values
than females. Estimated marginal means indicated that
females had higher GI values (2.52 = 0.20 (SE)) com-
pared to males (2.28 = 0.18 (SE)). Sampling location
also had a significant effect (estimate = 0.170 + 0.038
(SE), 95% CI: 0.097 to 0.244, p < 0.001), with higher
GI values observed at Dam Doi (2.60 = 0.21 (SE)) com-
pared to Vinh Phuoc (2.20 = 0.17 (SE)). Season alone
did not significantly influence GI (estimate = 0.024 =+
0.152 (SE), p = 0.876). However, a significant inter-
action between sex and season was detected (estimate
= 0.158 = 0.072 (SE), 95% CI: 0.015 to 0.300, p =
0.030), indicating contrasting seasonal trends between
sexes. Specifically, female GI decreased during the wet
season, whereas male GI increased (Fig. 8). A signifi-
cant interaction between season and location was also
observed (estimate —0.265 *= 0.075 (SE), 95% CI:
—0.413 to —0.118, p < 0.001), suggesting that sea-
sonal variation differed between sampling sites. No
significant interaction was found between sex and loca-
tion (p = 0.776) or among sex X season X location (p
= 0.912) (Table 1).

4. Discussion

This study integrates digestive morphology and
GI variation to characterize the trophic adaptation of
Z. clarus in the estuarine waters of the Mekong Delta.
The combined evidence from jaw configuration, den-
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tition, gill structures, intestinal organization, and spa-
tiotemporal GI dynamics indicates that this species is
functionally adapted to exploit surface-associated prey
under environmentally fluctuating conditions. By link-
ing structural traits with feeding intensity patterns, the
present study provides a more comprehensive perspec-
tive on trophic strategy in estuarine halfbeaks.

Fig.4. Pharyngeal tooth plates of Zenarchopterus clarus
(scale bar 1 mm). (A: lower pharyngeal tooth plate; B:
upper pharyngeal tooth plate).

0.5 cm

Fig.5. Tongue morphology of Zenarchopterus clarus show-
ing a poorly developed structure with a rough anterior sur-
face and smoother posterior region.
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0.5cm

Fig.6. Gill structure of Zenarchopterus clarus (A: anterior view; B: posterior view; C: Gill rakers in first gill arch; D: Gill rakers

in second gill arch; E: Transverse section of the gill arch).

Morphological integration and surface-oriented
feeding strategy

The superior mouth orientation and elongated
lower jaw observed in Z. clarus are consistent with the
surface-feeding functional guild typical of hemiram-
phids (Talwar and Jhingran, 1991; More et al., 2022).
In estuarine systems characterized by turbidity, tidal
mixing, and surface aggregation of invertebrates, prey
resources are commonly concentrated near the air-
water interface. The elongation of the lower jaw likely
enhances prey detection and capture efficiency within
this narrow vertical feeding zone. The MD, which dif-
fered significantly between sexes, may influence prey
size selection or handling efficiency rather than repre-
senting a shift in trophic niche.

Dentition further supports a carnivorous or insec-
tivorous feeding mode. The densely distributed conical
teeth on both jaws and the high counts of pharyngeal
teeth suggest specialization for grasping and retain-
ing mobile prey (Berkovitz and Shellis, 2023). Similar
pharyngeal modifications have been described in other
hemiramphids with functional pharyngeal mills, in
which mechanical reinforcement during intraoral pro-
cessing enhances prey-handling efficiency (Tibbetts
and Carseldine, 2003; Buddery et al., 2009). Compared
with Hyporhamphus limbatus from Southwest Vietnam
(Nguyen et al., 2025), Z. clarus exhibits a comparable
pattern of dense dentition and well-developed pharyn-
geal plates, suggesting conserved trophic traits within
the family. Such morphological consistency may reflect
phylogenetic constraints combined with ecological con-
vergence toward surface-oriented carnivory.

1.0 cm

Fig.7.Digestivetractof Zenarchopterusclarus(A:esophagus;
B: anterior intestine; C: posterior intestine).
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Fig.8. Seasonal variation in gut-somatic index by sex in
Zenarchopterus clarus.
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Gill raker morphology provides additional insight
into prey size retention. The relatively high number of
gill rakers, particularly on the first arch, is consistent
with retention of small prey items (Amundsen et al.,
2004). Although diet composition was not directly
examined in the present study, the combination of
numerous gill rakers and sharp dentition supports the
interpretation that Z. clarus captures and retains small,
mobile prey efficiently in surface microhabitats.

The absence of a clearly differentiated stomach
and the presence of a short intestine indicate rapid
food throughput, a condition observed in several stom-
achless or weakly stomach-differentiated teleosts (Day
et al., 2011). In estuarine environments where prey
patches may be spatially and temporally unpredictable,
rapid digestion and turnover may confer an adaptive
advantage by allowing individuals to exploit transient
feeding opportunities. Thus, the digestive organization
of Z. clarus appears well suited for high-frequency feed-
ing on soft-bodied prey rather than prolonged gastric
processing.

Energy allocation, reproductive investment, and spa-
tial heterogeneity

The GI differed significantly between sexes,
with females exhibiting higher values than males. In
teleost fishes, somatic indices are commonly associ-
ated with feeding activity and physiological condition
(Gebremedhin and Mingist, 2014). Higher GI values
in females may indicate increased feeding or digestive
activity, particularly during periods related to reproduc-
tive development. Similar patterns have been reported
in other fish species, where females exhibit higher
feeding indices under certain biological conditions
(Gebremedhin and Mingist, 2014; Hua et al., 2023).
Differences in GI between sampling locations suggest
spatial variation in feeding conditions. Estuarine hab-
itats are characterized by environmental heterogene-
ity, including variation in hydrodynamics, turbidity,
and food availability (Nguyen et al., 2024). Such dif-
ferences may influence feeding activity and digestive
development in fish. The higher GI values observed at
Dam Doi may therefore reflect more favorable feeding
conditions at this site. Comparable spatial variation in
feeding intensity has been reported in other estuarine
fish species (Hua et al., 2023).

Seasonal interaction and adaptive plasticity

Although no significant seasonal effect on GI
was detected, the significant interaction between sex
and season indicates differences in feeding patterns
between males and females. Female GI decreased
during the wet season, whereas male GI increased.
Seasonal variation in feeding intensity has been doc-
umented in many fish species and is often associated
with changes in environmental conditions and biologi-
cal cycles (Gebremedhin and Mingist, 2014; Hua et al.,
2023). The observed differences between sexes suggest
that males and females may respond differently to sea-
sonal changes in estuarine environments. In particular,
reproductive processes may influence feeding activity,
leading to variation in digestive indices between sexes
(Gebremedhin and Mingist, 2014). In estuarine sys-
tems, seasonal changes in rainfall and nutrient input
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Table 1. Fixed effects from the GLMM for gut-somatic
index

Factor Estimate| SE 95% CI P
Sex (M-F) -0.100 | 0.036 |-0.171 - -0.029| 0.006
Season (Wet-Dry) | 0.024 | 0.152 |-0.274 -0.321 | 0.876
Site (DD-VP) 0.170 | 0.038 | 0.097 - 0.244 | <0.001
Sex X Season 0.158 | 0.072 | 0.015-0.300 | 0.030
Season X Site -0.265 | 0.075 [-0.413 - -0.118| <0.001

can affect food availability (Hua et al., 2023), which
may contribute to the patterns observed in the present
study. However, because reproductive status and diet
composition were not directly examined, the mecha-
nisms underlying these differences remain unclear.
Further studies incorporating reproductive and dietary
data would help clarify the factors influencing seasonal
variation in feeding intensity in this species.
Comparative context within Hemiramphidae
Within Hemiramphidae, morphological special-
ization for surface feeding is well documented (Talwar
and Jhingran, 1991; Tibbetts and Carseldine, 2003).
The morphological patterns observed in Z. clarus align
with those described in other halfbeaks, suggesting a
conserved functional design optimized for exploiting
surface-associated prey. However, the integration of
morphological evidence with quantitative GI analysis
in the present study extends beyond descriptive anat-
omy by linking structure to the dynamics of feeding
intensity. Compared with other estuarine fishes in the
Mekong Delta, including gobiid taxa exhibiting variable
gut length and somatic indices (Nguyen et al., 2020;
Hua et al., 2023), Z. clarus demonstrates a trophic pro-
file consistent with rapid surface-oriented carnivory
rather than benthic or detritivorous feeding modes.
This distinction reinforces its ecological role within the
surface trophic network of estuarine systems.
Ecological implications and limitations
By integrating morphological and functional
indicators, this study provides baseline evidence of tro-
phic adaptation in Z. clarus in estuarine ecosystems. The
coordinated expression of surface-feeding morphology,
dense dentition, numerous gill rakers, and sex-specific
GI dynamics suggests that this species exhibits both
structural specialization and functional plasticity in
response to environmental heterogeneity. Nevertheless,
gill raker and pharyngeal tooth counts were derived
from a subsample, and metadata were not retained for
those specimens, preventing evaluation of spatial or
sexual variation in these traits. In addition, diet com-
position and reproductive stage were not directly quan-
tified. Therefore, the feeding strategy in this study was
inferred from morphological traits and GI and should
be considered a functional interpretation rather than
direct evidence. Future studies incorporating stom-
ach content analysis, reproductive staging, and stable
isotope approaches would help clarify trophic niche
breadth and seasonal energy allocation in this species.
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5. Conclusion

The species Z. clarus exhibits digestive morpho-
logical traits consistent with surface feeding, including
an upturned mouth, dense conical dentition, numerous
gill rakers, and a short intestine without a clearly differ-
entiated stomach. The GI varied significantly between
sexes and sampling locations, and a significant sex X
season interaction was detected, indicating sex-spe-
cific seasonal feeding strategies. Overall, these findings
highlight the functional significance of digestive tract
morphology for surface-oriented feeding and provide
baseline evidence for sex-specific seasonal variation in
feeding intensity in an estuarine hemiramphid fish.
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ABSTRACT. Biological invasions of fish are among the key drivers of transformation in freshwater
ecosystems, particularly in regions with intensive aquaculture development and high anthropogenic
pressure. The aim of this study was to assess the extent of introduction and degree of naturalization of
non-native fish species in the Dong Nai River basin (southern Vietnam), as well as to identify patterns
of their spatial distribution and main pathways of introduction. Ichthyological sampling was conducted
in April-May 2025 at 56 stations in the upper and middle reaches of the Dong Nai River, including
the Da Nhim and Da Dang rivers, their tributaries, and lentic water bodies in Dong Nai and Lam Dong
provinces. A total of 17 non-native fish species were recorded across 13 of the 17 surveyed areas. The
highest diversity of introduced species was observed in large water bodies subjected to significant
anthropogenic impact, particularly in Tri An Lake (11 species), as well as in the middle reaches of the Da
Nhim River and the Dai Ninh Reservoir (6 species each). In contrast, the number of non-native species
was considerably lower in highland areas of the Central Highlands (1-3 species), while no alien species
were recorded in water bodies within Cat Tien National Park. Most species exhibited low to moderate
occurrence frequency; however, two species—guppy (Poecilia reticulata Peters, 1859) and Nile tilapia
(Oreochromis niloticus (Linnaeus, 1758))—showed very high prevalence. The results indicate a substan-
tial scale of biological invasions in the Dong Nai River basin. Aquaculture and the aquarium trade are
identified as the primary sources of non-native fish introductions, while their spatial distribution is
strongly associated with the level of anthropogenic impact and the type of water body.

Keywords: biological invasions, non-native species, fish diversity, spatial distribution, Vietnam
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1. Introduction Large palaeotropical river systems are charac-

terized by exceptional species richness and complex

Biological invasions are now widely regarded as spatiotemporal organization. The Dong Nai River in
one of the key processes that influence the structure and southern Vietnam represents such a system, combin-
functioning of freshwater ecosystems. In fish communi- ing mountainous and lowland sections, an extensive
ties, non-native species may alter trophic interactions, tributary network, floodplain habitats, reservoirs, and
compete with native taxa, promote hybridization, and artificial canals (Pham and Vo, 2025). Strong mon-
facilitate the spread of parasites and pathogens. These soonal seasonality drives pronounced discharge fluctu-
processes are occurring with increasing frequency as a ations, extensive floodplain inundation, and active fish
consequence of expanding urbanization, infrastructure migrations. While this environmental dynamism may
development, and global trade. The issue is particularly enhance ecosystem resilience through habitat heteroge-
acute in Southeast Asia, where exceptional biodiversity neity, it simultaneously creates favorable conditions for
coincides with rapid economic growth and intensive the establishment of introduced species, particularly
aquaculture. those with broad ecological tolerance and high repro-
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ductive capacity. River fragmentation by dams and the
formation of reservoirs further contribute to invasion
processes by creating lentic habitats often more suit-
able for non-native than for rheophilic native species
(Baran and Myschowoda, 2009).

The main vectors of fish bioinvasions in Vietnam
are associated with human economic activity (Stolbunov
and Tran, 2019; Dien et al., 2025):

1. Aquaculture, including the farming of both native
and introduced species (e.g., tilapia, pangasius,
various cyprinids, and catfish) (Thi Thanh Vinh,
2006; Abd Hamid et al., 2023). Escapes from pond
farms and cage systems, especially during flood
periods, regularly introduce cultured species into
natural waters.

The aquarium and ornamental trade, which facili-
tates the import and domestic spread of exotic spe-
cies; their intentional release or accidental intro-
duction into the wild creates foci of invasion near
urban agglomerations (Hewitt et al., 2024).

Interbasin transfers and stocking, associated
with the movement of planting material between
regions, as well as introductions to increase fish
productivity in water bodies.

Hydraulic infrastructure and transport, facilitat-
ing the secondary dispersal of already naturalized
species through canals, reservoirs, and irrigation
systems.

Aquaculture plays a particularly significant role
in shaping the invasion pool in Vietnam. According
to reports from the Vietnam Association of Seafood
Exporters and Producers (https://seafood.vasep.com.
vn/), aquaculture production increased from 4.1 to 5.7
million tons between 2018 and 2024 (a 38% increase),
reaching 5.753 million tons in 2024 (+4% year-on-
year). Freshwater aquaculture accounts for approx-
imately 380 000 ha and produces ~3.197 million
tonnes, including pangasius (1.787 million tons), tilapia
(300 000 tons), and other species (1.11 million tons).
Although production is concentrated in the Mekong
Delta, interregional transport of juveniles, feed, and
equipment facilitates the spread of cultured and associ-
ated species into other basins, including the Dong Nai.
Given the scale of production, even low escape rates
can lead to substantial propagule pressure (Nguyen et
al., 2023).

The state of knowledge regarding this issue in
the Dong Nai Basin remains poor. Existing publica-
tions are primarily devoted to the general taxonomic
composition of the ichthyofauna (Freyhof et al., 1998;
Nguyen et al., 2019), while specific studies aimed at
identifying alien species, analyzing their penetration
pathways, and the degree of naturalization are few
(An et al., 2009; Vu et al., 2013). There is insufficient
data on the spatial distribution of introduced species
across different habitat types (mainstream, tributaries,
reservoirs, and urbanized channels), their contribution
to commercial catches, and their potential impact on
native populations. Long-term monitoring series that
could allow for assessing the dynamics of invasions and
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the rate of expansion of individual species are virtually
absent.

Therefore, the Dong Nai River basin represents a
model system for analyzing biological invasions under
conditions of intensive anthropogenic pressure in a
large tropical river. The aims of this study were to (i)
assess the extent of introduction and naturalization of
non-native fish species, (ii) identify major introduction
pathways and distribution patterns, and (iii) define pri-
orities for monitoring freshwater ecosystems in south-
ern Vietnam.

2. Material and methods

Ichthyological sampling was collected in April-
May 2025 at 56 stations located in the Da Nhim and
Da Dang rivers (forming the upper Dong Nai River),
as well as in the main channel, tributaries, and lentic
water bodies within Dong Nai and Lam Dong prov-
inces. For further analysis, stations that were close in
geographical and biotopic terms were combined into
17 districts (Fig. 1).

Fish were collected using cast nets, gill nets, and
hand nets (mesh size 2-5 mm). Additional specimens
were obtained from local fishermen using various fish-
ing gears employed in small-scale fisheries. Sampling
effort and material volume are summarized in Table 1.

Species identification was based on morpho-
logical and meristic characters, as well as coloration
patterns, using standard taxonomic keys and reference
guides (Tran et al., 2013; Taki et al., 2021).

For non-native species, occurrence frequency (F)
was calculated as the percentage ratio of the number of
areas where a species was recorded to the total number
of surveyed areas.

3. Resulits

A total of 17 non-native fish species were recorded
across 13 of the 17 surveyed areas (Table 2; Fig. 2). In
terms of species richness, the family Cyprinidae was the
most represented, comprising six species. The families
Poecilidae and Cichlidae followed, each with three spe-
cies. Each of the remaining families were represented
by a single species (Fig. 2).

No alien species were detected within the aquatic
systems of Cat Tien National Park (stations 3-6: Mada
River, small streams, Dong Nai River channel, and Bau
Sau Lake). Across other sites, species richness ranged
from 1 to 11 non-native species. The highest number
(11 species) was recorded in Tri An Reservoir. Six spe-
cies were observed in both the middle reaches of the Da
Nhim River and the Dai Ninh Reservoir. Relatively high
diversity was also found in the upper Da Nhim River
(four species), Dankia Lake (five species), Kala Lake
(four species), and various watercourses in the lower
Central Highlands (four species). Other sites contained
between one and three species, with the lowest diver-
sity observed in highland areas subjected to minimal
anthropogenic disturbance.
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Fig.1. Scheme of stations (red markers) and study areas: 1 — Tri An Lake; 2 -Ba Hao Lake; 3 — Ma Da River; 4 — small rivers

and streams of Cat Tien National Park; 5 — Dong Nai River; 6 —

Bau Sau Lake; 7 - upper reaches of the Da Nhim River; 8 -Dankia

and Suoi Vang lakes; 9 — Da Nhim River; 10 — high mountain streams Hoa Binh district; 11 — Dai Ninh Lake; 12 - upper reaches
of the Dong Nai River; 13 —Kala Lake; 14 - rivers of the Central Highlands of Vietnam; 15 -Ham Thuan Lake; 16 -Bao Lam Lake;

17 -Ta Dung Lake.

Low occurrence frequency (5.9%) was recorded
for eight species (Acipenser sinensis, Labeo rohita,
Cichla ocellaris, Xiphophorus hellerii, Osphronemus
goramy, Hypophthalmichthys nobilis, H. molitrix, and
Ctenopharyngodon idella). Moderate frequency (11.8-
29.4%) characterized seven species (Carassius auratus,

Table 1. Sampling effort and material volume

Cyprinus carpio, Piaractus brachypomus, Pterygoplichthys
disjunctivus, Clarias gariepinus, Gambusia holbrooki, and
Coptodon zillii). Very high occurrence (69.2-92.3%)
was observed for Poecilia reticulata and Oreochromis
niloticus, the latter being nearly ubiquitous except for
high-altitude streams.

No Study areas Number of sites | Number of | Number of
species specimens
1 Tri An Lake 5 65 95
2 Ba Hao Lake 2 10 29
3 Ma Da River 3 9 52
4 Small rivers and streams of Cat Tien National Park 3 19 27
5 Dong Nai River (Cat Tien National Park) 1 12 38
6 Bau Sau Lake 2 8 28
7 Upper reaches of the Da Nhim River 4 8 71
8 Dankia and Suoi Vang lakes 3 9 72
9 Da Nhim River 7 16 374
10 High mountain streams Hoa Binh district 2 6 27
11 Dai Ninh Lake 3 25 214
12 Upper reaches of the Dong Nai River 4 18 132
13 Kala Lake 3 11 59
14 Rivers of the Central Highlands of Vietham 5 13 68
15 Ham Thuan Lake 3 11 32
16 Bao Lam Lake 2 6 18
17 Ta Dung Lake 4 8 22
TOTAL 56 105 1358
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Table 2. Species composition, distribution and occurrence of alien fish species in the studied water bodies of Dong Nai and

Lam Dong provinces

Species Study areas F, %

1121789101112 (13|14|15|16]|17
Sinosturio sinensis Gray, 1835 + 5.9
Labeo rohita Hamilton, 1822 + 5.9
Carassius auratus (Linnaeus, 1758) + |+ |+ + 23.5
Cyprinus carpio (Linnaeus,1758) + + | + + + 29.4
Ctenopharyngodon idella Valenciennes, 1844 + 5.9
Hypophthalmichthys molitrix Valenciennes, 1844 | + 5.9
Hypophthalmichthys nobilis Richardson, 1845 + 5.9
Piaractus brachypomus (Cuvier, 1818) + + 11.8
Pterygoplichthys disjunctivus Weber, 1991 + + + | + + | 29.4
Clarias gariepinus Burchell, 1822 + 17.6
Osphronemus goramy Lacepede, 1801 + 5.9
Gambusia holbrooki (Girard 1859) + | + 11.8
Poecilia reticulata Peters, 1859 + + 1+ + |+ + |+ |+ + 52.9
Xiphophorus hellerii Heckel, 1848 F 5.9
Cichla ocellaris Bloch & Schneider, 1801 + 5.9
Oreochromis niloticus Linnaeus, 175815,4- + |+ |+ ]+ |+ + |+ |+ |+ +]+]|+|706
Coptodon zillii (Gervais, 1848) + + | + 17.6

Total 11|24 |5|6|1|[6]|3]|]4]4]|1|2]2

Note: 1 — Tri An Lake; 2 -Ba Hao Lake; 7 - upper reaches of the Da Nhim River; 8 -Dankia and Suoi Vang lakes; 9 — Da Nhim
River; 10 — high mountain streams Hoa Binh district; 11 — Dai Ninh Lake; 12 - upper reaches of the Dong Nai River; 13 —Kala Lake;
14 - rivers of the Central Highlands of Vietnam; 15 -Ham Thuan Lake; 16 -Bao Lam Lake; 17 —-Ta Dung Lake

4. Discussion

Current knowledge of non-native fish introduc-
tions in Vietnam remains incomplete. Approximately 50
freshwater and euryhaline species have been reported
from inland waters (GBIF, 2026), with a clear increas-
ing trend compared to earlier estimates of 15-20 spe-
cies (Zvorikin et al., 2014; An et al., 2013). Our data
indicate that the problem of biological invasions in the
Dong Nai River basin has already reached significant
proportions. Its severity varies significantly depending
on the type of water body, its ecological status, and
altitudinal zonation.

The 17 non-native species recorded represent
~16% of the total ichthyofaunal richness identified in
this study. Although this proportion appears moderate
and is comparable to other regions of Vietnam (Ruykys
et al., 2021), the ecological impact of these species may
be substantial (Stolbunov and Tran, 2019).

One of the most characteristic findings of the
study is the pronounced spatial heterogeneity in the
distribution of alien species. The complete absence
of introduced species in the water bodies of Cat Tien
National Park demonstrates the important role of rel-
atively undisturbed ecosystems as natural barriers to
biological invasions. This situation is consistent with
the general notion that high natural ecosystem integrity
and low anthropogenic impact significantly limit the
successful naturalization of alien organisms. (Banaduc
et al., 2024).
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Fig.2. Family level species diversity.

In contrast, the greatest diversity of introduced
species was observed in water bodies experiencing sig-
nificant economic impact, particularly large reservoirs
and aquaculture-related water bodies. For example, the
highest number of alien species was recorded in Lake
Tri An (11 species), as well as in the middle reaches of
the Da Nhim River (6 species), which is associated with
a large number of artificial reservoirs, including the Dai
Ninh Reservoir (6 species). This pattern is consistent
with research findings in other regions of the world.
(Banaduc et al., 2024).



Karpova E.P. et al. / Limnology and Freshwater Biology 2026 (3): 167-179

The reduced number of non-native species in
highland areas (1-3 species) likely reflects both lower
anthropogenic pressure and more restrictive envi-
ronmental conditions (e.g. temperature regimes and
hydrology).

Most species exhibited low or moderate occur-
rence frequencies, whereas P. reticulata and O. niloticus
were highly widespread. Additionally, Pterygoplichthys
disjunctivus was notable for its high abundance, partic-
ularly juveniles in lotic habitats. Such patterns are typi-
cal of invasion dynamics, where only a limited number
of species become dominant colonizers (Stolbunov and
Tran, 2019).

Nile tilapia (O. niloticus) appears to be the most
ecologically significant invasive species in the region.
Its near-ubiquitous distribution reflects high ecological
plasticity, broad diet, rapid growth, and competitive
ability (Shuai and Li, 2022; Feng et al., 2025). Similar
trends were documented elsewhere in Vietnam (Dien et
al., 2025). Increasing abundance of tilapias may lead to
competitive displacement of native species and restruc-
turing of fish communities. The widespread occurrence
of P. reticulata, historically introduced for mosquito
control (El-Sabaawi et al., 2016), reflects its high repro-
ductive rate and tolerance to degraded conditions.

Pathway analysis indicates that aquaculture is
the dominant source of introductions. Many recorded
species (e.g. Cyprinus carpio, Hypophthalmichthys spp.,
Ctenopharyngodon idella, Labeo rohita, Piaractus brachy-
pomus, and Clarias gariepinus) are widely cultured (Vu
et al.,, 2013). The rapid expansion of aquaculture in
Vietnam (Wei et al., 2025) increases propagule pres-
sure and the likelihood of escape events, leading to the
establishment of self-sustaining populations.

The ornamental fish trade represents a second-
ary pathway, particularly for Pterygoplichthys spp. and
livebearers (Stolbunov and Tran, 2019), as documented
globally.

Ecological impacts vary among species. Tilapias
are known to exert strong competitive pressure, whereas
others (e.g. Gambusia) may occupy relatively vacant
niches. Loricariid catfishes (Pterygoplichthys) may cause
substrate disturbance, bank erosion, and trophic alter-
ations (Stolbunov and Tran, 2019; Dien et al., 2025).

Hybridisation also poses a potential risk (Zvorikin
et al., 2014), particularly given the widespread use of
hybrid tilapias and clariid catfishes in aquaculture.
Their ecological roles and invasion potential remain
poorly understood.

Overall, the role of non-native species in shaping
fish assemblages in the Dong Nai basin remains insuf-
ficiently quantified. There is a critical need for long-
term monitoring, quantitative assessments of ecological
impacts, and evaluation of invasion dynamics, particu-
larly for dominant species such as tilapias.

5. Conclusion

The Dong Nai River basin is experiencing signif-
icant biological invasions driven primarily by aquacul-
ture and, to a lesser extent, the ornamental fish trade.
The distribution of non-native species is strongly influ-
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enced by anthropogenic pressure and habitat type,
with reservoirs and modified systems acting as invasion
hotspots, while protected and highland areas remain
relatively resistant.

Only an integrated approach will enable the
timely identification of new invasions and the minimi-
zation of their potential impacts on the biodiversity and
sustainability of freshwater ecosystems in the Dong Nai
River basin.
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yenmpa, XowumuH, BbemHam

AHHOTAIIHAA. Bruonoruyeckre WHBa3UM phIO ABJIAITCA OJHUMH U3 KJIOUYEBBIX (HaKTOpOB TpaHCHOp-
Malliy MPECHOBOAHBIX 3KOCHUCTEM, OCOOEHHO B PETMOHAX C MHTEHCHUBHBIM pa3BUTHEM AaKBaKYJIbTYPhI
1 BBICOKMM aHTPOIIOT€HHBIM HaBjieHHeM. llesibl0 JaHHOro HccjieAoBaHUA ObUIO OLIEHWUTHh MacCIITAaObI
MHTPOAYKIUU U CTelleHb HaTypaji3aliy dyKepOogHBIX BUIOB PO B OacceliHe peku JIOHrHail (10XKHBIN
BbeTHaMm), a TakXe BBIABUTH 3aKOHOMEPHOCTU MX IIPOCTPAHCTBEHHOTI'O paclipeiesieHNs U OCHOBHBIE Ty TH
nHTpOoAYKINU. OTOOp MXTHUOJIOTUYECKUX IIPp0o06 MpoBOAMIICA B ampese-Mae 2025 roga Ha 56 cTaHLIUAX,
PAcCIIOJIOKEHHBIX B BepXHEM U cpefHEM TeueHuu peku JJoHrHal, BKoyasd peku JlaneuM u JlagaHr, ux
IIPUTOKU U CTOAYME BOJOEMBI B IpOBUHIMAX JloHrHai u JlamaoHr. B o6meii cioxHocTtu Ha 13 3 17
00cyIeTOBAHHBIX Y9aCTKOB OBLJIO 3aperuCTPUPOBAHO 17 uy>kepOoAHbIX BUAOB pbi0. Haubosbniee pasHoo-
Opasue MHTPOAYLIEHTOB HaOJII0aI0Ch B KPYIIHBIX BOAOEMAaX, ITOABEPKEHHBIX 3HAUUTEIbHOMY aHTPOIIO-
reHHOMY BO3/Ie/ICTBII0, 0cOOeHHO B 03epe YnaH (11 BuAOB), a TakkKe B cpeHEM TeueHUN peKu JlaHbUM
1 BogoxpaHwmie J[aiiHyuHb (110 6 BUAOB B KaxxgoM). KosmdecTBO BUAOB-BCeJIeHIIeB ObLIIO 3HAYNTEIbHO
HIXe B BBHICOKOTODHBIX palioHax lleHTpasibHoro Haropbs (1-3 Bupa), a B BojoeMax HaI[IOHAJIbHOI'O
napka KaTtbeH OHU He ObLIM 3aperuCTpUPOBaHbl. BOJIBIIMHCTBO BUAOB AEMOHCTPHUPOBAIN HU3KYIO A
YMEPEHHYIO YaCTOTy BCTPEUYAEMOCTH; OHAKO ABa u3 Hux — rymmu (Poecilia reticulata Peters, 1859) u
HuUJIbcKasa Tuianus (Oreochromis niloticus (Linnaeus, 1758)) — GbUIM OYeHb IMUPOKO PACIPOCTPAHEHHI.
[TostyueHHBIE pe3yJIbTaThl YKa3bIBAIOT Ha CylleCcTBEHHBINM MaciTab 610I0rndecKrnx MHBa3u B 6acceline
peku JloHrHail. AKBaKkyJIbTypa U akBapuyMHas TOPIOBJIA ABJIUIMCH OCHOBHBIMU HCTOYHHMKAMM HHT-
POAYKIMH 4YyXXePOOHBIX BUAOB pPhHIO, a UX MPOCTPAHCTBEHHOE pachpefesieHne ObLI0 TECHO CBA3aHO C
YPOBHEM aHTPOIIOI'€HHOI'0 BO3AEHCTBUA 1 TUIIOM BOAOEMa.

Kiioueauie ciioea: 6uosiornyeckrie MHBa3uM, 4y’kepoAHble BUABI, pasHOOOpasue pub, IPOCTPaHCTBEHHOE
pacripefesienue, BbetHam

Jlna nutupoBanusa: Kaprnosa E.IN., Ky Hryen luns, Kypmaxos C.B., UecHokoBa U.H., Hryen Yan Xoaii bao [TpoGiemsl 6110510-
rUYeCcKrX MHBA3Ui B peIOHOM (payHe 10’xHOr0 BheTHama: npuMep 6acceiina pexku Jlonrsaii // Limnology and Freshwater Biology.
2026. - Ne 3. - C. 167-179. DOI: 10.31951/2658-3518-2026-A-3-167

1. Beepenue 3UI0 JIOKAJIBHBIX MOMYJIALMN, a Takke CJIYXHUTh Iepe-

HOCUMKaMU{ [apa3uToB U 3abosieBaHuil. B yciioBusax
HapacTamoileli ypbaHu3anuy, T'HIPOTEXHUYECKOIro
CTpouTesIbcTBAa U rjiobanu3any TOPIrOBJIM TEMIIBI
MHTPOAYKIUI 1 BTOPUYHOIO paccejieHUs pHIO cyle-
cTBeHHO Bo3pocsu. [y crpan HOro-BocTouHoit A3un,
o0JiafjalolX BBHICOKMM yYPOBHEM 3HAeMH3Ma U OOHO-
BpEeMEeHHO UHTEeHCHUBHBIM pa3BUTHEM PBIOHOTO XO3sil-
cTBa, mpobJyiemMa OHWOWHBA3WN NPHUOOPETAET OCOOYIO
aKTyaJIbHOCTb.

buosiornveckre MHBa3UM B MPECHOBOJHBIX KO-
cUcTeMaxX pacCMaTpHBalTCA B HACTOsAIllee BpeMs Kak
OIVH 13 KJI0YeBBIX (aKTOPOB TpaHCHOpPMALUU CTPYK-
Typel U (QYHKIIMOHMPOBaHUA coobmiecTB. B mxTuoda-
VHe 4YyXepoOHble BUALI CIIOCOOHHBI BBI3BIBATh KacKaj-
HBle U3MeHeHHUsA TpoPuUecKuX ceTel, YCUIUBATh
KOHKYpEeHTHOe JaBJjieHre Ha abOpUreHHble TaKCOHHI,
MPOBOIMPOBATh TMOPUAM3AIUI0 U T€HETUYECKYI0 3PO-
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KpynHble pexku NOaneoTpONNKOB XapaKTepusy-
I0TCA UCKJIIOYUTEJIBHO BBICOKOM BHIOBOH HaCHIIEHHO-
CTBI0 U CJIOXKHOH IIPOCTPAHCTBEHHO-BPeMEHHO! opra-
HU3anuel sKocucTeM. B Takux cucreMmax, Kak peka
Jlonrxaii B 10xHOM BbeTHaM, codeTaloTcs ropHble U paB-
HUHHBIE Y4aCTKY, Pa3BeTBJIEHHAA CETh IIPUTOKOB, MOH-
MeHHBIe BOJOEMBI, BOJOXpaHWIMMA U KaHayibel (Pham
and Vo, 2025). BelpaxkeHHas CE30HHOCTb MYCCOH-
HOro kjmMata GopMupyeT pe3kue KoJjieGaHWUA CTOKa,
3aToIUieHWe OOMIMPHBIX IIOMM M aKTHBHble MUIpalUU
pei6. C OAHOI CTOpOHHI, Takasg AWHAMWYHOCTb IOBBHI-
maeT yCTOMYMBOCTh COOOIIECTB 3a CYE€T IPOCTpPaH-
CTBEHHOI MO3aWYHOCTU MeCTOOOUTaHUI; € ApPYrou
— co37aéT OJIaronpuATHLIE YCIIOBUS AJ1A 3aKpeljleHuA
WHTPOJYLIEHTOB, OCOOEHHO BHJOB C IIWPOKON 3KOJIO-
TMYecKOl BaJICHTHOCTBIO M BBICOKOM IIJIOAOBUTOCTHIO.
JlonosnHuTebHBIM (aKTOPOM pucKa ABJsgeTca dpar-
MeHTallysA pycJia IVIOTMHAMU U CO3[laHue BOJIOXpaHU-
i, GOpMHUPYIOIUX HOBbIEe JUMHOQUIIbHEIE OMOTOIHI,
yacTo OoJiee MOAXOAAMIME [JI UyXKEPOOHBIX BHJIOB,
yeM A1 peoPuiibHbIX abopureHHbx Gopm (Baran and
Myschowoda, 2009).

OcHOBHBIE BEKTOpPH OHOMHBa3uil pbi0 BO
BoeTHaMme CBA3aHBI C XO3ANHCTBEHHOU AeATEeIbHOCTHIO
yenoBeka (Stolbunov and Tran, 2019; Dien et al.,
2025). K uucsy KI04eBbIX OTHOCATCS:

1. AkBakyJjbTypa, BKJIIOYalollasg pasBedeHUE Kak
ABTOXTOHHBIX, TaK U MHTPOAYLMPOBAHHBIX BUAOB
(HampumMep, TWiIanui, OaHracuyca, pas3JIM4HBIX
kapnoBeix 1 coMoBbix) (Thi Thanh Vinh, 2006;
Abd Hamid et al., 2023). IToberu M3 MPymOBHIX
XO3AUCTB U CAJKOBBIX YCTAHOBOK, OCOOEHHO B
Iepyoj] MAaBOJKOB, IPUBOAAT K peryJIAPHOMY
MIOCTYILJIEHUIO KyJIbTHUBUPYeMBIX (opM B ecTe-
CTBEHHBIE BOJOEMBL.

AxBapuyMHCTUKA 1 JeKOpaTHUBHAs TOPIoBJsA, obe-
CITeYyHBaloIIe UMIIOPT U BHyTPEHHEE PacIpoCTpa-
HeHUe SK30TUYECKUX BHU/IOB; UX MpeIHaMepeHHBIN
BBIIIYCK WJIM CJIy4aliHOe TIOoNafaHre B NPUPOAY
dopMupyoT ouaru WHBA3WN BOJIM3U TOPOACKHUX
arsiomepanui (Hewitt et al., 2024).

Mex06acceiiHOBbIE TIEPEHOCH U 3apbIOJIeHUsA, CBS-
3aHHBIE C IlepeMellleHreM II0CaJj0OYHOrO MaTepu-
aJjia MeXxJy peroHaMu, a TakXke ¢ MHTPOAYKIAAMU
JIJIS1 TIOBBIIIEHN S PEIOONIPOIYKTUBHOCTH BOJOEMOB.

T'upporexHuveckass WHQPACTPYKTypa M TpaHC-
HOPT, CIOCOOCTBYIONINIE BTOPUYHOMY PACCETIEHUI0
yXe HaTypaJIn30BaHHBIX BUOB II0 KaHajlaM, BOZO-
XpaHWJIMIIAM U UPPUTAIIMOHHBIM CHCTEMAaM.

Ocoby10 poJsib B GOPMHPOBAHUK WHBAa3UOHHOTO
myJjia urpaetr macimrab akBaKyJbTypbhl BO BbeTHawme.
CorjlacHO OT4YeTOB BbeTHaMCKOI accolualiiu 3KCIOop-
TEPOB W Mpou3BoauTesiel MopenpoaykTtoB (https://
seafood.vasep.com.vn/) B 2018-2024 r1r. 00BEM e€é
npou3BojicTBa yBesmuniica ¢ 4,1 mo 5,7 muH T (poct
38%), a B 2024 r. goctur 5,753 vutH T (+4% K mpe-
aeigymemy roay). OOmas momanb aKBaKyJIbTYPHI
cocraBuya 1,3 MJIH ra BO BHYTPEHHHX BOJOEMax U
9,7 MH M®> MOpPCKHX cafkoB. [IpeCHOBOIHBINA CEKTOD
oxBaThiBaeT 0k0Ji0 380 ThIC. ra ¢ 00BEMOM MPOAYKIIUHU
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nopsaka 3,197 MiH T, BKIIoyas naHracuyca (5,7 ThIC.
ra; 1,787 v 1), Tuanuoo (30 Teic. ra; 300 THIC. T) U
apyrue Bugasl (344 Teic. Ta; 1,11 MuH T). DKCIOPTHO-
OPHEHTHPOBAHHOE [IPOM3BOJACTBO COCPEIOTOYEHO IIpe-
HMMYyIIecTBEHHO B AejbTe peku MekoHr (1o 95% man-
racuyca u 80% KpeBeTOK), OJHAKO TPaHCIIOPTUPOBKA
MOJIOAW, KOPMOB U 000pyA0BaHuUs, a TaKKe MeXperuo-
HaJIbHble X03AUCTBeHHbIE CBA3U CO3[1al0T IIPeAIIOChIIKN
JUIA 3aHOCA KyJIbTUBHPYEMBIX 1 CONy TCTBYIOLIUX BUIOB
B Apyrue OacceliHbl, BKjiodas p. JlOHrHail. Y4uuTeBasA
00BEMBI IIPOM3BOJICTBA U IUIOTHOCTb XO3AMCTB, OaXke
HM3Kas [0J1A 106eroB MoXeT NIPUBOAUTH K 3HAUUTEJIb-
HOMY abCOJIIOTHOMY 4YMCITy Oco0eli, MOCTyHarwInux B
npupoAHbIe dKocrcTeMsbl (Nguyen et al., 2023).

CocTossHMe U3y4eHHOCTH NpobjeMbl B 6acceliHe
JlonrHaii ocrtaérca HeOOCTaTOYHBIM. [Meroiuecs
nyOJnKanuy MperMyIlecTBeHHO IMOCBALIEHHBl 00IeMy
TaKCOHOMUYecKoMy coctaBy wuxrtuodaynsl (Freyhof
et al., 1998; Nguyen et al., 2019), Torga Kak crenu-
aJbHBIE MCCJIeJOBAaHMsA, HalpaBJieHHble Ha BHIABJIEHHE
qyKepOAHBIX BUAOB, aHAJIN3 ITyTell NX IPOHUKHOBEHUA
1 CTelleHW HaTypajausalyd, HeMHOro4ucjaeHHH (An
et al., 2009; Vu et al., 2013). HemocTaTo4Ho JaHHBIX
0 IPOCTPAHCTBEHHOM paclipefieJIeHUd WHTPOAYLeH-
TOB 10 Pa3JIMYHBIM TUIaM MeCcTOOOHUTaHUH (rJIaBHOe
pycjio, NPUTOKH, BOJOXpaHWIWIIA, ypOaHU3UPOBaH-
Hble KaHaJibl), 00 UX y4acTUM B IIPOMBICJIOBBIX yJIOBax
1 O MOTeHLHaJIbHOM BO3[eNCTBUM Ha abopUreHHbIe
nonysAuuKu. IIpakTudecku OTCYTCTBYIOT AOJITOCPOY-
Hble MOHHUTOPHUHIOBBIE PAABI, IO3BOJIAIONINE OLIEHUTDH
JUHAMUKy MHBa3UH U CKOPOCTh SKCIAHCHUU OTHeJIbHBIX
BUJIOB.

Takum ob6pasom, GacceliH peku JloHrHail mpen-
cTaBjsfeT co0OM MOAEJbHYI CHUCTeMy AJA aHaausa
IpoleccoB OHMOMHBAa3Uil B YCJIOBUAX WHTEHCUBHOIO
aHTPOIIOTEHHOr'0 BO3JEMCTBUA Ha KPYyIHYI0 Tponuye-
ckyio peky. llenpio HacTosiell paboTel ABAAINCE: (1)
oIleHKa MacliTaboB MHTPOAYKIMU M CTeleHu HaTy-
pajiu3aluy 4y>XepoAHBIX BUIOB pbiO, (2) BBIABJIEHHUE
OCHOBHBIX ITyTel UX MOCTYILJIEHUA U 3aKOHOMePHOCTeN
pacrnpocTpaHeHus u (3) ompefesieHNe NPUOPUTETHBIX
HanpaBJIeHUHI MOHUTOPHHIA IIPECHOBOAHBIX 3KOCH-
cTeM ra BeeTHama.

2. MaTrepuan ¥ meToAbl

C6op npob uxtrodayHsl OCylIeCTBJIAIA B amnpe-
Je-mae 2025 r. Ha 56 cTaHUUAX B pekax [JaHpuM U
Janaxr, o6pasylomux BepxHee TeueHre peku JJoHrHai,
ee pycise, MpPUTOKax M JIEHTUYECKUX BojoeMax Oac-
ceiiHa B mpoBuHIUAX JloHrHai u Jlamaoxr. [a gaib-
Helllero aHajau3a CcTaHIUY, 6jmu3Kue B reorpaduue-
CKOM 1 OMOTONMYEeCKOM OTHOIIeHWY, OObeJWHUINU B
17 patioHoB. CxeMa CTaHI[MI 1 paliOHOB MpUBe/ieHa Ha
Pucynke 1.

COop mmpo0 Ha CTaHLUMAX OCYIIeCTBJIAIN C NpU-
MeHeHHeM KaCTUHTOBOH ceTH, kabepHBIX ceTell, pyd-
HBIX CAyKOB C f4eell OT 2 A0 5 MM, IIOMHMO 3TOrO
npuobpeTanu o0paslbl ¥ MeCTHBIX pbI0akoB U3 pas-
JINYHBIX OPYJWH JIOBA, UCIOJIb3yeMbIX B MECTHOM IIpO-
MbIcsie. O6beM HCCJIeJOBAaHHOTO MaTepuaa IpuBeJeH
B Tabsmne 1.
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Puc.1. Cxema crannuii (KpacHble MapKephl) U palioHOB uccjaeqoBaHuil: 1 — 03. Yuan; 2 — 03. Baxao; 3 — p. Mazga; 4 — maJibie
peKu U pyubd HaloOHasbHOTro napka KarrteeH; 5 pyciio p. lonrHaii; 6 — 03. Baycay; 7 - BepxoBss p. JJaneuM; 8 — 03. JlaHkua u
CyotiBanr; 9 — p. laupnM; 10 — BEICOKOTOPHBIE pyubU p-H X0abuub; 11 — 03. JaliHunb; 12 - BepxoBbs p. JoHrHai; 13 — 03. Kana;

14 - BogoToku lleHTpanbHOro Haropesa BeeTHama; 15 — 03. XamTxyaH; 16 — 03. Baosawm; 17 — 03. TagyHr.

[Ipu ompepdesleHMU BHUOA WCIOJIB30BATIA KOM-
IJIEKC MOP()OJIOTUYECKUX, MEPUCTUYECKUX ITPU3HAKOB,
ocobeHHOCTel okpacku. MaeHTudukaiuo NpoBOaUIn
C WCIIOJIb30BAHWEM OIpeAesUTeNIel 1 CIPaBOYHUKOB
(Tran et al., 2013; Taki et al., 2021).

JJIs1 4yKepOIHBIX BHIOB OIpee/IA/IN UX BCTpe-
yaemocTh (F) kak oOTHollleHHWe 4KcJa palioHOB, TAe
PErucTpupoOBaICA BUM K UX OOIIIEMY KOJIMYECTBY, BhIpa-
’)K€HHO€ B MPOI[eHTax.

3. Pe3ynbTarthbl

[Tpu oGcnienoBanuu 17 paiioHOB B IMPOBUHITHAX
JloHrHai u JlaMJOHT B pa3jIMYHBIX BOJOEMax U BOJO-
TOKax OBLIO OTMeueHO 17 4yxepoAHBIX BUAOB PHIO,
3aperucTpupoBaHHbIX B 13 13 17 o6cjiefOBaHHBIX paii-
oHOB (Tabmuua 2; Puc. 2). [1o yucay BugoB Haubosee
Ipe/icTaBUTEIBHBIM OKazayioch ceMelicTBo Cyprinidae,

BKJIIOUaBlllee 6 BHOB.

Ta6suma 1. O6beM HccjieJOBAHHOTO NXTHUOJIOTHUYECKOTO MaTepuaja

CemerlictBa Poecilidae u

No PaiioH mcciiejoBaHuHI KosnuecTBO KosmmuectBo | KosinuecTBo
CTaHIUHI BUIOB 9K3eMILLSIPOB
1 03. YnauH 5 65 95
2 0O3s. baxao 2 10 29
3 P. Maga 3 9 52
4 BopoToku HanoHaIbHOro napka Karteen 3 19 27
5 P. lournati (KaTTheH) 1 12 38
6 0O3s. Baycay 2 8 28
7 BepxoBpA p. [JaHbUM 4 8 71
8 O3. Jankua u CyoliBaHT 3 9 72
9 P. aubum 7 16 374
10 BricokoropHsie pyuby, X0abuHb 2 6 27
11 0O3. latiH1Hb 3 25 214
12 BepxoBbs p. JJOHTHAH 4 18 132
13 0O3. Kana 3 11 59
14 Bonmoroku LleHTpasibHOrO Haropbs 5 13 68
15 03. XamTxyaH 3 11 32
16 0O3. baosam 2 6 18
17 O3. TagyHr 4 8 22
Bcero 56 105 1358
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Ta6suna 2. BugoBoii cocras, pacnpocTpaHeHle U BCTPeYaeMOCTh 4yKepOAHBIX PhIO B HcCCJIeJOBAaHHBIX BOJHBIX 0OBeKTax

npoBuHNUN JloHrHa# u JlamMaoHr

Buasl PaiioHbI HCCJIeJOBAaHUI F, %

11217 (8]9]]10|11]|12|13|14|15|16 |17
Sinosturio sinensis Gray, 1835 + 5,9
Labeo rohita Hamilton, 1822 + 5,9
Carassius auratus (Linnaeus, 1758) + 1+ + + 23,5
Cyprinus carpio (Linnaeus,1758) + + | + + + 29,4
Ctenopharyngodon idella Valenciennes, 1844 + 5,9
Hypophthalmichthys molitrix Valenciennes, 1844 | + 5,9
Hypophthalmichthys nobilis Richardson, 1845 + 5,9
Piaractus brachypomus (Cuvier, 1818) + + 11,8
Pterygoplichthys disjunctivus Weber, 1991 + + + | + + | 29,4
Clarias gariepinus Burchell, 1822 + 17,6
Osphronemus goramy Lacepede, 1801 + 5,9
Gambusia holbrooki (Girard 1859) + | + 11,8
Poecilia reticulata Peters, 1859 + + 1+ + |+ + |+ | + + 52,9
Xiphophorus hellerii Heckel, 1848 + 5,9
Cichla ocellaris Bloch & Schneider, 1801 + 5,9
Oreochromis niloticus Linnaeus, 175815,4- + |+ |+ + ]|+ + |+ +|+|+]+]|+]706
Coptodon zillii (Gervais, 1848) + + | + 17,6

Bcero 111214 | 5|16 |1|6]|3|4]4]|1]|2]2

IIpumeyanue: 1 — 03. YuaH; 2 — 03. baxao; 7 - BepxoBbs p. [laHbuM; 8 — 03. [lankua u CyoiiBaHr; 9 — p. Jlausum; 10 — BeICOKO-
ropHble py4bU p-H XoabuHsp; 11 — 03. [latiHuHb; 12 - BepxoBbs p. JloHrHaii; 13 — 03. Kana; 14 - Bogotoku LleHTpasbHOro Haropbs
BrerHama; 15 — 03. XamTxyaHs; 16 — 03. baosnam; 17 — 03. TagyHr

Cichlidae 6pLTH IpecTaBIEHBI TPEMS BUAAMU KaX o€,
OcTajyibHble CeMEHNCTBA BKJIIOYAIM IO OAHOMY BUAY
(Puc. 2).

Hu oxHoro uyxepoaHoro Buja He ObLIO OOHa-
PYX€eHO B BOOHBIX OOBEKTaX HALMOHAJIBHOTO MapKa
Karrteen (cranmuu 3-6 - p. Maga, massle BOOOTOKU,
pycio p. [lonrHai, o3. Baycay). Bo Bcex npouux BoJio-
eMax U BOJOTOKax oTMeuaJjioch oT 1 go 11 BugoB-Bce-
neHueB. Haubosbiiee kosnuvectBo (11 BUIOB) 3ape-
TUCTPHUPOBAHO B 03. YuaH, mo 6 BUJOB OTMEYEHO B
cpeqHeM TedeHUU p. JaHbUM U PaCIOJIOKEHHOM Ha
Hel BogoxpaHuiuile J[aliH1Hb, BBICOKOE BUOBOE pas-
HooOpa3ue BceJieHIIeB Takxe HabJi0[asioch B BepXoO-
BbsAX p. Jaueum (4) u o3. Haukua (5) u Kana (4), pas-
HOOOpa3HbIX BOAOTOKAaX HIKHeH yacTu lleHTpaspHOrO
Haropbsi BeeTHama (4). [Ipounie BogoeMsl 1 BOOOTOKU
HacyuThiBaIyd OT 1 g0 3 BUAOB, IpHYeM HauMeHbIllee
UX KOJMYECTBO HAOJIIOJAIOCHh B BRICOKOTOPHBIX paiio-
HaxX C He3HAUUTEeJIbHON aHTPOIIOTeHHO Harpy3Kon/

Hesricokass BcTpeuaeMocTh (5,9%) oTMeueHa
nis 8 BunoB (Acipenser sinensis, Labeo rohita, Cichla
ocellaris, Xiphophorus hellerii, Osphronemus goramy,
Hypophthalmichthys nobilis, Hypophthalmichthys molitrix,
Ctenopharyngodon idella). Cpemasia (11,8-29,4%)
— nia 7 BupoB (Carassius auratus, Cyprinus carpio,
Piaractus brachypomus, Pterygoplichthys disjunctivus,
Clarias gariepinus, Gambusia holbrooki, Coptodon zillii).
Ouensp BbIcOKasg (69,2-92,3) Obula XapakTepHa [AJA
aByx — rymmu Poecilia reticulata i HUJIbCKOHM TUJISATIUU
Oreochromis niloticus. TlociegHUIM BHZ BCTpeYasCs
MPaKTUYECKU MMOBCEMECTHO, 32 MCKIIOUYEHUEM BBICOKO-
TOPHBIX PYYbEB.
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@ Serrasalmidae
O Acipenseridae
O Loricariidae

O Clariidae
Osphronemidae
Poecilidae

O Cichlidae

a Cyprinidae

Puc.2. TakcoHOMHYecKOe pa3HooOpasue YyXepOoAHBIX
BU/OB pBHIO Ha YPOBHE CEMEFCTB.

4. 06¢cyxpenue

CBeJieHN 110 BCeJICHUI0 YyXKePOHbIX BHUJIOB PBIO
BO BHYTPEHHUX BojoeMax BreTHama Hesb3s cUMUTaTh
IIOJIHBIMM U MCYepIbiBaloIMH. B HacTosiee Bpem:A
yKasblBaeTcs Ha IpUCYTCTBHEe OKojo 50 BHUAOB Ipec-
HOBOJHBIX UM 3BPUTaJIMHHBIX MODCKHUX BHJOB, BCTpe-
YeHHBIX B IPECHBIX U COJIOHOBaThiX BoAax pek (GBIF,
2026). ITpu 3TOM SIBHO BhIpaXkeH TPeH/| Ha yBeJInueHue
qycja WHBa3WBHBIX BUJIOB - CPAaBHUTEJIBHO HeAaBHO
HUX CIMCOK HacUUTHIBAJI OKoJio 15-20 mpepacraBuTeseit
(3BopeikuH U Ip., 2014; An et al., 2013). TTosryueHHbBIE
HaMU JaHHBle CBUAETEeJIbCTBYIOT O TOM, 4TO Ipobema
6uoJiornyeckux MHBa3uil B GacceiiHe p. JJoHTHall yxe
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npuobpesia 3aMeTHble MaciuTabbl. CrerneHb eé BhIpa-
KEHHOCTU CYIUIECTBEHHO BapbUpyeT B 3aBUCUMOCTHU
OT TUIA BOJIOEMA, ero 5KOJIOTMYeCKOr0 COCTOSHUA U
BBICOTHO 30HAJIBHOCTU.

Hamu 6p110 3aperucTpupoBaHo 17 4yXepoaHbIX
BUJIOB phHIO, UTO cocTaBJisfieT OKoJio 16 % Bcero BUJO-
Boro GorarcTBa MXTHOGMAYHBEl HCCJIEJOBAHHOIO peru-
oHa. C oOHOI CTOPOHBI, HX [OJII MOXET MOKa3aThCs
CPaBHUTEJIBHO HEBHICOKOI IO OTHOIIEHUIO K O0IeMy
YKCJIy BUOB (TIpX 3TOM OHA COIOCTaBHUMa C Ol[eHKaMu
JUIA IpYyTUX PeruoHoB BeeTHama, rje Takxe oTMeuya-
€TCs1 OTHOCUTEJIBHO OTpaHNYeHHOe YKCJIO HaTypaJin30-
BaBImxcsa uHTpoxyueHToB (Ruykys et al., 2021)), HO
IIPH 9TOM 3KOJIOTMYECKOe 3HaueHHe BCeJIeHIIeB MOXeT
6BITh BecbMa Besinko (Stolbunov and Tran, 2019).

OnHuM 13 Haubosiee XapaKTepPHBIX pe3yJIbTaTOB
HccileJOBaHUA SBJIAETCA BRIPAKEHHAas1 IPOCTPAHCTBEH-
Hasi HEOJHOPOOHOCTb PAaCIPOCTPAHEHUs UyXEPOIHBIX
BU/I0B. IToJ1HOE OTCYyTCTBUE UHTPOAYIEHTOB B BOIHBIX
o0BbeKTax Hal[MOHAJIbHOro mapka KaTTbeH cBUeTelb-
CTBYeT O BaXXHO pOJI OTHOCUTENIBHO c1abo HapylleH-
HBIX DKOCHCTeM KaK eCcTeCTBEeHHBIX 6aphepoB Ay 61o-
Jjorudeckux uHBaszuil. [TogobHas cuTyalys XOpOLIO
corjacyercs ¢ OOUMMU IpeJICTaBJIeHUsAMU O TOM, YTO
BBICOKAs1 [IPHPOJIHAS [[EJIOCTHOCTh SKOCUCTEM U HU3Kas
CTeINleHb AaHTPOIOTeHHOI'0 BO3AEHCTBUA CYI[ECTBEHHO
OTPaHMYMBAIOT YCHEIIHYI0 HAaTypaIu3alUi0 4yyXepoj-
HBIX opraHu3moB (Bandduc et al., 2024).

HanpoTtus, Haubosbilee pa3HooOpasue UHT-
POJYIIEHTOB OTMEYEeHO B BOJOEMAaX, HCIBITHIBAIONINX
3HQUMTEJIbHOE XO3SHCTBEHHOE BO3LEHCTBUE, IMpexie
BCEro B KPYIHBIX BONOXPAaHWIMIIAX U BOJOEMAX, CBS-
3aHHBIX C aKBaKyJIbTypoil. Tak, MakCUMaJIbHOE YHCJIO
YyXKepOJHBIX BHUIOB 3aperucTpupoBaHo B 03. YuaH
(11 BupmoB), a TakXe B cpeJHeM TeueHUU p. J[aHBUM
(6 BHIOB), CBSI3aHHOM C OOJIBIITUM KOJIMYECTBOM HCKYC-
CTBEHHO CO3JaHHBIX BOJ0OEMOB, B TOM YKCJIe BOAOXpa-
HwiumeMm Jlatinuab (6 BumoB). IlogoOHas kapTuHa
XOPOIIO CcorjlacyeTcs ¢ pe3yJibTaTaMiy HccIeJOBaHUH B
Apyrux perrvoHax mupa (Banaduc et al., 2024).

CHIXeHUe 4YKrcjla HHTPOIOYLEHTOB B BHICOKO-
TOpHBIX palioHax lleHTpaslbHOrO Haropkes, rje ObUIO
OTMeYeHO JiiIb 1-3 4YyXepoOHBIX BHU[A, BEPOATHO,
3TO CBS3aHO KaK C MeHbIIell MHTeHCUBHOCTBIO XO3AM-
CTBEHHOM [1eATeJIbHOCTH, TaK U c 6oJiee dKCTpeMasib-
HBIMM 3KOJIOTUYECKVMU YCJIOBUAMU (TeMIepaTypHHIT
pexuM, TuApojiorudeckue 0cobOeHHOCTH), KOTOpHIe
MOT'YT OrpaHUYUBATh YCIENIIHYI0 HaTypaIM3alnio0 MHO-
I'UX UHTPOAYIIIPOBAHHEIX PHIO.

BONBIIMHCTBO BUIOB XapaKTepusyeTcs OTHO-
CUTEJIbHO HM3KON WM cpellHel 4acTOTOUl oOHapyxe-
HUs, HO ABa Bupa — rynmu P. reticulata u Huibckas
tusAnus O. niloticus — IeMOHCTPUPYIOT Ype3BbIYATHO
BBICOKYI0 PacIpOCTpaHéHHOCTb. 10 CBoOell YncJIeHHO-
CTH BBIJEJIAJINCh KOJIbUYXXHBbIEe coMBbl Pterygoplichthys
disjunctivus, MOJIOAb KOTOPHIX XOTsA W MPUCYTCTBOBAJIA
[IPENMYIIECTBEHHO B JIOTUYECKUX BojoeMax, ObLia
ype3BblUYaliHO MHoroumcjieHHON. [logoOHas kapTuHa
TUNWYHA [JII MHOTMX WHBa3MOHHBIX COOOIIECTB, rie
JIUIIb OrpPaHUYeHHOE YHCJIO BUAOB CTAHOBUTCSA IO-Ha-
CTOALIEMY YCIIeNIHBIMU KoJIoHu3atopamu (Stolbunov
and Tran, 2019).
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Hunbckass TwisAnusa sBJsieTCs, MO-BUANMOMY,
Haubosiee 3HAUYMMBIM KHBA3UBHBIM BHUJIOM B HCCJe-
JIOBaHHOM peruvoHe. E€ mnpaxkTuyecku IOBCEMeCTHOe
pacmpocTpaHeHue, 3a KCKJIIOYEHHEM BBICOKOT'OPHBIX
PYub€B, NONATBepXJaeT MAHHBIE O BBICOKOM 3KOJIOTH-
YecKoll IUJTACTUYHOCTH U KOHKYPEHTOCHOCOOHOCTH
npencraButesieit poxga Oreochromis (Shuai and Li,
2022; Feng et al., 2025). PaHee aHaJIOTUYHbIE TE€HJIEH-
nuy OBLIM OTMeYeHHl U B APYrux paiioHax BreTHama,
rie TWIANUYM BCTPEYalOTCA Jaxe dyamle MHOrux abo-
purenHbix BumoB (Dien et al., 2025). Hapacraromas
YUCJIEHHOCTh 3TUX BUJIOB B €CTECTBEHHBIX BOJOEMAax
BreTHamMa MOXeT IPUBOJUTH K YCHUJIEHUI0O KOHKYpeH-
uy ¢ abopuUreHHHIMU BUJIaMH U IIOCTENIEHHOMY U3Me-
HEHUI0 CTPYKTYPHl UXTHOLIEHO30B. CXOJIHBIM 06pazoM
BBICOKAsl BCTPEYAEMOCTb OTMeYeHa U y TyIIIH, MIPOKO
HCIOJIb3yeMOl paHee B IporpaMMax OHOJIOTHMYECKOTo
koHTpoJisi koMmapoB (El-Sabaawi et al., 2016). OTtot
BUJl OTJINYAETCS BBICOKOM CKOPOCTBIO DPA3MHOXEHMUs
M YCTOMYMBOCTBIO K 3arpsi3HEHUI0 BOBI, 4TO CIIOCOO-
CTBYeT ero ycCIelIHOI HaTypaJii3aluy B CaMbIX pas-
JINYHBIX BOJOEMAX.

AHamu3 myTell pacHpoCTpaHeHHUsA IOKAa3bIBaeT,
4TO BeAYyUIyI0 poOJb 3Iech WrpaeT akBaKyJbTypa.
BonpIIMHCTBO OOHAPYXEHHBIX UyXKePOJHBIX BUIOB —
Takue Kak Cyprinus carpio, Hypophthalmichthys molitrix,
H. nobilis, Ctenopharyngodon idella, Labeo rohita,
Piaractus brachypomus w Clarias gariepinus — Mm1poOKo
HCIOJIB3YIOTCSI B PEIOOBOJCTBE M PETYJISIPHO KYJIBTU-
BUpYyIOTCcA Ha depmax (Vu et al., 2013). Bo BreTHame
3Ta npobsieMa oco6eHHO aKTyasIbHa B CBA3U C OBICTPHIM
pocTOM pPHIOOBOAYECKON OTpacjd U paclIpeHueM
wromaayu akeabepm (Wei et al., 2025). B Takux yciio-
BUAX INPAaKTHUYeCKU HEM30EeXHO PperyJisipHOe IPOHUK-
HOBEeHUe BBHIPAI[MBAeMBbIX PHIO B NPUPOJIHbIE BOJIOEMEL.
B pesysibrate GOpPMUPYIOTCA YCTONYMBbBIE NOIYJIAINN
MHTPOAYIIEHTOB.

BTOpBIM BaXXHBIM KaHAJIOM HMHTPOIYKIMH sBJISA-
eTcs akBapUyMHas TOProsJiA. B yactHoCTH, IpeicTaBU-
tesiu pofa Pterygoplichthys, a Takxke HeKOTOpbIE XUBO-
poasme Kapno3yOsle Monaau B IPHUPOJHEIE BOTOEMEI
“MeHHO TakuM myTém (Stolbunov and Tran, 2019).
AHaJyIoryHble CJIy4au M3BECTHB BO MHOTUX pervoHax
MUpA, Tlle aKBapUyMHBIe PBIOBI HepeaKo CTAHOBATCA
HMCTOYHHUKOM HOBBIX MHBa3UI.

DKoJioruyecKre MOCJIe[ICTBUA NOJOOHBIX HHBA-
3ui MOTyT OBITh BecbMa pa3HOOOPAa3HBIMU U He Bceraa
JIETKO IOJAMAIOTCSA OJHO3HAYHOH oueHKe. HekoTopele
BU[IBI, TaKue KaK TWIANNM, 00JIafal0T 3HAYUTEIbHBIM
NOTEeHLAaJIOM HEraTUBHOI'O BO3/IeficTBHA Ha abopureH-
Hble co00IIecTBa, KOHKYPUPYS C MECTHBIMU phibaMu 3a
nuIleBble pecypcH U MecTooOuTaHus. J[pyrue MHTpPO-
IyleHTHl (Takue Kak ramM0y3usa) MOTyT 3aHUMAaTh OTHO-
CUTEJIBHO CBOOO/IHbIE KOJIOTMYeCKYe HUIIN U He BBI3HI-
BaTh 3aMeTHHIX M3MeHEHUIl B CTPYKType COOOIIecTB.
OT/iesIbHYIO TPYIILY TOTEHINAIBHO IPOOJIEMHBIX BUIOB
COCTaBJIAIOT TIpeCTaBUTENN ceMelicTBa Loricariidae, B
yactHOCTHU Pterygoplichthys. XoTsa ux BausAHME Ha 3KO-
cucteMsl BoeTHama noka cjiabo uccieoBaHo, JaHHBIE
CBUJIETEJIBCTBYIOT O BO3MOXHOCTH CePbE3HBIX 3KOJIOTU-
YecKUX IOCJIe[ICTBUI, BKJIIOYAs paspylleHHe JOHHBIX
cybcTpartoB, 3po3uio OeperoB U u3MeHeHUe Tpodude-
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ckux cBsased (Stolbunov and Tran, 2019; Dien et al.,
2025).

CnegyeT Takke YUYWATHIBATh IIOTEHLHUAJIBHYIO
poJib rubpuausanuu (3BOpeIKUH U Ap., 2014). B akBa-
KyJIbType IIHPOKO HCIOJb3YIOTCA rMOpuaHble GOPMBI
TUIANNYI U KJIapHeBhIX COMOB, CIIOCOOHBIE IPOHUKATD B
ecTeCcTBeHHBIe BOJOEMEI. X 3KOJIorMuecKkue CBOMCTBa
U CIOCOOHOCTh K (POPMHPOBAHUIO yCTOMYMBBIX IOIY-
JIAUNA OCTAlOTCA MPAKTAYeCKW HeW3yYeHHBIMH, 9YTO
IpeJcTaBJisAeT JONOJHUTEIbHBIN PUCK AJ1A IPHPOAHBIX
5KOCHCTEM.

B niesioMm, poJib 4y’kepOOHBIX BUAOB B (popMUPO-
BaHMUU PBHIOHBIX coo01lecTB B OacceliHe peku JloHTHail
ocTaeTcsa HeOOCTAaTOYHO KOJIMYEeCTBEHHO OLleHEeHHOM.
CymecTByeT ocTpas HEOOXOAMMOCTDb B JOJITOCPOYHOM
MOHMTOpPUHIe, KOJINYeCTBEHHOH OILleHKe 3KOoJoruye-
CKOTO BO3JENCTBUA U OlLleHKe OWHAMWKU HHBa3UuW,
0cO0eHHO [JiA JOMUHHUPYIOIIMX BHUJAOB, TaKUX Kak
TUJIANNU.

5. 3akniouenue

B Oacceiine pexu J[loHrHaili HaGiofaeTcs
BBICOKAsi HHTEHCHUBHOCTh OHOJIOrMYeCKUX WHBa3UM,
BBI3BAHHBIX B OCHOBHOM aKBaKyJIbTYpOH M, B MeHb-
mell cTeleHW, TOProBjell JeKOpaTUBHBIMU phibaMU.
PacmpocTpaHeHue 4y>XepOgHBIX BUAOB CUJIBHO 3aBUCUT
OT AHTPONOreHHOr0 BO3AEHCTBUA HAa BONOEM U TUIA
MeCcTOOOUTAHU: BOAOXPAHIINIIA U U3MeHEeHHbIe KO-
CHUCTEMBI BBICTYIAIOT B KayecTBe OYaroB WMHBA3uH, B
TO BpeMs KaK OXpaHseMble M BBHICOKOTOPHBIE PaliOHBI
OCTAIOTCA OTHOCUTEJIBHO YCTOHYHBBIMU.

TOJIBKO KOMIUIEKCHBIN IIOJIXO[ TTO3BOJIUT CBOEB-
pEMEeHHO BBIABJIATH HOBBE MHBAa3WKU U MUHHUMU3HUPO-
BaTh UX IOTEHI[MaJIbHOEe BO3JelicTBUe Ha OGHOpa3Hoo-
Opasue U yCTONYMBOCTb IIPECHOBOAHBIX 3KOCHCTEM B
bacceiiHe peku JloHrHam.
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ABSTRACT. The paper discusses controversial issues of the paleohydrology of the Manych Strait—a
key element in the water exchange system between the Khvalynian basin of the Caspian Sea and the
Neoeuxinian basin of the Black Sea during the Late Pleistocene. Special attention is paid to two param-
eters: the maximum level of the Khvalynian transgression and the height of the spillway threshold
through the Manych depression. Geological-geomorphological analysis, digital terrain modelling, and
hydraulic modelling in the HEC-RAS system allowed reconstructing scenarios of Caspian water dis-
charge through the Manych valley. The modelling results indicate that the most probable maximum
level of the Caspian Sea during the Early Khvalynian transgression was approximately 40 m a.s.l. with a
spillway threshold at 31 m a.s.l. Hypothetical limits of the discharge capacity of the Manych Strait chan-
nel of the Khvalynian Caspian basin were also calculated. The results can be used in further research.
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1. Introduction

The Manych depression is a tectonic trough-like
lowland that separates the Ciscaucasia from the steppe
part of the southern East European Plain and connects
the Kuban-Azov and Caspian lowlands. The Manych
River flows along the bottom of the depression.

N.Ya. Danilevsky (1869) first substantiated in
the possibility of water exchange between the Black
Sea and Caspian basins through the Manych valley.
Quaternary geological studies of the region have been
conducted for over 150 years, during which depos-
its (including molluscan fauna) have been studied in
detail, and the chronology of water exchange episodes
between the Black and Caspian seas has been recon-
structed (Bogachev, 1903; Lisitsyn, 1932; Goretsky,
1953; Popov, 1983; Chepalyga and Pirogov, 2005;
Svitoch et al., 2010; Semikolennykh et al., 2022).

Contemporary understanding of the history of
the Manych valley formation during the Pleistocene is
largely based on the fundamental studies of G.I. Popov
(1983), who used numerous sections and drilling data
to reconstruct in detail the geological structure and for-
mation history of the Manych valley.
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The last time the Manych valley was filled with
marine waters was at the end of the Late Pleistocene,
during the Khvalynian transgression of the Caspian Sea.
According to the latest data on OSL dating, the Manych
Strait functioned between approximately 17.7 and 14.9
ka (Semikolennykh et al., 2022), corresponding to the
period of degradation of the Late Valdai (Ostashkov)
glaciation (MIS 2).

Despite the long history of paleogeographic
research in the Manych valley, the hydrological param-
eters of the Manych Strait during the Khvalynian trans-
gression remain the subject of active scientific debate.
The two most controversial parameters are as follows:

1. Maximum level of the Khvalynian transgres-
sion. According to the prevailing viewpoint, the
maximum level of the Khvalynian transgression
reached 48 m a.s.l. (Fedorov, 1957; Rychagov,
1997; Svitoch et al.,, 2010; Chepalyga et al.,
2007, and others). Terraces at this elevation were
described on the coast of Dagestan (Rychagov,
1997) and on the Krasnovodsk Peninsula on
the eastern Caspian coast (Fedorov, 1957).
Additionally, terraces at an elevation of 48 m
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above sea level were identified based on data from
the SRTM3 digital elevation model (Lavrentyev,
2013). However, these terraces lacked molluscan
fauna and radiocarbon dates. The highest terrace
with Khvalynian molluscan fauna was recorded in
the Yergeni at 40 m a.s.l. (Lavrentyev et al., 2024;
Svitoch et al., 2017). Similar elevations (up to 40
m a.s.l.) were observed near the Samara Bend, the
valley of the Maly Karaman River (Makshaev et
al., 2025). Thus, dates or Khvalynian molluscan
fauna do not support the Khvalynian transgression
terraces above 40 m a.s.l., making the maximum
transgression level a matter of debate.

. Height of the Manych Strait spillway thresh-
old. According to geological profile No. 16
(Popov, 1983), the spillway threshold near Zunda-
Tolga was located at ~18-20 m a.s.l. Some stud-
ies demonstrate that at such a threshold height,
the Caspian level could not have reached 48 m
a.s.l. (Kvasov, 1975; Popov, 1983; Varushenko et
al., 1987; Svitoch et al., 2010; Rychagov, 1997;
Chepalyga and Pirogov, 2005). Hydraulic calcu-
lations indicate a high discharge capacity of the
channel at 45 m a.s.].—from 200,000 to 300,000
m?3/s (Sidorchuk and Panin, 2022), comparable to
the discharge of the Amazon River. More conserva-
tive estimates of maximum discharge through the
Manych valley are ~50,000 m3/s (Chepalyga and
Pirogov, 2005), based on the character of deposits
near Zunda-Tolga, or up to 65,000 m*/s (Sidorchuk
et al., 2011), based on the cross-sectional area of
a large meander near Sukhoy Khutor. These values
significantly exceed the reconstructed river inflow
to the Caspian during the Early Khvalynian trans-
gression—520-570 km?3/year (~16,500-18,000
m?3/s) (Sidorchuk et al.,, 2021), of which up to
80% was provided by the Volga (~423 km?®/year).
Alternative estimates of river inflow yield 320-375
km3/year (Gelfan et al., 2024). The present-day
long-term Volga discharge is 228-274 km?3/year
(Georgiadi et al., 2017). This discrepancy makes a
high level of the Khvalynian basin impossible with a
spillway threshold of 18-20 m a.s.l. Consequently,
researchers hypothesized on a higher spillway
threshold at the beginning of the Khvalynian trans-
gression (Kvasov, 1975; Popov, 1983; Chepalyga
and Pirogov, 2005; Svitoch et al., 2010; Sidorchuk
et al., 2011), primarily formed by deposits of the
Kalaus River delta. A higher Manych valley spill-
way threshold explains the presence of Khvalynian
terraces above 30 m a.s.l. However, there is no
geological evidence for the existence of a higher
spillway threshold. Therefore, the height of the
Manych Strait spillway threshold at the beginning
of the Khvalynian transgression remains a subject
of scientific debate.

Thus, the maximum level of the Khvalynian
transgression and the height of the spillway threshold
require additional analysis. It is necessary to model sce-
narios of Caspian water discharge through the Manych
valley using digital elevation models and hydraulic cal-
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culations. This will allow refinement of the key paleo-
hydrological parameters of the Manych Strait in the
Khvalynian Caspian basin.

2. Materials and methods

2.1. Reconstruction of the Manych Strait
channel relief

2.1.1. Preparation of elevation data

Elevation data were obtained from the SRTM3
digital elevation model (DEM). However, SRTM3 con-
tains minor noise and distortions, requiring preliminary
processing. Therefore, data processing was performed
using SAGA GIS software.

The SRTM3 DEM was reprojected into the
Universal Transverse Mercator (UTM) projection using
the UTM Projection module. To obtain a smoothed
relief necessary for subsequent reconstruction, the
Simple Filter module was applied. After filtering, con-
tour lines with a 1 m interval were vectorized from the
smoothed relief.

The question arises regarding the accuracy assess-
ment of SRTM elevation data. L.A. Muravyev (2007)
presented a comparative characterization of SRTM with
more accurate topographic survey data at a scale of
1:5,000. According to L.A. Muravyev (2007), the inac-
curacy in displaying SRTM elevation data compared to
1:5,000 topographic survey was due to “wandering”
planimetric coordinates (X, Y) with an amplitude of 30
meters; elevation distortions were particularly evident
on steep slopes of river valleys and gullies, where cor-
rect planimetric referencing of elevation data is espe-
cially important.

Using SRTM 3 for paleoreconstructions at scales
starting from 1:100,000 seems to be correct (Lavrentyev
et al., 2008), since the deviation of planimetric coordi-
nates by an average of 30 m is displayed at a scale of
1:100,000 as 0.03 mm.

It is also necessary to consider the specifics of
applying SRTM 3 in forested areas. Since radar sur-
veying may record tree height rather than the actual
Earth’s surface. In our case, the study object—the
Manych valley—is located in the steppe zone, and no
elevation correction of the DEM is required.

2.1.2. Creation of the digital paleochannel
model

The digital paleochannel model is a digital eleva-
tion model of the ancient water body’s channel. To cre-
ate it, the spatial coordinates (X, Y, and Z) of Pleistocene
deposits in the Manych Strait were required. For this
purpose, geological profiles presented in the mono-
graph by G.I. Popov (1983) and on sheet L-38-XIII of
the State Geological Map GGC-200_1 (Geological Map
L-38-XIII, 1965) were used.

The scanned maps with geological profiles were
georeferenced in QGIS 3.14. Given the small scale of
the original schemes in Popov’s monograph (1983), ele-
vation profiles based on SRTM3 data were constructed
to refine the georeferencing.
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The obtained profiles were then aligned with
geological cross-sections in the Inkscape graphics edi-
tor (Fig. 1). Since the coordinates of the elevation pro-
files were known in advance, their alignment with the
geological profiles enabled the determination of the
spatial coordinates of the Pleistocene deposits.

The obtained elevation marks of Pleistocene
deposits were transferred to LibreOffice Calc and used
to create a set of XYZ coordinates, based on which the
digital paleochannel model was built. Interpolation
of elevation values with a 1 m step was performed
manually.

The obtained paleochannel contour lines were
combined with the contour lines of the modern SRTM3
DEM. Natural Neighbours interpolation in SAGA GIS
was used to construct the digital elevation model of the
paleochannel. If it was necessary to change the height
of the spillway threshold, the channel height and its
gradient were modified by manual interpolation. Based
on the selected scenario for modelling, contour lines of
the required height were drawn. The Fill Sinks (Wang
& Liu) module in SAGA GIS was used to simulate the
filling of the Manych valley with deposits.

2.2. Geological-geomorphological
characteristics of the Manych Strait of the
Khvalynian Caspian basin

Paleohydrological reconstruction requires the
restoration of the relief of the Manych Strait channel
that functioned during the existence of the Khvalynian
Caspian basin. Published geological profiles from the
monograph by G.I. Popov (1983), geological maps,
descriptions of sections, and the author’s own field
observations provided the basis for such a reconstruc-
tion (Fig. 2).

Based on the above sources, the geological-geo-
morphological structure of the Manych Strait paleo-
channel was reviewed. The relief of this channel is com-
posed of Gudilov lacustrine, Surozh, and Khvalynian
marine deposits (Table 1).

According to G.I. Popov (1983), five structural
elements are distinguished within the Manych depres-
sion: the Zunda-Tolga uplift, the Eastern Manych
depression, the Manych-Gudilov depression, the Salsk
uplift, and the Western Manych depression (Fig. 2).

v IR Elevation Profile
%4y, based on SRTM3 data

Deluvial deposits

0 2 Y b 8 xm

Fig.1. Geological cross-section No. 16 by Popov (1983)
aligned with an elevation profile constructed from SRTM3
data.

The spillway threshold of the Manych Strait was
located near the Zunda-Tolga uplift—the narrowest
section of the entire depression. The reconstruction of
the paleorelief of the channel was based on transverse
geological profiles (Popov, 1983), on which Khvalynian
deposits are located at elevations of 18-20 m a.s.l.
(Fig. 1). These deposits crop out at the surface and con-
tain characteristic Khvalynian molluscan fauna. The
age of the deposits, determined from molluscs, is 14.2—
14.9 ka (Semikolennykh et al., 2025).

In the absence of precise data on the height of
the original spillway threshold, terraces traceable along
the valley are of particular importance (Fig. 3, Fig. 4).
Thus, near Zunda-Tolga, according to SRTM3 data, a
terrace approximately 44-45 m a.s.l. is observed on
the right bank of the valley. Similar terraces (40-45 m
a.s.l.) are recorded downstream from the Kalaus River
delta (Fig. 3). The floodplain width here reaches 2 km
at an elevation of about 20 m a.s.l.

Further, the waters flowed into the Eastern
Manych and Manych-Gudilov depressions, where longi-
tudinal ridges and closed depressions, first described by

Table 1. Stratigraphy and correlation of horizons and layers of the Manych valley in the Upper Pleistocene according to G.I.

Popov (1983) with modifications.

Main Western Salsk uplift Manych- Eastern Manych Zunda-Tolga uplift
subdivisions Manych Gudilov depression
depression depression
Holocene Subaerial deposits

Upper Pleistocene

Subaerial deposits

Upper Khvalynian
deposits

Surozh deposits

Lower Khvalynian deposits

Gudilov deposits

Girkan deposits

Girkan deposits

Karangat deposits
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Fig.2. Map showing the location of reference geological cross-sections and sections.

N.Ya. Danilevsky (1864), are widespread. Khvalynian
molluscan fauna was recorded in outcrops of the lon-
gitudinal ridges (Chepalyga and Pirogov, 2005; 2007,
Svitoch et al., 2010). Khvalynian deposits were most
likely abutted against Gudilov deposits, which probably
form the base of the longitudinal ridges. These longitu-
dinal ridges were formed as a result of erosional pro-
cesses during the discharge of Caspian waters through
the Manych valley (Popov, 1983; Svitoch et al., 2010).
There is also a view that the longitudinal ridges began
to form during the regressive stage of Gudilov Lake
(Svitoch et al., 2010 and others).

The regressive stage of Gudilov Lake began ~20-
17 ka (Lavrentyev, 2025). The lowering of the lake
level was probably associated with the maximum of the
Late Valdai (Ostashkov) glaciation, leading to signifi-
cant cooling and aridification of the climate, which was
the main cause of the Gudilov Lake regression.

The structure of the longitudinal ridges was
studied in greatest detail on Levyy Island. According
to OSL dating, the age of Khvalynian deposits is 17-15
ka (Semikolennykh et al., 2022). The elevation of the
boundary between Gudilov and Khvalynian deposits is
~17.4m a.s.l.

183

A significant part of the Manych-Gudilov depres-
sion was occupied by Lake Manych-Gudilo since the
Late Pleistocene. Judging by profile V-G-D of geological
map sheet GGC-200_1_L-38-XIII (Geological Map L-38-
XIII, 1965), the depth of the lake bottom before the
discharge of Caspian waters was probably at elevations
of 6 m a.s.l. (Fig. 5).

The valley of the Western Manych River, after
widening in the area of Lake Manych-Gudilo (up to 40
km), narrows to 15 km near the mouths of the Sredny
and Bolshoy Egorlyk rivers. Here, the Salsk uplift is
located (Fig. 6). In this area, Khvalynian fauna was
identified mainly from drilling data on the first flood-
plain terrace (height ~20 m a.s.l.) above the mouth of
the Bolshoy Egorlyk River (Popov, 1983). The second
terrace is represented by lacustrine clays, sandy loams,
and loams with molluscan fauna characteristic of flow-
ing water bodies (Dreissena polymorpha, Lithoglyphus,
and Valvata) (Popov, 1983), at an elevation of ~25
m a.s.l. It is assumed that a second spillway thresh-
old of the Manych Strait, 20 m a.s.l. high, formed by
deposits of the tributaries Bolshoy and Sredny Egorlyk,
which existed in this area (Kvasov, 1975; Popov, 1983;
Lavrentyev and Chepalyga, 2011).



Lavrentyev N.V./ Limnology and Freshwater Biology 2026 (3): 180-207

After the Caspian waters overcame the first
spillway threshold near Zunda-Tolga, the basin of
Lake Manych-Gudilo was filled, resulting in the for-
mation, for a relatively short time, of a bay of the
Early Khvalynian basin in the central part of the
Manych valley. Upon reaching a water level of +20
m a.s.l., overflow of Caspian waters began across the
second spillway threshold—the Salsk uplift. This is
indirectly evidenced by changes in the character of
deposits in the Khvalynian section on Levyy Island
(Semikolennykh et al., 2022). The structure of the
section reflects a gradual change in sedimenta- 2
tion environments—from calm lagoonal conditions Q“%.
associated with the ingression of Caspian waters to \ 2}
dynamic flowing conditions caused by the develop- \.%

ment and activation of the strait. /
Below the confluence of the Sredny Egorlyk A RO

River, the valley widens again to 20 km. The valley
bottom becomes flat. e,

The first Khvalynian terrace of the lower Tt 7
reaches of the Western Manych River was studied '%‘/s,?/
by many authors (Danilevsky, 1869; Bogachev, &
1903; Lisitsyn, 1932, and others). These are typ-
ically sections with mixed Black Sea-Caspian and
freshwater fauna (Cardium edule, Bittium reticula- s
tum, Didacna trigonoides, Dreissena caspia, Dr. poly- e : A
morpha, and Viviparus viviparus). Such sections with AR
mixed fauna are traceable throughout the Western &
Manych depression. At present, the study of these
sections is Comp]icated because they are flooded Fig.3. Profile of the Western Manych River valley, down-
by the Veselovskoye Reservoir. An exception is the stream from the Kalaus River delta, based on SRTM3 data.
section in front of the dam of the Veselovskoye
Reservoir near the Manych-Balabinka village. It has
been known since 1932 (Lisitsyn, 1932). The fauna is
mixed and redeposited, including Caspian and Black
Sea molluscs. Khvalynian molluscs are represented
by Didacna protracta and Didacna ebersini, for which
a date exists— calibrated age (OxCal v4.4) 17.138
ka, MGU-1491 (Svitoch and Yanina, 2001).

The steep banks of the Veselovskoye Reservoir
are mainly represented by Gudilov deposits with
freshwater molluscan fauna of standing water bod-
ies (second floodplain terrace). As an example, we
can cite the deposits underlying the cultural layers
of the Yulovskaya site (Lavrentyev et al., 2012). This
lower unit is represented by coarsely bedded lacus-
trine loams with freshwater fauna, Planorbis sp. and
Valvata sp.; visible thickness—3 m. A bone found
in these deposits yielded a date (Chepalyga et al.,
2008). Calibrated date (OxCal v4.4)—25,546 years
ago (LU-5852). According to palynological data, this
horizon belongs to the Bryansk age. According to the
latest studies (Sycheva et al., 2015), the age of the
Bryansk paleOSOI is estimated at 33-26 ka (MIS 3) Elevation of the Khvalynian deposits base in meters abs. .
Then, a change in sedimentation conditions occurs. 15 Popov profile (1983) —m 1920108

From Pos: 419923.512, 5070373.353 To Pos: 435434.166, 5072475.908

B
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Lacustrine sediments are replaced by subaquatic £ i — N 73
deposits containing the cultural layers of the Late Lol e T 1o NN
Paleolithic Yulovskaya site, with an age of deposits — Isolines derived from SRTM3 data

of ~17-20 ka. Thus, we can conclude that the regres- Bc CMtogiSPhiciayen o ed anCetdata

sive stage of Gudilov Lake began during the period of

the Late Valdai (Ostashkov) glaciation (Lavrentyev, , gig'f4i Map No. 1 of the paleorelief of the Manych Strait near
2022). unda-Tolga.
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In addition to Gudilov deposits, deposits com-
posed of Black Sea-Mediterranean species Cardium
edule, Bittium reticulatum, Chlamys sp., as well as the
freshwater mollusc Viviparus viviparus, can be found on
the steep banks of the Western Manych River. Such a
ratio of fauna gave G.I. Popov (1983) grounds to dis-
tinguish a separate Surozh horizon in the valley of
the Western Manych River. According to G.I. Popov
(1983), Surozh deposits pass into Khvalynian deposits
near Proletarsk. However, the coexistence of freshwater
and Mediterranean molluscan fauna in one water body
is impossible. Most likely, the Mediterranean fauna
was washed out from Karangat deposits during the
discharge of Khvalynian waters through the Manych
valley (Yanina, 2012; Yanina et al.,, 2025). Surozh
deposits are also found at the Yulovskaya site, where
they are abutted against Gudilov deposits (Lavrentyev,
2025). Consequently, Surozh deposits are younger than
Gudilov deposits, which confirms the hypothesis that
Surozh deposits were formed during the functioning of
the Manych Strait.

Downstream, near the Sukhoy village, the valley
widens in the form of a meander to 30 km and then ends
with a narrowing to 5 km near the Manych-Balabinka
village, where the section of the same name is located
(Lisitsyn, 1932) at an elevation of 4 m a.s.l.

Further, Caspian waters entered the overdeep-
ened channel of the Paleo-Don River, which, according
to profile 23 by G.I. Popov (1983), reaches a depth of
—20 m a.s.l. At present, the overdeepened channel of
the Paleo-Don River is overlain by Holocene alluvium
(Fig. 7).

It was precisely —20 m a.s.l. that served as the
base level of erosion for the Manych Strait. Further, /
the waters of the Khvalynian basin discharged into the ~ 5 g & A Ve
Neoeuxinian basin (=50, -100 m a.s.l.). ’ 2

Legend
Elevation of the base of the Khvalynian deposits in meters abs. —— Isolines derived from SRTM3 data
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Fig.5. Map No. 2 of the paleorelief in the Manych Strait
near Lake Manych-Gudilo.
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2.3. Hydraulic modelling 5 =

Legend

Based on the constructed digital paleorelief
model, hydraulic modelling of Caspian water discharge
through the Manych valley was performed.

Calculations were carried out in the HEC-RAS
software package version 6.6, designed for one-dimen-
sional steady flow modelling in open channels. HEC-
RAS was developed by the Hydrologic Engineering
Center (USA) and has acquired wide distribution in
hydraulic and hydrological research due to the high
quality of its algorithms and free distribution (English,

Height of the Khvalynian deposits base in meters abs. —— Isolines from SRTM3 data
10 profile Popov (1983)
® Profile A-B of geological map L-38-XIII
Relief
—— Paleochannel isolines from Popov 1983 profiles

Base cartographic layer from OSM data

0 2:5 5 7.5 kM
[ .

Fig.6. Map No. 3 of the paleorelief in the Manych Strait
near the Salsk uplift.

steady uniform flow (Nikiforov, 2016, p. 6). Manning’s
roughness coefficients (n) of the channel were deter-

2023).

At present, HEC-RAS has effectively become the
de facto global standard for solving flood risk manage-
ment tasks, designing hydraulic structures, and hydrau-

lic modelling of water bodies in many countries.

In Russia, the HEC-RAS software package has also
successfully passed approbation and is actively used in
scientific and design works. A vivid example is the can-
didate dissertation by D.A. Nikiforov, “Modelling of the
Level Regime of the Yenisei River Reservoirs” (2016),
in which HEC-RAS was used for detailed modelling of

the hydraulic regime of the Yenisei River reservoirs.

Hydraulic calculations are based on the Saint-
Venant equations and the Chezy formula describing
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mined from the tables of M.F. Sribny (Baryshnikov,
2003, p. 134), taking into account paleobotanical data.

According to palynological studies of the sec-
tion of the Late Paleolithic Yulovskaya site (Western
Manych River valley), at the beginning of the degrada-
tion of the Late Valdai glaciation (~17 ka), alder for-
ests grew along watercourses in the floodplain of the
Manych valley (Lavrentyev et al., 2012; Lavrentyev,
2022). Approximately simultaneously, the overflow of
Caspian waters through the Manych depression began
(Semikolennykh et al., 2022). Therefore, at the initial
stage of the transgression, the model adopted a rough-
ness coefficient (n = 0.08), characteristic of a vege-
tated channel.
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As a permanent flow formed and the channel
was incised, the roughness coefficient decreased to val-
ues typical of large lowland rivers (n = 0.035). Such a
decrease in the roughness coefficient n naturally leads
to an increase in mean flow velocity and, as a rule, to
a decrease in water depth (level) at a fixed discharge.

The calculations also took into account the fol-
lowing parameters:

+ effective evaporation during the Early Khvalynian
transgression — 650 mm/year (Sidorchuk et al.,
2021);

+ maximum total river inflow to the Khvalynian
Caspian basin (including glacial runoff)
18,000 m3/s (Sidorchuk et al., 2021).

When accounting for effective evaporation, the
inflow to the Manych valley was adjusted by reducing
the input water discharge by an amount equivalent to
evaporation from the water surface (~650 mm). This
approach is empirical in nature and represents a sim-
plification. To obtain more accurate and substantiated
estimates, detailed studies of the water balance of the
Khvalynian Caspian basin are required, which may
become the subject of further research.

Thus, hydraulic modelling enabled the assess-
ment of flow characteristics during different periods of
existence of the Manych Strait.

3. Results and discussion

During the performed research, four digital mod-
els of the Manych valley paleochannel were constructed
with spillway threshold heights of 18, 31, 45, and 46 m
a.s.l. The variant with a 46 m a.s.l. threshold includes
filling of the Manych valley with deposits, from which
the ridge relief could have formed (Fig. 8). For the digi-
tal paleochannel models with 31 and 45 m a.s.l. thresh-
olds, a second Salsk spillway threshold 18-19 m a.s.l.
high was constructed.
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Fig.7. Map No. 4 of the paleorelief in the Manych Strait
near the confluence of the Western Manych River with the
Don River.

3.1. Hydraulic modelling of the Caspian
water discharge through the Manych valley

Based on the digital paleochannel models,
hydraulic modelling of Caspian water discharge was
performed with water discharges in the following
ranges:

« possible river inflow to the Caspian in the Late
Glacial — 10,000-18,000 m3/s (Sidorchuk et al.,
2021; Gelfan et al., 2024);

+ maximum possible discharge of Caspian waters
through the Manych valley — 50,000-65,000 m3/s
(Chepalyga, 2005; Sidorchuk et al., 2011).

Additionally, the discharge capacity of the
Manych Strait channel was investigated at a spillway
threshold of 18 m a.s.l. and a water level of 48 m a.s.l.

o

o ~

Fig.8. Paleorelief of the Manych valley channel with spillway thresholds: A- 18 m a.s.l; B-31 ma.s.l.; C-45ma.s.l;D -

46 m a.s.l. with filling by Manych valley sediments.
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Moreover, based on the elevations of the main
terraces of the Khvalynian Caspian basin at 20-22,
28-30, 34-36, 46-48 m a.s.l. (Rychagov, 1997), cal-
culations of the Manych Strait discharge, correspond-
ing to the height of Khvalynian Caspian terraces, were
presented.

3.1.1. Hydraulic calculations of the Caspian
water discharge at a spillway threshold of 18
m a.s.l.

According to geological profile No. 16 (Popov,
1983), the height of the spillway threshold near Zunda-
Tolga was 18 m a.s.l. (Fig. 9). The spillway threshold
of 18-20 m a.s.l. formed at the end of the existence
of the Manych Strait. This is evidenced by the deep
erosional incision and dates of Khvalynian deposits
belonging to the end of the strait’s existence, 14.2-14.9
ka (Semikolennykh et al., 2025). Consequently, the
roughness coefficient was approximately 0.035. Based
on the presented data, the following calculation results
were obtained.

When the Khvalynian basin was at 22 m a.s.l,,
corresponding to Khvalynian terraces at 20-22 m a.s.l.
(Rychagov, 1997), the discharge was ~1,000 m3/s
(Table 2). This was the final stage of the Manych Strait’s
existence.

At a Khvalynian basin level of 28.1 m a.s.l., the
discharge into the Manych valley was ~15,000 m?3/s.
This discharge value corresponds to the maximum river
inflow to the Caspian of 18,000 m?/s minus effective
evaporation of 650 mm (Sidorchuk et al., 2021). This
level corresponds to Khvalynian terraces at 28-30 m
a.s.l. (Rychagov, 1997).

To achieve a water level corresponding to
Khvalynian terraces at 34-36 m a.s.l. (Rychagov, 1997)
with a spillway threshold of 18 m a.s.l., a discharge
of ~65,000 m>/s would be required. This value corre-

Table 2. Results of hydraulic modelling of the Caspian
water discharge through the Manych valley at a spillway
threshold of 18 m a.s.l. in the area of Popov’s profile No. 16
(1983), Zunda-Tolga village.

Water |Roughness|Discharge,| Wetted cross- | Flow
level, |coefficient| m3/s sectional |velocity,
m a.s.l. 0.035 area, m> m/s
22 0.035 1,000 20,599 0.05
28.1 0.035 15,000 57,858 0.26
28.72 0.035 18,000 59,358 0.27
33 0.035 50,000 97,349 0.51
35 0.035 65,000 108,550 0.60
40 0.035 130,000 176,500 0.91
48 0.035 350,000 255,861 1.36

sponds to the upper limit of the maximum discharge
through the Manych Strait, which was reconstructed
based on the cross-sectional area of a large paleomean-
der in the lower reaches of the Western Manych River
(Sidorchuk et al., 2011).

The discharge capacity of the Manych valley at
water levels of 40-48 m a.s.l. ranges from 130,000 to
350,000 m3/s. This value is comparable to the esti-
mates of A.Yu. Sidorchuk, according to whose data
the discharge could reach 200,000-300,000 m3/s at a
water level of 45 m a.s.l. (Sidorchuk and Panin, 2022).
At such a large discharge, the Caspian level could not
have risen to 40-48 m a.s.l.

The water levels of 22 m, 28.1 m, 34-36 m, and
40-48 m a.s.l. presented in this subsection do not reflect
successive stages of Khvalynian basin rise at a spillway
threshold of 18 m a.s.l. These elevations were used
exclusively as hypothetical scenarios to assess the dis-
charge capacity of the Manych Strait at a fixed thresh-

43.000
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Reconstruction of the Manych Strait with a spillway threshold of 18 m above sea level
- At a water level of 28 m above sea level, flow rate is 15,000 m3/s
|:| At a water level of 35 m above sea level, flow rate is 65,000 m3/s
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Fig.9. Reconstruction map of the Manych Strait with a spillway threshold of 18 m a.s.l. and a roughness coefficient of 0.035.
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old height. The main purpose of the calculations is to
demonstrate that with a geologically confirmed spill-
way threshold height (~18 m a.s.l., profile No. 16 by
G.I. Popov, 1983) and realistic total river inflow to the
Khvalynian basin (10-18 thousand m3/s), maintaining
the Caspian Sea level at the traditionally accepted max-
imum transgression elevations (40-48 m a.s.l.) requires
a water discharge of the order of 130-350 thousand
m?/s, which appears to be an unrealistic scenario. Thus,
these calculations are intended to reveal the contradic-
tion between a low spillway threshold and ideas about
a high maximum of the Early Khvalynian transgression
and to justify the need to analyze alternative scenarios
with a higher initial spillway threshold height.

3.1.2. Hydraulic calculations of the Caspian
water discharge at a spillway threshold of 31
m a.s.l.

Since the Khvalynian basin level could not rise
to 40-48 m a.s.l. with a spillway threshold of 18 m
a.s.l., it was necessary to raise the Manych Strait spill-
way threshold to 31 m a.s.l. It was most likely from
this higher spillway threshold that the discharge of the
Caspian waters into the Manych valley began, where
alder forests grew along watercourses (Lavrentyev et
al., 2012; Lavrentyev, 2022). Therefore, a roughness
coefficient (n = 0.08), characteristic of a vegetated
channel, was adopted in the hydrological model.

At a threshold of 31 m a.s.l. and a discharge of
18,000 m3/s, the water level reached 40.55 m a.s.l,,
taking into account effective evaporation of ~40.0 m
a.s.l. (Fig. 10). The corresponding discharge was 15,500
m?/s. This level also corresponds to the Khvalynian ter-
race in the Yergeni (Lavrentyev and Chepalyga, 2024).
Subsequently, the water level could drop to 37 m a.s.l.
due to a change in the roughness coefficient in the strait
at the same water discharge (Table 3).

Table 3. Results of hydraulic modelling of the Caspian
water discharge through the Manych valley at a spillway
threshold of 31 m a.s.l. in the area of Popov’s profile No. 16
(1983), Zunda-Tolga village.

Roughness coefficient 0.035

Water level,| Discharge, Wetted Flow
m a.s.l. m3/s cross-sectional | velocity,

area, m? m/s

35 6,000 19,518 0.31

37.2 14,800 35,630 0.42

37.82 18,000 41,068 0.44

41 50,000 76,828 0.65

42 65,000 91,164 0.71

48 160,000 161,572 0.99

Roughness coefficient 0.08

Water level,| Discharge, Wetted Flow
m a.s.l. m3/s cross-sectional | velocity,

area, m? m/s

35 3,000 21,217 0.14

40 15,500 62,152 0.25

40.55 18,000 67,872 0.27

46 50,000 133,918 0.37

47 65,000 154,190 0.42

At a discharge of 65,000 m®/s, the water level
reached 47.3 m a.s.l. This value is close to the maxi-
mum level of the Early Khvalynian transgression—48
m a.s.l. (Fedorov, 1957; Rychagov, 1997; Svitoch et al.,
2010; Chepalyga et al., 2007 and others). Subsequently,
with a decrease in the roughness coefficient, the water
level could drop to 42 m a.s.l.

0.000 = 41,000 42.000 43.000
—— Scale of Absolute Heights
/ in meters
, 7 40
47000 Ll 60
] 80
/ 'i’ - —
o E 90
7 2 - B 100
7 (V5 M 2 | 110
J i I
' € e W 25
YA |
Ll —
X =W el
= ¥ {KT'}I v
l g
Legend o=
Reconstruction of the Manych Strait with a threshold of 31 m a.s.l.
[ At a water level of 40 m a.s.l. and a water flow of 15,500 m3/s
[[7] Ata water level of 47 m a.s.l. and a water flow of 65,000 m3/s = T
0 25  50km [CHSSSSSFULEES e
o S5 —
| I = = -
L

Fig.10. Reconstruction map of the Manych Strait with a spillway threshold of 31 m a.s.l. and a roughness coefficient of 0.08.
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3.1.3. Hydraulic calculations of the Caspian
water discharge at a spillway threshold of 45
m a.s.l.

In the area of the Kalaus River delta, terraces of
40-45 m a.s.l. high are recorded, which suggests that
the initial spillway threshold could have reached 45
m a.s.l. (Kvasov, 1975; Popov, 1983; Rychagov, 1997;
Svitoch et al., 2010).

At the beginning of the strait’s existence, the
roughness coefficient was n = 0.08. At a discharge of
18,000 m3/s, the water level reached 47.2 m a.s.l., tak-
ing into account effective evaporation of 46.65 m a.s.l.
(Table 4). The corresponding discharge was 12,400
m?3/s. This value is close to the maximum level of the
Khvalynian transgression (Fig. 11).

3.1.4. Hydraulic calculations of the Caspian
water discharge with sediment filling

The scenario with a 46 m a.s.l. threshold assumes
partial filling of the Manych valley with sediments,
which changes the morphometric parameters of the
channel. The roughness coefficient was n 0.08
(Fig. 12).

At a discharge of 18,000 m3/s, the water level
in Zunda-Tolga was 49.7 m a.s.l., taking into account
effective evaporation of 49.15 m a.s.l. The correspond-
ing discharge was 12,600 m3/s. This value is close to
the maximum level of the Khvalynian transgression
(Table 5).

Reconstructions with spillway thresholds of 31,
45, and 46 m a.s.l. are hypothetical. The existence of
these Manych Strait spillway thresholds is not con-
firmed by geological evidence. However, a higher spill-
way threshold of 31-45 m a.s.l. allows justifying the
Khvalynian basin level in the range of 40-48 m a.s.l.
from the point of view of the Caspian water balance
(Fig. 13).

Table 4. Results of hydraulic modelling of the Caspian
water discharge through the Manych valley at a spillway
threshold of 45 m a.s.l. in the area of Popov’s profile No. 16
(1983), Zunda-Tolga village.

Roughness coefficient 0.035

Water level,| Discharge, Wetted Flow
m a.s.l. m3/s cross-sectional | velocity,
area, m? m/s
45.61 6,000 6,642 0.90
46.19 18,000 14,662 1.23
47.66 50,000 38,471 1.30
48.37 65,000 50,467 1.29
Roughness coefficient 0.08
Water level,| Discharge, Wetted Flow
m a.s.l. m3/s cross-sectional | velocity,
area, m? m/s
45.69 3,000 7,551 0.40
46.65 12,400 21,955 0.56
47.21 18,000 31,050 0.58
49.99 50,000 78,471 0.64
50.81 65,000 93,099 0.70

The reconstruction of the Manych Strait paleo-
channel with a spillway threshold of 18-20 m a.s.l. is
justified according to geological profiles by G.I. Popov
(1983). If we look at the longitudinal profile of the
Manych Strait with a spillway threshold of 18 m a.s.l,,
the following patterns are observed (Fig. 13). In the
area of the Zunda-Tolga uplift, a channel gradient is
observed. Flow velocity increases (Fig. 14), which is
quite natural, since this is the narrowest section of the
Manych valley, where deep erosion predominantly
occurred. Then, in the area of Lake Manych-Gudilo, the
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Fig.11. Reconstruction map of the Manych Strait with a spillway threshold of 45 m a.s.l. and a roughness coefficient of 0.08.
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longitudinal profile of the strait levels out. Flow veloc-
ity becomes calmer (Fig. 14).

Here, Khvalynian sediments abutted against
Gudilov deposits can be seen; consequently, sedi-
ment accumulation occurred. Erosion itself was not so
intense. After the Salsk uplift, the channel of the strait
drops again. The Western Manych depression is char-
acterized by a large elevation difference and high flow
velocities. The modelling data confirm the geological
structure of the Western Manych depression. In depos-
its on the first and second floodplain terraces, redepos-
ited fauna from underlying horizons is recorded, indi-
cating active channel erosion.

However, despite intense erosion, the longitu-
dinal profile of the Manych Strait is not sufficiently
incised, which suggests the short duration of its
existence.

4. Conclusion

Hydraulic modelling within the framework of the
present study provided reconstruction of the most prob-
able scenarios of the Caspian water discharge through
the Manych valley during the Khvalynian transgression
of the Caspian Sea. We identified the following main
scenarios:

1. With a spillway threshold of 18 m a.s.l., to reach
the maximum level of the Early Khvalynian trans-
gression (40-48 m a.s.l.), a water discharge of the
order of 130,000-350,000 m3/s would have been
required. However, in the Late Pleistocene, the riv-
ers of the Caspian basin never provided such a high
discharge. Consequently, the rise of the Caspian
Sea level to 40-48 m a.s.l. with a spillway thresh-
old of 18 m a.s.l. should be considered unlikely.

Most likely, the initial spillway threshold was
located at a higher elevation, formed by deltaic
deposits of the Kalaus River. Some researchers

Table 5. Results of hydraulic modelling of Caspian water
discharge through the Manych valley at a spillway threshold
of 46 m a.s.l. with sediment filling in the area of Popov’s pro-
file No. 16 (1983), Zunda-Tolga village.

Roughness coefficient 0.035

Water level,| Discharge, Wetted Flow veloc-
m a.s.l. m3/s cross-sectional | ity, m/s
area, m?

47.93 10,000 36,491 0.27
48.53 18,000 48,283 0.37
Roughness coefficient 0.08
Water level,| Discharge, Wetted Flow veloc-
m a.s.l. m?/s cross-sectional | ity, m/s

area, m?
49.15 12,600 61,179 0.21
49.73 18,000 73,802 0.24

(Sidorchuk et al., 2011; Popov, 1983; Kvasov,
1975) estimate the height of the spillway threshold
at ~45 m a.s.l., which is consistent with the eleva-
tion position of terraces in the Kalaus delta area.
The results of hydraulic modelling show that river
inflow during the Late Glacial was sufficient to
maintain the Caspian level above 46 m a.s.l. At the
same time, terraces above 40 m a.s.l. lack mollus-
can fauna and have not yielded radiocarbon dates;
therefore, the maximum level of the Khvalynian
transgression (48 m a.s.l.) remains controversial.

The most probable scenario is when the spillway
threshold was located at 31 m a.s.l. River inflow
to the Khvalynian Caspian basin would have been
quite sufficient to maintain the water level in the
Caspian at 40 m a.s.l. This level corresponds to the
Khvalynian terrace in the Yergeni and is confirmed
by findings of molluscan fauna (Lavrentyev et al.,
2024; Svitoch et al., 2017).
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Fig.12. Reconstruction map of the Manych Strait with a spillway threshold of 46 m a.s.l., with sediment filling and a rough-

ness coefficient of 0.08.
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4. Deltaic deposits of the Kalaus River were apparently
subjected to intense erosion by the waters of the
Manych Strait, which caused a gradual lowering of
the threshold height to 18 m a.s.l. (Sidorchuk and
Panin, 2022). During the phase of active erosion,
water discharge increased from 18,000 to 65,000
m?3/s. In particular, at a discharge of 65,000 m3/s
and a spillway threshold of 18 m a.s.l., the water
level near Zunda-Tolga reached 35 m a.s.l., which
corresponds to the elevation position of Khvalynian
terraces of the Caspian (Rychagov, 1997).

Throughout most of the existence of the Manych
Strait, the Caspian Sea level was maintained in the
range of 22-35 m a.s.l., as evidenced by numerous
findings of Khvalynian deposits with characteristic
fauna and radiocarbon dates in this elevation inter-
val (Arslanov et al., 2016).

Thus, the results of the conducted study indicate
that the discharge of the Caspian waters through the
Manych valley in the Late Pleistocene was stepwise in
nature and was accompanied by a sequential lower-
ing of the spillway threshold height. The most prob-
able scenarios are those with spillway thresholds at
31-45 m a.s.l.,, corresponding to the levels of the Early
Khvalynian transgressive maximum.

The results of hydraulic modeling using the HEC-
RAS software package are generally in good agreement
with water discharge estimates obtained from clas-
sical hydraulic calculations using the Chezy formula
(Sidorchuk et al., 2011; Sidorchuk and Panin, 2022).
Nevertheless, issues regarding the height of spillway
thresholds, the dynamics of their erosion, and the dura-
tion of individual flow phases remain open and require
further interdisciplinary study.
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AHHOTAILIHA. B cTaThe paccMaTpUBAIOTCA AUCKYCCUOHHBIE BOIIPOCH NaJIeOruapoJIoruy MaHbUCKOTO
MPOJINBA — KJTIOYEBOTO 3BEHA B CHCTEME BOJOOOMeEHA MeXy XBaJIbIHCKUM OacceriHoMm Kacmus u HOBO-
3BKCHHCKUM OacceiiHoM YépHOro mMops B o3gHeM IutelicTolieHe. OCHOBHOe BHUMaHUeE yAesIeHO ABYyM
apaMeTpaM: MaKCUMaJIbHOMY YPOBHIO XBaJIBIHCKOU TpPaHCTpecCHU U BBICOTE IOpora CTOKa Yepes
MaHsbruckyo BnaguHy. Ha ocHOBe reosioro-reoMmop¢ooruiyeckoro aHaansa, DudpoBoro MogeupoBa-
HUA peabeda U ruapaBandeckoro moaenuposanusa B cucteMe HEC-RAS aBTOpOM peKOHCTPYHPOBaHbI
crieHapum cOpoca KacnuHcKuX BoZ uyepe3 MaHBIUCKYI0 AOJIMHY. Pe3ysibTaTel MOJeJINpOBaHUs 03BO-
JINJIY YCTaHOBUTH, YTO HanboJiee BEpOATHHIN MaKCUMaJIbHBIN ypoBeHb Kacnuis Bo BpeMs paHHeXBaJIbIH-
CKOH TpPaHCI'pPeccUy COCTaBJIAI 0K0JIO0 40 M H.y.M. IIpu nopore croka B 31 M H.y.M. Takxe paccuuTaHbl
TUIIOTETHYEeCKUe MpeJiesibl POIyCKHOM CIOCOOHOCTH pycJia MaHBUCKOTo NpoJikBa XBaJIbIHCKOro Gac-
cetina Kacnus. Pe3ysipTaThl MOTyT OBITh MCIIOJIb30BaHEI B JaJIbHENIINX HCCJIeJOBAHNUAX.
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1. BBeapenue

Masnspluckas BHOaguHa MpeJcTaBjideT CoOOoM
TEeKTOHMYeckoe XeJIOOOBUIHOe TOHMWXKeHUe, OT/e-
naomee IlpegkaBkasbe OT CTENHOM YacTU ora
BocTtouHo-EBponelickoii paBHUHBI U COeAUHSAIOIee
Ky6ano-IIprnazosckyio u Ilpukacnuiickylo HHU3MeEHHO-
ctu. [lo nHUIY BaguHBI IpoTekaeT peka MaHbBIY.

Bo3MOXHOCTB BoJ0OOMeHa MeXIy
YepnomopckuM u Kacnmiickum 6OacceiiHaMu depes
MaHsbruckyio OoavHy Oblia BIlepBele oOocHOBaHa H.
A. MauuneBckum B 1869 r. ([anuneBckuii, 1869).
HccnemoBaHusa  4YeTBEPTUYHOUW  T'eOJIOTUM  peru-
oHa Benytca 6osiee 150 JieT, B XOJle KOTOPHIX OBLIN
JeTajibHO H3yYeHbl OTJOXeHUA (BKJIIOYasg MaJiako-
dayHy) U peKOHCTPYHpOBaHA XPOHOJIOTHS 3MU30[0B
BojooOMeHa Mexay YépHeiM u Kacnmiickum Mopamu
(BoraueB, 1903; JlucuipiH, 1932; T'opelikuii, 1953;
ITonos, 1983; Yenaseira u ITuporos, 2005; CBuUToY u
ap., 2010; CeMuKoJIeHHBIX 1 Ap., 2022).

CoBpeMeHHBIe IIpe/icTaBJieHuA 00 uctopuu Gop-
MHUpOBaHUA MaHBIUCKOM JOJIHHI B IIJIEHCTOIIeHe B 3Ha-

YUTEJBHONU CTENeHU OMUPAIOTCA Ha (YHIaMeHTaJIb-
Hele uccaegoBanus I'. U. TTomosa (1983), KoTophIi Ha
OCHOBE aHaJIN3a MHOTOYVCJIEHHBIX Pa3pe30B U JaHHBIX
OypeHUs JIeTaJIbHO PEKOHCTPYHPOBAJ Ie0JIOTMYECKOe
CTpoeHMe U wucCTOpui0 (GopmupoBaHuss MaHBIYCKON
JOJINHBL.

Mocnemuuii pa3 MaHBUCKasA OJIMHA 3allOJTHS-
Jlach MOPCKMMH BOJIJaMU B KOHI[e MO3AHEro IJIeHCTO-
I[eHa, BO BpeMs XBaJIBIHCKOHN TpaHcrpeccuu Kacmws.
CorjlacHO MoOcJegHUM [aHHBIM aOcosoTHOro OSL-
JaTupoBaHusA, QYHKIMOHUPOBaHWE MaHBIUCKOTO MPO-
JIBa NMPOHCXOAWJIO B MHTEpBaje npuMepHo 17,7-14,9
ThiC. JieT Ha3ap (CeMumKoJIeHHBIX W 1p., 2022), 4To
COOTBETCTBYET 3II0Xe Aerpajjaliiiy MO3JHEBAIAANCKOTO
(octramxoBckoro) ogeneHenus (MIS 2).

HecMoTps Ha [UTMTETBHYI0 MCTOPUIO MCCJIEI0BA-
HU naseoreorpadru MaHBIUCKON AOJIMHEI, TUAPOJIO-
ruyeckye rnapaMeTpsl MaHBIUCKOTO MPOJIMBA B MEPUO
XBaJIBIHCKOM TPaHCTPECCUU TPOJIOJIKAIOT OCTaBaThCs
MpeMeTOM aKTUBHOW HAayyHOU Auckyccwu. K uwmciy
HauboJiee JUCKYCCUOHHBIX OTHOCATCSA IBA KJTIOYEBBIX
nmapamMmeTpa:
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1. MaxkcumaJibHBIN YpOBeHb XBaJIBIHCKOH TpaHCIpec-
cuyu. CorjlacHO npeoGsajamoiiell TOUKe 3peHusd,
MaKCUMaJIbHBII yPOBEHb XBaJIBIHCKOHM TpaHC-
rpeccun gocruran 48 m H.y.M. (depopos, 1957;
Priyaros, 1997; Ceurou u Ap., 2010; Yenasnwira,
2007 u pp.). Teppacsl Ha 3TOIl OTMETKe OIU-
caHel Ha nobepexbe Jlarectana (Prruaros, 1997)
n Ha KpacHoBoACKOM MOJIyOCTpOBe, KOTOPBII
HaxoAUTCA Ha BOCTOYHOM mnobOepexbe Kacnusa
(®emopos, 1957). Kpome Toro, Teppachsl Ha BEICOTe
48 M H.y.M. QUKCUPYIOTCA MO JAaHHBIM ITU(PPOBON
Mogenu mectHoctu SRTM3 (JlaBpeHTheB, 2013).
OpfHako Ha 3TUX Teppacax OTCYyTCTByeT Majakoda-
yHa U paauoyrjiepogHble matupoBku. Haumboiee
BBICOKasA Teppaca C XBaJIIHCKOHN MaJsiakodayHOM
3adukcrpoBaHa B Epreusax Ha ypoBHe 40 M H.y.M.
(JlaBpenTbeB u ap., 2024; Cutou u fp., 2017).
Ananoruunsie otMetku (1o 40 M H.y.M.) HaOJIO-
Jaiorca B paiioHe Camapckoil JIyku B JOJMHE P.
Mareiii Kapaman (Maxkmaes u gp., 2025). Takum
obpa3oM, Teppachkl XBaJIBIHCKOHM TpaHCrpeccuu
BhIlIe 40 M H.y.M. He IOATBepXAeHbl JaTUPOBKaMU
1 XBaJIBIHCKON MasiakoayHoOMH, YTO JAejiaeT Mak-
CHMAaJIbHBIE ypOBEeHb TpPaHCIpeccuy IpeaMeTOM
JCKYCCHM.

Bricota mopora croka MaHBIYCKOrO IIpPOJIUBA.
CoryjacHO reosiormyeckoMy nmnpogumo Ne 16
(ITonos, 1983), mopor cToka B paiioHe c. 3yHa-
Tosra pacnosiarasica Ha ypoBHe OKoyio 18-20 m
H.y.M. Pan uccriemoBaHuil mOKasbIBaeT, 4TO IIpU
Takoil BBICOTE Iopora cToka ypoBeHb Kacnus
He Mor pgocturaTth 48 M H.y.M. (KBacos, 1975;
ITomos, 1983; BapymeHko u ap., 1987; Cesurou u
Ap., 2010; Preruaros, 1997; Yenaneira u IInporos,
2005). I'mppaBinuyeckye pacyéThl yKas3blBalOT Ha
BBICOKYIO IIPOMYCKHYI0 CIOCOOHOCTH pycJjia IIpu
ypoBHe 45 M H.y.M. — oT 200 000 mo 300 000 m3/c
(Cupmopuyk u IlanuH, 2022), 4TO CONOCTaBUMO
CO CTOKOM p. AMa3oHKa. bosiee KOHCepBaTUBHBIE
OI[eHKU MaKCHMaJIbHOTO CTOKa depe3 MaHbIuCKyIo
JOJIUHY cocTaBisioT ~50 000 m3/c (Yenmaseira u
[Muporos, 2005), Ha OCHOBe XapaKTepa OTJI0KeHUN
y ¢. 3ynga-Touira, uau go 65 000 m3/c (Sidorchuk
et al., 2011), ucxond M3 mJolaau XUBOTO ceue-
HUA KPYNHOH MeaHApPH B palioHe xyTopa CyxXoOm.
OTU 3HaueHMA CYIL[eCTBEHHO IPEBBIIIAIOT PEKOH-
CTPYMPOBaHHBII peyHOU cTok B Kacnuii Bo Bpems
PaHHEXBAaJIBIHCKOM TpaHCIPeccuu 520-570
km>/ron (~16 500-18 000 m3/c) (Cumopuyk u
ap., 2021), u3 xoropeix Ao 80 % obecrnedynBasoch
crokoM Bosru (~423 km®/ron). AJbTepHaTUBHBIE
OLIEHKH peYyHOoro croka mgamwt 320-375 km®/rofg
(Gelfan et al., 2024). CoBpeMeHHBIII MHOTOJIET-
HUI cTok Bousrm cocrasisger 228-274 km®/ron
(Teopruagu u ap., 2017). YkazaHHOe HeCOOTBET-
CTBUEe [iejlaeT HEBO3MOXHBIM BBICOKUI YpPOBEHb
XBaJIBIHCKOTO HacceiiHa mpu mopore ctoka 18-20
M H.y.M. B cBfA3u Cc 3TUM aBTOpaMu HUCCJIe[IOBa-
HUI BBIABUTraeTcCA TUNOTe3a O CYL[eCTBOBAaHUU B
Hayajle XBaJIBIHCKON TpaHcrpeccuu OoJiee BBICO-
koro nopora crtoka (Ksacos, 1975; [Tonos, 1983;
Yenasrwira u Iuporos, 2005; Ceutou u ap., 2010;
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Sidorchuk et al., 2011), npeumymiecTBeHHO chop-
MMPOBaHHOI'O OTJIOKEHHAMHU JesibThl p. Kamayc.
Bosee BrICOKMII TOpOr cToKa MaHBIYCKOU JOJIMHEI
[103BOJIAET OOBACHUTH HaJIMuMe XBaJIBIHCKUX Tep-
pac Boiie 30 M H.y.M. OqHaKo HeT reoJIOTUYeCKUX
JI0Ka3aTeJIbCTB CyIlecTBOBaHUA 0oJjiee BBICOKOTO
nopora croka. CiefoBaTesIbHO, BBICOTa IOpoOra
cToka MaHBIUCKOTrO IpoJiBa B Hayajle XBaJIbIH-
CKOM TpaHCrpeccuu sABJIAeTCA IpeaMeToM Hayu-
HOMH JUCKYyCCHUU.
Takum oOpa3oMm, BONpoC O MaKCHUMaJlb-
HOM YypOBHE XBaJIBIHCKOM TpaHCTpecCud U BHICOTE
mopora croka TpeOyeT JOIOJHUTEJIBHOIO aHaju3a.
HeoOxogumo mpoBecTd MOJe/JMpOBaHue CclieHapueB
cOpoca kacnuiickux Boj uepe3 MaHBIUCKYIO HOJIMHY
C wucrnoJib3oBaHHeM IUPpPoOBON Mofenu pesbeda u
rUJpaBJINdYecKUX pacuyéToB. DTO IMO3BOJIUMT YTOYHHUTD
KJII0UeBhIe TapaMeTphl TaJeornApOJIOruy MaHbIuUCKOIo
IIPOJIMBA XBaJIBIHCKOIO OacceliHa Kacnus.

2. MaTtepuanbl 1 MEeTOADI

2.1. PexkoHcTpyKuua peabeda pycaa
MaHbIUCKOro NPpoAUBa

2.1.1. NMoAroToBKa BbICOTHbIX AQHHbIX

BricoTHbIe JaHHbIe OBLIIN [TOJTyYeHb] U3 U POBOH
mozenu MectHoctu (IIMM) SRTM3. Omgnako SRTM3
COAEpPXKUT MeJIKHe IIyMBl U UCKaXeHHUs, 4TO NoTpebo-
BaJIO MpeaBapuUTesibHON o6paboTku. ObpaboTka HaH-
HBIX IIPOM3BOJNJIACH C HCIIOJIb30BAaHUEM IPOrpaMM-
Horo obecnieyeHns SAGA GIS.

I[IMM SRTM3 Obu1a NepenpoenripoBaHa B YHU-
BepcaJibHYyIo ITonepeuHyto npoekiuio Mepkatopa (UTM)
¢ nomorpio MmoayJsiss UTM Projection. [71a noiayuyeHus
crjaxeHHoro pesibeda, HeoOXOOAUMOro AJiA MOCIIeny-
IoI[ell PEKOHCTPYKIMU, MpUMeHsUICa MOZAyJib Simple
Filter. Tlocye duibTpanuu M3 CriaxeHHOTO pesbeda
OBLTM BEKTOPH30BaHbl U30JIMHUM € IIaroM 1 m.

BosHukaeTr Bompoc 00 OIleHKe TOYHOCTHU BHICOT-
HeIx faHHbix SRTM. B cratbe JI. A. Mypasséna (2007)
IpeAcTaBjieHa CpaBHUTeJIbHAA xapakTepuctuka SRTM
¢ 6oJiee TOYHBIMHU JaHHBIMU TOIIOrpadruyecKoi CbEMKHU
MecTHocTH Macmraba 1:5000. Ilo mHenmio JI. A.
Mypasbéa (2007), HETOUHOCTb OTOOpa’XeHUs BBICOT-
HbIX AaHHBIX SRTM 1o cpaBHeHUIO ¢ Tormorpaduyeckoi
chéMKON MacmrTata 1:5000 sABisgeTcsa cJeqCTBHUEM
«TyJIAIIINUX» [LUIAaHOBBIX koopAuHAT (X, Y) ¢ aMIIuTy-
noi 30 MeTpoB, 0OCOOEHHO XOPOILIO BBICOTHBIE HICKasKe-
HMA BUJHBI Ha KPYTHIX CKJIOHAX PEYHBIX JOJIMH U OBpa-
roB, Ile KOppeKTHas IIaHOBas IpUBsA3Ka BBICOTHBIX
JIaHHBIX 0COOEHHO aKTyaJbHa.

Hcnonb3zoBanue SRTM 3 1A naneopeKOHCTPYK-
oMK HaumHaA ¢ Macmrabos 1:100 000 MOXHO cUu-
TaTh KOppeKTHBIM (JIaBpeHThEB U 1p., 2008), Tak Kak
OTKJIOHEHMe IJIAaHOBBIX KOOPAVHAT B cpeiHeM Ha 30 M
otobpaxaercsa B Macirade 1:100 000 kak 0,03 mm.

Taxxe HeoO6XOAMMO YUYUTHIBAaTb OCOOEHHOCTU
npuMmeHeHuss SRTM 3 Ha TeppuTOpUU JIECHOIN 30HBHIL.
[TockoysbKy pagapHas CbEMKa MOXeT OToOpaxaTh
BHICOTY JlepeBbeB, a He peasIbHOM [TOBEPXHOCTH 3eMJIN.
B Hamem ciyuae o6beKT McciiefoBaHuA — MaHbluckas
Jl0JIMHA, KOTOpasA HaXOAUTCA B CTENHOMN 30He, U BBICOT-
Has koppeknus LIMM He TpeGyeTcs.
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2.1.2. Co3panue umppoBoi MOAEAH
naneopycaa

llubpoBasa Mofnesb mnajeopycja MNpeAcTaBjAeT
coboil 1udpoBy MoAdenab penbeda pycia JpeBHEro
BojoéMa. Jlyia e€ cozmaHus HeoOXOAMMO OBLIO IOJIYy-
YUTh NPOCTPaHCTBeHHBble KoopAuHaTH (X, Y, Z) mie-
CTOILIEHOBBIX OTJIOXeHui Manbluckoro nposmsa. s
3TOro OBLJIM MCIIOJIb30BAaHBI reosiornyeckue npoduiiuy,
npenacTtaBieHHble B MoHorpaduu I'. U. Tlomosa (1983)
U Ha Jjicte reoJyiorudeckoit kapTel ['TK-200_1_1-38-XIII
(T'eonoruueckas kapra L-38-XIII, 1965).

PBrula BbINOJIHEHA IMPHBA3Ka OTCKAHMPOBAHHBIX
KapT C reoJIorH4ecKMMH NpoduiaaMH K reorpaduue-
CKUM KoopauHaTaM B nporpaMmme QGIS 3.14. YuuTtsiBas
MeJIKOMAacIITaOHOCTh MCXOJHBIX CXeM B MOHorpaduu
[Tonoga (1983), s yTouHeHUA reorpaduieckoi npu-
BA3KM OBUIM NMOCTPOEHBI BBICOTHBIE IPOGUIIU IO JaH-
HbeIM SRTM3.

3aTeM noJiydeHHble IpoduIn ObUIM COBMELeHbI
C reoJIOTMYeCKUMH IoIlepeyHuKaMUu B rpaduieckom
penakrope Inkscape (Puc. 1). TIOCKOJIbKY KOOPAUHATHI
BBICOTHBIX MNpoduiiell ObLJIM H3BeCTHH 3apaHee, WX
COBMellleHre C eoJIOTMYecKUMHU MpOoQUIAMU IO3BO-
JIUJIO OIpefeuTh IPOCTPAaHCTBEHHBle KOOPAWHATHI
IIJIEICTOLIEHOBBIX OTJIOKEHUH.

[TosiydeHHBIE BBICOTHBIE OTMETKH ILJIeliCToOlLie-
HOBBIX OTJIOXKEHHUII ObIM IlepeHeceHbl B TaOJIWYHBIN
penakrop LibreOffice Calc u mcnosip30BaHbl AJjIsA CO3-
naHusa Habopa XYZ-KoopAuWHAT, HA OCHOBE KOTOPBIX
Obta 1ocTpoeHa LudpoBasg MojJesb Majleopycia.
HHTepnosiAnysa BEICOTHBIX 3HaUYeHUH ¢ maromM 1 M npo-
W3BOJWJIaCh BPYUYHYIO.

[losiydeHHBle H30JIMHWM Majeopycia ObLId
COBMeIleHbl C M30JUHUAMU coBpeMeHHOH [IMM
SRTM3. [lns noctpoenus unudpoBoii Mmofenu penbeda
najyieopycja HCIOJIb30Baslach HUHTeprosAnusa Natural
Neighbours B SAGA GIS. Eciin 6pU1a HEOOXOIUMOCTD
W3MEHUTh BBICOTY IOpora CTOKa, TO BHICOTA pycja U
ero yKJIOH MeHAIMCh MeTOAOM Py4YHON NHTEePHOJIALMH.
Hcxops u3 BEIOpaHHOTO clieHapuys A1 MOAeJINpOBaHNA,
[IPOPUCOBHIBAJINCh U30JIMHUM HYKHOH BBICOTHL. JI71d
VMUTANWUKU 3anoJjiHeHusA MaHBIUCKON [OJIMHBI OTJIOXe-
HUAMM UcnoJib3oBasicsa MmoayJib Fill Sinks (Wang & Liu),
BXoAmmK B coctaB SAGA GIS.
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Puc.1. Teosoruveckuii monepeyHuk ITomosa (1983) No
16, coBMeIIeHHBIN C BBHICOTHBIM IpoduyeM, IOCTPOEHHBIN
no gaHHeiM SRTM3.

2.2. Teonoro-reomopdponornueckan
XapakTepucTtuka MaHbIUCKOro npoAuBa
XBanbiHckoro 6accenna Kacnuna

Jois MpOBEeNEHUS MaJIEOTHUIPOIOTUYECKOM
PEKOHCTPYKIMM HEOOXOOMMO BOCCTAaHOBUTH pejbed
pycia MaHBIUCKOTO MPOJIMBA, (PYHKIMOHUPOBABILIETO
B IMEpHOJ] CYIIECTBOBAaHUSA XBaJIBIHCKOrO OacceitHa
Kacnutickoro Mops. OCHOBOH [iJil TaKOW PEKOHCTPYK-
U TOCTYXWUJIU: ONMyOJIMKOBAaHHBIE Te0JIOTMYeCKHe
npodunu u3z MoHorpaduu I'. Y. ITonosa (1983), reo-
JIOTUYEeCKHEe KapThl, OMKMCAHUE pa3pe30B, a Takxke coO-
CTBEHHBIE T0JIeBble HaOJIoeHus aBTopa (Puc. 2).

Ha ocHOBe yKka3aHHBIX HCTOYHUKOB IMPOBEIEM
00630p reo10ro-reoMopdoIOrnIecKoro CTpoeHus najie-
opyciia MaHnbruckoro npoJsiiBa. OcHOBY pesbeda JaH-
HOT'0 pycCJia COCTABJIAIOT I'yIUJIOBCKHE O3€pHBIE, CYPOX-
CKHe U XBaJIbBIHCKHe Mopckue oTioxeHus (Tabauma 1).

Ta6smna 1. Crpaturpadus u KoppeJsALysa TOpU30HTOB U cjioeB MaHBIUCKOH JOJIMHBI B BepXHeM ILtedicrorieHe no I.1. ITonoBy

(1983) ¢ n3sMeHeHUAMHU.

OcHOBHbBIE 3anmagHo- CaJjibckoe MaHbI4- BocTouHO - 3yHna-
nofpasneyeHus | MaHbruckas MoaHATHE I'yqunoBckas MaHsbIucKas ToJITHHCKOe
BHaguHA BIagUHA BHaguHA noaHATHE
T'osorieH Cy6aspaJibHble OTJIOXEHUS
BepxHuii Cy6aspaJsibHble OTJIOXEHUS BepxHexBaJIbIHCKHE
IJIeHCTOoIeH OTJIOXEHHS
Cypoxckue HuxHexBasibIHCKIE
OTJIOXKEHUA OTJIOXEHUSA
I'ynuioBckye OTI0XeHUs
I'ipkaHCcKue OTJIOXeHUsA I'mpkaHckue
OTJIOXEHUA
KapanraTckue oT0XeHUs




JlaspeHmbes H.B. / Limnology and Freshwater Biology 2026 (3): 180-207

CornacHo I'. W. IlomoBy (1983), B mpepesnax
ManblYcKOH BIaJWHBI BEIAEJIAIOTCA MATh CTPYKTYPHBIX
aseMeHTOB: 3yHaa-TonaruHckoe noAHATHe, BocTtouHo-
Maunsbruckasa BnaauHa, Mauby-I'yauiosckas BnagvHa,
Carnbckoe moAHATHe M 3anagHo-MaHblucKas BrnaguHa
(Puc. 2).

[Topor cToka MaHBIUCKOIO MpOJIMBa HaXOAUJICA
B paiioHe 3yHaa-ToJIrMHCKOro NOAHATHA — HauboJiee
y3KOro yvyactka Bcell BnaguHbl. OCHOBY PEKOHCTPYK-
Uy najgeopeibeda pycjia COCTaBUJIM IIONEepevyHble
reosiorndeckue npodpunu ([lomos, 1983), Ha KOTOPHIX
XBaJIBIHCKHE OTJIOXKEHHUs pacIojaralTcs Ha BEICOTHBIX
orMmeTkax 18-20 M H.y.M. (Puc. 1). OTu oTjI0XeHUA
BBIXO[AT Ha JHEBHYIO IOBEPXHOCTb U COAEpXaT Xapak-
TEepHyI0 XBaJIBIHCKYI0 MajlakodayHy. Bo3pacT oTsioxe-
HUH, onpefleIEHHEIN 10 MOJLUTIOCKaM, COCTaBJisAeT 14,2—
14,9 trIc. 1eT (Semikolennykh et al., 2025).

BBuay OTCyTCTBUA TOYHBIX AAHHBIX O BHICOTE
HMCXOJHOIro Mmopora CToka ocoboe 3HaueHHe Ipuobpe-
TalT Teppackl, NPOCJIeXUBaOIIUecs BAOJb OJIMHBI
(Puc. 3, Puc. 4). Tak, B paiioHe c. 3ynga-ToJra no gas-
HeiIM SRTM3 Ha nmpaBoM GOpTy JOJIMHBEL HabJI0jaeTcs
Teppaca BBICOTON Okoji0 44-45 M H.y.M. IlooGHBIE
Teppackl (BbicoTOl 40-45 M H.y.M.) GUKCUPYIOTCS HUXKE
o TeueHUIo oT AesbTH p. Kamayc (Puc. 3). lupuna
MOWMBI 3/1eCh IOCTUTAeT 2 KM MPU YPOBHE 0KoJio 20 M
H.y.M.

Jlanee Bompl HampaBJATHCh B BocTrouHO-
Masnbruckyro 1 MaHblu-I'yAUIOBCKYI0 BIAAWHBL, TAe

s
MaHbIu-BanabuHka

5 3anaaHo-MaHbluckas

23 ~ BraanHa
2 ‘
G2

5,
i CrosiHka FOnosckas

53

MaHbIy-TyannoBckas-

J
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npocuneii (Monos,1983)

|:| TeppuTOpUanbHbIi 0XBaT KapT
nanepycna MaHbI4CKOro nponunea

Feonoruyeckme npocbunm
B 23 npocdwmnb Monosa (1983)
® 16 npodunb Monosa (1983)
15 npocunb Monosa (1983)
10 npocunb Monosa (1983)
Mpocunb_A-b_TK-200_1_L-38-XIII
Mpocdunb_B-T-[1_MTK-200_1_L-38-XIII

MpuBsi3aHHas CxeMa PacrofiOXXEHUs reonornyeckux =
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YcnoBHble 0603HaueHns

12 npodcwunb Monosa (1983)

14 npodunek Monosa (1983)
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pacnpocTpaHeHbl IIPOAOJIbHBIE Bajibl U 3aMKHYyThIE
MOHMXEHMs, BliepBhle onrcaHHele H. f. JlaHuieBcKkum
(1864). B obHaxeHUsIX MPOLOJIbHBIX BaJIOB (PUKCUDY-
eTcsi XBaJIblHCcKass MasiakodayHa (Yemaseira, 2005;
2007; Ceutou u Ap., 2010). XBaabIHCKHUE OTJIOXKEHUA
CKOpee Bcero ObLIN MPUCJIOHEHH] K TYAWUJIOBCKUM OTJIO-
XKEHUAM, KOTOpble BEPOATHO COCTAaBJIAIOT OCHOBY IPO-
JOJIBHBIX BaJIOB. DTU IIPOAOJIbHBIE Bajlbl 00pa30BaJIiCh
B pe3yJibTaTe 3pO3MOHHBIX IIPOLeccoB BO BpeMs copoca
Kacnuiickux Boj 4depe3 Maubluckylo AosnHy (ITomos,
1983; Cutou u fp., 2010). Takxe cymiecTByeT TOYKa
3peHus, 4YTO IPOJOJIbHble BaJIbl Hayajid oOpa3oBhHI-
BaTbhCA BO BpeMs perpeccUBHON cTtaauu ['yanaoBcKoro
ozepa (CBurou u fp., 2010 u ap.).

PerpeccusHas craqus I'yInI0BCKOro o3epa Hava-
Jnack nmpumepHo 20-17 Twic. JieT Hasaf (JIaBpeHTHeB,
2025). TloHuxeHue ypOBHs 03epa, BEpPOATHO, OBLIO
CBA3aHO C MaKCMMyMOM IO3[HeBasfalickoro (ocrami-
KOBCKOI'0) OJIe[lecHeHNUs, KOTOpoe IMpUBeso K 3Hayu-
T€JIbHOMY IIOXOJIOJAaHUI0 M apyuausaluu KJIuMara,
4TO U TIOCJIYyXWJIO OCHOBHON IPUYMHON perpeccuu
I'yaunosckoro osepa.

Hanbonee mnogpoOHO cTpoeHUe  IPOAOJIb-
HBIX BaJIOB u3yueHo Ha o. JleBbni. [lo manHbIM OSL-
JaTUpPOBaHUsA, BO3pacT XBAJIBIHCKUX  OTJIOXKEHUH

cocrapyigeT 17-15 Thic. JieT (CeMUKOJIEHHBIX U Ap.,
2022). BeicoTHas oTMeTKa IpaHMIbl MeXOy T'yIUI0B-
CKMMH W XBaJIBIHCKUMU OTJIOXKEHUAMHU COCTaBJIAeT
pUMepHO 17,4 M H.y.M.

47.000

BnagvHa

*/leBblii OCTPOB
< — 46.000

3yHaa-TonrMHcKoe

Kanayc nogHatue

Boe £
T s
Hb1y

Puc.2. Kapra pacnoJsioxeHusA ONOPHBIX Ie0JIOTMYeCKUX MONIePeYHUKOB U Pa3pe3oB.
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3HauuTeJIbHYyI0 dacTb MaHbd-I'yauI0BCKON
BNIAAWHBl HauWHasA C IO3[HEro IUIelicTolleHa 3aHu-
MaeT 03. Mansu-T'yauno. Cynda no npodusio
B-I'-I reonorudeckoii kapTtel [TK-200_1_L-38-XIII
(T'eonornueckas kapra L-38-XIII, 1965), riybmna
JHa o3epa, Iepes] cOPOCOM KaCHUMCKUX BOJ, BEpO-
SITHO ObLJIa Ha OTMeTKax 6 M H.y.M. (Puc. 5).

JonuHa p. 3anagHblii MaHBIY MOcCJie pacliu-
peHus B paiioHe o3. Manbu-I'youmo (mo 40 kM)
cyxaerca A0 15 xMm BOM3M ycTheB p. CpegHUM U
Bosnpmoit Eropabik. 3mechk pacnosioxeHo Cajbckoe
nofgusatue (Puc. 6). B 3ToM paiioHe XBaJIbIHCKas
¢dayHa BbIsIBJIeHA B OCHOBHOM IIO0 JaHHBIM OypeHUA
Ha nepBoil HaJNolMMeHHOH Teppace (BeicoTa ~20 M
H.y.M.) Bbille ycTbA p. Bosbmioit Eropseik (ITomos,
1983). Bropas Teppaca mnpeicTaBjieHa O3EPHBIMU
IJIMHaMH, CynecAMM U CyTJIMHKaMu ¢ Masakoday-
HOI, XapaKTepHOM JiJisl MPOTOYHBIX BOLOEMOB (acco-
nuanus Dreissena polymorpha, Lithoglyphus, Valvata)
(IloroB, 1983), Ha BHICOTE OKOJIO 25 M H.y.M.
[IpeAnoJiokUTeIbHO B 3TOM palioHe CyIIecTBOBaJI
BTOPOI IOpOT cTOKa MaHBIUCKOI0 ITPOJIMBA BHICOTOM
20 M H.y.M., oOpa3oBaHHBI OTJIOXKEHUAMHU IIPUTO-
koB Bonbmoro u CpexgHero Eropiisika (KBacos, 1975;
[Tonos, 1983; JlaBpeHTbheB u Yenaseira, 2011).

BeposTHo, mocjie npeoiojieHus KacIuiCKUMU
BOJaMU IIepBOrO IOpora cToka B paiioHe c. 3yHAa-
Tosira mpou3onulo 3amojHeHWe KOTJIOBHUHEI O3epa
Manny-I'yauiio, B pe3yJibTaTe 4ero Ha OTHOCUTEJIbHO
KOpPOTKO€e BpeMs B LIeHTpaJIbHOM 4acTu MaHBIUCKOU
JOJIVHBL 00pa3oBajicd 3aJlMB pPaHHEXBAaJIBIHCKOIO
bacceiiHa. [Ipu gocTrXeHUN YPOBHS BOJbI aOCOJIIOT-
HOM oTMeTKH + 20 M Hayajics IepeJiuB KacIUHICKUX
BOJI Yepe3 BTOpOH nopor croka — Caybckoe MOAHA-
Te. OO 5TOM KOCBEHHO CBH/ETEJIbCTBYIOT M3MeHe-
HUA XapakTepa OTJIOXKEHHI B XBaJIBIHCKOM paspese
Ha ocTpoBe JleBbiii (CeMuKOJIEHHBIX U Ap., 2022).
CTpoeHue paspe3a OTpaxaeT IOCTENeHHYI0 CMeHY
00CTaHOBOK OCaJKOHAKOIJIEHUA — OT CIIOKOMHBIX
JIMMAaHHBIX YCJIOBUH, CBA3aHHBIX C HHrpeccuei
KacCIuiCcKUX BOA, K JUHAMUYHBIM [IPOTOYHBIM YCJIO-
BUAM, O0YyCJIOBJIEHHBIM pa3sBUTHEM U aKTHUBHU3aluen
MIpoJIMBa.

Huxe mo TedyeHuo, HauuHad oT p. CpegHuii
Eropsbik, AojHa BHOBb pacmupserca A0 20 KM.
JlHuine qOJIMHBI CTAHOBUTCA IJIOCKUM.

[lepBas xBaJjbIHCKas Teppaca HUXHero Teve-
HUA peku 3anafHblli MaHblu ObUIa HKcCc/ieoBaHa
MHoruMu aBtopamu ([lanusnesckuii, 1869; Boraues,
1903; JlucunpbiH, 1932 u Ap.). DTO Kak IIpaBUJIO
paspe3bl C CMelIaHHOM 4YepHOMOPCKO-KAaCIUIICKOM
u mpecHoBogHoU GayHoii (Cardium edule, Bittium
reticulatum, Didacna trigonoides, Dreissena caspia, Dr.
polymorpha, Viviparus viviparus). JlaHHble pa3pe3bl
CO cMelIaHHOU (ayHON MPOCJIEXUBAIOTCA MO BCEH
3anagHo-MaHbBIUCKOH BIaguHe. B HacToslee BpemsA
nccjiefloBaHre 3TUX pa3pe3oB 3aTPyAHEHO, TaK Kak
OHU 3aTOIUIeHH Beces0BCKUM BOJOXpaHWJIUIIEM.
HckiloueHne cocTaBJiseT pa3pes, PacloJIOXeHHBIN
nepejq IJIOTUHON BecesloBCKOTro BOAOXpaHUJIMILA B
paiioHe xyropa Maubu-banabunka. OH uU3BeCTeH C
1932 roga (JIucunpiH, 1932). dayHa cMeliaHHasd,
IepeoTJIOKeHHasA BKJIIOYaeT Kacluiickue U 4epHo-
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Puc.3. [Ipodusib qoarHEL peku 3anaaHbiil MaHbI4, HUXe 10
Te4YeHUIo, OT AeJibTHl p. Kanayc, no ganaeiM SRTM3.

hiaHe d eHuuror!

17.7

YcnoBHble 06HO3HaYeHUs off 17:7 45600
8.

BbicoTa NoAoLLBbI XBaSIbIHCKUX OTNOXEHUI B MeTpax a6c.
15 npodymnb Monosa (1983) A 3 19.2§18.8
0 1 2km ; 1094192
® 16 npocdunb Monosa (1983) S o
Penbed
—— W30nMHMM nanepycna no AaHHbLIM npoduneit Monosa 1983
—— V1307MHUN NONyUEHHbIE NO AaHHbIM SRTM3

ba3oBas kapTorpacduyeckas Noanoxka no AaHHsIM OSM

Puc.4. Kapra Nel naneopesnbeda MaHBUCKOrO MpOJIBA B
patione c. 3ynma-Tosra.
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MOpCKHe MOJUIIOCKU. XBaJIbIHCKHE MOJIIIOCKU IIpef-
crasyeHsl Didacna protracta, Didacna ebersini, o KOTO-
PBIM eCThb JaTHPOBKA, KaJIMOPOBAHHBIM IPU OMOILU
OxCal 4.4, Bo3pact 17,138 Thic. ster MT'Y-1491 (CBuTOu
u fAxuna, 2001).

B ocHoBHOM OeperoBble OOpEIBHI BecesioBckoro
BOJOXpaHWJIMIIA [IpefCTaBjeHbl I'yAUIOBCKUMHU OTJIO-
KEHUAMHU C TPeCHOBOAHON Masiako(ayHOU CTOAYMX
BOJIOEMOB (BTOpasi HajAmoiiMeHHas Teppaca). B kaue-
CTBe IIprMepa MOXHO IIPUBECTH OTJIOXKEHU:A, KOTOphIe
MIOACTUJIAI0T TOPU3OHTHl HaXO[OK CcTOoAHKU FOJioBckas
(Lavrentyev et al., 2012). DTa HWXHASA TOJIA Mpe.-
CTaBJjleHa KPYITHOCJIOUCTBIMU O3EPHBIMU CyTJIMHKaMU C
MpecHOBOAHOU ¢ayHo Planorbis sp., Valvata sp., BUau-
MasA MomHocTh — 3 M. [lo HalileHHO! B 3THUX OTJIO-
XeHHAX KocTu ObLia mosydeHa natupoBka (Chepalyga
et al., 2008). Kanu6poBanHas npu nomoiuu OxCal 4.4.
nata — 25 546 jer Hasanm (JIY-5852). ITo masuHO-
JIOTUYeCKUM J[AaHHBIM 3TOT TOPU30HT OTHOCHUTCA K
OpsHckoMy Bo3pacTy. [Io JaHHBIM ITOCJIeOHUX HCCJIe-
nosanuit (CeiueBa u ap., 2015) Bo3pacTt OpsSHCKONI
aJIeonnouBbl oneHuBaeTca B 33-26 Twic. jiet (MIS 3).
3aTeM NpPOMCXOOWT CMeHa YCJIOBUM OCaAKOHAKOILIe-
HuA. O3€pHBle OCaAKU CMEHAITCA CcyOaKBaJIbHBIMU
OTJIOKEHHUAMH, B KOTOPBHIX PAclOJIOXKEHHBI KyJIbTypHBIE
CJIOM MO3[JHenasieoJInTu4eckoll crosAaHku IOsoBckasd,
BO3pacCT OTJIOXeHUM okoso 17-20 TeicaY JieT Hasap.
B urore Mbl MoOXeM chesiaTh BBEIBOA, YTO perpeccus-
HaaA ctagus ['yauyioBckoro osepa Hayajlach B Nepuof
MO3HEeBaJIJalcKoro (OCTAaIIKOBCKOIO) OJieJeHEeHHs
(Lavrentyev, 2022).

Kpome ryauioBCcKux OTJIOXKEHUH Ha OOpHIBU-
CTBIX Oeperax pexku 3amafHblii MaHBIY MOXHO BCTpe-
TUTb OTJIOXKEHHA, KOTOpHle COCTOAT K3 YepHOMOp-
CKO-CcpeIu3eMHOMOPCKUX BUI0B Cardium edule, Bittium
reticulatum, Chlamys sp., a TakXe IIPECHOBOJHOT'O MOJI-
mocka Viviparus viviparus. IlogoGHOe COOTHOLIEHUeE
¢aynnt gano ocHoanue I'. U. ITomoBy (1983) BbIfe-
JIUTDh OTAEJIbHBIN CypOXCKUI TOPU30HT B JOJIMHE pPeKU
3anmagaeiii Manbsd. ITo mHenuro I'. Y. TTomosa (1983),
CYpOXCKHe OTJIOXKEeHUsA IepeXxofAT B XBaJbIHCKHe
OTJIOKeHUA B pabioHe T. IlposeTapck. OJHAaKO >KHU3Hb
IIPeCHOBOAHOMN U CpeJu3eMHOMOPCKON MajlakogayHb
B OAHOM BoJIoéMe HecoBMecTHMa. CKopee BCero cpeiu-
3eMHOMOpcKas ¢ayHa Oblia BBIMBITA U3 KapaHraTCKUX
OTJIOKEHHI BO BpeMsA cOpoca XBaJILIHCKHUX BOJl depes
Masnsbruckyo ponuny (fAxuHa, 2012, AHuHa u ap.,
2025). Cypoxckue OTJIOXKeHUs BCTpevalTCs TaKxe
Ha cTtosHKe lOj0BCcKkas, rae 3TU OTJIOXKEHUA K IIpH-
CJIOHEHHBl K I'yJMJIOBCKHUM OTJIOXeHHUAM (JIaBpeHTheB,
2025). CnegoBaTtesibHO, CypOXCKUe OTJIOXKEeHUs ABJISA-
10TcA OoJsiee MOJIOABIMH, YeM IyOWJIOBCKHE, YTO IOA-
TBepXKAaeT I'MIOTe3y O TOM, YTO CypOXCKHe OTJIOXe-
HUA oOpa3oBajuch BO BpeMA (QYHKIMOHUPOBAHUA
MasblYCcKOro IpoJivBa

BHu3 no teuenuio y x. Cyxoil fojiMHa paclmps-
eTca B BuAe MeaHAps J0 30 kKM, a 3aTeM 3aKaHUYHBa-
eTcs cyXeHuUeM A0 5 kM y c. Manwu-banabunka, rae
pacnoJjioxxeH OOHOUMEHHBIN paspe3 (JIucuubiH, 1932)
Ha BBICOTE 4 M H.y.M.

Janee Bompl Kacmusa mnoctynmanu B Iepeyrily-
6séHHOoe pyciio peku Ilaneo/loH, koTopoe, cyas mo 23
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BasoBas kapTorpaduyeckas NoanoxKa no AaHHeIM OSM
12 npodpunb Monosa (1983)
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Puc.5. Kapra No2 naneopenbeda MaHBIUCKOIO IPOJIUBA
B parioHe o3epa Mansru-I'yauiio.
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BbicoTa NOAOLWBYLI XBANbIHCKUX OTNIOXKEHMI B MeTpax abc.
10 npodune Monoea (1983)

—— V30/MHMM ONyHeHHbIE N0 AdHHEIM SRTM3

basosas KapTorpacduueckas noanoxka no AaHHeiM OSM
® Mpodmnb A-B reonornueckoii kaptbl L-38-XI1T
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Penbed

—— WsonvHun nanepycna no AaHHsiM npoduneii Monosa 1983
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Puc.6. Kapta Ne3 naneopesbeda MaHBIUCKOrO IPOJIABA
B patrioHe CaJIbCKOTO MOJHATUS.

npodusmo I'. U. [Monosa (1983), gocTturaer riiyOUHBI
—20 M H.y.M. B HacTosmuii MOMeHT MepeyriybéH-
Hoe pyciio peku Ilasneo/[oH MepeKpHITO rOJIONEeHOBBIM
asumoBueM (Puc. 7).

HWmenHo —20 M H.y.M. fABjsIcsA 0a3ucoM 3po-
3uM MaHbIucKoro npoJysa. Jlajgee Bobl XBaJIbIHCKOTO
OacceriHa Bragaau B HoBosBkcuHckuil 6acceiin (— 50,
—100 M H.y.M.).

2.3. 'mapaBAMuecKOoe MOAEAMPOBaHUe

Ha ocHoBe mnocTpoeHHO! LU(}POBOI Modenu
najieopesibeda BBHIIOJIHEHO TMAPABINYECKOE MOIEH-
pOBaHME CTOKA KaCHHUIICKMX BOJ 4epe3 MaHBIUCKYIO
JTOJIMHY.
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PacuéThl npoBeieHs! B IPOrpaMMHOM KOMILJIeKce
HEC-RAS Bepcumu 6.6, npeiHa3HauY€HHOM [Jid OJHO-
MEpHOr'o CTallMOHApPHOI0 MOJAEJIMPOBaHUA TeueHUs B
oTKpHIThIX pyciax. HEC-RAS paspa6oran Hydrologic
Engineering Center (CIIIA) u mojy4us IIKMPOKOe pac-
IIpocTpaHeHue B TUIpaBINYecKUX U T'MAPOJIOTHYeCKUX
HccjieloBaHuAX Gsarogaps BBICOKOMY KauecTBY ajiro-
putMoB U GecriaTHoMy pacnpocrpaHenuio (English,
2023).

B Hacrosmee BpeMmsa HEC-RAS ¢axktuyecku cran
Je-GakTo MUPOBEIM CTaHAAPTOM IIpU pelleHuH 3aAad
yIpaBJjieHus pHCKaMM HaBOJHEHMI, IIPOeKTHPOBAaHUA
TUPOTEXHUYECKUX COOPYXKeHWH M THApaBJIAYECKOIo
MOJIeJINPOBaHUs BOAHBIX OOBbEKTOB BO MHOTUX CTpaHax.

B Poccuu nporpammubeiii komruiekc HEC-RAS
TakXe YyCIeIIHO MPOLEs anpobalyio U aKTUBHO IIPH-
MeHsAeTCA B HayYHBIX U IPOEKTHHIX paboTax. fpkum
IIPYMEPOM MOXeT CJIyXXWUTh KaHAugaTckas Auccepra-
uua . A. Hukudoposa «MogeanpoBaHrie ypOBEHHOTO
pexumMa BogoxpaHuiui peku Exnceii» (2016), B koTo-
poit HEC-RAS ucnomnp3oBasicsi AjiA JeTajIbHOrO Moje-
JIMPOBaHUA TMAPAaBJINYECKOr0 peXrMa BOAOXPaHUJIMII
peku EHuceil.

I'mgpaBinyeckue pacué€Tel 06a3upyloTca Ha
cucrteMe ypaBHeHuil CeH-Benana u ¢opmyse Illesn,
ONMCHIBAIONINX YCTAHOBHBIIEeCAd paBHOMEpHOe Teye-
Hue (Huxudopos, 2016). KoadpuiuueHTs mniepoxosa-
TOoCTU pycia (n no MaHHUHTY) onpeAdesieHbl 0 TabJu-
nam M. ®@. CpubHoro (bapsimHukos, 2003) ¢ yuéToMm
nnajeo00TaHUYeCKUX JaHHBIX.

CorslacHO NaJIMHOJIOTMYECKUM MCCaeOBaHUAM
paspe3a IOo3qHeNaJeoJUTUYecKol cToAHKU FOioBckas
(mosnmHa pexu 3anagHoro Mansya), B Havasle Jerpana-
UM No3AHeBajAalickoro ojefeHenus (~17 Teic. JieT
Hazaf) B noliMe MaHBIUCKOI AOJIMHEI BAOJIb BOJOTOKOB
npouspactanu ojibiaHuky (Lavrentyev et al., 2012;
Lavrentyev, 2022). I[IpuMepHO B 3TO e BpeMs HavaJics
nepeJivB KaclIuycKUX BoJ Yepe3 MaHBIUCKYIO0 BIAJUHY
(CemuxosieHHbIX U Ap., 2022). ITosToMy Ha Hayab-
HOM dTale TPaHCTpecCUy B MOJIeJIN IIPUHATO 3HayeHue
koa(ppunmenta wepoxosaroctu n = 0,08, xapakrep-
HOe JIJIA 3apocliero pycJja.

[To Mepe ¢opmupoBaHUA IOCTOSHHOTO CTOKA
U BBIpaOOTKU pycia KO03(Q(@UIMEHT IepoX0oBaTOCTU
CHIXAJICA A0 3HaYeHUl, TUMUYHBIX I KPYIIHBIX paB-
HUHHBIX pek (n = 0,035). Takoe ymeHblIeHUEe KO3(d-
dunueHTa MepoxoBaTOCTU N 3aKOHOMEPHO IPUBOAUT
K pOCTy cpelilHell CKOPOCTH [IOTOKAa U, KaK MpaBUJIo, K
CHIXEHMIO TJIyOuHBI (yPOBHA) BOJIbI ITpU (GUKCUPOBAH-
HOM pacxofe.

B pacuérax
napameTphl:

* 3deKTuBHOe ucnapeHue B Iepro]] paHHEeXBaJIbIH-
ckol TpaHcrpeccun — 650 mm/ron (Cugopuyk u
ap., 2021);

TaKXe YUTEHbBI cJlegymupe

* MAaKCHMAaJIbHBIII CyMMapHBIH PEYHOI CTOK B XBa-
JiHCKUH 6acceiiH Kacnus (¢ yuéToM Jie JHUKOBOT'O
cToka) — 18 000 m3/c (Cumopuyk u ap., 2021).

[Ipu HeobOxoauMoOCTU yuéta 3(PEPHeKTUBHOrO
ncrnapenus, cTok B MaHBIUCKYI0 AOJIMHY KOPPeKTHPO-
BaJicA MyTEM yMeHbIIeHUA BXOJHOT'O pacxoda BOJbI
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YcnoBHble 0603HaYeHNs

— W3onuHuu nanepycna
© BbicOTa NOAOLBbI FONIOLIEHOBbIX a/TIOBUANbHBIX OTNIOXKEHMIA No 23 npodunio Monosa (1983)
@ Paspes MaHblu-banabutka

YeTBEpTUYHbIE OTNIOXKEHNS MO AAHHBIM reoIornYeckoit kapTbl L-37-XI
[ Q4 - ronoueHoBbIe OTOXEHUS
[ Q3 - oTnoxeHns no3aHero nneicToueHa 1] 5 10 kM

basosas kapTorpaduyeckas NoAnoxka no AaHHsIM OSM L S—

Puc.7. Kapra N4 naneopesbeda MaHBIUCKOIO IPOJIMBaA
B palioHe BrnafieHus p. 3an. Massru B p. J[oH.

Ha BeJIMYMHY, SKBUBAJIEHTHYI0 HMCIIAPEHHIO C 3epKaJjia
Bojloéma (mpumepHo Ha 650 MMm). J[aHHBIA MOIXO
HOCHUT SMIMPUYECKUN XapaKTep W fABJIAETCA yIpolie-
HueM. [[14 nojiyueHus 0oJiee TOUYHBIX M 000CHOBAHHBIX
OIIEHOK TpeOyI0TCA eTaJbHbIe UCCJIENOBAHMA BOAHOTO
OajtaHca xBaJIbIHCKOro OacceiiHa Kacnus, 4To MOXeT
CTaTh MPeIMETOM JaJIbHEHINX UCCIeJOBAHUH.

TakuMm o0Opa3oMm, TUApaBINYECKOE MOMEJTHUPO-
BaHUE IO3BOJIUJIO OLIEHUTh XapaKTEPUCTUKU CTOKA B
pasjMyHble TIEPUOJIbl CYI[eCTBOBAHMA MAaHBIUCKOTO
MPOJINBA.

3. Pe3syabTartbl M 06cy)xpenue

B xome BBINOJIHEHHBIX MCCJIeJOBaHUN ObLIU
IIOCTPOEHHl 4YeThlpe LU(POBHE MoJenau Majeopycya
MaHBIUCKOM OOJIMHEI C BBICOTOI mopora ctoka: 18, 31,
451 46 M H.y.M. BapuaHT ¢ noporom 46 M H.y.M. BKJIIO-
yaeT 3aroJIHeHUe OTJIOKeHUAMU MaHBIUCKOU [OJIVHEI,
13 KOTOPHIX BO3MOXHO 0O6pa3oBaJsics IpANOBbIH pesibed
(Puc. 8). Ona nudposbix MoAesel naseopycia 31 u
45 M H.y.M. nocTpoeH BTopoi CaJyibCKUil MOPOr CTOKa
BbICOTOM 18-19 M H.y.M.

3.1. MuapaBAMuecKoe MOAEAMpOBaHUe
cbpoca KacnMUCKUX BOA Yepe3 MaHbICcKyl0o
AOAUHY

Ha ocHOBe IUQPOBHIX MOJeNeH MNajJeopycia
OBLJI0O TPOBEJEHO TUAPABIMYECKOE MOJEIUPOBAHNE
c6poca KaCOMHICKHX BOJ C PacX0[OM BOJH B CJIEAYIO-
MUX AUana3oHax:
*  BO3MOXHOIO CTOKa pek B Kacnuil B no3gHeeqau-
koBbe 10 000-18 000 m3/c (Cumopuyk u ap., 2021;
Gelfan et al., 2024);

* MAakCUMAaJIbHOTO BO3MOXHOIO CTOKAa KAaCIIHH-
ckux BoAd uepe3 Manbruckyw poauHy 50 000-
65 000 m3/c (Yemasmira, 2005; Sidorchuk et al.,
2011).
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Kpome Toro, Obuia wucciieioBaHa IpPONyCcKHasA
CIIOCOOHOCTH pycja MaHBIYCKOIO IPOJIMBa MpU mopore
cTOKa 18 M H.y.M. U ypoBHe BOAbl 48 M H.y.M.

Takke Mcxo[isl U3 YPOBHA OCHOBHBIX Teppac XBa-
JbIHCKoro OacceriHna Kacrima 20-22, 28-30, 34-36,
46-48 M H.y.M. (Ppruaros, 1997) ObuIM Ipe/icTaBJIEHBI
pacuéTsl cToka MaHBIUCKOrO IPOJIMBa, KOTOPBIE COOT-
BETCTBYIOT BHICOTE Teppac XBaJBIHCKOro OacceiiHa
Kacnus.

3.1.1. 'mapaBAMueckMe pacuétbl copoca
KacnUHUCKUX BOA NPU nopore cToka 18 m H.y.Mm.

CoryacHo reosiorndeckomy mnpopuiaro No 16
(ITonos, 1983), BeicOTa IMOpora CToKa B palioHe c. 3yH/1a-
Tonra cocrasmnsana 18 m H.y.M. (Puc. 9). [Topor cToka B
18-20 M H.y.M. ob6pazoBajicsi B KOHI[e CYIeCTBOBaHUA
Masnzpryckoro npoJiisa. O 4éM CBUETeIbCTBYeT IJ1y0o-
KU 5PO3NOHHBIN Bpe3 U JaTUPOBKU XBaJIBIHCKUX OTJIO-
JKE€HU, KOTOpble OTHOCATCA K KOHIy CyIL[eCTBOBAaHUA
nponuBa 14,2-14,9 Teic. net (Semikolennykh et al.,
2025). CnegoBartesibHO, KO3 (PUIILEHT IIEPOXOBATOCTU
coctasJisl npuMmepHo 0,035. Mcxons v3 mpeacTaBiieH-
HBIX JaHHBIX OBUIM NOJIy4YeHHI cJIeqyolie pe3yJbTaThl
pacuéTos.

Korpa xBassiHCKU 6acceiiH ObLI HAa ypoBHe 22
M H.y.M., YTO COOTBETCTBYeT XBaJILIHCKUM TeppacaM
B 20-22 M H.y.M. (Priuaros, 1997), BelnunHa CTOKa
6p11a oK. 1000 M3/c (Tabauna 2). DTo 6GblIa 3aBepina-
I01las CTaausA CyLecTBOBaHUA MaHBIUCKOr0O IPOJINBA.

[Ipu ypoBHe XBajbiHCKOro 6acceiiHa B 28,1 M
H.y.M. CTOK B MaHbIUCKYI0 OJIMHY ObLT okosio 15 000
Mm3/c. DTa BeJIMYMHA CTOKA COOTBETCTBYET MaKCHMAJIb-
HOMY CTOKY pek B Kacruii 18 000 m3/c MuHyc shdek-
TuBHOe ucnapenue B 650 MM (Cugopuyk u ap., 2021).
JlaHHBIII ypOBEeHb COOTBETCTBYEeT XBAaJIBIHCKUM Teppa-
cam B 28-30 M H.y.M. (Ppruaros, 1997).

JA pgocTuxeHUs ypPOBHA BOABI, COOTBETCTBY-
IOLI[ero XBaJILIHCKUM TeppacaM Ha oTMmeTrkax 34-36 m

, /=
Puc.8. [Taneopesnbed pycyia MaHBIUCKO!M JOJIMHEI ¢ ToporaMmu cToka: A — 18 M.H.y.M.; b — 31 Mm.H.y.M.; B— 45 Mm.H.y.M; T - 46
M.H.y.M C 3alloJIHeHHeM OCafgKoB MaHBIUCKON AOJIMHBI.

201

H.y.M. (Ppiuaros, 1997), npu nopore ctoka 18 M H.y.M.
noTpeGoBasica Obl pacxon mopsgka 65 000 m3/c. Dra
BeJIMYMHA COOTBETCTByeT BepxXHeMy Iipefielly MaKCU-
MaJIbHOTO CTOKa 4Yepe3 MaHBIUCKUH IIPOJIUB, PEKOH-
CTPYUPOBAaHHOIO Ha OCHOBAHUU IUJIOIAAW JXHBOTO
cedyeHus KPyIIHOH NajleOMeHAPH! B HIKHEM Te4eHU! p.
3anaguseiii Mansiy (Sidorchuk et al., 2011).

[TpomyckHasa cnocoOHOCTh MaHBIUCKON JOJIMHEI
npyu ypoBHe BoAbl 40-48 M H.y.M. HaXxoQuUTCA B Jua-
nazore 130 000-350 000 m3/c. DTa BeJIMYMHA COU3-
MmepuMa c oueHkamu A. 0. Cupopuyka, 1o ero gas-
HBIM CcTOK Mor gocturath 200 000-300 000 m3/c mpu
ypoBHe Bojibl 45 M H.y.M. (Cugopuyk u IlanuH, 2022).
IIpu TaxoM 0oJBIIOM CTOKe ypoBeHb Kacmus He mor
noaHATecA 00 40-48 M H.y.M.

Yposuu BoAwl 22 M, 28,1 M, 34-36 M u 40-48
M H.y.M., paccMaTprBaeMble B JaHHOM NojJpa3zeJie, He
OoTpaxarwT IocjefoBaTeJIbHble CTaAuy NOAbEMa XBa-
JIBIHCKOTO 6acceiiHa npu nopore cToka 18 M H.y.M. 3Tu
OTMETKH{ HCIIOJIb30BaHbl MCKJIIOUMTEJIBHO B KayecTBe
TUIIOTETUYECKUX CLieHapueB AJiA OLIeHKU IIPONYCKHOM
crnoco6HOCTH MaHBIYCKOr0 IPoJIMBa NpyU GUKCUPOBAH-
HOM BpIcOTe nopora. OcHOBHas 1ieJIb pac4éToB — Ipo-
JEeMOHCTPHpPOBaTh, YTO IIPU Ie0JIOTUYeCKU MOATBEpX-
JAEHHOM BbICOTe mopora cToka (~18 M H.y.M., npoduib
No 16 mo I'. . IonoBy, 1983) u peajnucCTUYHOM CyM-
MapHOM peyHOM CTOKe B XBaJIbIHCKUI H6acceiiH (10-18
THIC. M°/C) ToAAepXkaHue YpoBHs Kacmuiickoro Mops
Ha TpaJULMOHHO MpPUHHUMAaeMbIX OTMeTKax MaKCH-
MmyMma TpaHcrpeccuu (40-48 m H.y.M.) TpeOyeT pacxoa
BOJBI mopsAnka 130-350 Thic. M3/c, 4TO MpPEACTaBJIA-
eTcs HepeaJMCTUYHBIM clleHapueM. TakuM o0pasom,
JaHHble pacy€Thl MPU3BaHB BBIABUTH IIPOTUBOpeEYHe
MeXJy HHU3KMM IOpOrOM CTOKa M IpeJCcTaBIeHUAMU
0 BBICOKOM MaKCHMMyMe pPaHHeXBaJIBIHCKOM TpaHCIpec-
cvy ¥ 000CHOBaTh HEOOXOAMMOCTD aHaJIN3a ajibTepHa-
TUBHBIX ClieHapueB ¢ 0oJiee BBICOKOH HMCXOJHOHN BHICO-
TOW Iopora CToKa.
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Puc.9. Kapra pekoHCTpyknuu MaHBIUCKOr0 NPOJIMBa € IOPOromM cToka 18 M.H.y.M., 1 koabdunuenToM mepoxosarocTtu 0.35.

3.1.2. 'mappaBAMuecKHe pacuéTtbl copoca
KacnMMCKUX BOA NpPU nopore cToka 31 M.H.y.Mm.

Tak kKak ypoBeHb XBaJILIHCKOTO OacceiiHa He
MOT MOOHATHCA [0 ypoBHA 40-48 M H.y.M. IIpu nopore
cToka B 18 M H.y.M., He0OOXOOAUMO NOAHATH MOPOT
croka MaHBIUCKOTO MpoJsiuBa A0 YpoBHA 31 M H.y.M.
VimMeHHO ¢ 6oJjiee BHICOKOI'O IIOpOra CTOKa CKOpee BCEero
HayvaJicsi cOpocC KacuicKuxX BoJT B MaHBIUCKYTO JIOJIUHY,
rfile BJOJIb BOAOTOKOB IMPOU3PACTAJIA  OJIBIIAHUKU
(Lavrentyev et al., 2012; Lavrentyev, 2022). IToaTomy
B THJIPOJIOTMYECKON MOJEJA MPUHATO 3HaYeHue K03Gg-
¢unmenTa mepoxoBatoctu n = 0,08, xapakTepHoe OJiA
3apocliero pycia.

T[Tpu mopore 31 m H.y.M. 1 pacxoze 18 000 m3/c
ypoBeHb BoAbl Aocturai 40,55 M H.y.M., a C yU4ETOM
3¢ dexTuBHOrO NcnapeHusa — npuMepHo 40,0 M H.y.M.
(Puc. 10). CoOTBETCTBYIOMWN pacxXoj] COCTABJT 15
500 m®/c. JlaHHBIIA YPOBEHD TAKXe€ COOTBETCTBYET XBa-
JIBIHCKOM Teppace B Eprensx (JIaBpeHTbeB u Yenassira,
2024). 3aTeM ypoBeHb BOABI MOT yIacTh 10 37 M H.y.M.
U3-3a M3MeHeHusa KoddduimeHTa MEpoOXOBATOCTH B
[IpOJIMBe IIpU TOM Xe pacxojie Boasl (Tabiuna 3).

IIpu pacxoge 65 000 m3/c ypoBeHb BOABI JOCTU-
ran 47,3 M H.y.M. OTO 3HaueHHe 6JU3K0 K MaKCUMaJlb-
HOMY YPOBHIO PaHHeXBaJIBIHCKON TpaHcrpeccuu — 48
M H.y.M. (DPenopoB, 1957; Peiuaros, 1997; CButou u
ap., 2010; Yenasnsira, 2007 u ap.). B ganpHetimem, npu
yMeHbIIeHnM Ko3bdunueHTa epoxoBaTOCTH, YPO-
BeHb BOJIBI MOT CHU3UTHCA A0 42 M H.y.M.

3.1.3. 'mapaBAMueckHe pacuéTtbl copoca
KacnMMCKUX BOA NPU nopore cToKka 45 M.H.y.M.

B patione fenbThH p. Kajayc ¢uxcupyores Tep-
pacsl BeIcOTOM 40-45 M H.y.M., YTO MO3BOJIAET MPE/IO-
JIOKUTD, UTO I/IBHaIIaJIbeIIZ IIOpor CTOKa MOT' JOCTHUT'aTh
45 m H.y.Mm. (KBacos, 1975; Ilonos, 1983; Prruaros,
1997; Csurou u Ap., 2010).
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B nauase cymecTtBoBaHUA NpoJrBa Koaddunu-
eHT mepoxosatoctu 6s1 n = 0,08. [Ipu pacxone 18
000 M3/c ypoBeHb Bombl gocturan 47,2 M H.Y.M., a C
yuéTtoM 3¢ deKTUBHOro nucnapeHusa — 46,65 M H.y.M.
(Tabnurna 4). COOTBETCTBYIOIIMIT pacxo cocTaBui 12
400 m3/c. OTo 3HayeHHe GJIM3KO K MaKCHMAaJIbHOMY
YPOBHIO XBaJIBIHCKOM TpaHcrpeccun (Puc. 11).

3.1.4. M'mapaBAnueckHue pacuétbl copoca
KacnuMHMCKHX BOA C 3aNOAHEHUEM OocapKaMM

CreHapuii ¢ moporoM 46 M H.y.M. IIpeJirnoJiaraet
JacTHUYHOe 3amnoJjiHeHHe MaHBIYCKOU JOJIMHBL ocaf-
KaMy, 4To HM3MeHseT MopdoMeTpHUuecKre napamMeTpsl
pycaa. Koagpdunuuent mepoxoaroctu 61 n = 0,08
(Puc. 12).

Ta6suna 2. Pe3yspTaTsl ruipaBIniecKoro MoaeaInpoBa-
HUA cOpoca KacnuicKux BoA yepe3 MaHBIUCKYI0 JOJIMHY NIpU
nopore croka B 18 M.H.y.M. B paiioHe 16 nmpodunsa [Tonosa
(1983), ceno 3ynpna- Tosra.

YpoBeHs Kosddumuenr mepoxosaroctu 0.035
BOZIBI Pacxoa Boasl ITnomans CxopocThb
M.H.Y.M. 3
Mm3/c XKHUBOTI'O Te4YeHUs M/c
ceyeHUs
KB.M.
22 1000 20599 0,05
28,1 15000 57858 0,26
28,72 18000 59358 0,27
33 50000 97349 0,51
35 65000 108550 0,6
40 130000 176500 0,91
48 350000 255861 1,36
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Puc.10. Kapra pekoHCTpyKiusa MaHBIUCKOrO pOJIBa ¢ MOPOroM croka 31 M.H.y.M. u Koapduruentom mepoxosaroctu 0.08.

IIpu pacxoze 18 000 m3/c ypoBeHb BOAbI B 3yH/a-
Tousre cocraBian 49,7 M H.y.M., a ¢ yuéToM 3P deKTus-
Horo ucnapenus — 49,15 M H.y.M. COOTBeTCTBYIOLTNI1
pacxoj coctaBuia 12 600 m3/c. DTo 3HaueHHe GJIU3KO
K MakKCUMaJIbHOMY YPOBHIO XBaJIBIHCKOHN TPAHCIPECCUU
(Tabsumna 5).

PexoHcTpyKIIMu ¢ noporamMu croka -31, +45
u +46 M H. y. M. ABJAKTCA TUNOTETUYECKUMU.
CyiiecTBoBaHNE JAaHHBIX MOPOrOB CTOKAa MaHBIUCKOTO
NpoJiBa He TMOATBEpPXAEHO TeOoJIOTMYeCKUMM Jl0Ka-
3aTtenbcTBaMu. OfHaKo 6oJiee BBICOKMII IOPOT CTOKA
31-45 M H. y. M. I03BOJIAeT OOOCHOBATh YPOBEHb XBa-
JIBIHCKOTO OaccefiHa B auana3oHe 40-48 M H. y. M. C
TOYKM 3peHus BogHoro 6aianca Kacrus (Puc. 13).

PexoHcTpykiua nasieopycya MaHBIUCKOTO Mpo-
JIMBa € MOpOroM croka B 18-20 M H. y. M. 060CHOBaHa,
ucxoaa us reosiormueckux npodusieii I Y. Ilomosa
(1983). Ecim nocMoTpeTh NPOJOJIBHBIN NpodUib
MaHBIUCKOTO IIPOJIMBa C IOPOrOM CTOKa 18 M H. y. M.,
TO YBUAUM CcJeayiomue 3akoHoMepHocTu (Puc. 13).
B paiione 3ynpa-ToaruHckoro momHATHA Habiioda-
eTcs YKJIOH pycia. PacteT ckopocTh notoka (Puc. 14).
UTo BMOJIHE 3aKOHOMEPHO, TaK KaK 3TO CaMBbIi y3KUH
y4acToK MaHBIUCKOM [AOJIMHBIL, I'le B OCHOBHOM IIpe-
obsagana rjayOuHHasA 3po3ud. 3aTeM B paiioHe o3epa
Manbu-I'yquio npoucxoauT BeIpaBHUBAHUE MPOLOJIb-
Horo nmpodusa npoyuBa. TedeHue cTaHOBUTCA OoJiee
cnokouHeiM (Puc. 14).

3mech MOXHO YBHAeTh IPUCJIOHEHHBIE K T'yOu-
JIOBCKUM OTJIOXKEHHUAM XBaJIBIHCKHE OCAaOKH, CJIef0Ba-
TEeJIbHO, MPOUCXOAWJIa aKKyMyJiAnus ocaakoB. Cama
spo3usA He ObIa CTOJIb CHJIBHOM. Ilocye Casbckoro
MOHATHA CHOBA NPONCXOAUT NafileHre pycJia MpoJirBa.
3anagHo-MaHbIuCKas BIIagWHA XapaKTepusyeTcs 00Jib-
MM NepenaoM BBICOT U BEICOKUMU CKOPOCTAMU Teye-
HUA. [laHHBIE MOJAEJINPOBaHUA MOATBEPXIOAIOT reoJio-
ruyeckoe CcTpoeHue 3anaaHo-MaHBIUCKOM BIAAWHEL.
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B oTioxeHuaAx Ha MepBON M BTOPOUM HAANONMEHHBIX
Teppacax (QUKCHUpPyeTcsA IepeoTIoKeHHasa (ayHa u3
HIXeJIeXallux TOpU30HTOB, YTO TOBOPUT 00 aKTUBHOM
pasMEbIBe pycJia IpoJiiBa.

Ta6smmna 3. Pe3ysibTaThl rUIpaBJINYECKOTO MOJEINPOBA-
HUA cOpoca KacmuicKux BoA Yepe3 MaHBIUCKYI0 JOJIMHY IIpU
nopore ctoka B 31 M..H.y.M., B paiioHe 16 npodussa [Tonosa
(1983), ceno 3ynpga- Tosra.

YpoBeHb Kosddunuent mepoxosaroctu 0.035
BOABI Pacxon BoAbI ILnomaap CKOpoCTh
M.H.y.M mi/c XKHUBOT'O Te4yeHUs M/C
cedyeHUs
KB.M.
35 6000 19518 0,31
37,2 14800 35630 0,42
37,82 18000 41068 0,44
41 50000 76828 0,65
42 65000 91164 0,71
48 160000 161572 0,99
YpoBeHb Kosdpdunuent mepoxosaroctu 0.08
BOJBI Pacxoa Boabl IInomanp CxopocThb
M.H.y.M mé/c XKHUBOT'O TeyeHUs M/C
cevyeHUs
KB.M.
35 3000 21217 0,14
40 15500 62152 0,25
40,55 18000 67872 0,27
46 50000 133918 0,37
47 65000 154190 0,42
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Puc.11. Kapra pekoHcTpyKIuu MaHBIUCKOTO IPOJIMBA € IOPOrOM CTOKa 45 M. abc u koadduuuentom mepoxosaroctu 0.08.

OnHaKo, HECMOTPsi Ha WMHTEHCHUBHYIO 3PO3UIO,
MIPOTOJIBHEIH TPodrTe MaHBIUCKOTO IPOJIMBA HEJOCTA-
TOYHO BBIPabOTaH, YTO TOBOPUT O KPAaTKOBPEMEHHOCTHU
€ro CyIIeCTBOBaHUSI.

4. 3aknioueHue

I'mppaBnuyeckoe MOAEJVPOBaHNE, BBIIOJIHEH-
HOE B paMKaX HacCTOALIero MCCieJOBaHUsA, TO3BOJIUIO
PEKOHCTpyHpoBaTh HauboJiee BepOATHHIE CIeHapuu
cOpoca KacCIMUHCKUX BOJA 4Yepe3 MaHBIUCKYH OOJIMHY
B Ilepuoj XBaJIBIHCKOU TpaHcrpeccuu Kacnutickoro
Mops. BeifiesieHsl ciieqyoole OCHOBHEIE CI[eHapUU:

1. Ilpu mopore ctoka 18 M H. y. M. JI1 DOCTUXe-
HUA MaKCHUMAaJIbHOTO YPOBHsA paHHEXBaJIBIHCKOMN
TpaHcrpeccuu (40-48 M H. y. M.) norpeboBajics
6b pacxon Boasl mopsaaka 130 000-350 000 m3/c.
OmHako B TMO3JHEM IUIEHCTOI[eHe PEKHU KacCIUH-
ckoro OacceliHa HMKOTOa He 00ecIeurBaji CTOJIb
BBICOKOTO cTOKa. CiieqoBaTesibHO, NOABEM YPOBHA
Kacnuiickoro mops o otMeToK 40-48 M H. V. M.
IIpy 1opore cToka 18 M H. y. M. cjleiyeT cuuTaTh
MaJIOBEPOATHBIM.

Ckopee Bcero, epBoOHavyaJIbHEIN IOPOT CTOKA pac-
noJsiarajics Ha GoJjiee BBICOKOUM OTMeTKe, chOpMU-
POBaHHOI 3a cYeT [AeJIbTOBBIX OTJIOXEHUIN peKu
Kamayc. Psag uccnemoBartesiein (Sidorchuk et al.,
2011; TIlomos, 1983; KBacoB, 1975) omneHuBaer
BBICOTY IIOpOra CTOKa OKOJIO 45 M H. y. M., 4TO
corJjiacyeTcs C BBHICOTHBIM IIOJIOXKEHHEM Teppac B
paiioHe fesibThl Kanayca. Pe3ysbTaTel ruapasiiu-
YecKOro MOJIeJINPOBaHUs II0Ka3bIBAIOT, YTO CTOKA
PeK B 310Xy N03JHeJIeJHUKOBbs ObLIIO JOCTAaTOYHO
AJ1a noaaepxanus ypoBHsa Kacnus Beimie 46 M H. y.
M. BmecTte ¢ Tem Ha Teppacax Bbime 40 M H. y. M.
OTCYTCTByeT MajlakodayHa 1 He IOJIyuyeHO paju-
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OYTJIEPOAHBIX JJaTUPOBOK, B CBA3M C Y€M BOIIPOC
0 MaKCHMAaJIbHOM YpOBHE XBaJIBIHCKOI TpaHCIpec-
cuu (48 M H. y. M.) OCTaéTCsl JUCKYCCUOHHBIM.

. Haunbosiee BepoOATHBIM IIpe/CTABIIAETCA CLeHa-
puii, IpU KOTOPOM IIOPOT' CTOKA pacroJjarajcs Ha

Ta6smmna 4. Pe3ysibTaThl riIpaBJInyecKoro MoJeIipoBa-
HUA cOpoca KacnuicKux BoA uepe3 MaHBIUCKYIO IOJIMHY NIpU
rnopore croka B 45 M.H.y.M., B paiioHe 16 npoduia Ilonosa
(1983), ceno 3ynpga- Tosra.

YpoBeHs Koa¢ddunuent mepoxoBatoctu 0.035
BOZEBI Pacxon Boabl IInomanas CKOpOCTh
M-H-y-M M3/c ’KMBOTO Te4eHus M/C

cedyeHMs
KB.M.
45,61 6000 6642 0,9
46,19 18000 14662 1,23
47,66 50000 38471 1,3
48,37 65000 50467 1,29
YpoBeHb Kosddunuent mepoxosaroctu 0.08
BO/BI Pacxoa Boabl IInomanp CxopocThb
M.H.y.M. 5
Mm3/c ’KUBOT'O Te4yeHusA M/C
ceyeHus
KB.M.
45,69 3000 7551 0,4
46,65 12400 21955 0,56
47,21 18000 31050 0,58
49,99 50000 78471 0,64
50,81 65000 93099 0,7
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Puc.12. Kapra pekoHCTpyKIuu MaHBIYCKOIO IIPOJIMBA C IOPOrOM CTOKa 46 M.H.y.M., C 3allOJIHEHHEM OcagKaMu U Kod3d-

¢unuentoM mepoxosaroctu 0.08.

ypoBHe 31 M H. y. M. CTOKa peK B XBaJIbIHCKUI Oac-
ceiiH Kacrnus BnoJsiHe XBaTU/I0 OBI, YTOOBI IOAAED-
JKMBaTh ypoBeHb BOoAbl B Kacnnu Ha ypoBHe 40 M
H. y. M. DTOT ypOBeHb COOTBETCTBYeT XBaJIbIHCKOM
Teppace B EpreHax u moATBepXJeH HaxogKamu
MajiakodayHbl (JIaBpeHTheB u np., 2024; CBuTou
u ap., 2017).

4. JlenbTOBBIE OTJIOXKeHUs peku Kanayc, mo-suau-
MOMY, NOABEPIJINCh WHTEHCHBHOMY pa3MBIBY
BoJaMu MaHBIUCKOTO MpOJIMBA, 9TO OOYCJIOBUJIO
IIOCTENIEHHOEe CHI>XEHMe BBICOTHI mopora o 18 m
H.y. M. (Cugopuyk u [Tanun, 2022). B ¢ase akTus-
HOTroO pasMbIBa pacxof BoAbl Bo3pacTtas oT 18 000
10 65 000 m3/c. B yactHOCTH, TIpH pacxofe 65 000
m3/c u opore croka 18 M H. y. M., ypPOBEHb BOZbI B
patione 3ynaa-Tosru gocturaa 35 M H. y. M., 4TO
COOTBETCTBYET BBICOTHOMY IIOJIOXKEHHUIO XBaJIbIH-
ckux teppac Kacnusa (Peiuaros, 1997).

5. Ha npotsxeHuu OoJiblliell 4acTU CYIIECTBOBaHUA
Manspluckoro mpoJivBa, ypoBeHb Kacnuiickoro
MoOps yAepXuBajcs B AuanasoHe 22-35 M H. Y.
M., O 4€M CBHAETEJbCTBYIOT MHOI'OYKCJIEHHBIE
HaXOJIKM XBaJIBIHCKUX OTJIOXKEHU C XapaKTepHOU
dayHOll U paauOyTJIepOJHBIMU AATHPOBKaMU B
JaHHOM MHTepBaJie BeIcOT (Arslanov et al., 2016).

Takum o6pa3oM, pe3yJibTaThl NPOBENEHHOTO
HccjieJoBaHus CBUAETEJIbCTBYIOT O TOM, 4TO cOpoc
KacIuicKux BoJ yepe3 MaHBIUCKYIO JOJIMHY B IO3AHEM
IUIeficTOlleHe HOCWUJI IO3TANHBIA XapaKTep U COIpo-
BOXJaJICA I0OCJIeJOBAaTeJIbHBIM IOHMXEHNEM BbICOTH
nopora croka. Hanbosiee BepOATHBIMU ABJIAIOTCA Clie-
Hapuu C IoporamMu CTokKa Ha oTMeTkax 31-45 M H. y.
M., COOTBETCTBYIOIIl€ YPOBHAM pPaHHEXBAJIBIHCKOIO
TPaHCTPecCUBHOr0 MaKCUMyMa.
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PesyspTaThl rUApaBIN4Yeckoro MoJeIMpoBaHus,
BBHIIIOJIHEHHOT'O C KCIIOJIb30BaHUEM IPOrpaMMHOI0
xoMmiuiekca HEC-RAS, B IjeJloM XOpOIIO COIJIACyITCs
C OIleHKaM{ pacxofa BOJBbI, IIOJIyYeHHBIMU Ha OCHOBeE
KJIaCCUYeCKUX F'MAPaBJINYECKUX pacd€éToB o ¢popmyie
lle3u (Sidorchuk et al., 2011; Cupmopuyk u IlaHuH,
2022). Tem He MeHee BOIIPOCH! BBICOTH IOPOT'OB CTOKA,
JUHaAMMKU X Pa3MbIBa 1 IPOAOJIKUTEIbHOCTU OTAeJIb-
HBIX (a3 CTOKa OCTATCs OTKPBITBIMU U TPeOYIOT Aajlb-
Helllero MexAUuCHUILINHAPHOIO U3y4YeHN .

Ta6suna 5. Pe3ysbraTsl ruipaBInyecKoro MoJenpoBa-
HUA copoca KacnuicKux BoA uepe3 MaHBIUCKYIO0 JOJIMHY NIpU
rnopore cToka B 46 M.H y M., C 3all0JIHEHHEM OCaJKOB, B pail-
oHe 16 nmpoduis [Tonosa (1983), ceno 3ynaa- Tosra.

YpoBeHs Kosddumnuenr mepoxosaroctu 0.035
BOABI Pacxon Boasl ILinomans CkopocTh
M.H.Y.M. 3
Mm3/c XKHUBOT'O Te4YeHUs1 M/C
cedyeHU s
KB.M.
47,93 10000 36491 0,27
48,53 18000 48283 0,37
YpoBeHb Kosddunuent mepoxosaroctu 0.08
BO/LBI Pacxon Boabl IInomannp Cxopocth
M.H.y.M. &
M3/c XKHUBOT'O Te4yeHUs M/C
cedyeHUs
KB.M.
49,15 12600 61179 0,21
49,73 18000 73802 0,24
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