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Article type: This study aimed to investigate water level fluctuations on water
Research Article physiochemical, nutritional, and microbial parameters of the Gorgan
Bay and Miyankaleh wetland from 2012 to 2021. To determine
changes in water body area, NDWI was calculated from Landsat 7
and 8 satellite images. The effect of water level fluctuations on
changes in pH, electrical conductivity, salinity, dissolved oxygen,
temperature, turbidity, nitrate, phosphate, ammonia, fecal coliform,
and total coliform was analyzed among various years. Regression
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and microbial parameters (p>0.05). Logarithmic and quadratic
relationships were identified as the best-fitted models describing the
association between the variables under investigation and water
level fluctuations during the studied period, which might be
influenced by seawater inflow through the connecting channel, local
rivers, atmospheric precipitation, agricultural runoff, municipal
waste, and the chemical composition of the sediment and the bay
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floor. Given the impact of water level fluctuations on
physiochemical and microbial characteristics of the bay water, it is
recommended to implement some more in-depth studies on changes
in biodiversity and species richness in the bay.
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Extended Abstract

Introduction

Water level fluctuations, as a key index of
the water lake balance and a vital process
affecting the ecosystem structure and
functionality, is very sensitive to human
interventions and climate changes (Zohary
and Ostrovsky, 2011; Gownaris et al.,
2018). The effects of water level
fluctuations on the water quality of lake
wetlands are complex and diverse (Huang.,
et al., 2023; Yin., et al., 2024), which are
mostly guided by long-term and short-term
fluctuations. These processes directly affect
the water quality, material transport and
nutrition distribution, and consequently will
change water quality. In addition, these
fluctuations can influence the sustainability
of aquatic ecosystems and lead to changes
in the structure of the food web and species
richness (Li et al., 2021). For example, it
has been determined that seasonal
fluctuations in  water levels affect
vegetation distribution and species diversity
in the Everglades wetlands of Florida, USA
(van der Valk et al., 2015). In this context,
the use of remote sensing data and spatial
indices to monitor water level fluctuations
is considered a key tool for supporting
management  decisions and land-use
planning in sensitive coastal ecosystems
(Zhao et al., 2025).

Gorgan bay as a sole Iranian bay in the
Caspian Sea coastal waters, is considered as
an important local ecosystem relating to the
sea via Ashoradeh Bandar Torkman
waterway (Sharbati and Ghanghermeh,
2016). The bay consists of wetland habitats
such as marsh, fen, and peatland and
regarded as an international wetland.
Enclosed and semi-enclosed coastal
environments, such as lagoons and bays,
are primarily influenced by chemical
compounds and various natural and
anthropogenic pollutants introduced from
the catchment area or the parent water body
(the larger, connected water body). The
semi-enclosed water basin of Gorgan Bay
has consistently faced the problem of
declining water volume due to its location
on the continental shelf of the southeastern
Caspian Sea, characterized by a gently
sloping seabed.

In recent years, the increased agricultural
and industrial activities in the coastal areas,
together with fluctuations of the seawater
inlet and the rivers discharge to the bay, are
the effective factors on water chemical and
environmental changes of the Gorgan bay
(Boshra et al., 2012).

Despite several researches on Gorgan bay -
including its  morphology  (Rodbari
Shahmiri et al., 2017), depth modeling
(Gholamalifard et al., 2013),
hydrogeochemical features (Boshra et al.,
2012), water physiochemical assessment
(Jamshidi, 2018; Mohammad Khani and
Enayat Gholampoor, 2020) - there are a few
studies on the effect of water level
fluctuations on water quality in the Gorgan
bay. Existing research has primarily
focused on the spatiotemporal changes in
bay habitats associated with water level
fluctuations, generally over relatively short
periods of no more than one year
(Khoshravan, 2020; Najafiha &
Bonyagaran, 2019). This study aims to
determine how water level changes can
influence the biotic and abiotic aspects of
the Gorgan bay in a long term. By
addressing this knowledge gap, an effective
step can be taken in advancing management
strategies, and planning by the
environmental organization to conserve this
protected area while maintain its
sustainable development. Therefore, the
primary research question is whether water
fluctuations in the gulf and the lagoon over
consecutive years can lead to significant
microbial, physicochemical, and nutrient-
related changes.

Methodology

Changes in lake volume ultimately manifest
as changes in the water level and surface
area of the lake. When the lake's water level
rises, the surface area expands, and the
lake's volume increases. Conversely, when
the lake's water level drops, the surface
level falls and the lake's volume decreases.
Fluctuations in lake volume are closely
linked to changes in water level and surface
area (Lin et al., 2025). Therefore, in the
present study, water levels were measured
using satellite imagery to examine changes
in the bay's water volume. Therefore, in the
present study, the water level was measured
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using satellite imagery to examine changes
in the bay's water volume. Laboratory data
collected from 24 sampling sites between
2011 and 2021 during late autumn and early
winter were obtained from the General
Office of Environmental Protection of
Mazandaran Province. These data included
physiochemical data (salinity, temperature,
dissolved oxygen, turbidity, and electrical
conductivity), nutrients (nitrate, phosphate,
and ammonia), and microbial data (total
coliform and fecal coliform). Satellite
images of Landsat 7 ETM and Landsat 8
OLITIRS in the Gorgan bay and
Miyankaleh ~ wetland  region  were
downloaded from
www.earthexplorer.usgs.gov  from late
December and early January and at spatial
resolution of 30 m. NDWI (Normalized
Difference Water Index) was applied in
order to extract the water body.

Data were analyzed according to their
distribution. The Kruskal-Wallis and
Mann-Whitney U tests were used for non-
normally distributed data, whereas normally
distributed data were analyzed using one-
way ANOVA followed by Duncan's
multiple range test. To reach the best fitted
relationship between changes in water level
with each water physiochemical parameter,
polynomial relationships and non-linear
models (logarithmic, exponential,
quadratic, and cubic) were employed in
Python 3.13.5 and finally the best fitted
model was selected based on some criteria
including AIC (Akaike Information
Criteria), BIC (Bayes Information Criteria),
RSS (Residual Sum of Square), R?(train),
AICc (the small-sample corrected AIC),
LOOCV-MSE (Leave One Out Cross
Validation).

Results and Discussion

The boundary of the water surface in the
Gorgan bay and Miyankaleh wetland was
extracted via NDWI using satellite images
during 2012 until 2021. The Kappa
coefficient and overall accuracy for the
classified water and non-water classes were
found to be 0.87 and 92.4%, respectively.
The water surface area for each year was
subsequently calculated using ArcGIS
10.8.2. Then, three periods of water surface
changes were detected: 1. low water level

(2011-2015), 2. water reduction transition
period (2016-2017), 3. water stress period
(2018-2021).

Considering the lowest LOOCV-MSE
value among the tested models and the
small sample size, more complex models
such as the third-degree model were
discarded due to the risk of overfitting,
despite higher R? values. Therefore, based
on the lowest AICc value and the fact that
the model validation indices are close to
one another, the model with lower
complexity is preferable in terms of
interpretability and the risk of overfitting.
Non-linear relationships like two-degree
polynomial (quadratic) was selected as best
balance between fitting and simplicity to
explain the relation between dissolved
oxygen, salinity, and turbidity with changes
in water surface. A logarithmic model was
considered as the best model to describe the
relationship between nitrate, phosphate,
ammonia, total dissolved solids, total
coliform, fecal coliform, pH, and electrical
conductivity with changes in water surface
area.

This is crucially important to understand
the effects of water surface fluctuations on
wetland ecosystem in order to manage
water sources and environment
conservation (Lin et al., 2025). Andersen et
al (2004) stated that the buffering capacity
of water increases with rising level of
salinity which reduces the pH changes.
Therefore, in the Gorgan bay, the strong
water buffer system inhibited high changes
in pH within the years with higher salinity
levels. Based on the present results, in low
water level period and water stress period,
pH drastically decreased and reached 8.1
and 8.01 which indicated no significant
difference (P>0.05) but had a significant
difference with water reduction transition
period with pH=8.67 (P<0.05). This clearly
revealed that pH level in the bay and
wetland is affected by the water surface
fluctuations.

In this study, the highest level of salinity
(16.925 g/l) was observed in 2017 while its
lowest level detected (8.718) in 2012 when
the water surface of the bay reached
maximum. salinity level increased with
decreased water surface area from 2012 to
2016, and by reducing again the water
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surface from 2019 to 2021, salinity level
increased to 14 ¢/l, indicating direct effect
of water surface fluctuations on the salinity
in the bay. Gradual decline of the Gorgan
bay connection to the Caspian sea due to
the retreat of the sea, the limited volume of
river entrance to the bay and the increased
concentration of chloride and sodium ions
can enhance the bay's salinity level (Boshra
et al., 2015). In this study, the significant
parabolic relationship between changes in
water body area and salinity—as illustrated
in Figure 6—indicates the existence of a
critical point or hydrological threshold at a
water surface area of approximately 4,000
kmz?; specifically, salinity reaches a
maximum (15 mg/L) when the water
surface area falls below this value, whereas
salinity decreases again as the area of the
water body increases.

In the present study, the lowest dissolved
oxygen level (approximately 8 mg/L) was
observed between the years 1397 and 1399,
coinciding with the smallest water body
area, while the highest level (14.873 mg/L)
was recorded in 1390, coinciding with the
largest water body area. A significant
relationship was also observed between
dissolved oxygen levels and fluctuations in
the water body's surface area; specifically,
as the area increased from 350 million to
450 million square meters, dissolved
oxygen levels rose parabolically from
approximately 8 mg/L to 14 mg/L. This
demonstrates the positive, direct impact of
the water surface area on dissolved oxygen
levels in the bay and lagoon; at low water
levels, reduced depth combined with
intensified evaporation leads to increased
salinity and the accumulation of organic
matter—thereby lowering dissolved
oxygen—whereas improved water
exchange with the Caspian Sea, along with
increased mixing and higher water levels in
the bay, enhances ecological conditions and
results in higher dissolved oxygen levels.
This parabolic behavior of dissolved
oxygen is recognized as a non-linear
response to environmental stresses in
aquatic  and  estuarine  ecosystems
(Groffman et al., 2006).

Nitrate ions serve as essential nitrogen
sources for plants, and the lush vegetation
along the lakeshore—consisting primarily

of wild, unfertilized weeds—naturally
reduces the nitrate-nitrogen content of the
water (Tong et al., 2004). In the present
study, the lowest nitrate level was observed
in 2016 (0.145 mg/L) and the highest in
2020 (1.182 mg/L); however, no significant
difference in nitrate concentrations within
the water column of the gulf and the lagoon
was found across the different periods—a
result that may be attributed to the non-
normal distribution of the data and the high
degree of data dispersion. Furthermore, a
significant logarithmic relationship was
observed between nitrate levels and the
surface area of the water body; this
indicates that water levels indirectly
influence nitrate fluctuations in the gulf and
wetland through complex interactions.
Understanding these dynamics requires a
detailed examination of other factors
affecting nitrate trends in semi-enclosed
water bodies like the gulf. In Lake Modung,
ammonia and nitrate levels decreased
significantly during high-water periods and
increased markedly during low-water
periods; ultimately, the lake's water quality
showed a declining trend alongside the drop
in water levels in recent years (Lin et al.,
2025).

Conclusion

The findings of the present study indicate
that water level fluctuations in Gorgan Bay
and Miankaleh Lagoon are not limited
merely to hydrological and water quality
changes; rather, they can give rise to
extensive  spatial and managerial
consequences at a regional scale. From the
perspective of spatial planning,
understanding the relationships between
hydrological fluctuations and changes in
water quality can serve as an effective tool
for spatial planning and the integrated
management of coastal and wetland areas.
Accordingly, the results of this study
highlight the necessity of formulating
management strategies based on the
"Integrated Coastal Zone Management"
(1ICZM) approach—particularly regarding
the determination of environmental water
requirements, the control of agricultural and
urban pollutant inflows, the management of
water exchange with the Caspian Sea, and
the conservation of biodiversity in the
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Miankaleh Wetland. Therefore, the results
of this study can play a practical and
decision-supporting role in formulating
conservation  policies,  environmental
planning, and the sustainable management
of water resources along the southeastern
coast of the Caspian Sea and in other
similar wetlands.
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