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Abstract

In this study, the physical properties and nutrient salt composition of coastal waters affected by
Degirmendere along the Trabzon coast of the Southeastern Black Sea were compared with stations
representing open sea conditions relatively independent of river influence. Fieldwork was planned
for March and August 2025 to capture two contrasting hydrographic conditions; sampling was
carried out at depths of 0-200 m along the river-influenced TM (Trabzon-Center; TM1-TM4) line
and the reference TY (Trabzon-Yomra; TY1-TY4) line. Temperature, salinity, and density profiles of
the water column were obtained using CTD; dissolved inorganic nitrogen species (nitrate, nitrite,
ammonium), orthophosphate, reactive silicate, and total nitrogen and total phosphorus concen-
trations were measured using an auto-analyzer and statistically evaluated using the MonthxLine
approach. In March, a cold and vertically well-mixed water column of 9 °C was observed in both
channels, while in August, a warmer and less dense layer developed at the surface and a distinct
thermocline/pycnocline formed between 20 and 40 m. While no significant difference was observed
between TM and TY in terms of salinity and density, nutrient salts showed a significant change from
the coast to the open sea and from the surface to the depths. Near the coast, TM showed a higher
tendency for ammonium and total nitrogen, while total phosphorus and silicate were relatively
higher in TY in most cases. The effects of month, line, and interaction were pronounced on total
nitrogen, with enrichment being more prominent in TY in March and in TM in August. DIN:PO,3-
ratios above the Redfield ratio generally indicate phosphorus limitation; although Degirmendere
increases enrichment near the coast, this effect weakens within a few nautical miles, indicating
that the trophic status of the region remains relatively balanced in terms of eutrophication. This
study provides a local reference dataset that comparatively documents river effects during two
distinct periods rather than representing an annual cycle.

Keywords Southeastern Black Sea, Degirmendere, Coastal waters, Nutrient dynamics, Phosphorus
limitation, Eutrophication

INTRODUCTION

The Black Sea is considered a semi-enclosed
basin with high sensitivity to external inputs due
to its limited water exchange with the global
ocean, distinct stratification, and relatively low
salinity (Mee, 1992; Murray et al., 2007; Sadighrad,
2019; Lazar et al, 2021). Water circulation in the
basin reveals a two-layer structure, with the
oxygenated upper layer separated from the hy-
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drogen sulfide-containing anoxic deep layer by a
sharp pycnocline (Kondratev and Masevich, 2024;
Dubinin et al,, 2024). This strong vertical stratifica-
tion creates a favorable environment for limiting
mixing, trapping riverine and anthropogenic ma-
terials, particularly in the upper layers; increasing
nutrient salt stocks, and reshaping biogeochem-
ical processes (Strokal and Kroeze, 2013; T.C. CSIDB
and TUBITAK MAM, 2022; Varenik et al,, 2023).
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The Effect of Degirmendere on Hydrography and Nutrient Salt Distribution in the Southeastern Black Sea (Trabzon) Coastal Waters

The southeastern coast of the Black Sea is a region where
river-coastal interactions become pronounced over short
distances due to its narrow continental shelf and steep
coastal morphology. Numerous rivers that flow rapidly into the
sea carry freshwater, suspended solids, and nutrients to the
coastal zone; as a result, higher levels of dissolved inorganic
nitrogen (DIN) and phosphorus compounds, increased
chlorophyll-a levels, and strong spatial/seasonal variability
can be observed compared to the open sea. (Eriiz et al,
2000; ismail and Eriiz, 2023; Tan et al, 2023; Ozseker et
al, 2024; Lazar et al, 2024). Physical and biogeochemical
findings in the region indicate that the stratification regime
significantly governs vertical mixing and nutrient transport;
nutrient concentrations generally decrease from the coast to
the open sea, and maximums of nitrate (NO5) in the upper
oxygenated layers, phosphate (0-PO2") in deeper layers,
ammonium (NH,), and silicate (SiO,) maximums can develop
in deeper layers (Orekhova, 2021; Alkan et al., 2022; Kondratev
et al, 2023; Chen et al, 2023; Agirbas and Fidan, 2024). These
horizontal and vertical distribution differences contribute
to the differentiation of food web relationships between
coastal and open sea areas through primary productivity and
community structure (Agirbas and Bakirci, 2022; Gall et al,
2024).

Freshwater inputs play a key role in the process differentiation
between coastal and open ocean systems by altering
salinity zones and stratification (Gao et al, 2021). River-
derived sediment transport can affect nutrient cycles,
nutrient retention/transport dynamics, and the horizontal-
vertical distribution of primary producers by transforming
the physical-chemical properties of the water mass (Zilius
et al, 2024). Understanding these mechanisms is critical
for explaining ecosystem functioning and the sustainable
management of marine resources (Mikaelyan, 2024; Ristea
et al,, 2025; Kache et al,, 2025). Degirmendere near Trabzon
stands out as a system that provides significant freshwater
and nutrient input to the coastal ecosystem, as its basin is
subject to combined urbanization, agricultural, and industrial
pressures (Alkan et al., 2013; Yildirim, 2021; Mete et al., 2022).
Seasonal variations in flow/discharge conditions directly
shape the nutrient load transported to the coast and the
accompanying biological-chemical responses (Barroso et al.,
2016; Gao et al., 2021).

Although there is extensive literature on Black Sea coastal
ecosystems, studies that simultaneously address the impact
of river inflows both along the coast-open sea axis
and along the 0-200 m vertical axis, and that evaluate
them comparatively with a “reference” line sharing the
same regional regime, remain limited. Therefore, examining
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the Degirmendere effect simultaneously through the river-
influenced T™ line and the TY line, which is distant from river
influence, has the potential to fill an important information
gap in terms of nutrient salt composition, N:P ratios, and
eutrophication risk.

This study compares the TM line under the influence of
Degirmendere and the TY reference line relatively distant from
the river effect along the Trabzon coast during the March
(mixing) and August (strong stratification) 2025 periods in
the 0-200 m water column; it aims to quantitatively reveal
the changes in temperature, salinity, and density, as well as
the basic nutrient salt components (NO5+NO,” (NOy), NH,*,
0-P0O2, Si0,, total nitrogen (TN) and total phosphate (TP))
from the coast to the open sea and in the vertical direction.
This comparison allows for the evaluation of the distribution
and enrichment patterns of river-derived inputs in the water
column under different hydrographic conditions.

MATERIALS AND METHODS
Study Area and Sampling

The study area encompasses the coastal section where the
Degirmendere River flows into the sea in the center of
Trabzon province in the Southeast Black Sea region, as well
as reference areas representing open sea conditions where
this riverine effect weakens/disappears. The study area was
selected to determine the effects of freshwater inflows,
nutrient loads, and suspended solids transported from the
Degirmendere basin on regional water quality. Accordingly,
the research area was designed to represent both the coastal
zone, where river-derived inputs are dominant, and reference
areas where open sea conditions prevail. The geographical
locations of the study area and sampling stations are shown in
Figure 1, and detailed information on the stations is presented
in Table 1.

The area where the river effect is most pronounced is
considered to be the mouth of the Degirmendere River, and
four fixed stations (TM1-TM&) have been established along
the TM line from this point towards the open sea. The T™M
line represents a transition zone where the freshwater effect
decreases, salinity increases, and the vertical structure of the
water column changes as one moves away from the river.
For comparison purposes, reference stations representing
conditions distant from the river effect were selected off the
coast of Yomra, east of Trabzon, and four fixed stations (TY1-
TY4) were defined along the TY line. Thus, the study design
was established based on a total of n=8 stations (TM1-TM4 and
TY1-TY4).
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Figure 1. Measurement and sampling stations

Table 1. Information about sampling stations

City County  Station  Station Latitude Longitude
code No

Trabzon Center ™ 1 41°00.400'N 39°45.930'E

™ 2 41°00.850'N 39°45.930'E

™ 3 41°05.562'N 39°45.926'E

™ 4 41°10.058'N 39°45.926'E

Yomra TY 1 40°57.735'N 39°52.038'E

TY 2 40°58.776'N 39°52.474'E

TY 3 41°2.568'N 39°55103'E

TY 4 41°7.460'N 39°55.710'E

The stations are positioned in a gradual arrangement from the
coast outwards:

Station 1: approximately 0.5 nautical miles (nmi) from the
coast (total depth ~20 m),

Station 2: approximately 1 nmi from the coast (total depth ~50
m),

Station 3: approximately 5 nmi offshore (total depth ~200 m),
and

Station 4: approximately 10 nmi offshore (total depth ~200 m).

Marine studies were conducted using the R/V Siirat Research
Vessel belonging to the Fisheries Research Institute; sampling
was carried out in two trips during the periods of March and
August 2025. Each station was sampled once during each trip;
multiple depth samples were taken per station to evaluate the
vertical structure.

Hydrographic parameters (temperature, salinity, and density)
were measured from the surface to 200 m using a Sea-Bird 19
Plus CTD. For nutrient salt and total nutrient element analyses,
water samples were collected using a rosette sampler (SBE
32 Carousel, 12-position, 1.7 L) at 10 m intervals between the
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surface and 50 m, and at 25 m intervals between 50 m and
200 m.

Nutrient Salt Analyses

Nutrient salt analyses were performed using the Seal Analytics
auto-analyzer system (Seal X-Y-2 Sampler AA3). For dissolved
inorganic nutrient salts, 0-PO2- (G-175-96, Rev. 13), NOx
(G-172-96, Rev. 11), NH,* (G-171-96, Rev. 11), and SiO, (G-177-96,
Rev. 9) protocols were applied. TP and TN analyses were
performed after persulfate digestion, following the G-175-96
(Rev. 13) and G-172-96 (Rev. 11) methods, respectively. The
method detection limits (MDL) were determined as 0.01 pM
for NO57, 0.003 pM for NO,~, 0.02 uM for 0-PO,3*", 0.04 uM for
NH,*, and 01 pM for SiO,. All glassware was treated with 10%
HCl and rinsed with distilled water prior to analysis; MOOS-3
reference material was used for quality assurance, and at least
10% of the samples in each analysis series were reanalyzed to
monitor repeatability.

Statistical Analysis

All statistical evaluations in this study were performed using
PAST 417 software (Hammer et al.,, 2001). Minimum-maximum,
mean, and standard error (SE) were calculated at the month
(March, August) and line (TM, TY) levels for the physical
(temperature, salinity, density) and nutrient salt variables
(NOy, NH,*, 0-P0O,3", SiO,, TP, TN) measured on the TM and TY
lines. Prior to inferential tests, the normality of the residuals
was assessed using the Shapiro-Wilk test and Q-Q plots,
and the homogeneity of variance was assessed using the
Levene test; appropriate transformations were applied when
necessary.

When testing the temporal and horizontal differences
between the TM and TY lines, the replication structure
was defined as a station to reflect the sampling design;
measurements taken along the depth at the same station
were treated as intra-station repeated measurements.
Therefore, analyses were conducted using a mixed/repeated
measures approach that included fixed effects for Month
(March, August) and Line (TM, TY) and the MonthxLine
interaction; stations were considered “subjects” (random
effect) within the line, and the depth effect was included in the
model as a repeated-measure component to represent intra-
station dependency (univariate repeated-measures ANOVA
framework in PAST).

When the interaction term was found to be significant, simple
main effects were examined; multiple comparisons were
made with appropriate adjustments (e.g,, Tukey HSD), and the
significance level was set at p<0.05. In addition to F and p
values, effect sizes were reported using partial eta-squared
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(n2,); according to Cohen (1988), n%, = 0.01 was interpreted as
a small effect, n?, = 0.06 as a medium effect, and n?, = 014 as
a large effect.

RESULTS and DISCUSSION

Hydrographic Structure: Temperature, Salinity, and
Density

The hydrographic structure was examined by jointly evaluating
the temperature, salinity, and sigma-t distributions obtained
on the TM and TY lines in March and August. The results of
the two-way ANOVA with the factors Month (March-August) x
Line (TM-TY) show that only the month effect is statistically
significant (p<0.05) for temperature and density (o), while
the line and interaction terms are not significant. For salinity,
neither the month nor the line factor, nor the MonthxLine
interaction was found to be statistically significant (p>0.05)
(Table 2).

In March, surface-upper layer temperatures remained at
approximately 9 °C on both tracks, with temperatures
remaining nearly constant throughout the 0200 m water
column, indicating good vertical mixing and a single-
layered structure. No significant thermocline/pycnocline
developed during this period, and no meaningful horizontal
differentiation was observed between TM and TY. In August,
surface temperatures rose to approximately 27-28 °C, and the
water column on both tracks transformed into a two-layered
structure consisting of a warm, low-density surface layer and
a thermocline/pycnocline zone developing between 20-40
m depths below it. Below the thermocline, the temperature
dropped again to =9-10 °C, and below 50 m, the TM and TY
lines exhibited similar deep water conditions (Figure 2; Table
3).

Salinity distribution showed a similar seasonal pattern to
temperature but with a narrower range of variation. In March,
due to strong winter mixing, salinity was largely homogeneous
throughout the TM and TY layers, both at the surface and
at depths of 0200 m. Low to moderate values characteristic
of the upper layer of the Black Sea were observed,
and no distinct halocline formed. Although Degirmendere's
freshwater inflow is located on the TM line, it created only
a limited dilution effect at the surface during this period
because vertical mixing was dominant. In August, a distinct
halocline developed on both lines, representing lower salinity
at the surface and a transition to more saline intermediate
layer waters below. On the TM line, the low salinity layer was
thicker and extended slightly deeper due to the river effect,
while on the TY line, this layer remained shallower; however,
below 50 m, salinity on both lines converged to similar values,
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and a common regional salinity regime was observed (Figure
2; Table 3).

The sigma-t (density) distribution also revealed a vertical
structure consistent with temperature and salinity. In
March, the TM and TY upper layer density averages were
approximately 14.8 kg m=3, and the density field remained
largely homogeneous throughout the 0-200 m range, with no
pycnocline developing.

Table 2. Effects of Month, Line, and MonthxLine on physical and
nutrient salt parameters: two-way ANOVA.

Parameter  Impact df (1,124) F p n2p
Temperature  Month 1124 35.23* <0.001* 0.221*
Temperature Line 1124 0.99 0322 0.008
Temperature  Month 1124 118 0.280 0.009

xLine
Salinity Month 1124 016 0.691 0.001
Salinity Line 1124 0.08 0.772 0.001
Salinity Month 1124 016 0.690 0.001
xLine
Density Month 1124 14.29* <0.001* 0.103*
Density Line 1124 0.78 0.379 0.006
Density Month 1124 0.76 0.384 0.006
xLine
NO;+NO, Month 1124 2.00 0.160 0.016
NO;+NO, Line 1124 0.37 0.545 0.003
NO5+NO, Month 1124 0.04 0.850 0.000
xLine
NH," Month 1124 0.59 0.445 0.005
NH," Line 1124 2.84 0.094 0.022
NH," Month 1124 0.05 0.827 0.000
xLine
0-PO, Month 1124 0.34 0.562 0.003
0-PO, Line 1124 0.43 0.512 0.003
0-PO, Month 1124 0.01 0.931 0.000
xLine
SiO, Month 1124 0.51 0.478 0.004
SiO, Line 1124 0.23 0.630 0.002
SiO, Month 1124 0.23 0.634 0.002
xLine
TP Month 1124 135 0.248 0.01
TP Line 1124 179 0183 0.014
TP Month 1124 0.04 0.845 0.000
xLine
TN Month 1124 6.46* 0.012* 0.050*
TN Line 1124 7.66* 0.007* 0.058*
N Month 1124 35.96* <0.001* 0.225*
xLine
90
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Figure 2. Measurement and sampling stations

table 3. Temperature, salinity, and sigma-t values at TM and TY
stations in March and August according to depth (mean + SD and

min-max distributions)

Fidan et al., 2026

Season Station Depth  Temperature Salinity Sigma-t (kg/m3)

(m) (°C) (Psu)
March ™™ 0 941+ 0.09 18.71 £ 0.09 13.99 + 0.29
(918-9.61) (18.55- (1312-14.35)

18.96)
March ™™ 20 9.37 + 0.03 18.64 + 0.01 14.30 + 0.01
(9.32-9.40) (18.63- (14.28-14.30)

18.65)
March ™M 50 933+ 010 18.76 + 0.06 1440 + 0.04
(913-9.47) (18.66- (14.34-14.46)

18.86)
March M 75 9.26 + 016 18.83 £ 013 1446 + 0.08
(911-9.42) (18.70- (14.38-14.53)

18.96)
March ™M 100 9.26 + 0.26 19.72 + 0.66 1515 + 0.54
(9.01-9.52) (19.06- (14.60-15.69)

20.38)
March ™™ 150 895+0.00  21.00 + 0.08 1619 + 0.06
(8.95-8.95) (20.92- (1613-16.25)

21.08)
March M 200 8.89 + 0.02 2141 + 0.04 16.51 + 0.03
(8.87-890)  (21.37-2145) (16.48-16.55)
March  TY 0 9.35 + 0.02 1840 £ 010 1393 £ 0.26
(9.29-940)  (1810-18.57) (1315-14.24)
March — TY 20 9.56 + 0.01 18.65 + 0.02 14.28 + 0.02
(9.53-9.58) (18.62- (14.25-14.31)

18.69)
March — TY 50 948 + 0.00 18.77 + 0.02 14.38 + 0.02
(9.47-9.49) (1873~ (14.35-14.42)

18.81)
March — TY 75 947 + 0.01 1899 + 010 14.56 + 0.08
(9.47-9.48) (18.89- (14.48-14.64)

19.09)
March  TY 100 941+ 0.02 19.51 + 0.01 14.96 + 0.01
(9.39-9.43) (19.49~ (14.95-14.98)

19.52)
March  TY 150 8.93 + 0.01 2111+ 0.03 16.28 + 0.02
(892-893)  (21.09-2114) (16.26-16.30)

Season Station Depth  Temperature Salinity Sigma-t (kg/m3)
(m) (°C) (Psu)
March  TY 200 8.88 + 0.00 2143 + 0.03 16.53 + 0.02
(8.88-8.88) (21.40- (16.51~16.56)
21.46)
August M 0 27.89 + 010 18.30 + 011 992 + 0.07
(27.72-2814)  (17.97-18.47) (9.73-10.05)
August M 20 27.35+ 011 1847 + 0.02 10.22 + 0.05
(2714-27.47) (18 44— (1015-10.31)
18.52)
August  T™M 50 936 £ 0.27 18.87 £ 0.10 1448 + 011
(8.88-9.82) (18.75- (14.32-14.68)
19.06)
August  T™M 75 8.72 + 0.09 1910 + 0.14 14.73 £ 010
(8.63-8.80) (18.96- (14.63-14.83)
19.24)
August M 100 9.03 + 0.01 2013 + 011 15.50 + 0.09
(9.02-9.04) (20.02- (15.41-15.59)
20.24)
August M 150 893 + 0.00 2113 + 0.01 16.29 + 0.01
(8.93-8.93) (2112-2115) (16.28-16.30)
August M 200 8.89 + 0.01 2150 + 0.01 16.58 + 0.01
(8.89-8.90) (21.49- (16.57-16.59)
2150)
August  TY 0 2742 +0.08 1848 + 012 10.01 + 0.28
(27.24-27.61)  (1815-18.72) (918-10.33)
August  TY 20 17.65 + 0.05 1815 + 012 1249 + 010
(17.56-17.72) (17.94- (12.31-12.66)
18.38)
August  TY 50 8.86 + 0.05 18.98 + 0.01 14.62 + 0.01
(8.78-8.97) (18.96— (14.61-14.63)
18.99)
August  TY 75 9.03 + 0.00 19.86 + 0.07 15.29 + 0.05
(9.03-9.03) (19.80- (15.24-15.35)
19.93)
August  TY 100 898 +0.00  20.60 + 0.02 15.87 + 0.01
(8.98-8.98) (20.58- (15.86-15.89)
20.62)
August  TY 150 892 + 0.00 2120 + 0.01 16.34 + 0.00
(8.92-8.92) (2119-21.20) (16.34-16.35)
August  TY 200 8.88 + 0.00 2149 + 0.01 16.58 + 0.01
(8.88-8.88)  (21.48-2151) (16.57-16.59)

Aquat Sci Eng, 41(2), 87-97

During August, surface warming and the partial effect of
freshwater caused a low-density upper layer to form at
0-10/20 m along the TM line, while a thicker pycnocline
zone, defined by gradually increasing sigma-t values, formed
between 20-40 m. On the TY line, the low-density layer was
confined to a shallower depth range, with sigma-t rapidly
reaching intermediate layer density values along a more
abrupt pycnocline between 15-30 m. Below 50 m, sigma-t
reached similar levels on both lines, and a common deep-
water structure belonging to the same water mass prevailed.
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In summary, the TM and TY lines are subject to essentially
the same regional density and salinity regime from a
hydrographic perspective. The vertical structure is primarily
determined by seasonal stratification and thermocline/
pycnocline development; the coastal effect associated with
Degirmendere is limited to only the upper few tens of
meters and manifests as weak horizontal variations. Detailed
numerical values are presented in Table 3. These hydrographic
contrasts provide the physical context for interpreting
nutrient-salt variability, which is analyzed in Section 3.2.

Temporal and Spatial Distribution of Nutrient Salts

The joint evaluation of nutrient salts according to the
MonthxLine factors reveals that the TM (coastal line under
river influence) and TY (open sea reference line) regions
generally exhibit a similar trophic regime; however, the
coastal-open sea differentiation is particularly pronounced
in certain nitrogen and phosphorus compounds (Table 2). In
the surface layer, both lines exhibit low to moderate levels
of inorganic nitrogen and phosphorus, but relatively high TN
loads. Detailed statistical values are presented in Table 4.

In the two-way ANOVA model established for NOx, month, line,
and MonthxLine interaction were not found to be statistically
significant, and average NOx levels were quite similar in the TM
and TY lines. This indicates that nitrification processes in the
oxygenated upper layer operate similarly on a regional scale.
For NH,*, the season and interaction terms were insignificant,
but the line effect showed a trend close to significance;
higher NH,* concentrations were recorded in the TM line
throughout the year compared to TY. This increase observed
along the TM, especially during the summer period, indicates
a richer accumulation of NH,* supported by organic matter
decomposition, river inflows, and anthropogenic loads in the
coastal strip under the Degirmendere effect (Table 2).

For 0-PO,2", TP, and SiO,, none of the terms month, line,
and MonthxLine are statistically significant; however, when all
water column averages are considered, 0-PO,3~ and SiO, levels
inthe TY line are seen to be higher than in the TM line in some
places. This structure indicates a more stable SiO, and 0-PO,3-
pool fed by processes such as diffusion from deep waters to
the surface, particle sedimentation, and redissolution from
bottom sediments on the open sea side. Surface o0-PO,*"
concentrations remain at trace levels throughout the year in
both regions and are mainly noticeable during periods when
bottom material is resuspended (Table 2).

Fidan et al.,, 2026

was determined that TN enrichment was more pronounced
in the open sea (TY) in March, while maximum TN values
shifted to the coastal zone (TM) at the end of summer. These
results indicate that at the end of winter/beginning of spring,
nitrogen stocks transported from deep waters to the surface
by winter mixing were dominant in the TY line; whereas in
the summer period, a persistent nitrogen accumulation fed by
river inflows, coastal organic matter load, benthic dissolution,
and local anthropogenic sources was prominent in the TM line
(Table 2).

Along the TM line, moving from the coast to the open sea,
particularly in March, the relatively high levels of NO,, NH,*,
and SiO, at the TM1 station closest to Degirmendere, which
rapidly decrease a few miles offshore, indicate that river-
derived enrichment is confined to a narrow coastal strip.
In contrast, for NH,, TN, and TP, instead of a uniform
decrease from the coast to the open sea, a more irregular
horizontal-temporal structure was observed, characterized
by local increases at some stations and periods. Which is
consistent with short-term hydrodynamic conditions and/
or biogeochemical transformation processes; however, since
currents and meteorological conditions were not measured
simultaneously in this study, the relevant mechanisms cannot
be directly verified. Horizontal differences along the TY line
are more limited, and the small-scale variations observed in
NO,, SiO,, and TP may be related to the intensity of seasonal
mixing and local variability. Overall, the findings indicate that
the TM and TY lines are within the same regional productivity
regime; but suggest that in the coastal section (TM), there is
a more pronounced enrichment trend, particularly in reduced
nitrogen forms and TN components, due to river inputs, while
in the offshore section (TY), 0-PO2- and SiO, stocks may
be relatively supported by processes associated with deeper
layers (Figure 3a,b; Table 4).

Figure 3a. Surface distribution of nutrients at TM and TY stations

TN has been the parameter that most clearly reflects in March

trophic differences between lines. In the two-way ANOVA

for TN, both the month and line effects, as well as the

MonthxLine interaction term, were found to be significant; it
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Figure 3b. Surface distribution of nutrient salts at TM and TY
stations in August

Table 4. Surface nutrient salt concentrations at TM and TY stations
for March, August, and the year as a whole (mean + SD, min-max;
M)

SeasonStation  NOx NH,* [PO2] [sio, [TP [TN
(um) (M) M) (Em); (M) (pm)]

March ™™ 0.80 =+ 135+ 0.08 + 481+ 0.57 + 15.63 +
0.25 0.27 0.01 0.42 0.02 118

(010- (0.79-  (0.06- (3.74— (0.52- (12.53-

1.31) 210) 0.10) 5.61) 0.61) 18.00)

March  TY 1.03 + 059+ 0.02= 7.27 + 0.69 + 19.42 +
0.27 0.36 0.00 1.30 013 2.67

(0.41- (013-  (0.02- (47— (0.32- (13.54—

172) 1.65) 0.02) 10.14) 0.93) 26.16)

August ™M 0.44 + 121+ 0.02 + 3.61+ 0.73 24.50 +
0.30 0.46 0.00 191 0.08 343

(0.01- (027-  (0.02- (1.08- (0.59- (17.02-

1.30) 2.05) 0.02) 9.23) 0.97) 32.40)

August  TY 029 + 0.52 + 0.03 = 371+ 1.07 = 14.55 +
012 0.34 0.01 145 0.21 2.37

(010- (0.04-  (0.02- (110- (0.59- (11.29-

0.61) 1.53) 0.05) 7.68) 1.62) 21.43)

Year ™ 0.62 + 128 + 0.05+ 421 + 0.65 + 20.07 +
overall 019 0.25 0.02 0.93 0.05 2.37

(0.01- (027-  (0.02- (1.08- (0.52- (12.53-

131) 210) 0.10) 9.23) 0.97) 32.40)

Year TY 0.66 0.55% 0.02 + 549 + 088+ 1698
overall +0.20 0.23 0.01 113 014 1.89

(010- (0.04-  (0.02- (110- (0.32- (1.29-

172) 165)  0.05)  1014) 162)  2676)

Surface layer (0 m) DIN:PO, ratios ranged from 10.84-109.39
in March and 6.95-167.30 in August; a more regular decrease
was observed from the coast to the open sea along the T™M
line in March, while in August, a more fragmented pattern
emerged, particularly with high ratios in TM1 and TY1. However,
since 0-PO,3~ values were close to the detection limit in some
samples, potentially inflating DIN:PQ, ratios, these ratios were
evaluated not as a definitive diagnostic criterion but as a
qualitative indicator of potential nutrient balance (Table 5).
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Table 5. Surface DIN:PO,3" ratios at TM and TY stations for March

and August
Station DIN:PO,> (March) DIN:PO,> (August)
™1 59.87 167.30
T™M2 28.02 28.50
T™M3 22.00 100.75
TM4 10.84 3415
™Y1 109.39 107.45
TY2 70.40 6.95
TY3 92.25 22.38
TY4 35.65 8.04

The pattern from the coast to the open sea is particularly
evident in March in TM1, where NOx-NH,*-Si0, starts relatively
high and rapidly decreases within a few miles; this indicates
that river-derived enrichment may be confined to a narrow
coastal strip. In contrast, NH,", TN, and TP exhibited a
more irregular horizontal-temporal structure characterized
by local increases rather than a uniform decrease at some
periods/stations. Although this situation is consistent with
short-term hydrodynamic conditions and/or biochemical
transformations, the mechanism cannot be directly tested
due to the lack of simultaneous current-meteorological
measurements. The more limited horizontal differences in
the TY line suggest that seasonal mixing intensity and local
variability may be decisive factors.

Stoichiometric assessment has opened up an additional
reading area for the limiting pattern. The fact that DIN:PO,3-
ratios remain above the Redfield ratio in most cases indicates
that phosphorus-based limitation may be dominant in the
study area. Studies reporting relatively low 0-PO,2~ levels
in Eastern Black Sea rivers, but wider ranges for TN and
Si0,, support this framework (Alkan et al., 2013). Considering
that disruption in the N:P balance is a critical trigger for
eutrophication (Strokal et al., 2014; Yunev et al.,, 2007) and that
nutrient increases in coastal waters can transform ecosystem
responses (Orekhova, 2021; Alkan et al., 2022), it can be said
that the enrichment observed in TM due to the Degirmendere
effect strengthens the “nitrogen-rich-phosphorus-limited”
signature.

Temporal and Vertical Distribution of Nutrient Salts

Although the vertical nutrient salt profiles of the TM and TY
stations generally have a similar structure, the concentration
levels and the intensity of the maximum/minimum values
differ significantly, especially between the March and August
periods. Detailed numerical values are presented in Figure
4(a,b) and Table 6.
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ooz March ] MOS0t March 771 WO O August TH) O3 N Avgust T

: B Parameter Depth  TM ™ ™ TY TY TY

! g ! (m) March  August  Year paich August  Year
i = overall overall
i (079-  (027-  (027- (0.04- (0.04- (0.04

210) 2.22) 2.22) 1.65) 2.83) 2.83)

20- 141 + 1.26 + 134 + 016 047 + 0.32
50 015 0.40 0.21 +0.03 012 +0.07

- (0.68- (0.30- (030- (0.07- (0.09- (0.07-

E e 2.21) 3.83) 3.83) 0.36) 1.21) 1.21)

50- 161+ 177+ 139+ 012 063+ 038

T T 100 026 045 025  +0.03 018 013
Figure 4a. Vertical profiles of nitrate+nitrite, ammonia, and total (18- (0.32- (032-  (0.05- (034- (0.05-
nitrogen at TM and TY stations for March and August 220) 237) 237) 017) 112) 012)

100-  6.59 + 822 740 525 6.65 * 595
200 1.70 1.58 114 +142 1.51 +1.02

100w e 1]

(0.77- (088~  (077- (019-  (113- (019~
13.40) 13.83)  13.83) 10.86) 11.96)  11.96)

0-PO3" 0- 0.08 + 0.02 + 0.05 + 0.02 0.02 + 0.02

20 0.00 0.00 0.01 +0.00 0.00 +0.00
(0.06- (0.02- (0.02-  (0.02- (0.02- (0.02-
0.10) 0.02) 0.10) 0.02) 0.05) 0.05)

20— 015 + 013 + 014 = 0.04 016 = 010

50 0.02 0.04 0.02 +0.01 0.03 +0.02
(010~ (0.02- (0.02-  (0.02- (0.04- (0.02-
0.25) 0.36) 0.36) 0.09) 0.32) 0.32)

Figure 4b. Vertical profiles of silicate, phosphate, and total

50- 0.60 + 1.02 £ 0.81 ¢ 0.56 143 + 0.99

phosphate at TM and TV stations for March and August 100 031 034 023 +017 014 +019
Table 6. Vertical nutrient salt concentrations at TM and TY stations (014~ (029~ (014- (024- (112 (074~
for March, August, and the year as a whole (mean # SD, min-max; 1.50) 179) 179) 090) 170) 170)
) 100- 341 398+ 370+ 441 LI4x 457
200  0.66 0.58 043  *058 033 032
Parameter Depth ™ ™ ™ TY TY TY (111- (1.37- (111- (1.65- (3.21- (1.65-
(m) March  August  Year maych August Year 6.28) 5.93) 628) 589) 59)  59)
overall
overall Si0, 0~ 498+ 210+ 354+ 702 368+ 535
NOx 0- 077+ 017 + 047+ 096 022+ 059 20 0.23 0.74 049  +060 069 057
20 012 012 011 +011 0.05 010 (374 07— (74 Gh- (110 (110
(0:10- (001-  (0.01- (041- (0.08- (0.08- 617) 9.23) 923)  1014)  7.68)  10.4)
136/8R TS0/ =6/ R T72) B0 6T R 72) 20- 639+ 989+ 814+ 926 890+ 908
20-  131: 086+ 108+ 138 107+ 123 50 047 171 096 %038 055  +033
50 012 0.25 014 +0.07 017 +0.09 (4.68- (1.97- (197-  (8.02- (697-  (6.97-
(0.75- (0.01- (0.01- (118-  (040- (0.40- 9.19) 18.54) 1854)  1.71)  1134)  11.71)
192) 210) 210)  174)  169)  174) 50- 2012 3748 2880 2395 5080 3738
50- 239 399+ 319+ 284 480  3.82 100 +9.62 +1159 770  #435 747  +646
100  0.60 114 067  +039 044  +046 (620 (1331~  (620- (137 (567~ (1371
(1.53- (136-  (136- (233- (3.88- (2.33- 48.58) 6416)  6416)  3271)  6451)  64.51)
414) 59) 59) 398 572)  572) 100- 8206 10857 9531 10249+ 10099 10174
100- 112+ 055+ 083+ 125 021+ 073 200 829 +7.47 +639 844 701 531
2y Al tizz L (3398~  (73.89- (3398~ (69.35- (7477 (69.35-
(0.36- (0.01- (0.01- (042- (0.09- (0.09- 105.47) 132.51)  13251)  13452) 12616) 134.52)
380)  206)  380) 35) 036  357) TP 0- 056+ 067¢ 062¢ 076 096 086
NH,* 0- 114z 120 ¢ 117+ 038 064t 051 20 0.02 0.03 0.02  +0.07 010  *0.06
20 012 0.22 012 £015 026 2015 (047 053~ (047~ (029 (035 (029
0.67) 0.97) 0.97) 111) 162)  162)
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Parameter Depth  TM ™ ™ TY TY TY

(m) March August Year  march August  Year

overall overall

20— 0.64 + 0.71 = 0.68 * 0.87 1.05 + 0.96

50 0.03 0.04 0.03 +0.01 0.04 +0.03
(0.52- (0.60- (052- (0.82- (0.85- (0.82-

0.87) 0.87) 0.87) 0.91) 1.26) 1.26)

50- 102+ 134 + 118 + 113 1.86 + 1.50
100 019 0.25 016 +0.09 01 +015
(0.74- (0.83- (0.74-  (095- (1.62-  (0.95-

157) 1.92) 192) 140) 212) 212)

100- 293+ 3.89 + 341+ 386 398+ 392
200 047 0.53 037 +0.45 0.22 +0.24
(1.25- (1.51- (125-  (71-  (331-  (171-

4.86) 5.75) 5.75) 5.01) 4.88) 5.01)

N 0- 16.30 20.36 18.33 18.77 13.81 16.29
20 +0.82 +1.58 +098 265  +0.87 +147
(1253-  (1544-  (1253-  (1.59-  (11.29-  (1.59-

2018) 32.40) 3240)  3467)  2143)  34.67)

20-50 197 18.85 19.01 + 21.79 12.08 16.94
+1.87 +0.77 0.98 +1.61 +0.34 +1.42
(16.05- (15.81- (15.81-  (13.86- (10.68- (10.68-

33.63) 2312) 33.63) 2917) 13.87)  2917)

50-100 17.77 19.77 + 1877+ 2082 1261+ 1672+
0.93 1.69 0.97 +0.49 0.98 1.63

(1515~ (1612-  (1515-  (19.67- (1015- (1015~
19.44) 23.52) 23.52)  22.04) 1459)  22.04)

100-200 19.09 =+ 2391+ 2150 2153+  16.08 18.81
1.30 1.66 +119 1.22 +1.59 +1.20

(1246-  (1434- (1246 (17.88- (1092~ (10.92-
23.53) 29.63) 29.63)  27.74)  2221)  27.74)

In March, NOx concentrations are low at the surface on both
lines; they show a distinct maximum in the 75-100 m depth
band; and they decrease again in deeper layers. During this
period, corresponding to late winter/early spring, differences
between TM and TY remain relatively limited due to vertical
mixing conditions; however, NOx levels are somewhat higher
throughout the water column at TM stations near the coast
compared to TY. NH,* increases in both lines between 150-200
m depth; however, higher values are recorded in the T™ line
compared to TY at the surface and in the first 50 m, indicating
stronger regeneration supported by river inflows and organic
matter decomposition in the coastal zone. In terms of 0-PO,3",
TM stations show a relatively richer structure in the surface-
upper layer during March, while a more pronounced o-PO,*"
stock emerges in TY stations below the pycnocline and in deep
layers. SiO, and TP increase in deep waters in both regions in
March; however, the surface and middle depths, especially the
TY line, exhibit relatively richer values in terms of SiO,.

With increased stratification during August, TM-TY differences
in the vertical distribution of nutrient salts become more

Aquat Sci Eng, 41(2), 87-97

Fidan et al.,, 2026

pronounced. NOx reaches minimum levels at the surface on
both lines, while maximums around 75-100 m become more
pronounced; particularly at TY stations, a more distinct NOx
enrichment associated with open sea conditions is observed
in this depth band. NH,* reaches higher peak values at depths
of 150-200 m on both tracks compared to March, but higher
NH,* levels are maintained on the TM track compared to TY
both in the surface-50 m layer and at mid-depths. The vertical
distribution of 0-PO,>~ becomes even more pronounced
during the summer period; while TM stations again show
relatively high 0-PO,3- concentrations at the surface, the o-
PO, stock below the pycnocline and in the deep layers
becomes more dominant in the TY line. SiO, and TP show a
marked accumulation in deep waters in both regions during
the summer period, while the greater silica and 0-PO,2"
richness of TY stations at the surface and at mid-depths
highlights the relative importance of deep water-derived
nutrient recycling and upward nutrient transport towards the
open sea.

Regional assessment frameworks (e.g, TRIX/BEAST/NEAT)
indicate that coastal zones in the Black Sea may be under
higher eutrophication pressure compared to the open sea,
and that significant reductions in inorganic phosphorus
loads may be necessary in some areas to achieve good
environmental status (Lazar, 2018; Lazar, 2021; Tan et al., 2023;
Lazar et al,, 2024; Tan et al.,, 2025). It is emphasized that land-
based loads (urban wastewater, agriculture, industry, erosion)
are among the main pressures on the Turkish Black Sea coast
(Tuncer et al,, 1998; Bakan et al,, 2010; Bat et al,, 2018). In this
context, the nutrient levels and stock ratios measured in the
Degirmendere line place the area in a “moderate but fragile”
eutrophication risk class; while the relatively low level of o-
PO, provides a buffering effect in the short term, it should
not be overlooked that P increases originating from the basin
could rapidly increase the risk level (Lazar et al,, 2019; Lazar et
al,, 2024; Ristea et al., 2025).

In conclusion, this study provides a robust local-scale
reference framework by examining the nutrient salt pattern
formed by Degirmendere in the coastal waters of Trabzon,
considering both the coastal-open sea direction and the 0-
200 m vertical axis. However, the sampling being limited to
two periods and a single measurement per station restricted
the capture of event-based peaks and the entire annual
cycle; therefore, the findings should be evaluated as a
“snapshot”” Since river discharge/chemistry was not measured
simultaneously, the load-response relationship could not
be established directly; furthermore, the fact that o-PO,*"
remained close to the MDL and the repeated measurement
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structure increased the sensitivity of the ANOVA-based ratio
(DIN:PQO,, TN:TP) constraint interpretations.

CONCLUSION

Hydrographic data obtained along the Degirmendere front
TM line and the reference TY line show that both lines have
a similar seasonal mixing and stratification regime: distinct
mixing and homogeneity between 0 and 200 m in March;
and a warm-low-density upper layer between 0 and 20/30
m and a thermocline/pycnocline developing between 20-40
m, confirming that winter mixing and summer stratification in
the Black Sea upper layer are the key controllers (Mee, 1992;
Murray et al.,, 2007; Orekhova, 2021; Varenik et al., 2023).

The increase in NOx, NH,*, SiO,, and TN levels at the stations
closest to Degirmendere (especially TM1) indicates that river-
derived inputs cause nutrient enrichment in the coastal zone;
however, the effect rapidly weakens within a few nmi. This
pattern is consistent with regional studies reporting that land-
derived inputs reach their maximum in areas close to the
coast (Tuncer et al,, 1998; Bat et al,, 2009; Alkan et al., 2013; Tan
et al,, 2023).

The fact that DIN:PO,3~ ratios exceed the Redfield ratio in most
cases indicates that the dominant limitation is phosphorus-
based and that the “nitrogen-rich-phosphorus-limited”
trophic structure is also observed at the Degirmendere scale
(Yunev et al, 2007; Alkan et al, 2013; Strokal et al., 2014;
Orekhova, 2021; Alkan et al, 2022). Although this situation
may limit the transition to excessive eutrophication in
the short term, it should be considered an early warning
signal highlighting the system's vulnerability to increases in
phosphorus loads originating from the basin (Lazar et al., 2019;
Lazar et al,, 2024; Ristea et al,, 2025).

From a management perspective, reducing N and especially
P inputs from agricultural fertilizer applications, urban
wastewater, and potential industrial discharges; treatment
improvements that enhance phosphorus removal; and
erosion control (vegetative buffer strips, sediment retention
measures) can contribute to reducing nutrient and suspended
solids loads along the coast. (Bakan et al, 2010; Bat et al.,
2018; Mete et al, 2022; Yildirim, 2021). Furthermore, multi-
component monitoring covering all four seasons (river flow/
load + coastal water + biological indicators) will be critical for
validating findings and capturing long-term trends (CSIiDB and
TUBITAK MAM, 2022; CSB, 2023; Tan et al, 2023; Tan et al., 2025).

T
Peer Review Externally peer-reviewed.
Conflict of Interest The author have no conflict of interest to declare.
Financial Disclosure This study was conducted as part of the
project titled “Monitoring the Effects of Terrestrial

Aquat Sci Eng, 41(2), 87-97

Fidan et al.,, 2026

Pollutants on Coastal and Marine Ecosystems in
the Eastern Black Sea,” numbered TAGEM/HAYSUD/
B/19/A6/P3/01, carried out by the Central Research
Institute of Aquatic Products.

Acknowledgments We thank the vessel crew of the Fisheries Central
Research Institute for their contributions to the
field and laboratory work and for their assistance in
marine studies.

References

Agirbas, E., & Bakirci, M. (2022). Size-fractionated primary production in the south-
eastern Black Sea. Oceanologia, 64(2), 244-266. https://doi.org/10.1016/].
0Ceano0.202111.002

Agirbas, E., & Fidan, D. (2024). Glneydogu Karadeniz kiyilari besin tuzu dinamigi.
Journal of Anatolian Environmental and Animal Sciences, 9(1), 1-12. https://
doi.org/10.35229/jaes 1345147

Alkan, A, Serdar, S, Fidan, D., Akbas, U, Zengin, B, & Kilig, M. B. (2013). Physico-
chemical characteristics and nutrient levels of the Eastern Black Sea rivers.
Turkish Journal of Fisheries and Aquatic Sciences, 13(5), 847-859. https://doi.
0rg/10.4194/1303-2712-v13_5_01

Alkan, A, Serdar, S, Fidan, D., Akbas, U, Zengin, B, & Kilig, M. B. (2022). Spatial,
temporal, and vertical variability of nutrients in the Southeastern Black Sea.
Chemosphere, 302, 134809. https://doi.org/101016/j.chemosphere.2022134809

Bakan, G., Ozkoc, H. B, Tiilek, S., & Ciice, H. (2010). Integrated environmental quality
assessment of Kizilirmak River and its coastal environment. Turkish Journal of
Fisheries and Aquatic Sciences, 10(4), 453-462. https://doi.org/10.4194/trjfas.
2010.0403

Barroso, H. D. S, Becker, H., & Melo, V. M. M. (2016). Influence of river discharge on
phytoplankton structure and nutrient concentrations in four tropical semiarid
estuaries. Brazilian Journal of Oceanography, 64(1), 37-48. https://doi.org/10.
1590/51679-87592016101406401

Bat, L., Gokkurt, 0., Sezgin, M., Ustiin, F, & Sahin, F. (2009). Evaluation of the Black Sea
land-based sources of pollution the coastal region of Turkey. The Open Marine
Biology Journal, 3, 112-124. https://doi.org/10.2174/1874458600903010112

Bat, L, Oztekin, A, Sahin, F, Arici, E., & Ozsandikgi, U. (2018). An overview of the Black
Sea pollution in Turkey. Mediterranean Fisheries and Aquaculture Research,
1(2), 66-86.

Chen, L, Yao, P, Yang, Z,, & Fu, L. (2023). Seasonal and vertical variations of nutrient
cycling in the world’'s deepest blue hole. Frontiers in Marine Science, 10,
1172475. https://doi.org/10.3389/fmars.20231172475

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.).
Lawrence Erlbaum Associates.

Dubinin, A. V., Rimskaya-Korsakova, M. N., Dubinina, E. 0., Demidova, T. P, Semilova, L.
S. Berezhnaya, E. D,, Zologina, E. N., & Ocherednik, O. A. (2024). Light stimulation
of sulfide oxidation in the Black Sea anoxic water column. Oceanology, 64(6),
923-933. https://doi.org/10.31857/S50030157424060051

Eriiz, C, Kése, E., Ozer, F, Sivri, N., & Feyzioglu, M. (2000). Distribution of seawater and
riverine suspended matter in coastal waters of Trabzon. Journal of Black Sea/
Mediterranean Environment, 6(3).

Gall, M., Zeldis, J., Safi, K, Wood, S., & Pinkerton, M. (2024). Vertical stratification of
phytoplankton biomass in a deep estuary site: Implications for satellite-based
net primary productivity. Frontiers in Marine Science, 10, 1250322. https://doi.
0rg/10.3389/fmars.20231250322

Gao, S., Schwinger, J., Tjiputra, J., Bethke, I, Hartmann, J., Mayorga, E., & Heinze, C.
(2023). Riverine impact on future projections of marine primary production
and carbon uptake. Biogeosciences, 20(1), 93-119. https://doi.org/10.5194/bg-
20-93-2023

Hammer, @., Harper, D. A. T, & Ryan, P. D. (2001). PAST: Paleontological statistics
software package for education and data analysis. Palaeontologia Electronica,
4(1), 9.

AT o


https://doi.org/10.1016/j.oceano.2021.11.002
https://doi.org/10.1016/j.oceano.2021.11.002
https://doi.org/10.35229/jaes.1345147
https://doi.org/10.35229/jaes.1345147
https://doi.org/10.4194/1303-2712-v13_5_01
https://doi.org/10.4194/1303-2712-v13_5_01
https://doi.org/10.1016/j.chemosphere.2022.134809
https://doi.org/10.4194/trjfas.2010.0403
https://doi.org/10.4194/trjfas.2010.0403
https://doi.org/10.1590/S1679-87592016101406401
https://doi.org/10.1590/S1679-87592016101406401
https://doi.org/10.2174/1874458600903010112
https://doi.org/10.3389/fmars.2023.1172475
https://doi.org/10.31857/S0030157424060051
https://doi.org/10.3389/fmars.2023.1250322
https://doi.org/10.3389/fmars.2023.1250322
https://doi.org/10.5194/bg-20-93-2023
https://doi.org/10.5194/bg-20-93-2023

The Effect of Degirmendere on Hydrography and Nutrient Salt Distribution in the Southeastern Black Sea (Trabzon) Coastal Waters

Ismail, N. P, & Eriiz, C. (2023). Coastal habitat changes in the Southeast Black Sea,
Turkiye. In P. Gastescu & P. Bretcan (Eds.), Water resources and wetlands: 6th
International Hybrid Conference Water Resources and Wetlands (pp. 13-17).
https://doi.org/10.1051/ bioconf/202516805003

Kache, S, Liskow, I, Pein, J., Zilius, M., & Voss, M. (2025). The role of retention processes
in the coastal filter of the Oder River. Estuarine, Coastal and Shelf Science, 322,
109325. https://doi.org/101016/j.ecss.2025.109325

Kondratey, S. I., & Masevich, A. V. (2024). Vertical distribution of oxygen and hydrogen
sulfide in the deep part of the Black Sea based on the 2017-2019 expedition
data. Physical Oceanography, 31(2), 258-270.

Kondratey, S. I, Varenik, A. V., & Orekhova, N. A. (2023). Inorganic forms of nitrogen
in the deep part of the Black Sea based on the expeditionary data, 2016—
2019. Physical Oceanography, 30(2), 186-201. https://doi.org/10.22449/1573-160
X-2023-2-186-201

Lazar, L. (Ed.). (2021). Impact of the rivers on the Black Sea ecosystem (ANEMONE
Project, Deliverable 2.1). CD Press.

Lazar, L, Boicenco, L, Denga, Y, Tolun, L, Kurt, G, Bisinicu, E, ... Atabay, H. (2021).
Anthropogenic pressures and impacts on the Black Sea coastal ecosystem (pp.
18-56). CD Press.

Lazar, L., Boicenco, L, Marin, O,, Culcea, O, Pantea, E, Bisinicu, E, & Mihailov, M. E.
(2018). Black Sea eutrophication dynamics from causes to effects. Cercetari
Marine / Recherches Marines, 48, 100-117. https://doi.org/10.55268/CM.2018.
48100

Lazar, L., Boicenco, L., Marin, O,, Culcea, 0., Pantea, E, Bisinicu, E., & Timofte, F. (2019).
Black Sea eutrophication status - The integrated assessment limitations and
obstacles. Cercetdri Marine - Recherches Marines, 49(1), 57-73. https://doi.org/
10.55268/CM.2019.49.57

Lazar, L, Vlas, O,, Pantea, E., Boicenco, L., Marin, O., Abaza, V., Filimon, A, & Bisinicu,
E. (2024). Black Sea eutrophication: Comparative analysis of intensity between
coastal and offshore waters. Sustainability, 16(12), 5146. https://doi.org/10.
3390/suU16125146

Ludwig, W., Dumont, E., Meybeck, M., & Heussner, S. (2009). River discharges of water
and nutrients to the Mediterranean and Black Sea: Major drivers for ecosystem
changes during past and future decades? Progress in Oceanography, 80(3-4),
199-217. https://doi.org/101016/j.pocean.2009.02.001

Mee, L. D. (1992). The Black Sea in crisis: A need for concerted international action.
Ambio, 21(4), 278-286.

Mete, B, Baki, O. T, & Bayram, A. (2022). Degirmendere, Yomra ve Galanima
akarsu havzalarinda (Trabzon) askida kati madde tagiiminin incelenmesi ve
degerlendirilmesi. Giimiishane Universitesi Fen Bilimleri Dergisi, 12(3), 803-
817. https://doi.org/10.17714/gumusfenbil.997032

Mikaelyan, A. S, Sergeeva, A. V., Pautova, L. A, Chasovnikoy, V. K, & Gagarin, V. I.
(2024). 75-year dynamics of the Black Sea phytoplankton in association with
eutrophication and climate change. Science of the Total Environment, 954,
176448. https://doi.org/101016/j.scitotenv.2024.176448

Orekhova, N. A. (2021). Nutrients dynamics in the surface waters of the Black
Sea. Physical Oceanography, 28(6), 660-676. https://doi.org/10.22449/1573-160
X-2021-6-660-676

Ozseker, K, Seyhan, K, Dirrani, 0., Atasaral, S., & Sahin, A. (2024). Investigating the
seasonal and spatial dynamics of total suspended matter composition in
major fishing ports across the southeastern Black Sea. Regional Studies in
Marine Science, 77, 103610. https://doi.org/10.1016/j.rsma.2024.103610

Ristea, E., Bisinicu, E., Lavric, V, Parvulescu, O. C, & Lazar, L. (2025). A long-term
perspective of seasonal shifts in nutrient dynamics and eutrophication in the
Romanian Black Sea coast. Sustainability, 17(3), 1090. https://doi.org/10.3390/
su17031090

Ristea, G., Popa, L, & Dobre, I. (2025). Climate-driven changes and eutrophication
risk along the Romanian Black Sea coast. Environmental Monitoring and
Assessment, 197(4), 112-129. https://doi.org/10.1007/s10661-024-00544-3

Sadighrad, E. (2019). Investigating mesoscale physical processes for vertical and
horizontal transport in the Black Sea with the implementation of a
high-resolution circulation model [Master's thesis, Middle East Technical
University].

Aquat Sci Eng, 41(2), 87-97

Fidan et al., 2026

Stewart, K., Kassakian, S., Krynytzky, M., Dijulio, D., & Murray, J. W. (2007). Oxic, suboxic,
and anoxic conditions in the Black Sea. In V. Yanko-Hombach, A. S. Gilbert, N.
Panin, & P. M. Dolukhanov (Eds.), The Black Sea flood question: Changes in
coastline, climate, and human settlement (pp. 1-21). Springer. https://doi.org/
10.1007/978-1-4020-5302-3_1

Strokal, M., & Kroeze, C. (2013). Nitrogen and phosphorus inputs to the Black Sea in
1970-2050. Regional Environmental Change, 13(1), 179-192. https://doi.org/10.
1007/510113-012-0321-y

Strokal, M., Kroeze, C, Wang, M., Van Vliet, M. T. H., & Ma, L. (2014). Reducing future
nutrient inputs to the Black Sea. Science of the Total Environment, 493, 211-
219. https://doi.org/10.1016/j.scitotenv.2014.05128

Strokal, M., Strokal, V., & Kroeze, C. (2023). The future of the Black Sea: More pollution
in over half of the rivers. Ambio, 52, 339-356. https://doi.org/10.1007/s13280-
022-01780-6

T.C. Cevre, Sehircilik ve iklim Degisikligi Bakanligl, & TUBITAK Marmara Arastirma
Merkezi. (2022). Denizlerde biitiinlesik Rirlilik izleme programi 2014-2019 yili
Karadeniz 6zet raporu (Teknik rapor, 69 s.; ISBN 978-625-7076-21-0). TUBITAK-
MAM Matbaasl.

T.C. Cevre, Sehircilik ve iklim Degisikligi Bakanligl, Cevresel Etki Degerlendirmesi, izin
ve Denetim Genel Midirligu. (2023). Deniz kalitesi biilteni: Karadeniz 2022.

Tan, |, Atabay, H., Evcen, A, Kurt, G, Taskin, E., & Beken, C. P. (2023). Integrated
assessment of eutrophication in the southern Black Sea waters, using the
Nested Environmental Status Assessment Tool. Marine Pollution Bulletin, 195,
115424, https://doi.org/101016/j.marpolbul.2023115424

Tan, i, Atabay, H., Aslan, E.,, Mantikci, M,, Ergun-Taskin, E., Kurt, G, & Polat-Beken, C.
(2025). Comparative assessment of eutrophication in the southern Black Sea
using TRIX, BEAST, and NEAT. Regional Studies in Marine Science, 91, 104538.
https://doi.org/10.1016/j.rsma.2025.104538

Tan, i, Atabay, H, Mutlu, S, Tolun, L. G, & Polat Beken, S. . (2023). A comparison
of the surface water quality in distinct areas of the southern Black Sea coast
under various pressures [Preprint]. Research Square. https://doi.org/10.21203/
rs.3.rs-3100718 /v1

Tuncer, G, Tuncer, A. N, Calli, B., Kayikcioglu, i, Ozbas, E, Yurteri, C, & Mustafaoglu, L.
(1998). Land-based sources of pollution along the Black Sea coast of Turkey:
Concentrations and annual loads to the Black Sea. Marine Pollution Bulletin,
36(6), 409-423. https://doi.org/10.1016/S0025-326X(97)00171-4

Varenik, A. V., Kondratyev, S. I, Medvedey, E. V., Khoruzhiy, D. S, & Orekhova, N. A.
(2023). Characteristics of state and evolution of the Black Sea hydrochemical
structure. Physical Oceanography, 30(6), 826-850.

vildinm, U. (2021). Trabzon (KD Tiirkiye) akarsu havzalarinin Cografi Bilgi Sistemi
kullanilarak morfometrik analiz yoluyla hidrolojik degerlendirmesi. Bartin
Orman Fakliltesi Dergisi, 23(1), 244-253. https://doi.org/10.24011/ barofd.894180

Yuney, 0. A, Moncheva, S., & Carstensen, J. (2007). Long-term changes of the Black
Sea ecosystem: Relation of phytoplankton biomass to eutrophication and
climate change. Marine Ecology Progress Series, 337, 1-14. https://doi.org/10.
3354/ meps337001

Zilius, M., Bariseviciute, R, Bonaglia, S., Klawonn, I, Lorre, E., Politi, T, Vybernaite-
Lubiene, I, Voss, M., Overlinge, D., & Bukaveckas, P. A. (2024). The effects of
variable riverine inputs and seasonal shifts in phytoplankton communities
on nitrate cycling in a coastal lagoon. Frontiers in Marine Science, 11, 1497246.
https://doi.org/10.3389/fmars.2024.1497246

97


https://doi.org/10.1051/bioconf/202516805003
https://doi.org/10.1016/j.ecss.2025.109325
https://doi.org/10.22449/1573-160X-2023-2-186-201
https://doi.org/10.22449/1573-160X-2023-2-186-201
https://doi.org/10.55268/CM.2018.48.100
https://doi.org/10.55268/CM.2018.48.100
https://doi.org/10.55268/CM.2019.49.57
https://doi.org/10.55268/CM.2019.49.57
https://doi.org/10.3390/su16125146
https://doi.org/10.3390/su16125146
https://doi.org/10.1016/j.pocean.2009.02.001
https://doi.org/10.17714/gumusfenbil.997032
https://doi.org/10.1016/j.scitotenv.2024.176448
https://doi.org/10.22449/1573-160X-2021-6-660-676
https://doi.org/10.22449/1573-160X-2021-6-660-676
https://doi.org/10.1016/j.rsma.2024.103610
https://doi.org/10.3390/su17031090
https://doi.org/10.3390/su17031090
https://doi.org/10.1007/s10661-024-00544-3
https://doi.org/10.1007/978-1-4020-5302-3_1
https://doi.org/10.1007/978-1-4020-5302-3_1
https://doi.org/10.1007/s10113-012-0321-y
https://doi.org/10.1007/s10113-012-0321-y
https://doi.org/10.1016/j.scitotenv.2014.05.128
https://doi.org/10.1007/s13280-022-01780-6
https://doi.org/10.1007/s13280-022-01780-6
https://doi.org/10.1016/j.marpolbul.2023.115424
https://doi.org/10.1016/j.rsma.2025.104538
https://doi.org/10.21203/rs.3.rs-3100718/v1
https://doi.org/10.21203/rs.3.rs-3100718/v1
https://doi.org/10.1016/S0025-326X(97)00171-4
https://doi.org/10.24011/barofd.894180
https://doi.org/10.3354/meps337001
https://doi.org/10.3354/meps337001
https://doi.org/10.3389/fmars.2024.1497246

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Study Area and Sampling
	2.2. Nutrient Salt Analyses
	2.3. Statistical Analysis

	3. RESULTS and DISCUSSION
	3.1. Hydrographic Structure: Temperature, Salinity, and Density
	3.2. Temporal and Spatial Distribution of Nutrient Salts
	3.3. Temporal and Vertical Distribution of Nutrient Salts

	4. CONCLUSION
	5. References

