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Abstract 
Purpose. The purpose of the study is to present an algorithm for calculating the integral phytoplankton 
biomass in the Black Sea euphotic layer using expeditionary data, and to perform a comparative analysis 
of the variability of the studied characteristics obtained by means of calculations in two ways: using direct 
measurements of chlorophyll concentration along the horizons, and based on the parameterization results. 
Methods and Results. The algorithm for calculating the integral biomass of phytoplankton is presented. 
Data from Crimean coastal waters at the depths of 20–1500 m, collected during R/V Professor 
Vodyanitsky cruises for different seasons of 2018–2022, were used in this study. The estimates resulted 
from parameterization and those obtained from calculations based on direct measurements of 
the individual input parameters at different depths are compared. The results of parameterization statistical 
analysis show that the determination coefficients varied in the range 0.70–0.74. In the photosynthesis 
zone, the monthly averages of integral phytoplankton biomass (calculated from the expeditionary data) in 
June and October constitute 768 ± 283 and 2277 ± 726 mg С/m2, respectively. In the upper mixed layer, 
in June they are 556 ± 270 mg С/m2, and in October – 2023 ± 725 mg С/m2. The parameterization-derived 
monthly averages for the whole water area under study differ from the ones calculated using the direct 
measurements of input parameters at different depths by 0.9–4%. The chlorophyll a concentration profiles 
for individual months in 2018–2022 are considered and mathematically described using the function 
obtained in earlier studies. In autumn, maximum values of chlorophyll a are observed mainly in the upper 
mixed layer. In summer, they occur at the lower boundary of the euphotic zone, where up to ∼ 0.1% of 
light reaching the sea surface penetrates.  
Conclusions. The above parameterization of integral phytoplankton biomass is applicable to all 
the seasons, easy to use and agrees well with the results of calculations based on direct measurements of 
chlorophyll concentration at different depths. In the future, the calculation algorithm will be refined to 
facilitate computations based on satellite data. 
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Introduction 
Phytoplankton form the primary link in the trophic chain of aquatic ecosystems. 

One of the most important indicators of this is biomass. Changes in phytoplankton 
biomass affect the development of all subsequent trophic levels. Many studies have 
been carried out for many years on changes in phytoplankton biomass over time and 
its spatial distribution in the sea [1–12]. Microalgae biomass is usually determined 
by direct measurement of cell volume, followed by recalculation in various 
dimensions [1, 3, 4, 13, 14]. In addition to these direct methods, models are being 
developed that allow the ratio of chlorophyll to organic carbon and phytoplankton 
biomass to be estimated [9, 15–17]. Models for calculating phytoplankton biomass 
using a minimum number of easily accessible input parameters can significantly 
simplify the task, especially when analyzing spatial and temporal changes. Models 
for calculating phytoplankton parameters are also necessary for studies that use 
satellite data. Estimates of integral phytoplankton characteristics in 
the photosynthetic zone are of particular interest. For example, simple, user-friendly 
models for calculating integral primary production have been developed for 
the Black Sea 0F

1 [18, 19]. However, similar calculation algorithms for integral 
phytoplankton biomass with easily accessible input parameters have been presented 
poorly in the literature. Although model data are inferior in accuracy to direct 
measurements, direct estimation methods are labor-intensive. Calculating 
the integral phytoplankton biomass in the euphotic zone and the upper mixed layer 
(UML) allows for the prompt and extensive analysis of water ecosystems and their 
use in calculations with satellite observation data. 

The study aims to present an algorithm for calculating integral phytoplankton 
biomass in the euphotic layer of the Black Sea using expeditionary data, and to 
conduct a comparative analysis of the variability of the studied characteristics 
obtained through two calculation methods: direct chlorophyll concentration 
measurements along the horizons and parameterization results. 

Materials and methods 
The measurements used in this paper were carried out at the Collective Use Data 

Center of R/V Professor Vodyanitsky during cruises No. 122 (June 7 – July 2, 2022) 
and No. 124 (October 3–20, 2022) in the Black Sea off the southern and southeastern 
coasts of Crimea. Sampling was performed at station depths of 32–1500 m, with 
samples collected at 10–20 m below the surface, near the thermocline at deep-water 
stations, and in the bottom layer at stations with depths of ≤ 100 m. 

Surface light intensity was measured daily between 08:00 to 20:00 using 
a LI-1500 illuminance recorder with a LI-190R quantum sensor (LI-COR, USA). 
Daily integral irradiance was then calculated.  

1 Demidov, A.B., 2001.  [Seasonal Variations in Primary Production and Chlorophyll a in Open 
Areas of the Black Sea]. Thesis Cand. Biol. Sci. Moscow: Moscow State University, 188 p. (in Russian). 
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The UML was determined using data from an IDRONAUT OCEAN 
SEVEN 320 Plus M probe, based on a water density increase of 0.07 relative 
to the surface [20]. 

The relative water transparency was assessed using a Secchi disk during 
daylight hours. The euphotic zone depth (Zeu = 3Zs) 1F

2, where up to 1% of the light 
falling on the surface penetrates, was determined based on the Secchi disk visibility 
depth (Zs) data. The light diffusion attenuation indicator kd (m–1) was estimated using 
the formula obtained from the data 2F

3, 3F

4: 

kd = 4.6/Zeu (r2 = 0.96). 

The methodology for determining the concentration of chlorophyll 
a (hereinafter referred to as ‘chlorophyll a’ throughout this paper), the measurement 
data collected during the voyages and the areas of water studied are described 
in [21].  

To analyze the chlorophyll concentration profiles, data obtained on 
R/V Professor Vodyanitsky during cruises No. 105, 106, 108, 110, 122 and 124 in 
November–December, April, July–August, October, June and October 2018–2022 
are used. Concentration measurements were usually taken at 10 m intervals down to 
a depth of 40–50 m and, in some cases, deeper. 

Statistical data processing was carried out using Excel, SigmaPlot, Grapher, and 
OriginLab software. 

Results 
In this study we modified the previously developed algorithm for calculating 

phytoplankton biomass in the surface layer of the Black Sea [15], which was 
adjusted in [22], to estimate integral indicators. Input parameters were calculated for 
each horizon and then the biomass was integrated by depth.  

The following equation to calculate phytoplankton biomass Bz (mg C/m3) at z 
depth (m) was used: 

Вz = Chlz/Chl:Сz,       (1) 

where Chlz (mg/m3) is the chlorophyll concentration at z depth; Chl:Сz is the ratio of 
chlorophyll concentration to organic carbon, calculated at each horizon:  

Chl:Сz = 0.0072(Ezaph z)–0.395 (r2 = 0.78),       (2) 

aph z = 0.017 Chlz
 –0.29.                   (3) 

2 Man’kovskiy, V.I., Soloviev, M.V. and Man’kovskaya, E.V., 2009. [Hydrooptical Properties of 
the Black Sea. Handbook]. Sevastopol: MHI NAS of Ukraine, 92 p. (in Russian).  

3 Vedernikov, V.I., 1989. [Primary Production and Chlorophyll in the Black Sea in Summer-
Autumn Period]. In: M. E. Vinogradov and M. V. Flint, eds., 1989. Structure and Production 
Characteristics of Plankton Communities of the Black Sea. Moscow: Nauka, pp. 65-83 (in Russian). 

4 Voznyak, B., Kopter, R. and Vedernikov, V.I., 1986.  [Input of Photosynthetically Active 
Radiation into the Euphotic Zone of the Black Sea in April–May 1984]. In: IO AN SSSR, 1986. Study 
of the Ecosystem of the Pelagic Zone of the Black Sea. Moscow: IO AN SSSR-KOTS “World Ocean”, 
pp. 198-221 (in Russian). 
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The equation parameters for Chl:C were obtained from algae cultures in 
laboratory experiments under different illumination conditions, as described in [15]. 
To estimate Chl:C at different horizons, the illumination at each depth was 
determined using the following equation: 

Ez = 0.94Е0ехр(–kdz),          (4) 

where Еz, Е0 (mol quanta/m2∙day) represents the intensity of photosynthetically 
active radiation (PAR) at depth z and at the sea surface, respectively; the coefficient 
0.94 accounts for 6% surface light reflection 4F

5; aph z (m2/mg Chl) is the indicator of 
light absorption by algae pigments, normalized to the chlorophyll concentration. 

The integral biomass of phytoplankton was calculated using distribution 
equations for the necessary indicators. For chlorophyll concentration, the Gaussian 
curve proposed in [23] was used: 

Chlz = (h/σ(2π)1/2)exp[– (z – zm)2/2σ2],       (5) 

h = (55.73 ± 1.40)Chl0
(0.56 ± 0.008) (r2 = 0.75), (6) 

zm = (11.1 ± 0.75) – (10.46 ± 0.45)ln(Chl0) (r2 = 0.61), (7) 

where h is the total chlorophyll content (mg/m3) in the maximum layer; σ (m) is 
the index of the deep chlorophyll maximum width; zm (m) is the depth of 
the chlorophyll maximum; Chl0 (mg/m3) is the chlorophyll concentration in 
the surface layer. When estimating the depth of the chlorophyll maximum, 
according to function (7), it is assumed that the maximum will always be at 
the surface if Chl0 > 2.89 mg/m3. However, when calculating equation (5), zm is 
used as function (7). The maximum width of the σ is equal to 20 ± 10 m at 
Chl0 < 1 mg/m3 and 13 ± 8 m at Chl0 > 1 mg/m3 [23]. This value was calculated 
to be 68% of the chlorophyll peak height according to the law of Gaussian 
distribution. Formula (5), when applied to the input components, is valid for 
chlorophyll concentration values in the surface layer typical of the Black Sea. 
This distribution is typical of the warm period of the year (April–October, and 
sometimes November); whereas for the cold period (December–March) it is 
considered that chlorophyll is distributed uniformly [18, 23]. The nutritional 
conditions during the development of the model were assumed to be optimal. 

For each depth, the parameters aph z, Chl:Cz, Bz, Ez were calculated, taking 
into account the direct measurements obtained during the cruises. The integral 
biomass calculation was carried out in two ways: the first included direct 
measurements of chlorophyll concentration in the algorithm; the second used 
equation (5) to calculate the distribution of this parameter with depth; 
the remaining parameters were calculated identically. Then, the biomass was 
integrated by depth for the euphotic zone and UML. 

5 Mankovsky, V.I., 1996. Fundamentals of Ocean Optics. Methodical Manual. Sevastopol: MHI 
NAS of Ukraine, 119 p. (in Russian). 
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The results of the integral phytoplankton biomass comparison, obtained by 
calculation using the presented algorithm and equation (5), showed high consistency 
with the biomass calculated using direct measurements of chlorophyll concentration 
for the coastal area along Crimea and the open coast (depths greater than 500 m) of 
the northern Black Sea. The statistical characteristics of the compared values for 
the photosynthesis zone and the UML are presented in Fig. 1 and in 
the accompanying table. 

Statistical indicators and average values obtained by the algorithm and calculated  
using direct measurements of chlorophyll concentration at horizons for the integral 

phytoplankton biomass averaged based on the data collected  
in cruises No. 122 and 124 of R/V Professor Vodyanitsky 

Zones r r2 F P <В>122 <В>124 <Вр>122 <Вр>124

Euphotic 
zone 0.84 0.70 75.4 < 0.0001 768 ± 283 2277 ± 726 776 ± 276 2212 ± 759 

UML 0.86 0.74 89.5 < 0.0001 556 ± 270 2023 ± 725 561 ± 240 1942 ± 719 

N o t e: r is the correlation coefficient, r2 is the determination coefficient, F is the Fisher criterion, 
P is the importance level, <B> and <Вр> (mg C/m2) are the average values of integral phytoplankton 
biomass obtained using direct measurements and parameterization results, respectively. 

The differences between the model and the measured data for the chlorophyll 
concentration profiles are reflected in the results of the biomass calculation using 
the two methods. These differences appear when the maximum chlorophyll 
concentration on the surface is quite high and then decreases sharply with depth, or 
when there are low values on the surface and a maximum with a high chlorophyll 
concentration at depth. Significant differences in the results of the biomass 
calculation by the two methods are also observed in the presence of two-peak 
chlorophyll concentration profiles. Compared to direct measurements, model 
calculations can overestimate or underestimate phytoplankton biomass by up to one 
and a half times in the cases described above. However, the number of chlorophyll 
concentration profiles that deviate so markedly from the parameterized description 
is small: 18% according to data from two cruises in the euphotic zone, and 15% in 
the UML. Measurements were carried out almost daily during the cruises at various 
stations in the coastal and deep-water areas near the Crimean coast. Consequently, 
when averaging is applied, the results obtained using the distribution function and 
those obtained using direct measurement data will be smoothed and approximated 
(Table and Fig. 1). 
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F i g.  1. Comparison of the values of integral phytoplankton biomass obtained by parameterization (Bp) 
and calculated using direct measurements of input parameters (B) for the euphotic zone (a) and UML (b)  

F i g.  2. Change in chlorophyll concentration with depth based on the data obtained during the cruises 
of R/V Professor Vodyanitsky in 2018–2022: a – for selected days in different months; b – showing 
data from 7 October 2022 (○) and 1 May 2019 (♦) with UML (zp) and euphotic zone (zeu) boundaries  

The present paper analyzes 88 chlorophyll concentration profiles from April to 
December. Some examples are shown in Fig. 2. Over the entire period under 
consideration, two-peak profiles were observed 9 times and a three-peak profile was 
observed once. These profiles were mainly observed in October (6 times), as well as 
in June (3 times) and August (once). Maximum chlorophyll concentrations were 
usually observed within the UML zone in October, November and December 
(Fig. 2). However, during cruise No. 110 in October, the maximum was more often 
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noted at the lower boundary of the UML or below this zone. In June and April, 
the maximum chlorophyll concentration was below the UML at the lower boundary 
of the euphotic layer (Fig. 2), and was sometimes below 1% of the PAR illumination 
falling on the sea surface. In July–August, the chlorophyll peak was also observed 
within the euphotic zone or at its lower boundary. Equation (5) of the chlorophyll 
concentration distribution [23], presented above, provided a description of 
the profiles that was close to the measurement data. According to our data, which 
used all the points from two cruises, testing showed r = 0.68 in June and r = 0.64 in 
October (Fig. 3). Of the 218 points used in the calculations for the two cruises 
(No. 122 and 124), the correlation coefficient varied for 21 profiles in the range of 
0.80–0.99, for five profiles – in the range of 0.60–0.8, for five profiles – in the range 
of 0.30–0.60 and for three profiles it was less than 0.10. 

F i g.  3. Change in chlorophyll concentration with depth in cruises No. 122 (а) and 124 (b) of 
R/V Professor Vodyanitsky (data obtained using the distribution function (5) are indicated with a cross, 
and the direct measurement data – with a circle) 

The relationship between σ and Chl0, the UML, the euphotic zone depth and 
the temperature of the sea surface layer, as well as with E0 and kd, was 
considered. The σ indicator showed the best agreement with the UML, euphotic 
zone depth and Chl0, but no reliable correlation with the analyzed parameters 
was revealed in the sample. According to the multiple correlation results, 
the influence of the three specified parameters explained 20% of the variability 
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in σ, while the influence of six parameters explained 25%. The average value of 
σ was 25 ± 10 m across all the months considered, varying in the 2–48 m range. 
In the autumn months, the σ width was comparable with the UML values; 
however, in the summer months, it could exceed them several times over. 
Compared with the width of the euphotic zone, the σ parameter was almost 
always smaller than or comparable with it. It can be assumed that σ depends on 
the amount of nutrients and the characteristics of the hydrological conditions 
since no obvious correlation was found with the six considered parameters. 
These parameters were chosen for estimating σ because they can be easily 
determined and calculated using satellite data, which will facilitate more 
extensive studies in the future. 

Also, studies of chlorophyll concentration profiles revealed that 
the maximum concentration in spring (from April) and summer can be observed 
at approximately up to the 0.1% light penetration from the surface values. 
Accordingly, the euphotic zone boundary will be below 1% PAR in these 
months. 

Discussion 
There are very few data on the integral biomass of phytoplankton in 

the literature, particularly with regard to the Black Sea. For example, the authors of 
[24] estimate the integral biomass of diatoms using models from [17, 25], comparing 
the results with chlorophyll concentrations obtained from satellite data. An earlier 
study [26] used a simplified approach to calculate integral biomass when analyzing 
expeditionary studies carried out in winter and spring. However, the calculation 
methods used in these studies did not consider the depth distribution of important 
phytoplankton characteristics and optical indicators when estimating biomass. 
The calculations were carried out in different areas and the results were difficult to 
compare with each other. 

The phytoplankton biomass distribution function is given in [23]. This requires 
nitrate concentration and water temperature measurements by horizon, which are not 
always possible. Another function from this paper requires the determination of 
optical depth and provides rough estimates of integral biomass compared to direct 
measurements, as indicated by the authors themselves. For example, we compared 
calculated integral phytoplankton biomass data using the specified function, which 
includes optical depth and integral biomass values obtained by our algorithm, with 
data obtained by direct chlorophyll concentration measurements at different 
horizons. We analyzed 34 biomass profiles obtained from the results of cruises 
No. 122 and 124 of R/V Professor Vodyanitsky in June and October. Their 
comparison showed the consistency of the two calculation methods for June 
(r2 = 0.63) and October (r2 = 0.19). It was also found that, compared to our 
calculations, the values obtained using the biomass function from [23] in October 
were often approximately twice as high. 

Direct determinations of phytoplankton biomass, particularly integral 
determinations, are labor-intensive and carried out extremely rarely. No such 
measurements have been taken in the Black Sea for 10–15 years. Therefore, it is not 
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possible to obtain or compare direct measurements of integral biomass with 
calculation results due to the absence of such measurements. The consistency of 
the measured and calculated phytoplankton biomass values for the surface layer 
obtained using the algorithm described earlier in [15, 22, 27] has been demonstrated. 
The distribution function (5) of chlorophyll concentration was also compared with 
direct measurement data at the horizons in the present paper and in [23]. Based on 
this consistency, it is assumed that the calculated values at the horizons, taking into 
account different illumination, are adequate.  

Our research builds upon the works of [15, 23]. The algorithm we have 
developed for calculating integral biomass is based on laboratory and expeditionary 
studies. It is easy to use and shows good comparability with calculation data, 
including direct measurements of chlorophyll concentration at different horizons 
(Table). The algorithm considers the depth distribution of important input 
parameters such as Chl, aph, Chl:C, as well as the illumination variation with depth. 
The algorithm used for the surface layer was developed based on 10 species of algae 
found in the Black Sea (Nitschia sp., Pseudonitschia delicatissima, Skeletonema 
costatum, Talasiossira parva, Coscinodiscus granii, Phaeodactilum tricornutum, 
Prorocentrum micans, Isochrysis galbana, Dunaliella tertiolecta, Glenodinium 
foliaceum), including species from the dominant taxonomic groups (diatoms and 
dinoflagellates), which were available for experimentation. For these species, 
the aforementioned dependencies of the physiological and structural parameters of 
microalgae and their average coefficients were obtained (equations (1) – (7)). In this 
model, the nutritional conditions are assumed to be optimal at different illumination 
levels. 

In our algorithm, we rely on measurements of chlorophyll concentration and 
the previously obtained dependence of the average specific content of chlorophyll in 
cells of different types of algae in individual groups. The Chl:C estimation in 
the model from [15] was performed by taking into account light absorption by 
microalgae, enabling an approximate total phytoplankton biomass estimate despite 
the absence of other species in the parameterization. 

One limitation of our algorithm is that it does not consider coccolithophores, 
which dominate at the beginning of summer [11, 28–30]. Therefore, phytoplankton 
biomass values may be underestimated during their ‘blooming’ period. According to 
the results of our earlier studies presented in [21], coccolithophores dominated in 
June compared to other microalgae groups. The integral biomass data calculated in 
two ways showed high consistency, and the phytoplankton biomass values were not 
low. This can be explained by the relatively close average specific chlorophyll 
content values in the cell 5F

6 of the considered diatoms and coccolithophores. 
The algorithm provides general estimates of phytoplankton biomass without 
dividing microalgae into groups and types. Therefore, the results should be analyzed 
taking into account the limitations and assumptions of this model. 
                                                           

6 Stelmakh, L.V., 2017. [Patterns of Phytoplankton Growth and Its Consumption by 
Microzooplankton in the Black Sea]. Doctor of Biological Sciences Dissertation. Sevastopol, 310 p. 
(p. 37) (in Russian). 
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Analysis of the chlorophyll concentration profiles reveals that, in most cases, 
maximum formation occurs in the UML zone in autumn. This may be due to 
increased mixing of water masses, the flow of biogenic substances into the upper 
water layers, and expansion of the UML zone. At the same time, dissolved organic 
matter resulting from the activity of marine organisms remains in the surface layer. 
Decreased solar radiation also allows the photosynthesis zone to rise higher, 
enabling the development of algae species that experienced photoinhibition in 
the UML zone in summer. The same reasons can also cause two peaks to form in 
the chlorophyll profiles during this period. The formation of chlorophyll maxima in 
April and in the summer outside the UML, at the lower boundary of the euphotic 
zone, is mainly associated with high levels of illumination, pronounced temperature 
stratification in the water column, and a narrow UML zone. For example, in June, 
peaks in the chlorophyll profiles were observed at less than 1% illumination, which 
indicates euphotic zone expansion due to the high level of PAR falling on the sea 
surface. 

Mathematically describing chlorophyll concentration profiles remains 
problematic in cases where there are two or even three maxima in the water column 
or the profile is atypically single-peaked. This problem is simplified by the fact that 
complex profiles are uncommon, and differences are smoothed out during averaging. 
The same thing happens when recalculating other phytoplankton parameters. 

When constructing models of the Black Sea that take many factors into account, 
such as hydrological conditions and nutrient levels (including nitrogen, phosphorus 
and silicon compounds), it is necessary to take contact measurements of these 
parameters. Studies and data collection were conducted over several years to identify 
relationship between parameters such as dominant species and nutrients, taking wind 
activity into account [12], as well as the relationship between river runoff and 
phytoplankton community structure [31]. Considering all these factors will lead to 
the development of more complex models in the future. However, not all of 
the specified input parameters will currently or in the near future be available to 
estimate integral values based on satellite data. Although there are complex global 
models of marine ecosystems that include a large number of input parameters 
[17, 32–34], they do not describe all cases either and also have their own 
assumptions, limitations and errors. 

Our current task is to create a simple algorithm for estimating total 
phytoplankton biomass and integral values within the water column, taking into 
account the average ratios of specific chlorophyll within cells of certain dominant 
microalgae groups (equation (2)). The proposed algorithm is applicable to all 
seasons and considers the distribution of chlorophyll concentration (equation (5)) 
from April to November, as well as its uniform distribution from December to March 
[23]. The results were analyzed using data from two seasons. Thus, the average 
monthly integral phytoplankton biomass values obtained from our parameterization 
differ by 0.9–4% from those obtained from calculations using measured input 
parameters at different depths (Table). With a limited supply of individual nutrients, 
deviations in the Chl:C ratio are possible. In real conditions, changes in species 
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composition also occur. However, the parameterization proposed in this paper does 
not take such factors into account. The algorithm only allows estimation of 
variability in total phytoplankton biomass based on the average characteristics 
described above (equations (1) – (7)). The proposed parameterization can be applied 
to estimate integral biomass. This calculation algorithm will be useful for future 
calculations based on satellite data that take into account the hydrooptical 
characteristics of the Black Sea [35]. 

 
Conclusion 

The presented algorithm was used to calculate the integral biomass of 
phytoplankton in the coastal and open coastal zones (at depths over 500 m) of 
the northern Black Sea. The results of the integral biomass calculation obtained 
using two methods are in good agreement: one method used data from direct 
measurements of input parameters at different depths in expeditionary studies, while 
the other method used equations for the distribution of input parameters. According 
to the statistical analysis, the determination coefficients for the data from the two 
cruises are 0.7 and 0.74, respectively. The average monthly values and standard 
deviations of the integral phytoplankton biomass, calculated based on the results of 
expeditionary studies, are 768 ± 283 mg C/m2 in the photosynthesis zone in June and 
2277 ± 726 mg C/m2 in October, and 556 ± 270 mg C/m2 in June and 
2023 ± 725 mg C/m2 in October in the upper quasi-homogeneous layer. The average 
monthly values calculated using the two methods varied by 0.9–4%. 

The presented algorithm includes distribution equations for all input 
parameters and is user-friendly and convenient for working with satellite data. 
Analysis of chlorophyll concentration profiles revealed that the peak is typically 
observed in the UML zone in autumn and at the lower boundary of the euphotic 
layer in April – July, when up to 0.1% of the PAR reaching the sea surface is 
absorbed. Multiple correlation analysis revealed no reliable correlation between 
the width of the deep maximum of chlorophyll concentration in the water layer 
and any of the following six parameters: chlorophyll concentration at 
the surface; UML and euphotic layer depth; temperature; illumination on the sea 
surface; and the diffuse light attenuation coefficient. It was found that these 
parameters influence the variability of the width of the chlorophyll maximum 
by 25%. 
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