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Abstract
Biomass dynamics in the marine lake are strongly dependent on seasonal variability in vertical stratification, indicating rapid adaptation of phytoplankton to short-term changes in the water column through the well-known phytoplankton succession cycles. Perturbation caused by euxinic holomixis alters ecosystem functioning in the long term. In this work, the changes in diagnostic pigment concentrations in the oxic epilimnion and euxinic hypolimnion were investigated. The epilimnion showed significant temporal and vertical variability with a chlorophyll a subsurface maximum with the highest biomass near the chemocline. The dominance of diatoms in the lake was confirmed by high fucoxanthin concentrations and the central role after holomixis. The shift toward the smaller groups prevailed during highly stratified water column conditions in warmer seasons. Results for the hypolimnion were more enigmatic, with high concentrations of alloxanthin, zeaxanthin, and violaxanthin indicating the presence of a viable mixotrophic community under extreme conditions.
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Highlights
·  Change in stratification strength
 affects phytoplankton succession, 
· Highest production near the chemocline, influenced by seepage from the hypolimnion. 
· Subsurface chlorophyll a maximum is constantly present in the epilimnion.
· Presence of a viable mixotrophic community in the euxinic hypolimnion. 
·  Holomixis triggers a strong bloom of microplankton, especially diatoms. 
1. Introduction
The indicator of phytoplankton biomass in the aquatic environment is chlorophyll a (Chl a). Identification and quantification of chlorophylls and carotenoids, particularly the diagnostic ones, provides an estimate of phytoplankton community composition because these pigments are unevenly distributed in marine algae and bacteria (Wright and Jeffrey 2006; Aiken et al. 2009). The various environmental stressors can trigger carotenogenesis and lead to the accumulation of carotenoids as a cellular defense response (Jeffrey et al. 2011; Lohr 2012). Changes in physicochemical conditions in the water column, anearobisis, the presence of hydrogen sulfide, varying light conditions, etc., affect the composition and ratio of pigments released. Changing environmental conditions, including those caused by climate variability, result in changes in the ecology of different water bodies. Coastal and stratified waters are particularly vulnerable to these changes, which often manifest themselves in changes in phytoplankton structure and abundance and increased eutrophication (Aiken et al. 2009; Ciglenečki et al. 2015, 2017; Van de Vyver et al. 2019). As a result of intensive primary production, organic matter accumulates, which can lead to hypoxic and anoxic conditions when water renewal is limited.
The stratified marine Rogoznica Lake (RL) provides an opportunity to study the effects of various environmental factors on phytoplankton community composition and succession at temporal scales (Ciglenečki et al. 2005, 2015, 2017; Burić et al. 2009). The 
RL is a complex marine environment consisting of an oxic epilimnion and a euxinic hypolimnion separated by a chemocline. Atmospheric and climatic variations strongly influence the fluctuation of RL between stably stratified and holomictic euxinic conditions (Ciglenečki et al. 2015, 2017). These conditions create an environment in which microorganisms must adapt to continuous changes in physicochemical parameters that cause stress to the existing biocoenosis (Ciglenečki et al. 2015, 2017; Čanković et al. 2019). Extreme weather events, as the main impact of climate variability, have contributed to the increased frequency of holomictic events in RL in the last decade (Ciglenečki et al. 2015, 2017; Marguš et al. 2015; Čanković et al. 2020). 
This work aims to investigate the seasonal changes in phytoplankton biomass and community composition reflected in the analysis of diagnostic pigments. The focus is on analyzing pigment distribution throughout the stratified water column of marine RL,  following restoration of the viable phytoplankton community preceded by euxinic holomixsis. The study provides insight into how phytoplankton responds to various environmental stressors. Specifically, to the rapid propagation of oxygen-depleted conditions into the epilimnion due to holomixis, and more profound seasonal changes in physicochemical conditions in the water column. The seasonal distribution of pigments in the euxinic hypolimnion will provide insights into transformation processes and highlight the persistence of photosynthetic biomass production in such an extreme environment, which is expected to expand globally due to ongoing climate change and increasing anthropogenic pressures.

2. Materials and methods
2.1 Study site 
Lake Rogoznica (Zmajevo oko) is a small karstified marine lake on the eastern Adriatic coast of Croatia (43o32" N, 15o58" E) with a maximum depth of 14 meters. It is located near the sea and has limited water exchange with the surrounding coastal waters through the porous limestone. The only supply of fresh water to the lake is atmospheric precipitation. The water column of the lake is highly stratified throughout the year into an epilimnion (oxic surface layer) and a hypolimnion (euxinic bottom water layer). These two distinct water layers are separated by a well-defined chemocline that limits solute diffusion between the two layers. The depth of the chemocline changes throughout the year depending on the position of the thermocline and halocline, which generally coincide in depth (Ciglenečki et al. 2005; Marguš et al. 2015). The comparatively nutrient-poor euphotic epilimnion is saturated with dissolved oxygen, while the hypolimnion is strongly anoxic and characterized by relatively high levels of free sulfide, organic matter, and nutrients under prevailing aphotic conditions (Ciglenečki et al. 2015; Čanković et al. 2019). The epilimnion is strongly influenced by atmospheric conditions, while the hypolimnion is relatively isolated with minimal variations in temperature and salinity. The strength of lake stratification varies throughout the year, resulting in partial mixing of the water column (Ciglenečki et al. 2005;2015). In a typical seasonal cycle, water column mixing is enhanced in the autumn due to seasonal atmospheric changes impacting the stability of the stratification. However, the most dramatic effect on the RL system has the rapid dissipation of the chemocline due to extreme atmospheric conditions. The overturning of the water column causes vertical mixing and a uniform distribution of physico-chemical parameters with appearance of anoxic conditions in the entire water column. 
2.2. Sample collection and analysis
Water samples for DP pigment analysis and supporting hydrographic chemical analyzes were collected seasonally in the central part of the lake from November 2011 to September 2014. Samples were collected at 10 depths (0, 2, 5, 7, 8, 9, 10, 11, 12, and 13 m) using 5-liter Niskin bottles. Physicochemical parameters: temperature (T, oC), salinity (S), dissolved oxygen (DO, mg/L), and pH were measured in situ during sampling using an HQ40d multimeter probe (Hach Lange, Germany). 
Samples for reduced sulfur species (RSS) analysis were collected without exposure to oxygen and analyzed within 24 hours. Total reduced sulfur species (RSStotal) were analyzed by electrochemical methods as previously described (Bura-Nakić et al. 2009; Marguš et al. 2015). Samples for dissolved (DOC) and particulate (POC) organic carbon analysis were filtered through 0.7 μm GF/F glass fiber filters in all-glass filter holders to separate two fractions prior to analysis. The DOC and POC were analyzed using a TOC-Vcph analyzer (Schimadzu, Japan). Samples for nutrient measurements were stored at -20 oC prior to analysis. Nitrates (NO3-), nitrites (NO2-), ammonium (NH4+), orthophosphate (PO43-), and silicate (SiO44-) were analyzed in unfiltered samples according to Strickland and Parsons (1972) as already explained (Ciglenečki et al. 2015).
For the determination of photosynthetic pigments, one liter of water was filtered at low vacuum onto glass fiber filters (0.7 μm GF/F) and stored at -80 oC until analysis. The filters were extracted ultrasonically in 4 mL of cold 90% acetone, followed by centrifugation to clarify the extracts. Chlorophylls and carotenoids were analyzed by reversed-phase HPLC according to Barlow et al. (1997). Briefly, extracts were mixed with 1 M ammonium acetate (1:1; v/v) and injected into an HPLC system consisting of a gradient solvent delivery system (Varian Star 9010), an injector (Rheodyne, Model 7125), a Hypersil™ MOS -2 C8 HPLC column (150 x 4.6 mm, Thermo Scientific), and serially coupled spectrophotometric and spectrofluorimetric detectors. A binary linear gradient was used to separate the pigments. Solvent A was a mixture of methanol / 1 M ammonium acetate (70/30), while solvent B was methanol. Chlorophylls and carotenoids were detected by absorbance at 440 nm (Spectra Physics UV 2000), while phaeopigments were detected by fluorescence (Spectra Physics FL 3000) with excitation at 420 nm and emission at 672 nm. Data were acquired and processed using Varian Star 4.0 software. Qualitative and quantitative analyzes of each pigment were performed by external standard calibration using authentic pigment standards (VKI, Denmark).
2.3 Phytoplankton size fractions determination and chemotaxonomy
The derived size-equivalent pigment indices proposed by Uitz et al. (2006) were used to examine the seasonal variation of phytoplankton fractions in the RL water column. Chase et al. (2020) summarized the pigment weight (W) values and showed variability among studies, but also indicated that applying different W did not significantly changed the results. In interpreting the diagnostic pigments, we decided to use pigment weights (Table 1) previously used for chemotaxonomic analysis of a particular phytoplankton group in the Adriatic Sea (Ahel and Terzic, 1998; Terzic et al. 1998). The calculated weighted sum of diagnostic pigments (DPw) corresponding to the determining factors for each DP was used and the proportions of the three size classes were calculated:
DPw = 1.2 [Fuco] + 1.5 [Perid] + 1.1 [Hex] + 1.6 [But] + 1.85 [Allo] + 0.9 [TChl b] + 1.7 [Zea]  (1)

fmicro = (1.2 [Fuco] + 1.5 [Perid]) / DPw                                                                                                                                                                (2)
fnano = (1.1 [Hex] + 1.6 [But] + 1.85 [Allo]) / DPw                                                                            (3)
fpico = (0.9 [TChl b] + 1.7 [Zea])/ DPw                                                                                               (4)
For chemotaxonomic analysis of the relative contribution of a particular phytoplankton group to chlorophyll a biomass was used. The details of chemotaxinomic analysis and the results are given in Supporting Information (SI).
2.4 Statistical analysis
Principal component analysis (PCA) was used to summarize the patterns of phytoplankton pigments (ancillary variables) in relation to the studied environmental factors (response variables) in the collected samples and was performed in Canoco5 (Šmilauer and Lepš, 2014). Prior to analysis data were Hellinger transformed.
3. Results
3.1 Hydrographic and physico-chemical features of RL
 
The fluctuations of the key environmental parameters governing phytoplankton responses in the RL water column (T, S, DO, RSS, and σT) are shown in Fig. 1, while nutrient (TIN = (NO2- + NO3- + NH4+), PO43- and SiO44-), DOC and POC concentrations are shown in SI Fig. 1.  The stratification of the water column was maintained throughout the study period (November 2011 to October 2014). However, it should be emphasized that the study period was preceded by a holomictic event recorded on October 10, 2011, which was characterized by a uniform distribution of the main physicochemical parameters and euxinic conditions throughout the water column (Ciglenečki et al. 2015; Marguš et al. 2015). Stratification was restored after two weeks, but with a chemocline much higher in the water column than usual (about 2 m depth
). During the study, T and S in the epilimnion varied significantly between 8.3°C and 32.9°C and 18.3 and 38, respectively, while the corresponding T and S values in the hypolimnion were much more stable, ranging between 18°C and 23.6°C and 33.5 and 38, respectively. These hydrographic features provided favorable conditions for stable stratification, although the position of the chemocline in the water column varied between 4 and 9 m (Fig. 1e). T-increase or S-decrease in the hypolimnion was noted only occasionally and may be associated with limited vertical mixing due to weakening of stratification (Fig. 1a,b,e). The RL epilimnion is generally saturated and sharply separated from the anoxic hypolimnion, which contains high RSS values up to 5x10-3 mol/L (Fig. 1d). The epilimnion often shows supersaturation with respect to the DO concentration. The layer where DO reaches the subsurface maximum coincides with the subsurface maximum of Chl a (Fig. 1a and Fig. 2). A T subsurface maximum is usually observed in the discrete layer underlying the Chl a and DO subsurface maximum (Fig. 1c). The lower part of the epilimnion (5 - 8 m; depending on the season) may occasionally become hypoxic (usually after the holomictic event or during partial mixing near the chemocline). As a result of high phytoplankton activity, the epilimnion is generally nutrient-poor, in contrast to the hypolimnion, where high concentrations of N, P, and S accumulate (SI Fig. 1).
3.2 Seasonal dynamics of Chl a and carotenoids in the water column of RL
The distribution of Chl a in the water column shows great spatial and temporal variability, with concentrations ranging from 114 to 10343 ng/L (Fig. 2). The lowest Chl a concentration of 114 ng/L was measured in February 2013 in the surface layer, while the highest concentration was measured in February 2014 at 8 m depth, where the Chl a concentration reached 10343 ng/L. Interestingly, the highest Chl a concentrations were not found in the upper layers of the epilimnion, but rather formed a subsurface Chl a maximum (SCM) that was at different depths depending on the season and location of the chemocline. Chl a concentrations in the underlying anoxic hypolimnion were much lower, although in some cases a second maximum was observed at the water-sediment interface (Fig. 2). Chl a concentrations showed significant temporal variability with lower values during warm summer periods and higher values in spring, autumn and winter, but there was no distinct seasonal pattern. 
Figures 3a - 3g show the seasonal vertical distribution of selected carotenoids used as diagnostic pigments (DPs) of the specific phytoplankton groups, as indicated in Table 1. As expected, the concentrations of DPs varied considerably, reflecting the complex responses of the phytoplankton community to changing physicochemical conditions in the water column, which are mainly determined
 by meteorological conditions.
Fucoxanthin (Fig. 3a), used as DP for diatoms (Wright and Jeffrey 2006; Barlow et al. 2008; Jeffrey et al. 2011), was among the most prominent phytoplankton pigments in RL, with concentrations ranging from 25 ng/L to 4869 ng/L (average value of 452 ng/L). In general, the highest Fuco levels (up to 4869 ng/L in February 2014) were measured in the layer above the chemocline. The maximum Fuco concentrations coincided with the Chl a maximum, indicating that diatoms accounted for the largest proportion of phytoplankton biomass in the RL (Fuco/Chl a > 0.4). High Fuco/Chl a ratios are found in the epilimnion throughout the year (Fig. 4), except in summer. The data suggest that Fuco-containing phytoplankton preferentially thrive in water layers characterized by lower T values (between 15oC and 19oC). In contrast, elevated Fuco levels in autumn and spring blooms are a consequence of weakening stratification, which promotes partial mixing of the water column and increases the input of recycled nutrients from the hypolimnion to the epilimnion (e.g., in 2014; Fig. 1e and SI Fig. 1). In the hypolimnion, Fuco concentrations were lower and less variable. In fact, Fuco is negatively correlated with depth, as shown by PCA (Fig. 5), suggesting that residual Fuco concentrations originate from sinking phytoplankton rather than in situ production. The typical Fuco/Chl a ratio in the hypolimnion under stratified conditions ranged from 0.02 to 0.25. Immediately following the holomictic events in November 2011 and February 2014, the Fuco/Chl a ratio in the hypolimnion ranged from 0.44 to 0.63 and from 0.37 to 0.97, respectively, indicating that the events triggered strong diatom blooms.
The dynamics of dinoflagellates, reflected in their characteristic DP peridinin (Perid), showed that this microplankton group was much less conspicuous than diatoms (Fig. 3b). Concentrations ranged from 0 ng/L to 769 ng/L, with an average value of 69 ng/L. Although there was no clear pattern in terms of seasonal or vertical distribution of Perid, it was noted that minor blooms usually occur in summer, with vertical maxima near the chemocline. In addition, as with diatoms, there is no evidence of significant growth of dinoflagellates in the euxinic hypolimnion. However, it was noted that the contribution of the Perid-containing phytoplankton to the abundance of micro-size group was significantly increased after the holomictic event in 2011 and in late summer 2013 and 2014.
The seasonal and vertical distributions of the nanoplankton pigments alloxanthin (Allo) and 19'-hexanoyloxyfucoxanthin (Hex), characteristic DPs of cryptophytes and prymnesiophytes, respectively, show relatively similar spatial and temporal patterns (Figs. 3c and 3d). The dynamics of Allo and Hex are clearly different from those of Fuco- and Perid-containing microplankton. The highest contribution of these pigments was observed in spring. Allo is among the most abundant carotenoid pigments in RL, reaching up to 4891 ng/L, while Hex is less prominent, reaching up to 1186 ng/L. Both pigments share common features in the vertical distribution and show a strong maximum at the chemocline. This maximum was determined in the layer slightly deeper than the Fuco maximum (Fig. 3a). Moreover, the concentration of these pigments is much higher in the hypolimnion than in the epilimnion. It is particularly pronounced in Allo, suggesting that this phytoplankton group can thrive under anoxic and euxinic conditions. This is also confirmed by PCA, which showed a strong negative association with DO (Fig. 5). After the October 2011 holomictic event, the RL water column was characterized by uniform, relatively low concentrations of Allo and Hex, reaching 87 ng/L and 60 ng/L, respectively. Thereafter, these pigments increased only in March 2012, lagging significantly behind diatoms. The Allo/Chl a ratio in the upper epilimnion was mostly lower than 0.1 (Fig. 4). The increase in Allo/Chl a ratio is observed in the layer above the chemocline and in the underlying hypolimnion with Allo/Chl a ratios varying from 0.108 to 2.523 (Fig. 4). The highest Allo/Chl a value was observed in the spring in the vicinity of chemocline, but the most interesting feature was the persistence of the high Allo/Chl a ratio throughout the hypolimnion during most of the study period. The low values of the Allo/Chl a ratio in the hypolimnion were observed after the strong winter bloom of diatoms in February 2014. However, the lowest (< 0.1 ) Allo/Chl a ratios were determined after the holomictic event in 2011. 
The nanoplanktonic pigment 19'-butanoyloxyfucoxanthin (But), characteristic DP for silicoflagellates (Fig. 3e), is one of the minor pigments in the RL (from < 1 ng/L to 307 ng/L, average value 33 ng/L) but shows some interesting features that can be associated with Si regeneration. The maximum But concentration of 307 ng/L measured in May 2012 at 7 m depth coincided with the Chl a maximum at the chemocline, which was characterized by a rather complex phytoplankton composition. Occasional elevated But concentrations were found at the sediment-water interface. Following the holomictic event in 2011, But concentrations in the water column at the chemocline (5 m) increased significantly (255 ng/L ), most likely aided by the additional supply of regenerated Si.
Zeaxanthin (Zea), a DP of cyanobacteria (Wright and Jeffrey 2006; Jeffrey et al. 2011), is among the major accessory pigments in RL (average value of 568 ng/L). Its concentration varied considerably depending on the season, from undetectable levels to 2470 ng/L (Fig. 3f). The vertical profiles of Zea often show a bimodal distribution. A smaller Zea maximum often occurs in the epilimnion between 5 - 7 m, with the highest Zea concentrations measured in warmer seasons. However, Zea concentrations are typically much higher in the hypolimnion, with the highest values found at the sediment-water interface. PCA for Zea also showed a strong positive association with sampling depth and a negative association with DO (Fig. 5), indicating cyanobacterial involvement in heterotrophic cycles. Interestingly, the lowest (from < 1 ng/L to 57 ng/L) concentrations of Zea were measured after the 2011 holomictic event, indicating a slow adjustment of cyanobacterial phototrophic activity after the anoxic shock.
Violaxanthin (Viola) is not considered highly specific DP to a well-defined phytoplankton group, but it is abundant in Chl b-containing classes of the green algae lineage and several Chl c-containing classes of the red algal lineage (Wright and Jeffrey 2006), as well as in several groups of stramenopiles, such as the brown algae (Phaeophyceae) (Lohr 2012). It has been shown to be the major accessory light harvesting pigment of the Eustigmatophyceae (Stoyneva-Gärtner et al., 2019). The distribution of Viola in RL (Fig. 3g) shows that it is among the most important carotenoid pigments in the system (up to 6875 ng/L). Despite considerable temporal variability, the vertical profiles of Viola clearly show that its concentration in the hypolimnion (average value 1248 ng/L) significantly exceeds that in the epilimnion (average value 445 ng/L). The maximum values were generally reached near the chemocline during the spring months (e.g., May 2012). After the October 2011 holomixis, Viola disappeared from the water column and residual levels were detected only at the sediment-water interface (44 ng/L). Low Viola concentrations persisted until the spring bloom in May 2012, indicating a relatively slow recovery of Viola-containing phytoplankton. Since then, Viola became one of the dominant accessory pigments in RL. High Viola concentrations in the hypolimnion, accompanied by a high Viola/Chl a ratio (0.57 to 2.39), persisted until February 2014 (Fig. 4), when the large diatom bloom significantly altered conditions in RL and triggered a new period of complex phytoplankton succession. Viola hypolimnetic levels did not begin to recover until September 2014 with increased biomass production in the chemocline.

3.3 Statistical analysis of pigments in the RL water column
The PCA phytoplankton pigments in relation to the key environmental variables (Fig. 5) in the epilimnion and hypolimnion indicated that most of the variance can be explained, by two principal components. For the oxic epilimnion layer (Fig. 5a) the first two components cumulatively explained 76.70% of the total variation. Among parameters contributing to the first component, SiO44- showed the highest positive correlation (F = 0.94), followed by POC (F = 0.79), NH4+ (F = 0.75), depth (F = 0.70), and PO43- (F = 0.69). Interestingly, a strong negative loading on the first axis was observed for DO (F = -0.70). These correlations help explain specific links between level of photosynthetic pigments and various environmental factors. For example, Fuco was strongly positively correlated with SiO44-  (p = 3.8 × 10-9), Lut with POC (p = 2.37 × 10-10), Chl b with NH4+ (p = 1.88 × 10-8), Zea with depth (p = 1.74 × 10-4), and Viola with PO43- (p = 5.15 × 10-10). On the second axis, the most significant factors were NO3- (F = 0.91), which was correlated with Zea (p = 4.5 × 10-2), and Chl a (F = -0.79), which was significantly correlated with T (p = 3.64 × 10-3).
For the anoxic hypolimnion layer, the first two principal components cumulatively explained 76.84% of the total variance (Fig. 5b). In contrast to the oxic part, the first component was characterized by strong negative values of some key phytoplankton drivers such as TIN (F = -0.95), NH4+(F = -0.95), PO43- (F = -0.83), SiO44- (F = 0.65) as well as depth (F = -0.8). Significant positive loading on the second axis was found only for NO3- (F = 0.6) and to lesser extent S and T. All the parameters contributing to PC1 showed the strong positive correlation with Zea (TIN (p = 0.035), NH4+ (p = 0.03), depth (p = 1.7 × 10-4) and SiO44- (p = 0.005). The most prominent parameters of the PC2 were NO3- and S and they were positively correlated with Viola (p = 0.016) (for detailed correlation coefficients and p-values, see SI Table 1).
Overall, PCA shows that the observed phytoplankton variations in the oxic layer were mainly determined by variations of the regenerated nutrients (SiO44-, PO43- and NH4+) supplied from the underlying anoxic layers and these variations were reflected in corresponding variations of POC. These variations largely depended on the stratification conditions in the water column, which determined the position of the chemocline, making depth an important determinant. The same regenerated nutrients can be inferred as the key drivers that explain variability of phytobiomass in the hypolimnion, but  with an  in increased role of reduced nitrogen species (NH4+).
3.4 Distribution of phytoplankton size fractions and community composition
Figure 6 shows the vertical and seasonal changes in the size fractions of phytoplankton in RL (Table 1, Eqs. 1 - 4)indicating  its very complex dynamics, while some regularities shed light on the main mechanisms governing the ecology in the lake. The main dynamics of fmicro occur in the epilimnion, with recurrent maxima in the surface layers, in response to optimal conditions for its development (optimal T range, sufficient light, available nutrients, etc.), accounting for between 40 and > 80% of the total phytoplankton assemblage. The prevalence of fmicro is particularly pronounced in the colder seasons when it reaches a deeper layer of the epilimnion. In warmer seasons, the importance of fmicro in the epilimnion decreases, with the maximum contribution in the layers near the chemocline, while the dominance in the surface epilimnion regularly shifts towards the smaller phytoplankton fractions, as in the summers of 2012 and 2014. In these seasons, fpico reached the largest contribution to the total biomass, exceeding 60% in the upper layers of the epilimnion. The most interesting interplay between the three size fractions occurs at the chemocline, as a consequence of different stratification conditions that selectively promote the bloom of the different phytoplankton groups in its vicinity. The October 2011 holomictic event created the conditions that promoted the development of fmicro, which dominated the entire water column afterwards in November 2011 and accounted for more than 70% of the biomass. In March 2012, fmicro still dominated the surface layer, but fnano predominated in the hypolimnetic assemblage by 80 to 95%. In the hypolimnion, the dominance of fmicro is observed after the strong blooms, like following a holomixis or a strong diatom bloom in February 2014. Under typical stratified conditions, the fnano and fpico dominate this layer. The predominance of fnano shifted to fpico in the hypolimnion in 2014, indicating the effects of the diatom bloom on altered phytoplankton succession. 
Regarding the taxonomic composition of phytoplankton size fractions, our study allows only limited insight into this topic due to the inherent limitations of the chemotaxonomic approach using pigments as diagnostic biomarkers. The seasonal and vertical dynamics of changes in phytoplankton composition in RL are illustrated in SI Fig. 2, which shows the chemotaxonomic features based on the characteristic DPs and Chl a/ DP ratio (W) (Table 1, Eq. 5). Nevertheless, our data clearly show that phytoplankton dynamics in RL were determined by an interplay of microplankton, allo-, hex-, and viola-containing nanoplankton (composed mainly of prymensiophytes, cryptophytes, and green algae, respectively), and Zea-containing picoplankton (cyanobacteria).
3.5 The ratio POC / Chl a as an indicator of ecological and physiological conditions of phytoplankton communities in RL
The POC concentrations in RL ranged from 0.094 mg/L to 8.189 mg/L (SI Fig. 1e), with higher values measured in the hypolimnion (0.439 mg/L to 8.189 mg/L) than in the epilimnion (0.094 mg/L to 6.26 mg/L). However, after the anoxic holomictic event, POC concentrations were much higher in the epilimnion (1.44 mg/L) than in the hypolimnion (0.553 mg/L). The highest POC were most frequently observed near the chemocline, which coincided with the maximum of Chl a. POC decreases relatively rapidly through the shallow water column (Svensen et al. 2008), but the chemocline slows it down and promotes POC accumulation in this layer. 
In RL, the POC/Chl a ratio ranges from 51 to 4473 (Fig. 7), indicating a large variability in the composition of POC. POC/Chl a values in the epilimnion (51 to 3366; average value 525 ± 627) are lower than those in the hypolimnion (278 to 4473; average value 1420 ± 941). The lowest POC/Chl a of 51 was observed during the intense diatom bloom in December 2012, suggesting that the POC consisted mainly of live diatom cells. This assumption is supported by the increased concentration of Fuco in the same layer. Such a low POC/Chl a ratio
 is consistent with similar POC/Chl a ratio values (< 100) observed during the winter season. The highest POC/Chl a ratios were observed during warmer seasons when picoplankton strongly dominated the phytoplankton assemblage (fpico > 60%). A similar high POC/Chl a ratio was also observed during nanoplankton dominance (e.g., March 2012).
4. Discussion
4.1 The influence of environmental parameters on phytoplankton biomass and composition
Chl a concentrations in RL indicate that prevailing environmental conditions maintain a relatively high phytoplankton biomass in the lake throughout the year (Fig. 2). However, despite its relatively small size, the system showed considerable dynamics in terms of biomass composition and vertical distribution, reflecting different responses of individual phytoplankton groups to changing physicochemical conditions in the water column (Figs. 2 and 3). In addition to diatoms, which are the dominant microplanktonic group, diagnostic pigments point to several nanoplanktonic groups, including cryprophytes, prymnesiophytes, silicoflagellates, and green algae, as well as picoplanktonic cyanobacteria as the dominant players in phytoplankton dynamics (SI Fig. 2). Previous studies have shown that phytoplankton dynamics and the resulting ecological conditions in stratified lakes (Ćosović et al. 2000; Camacho 2006; Reavie et al. 2016; Sendra et al. 2019), in the anoxic basin of the Black Sea (Agirbas et al. 2017) and in estuaries (Chai et al. 2016; Lee et al. 2020) are extremely vulnerable to changing environmental conditions, which can lead to disruptions in regular seasonal biological and organic carbon cycles. 
In the most productive epilimnion layer as a result of intensive primary production, the SCM maximum coincides with the DO subsurface maximum. SCM development in seasonally stratified waters is reported to occur alongside the DO maximum during warmer seasons (Camacho 2006; Callbeck et al. 2021). The reason for the subsurface T maximum, which when present is observed below the layer with SCM and DO maximum, is not clear. Its occurrence along the SCM may suggest a possible relationship with biological activity, but at this stage this assumption is only speculative. For stratified estuarine waters, the subsurface T maximum, it has been argued that the high irradiance of a thin brackish water layer and the weak entertainment of seawater contribute to its development (Legović 1991). It appears that in presence of a dense phytoplankton population, heat is not easily dissipated through the stratified water column, which probably contributes to the T rise in a narrow layer.
The stability of stratification is one of the key factors for phytoplankton dynamics in RL. Weakening of stratification leads to partial mixing, which contributes to bloom development near the chemocline. These conditions may trigger blooms of certain phytoplankton groups earlier than usual in the winter season or affect phytoplankton succession in the water column, as was evident in summer 2014. Moreover, on the long-term scale, T rise at the surface as well as in the hypolimnion layer of RL (up to 1.7oC/10 years at 12 m depth) (Ciglenečki et al. 2015; Čanković et al. 2019) could also influence phytoplankton succession and activity. 
Despite the fact that the limited light conditions in the hypolimnion of RL are far from optimal to support intensive primary production, Chl a was present in the water column in significant concentrations, albeit with much lower concentrations in the hypolimnion. Therefore, the question is whether Chl a was produced in situ in the hypolimnion or whether it was originally produced in the epilimnion and transported to the hypolimnion by sinking particles. Because the SCM is generally above the chemocline, the path to the bottom of the RL is very short. Therefore, most of the Chl a in the hypolimnion is probably due to transported Chl a, which is partially reduced by degradation under euxinic conditions. If these assumptions are correct, then it is not clear why the increase in Chl a during the bloom near the chemocline does not lead to an increase in Chl a concentration in the hypolimnion. The possible explanation would be a more intense degradation of Chl a at the chemocline. More importantly, authotrophic production of Chl a in the hypolimnion is not likely to be significant due to the aforementioned lower light availability and increased levels of reduced sulfur compounds, despite the high availability of regenerated nutrients. These conditions open a favorable ecological niche for mixotrophic and heterotrophic nano- and picophytoplankton, which have a completely different pigment composition. It has been shown that heterotrophic production and synthesis of bacterichlorophylls (BChl) predominates under such conditions (Pjevac et al. 2019). However, partial vertical mixing can create the short-term conditions for Chl a production in the hypolimnion. The secondary Chl a maximum occasionally observed at the water-sediment interface can likely be explained by the presence of active cyanobacteria that can contribute to Chl a synthesis (Čanković et al., 2019). 
The optimal niche for autotrophic activity in RL is apparently the chemocline, which represents an optimal trade-off between light and nutrient availability. The most abundant phytoplankton blooms in RL develop near the chemocline, but phytoplankton population composition and succession vary greatly depending on key physicochemical conditions triggered by atmospheric events, including air T fluctuations and precipitation. Regarding phytoplankton succession, diatoms appear to play a central role in initiating a new cycle of phytoplankton development in RL, especially after holomictic events. Fuco concentration showed a significant positive correlation with Chl a (R= 0.7564, p < 0.05), while diatoms were the largest contributor to total phytoplankton biomass in several seasons. Previously, diatoms were reported to dominate in RL with high abundance and low species diversity. They can account for up to 97% of phytoplankton assemblages, especially in winter, as determined by inverted microscopy (Kršinić et al. 2013; Ciglenečki et al. 2015; Malešević et al. 2015). 
Winter diatom blooms have been frequently observed in other stratified freshwater lakes (Zohary 2004; Reavie et al. 2016), the Black Sea (Mikaelyan et al. 2015), estuaries (Arapov et al. 2020), and the Adriatic Sea (Burić et al. 2008; Batistić et al. 2019). In addition, the weakening of stratification, as observed in the spring and summer of 2014, enhances vertical mixing and creates conditions under which opportunistic diatoms (Eunotia sp.) can respond rapidly to nutrient enrichment or adapt to the absence of DO, the presence of RSS, and lower light intensities (Kamp et al. 2011, 2013; Veuger and van Oevelen 2011; Ciglenečki et al. 2015; Malešević et al. 2015). 
Diatom blooms lead to a rapid depletion of nutrients in the upper parts of the water column, which increases the competitiveness of nano- and picoplanktonic species and opens the possibility of a community shift towards the dominance of the smaller groups in the epilimnion (Fig. 6, SI Fig. 2). These small phytoplankton groups are expected to contribute greatly to the total biomass. Indeed, in the warmer seasons, especially during summer stratification, the smaller size fractions strongly dominate the phytoplankton composition (SI Fig. 2). The vertical distribution of Fuco most likely indicates low abundance of diatoms in the hypolimnion except after holomictic events. Alternatively, the low concentrations of Fuco could be a consequence of its rapid degradation under euxinic conditions when diatoms are degraded by heterotrophs (Zakharova et al. 2013). 
Chemical transformation of Fuco in anoxic sediments has also been discussed in the literature (Veuger and van Oevelen 2011), and the same could be expected under euxinic conditions in the RL water column. In addition, the low and persistent Fuco concentration in the euxinic hypolimnion can be explained by the presence of active diatoms, as they can be mixotrophic and thrive on glucose utilization (Miyatake et al. 2013) or dissimilatory nitrate reduction under dark anoxic conditions (Kamp et al. 2011). As opportunistic species, diatoms certainly benefited from water column conditions following the holomictic event. According to our results, diatoms were the first phytoplankton group to emerge after the phytoplankton community collapse, indicating their superior resilience to environmental stress. PCA analysis (Fig. 5a) for the epilimnion confirms the strong dependence of diatoms on the availability of regenerated silica from the underlying hypolimnion and their high contribution to POC (Fig. SI 1c). As for the factors leading to the decline of diatom blooms, the effects of zooplankton grazing in the postanoxic period might be important (Ciglenečki et al. 2005, 2015; Marguš et al. 2015). Acartia italica, the only planktonic copepod species in the lake, has been shown to adapt rapidly to extremely variable environmental conditions (Kršinić et al. 2000, 2013). Following the euxinic holomixis in October 2011 and the conditions under which Thalassionema nitzschioides thrived, strong feeding pressure by A. italica led to its disappearance from the water column (Ciglenečki et al. 2015). As a result, the abundance of diatoms and Fuco decreased. Diatoms began to recover only in spring 2012, with Dactyliosolen fragilissimus and Cyclotella choctawhatcheeana dominating the assemblage (Ciglenečki et al. 2015; Malešević et al. 2015), as evidenced by increasing Fuco concentrations (Fig. 3a).
In contrast to the periodically recurring Fuco-containing phytoplankton, the Perid-containing plankton appears to occur only sporadically in appreciable concentrations. The favorable conditions that create an ecological niche for dinoflagellates were typically found in the summer season when competition with diatoms was minimal. The increased decrease in nutrients in the epilimnion during summer (Ciglenečki et al. 2015; Čanković et al. 2019, 2020) could explain this shift in the microplankton assemblage and reflects general features found in different areas of the Adriatic Sea (Arapov et al. 2020; Batistić et al. 2019). Similar findings were made for the largest euxinic environment in the world, the Black Sea (Agirbas et al. 2017). The maximum concentration of Perid in RL near the chemocline suggests that these larger phytoplankton species (mainly represented by Prorocentum arcuatum and Hermesinum adriaticum, Burić et al. 2009) likely benefit from the density gradient and lower radiation intensity (Lee et al. 2020; Sendra et al. 2019). Mixing events, either partial or throughout the water column, promote dinoflagellate growth alongside diatoms due to increased nutrient availability.
The vertical distribution of nanoplanktonic groups containing Allo and Hex indicates their intense growth production and accumulation in the chemocline and directly above. The high abundances of phytoplankton groups characteristic of these DPs always thrive in the layer immediately below the diatom-dominated layer (Fig. 3a). This means that these phytoplankton species are better adapted to light wavelengths reaching the chemocline (Lee et al. 2020), i.e., low-light conditions, and even have greater tolerance to hypoxic conditions and the presence of sulfide (Klaveness 2007). Cryptomonas spp. can adapt to anaerobic conditions and coexist in the same layer as ciliates and purple sulfur bacteria, which usually peak in an extremely narrow zone above and in the zone of the poorly illuminated and sulfide-enriched chemocline layer (Khromechek et al. 2010). The hypolimnetic cryptophyte community is reported to co-occur with ciliates as major grazers, suggesting that Cryptomonas may migrate into the anoxic/euxinic hypolimnion to reduce grazing pressure (Wylezich and Jürgens 2011; Krasnova et al. 2014; Sendra et al. 2019; Van de Vyver et al. 2019). The high population of the ciliate A. italica in RL and the observed high concentrations of Allo and Hex, as well as the high Allo/Chl a ratios, could support a similar scenario with a dense population of crypotphytes and pymnesiophytes (haptophytes) at the chemocline. There, the Allo concentration was twice as high as the Chl a concentration, which is in complete contrast to the situation in the epilimnion. The increased concentration of Allo in the hypolimnion is probably related to its efficient removal by sinking and slow degradation under euxinic conditions. The other interpretation would argue for the existence of mixotrophic cryptophytes and pymnesiophytes, which have a migratory character and may be adapted to hypolimnic conditions. Hex is less abundant than Allo (except in May 2012), but peaks in the same layer and season. 
Hex-containing Haptophyceae were detected along with Chlorophyceae as representatives of active pigmented eukaryotes in the permanent anoxic zone of Lake Pavin (Lepère et al. 2016). Interestingly, Chl b, as DP for Chlorophyceae, was detected in the RL chemocline and hypolimnion layers in May 2012. This opens the possibility that similar or the same species could contribute to the synthesis of pigments in the anoxic and euxinic hypolimnion of RL.The sharp decline in the concentration of Allo and Hex was observed in November 2011, after the holomictic event, when diatoms displaced most other phytoplankton groups. Cryptophytes and prymnesiophytes returned only after the restoration of stable stratification, characterized by an increase in T and nutrient deficiency. The situation in 2014, following the February diatom bloom probably triggered by stratification weakening(Fig.1e), was somewhat different with maximum Fuco concentrations just above the chemocline. However, even these conditions significantly affected the usual seasonal patterns of Allo and Hex, as their expected springtime maxima above the chemocline were absent. 
The dynamics of But-containing phytoplankton show that higher concentrations were measured in spring and late summer, reflecting the typical annual cycle in the Adriatic region (Ahel and Terzić 1998). The change in the vertical distribution of But after the holomictic event in October 2011 probably indicates the effect of regenerated nutrients brought into the water column during the intense vertical mixing of the water layers (Marguš et al. 2015). In particular, a significantly increased content of available silicate was observed, ranging from 13 to 97 μmol/L. It was also shown that silicoflagellates, an important group of But-containing phytoplankton, may be well represented in sinking particles and laminated anoxic sediments (Malinverno et al. 2019) and therefore could be an important source of But in RL after the mixing holomictic event.
Pigment analyzes indicated that picoplankton represents a significant proportion of the total biomass in RL. The observed seasonal pattern of Zea, a specific DP of cyanobacteria, is consistent with observations from previous studies (Pjevac et al. 2015; Čanković et al. 2019), which reported maximum cyanobacterial concentrations in the warmer part of the year and minimum in winter. The vertical Zea profiles in different seasons indicate the presence of a highly active cyanobacterial community in both the epilimnion and hypolimnion. The lowest concentrations of Zea were observed after the holomictic event (Fig. 3f), which promoted preferential growth of diatoms as mentioned above. In the epilimnion, the highest concentrations of cyanobacteria were observed in spring and summer (March - September), while they were practically absent in winter, similar to what was reported by Pjevac et al. (2015). However, they were also found to be particularly abundant and active under low-oxygen conditions (Čanković et al. 2021). This is also true for other stratified lakes where atmospheric influences (meteorological conditions), such as increased water T and a decrease in available CO2 during the warmer season, can promote the development of cyanobacteria (Bartosiewicz et al. 2019). Cyanobacteria can efficiently utilize bicarbonates or use CO2 at lower concentrations than other phytoplankton species (Posch et al. 2012).
The high concentrations of Zea in the anoxic hypolimnion may be surprising at first glance, but it appears that euxinic conditions are not an obstacle for cyanobacteria to thrive. Cyanobacteria can switch between oxygenic and oxygen-deficient photosynthesis in response to ambient sulfide concentrations (Klatt et al. 2015). It is well documented that they can survive in the dark under oxygenated conditions and maintain active heterotrophic growth based on glucose (Miyatake et al. 2013) or obtain energy through fermentation under anoxic conditions (Stal and Moezelaar 1997). The presence of Synechococcus cells living in the harsh conditions of the mesopelagic waters of the Black Sea has been convincingly demonstrated and argued to be the source of "deep red fluorescence" (Callieri et al. 2019). Increasing concentrations of RSS, PO43-, and NH4+ in the vertical profiles of the Black Sea create conditions that are viable when fermentation and other anoxygenic pathways are activated (Callieri et al. 2019). Similar conditions in the hypolimnion of RL appear to be optimal for Synechococcus growth, as confirmed by PCA (Fig. 5b). A strong positive correlation between Zea and NH4+ (and consequently TIN) (SI Table 1) in the hypolimnion indicates that a reduced nutrient-rich environment in the hypolimnion was favorable for cyanobacteria in terms of competition with other species. Recent studies on RL have shown that cyanobacteria (mainly the strain Synechococcus sp. CC9902) are abundant not only in the epilimnion (Čanković et al. 2021), but also in the chemocline as well as in the hypolimnion (Čanković et al. 2019). This observation is a clear indication that cyanobacteria are well adapted to the euxinia and benefit from the high nutrient concentrations there (especially PO43- and NH4+). 
Viola-containing phytoplankton is one of the most enigmatic groups in RL. Viola-containing phytoplankton play an important role in total biomass. Interestingly, the concentration of Viola was generally rather low in the upper parts of the epilimnion, while Viola increased dramatically in the chemocline and bottom layers of the epilimnion. There, Viola had the highest concentration among the individual carotenoids measured in this study. Since Viola is a photoprotective pigment of the xanthophyll cycle, it should have led to an increase in its counterpart Zea by de-epoxidation under high light conditions (Lohr 2012; Fernández-Marín et al. 2011). However, no such correlation was observed in RL. Contrary to the expected photoprotective role of Viola, very high concentrations of Viola were found in the aphotic hypolimnion, indicating the existence of an active producer of Viola in this layer. In this context, it should be emphasized that the reverse conversion of Zea to Viola is highly unlikely under light-limited conditions. A comparison of pigment signatures of phytoplankton groups that might contain Viola revealed Eustigmatophyta as a possible source (Jeffrey et al. 2011; Stoyneva-Gaertner et al., 2019). This is supported by the absence of Chl b and prasinoxanthin in the samples with high Viola content. Such pigment signatures have been described for unicellular small green algal species of the genus Nannochloropsis that occur in both marine and freshwater systems (Whittle and Casselton 1975).

4.2 Vertical and seasonal distribution of phytoplankton size fractions as reflected by pigment composition
The size distribution of phytoplankton is mainly influenced by the physicochemical conditions in the water column. According to the literature, large phytoplankton develop in turbulent and nutrient-rich waters, while small phytoplankton usually contribute significantly to the assemblage in stratified and nutrient-poor waters (Chai et al. 2016; Agirbas et al. 2017). This general regularity also applies to the RL ecosystem, but there are some important differences in terms of the complex interplay between the oxic epilimnion and the euxinic hypolimnion. 
In the epilimnion, fmicro dominates, especially in the colder seasons, while in the summer months, with increasing T and decreasing nutrients, dominance shifts to the smaller fraction (fnano and fpico), despite sporadic blooms of dinoflagellates. 
The structural composition near the chemocline is more complex and the predominant size group depends on the steep physicochemical gradients in the lower part of the epilimnion, which create specific niches for the growth of individual phytoplankton groups. In the hypolimnion, the dominance of smaller size fractions is very pronounced in most seasons, which may be associated with Allo-containing nanoplankton and Zea-containing picoplankton. These contributions may be attributed in part to phytoplankton cells settling out of the epilimnion, but the distribution profiles of Allo and Zea indicate that a significant percentage of the total fnano and fpico must have originated in the hypolimnion itself. In the first sampling (November 2011), one month after the holomictic euxinic event (October 2011), fmicro dominated the entire water column and accounted for up to 90% of the phytoplankton assemblage even in the hypolimnion. This again suggests that diatoms benefit strongly from reduced light availability and high nutrient concentration. The strong bloom of diatoms strongly shifted dominance to smaller groups that prevailed until a new cycle of more dominant fmicro development. This means that the "strength" of the bloom also alters phytoplankton succession, as was the case after the strong winter bloom in 2014. Increased nutrient supply from the anoxic layers, especially after euxinic holomictic events (Ciglenečki et al., 2017), is a critical short-term trigger for the bloom of certain phytoplankton groups/species, but has major long-term implications for phytoplankton ecology.
4.3 Interpretation of phytoplankton production using the POC/Chl a ratio
POC is produced by phytoplankton, but also includes the contribution of heterotrophs such as zooplankton, bacteria, and detritus or terrestrial sources. According to the available literature, the POC/Chl a ratio in fresh phytoplankton ranges from 33 to 200, while a value greater than 200 is characteristic of detrital or degraded material (Cifuentes et al. 1988). Bentaleb et al. (1998) assumed that a POC/Chl a limit of 200 distinguishes autotrophic (< 200) from mixed/heterotrophic (> 200) dominance. In regions where primary production does not contribute significantly to POC, this ratio may reach 2500 (Cifuentes et al. 1996).
POC/Chl a ratios < 200 are measured only under conditions of intense bloom in the RL water column and are restricted to certain layers with Chl a maximum. The high POC/Chl a ratio in the epilimnion may indicate a significant contribution to the POC fraction from detritus (Svensen et al. 2008) and possible terrestrial sources. The large terrestrial input to RL is not expected, as this karst lake receives allochthonous POC only via surface runoff and inputs from the atmosphere (Mifka et al., 2022). Therefore, settling detritus and resuspended sediment in the deepest part of the hypolimnion appear most likely to contribute to the POC fraction. This is particularly evident in the hypolimnion, which is characterized by an average POC/Chl a value greater than 800. During intense phytoplankton accumulation at the chemocline (Fig. 2, February 2014), the POC/Chl a ratio (Fig. 7) drops to low values expected for fresh phytoplankton blooms (70.9), while immediately below this layer the ratio increases rapidly to 3209, indicating accumulation of non-living particles (up to 8.189 mg/L POC, Fig. SI 1d). The high POC/Chl a value in the hypolimnion could be also an indicator of a significant contribution of heterotrophic organisms to POC. It is likely that POC is degraded more slowly than Chl a in the euxinic hypolimnion, as indicated by analysis of the percentage of chlorophyll degradation products in total Chl a (SI Fig. 3). The contribution of phaeophytin a and phaeophorbide a to total chlorophyll in the hypolimnion increased up to 80%. The strong dominance of phaeophytin a in the total Chl a concentration could be an indicator of intensive zooplankton feeding (Svensen et al. 2008). In addition, increased heterotrophic production and significant presence of cyanobacteria (Pjevac et al., 2015; Čanković et al., 2019) may also be associated with the high POC/Chl a ratios.
Conclusion
The results of this study show how sensitive the phytoplankton community is to changing environmental factors, which are strongly influenced by climate variability. The stability of stratification is one of the key factors for phytoplankton dynamics in RL. Changes in the mixing regime strongly affect phytoplankton dominance and blooms in the most productive layer near the chemocline. After euxinic holomixis, community restoration favours the growth of microplankton groups. DPs show that diatoms are the largest contributors to phytoplankton biomass in the lake, especially after phytoplankton community collapse following holomixis demonstrating their superior resilience to environmental stress. The results for the hypolimnion with a high concentration of photoprotective pigments (Allo, Zea, and Viola) were surprising. Overall, the results suggest that these pigments are produced in situ, but it is not clear whether they serve as light-collecting pigments or to minimise the effects of the other stressors.
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Table 1. List of pigments and their abbreviations, taxonomic and biological significance (Jeffrey et al., 1997, 2012; Gibb et al., 2001; Aiken et al., 2009; Moreno et al., 2012; Chai et al., 2016;Álvarez et al., 2019), and values of Chl a / DP pigment ratios (W) of different taxonomic phytoplankton groups (Everitt et al., 1990, Terzić, 1996; Chase et. Al, 2020).
	Pigment
	Abbreviation
	Taxonomic and biological significance
	W

	Chlorophyll
	Chlorophyll a
	Chl a
	All—except Prochlorophytes
	

	
	Chlorophyll b
	Chl b
	Chlorophytes, Prasinophytes
	

	
	Divinyl Chlorophyll-a
	DVChl a
	Prochlorophytes
	

	Carotenoids
	Fucoxanthin
	Fuco
	Diatoms,
Prymnesiophytes and some Dinoflagellates
	1.2

	
	Peridinin
	Perid
	Dinoflagellates
	1.5

	
	Alloxanthin
	Allo
	Cryptophytes
	1.85

	
	19’-
hexanoyloxyfucoxanthin
	Hex
	Prymnesiophytes
	1.1

	
	19’-
butanoyloxyfucoxanthin
	But
	Chrysophytes, prymnesiophytes
	1.6

	
	Zeaxanthin
	Zea
	Cyanobacteria
	1.7

	
	Violaxanthin
	Viola
	Chlorophytes, prasinophytes, chrysophytes
	

	Chlorophyll degradation products
	Pheophytin a
	Phytin a
	zooplankton faecal pellets, sedimnet
	

	
	Pheophorbide a
	Phidea a
	protozoan faecal pellets
	

	Photosynthetic carotenoids
	PSC
	Fuco + Perid + Prasinoxanthin (Pras) + Hex + But

	Photoprotective carotenoids
	PPC
	Allo + Lutein (Lut) + Viola + Zea + Diadinoxanthin (DD) + b,b - carotene
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Fig. 1 Vertical and seasonal distribution of physico-chemical characteristic of RL water column(a) temperature (T/oC), (b) salinity (S), (c) dissolved oxygen (O2/ mgL-1), (d) total reduced sulphur species (RSS / molL-1), and (e) sigma- T (σt).
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Fig. 2 Vertical and seasonal distribution of chlorophyll a (Chl a / ng/L) in the RL water column
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Fig. 3 Vertical distribution of diagnostic pigments (DPs) in the RL (a) fucoxanthin (Fuco / ngL1), (b) peridinin (Perid / ngL-1), (c) alloxanthin (Allo /ngL-1), (d) 19′- hexanoyloxyfucoxanthin (Hex / ngL-1) (e) 19′ butanoyloxyfucoxanthin (But / ngL-1), (f) zeaxanthin (Zea / ngL-1), and (g) violaxanthin (Viola / ngL-1) during the study period from November 2011 to September 2014.
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Fig. 4. Changes in the ratios of Fuco/Chl a (blue line), Allo/Chl a (red line), and Viola/Chl a (yellow line) in the water column of RL during the study period from November 2011 to September 2014. 
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Fig. 5  Princip+al components a- nalysis (PCA)- of the environmental variables (blue arrows): temperature, ammonium (NH4+), nitrate (N4O3 -), nitrite (NO2-), orthophosphates (PO43-), chlorophyll a (Chl a), total inorganicnitrogen (TIN), silicate (SiO4 4-), reduced sulfur species (RSStot), salinity, depth, particulate (POC) and dissolved (DOC) organic carbon in relation to analyzed pigments (red arrows): alloxanthin (Allo), 19’- hexanoyloxyfucoxanthin (Hex), fucoxanthin (Fuco), peridinin (Perid), prasinoxanthin (Pras), 19’ - butanoyloxyfucoxanthin (But), lutein (Lut), violaxanthin (Viola), zeaxanthin (Zea), carotenoids (Car), chlorophylla(Chl a) and chlorophyllb (Chl b) in the oxic (a) and anoxic (b) layer of the lake during the investigated period . Samples are represented as circles and labeled according to sampling month, year and depth (m).
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Fig. 6 Vertical distribution of phytoplankton size fractions in the RL during the study period from November 2011 to September 2014, fmicro (blue), fnano (red) and fpico (yellow). 
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Fig. 7 Water column distribution of particulate organic matter to chlorophyll a (POC/Chl a) ratio in the RL during the study period from November 2011 to September 2014.
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