
Reply reviewer #1 
Review of manuscript by Zäncker et al. entitled “Eukaryotic community composition in the sea 

surface microlayer across an east-west transect in the Mediterranean Sea” (bg-2020-249).  

The study by Zäncker et al. present the spatial distribution of eukaryotic phytoplankton and fungi 

species in the surface microlayer and the underlying water across different sub-basins at the 

Mediterranean Sea during summertime. Data show that the SML is a hotspot for different fungi 

which govern, to some extent, organic matter degradation. Besides, the differences between the 

SML and the ULW are negligible, and phytoplankton/bacteria show the typical E-W oligotrophic 

gradient previously reported in numerous studies.  

Overall, the paper is nicely written, however I think it can be greatly improved. Moreover, I found 

a few critical points that warrant clarifications; mostly in the sample’s collection (e.g., DNA 

extraction and different collection hours) and preservation (e.g., flow-cytometry analyses). To 

conclude, I think the paper should undergo a major revision before I can recommend its 

publication in Biogeoscience.  

General comments/suggestions  

We thank the reviewer for the suggestions and helpful comments which we have addressed below. 

 Comparison of the SML (and ULW) properties between basins/station may be problematic as it 

seems that the samples were collected in different hours of the day (e.g., station S7 vs. S6). 

Different collection hours may affect the phytoplankton composition through top-down 

interactions (i.e., daily migration of zooplankton). The authors should discuss this possible bias.  

As mentioned in the results section 3.2, influence of irradiation was tested with the two stations with by far the 

lowest radiation representing the early morning sampling, but no significant correlations were found, making 

day/night sampling effects unlikely.  

 I suggest adding a short paragraph in the introduction describing the Mediterranean’s general 

west to east anti-estuarine circulation and the trophic gradient it generates (i.e., easternmost 

stations are ‘more oligotrophic’ than the western stations, etc.). There is also a N-S trophic 

gradient that may be relevant to this study (and is not discussed at all in the results or discussion 

sections). This is the rational for taking samples in different basins across the Mediterranean, 

representing different oligotrophic characteristics…  

We added a section on the anti-estuarine circulation in the last paragraph of the introduction: 

The anti-estuarine circulations at the Strait of Gibraltar and the Straits of Sicily, transport low-

nutrient surface waters into the basins, and deeper waters out of the basins, resulting in 

oligotrophic conditions in the western and ultra-oligotrophic conditions in the eastern 

Mediterranean basin (Krom et al., 2004; Tanhua et al., 2013). 

 Phytoplankton abundance measurements may be underestimated due to wrong preservation of 

the samples. Freezing the seawater samples in -20 °C rather than in liquid nitrogen and then -80 

°C slowly generates ice crystals that may break some of the cells, and thus result in 

underestimation of the actual counts. Indeed, the pico-phytoplankton cell abundances presented in 

Figure 5 (and corresponding text) are 1-2 orders of magnitude lower than usually reported in the 

Mediterranean Sea (~104-105 cells/ml).  

The cell preservation method using fixation and freezing has been tested in our lab previously. In accordance 

with previous studies (e.g. Lepesteuer et al., 1993), we used this method and do not expect overproportional cell 

loss.  

It is true that the abundances are quite low at the surface. During the cruise, flow cytometry was also used down 

to 200 m depth to measure the phytoplankton abundance, showing that phytoplankton numbers were generally 

higher at 5-100 m than in the SML and ULW which makes it difficult to compare the general surface waters to 

the SML abundances. Since 5-100 m was beyond the scope of this paper, these numbers were not included in the 



manuscript. The numbers retrieved from the SML are in line with previous phytoplankton SML measurements 

(e.g. Joux et al., 2006). 

 In section 2.7 you describe how you calculated the ‘enrichment factors’ between the SML and 

ULW, however this data is not presented in the manuscript (but only used as a correlation 

variable). I suggest adding a table with the EF values (and whether the differences were 

significant or not). It will greatly help the reader to understand the differences between the two 

water layers.  

We have added a table of EFs in the supplementary material (Table S1). The significance of the 

two different water layers is already described in section 3.2 

 Figure 5 should be revised. Briefly, there’s seems to be problems in the units used for TEP 

(area and concentration), the panels are not numbered which makes the reading more difficult to 

follow, the dot’s color-code is unclear etc. Please see more details in the table below. Further, I 

suggest adding to the supporting information a few microscopic images showing example TEP 

area.  

We added numbering to the panels and explained the dot’s colour-code. The units used for TEP 

area and concentration is according to what is commonly used in literature. Information, including 

pictures on TEP area calculation, can be found in Engel, 2009 (Determination of marine gel 

particles). 

 By pre-filtering the seawater onto 100 μm mesh (line 96), you may have removed some fungi 

and large-size diatoms/dinoflagellates (as indicated in lines 175-177). Please justify this pre-

filtration step.  

A justification was added in the M&M part: 

400 ml of sample was pre-filtered through a mesh with 100 µm pore size in order to avoid 

zooplankton being captured on the filters and dominating the retrieved 18S sequences and 

subsequently filtered onto a Durapore membrane (Millipore, 47 mm, 0.2 µm) and 

immediately stored at -80°C. 

And the pre-filtration is also mentioned in the discussion: 

Even though diatoms most likely were not dominant in the samples, finding no diatom orders 

over 1 % in at least one of the samples might also indicate a bias of the primers used or of the 

pre-filtration removing larger cells and aggregates. 

 I think the discussion should be elaborated. For example:  

❖ You should discuss why you don’t see any differences in the eukaryotic diversity between the 

SML and underlying water in all sites (it’s not the organic matter…). Given the lack of (spatial) 

correlation between phytoplankton and microgels/ TCHO may infer that these organic matter may 

be refractory in the eastern basin compared to the western basin, or that phytoplankton/bacteria 

are outcompeted for these ‘goods’ (perhaps the fungi?).  

We have added to the existing discussion: 

Bacterial and microalgal numbers determined by flow cytometry decreased significantly from 

west to east, with bacteria showing the greatest decline. Even though overall bacterial 

numbers decrease, further molecular analyses would be needed to determine if the bacterial 

community is changing from west to east and if certain bacterial taxa can benefit from the 

ultra oligotrophic conditions. 

❖ I suggest you discuss how fungi may interact with phytoplankton and bacteria in marine 

LNLC environments. Do they utilize the same nutrients (thereby competing with the microbes)? 

Did you find any toxic fungi in the different layers? Can you say anything about the role of fungi 

in the SML and ULW’s food web? Please provide information on fungi biomass/ activity and 

diversity in other LNLC regions. Do you expect that fungi be more important in oligotrophic vs. 

meso-/eutrophic marine environments? Does your findings comparable to these other sites?  



We have added a description on the ecological role of fungi in the marine environment in general and a more 

specific description of fungi in the SML. 

Fungi can either live a saprotrophic lifestyle, potentially competing for nutrients and substrate 

with phytoplankton or bacteria and adding to the recycling of organic matter, or they can live 

a parasitic lifestyle, directly attacking phytoplankton and potentially altering phytoplankton 

community composition through selective parasitism (Amend et al., 2019; Grossart et al., 

2019). By parasitizing phytoplankton, fungi can render inedible phytoplankton accessible for 

zooplankton (Grossart et al., 2019). Coastal myconeuston in the English Channel was 

dominated by Ascomycota and Basidiomycota classes (Taylor and Cunliffe, 2014) compared 

to Ascomycota dominating the surface samples in the current study. 
 

 

Minor comments/suggestions  

• Section 2.1 It is unclear how much water were collected in each station, what were the collection hours 

(day vs. night. . .), and how much time it took to collect it. Seems that for all analyses the authors 

needed ∼0.5 L from the SML, which is a lot when using the glass plate approach (Harvey, 1966). . . 

More importantly, if samples were collected in different hours of the day (e.g., S7 vs. S3 based on 

irradiance presented in Table 1), this might affect the microbial communities in the SML and ULW 

through daily migration of zooplankton and thus gazing. This issue can affect the abundance/diversity 

of the eukaryotic microbes in both water layers. Please provide the information and discussion where 

appropriate. Did you use a mechanic instrument (that can also control the sampling rate; ∼17 cm s-1)? 

If so, an image showing this instrumentation may be a nice addition (especially given that the link you 

provided of Cunliffe and Wurl, 2014 does not work. . .).  

We added information on sampling time, duration and volume in the M&M and table 1: 

A total of app. 1.5 L of SML sample was collected in the course of 1 h. Sampling times are listed in 

table 1. 

As mentioned in the results section 3.2, influence of irradiation was tested, but no significant 

correlations were found, making day/night sampling effects unlikely.  

As described in the M&M, the sampling was carried out manually with a standard glass plate, counting 

the timing of the dips resulting in an average sampling rate of ~17 cm s-1. 

We thank the reviewer for his remark and have updated the link to Cunliffe and Wurl, 2014. 

• Line 57 Pourquoi pas? or Pourquoi pas  

The official name of the research vessel is Pourquoi pas? 

• Line 68 “. . .The abundance and area of TEP and was measured microscopically. . .” (removed “and”)  

We removed the ‘and’ 

• Line 77 (ditto line 83) Freezing seawater samples in -20 ◦C without pre-freezing it in liquid nitrogen 

may result in cell lose. The slow freezing at -20 ◦C creates ice crystals which results in cell breakdown, 

thus leading to underestimation of pico-phytoplankton/bacterial abundances. Indeed – your pico-

phytoplankton cell abundance (e.g., Figure 5) is low by 1-2 orders of magnitude relative to previous 

studies from the Mediterranean surface water. Do the numbers presented in Figure 5 only show the 

eukaryotic algae (i.e., without the cyanobacteria)?  

The cell preservation method using fixation and freezing has been tested in our lab previously. In 

accordance with previous studies (e.g. Lepesteuer et al., 1993), we used this method and do not expect 

overproportional cell loss.  

It is true that the abundances are quite low at the surface. During the cruise, flow cytometry was also 

used down to 200 m depth to measure the phytoplankton abundance, showing that phytoplankton 

numbers were generally higher at 5-100 m than in the SML and ULW which makes it difficult to 

compare the general surface waters to the SML abundances. Since 5-100 m was beyond the scope of 



this paper, these numbers were not included in the manuscript. The numbers retrieved from the SML 

are in line with previous phytoplankton SML measurements (e.g. Joux et al., 2006). 

The numbers represented in figure 5 show all algae, including cyanobacteria. 

• Abstract, Line 82 and throughout Your flow-cytometry analyses enabled you to enumerate pico/nano-

phytoplankton and not the total phytoplankton fraction which is also comprised of larger algal 

communities (large diatoms, dinoflagellates etc.). What is the cell-size range of the flow-cytometer you 

used? Usually, to get total “phytoplankton” you should have measured chlorophyll.a and /or run 

complimentary microscope analyses. This is especially important given that the SML is rich in large-

size phytoplankton (Hardyet al., 1988). I suggest changing the term “phytoplankton” to 

“picophytoplankton” throughout. BTW – Did you see any differences (SML vs. underlying water and 

between basins) in the pico-phytoplankton communities (e.g., Prochlorococcus:Synechococcus ratio, 

prokaryotes:eukaryotes ratio)?  

Prochloroccocus were not detected in the flow cytometer. According to the suggestion, we changed the 

phytoplankton detected in the flow cytometer to picophytoplankton as the size of cells detected in the 

instrument is app. 0.2 – 20 µm. 

• Paragraph in lines 42-49 I suggest to remove from the introduction (and maybe move it to the 

discussion?). I’m aware you tried to describe what is TEP, but it has little connection the way it’s 

written with the SML’s background. Maybe adding a sentence saying that TEP prevalent the SML. . . 

etc.  

We added an explanation on why TEP are important in the SML in the introduction: 

TEP contain mainly polysaccharides (Mopper et al., 1995; Passow, 2002), occur ubiquitously in the 

ocean (Alldredge et al., 1993; Passow, 2002; Engel et al 2020), and are an important structural 

component of the SML (Wurl and Holmes, 2008). 

• Line 50 “looked at the spatial distribution. . .” (add “the”) Figure 5 âA˘ c Please number the different ´ 

panels (A, B. . .) and revise the legends accordingly (“Abundance of bacteria (A), pico-phytoplankton 

(B), TEP area (C). . .”). âA˘ c What’s the difference between the ´ gray and black dots (different 

cruises?)? âA˘ c TEP area – I don’t understand the ´ units. What is mm L-1 (ditto in the text)? I suggest 

adding a figure in the SI (or atl least in your reply) explaining this. âA˘ c TEP concentration – I don’t 

understand the ´ units. what is TEP per L-1 (ditto in the text)? Do you mean µg GX L-1 (if so, there’s 

something off with the numbers).  

We thank the reviewer for the comment and have added panels in figure 5. TEP area in mm2 L-1 and 

TEP L-1 are commonly used in the literature to describe TEP which was measured microscopically, 

whereas µg GX L-1 is used for TEP measured colorimetrically (see also Engel et al., 2020).  

Please see below an example of TEP area measurement from Engel, 2004 a – All TEP are marked using 

a manual threshold in ImageJ, then the program automatically calculates the area that is taken up by 

TEP. 



 

TEP L-1 is describing, how many particles are found per litre of seawater (using the above pictures, 

instead of taking the area into account, only counting how many particles were found per field of view). 

• Line 96 and lines 175-177 Please justify why you used pre-filtration for the DNA extractions. By doing 

so, you may have taken out fungi’s mycelium as well as large-size diatoms/dinoflagellates (that are 

often found in the western basin water as indicated in lines 175-177). You may have also taken out TEP 

with its rich microbiome (algae, bacteria and fungi).  

A justification was added in the M&M part: 

400 ml of sample was pre-filtered through a mesh with 100 µm pore size in order to 

avoid zooplankton being captured on the filters and dominating the retrieved 18S 

sequences and subsequently filtered onto a Durapore membrane (Millipore, 47 mm, 

0.2 µm) and immediately stored at -80°C. 

And the pre-filtration is also mentioned in the discussion: 

Even though diatoms most likely were not dominant in the samples, finding no diatom 

orders over 1 % in at least one of the samples might also indicate a bias of the primers 

used or of the pre-filtration removing larger cells and aggregates. 

Regarding the removal of TEP: While some very large TEP might have been removed, 

the vast majority of TEP that were found on the TEP filters (which were not pre-

filtered) were less than 100 um in diameter. 

• Section 4.1 You should discuss why you didn’t see any differences between the SML and underlying 

water in all sites, while chemically-wise (total carbohydrates and TEP) you found significant 

differences. Currently, the discussion in this section is a bit weak.  

We expanded the discussion: 



However, looking at the current study, no inhibition by UV radiation can be inferred from the data 

because phytoplankton were enriched despite high radiation values (e.g. stations S4 and 7) (Table 1). At 

the same time, TEP were significantly enriched during the sampling campaign while the phytoplankton 

community did not show significant differences. Previous studies suggested that TEP can protect 

phytoplankton and bacteria from UV radiation (Elasri and Miller, 1999; Ortega-Retuerta et al., 2009). 

Further studies would be needed to determine whether TEP production was higher in the SML due to 

phytoneuston UV protection or whether TEP formation rates were higher in the SML due to wind and 

wave shear at the surface (Carlson, 1993; Cunliffe et al., 2013). 

• Lines 195-197 There’s also a possibility it’s a contamination. . . Did you run blank filters? You can also 

look at the air-mass backward trajectories (https://ready.arl.noaa.gov/HYSPLIT_traj.php) and see where 

aerosols came from the day before you sampled there, namely if you received any terrestrial origin 

particles.  

Blank filters were not run daily, however, contamination of land plants seems unlikely since there were 

no plants in the lab or near the CTD sampling station onboard the RV. 

We thank the reviewer for suggesting the website. Please find below the output which suggests that the 

aerosols came from a terrestrial input. We have also included the below graph in the supplementary 

information and added an additional short explanation in the discussion: 

This is also corroborated by air mass trajectory backtracking using the HYSPLIT model (Fis. S3) which 

shows that aerosols likely were of terrestrial origin.   



 

• Line 217 “very oligotrophic” (instead of “veryoligotrophic”). BTW- I suggest saying ‘ultra-

oligotrophic’.  

We changed the wording to ultra oligotrophic 

• Lines 218-219 Please cite a reference to back up this statement. 

We apologise for the confusing phrasing, we were talking about our study and changed the sentence to: 

This is in good accordance with the present study in the ultra oligotrophic eastern Mediterranean Sea 

(Durrieu de Madron et al., 2011; Fogg, 1995; Wikner and Hagstrom, 1988) where low phytoplankton 

abundances, but high TEP enrichments of 1.1-17.3 were found in the present study. 

Reply reviewer #2 
Review of “Eukaryotic community composition in the sea surface microlayer across an east-west transect in the 

Mediterranean Sea” This is an interesting work reporting original data on the abundance of eukaryotes and TEPs 

in a East-West transect in the Mediterranean. The data set seems of good quality, even though the depth of the 

discussion could be improved in some sections. I recommend the following modifications:  

We thank the reviewer for the helpful comments. Please find below our reply to the specific comments. 



-Line28. There are some reports on bacteria in the SML, also some recent work using 16S. I suggest this could 

be cited here.  

Thank you for the suggestion, we added this in the introduction: 

Despite the fact that microbes in the SML can directly and indirectly influence air-sea gas exchange, few studies 

have looked at the microbial community composition in the SML, mainly focussing on bacteria (Agogué et al., 

2005; Joux et al., 2006; Obernosterer et al., 2008) and less on microbial eukaryotes (Taylor and Cunliffe, 2014).  

- Lines 43-49. This paragraph is un-related with the rest of the introduction and the title of the manuscript. It 

could be removed from the introduction.  

We have removed the paragraph. 

- Line 53. It is not clear to me to which degree the organic matter in the SML is related to atmospheric inputs, it 

may be driven by partitioning of surfactant-like chemicals from underlying waters or exudates from microbes. In 

addition, later in the text it is said that the atmospheric influence is covered in another manuscript in preparation.  

We have removed the reference to atmospheric inputs from the sentence: 

The present study focuses on the organic matter (OM) and microbial eukaryotes distribution, focusing on the 

myconeuston community composition in the SML of the Mediterranean Sea using samples collected during the 

PEACETIME cruise in May and June 2017. 

- Lines 63. I find it difficult to believe that such a control of this rate can be achieve, especially on a moving 

zodiac.  

We have removed the specific speed: 

The glass plate was immersed and withdrawn slowly and perpendicular to the sea surface. 

- Line 65. How was it collected?  

We expanded the explanation on the ULW collection: 

The ULW samples were collected concurrently with two acid-cleaned and MilliQ rinsed glass bottles by 

immersing the closed bottles and opening them at app. 20 cm.  

- Volume of SML and ULW collected?  

We expanded the description of sample collection: 

A total of app. 1.5 L of SML sample was collected in the course of 1 h. Sampling times are listed in table 1. 

- Line 131. Is this the result of a spearman correlation? R=0.1 means R2=0.01. Even though p<0.05, I don’t think 

this shows a high similarity. I think it needs an explanation of which data was used for this similarity measure.  

We used ANOSIM to compare the eukaryotic communities in the SML and the ULW on ranked data based on 

Bray-Curtis dissimilarity. A R value close to 1 suggests dissimilarity between groups, whereas an R value close 

to 0 suggests no dissimilarity between groups, in our case no dissimilarity between the SML and the  ULW. 

- ASV is never defined in the manuscript, I guess it is “amplicon sequence variant”, but a definition, and 

probably an explanation, is needed in methods or the first time it appears.  

Yes, we meant amplicon sequence variant and have added the explanation to the first time ASV is appearing in 

the text. 

- Were differences between SML and ULW tested with a paired test?  

The differences between SML and ULW for flow cytometry counts and organic matter concentrations were 

determined with a t-test on the enrichment factors (EFs) over the different stations, thus there was no need for a 

paired test, since through the calculation of the EF the only respective SML and ULW samples were compared.   

- Generally, the EF could be correlated with environmental variables such as wind speed.  



That is a good point and we have correlated environmental variables with the EF, as described below for TEP: 

While irradiation, water temperature and salinity did not correlate with TEP abundance or area, wind speed did 

have a significant negative correlation with TEP abundance in the SML (R2 = -0.73) and TEP area in the SML 

(R2 = -0.75) and the enrichment factor of TEP area (R2 = -0.63). 

- Was DOC measured? This could influence the east-west differences, as well their composition.  

While DOC could give interesting additional information, it was not measured in the SML throughout the cruise. 

- Line 153. Rewrite...  

We have rephrased the sentence to make it clearer: 

Picophytoneuston abundance was on average 3.3 x 103 ± 1.9 x 103 cells ml-1 in the SML and picophytoplankton 

abundance in the ULW was on average 2.3 x 103 ± 1.7 x 103 cells ml-1 (range of 1.4 x 103 – 8.5 x 103 cells ml-1 in 

the SML, 9.5 x 102 – 7.1 x 103 cells ml-1 in the ULW). 

- Line 176. Couldn’t diatoms and other phytoplankton groups be very affected by UV radiation?, ok, this is 

commented later, but then the enrichment of phytoplankton can be derived by physical processes (buoyancy and 

fractionation at surface due to surface tension related issues), then this would be independent of radiation. 

We included buoyancy of cells as a potential community shaping factor in the discussion: 

In addition to buoyancy of cells, radiation, especially in the SML, where often high levels of UV-radiation occur, 

could potentially cause damage by photoinhibition.   

- Note that the SML is generally enriched in hydrophobic and surfactant-like chemicals as many anthropogenic 

compounds. This has been described for PAHs, alkanes, PCBs, Perfluoralkyl substance, etc in the Mediterranean 

and elsewhere. This could also have an influence on the east-west differences, as concentrations of POPs in biota 

are higher in oligotrophic regions due to a complex interplay of factors (Berrojalbiz et al. 2011, Morales et al. 

2015, González-Gaya et al. 2019). For example, for bacteria, it has been shown that the SML is especially 

enriched in those taxa having the potential to degrade pollutants (Martinez-Varela et al. 2020). Even though, 

organic pollutants were probably not measured in this cruise, it could be another factor to take into account or 

comment shortly. Fungi are known as being very efficient degrading persistent pollutants.  

We thank the reviewer for this comment and have expanded the discussion to include the possible influence of 

chemicals enriched in the SML: 

In addition, previous studies have shown that the Eastern Mediterranean Sea shows higher concentrations of 

organic pollutants (Berrojalbiz et al., 2011a, 2011b) and a Cladosporium strain has been observed to degrade 

polycyclic aromatic hydrocarbons (Birolli et al., 2018), highlighting another potential substrate for the fungi 

detected in the Ionian Sea. 

- Line 231. Here and in other parts of the manuscripts. Bacteria was determined by bacterial counts 

(abundances), but this is a very limited information for this types of statements, as even bacterial abundance 

decrease, the abundance of some key taxa may increase. 

We have added a sentence in the discussion on this limitation: 

Even though overall bacterial numbers decrease, further molecular analyses would be needed to determine if the 

bacterial community is changing from west to east and if certain bacterial taxa can benefit from the ultra 

oligotrophic conditions. 

 



Reply reviewer #3 
General comments: The MS by Zäncker and colleagues reports data on autotrophic and heterotrophic microbial 

cell abundances, TEP, carbohydrates, and 18S sequences from water collected in the sea surface microlayer 

(SML) and in underlying waters (ULW) in different basins in the Mediterranean Sea. The work presents a partial 

description of the biological and chemical characterization of the SML and ULW.  

We thank reviewer #3 for reviewing the manuscript and the comments. Please find below a detailed answer to 

the raised questions and issues: 

However, the way the data are presented and in particular discussed leaves the question on the authors’ specific 

aim(s) open. The question that arises is ‘What is the link between TEP, carbohydrates and microbial 

communities?’ The authors provide no rationale for combining these specific results in one MS.  

Carbohydrates are precursors for TEP (as stated in the introduction, line 42: Phytoplankton and phytoneuston 

can release precursors such as carbohydrates which can aggregate and form gelatinous particles such as 

transparent exopolymer particles (TEP). (Chin et al., 1998; Engel et al., 2004; Verdugo et al., 2004). TEP contain 

mainly polysaccharides (Mopper et al., 1995; Passow, 2002), occur ubiquitously in the ocean (Alldredge et al., 

1993; Passow, 2002), and are an important structural component of the SML (Wurl and Holmes, 2008).), thus 

looking at TEP and carbohydrates combined provides a more complete picture than simply TEP alone. Since 

TEP are valuable for microbes as attachment site and food source and are structurally crucial for the SML, which 

is the target region of the present study, the authors concluded that all three components (carbohydrates, TEP, 

eukaryotes) are important components of the study and should thus be included. We have added this explanation 

also in the introduction: 

The present study focuses on TEP as important structural components of the SML and their precursors, 

carbohydrates, as well as microbial eukaryotes distribution, focusing on the myconeuston community 

composition in the SML of the Mediterranean Sea using samples collected during the PEACETIME cruise in 

May and June 2017. 

Further, the results are compared between SML and UW as well as among basins, which adds another level of 

complexity.  

The authors acknowledge the added level of complexity, but given the major differences in not only eukaryotic 

community composition, but also trophic status and exchange with Atlantic waters in the different basins, when 

treating all basins together a lot of variability in the data would be lost. 

The discussion of the data (in particular in the context of atmospheric deposition) is difficult to follow.  

We have addressed more specific points on the atmospheric deposition below. In addition, we have used the 

NOAA HYSPLIT model to show the backwards trajectory of air masses 2 days prior to sampling in the Ionian 

Sea. The model results show that the air masses very likely originated above land, further corroborating the idea 

that the fungi found in the Ionian Sea, while thriving in this area of the Mediterranean Sea, have been introduced 

from terrestrial sources. 



 

This MS is a contribution to the Special Issue of the PEACETIME project. The characteristics of the SML will 

certainly provide important insights to the overall project. I consider, however, that the MS cannot be accepted in 

its present form, but needs major revisions. I advice the authors to re-consider their main objective(s) and to 

present only the appropriate data. My further suggestion is to re-construct the discussion in a way that it focuses 

on the data presented in this MS. An original finding of the study is the high relative abundance of fungi 

sequences in the Thyrennian Sea, both in the SML and ULW. One possibility would be to focus the MS on 

eukaryotic diversity and fungi in particular.  

As stated above, the authors have carefully considered which data to include in the manuscript and feel that 

including carbohydrates, TEP and microbes gives the best possible overview of SML dynamics.  

We considered the suggestion of the reviewer to restructure the discussion and agree that the high 
relative abundance of fungi sequences in the Ionian Sea is an original and interesting finding. 
However, the discussion is already focussed on eukaryotic diversity (section 4.1 Eukaryotic diversity 
in the surface of the Mediterranean Sea, lines 167-187) and fungi in particular (section 4.2 Fungi in 



the Ionian Sea, lines 189 – 231), and thus the authors feel like a restructuring of the discussion is not 
meaningful at this point.  

 

Specific comments:  

Abstract: Line 10-11: One understands that this main objective of the work, but it is not focus of the following 

sections.  

Changed it to: 

However, little is known about the distribution of microbial eukaryotes in the SML. 

Methods: Line 89: If I understand correctly, the 20 mL samples collected onboard and frozen (-20◦) were not 

ultra filtered. The ultrafiltration step was done in the lab. I suggest to clarify this.  

We clarified this: 

In the home lab, high performance anion exchange chromatography with pulsed amperometric detection 

(HPAEC-PAD) was applied on a Dionex ICS 3000 ion chromatography system (Engel and Händel 2011) for 

TCHO analysis. 

Results: Line 150: Please refer to Fig. 5 in the text  

We added a reference to figure 5. 

Line 153-155 and legend of Fig. 5: Flow cytometry was used in the present study to determine phytoplankton 

abundance in the SML and in ULW. I suggest the authors clarify here the size fraction of the organisms that can 

be determined by flow cytometry (i.e. generally up to 20 µm). Any larger phytoplankton are not included in their 

counts.  

We named the phytoplankton measured in the flow cytometer picophytoplankton and included the size range 

(0.2 – 20 µm) in the results section. 

Line160: should be Fig. 5 

Thanks for pointing this out, we have changed it accordingly. 

Discussion: Line 173: Sequencing data provide information on the relative abundance of a given taxonomic unit, 

but no absolute values. I suggest re-writing the sentence accordingly. 

We changed ‘concentrations’ to ‘relative abundances’.  

Line 191: In the previous paragraph the authors discuss the potential biases of sequencing data due to differences 

in gene copy numbers, and I totally agree. How would this impact their observations on fungi sequences? I 

suggest the authors include a short description of what is known on fungi copy numbers and whether this could 

have led to a potential overestimation in their data set.  

We added a sentence on the impact on fungal sequences: 

While fungi, like dinoflagellates and other eukaryotic groups, can have varying amounts of 18S rDNA gene copy 

numbers, the patchy distribution of fungi found in this study makes a consistent bias unlikely. 

Line 194 and elsewhere: Please apply the term ‘relative abundance’ instead of ‘abundance’ or ‘amount’ (line 

203)  

We have made changes throughout the manuscript accordingly. 

Line 198: What is the rationale for the conclusion that dust and rain lead to an increase in TEP and in 

unidentified dinoflagellates in the SML? Even if another MS on this issue is in preparation, a more information is 

required here for an appropriate discussion.  



We have changed the wording of the sentence to ‘coincided’ instead of ‘resulted’ to not make claims that we 

don’t discuss in the MS. 

Station FAST_2 in the western basin was highly influenced by dust input in the area (Guieu et al., 2020; Tovar-

Sánchez et al., 2020). This coincided not only with a high increase in TEP abundance in the SML, but also with a 

distinct increase in the relative abundance of unidentified dinoflagellates in the SML (Fig. 3). 

What is meant by ‘previous to the research campaign’? A few days or weeks? Where is this shown in Fig. 3?  

Station FAST_2 is represented by the second bar in figure 3. We have changed the sentence to be more specific 

about the timing: 

either deposited by dust or by rain days before this research campaign in the Ionian Sea or in other areas closeby. 

Line 201: As mentioned above, this discussion does not refer to any data presented in this MS, and thus 

confusing.  

As stated in the text, the community data is indeed presented in figure 4 and helps to rule out dust input as the 

main influencing factor of eukaryotic community composition. Thus, the authors feel like this section should be 

kept in the manuscript.  

Line 202-203: It seems the authors contradict their statements above. Please clarify. 

We have changed the sentence to make our point better understandable: 

In addition, the highest relative abundance of fungi was found in the ULW and not the SML, making a simple 

atmospheric influence without any subsequent thriving of certain fungal taxa unlikely. 

Reply editor 
Comments to the Author: 

Thank you for your answers to the 3 reviewers that mostly covers the issues raised. It is also 

nice that additional information are provided as SI (air masses backwards trajectories). 

However I have few additional remarks that I’d like you take into account before the paper 

can be accepted for publication: 

We thank the editor for her useful comments. Please see below our specific replies to the 

issues raised. 

 

- I found it unfortunate that only few papers resulting from the PEACETIME cruise are cited. 

I would recommend at least to add Sellegri et al. (accepted Scientific reports) that you co-

authored that nicely emphasize on the importance of SML in air-sea exchange processes, this 

is directly link to your work during PEACETIME. 

We’ve added citations to Sellegri et al., Freney et al., Fu et al., Desboeufs et al., Trueblood et 

al. in the manuscript. 

 

- L56, please add following references : MERMEX Group, 2011 and Pujo-Pay et al., 2011 

(PUJO-PAY, Mireille, CONAN, Pascal, ORIOL, L., et al. Integrated survey of elemental 



stoichiometry (C, N, P) from the western to eastern Mediterranean Sea. Biogeosciences, 2011, 

vol. 8, no 4, p. 883-899.)  

We have added the citations. 

(note that De Madron et al. should be MERMEX Group et al.: in the text and references) 

We changed the citation and reference accordingly. 

 

- the answer to several remarks is relevant but is not always reflected in the text: I think it is 

important that your answers (and the new references discussed/proposed to support your 

remarks) are properly included in your manuscript.  

In particular, rem 3 rev#1 (preservation methodology that could impact the abundance (that is 

lower than usually reported in the Med Sea) 

We have added more explanations: 

Line 95: This method is in accordance with previous method development (Lepesteur et al., 

1993).  

Line 241-244: While overall microalgal abundances determined by flow cytometry were 

rather low in the SML and ULW, they were comparable to other studies looking at the 

phytoplankton abundance in the SML of the Mediterranean Sea (Joux et al., 2006). The 

microalgal numbers from 5-200 m (data not shown) were higher than at the air-sea interface. 

also from rev#2 : there are some DOC data although not measured in all SML samples and it 

would be interesting to check the relevance of this parameter and indicate weither or not how 

the differences impact the east-west pattern ?  

We added a short discussion of DOC and POC (as reported by Freney et al. and Trueblood et 

al.) in the discussion (Lines 306-308): 

At the same time, TCHO and TEP were still abundant in the Ionian Sea, as well as DOC in 

the SML and DOC and POC in the ULW which did not show changes between the Ionian Sea 

and the other basins (Freney et al., 2020; Trueblood et al., 2020). 

For clarification please find below the figure this sentence is referring to: 



 

also from rev#2, about the bacterial abundance decrease, it would be nice to refer to Tovar-

Sanchez et al., 2020. 

We added the citation. 

 

- L218, As no dust deposition was evidenced at ION from atmospheric studies (Desboeufs et 

al. in prep and Fu et al., in prep) and also because dust is often a wet deposition, I suggest to 

modify the sentence : "...either deposited by dust or by rain days before this research 

campaign in the Ionian Sea or in other areas closeby" by “... linked to wet or dry deposition 

that occurred before and/or during our sampling period at ION”. 

We changed the sentence accordingly. 

 

- L220, please add reference to Fu et al. paper in prep : after the sentence : « This is also 

corroborated by air mass trajectory backtracking using the HYSPLIT model (Fig. S3) which 

showed that aerosols likely were of terrestrial origin » (please replace « terrestrial » by 

continental) and add : « this was confirmed by atmospheric measurements indicating that 

chemical composition of dry and wet depositions were influenced by Eastern Europe air 

masses (Desboeufs et al., this issue, in prep.). [Desboeufs, K., Doussin, J.-F., Giorio, C., 

Triquet, S., Fu, Y., Dulac, F., Garcia-Nieto, D., Chazette, P., Féron, A., Formenti, P., Gaimoz, 

C., Maisonneuve, F., Riffault, V., Saiz-Lopez, A., Siour, G., Zapf, P., and Guieu, C.: ProcEss 



studies at the Air-sEa Interface after dust deposition in the MEditerranean sea (PEAcEtIME) 

cruise: Atmospheric overview, Biogeosciences this special issue, in preparation.] 

We changed the sentence accordingly and added the citations. 

 

- - abstract: as this is important regarding the objectives of the PEACETIME project, I would 

add L 14 “At the stations located in the Ionian Sea, fungi – ***likely of continental origin via 

atmospheric deposition*** -were found in high relative abundances etc.” 

We added the insert accordingly. 

 

I suggest that you reconsider your response for the following remark as they do not fully 

answer the question raised : 

- rev#1 : the second suggestion : appart from the litterature review that you added, the 

reviewer was wondering how your data in oligotrophic system compare with previous work, 

this should be done in the text. 

I suggest you discuss how fungi may interact with phytoplankton and bacteria in marine 

LNLC environments. Do they utilize the same nutrients (thereby competing with the 

microbes)? Did you find any toxic fungi in the different layers? Can you say anything about 

the role of fungi in the SML and ULW’s food web? Please provide information on fungi 

biomass/ activity and diversity in other LNLC regions. Do you expect that fungi be more 

important in oligotrophic vs. meso-/eutrophic marine environments? Does your findings 

comparable to these other sites?  

We have added a description on the ecological role of fungi in the marine environment in 

general and a more specific description of fungi in the SML and on fungi in other LNLC 

regions (Lines 215-219):. 

Marine fungi can live a saprotrophic lifestyle, degrading and recycling high molecular weight 

organic matter (Chrismas and Cunliffe, 2020; Cunliffe et al., 2017) and potentially competing 

with functionally similar bacteria. Some marine fungi are also phytoplankton parasites, 

potentially altering phytoplankton community composition through selective parasitism 

(Amend et al., 2019; Grossart et al., 2019).. At present, we have a very limited understanding 

of diversity and functional role of fungi in the SML (myconeuston). One previous study of the 

coastal myconeuston in the Western English Channel off Plymouth (UK) showed that the 

SML was dominated by both Ascomycota and Basidiomycota (Taylor and Cunliffe, 2014), 

compared to Ascomycota dominating in this study. 

So far, not many studies have looked at fungi in LNLC regions. A global comparison of 

fungal distribution (Hassett et al., 2020) has found that fungal diversity determined by 

amplicon sequencing varies between different oceanic regions with Exophiala, belonging to 

Ascomycota, dominating the Ligurian Sea samples and an unclassified Ascomycota being the 

most abundant taxon, similar to our study being dominated by Ascomycota. 

 



List of all relevant changes 
 

Lines 45-47: TEP contain mainly polysaccharides (Mopper et al., 1995; Passow, 2002), and occur ubiquitously 

in the ocean (Alldredge et al., 1993; Passow, 2002), and are an important structural component of the SML (Wurl 

and Holmes, 2008). 

 

Lines 54-60: (Durrieu de Madron et al., 2011). The anti-estuarine circulations at the Strait of Gibraltar and the 

Straits of Sicily, transport low-nutrient surface waters into the basins, and deeper waters out of the basins, resulting 

in oligotrophic conditions in the western and ultra-oligotrophic conditions in the eastern Mediterranean basin 

(Krom et al., 2004; Mermex Group et al., 2011; Pujo-Pay et al., 2011; Tanhua et al., 2013). The present study 

focuses on TEP as important structural components of the SML and their precursors, carbohydrates, as well as the 

organic matter (OM) and microbial eukaryotes distribution in relation to possible atmospheric inputs, focusing on 

the myconeuston community composition in the SML of the Mediterranean Sea using samples collected during 

the PEACETIME cruise in May and June 2017. 

 

Lines 68-74: The glass plate was immersed and withdrawn perpendicular to the sea surface at a controlled rate 

of ~17 cm s-1. With a Teflon wiper, SML samples were collected in acid cleaned and rinsed bottles (Cunliffe and 

Wurl, 2014). A total of app. 1.5 L of SML sample was collected in the course of 1 h. Sampling times are listed in 

table 1. All sampling equipment was acid-cleaned (10 % HCl), rinsed with Milli-Q and copiously rinsed with 

seawater from the respective depth once the sampling site was reached. The ULW samples were collected 

concurrently with two acid-cleaned and MilliQ rinsed glass bottles by immersing the closed bottles and opening 

them at app. 20 cm.  

 

Line 95: This method is in accordance with previous method development (Lepesteur et al., 1993).  

 

Lines 104-106: 400 ml of sample was pre-filtered through a mesh with 100 µm pore size in order to avoid 

zooplankton being captured on the filters and dominating the retrieved 18S sequences and subsequently filtered 

onto a Durapore membrane (Millipore, 47 mm, 0.2 µm) and immediately stored at -80°C. 

 

Lines 163-165: Picophytoneuston (0.2 – 20 µm size range) abundance was on average 3.3 x 103 ± 1.9 x 103 cells 

ml-1 in the SML and picophytoplankton abundance in the ULW was on average 2.3 x 103 ± 1.7 x 103 cells ml-1 

(range of 1.4 x 103 – 8.5 x 103 cells ml-1 in the SML, 9.5 x 102 – 7.1 x 103 cells ml-1 in the ULW). 

 

Lines 184-185: Looking at the phytoplankton community (Fig. 3), it becomes apparent that no diatoms were 

present at high concentrationsrelative abundances. 

 

Lines 187-188: Even though diatoms most likely were not dominant in the samples, finding no diatom orders 

over 1 % in at least one of the samples might also indicate a bias of the primers used or of the pre-filtration 

removing larger cells and aggregates. 



 

Lines 198-202:  At the same time, TEP were significantly enriched during the sampling campaign while the 

phytoplankton community did not show significant differences. Previous studies suggested that TEP can protect 

phytoplankton and bacteria from UV radiation (Elasri and Miller, 1999; Ortega-Retuerta et al., 2009). Further 

studies would be needed to determine whether TEP production was higher in the SML due to phytoneuston UV 

protection or whether TEP formation rates were higher in the SML due to wind and wave shear at the surface 

(Carlson, 1993; Cunliffe et al., 2013).  

 

Lines 208-220: While fungi, like dinoflagellates and other eukaryotic groups, can have varying amounts of 18S 

rDNA gene copy numbers, the patchy distribution of fungi found in this study makes a consistent bias unlikely.  

Marine fungi can live a saprotrophic lifestyle, degrading and recycling high molecular weight organic matter 

(Chrismas and Cunliffe, 2020; Cunliffe et al., 2017) and potentially competing with functionally similar bacteria. 

Some marine fungi are also phytoplankton parasites, potentially altering phytoplankton community composition 

through selective parasitism (Amend et al., 2019; Grossart et al., 2019).. At present, we have a very limited 

understanding of diversity and functional role of fungi in the SML (myconeuston). One previous study of the 

coastal myconeuston in the Western English Channel off Plymouth (UK) showed that the SML was dominated by 

both Ascomycota and Basidiomycota (Taylor and Cunliffe, 2014), compared to Ascomycota dominating in this 

study. 

So far, not many studies have looked at fungi in LNLC regions. A global comparison of fungal distribution (Hassett 

et al., 2020) has found that fungal diversity determined by amplicon sequencing varies between different oceanic 

regions with Exophiala, belonging to Ascomycota, dominating the Ligurian Sea samples and an unclassified 

Ascomycota being the most abundant taxon, similar to our study being dominated by Ascomycota. 

 

Lines 221-228: Not only fungal relative abundances increased in the Ionian Sea, but also ASVs identified as 

Solanales (Nicotiana) had quite high relative abundances in the easternmost stations. Since Solanales are land 

plants, presence of their DNA could suggest a possible strong terrestrial influence on the Ionian Sea, linked to 

wet or dry deposition that occurred before and/or during our sampling period at ION. either deposited by dust or 

by rain previous to this research campaign in the Ionian Sea or in other areas closeby. This is also corroborated 

by air mass trajectory backtracking using the HYSPLIT model (Fisg. S3) which showed that aerosols likely were 

of terrestrialcontinental origin (Fu et al., in prep), also confirmed by atmospheric measurements indicating that 

chemical composition of dry and wet depositions were influenced by Eastern European air masses (Desboeufs et 

al., in prep.n.d.). 

 

Lines 245-253: Bacterial and microalgal numbers determined by flow cytometry decreased significantly from 

west to east, with bacteria showing the greatest decline (Tovar-Sánchez et al., 2020). While overall microalgal 

abundances determined by flow cytometry were rather low in the SML and ULW, they were comparable to other 

studies looking at the phytoplankton abundance in the SML of the Mediterranean Sea (Joux et al., 2006). The 

microalgal numbers from 5-200 m (data not shown) were higher than at the air-sea interface. Even though 

overall bacterial numbers decrease, further molecular analyses would be needed to determine if the bacterial 

community is changing from west to east and if certain bacterial taxa can benefit from the ultra oligotrophic 

conditions. At the same time, TCHO and TEP were still abundant in the Ionian Sea, as well as DOC in the SML 



and DOC and POC in the ULW which did not show changes between the Ionian Sea and the other basins 

(Freney et al., 2020; Trueblood et al., 2020). 

 

Lines 270-273: . In addition, previous studies have shown that the Eastern Mediterranean Sea shows higher 

concentrations of organic pollutants (Berrojalbiz et al., 2011a, 2011b) and a Cladosporium strain has been 

observed to degrade polycyclic aromatic hydrocarbons (Birolli et al., 2018), highlighting another potential 

substrate for the fungi detected in the Ionian Sea. 
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Abstract. The sea surface microlayer (SML) represents the boundary layer at the air-sea interface. Microbial eukaryotes in the 

SML potentially influence air-sea gas exchange directly by taking up and producing gases, and indirectly by excreting and 

degrading organic matter, which may modify the viscoelastic properties of the SML. However, little is known about the 10 

controlling factors that influencedistribution of microbial eukaryotes community composition in the SML. We studied the 

composition of the microbial community, transparent exopolymer particles and polysaccharides in the SML during the 

PEACETIME cruise along a west-east transect in the Mediterranean Sea, covering the western basin, Tyrrhenian Sea and 

Ionian Sea.  At the stations located in the Ionian Sea, fungi – likely of continental origin via atmospheric deposition - were 

found in high relative abundances determined by 18S sequencing efforts, making up a significant proportion of the sequences 15 

recovered. At the same time, bacterial and picophytoplankton counts were decreasing from west to east, while transparent 

exopolymer particle (TEP) abundance and total carbohydrate (TCHO) concentrations remained the same between 

Mediterranean basins.  Thus, the presence of substrates for fungi, such as Cladosporium known to take up phytoplankton-

derived polysaccharides, in combination with decreased substrate competition by bacteria suggests that fungi could be thriving 

in the neuston of the Ionian Sea and other low nutrient low chlorophyll (LNLC) regions. 20 

1 Introduction 

The sea surface microlayer (SML) constitutes the boundary layer between the ocean and the atmosphere (Liss and Duce, 2005; 

Zhang et al., 2003), and is around 1 to 1000 µm thick (Cunliffe and Murrell, 2009; Liss and Duce, 2005) with distinct physical 

and chemical properties compared to the underlying water (Cunliffe et al., 2013; Zhang et al., 2003). Due to the prominent 

position, the SML potentially has a substantial influence on air-sea exchange processes, such as gas transfer and sea spray 25 

aerosol formation (Cunliffe et al., 2013; Engel et al., 2017; Freney et al., 2020; Sellegri et al., in prep. n.d.).  

The microbial food web plays a crucial role in ocean biogeochemistry and has been vastly studied. Despite the fact that 

microbes in the SML can directly and indirectly influence air-sea gas exchange, few studies have looked at the microbial 

community composition in the SML, mainly focussing on bacteria (Agogué et al., 2005; Joux et al., 2006; Obernosterer et al., 

2008) and less onparticularly in terms of microbial eukaryotes (Taylor and Cunliffe, 2014). While phytoplankton throughout 30 
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the water column play an important role in the ocean as primary producers, phytoneuston in the SML (Apts, 1989; Hardy and 

Apts, 1984; Naumann, 1917),  might have an additional crucial role by impacting air-sea gas exchange (Ploug, 2008; Upstill-

Goddard et al., 2003). Early microscopic observations of the SML reported mostly diatoms, dinoflagellates and cyanobacteria 

(Hardy et al., 1988). More recent studies using 18S rRNA gene sequencing found a decreased protist diversity in the SML 

compared to underlying water with chrysophytes and diatoms enriched in the SML (Cunliffe and Murrell, 2010; Taylor and 35 

Cunliffe, 2014).  

Not only phytoneuston, but also zooneuston, bacterioneuston and myconeuston might influence air-sea gas exchange processes 

by either parasitizing phytoneuston and thus impacting the primary productivity, or by degrading organic matter available in 

the SML and producing CO2. While some studies have explored bacterioneuston diversity in the Mediterranean Sea (Agogué 

et al., 2005; Joux et al., 2006), fungi have not yet been characterized in the SML in this region. Fungi are however abundant 40 

in marine environments (Gladfelter et al., 2019; Grossart et al., 2019; Hassett et al., 2019), living a saprotrophic or parasitic 

lifestyle and have been found in the Mediterranean Sea before (Garzoli et al., 2015; Gnavi et al., 2017), with the myconueston 

studied in other locations (Taylor and Cunliffe, 2014). 

Phytoplankton and phytoneuston can release precursors such as carbohydrates which can aggregate and form gelatinous 

particles such as transparent exopolymer particles (TEP) (Chin et al., 1998; Engel et al., 2004; Verdugo et al., 2004). TEP 45 

contain mainly polysaccharides (Mopper et al., 1995; Passow, 2002), and occur ubiquitously in the ocean (Alldredge et al., 

1993; Passow, 2002), and are an important structural component of the SML (Wurl and Holmes, 2008). Due to their stickiness 

TEP can aggregate with other particles (Azetsu-Scott and Passow, 2004; Engel, 2000; Passow and Alldredge, 1995). When 

the aggregate becomes heavier due to the aggregation with additional particles, it eventually sinks out of the euphotic layer 

into the deep ocean and may thus play an important role in carbon export (Engel et al., 2004). However, the rate of TEP-related 50 

carbon export does not only depend on its production by phytoplankton, but also on microbial degradation. 

Few studies have looked at spatial distribution of the microbial eukaryote communities in the SML and possible environmental 

drivers of community composition, especially in the open Mediterranean Sea, a characteristic low nutrient low chlorophyll 

(LNLC) region (Durrieu de Madron et al., 2011). The anti-estuarine circulations at the Strait of Gibraltar and the Straits of 

Sicily, transport low-nutrient surface waters into the basins, and deeper waters out of the basins, resulting in oligotrophic 55 

conditions in the western and ultra-oligotrophic conditions in the eastern Mediterranean basin (Krom et al., 2004; Mermex 

Group et al., 2011; Pujo-Pay et al., 2011; Tanhua et al., 2013). The present study focuses on TEP as important structural 

components of the SML and their precursors, carbohydrates, as well as the organic matter (OM) and microbial eukaryotes 

distribution in relation to possible atmospheric inputs, focusing on the myconeuston community composition in the SML of 

the Mediterranean Sea using samples collected during the PEACETIME cruise in May and June 2017. 60 



3 

 

2 Material and methods 

2.1 Sampling 

Samples were collected during the PEACETIME cruise to the Mediterranean Sea onboard the RV Pourquoi pas? from the 10th 

May to the 11th June 2017. A total of 12 stations were sampled from 2.9°E to 19.8°E and 35.5°N to 42.0°N (Fig. 1) collecting 

water from the SML and the underlying water (ULW) at 20 cm below the SML. SML samples were collected from a zodiac 65 

using a glass plate sampler (Cunliffe and Wurl, 2014; Harvey, 1966). The dimensions of the silicate glass plate (50 x 26 cm) 

resulted in an effective sampling surface area of 2,600 cm2 considering both sides. To avoid contamination during sampling, 

the zodiac was located in front of the research vessel into the direction of the wind. The glass plate was immersed and 

withdrawn perpendicular to the sea surface at a controlled rate of ~17 cm s-1. With a Teflon wiper, SML samples were collected 

in acid cleaned and rinsed bottles (Cunliffe and Wurl, 2014). A total of app. 1.5 L of SML sample was collected in the course 70 

of 1 h. Sampling times are listed in table 1. All sampling equipment was acid-cleaned (10 % HCl), rinsed with Milli-Q and 

copiously rinsed with seawater from the respective depth once the sampling site was reached. The ULW samples were collected 

concurrently with two acid-cleaned and MilliQ rinsed glass bottles by immersing the closed bottles and opening them at app. 

20 cm.  

2.2 Gel particle determination 75 

The abundance and area of TEP and was measured microscopically (Engel, 2009). The sample volume (10-30 ml) was 

determined onboard the ship according to the prevailing concentration of TEP.  Samples were filtered onto 0.4 µm Nucleopore 

membranes (Whatman) and stained with 1 ml Alcian Blue solution (0.2 g l-1 w/v) for 3 s. Filters were mounted on Cytoclear® 

slides and stored at -20°C until analysis. Two filters per sample with 30 images each were analyzed using a Zeiss Axio 

Scope.A1 (Zeiss) and the AxioCam MRc (Zeiss). The pictures with a resolution of 1388 x 1040 pixels were saved using 80 

AxioVision LE64 Rel. 4.8 (Zeiss). All particles larger than 0.2 µm2 were analyzed. ImageJ was subsequently used for image 

analysis (Schneider et al., 2012). 10 ml MilliQ water served as a blank. 

2.3 Bacterioplankton and bacterioneuston abundance 

Bacterial cell numbers were determined from a 2 ml sample fixed with 100 µl glutaraldehyde (GDA, 1 % final concentration). 

Samples were stored at -20°C and stained with SYBR Green I (Molecular Probes) to determine abundance using a flow 85 

cytometer (Becton & Dickinson FACScalibur) with a 488 nm laser. A unique signature in a plot of side scatter (SSC) vs. green 

fluorescence (FL1) was used to detect bacterial cells.  Yellow-green latex beads (Polysciences, 0.5 µm) were used as an internal 

standard. 
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2.4 Picophytoplankton and picophytoneuston abundance 

Picophytoplankton and picophytoneuston cell numbers were determined from a 2 ml sample fixed with 100 µl GDA (1 % final 90 

concentration) and stored at -20°C. Samples were filtered through a 50 µm filter and analyzed with a flow cytometer (Becton 

& Dickinson FACScalibur) using a 488 nm laser and a standard filter set-up. Enumeration of cells was conducted using a high 

flow rate (app. 39-41 µl min-1). The forward or right-angle light scatter (FALS, RALS) as well as the phycoerythrin and chl a 

related fluorescent signal was used to distinguish the cells. Cell counts were analyzed using the CellQuest Pro-Software (BD 

Biosciences). This method is in accordance with previous method development (Lepesteur et al., 1993).  95 

2.5 Total combined carbohydrates 

Samples (20 ml) for total hydrolysable carbohydrates (TCHO) > 1 kDa were filled into precombusted glass vials (8h, 500°C) 

and stored at -20°C. In the home lab, hHigh performance anion exchange chromatography with pulsed amperometric detection 

(HPAEC-PAD) was applied on a Dionex ICS 3000 ion chromatography system (Engel and Händel 2011) for TCHO analysis. 

Prior to analysis, samples were desalinated with membrane dialysis (1 kDa MWCO, Spectra Por) at 1°C for 5h. Samples were 100 

hydrolyzed for 20 h at 100°C with 0.8 M HCl final concentration with subsequent neutralization using acid evaporation (N2, 

for 5 h at 50°C). Two replicates per TCHO sample were analyzed. 

2.6 DNA extraction and eukaryote 18S rRNA gene sequencing 

400 ml of sample was pre-filtered through a mesh with 100 µm pore size in order to avoid zooplankton being captured on the 

filters and dominating the retrieved 18S sequences and subsequently filtered onto a Durapore membrane (Millipore, 47 mm, 105 

0.2 µm) and immediately stored at -80°C. In order to improve cell accessibility for the DNA extraction, filters in cryogenic 

tubes were immersed in liquid nitrogen and the filter was crushed with a pestle. DNA was extracted according to a modified 

protocol from Zhou et al. (1996) by Wietz and colleagues (2015). The protocol included bead-beating, phenol-chloroform-

isoamyl alcohol purification, isopropanol precipitation and ethanol washing. An additional protein-removal step by salting was 

used to avoid protein contamination.  110 

Library preparation and sequencing was conducted at the Integrated Microbiome Resource at Dalhousie University, Halifax, 

Canada and is described in detail elsewhere (Comeau et al., 2017). Samples were PCR-amplified in two dilutions (1:1 and 

1:10) using the 18S rRNA gene primers E572F and E1009R (Comeau et al., 2011). Prior to pooling, samples were cleaned up 

and normalized using the Invitrogen SequalPrep 96-well Plate kit (Thermo Fisher Scientific). Sequencing was conducted 

according to Comeau et al. (2017) on an Illumina MiSeq using 300+300 bp paired-end V3 chemistry.  115 

Sequences were processed using the DADA2 pipeline (Callahan et al., 2016)⁠ and sequences shorter than 400 bp, longer than 

444 bp, with more than 8 homopolymers or any ambiguous bases were discarded. Sequences were aligned with the 18S rRNA 

gene sequences of the SILVA 132 alignment (Quast et al., 2013). Subsequently, sequences that aligned outside of most of the 

dataset and chimeras were removed. Sequences were classified using the SILVA 132 database (Quast et al., 2013) and 
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deposited at the European Nucleotide Archive (ENA accession number PRJEB23731). Sequences were not subsampled and 120 

sequence numbers per sample ranged from 1063 sequences (S8 SML) to 43,027 sequences (S5 SML), except for PCA, where 

all samples were subsampled to 1063 sequences. 

2.7 Statistical analyses 

Statistical analyses and maps were produced using R (R Core Team, 2014) and bathymetry information from NOAA (National 

Oceanic and Atmospheric Administration). The enrichment factor (EF) was used to compare the concentration of substance A 125 

in the SML to the concentration in the ULW and was calculated using the following Eq. (1): 

𝐸𝐹 =  
[𝐴]𝑆𝑀𝐿

[𝐴]𝑈𝐿𝑊
                                  (1) 

Where [A] is the concentration of a parameter in the SML or ULW (World Health Organization, 1995). An EF > 1 indicates 

enrichment, an EF < 1 indicates depletion and an EF = 1 indicates no change of a phytoplankton genus in the SML compared 

to the ULW. The significance of difference between the SML and ULW and between the basins of 18S eukaryote sequences 130 

and biogeochemical parameters were tested using the Kruskal-Wallis test and PERMANOVA. Correlations were calculated 

using Spearman’s rank correlation. 

2.8 Data obtained from the ship 

Wind speed, salinity and seawater temperature at 5 m were obtained from the RV Pourquoi pas? software. Radiation 

measurements were obtained with the pyranometer Li-Cor Radiation Sensor (Li-200SZ) measuring wavelengths of 400 to 135 

1100 nm. All parameters were measured every 5 min during the sampling on the zodiac outlined above and the average during 

the sampling period was taken for statistical analyses (Table 1).  

3 Results 

3.1 Microbial eukaryote community composition in the SML and ULW 

The eukaryotic communities in the SML and the ULW were similar (ANOSIM, p=0.039, R=0.1002). The cruise track allowed 140 

for sampling in three basins of the Mediterranean Sea: the western basin (Provencal + Algerian basin), the Tyrrhenian Sea and 

the Ionian Sea. Looking at the three different basins sampled (Fig. 1), differences were detected in their eukaryotic community 

composition (Fig. 2). ANOSIM showed that the differences in the eukaryotic community composition were slightly larger 

across basins than between SML and ULW (p=0.0025, R=0.2263). However, the overall diversity and evenness (based on 

shannon and pielou indices) were not significantly different between basins (Fig. S1).  145 

16 orders were found in relative abundances over 5 % of the total eukaryotic community in one or more of all 12 stations (Fig. 

3). The communities in the SML and ULW at most stations were similar, with Dinophyceae and Syndiniales (Dinoflagellata), 

and an unidentified Eukaryote class dominating the eukaryotic community. Zooneuston were found in most of the SML 
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samples, but rarely (n=2) in the ULW samples. Zooneuston were comprised of Ploimida (Rotifer), Maxillopoda (Cyclopoida 

and Calanoida) and Scyphozoa (Semaeostomeae). 150 

Myconeuston and mycoplankton were found in high relative abundances in three ULW samples and in the corresponding SML 

samples (S8, ION_2, S7) of the Ionian Sea. At station S7 ULW, fungi made up more than half (54 %) of the total number of 

retrieved sequences. The vast majority of fungal amplicon sequence variants (ASVs) (64 out of 69) belonged to Ascomycota 

and Mucoromycota with the remaining five belonging to the Chytridiomycota (n=3), Basidiomycota and 

Neocallimastigomycota.  Figure 4 displays all fungal ASVs that were recovered throughout the cruise and their relative 155 

abundance. It becomes apparent that while fungal ASVs make up a significant amount of sequences in the Ionian Sea (stations 

to the right of fig. 4), they were barely detectable at the other stations (p=0.014 for differences on fungal ASV level between 

basins tested with PERMANOVA). 

3.2 Concentrations and SML enrichments of microorganisms and organic matter 

Bacterial numbers did not show any significant differences between depths. In the SML, bacterial abundances ranged from 2.0 160 

x 105 to 1.0 x 106 cells ml-1 with an average of 5.2 x 105 ± 2.3 x 105 cells ml-1. In the ULW, bacterial numbers were on average 

4.6 x 105 ± 1.5 x 105 cells ml-1 (range of 2.2 x 105 – 6.9 x 105 cells ml-1) (Fig. 5).  

Picophytoneuston (0.2 – 20 µm size range) abundance was on average 3.3 x 103 ± 1.9 x 103 cells ml-1 in the SML and 

picophytoplankton abundance in the ULW was on average 2.3 x 103 ± 1.7 x 103 cells ml-1 (range of 1.4 x 103 – 8.5 x 103 cells 

ml-1 in the SML, 9.5 x 102 – 7.1 x 103 cells ml-1 in the ULW). Overall, cell counts determined by flow cytometry were 165 

significantly higher in the SML than in the ULW (p=0.002, n=12).  

TEP concentration was on average 1.4 x 107 ± 9.7 x106 particles l-1 (3.6 x 106 - 3.7 x 107 TEP l-1) in the SML. In the ULW, the 

average TEP concentrations were 3.6 x 106 ± 2.1 x106 particles l-1 (6.8 x 105 - 7.5 x 106 TEP l-1) in the ULW. TEP area in the 

SML was on average 9.7 x 107 ± 1.2 x 108 mm2 l-1 (1.5 x 107 and 4.5 x 108 mm2 l-1). TEP area was lower in the ULW with an 

average of 2.3 x 107 ± 1.1 x 107 (2.9 x 106 - 3.9 x 107 mm2 l-1). Both TEP abundance and area were significantly enriched in 170 

the SML (Fig. 52) with values of p=0.01 and p=0.007, respectively. While irradiation, water temperature and salinity did not 

correlate with TEP abundance or area, wind speed did have a significant negative correlation with TEP abundance in the SML 

(R2 = -0.73) and TEP area in the SML (R2 = -0.75) and the enrichment factor of TEP area (R2 = -0.63). 

TCHO concentrations were similar between SML and ULW (Fig. 52), with no significant differences between depths (778 ± 

294 nM (562 – 1684 nM) in the SML and 605 ± 97 nM (525 – 885 nM) in the ULW). 175 

4 Discussion 

4.1 Eukaryotic diversity in the surface of the Mediterranean Sea 

The eukaryotic community composition between the SML and the ULW only differed slightly, with larger spatial 

heterogeneity and significant differences between the communities of the Western, Tyrrhenian and Ionian basins. The shannon 
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diversity did not differ significantly between depths or basins, however there was a slight decrease of species richness from 180 

west to east (Fig. S1), possibly due to the transition to more ultra oligotrophic conditions from west to east, as water exchange 

with the Atlantic is most pronounced in the western basin (Reddaway and Bigg, 1996) and organisms have to adapt to a more 

oligotrophic environment the further east they come.    

Looking at the phytoplankton community (Fig. 3), it becomes apparent that no diatoms were present at high 

concentrationsrelative abundances. In seasonal studies, diatoms have been important during blooms in March and April in the 185 

Mediterranean Sea, but later in the year when a stratified water column was established, their importance decreased (Marty et 

al., 2002). Even though diatoms most likely were not dominant in the samples, finding no diatom orders over 1 % in at least 

one of the samples might also indicate a bias of the primers used or of the pre-filtration removing larger cells and aggregates. 

Another point that becomes apparent from Figure 3 is the dominance of dinoflagellate genera. Several studies have shown that 

dinoflagellates have a large number of 18S rRNA gene copies in comparison to other phytoplankton groups, and therefore the 190 

abundance of dinoflagellates in 18S rRNA gene sequencing is often overestimated (Godhe et al., 2008; Guo et al., 2016).  

Previous studies suggested various factors that potentially drive the phytoplankton community composition. In addition to 

buoyancy of cells, rRadiation, especially in the SML, where often high levels of UV-radiation occur, could potentially cause 

damage by photoinhibition. Dinoflagellates, one of the dominating phytoplankton groups, can however produce 

photoprotective compounds, including mycosporine-like amino acids (MAAs) (Carreto et al., 1990; Häder et al., 2007). Even 195 

though dinoflagellates can produce MAAs, they can still be inhibited by high UV radiation (Ekelund, 1991). However, looking 

at the current study, no inhibition by UV radiation can be inferred from the data because phytoplankton were enriched despite 

high radiation values (e.g. stations S4 and 7) (Table 1). At the same time, TEP were significantly enriched during the sampling 

campaign while the phytoplankton community did not show significant differences. Previous studies suggested that TEP can 

protect phytoplankton and bacteria from UV radiation (Elasri and Miller, 1999; Ortega-Retuerta et al., 2009). Further studies 200 

would be needed to determine whether TEP production was higher in the SML due to phytoneuston UV protection or whether 

TEP formation rates were higher in the SML due to wind and wave shear at the surface (Carlson, 1993; Cunliffe et al., 2013).  

4.2 Fungi in the Ionian Sea 

Figures 3 and 4 show the relative prevalence of fungi in the Ionian Sea and their scarce reduced distribution in the western 

basin and the Tyrrhenian Sea. Most of the ASVs present in the Ionian Sea belonged to Ascomycota and Mucoromycota. With 205 

fungi making up a significant part of the apparent eukaryotic community in the Ionian Sea (more than half of the sequences 

retrieved at one station), the question arises as to what drives the higher fungal numbers relative abundances in this region of 

the Mediterranean Sea. While fungi, like dinoflagellates and other eukaryotic groups, can have varying amounts of 18S rDNA 

gene copy numbers, the patchy distribution of fungi found in this study makes a consistent bias unlikely.  Marine fungi can 

live a saprotrophic lifestyle, degrading and recycling high molecular weight organic matter (Chrismas and Cunliffe, 2020; 210 

Cunliffe et al., 2017) and potentially competing with functionally similar bacteria. Some marine fungi are also phytoplankton 

parasites, potentially altering phytoplankton community composition through selective parasitism (Amend et al., 2019; 
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Grossart et al., 2019).. At present, we have a very limited understanding of diversity and functional role of fungi in the SML 

(myconeuston). One previous study of the coastal myconeuston in the Western English Channel off Plymouth (UK) showed 

that the SML was dominated by both Ascomycota and Basidiomycota (Taylor and Cunliffe, 2014), compared to Ascomycota 215 

dominating in this study. 

So far, not many studies have looked at fungi in LNLC regions. A global comparison of fungal distribution (Hassett et al., 

2020) has found that fungal diversity determined by amplicon sequencing varies between different oceanic regions with 

Exophiala, belonging to Ascomycota, dominating the Ligurian Sea samples and an unclassified Ascomycota being the most 

abundant taxon, similar to our study being dominated by Ascomycota. 220 

Not only fungal relative abundances increased in the Ionian Sea, but also ASVs identified as Solanales (Nicotiana) had quite 

high relative abundances in the easternmost stations. Since Solanales are land plants, presence of their DNA could suggest a 

possible strong terrestrial influence on the Ionian Sea, linked to wet or dry deposition that occurred before and/or during our 

sampling period at ION. either deposited by dust or by rain previous to this research campaign in the Ionian Sea or in other 

areas closeby. This is also corroborated by air mass trajectory backtracking using the HYSPLIT model (Fisg. S3) which showed 225 

that aerosols likely were of terrestrialcontinental origin (Fu et al., in prep), also confirmed by atmospheric measurements 

indicating that chemical composition of dry and wet depositions were influenced by Eastern European air masses (Desboeufs 

et al., in prep.n.d.). Station FAST_2 in the western basin was highly influenced by dust input in the area (Guieu et al., 2020; 

Tovar-Sánchez et al., 2020). This resulted coincided not only in with a high increase in TEP abundance in the SML, but also 

in with a distinct increase in the relative abundance of unidentified dinoflagellates in the SML (Fig. 3). The details of the dust 230 

input on the organic matter and microbial community composition in the SML and the ULW are discussed elsewhere (Engel 

et al., in prep). However, figure 4 shows that no fungi were found at station FAST_2 neither in the SML nor in the ULW, 

showing that dust input does not necessarily deposit fungi to the surface ocean, which potentially also holds true for the Ionian 

Sea.  In addition, the highest amount relative abundance of fungi was found in the ULW and not the SML, making a direct 

simple atmospheric influence without any subsequent thriving of certain fungal taxa unlikely. In addition to atmospheric inputs, 235 

riverine inputs can also influence the Mediterranean Sea (Martin et al., 1989). However, the Ionian Sea itself does not 

experience vast riverine input and riverine influence is even less pronounced in the open sea, making riverine sources of 

mycophyta unlikely. Ascomycota and Mucoromycota have been recovered from a variety of marine environments (Bovio, 

2019; Grossart et al., 2019; Hassett et al., 2019), thus implying that they also might be thriving in the SML of the Mediterranean 

Sea instead of being the result of terrestrial input.  240 

Overall, the most abundant fungal ASV in the Ionian Sea, ASV 8, was identified as belonging to genus Cladosporium which 

has been found in marine environments before (Cunliffe et al., 2017). Another explanation for the high relative abundance of 

fungi in the Ionian Sea might be that they are more adapted to dealing with the low nutrient conditions found in the more 

eastern basin of the Mediterranean Sea.  

Bacterial and microalgal numbers determined by flow cytometry decreased significantly from west to east, with bacteria 245 

showing the greatest decline (Tovar-Sánchez et al., 2020). While overall microalgal abundances determined by flow cytometry 
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were rather low in the SML and ULW, they were comparable to other studies looking at the phytoplankton abundance in the 

SML of the Mediterranean Sea (Joux et al., 2006). The microalgal numbers from 5-200 m (data not shown) were higher than 

at the air-sea interface. Even though overall bacterial numbers decrease, further molecular analyses would be needed to 

determine if the bacterial community is changing from west to east and if certain bacterial taxa can benefit from the ultra 250 

oligotrophic conditions. At the same time, TCHO and TEP were still abundant in the Ionian Sea, as well as DOC in the SML 

and DOC and POC in the ULW which did not show changes between the Ionian Sea and the other basins (Freney et al., 2020; 

Trueblood et al., 2020). TEP are often enriched in the SML of various oceans (Engel and Galgani, 2016; Jennings et al., 2017; 

Wurl et al., 2009; Wurl and Holmes, 2008). In previous studies, TEP enrichment was highest over oligotrophic regions 

(Jennings et al., 2017; Zäncker et al., 2017). This is in good accordance with the present study in the ultra veryoligotrophic 255 

eastern Mediterranean Sea (Durrieu de Madron et al., 2011; Fogg, 1995; Wikner and Hagstrom, 1988) where low 

picophytoplankton abundances, but high TEP enrichments of 1.1-17.3 were found in the present study. Wind speed correlated 

negatively with TEP abundance and area in the SML, showing that wind can negatively affect TEP concentrations at the air-

sea interface as has been previously suggested (Sun et al., 2018). 

Since exchange of water with the Atlantic is mostly pronounced in the western basin and anti-estuarine circulation prevails in 260 

the Mediterranean Sea, nutrient limitation increases going eastwards in the Mediterranean Sea. TEP production has been shown 

to be independent of stoichiometric ratios in the surrounding water before (Corzo et al., 2000). Since especially in the SML, 

light limitation rarely occurs and TEP might serve as light protection (Elasri and Miller, 1999; Ortega-Retuerta et al., 2009), 

phytoplankton might still photosynthesize and excrete carbohydrates that assemble to TEP. This would not only explain the 

lack of difference of TEP abundance between basins, but also TCHO concentrations. However, TCHO could also be produced 265 

by cell lysis (due to nutrient depletion) and subsequent release of intracellular compounds into the surrounding water. 

TCHO and TEP could therefore provide available substrate and microhabitats for marine fungi with reduced competition by 

bacteria in the Ionian Sea. Malassezia and Cladosporium have been shown to assimilate carbon derived from TEP-associated 

algal polysaccharides in the English Channel (Cunliffe et al., 2017), which highlights that Cladosporium and other fungi might 

be able to make use of the substrate under decreased bacterial competition in the Ionian Sea. In addition, previous studies have 270 

shown that the Eastern Mediterranean Sea shows higher concentrations of organic pollutants (Berrojalbiz et al., 2011a, 2011b) 

and a Cladosporium strain has been observed to degrade polycyclic aromatic hydrocarbons (Birolli et al., 2018), highlighting 

another potential substrate for the fungi detected in the Ionian Sea. 

5 Conclusions 

The present study shows that even though flow cytometry counts suggest that bacteria and picophytoplankton numbers are 275 

reducing from west to east of the Mediterranean Sea, organic matter such as microgels and TCHO are still prevalent in surface 

waters. Our findings from the Ionian Sea suggest that accumulation of organic substrates in the surface under oligotrophic 

conditions may favour certain taxa such as fungi which can benefit from decreased competition by bacteria. In LNLC regions, 
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where phytoplankton and bacterial counts are typically low, but TEP enrichment is high in the SML might be a specific 

ecosystem where fungi are able to thrive and to control organic matter degradation. 280 
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Figure 1: Map of the stations sampled during the PEACETIME cruise in the Mediterranean Sea in May/June 2017. Stations FAST 

and TYRR were sampled twice. Colours represent sampled basins (blue: western basin, green: Tyrrhenian Sea, red: Ionian Sea). 
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Figure 2: Principal Component Analyses (PCA) using the eukaryotic community composition on ASV level with environmental 520 
factors plotted. Colours distinguish the three different basins sampled (blue: western basin, green: Tyrrhenian Sea, red: Ionian Sea). 
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Figure 3: Eukaryotic community composition on order level (all taxa over 5 percent in at least one of the samples are displayed). 525 
Stations ordered from west to east with brackets indicating Mediterranean Sea basins (blue: western basin, green: Tyrrhenian Sea, 

red: Ionian Sea). 
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Figure 4: Heatmap of fungal relative abundances on ASV level throughout the cruise with brackets indicating the Mediterranean 530 
Sea basins (blue: western basin, green: Tyrrhenian Sea, red: Ionian Sea). Grey indicates that the ASV was not found in the respective 

sample. 
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 535 

Figure 5: Abundance of phytoplankton bacteria (A) and bacteria phytoplankton (B) as well as area (C) and concentrations (D) of 

Transparent Exopolymer Particles (TEP) and total carbohydrates (TCHO) (E) across sampled basins in the Mediterranean Sea. 

Blue stars mark significant SML enrichment/depletion, green stars mark significant differences between the three basins (Kruskall-

Wallis tests used for significance levels). Signficance levels: *: p<0.05, **: p<0.01, ***: p<0.001, ****: p<0.0001. Black dots mark 

outliers of the boxplots, grey dots mark the measured values and concentrations. 540 
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Table 1: Environmental influences at the stations sampled throughout the cruise. 

station lat lon Local 
sampling 

time 

wind speed 
[m s-1] 

water temp 
[°C] in 5m 

salinity 
[PSU] in 5m 

irradiation 
[W m-2] 

S1 41.8918 6.3333 15:45 9.7 16.4 38.2 1297.8 

S3 39.1333 7.6835 10:00 2.9 18.7 37.2 2343.2 

S4 37.9832 7.9768 10:30 3.5 19.8 37.1 2270.2 

TYRR_1 39.34 12.5928 11:00 3.4 20.3 37.8 2253.1 

TYRR_2 39.3398 12.5928 12:30 2.5 21.1 37.7 2311.1 

S6 38.8077 14.4997 9:00 5.2 20.4 37.4 2215.5 

SAV 37.8401 18.1658 12:00 1.5 20.1 38.5  
S7 36.6035 18.1658 7:00 2.5 20.8 38.5 16.8 

ION_2 35.4892 19.7765 9:45 6.4 21.1 38.8 1235.3 

S8 36.2103 16.631 7:45 1.9 21.2 37.9 2144.0 

FAST_2 37.946 2.9102 8:30 3.1 21.7 36.7 627.4 

FAST_6 37.0466 2.9168 8:30 5.1 21.9 36.6 1787.1 
 


