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Abstract 30 
While the sources of dissolved organic matter (DOM) in the open ocean are relatively well identified, its fate 31 
due to microbial activity is still evolving. Here, we explored how microbial community structure, growth, and 32 
grazing of phytoplankton and heterotrophic bacteria influenced the DOM pool and the transformation of its 33 
fluorescent fraction (FDOM). D during dilution experiments were performed during the productive seasonin  34 
on the Patagonian Shelf (SW Atlantic Ocean), a region of intense biological activity, with peak productivity 35 
observed at the shelf break front. This area constitutes a global hotspot of carbon sequestration due to intense 36 
biological productivity which peaks at the shelf break front. The productive stations at the shelf break front 37 
featured a food web primarily based on phytoplankton and heterotrophic bacteria, while less productive mid-38 
shelf stations showed greater dependence of protistan predators on bacterial biomass. Although phytoplankton 39 
biomass was higher than that of bacteria, protists selectively preyed on the latter, which exhibited faster growth 40 
rates, denoting high trophic specificity of grazers. High trophic efficiency was suggested by the biomass 41 
distribution of protistan consumers and their prey, which predominantly exhibited a top-heavy pyramid 42 
structure. An exception to this pattern was observed at the highly productive shelf break front, where a 43 
traditional bottom-heavy pyramid emerged, indicating that most phytoplankton evaded protist predation despite 44 
evidence of herbivoryTrophic efficiency and omnivory favored a bottom-heavy biomass distribution, 45 
characterized by consumer biomass dominance over producers, except in highly productive stations influenced 46 
by nutrient-rich upwelling waters, where a typical pyramid structure was observed. Bacterial consumption of 47 
DOM appeared uncoupled from its total amount but was influenced by DOM complexity, while the bacterial 48 
production of humic-like substances from protistan plankton precursors observed in most experiments 49 
highlighted a potential pathway for carbon sequestration. Protistan grazers also significantly influenced DOM 50 
dynamics by scaling their DOM contribution in response to the intensity of grazing on heterotrophic bacteria, 51 
regardless of productivity levels. This effect likely arises fromOur results showed that in addition to the 52 
commonly accepted factors such as phytoplankton growth stage and bacterial community composition, DOM 53 
accumulation versus consumption is also linked to bacterial grazing. Intense grazing on heterotrophic bacteria 54 
promoted DOM accumulation, likely by reducing the number of active, DOM-consuming bacteria and by 55 
providing egestion DOM compounds to the DOM pool. Moreover, bacterial consumption of DOM appeared 56 
uncoupled from its total amount but was influenced by FDOM properties. These findings suggest that under 57 
high bacterial growth rate that follows the onset of the productive season, protistan grazers act as a link between 58 
bacterial biomass and higher trophic levels. However, as bacterial grazing intensifies, they can simultaneously 59 
facilitate the accumulation of a fraction of DOM., partially diverting DOM lysate production by virus. 60 
  61 
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1. Introduction 62 
Marine microbes have consensual impact on human life due to their climate-active role that stems from their 63 
ecosystem functions and broad predominance in marine biomass (Cavicchioli et al., 2019). The balance between 64 
microbial climate roles, i.e., CO2 fixation, nutrient regeneration, and carbon sequestration, has consequential 65 
buffering effects on the currently unbalanced global carbon cycle (Hutchins and Fu, 2017). The prediction of 66 
microbial climate roles, however, requires a deep understanding of microbial interactions since most metabolic 67 
outcomes are shaped by both resource supply and mortality sources. Protistan grazers along with viral lysis 68 
constitute the main sources of mortality of phytoplankton and prokaryotes in the ocean (Brussaard, 2004; Calbet 69 
and Landry, 2004; Weinbauer and Peduzzi, 1995). Both mortality sources create divergent carbon routes as 70 
viral lysis directs host biomass toward the dissolved organic matter (DOM) cycle and grazing may repackage 71 
bacterial and phytoplankton biomass inaccessible to mesozooplankton and fish larvae thus linking the microbial 72 
loop with higher trophic levels (Azam et al., 1983). Protistan grazers further impact element cycle by recycling 73 
nutrients, thus prolonging bloom formation (Sherr and Sherr, 2016), and by providing DOM from excretion and 74 
egestion (Kujawinski et al., 2004). The consequences of selective grazing upon prokaryotes or phytoplankton, 75 
however, are less well understood as it may result from the interplay of various factors. For example, while 76 
size-specific grazing prompt compositional shifts in phytoplankton (e.g., Kanayama et al., 2020), the more 77 
generalist grazing on bacteria implies that community composition tends to remain more stable under grazing 78 
pressure (Baltar et al., 2016). On the other hand, grazing on bacteria seems to remain close to bacterial 79 
production, specially under oligotrophic conditions (Sanders et al., 1992), but phytoplankton may temporally 80 
scape protistan grazing under favourable growth conditions thus allowing for bloom formation (Irigoien et al., 81 
2005). The trophic transfer efficiency varies between phytoplankton and bacteria-based food webs, with the 82 
former typically involving fewer carbon steps before reaching microcrustaceans (Berglund et al., 2007). 83 
DOM represents the ocean's second most significant carbon reservoir after dissolved inorganic carbon, and its 84 
characteristics undergo alterations due to physical and biological processes on a daily basis (Spencer et al., 85 
2007). The optical properties of DOM offer insights into its biochemical characteristics. The chromophoric 86 
fraction indirectly estimates phytoplankton DOM production (Romera Castillo et al., 2010), while fluorescence 87 
serves as an indicator of its biological and photochemical reactivity (Stedmon et al., 2003). While phytoplankton 88 
is the primary source of DOM in the ocean, other processes such as viral lysis and grazing also significantly 89 
influence its magnitude and complexity. The impact of protistan grazing on carbon pools, is driven by the 90 
remineralization of organic carbon and by the formation of DOM by reworking phytoplankton and bacterial 91 
biomass (Baña et al., 2014; Lund Paulsen et al., 2019; Nagata and Kirchman, 1992). However, the impact of 92 
selective grazing pressure on DOM-transforming prey, i.e., bacteria and phytoplankton, is less well understood. 93 
Shelf areas represent global hotspots of carbon transformation not only due to their high productivity but also 94 
because of the intense interaction with terrestrial habitats and the local and meso-scale mixing processes 95 
connecting the euphotic zone with bottom sediments (Laruelle et al., 2018). The Patagonian Shelf is one of the 96 
largest continental shelf areas in the world and its more conspicuous feature is the presence of a 2500 km-long 97 
upwelling front at the shelf break area characterized by recurrent spring blooms and intense geochemical 98 
transformation (Romero et al., 2006). Biological carbon fixation in this frontal area contributes substantially to 99 
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the sequestration of large amounts of carbon and constitutes one of the major CO2 sinks at the global level (Kahl 100 
et al., 2017). The Patagonian Shelf, characterized by highly productive frontal regions, is particularly notable 101 
for its substantial potential for carbon absorption on a global scale (-0.02 Gt C yr-1) (Kahl et al., 2017).The 102 
emergence of an acidification rate ranging from -0.001 to -0.0018 per year in the water masses adjacent to the 103 
shelf is likely linked to ongoing CO2 capture processes. In particular, the northern area of the shelf exhibits the 104 
lowest pH values, attributed to the heightened rate of remineralization occurring in the coastal region (Orselli 105 
et al., 2018). Biological processes have been identified as primary drivers of carbon capture in the shelf area 106 
(Kahl et al., 2017; Schloss et al., 2007), with model predictions indicating that a significant portion of 107 
autochthonous biogenic material is exported to the open ocean in subduction zones at the confluence of the 108 
Brazil and Malvinas currents (Berden et al., 2020; Franco et al., 2018). Despite the recognition of biological 109 
mechanisms mediated by microbial food webs as key contributors to carbon capture in the shelf area, the 110 
underlying ecological mechanisms remain insufficiently explored. 111 
Given that both phytoplankton and bacteria are essential in the processing and accumulation of DOM in the 112 
sunlit ocean and that selective grazing upon these groups impact on its subsequent directionality, we conducted 113 
dilution experiments to measure growth and grazing of total phytoplankton and bacteria and monitored CDOM 114 
and FDOM transformation over the course of the experiments. The aim of this study was to assess the fate of 115 
dissolved organic matter (DOM) within the context of naturally occurring ecological interactions between 116 
producers (phytoplankton and bacteria) and protistan grazers in two areas of the Patagonian Shelf during spring 117 
bloom conditions. The examined areas encompassed both the mid-shelf region, characterized by low to 118 
moderate productivity, and the shelf break, an upwelling and productive area known for recurrent spring bloom 119 
formation. We found that regardless of productivity level, grazers preyed selectively on bacteria and that grazing 120 
pressure on bacteria was a primary factor driving the short-term accumulation of DOM. Our results contribute 121 
to better defining the functional roles of protistan grazers in carbon routing within the ocean. 122 
Dissolved organic matter (DOM), the second-largest carbon reservoir in the ocean after dissolved inorganic 123 
carbon, is subject to dynamic regulation by physical and biological processes (Spencer et al., 2007). Unveiling 124 
the nature and dynamics of DOM is essential for gaining deeper understanding of the biochemical pathways 125 
through which carbon circulates in marine ecosystems. The optical properties of DOM serve as a marker for its 126 
sources and biological reactivity, with chromophoric DOM reflecting phytoplankton production and 127 
fluorescence DOM (FDOM) revealing potential sources and biological and photochemical interactions 128 
(Stedmon et al., 2003; Romera-Castillo et al., 2010). 129 
Phytoplankton are primary contributors to DOM, yet processes such as viral lysis and protistan grazing also 130 
play substantial roles in shaping its composition and quantity. Protistan grazers not only recycle nutrients and 131 
enhance bloom sustainability but also impact carbon cycling through DOM production via biomass reworking 132 
and excretion (Kujawinski et al., 2004; Baña et al., 2014; Moran et al. 2022). In addition, grazers influence 133 
DOM pools by exhibiting selective feeding behaviors regarding bacterial and phytoplanktonic prey. For 134 
example, while size-specific grazing prompt compositional shifts in phytoplankton (e.g., Kanayama et al., 135 
2020), the more generalist grazing on bacteria implies that community structure remains relatively unchanged 136 
under grazing pressure (Baltar et al., 2016). On the other hand, grazing on bacteria seems to remain close to 137 
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bacterial production, specially under oligotrophic conditions (Sanders et al., 1992), while phytoplankton may 138 
temporally scape protistan grazing under favourable growth conditions thus allowing for bloom formation 139 
(Irigoien et al., 2005). This results in varying trophic transfer efficiency between phytoplankton- and bacteria-140 
based food webs, with the former typically involving fewer carbon steps before reaching microcrustaceans 141 
(Berglund et al., 2007). 142 
The Patagonian Shelf, one of the world's largest continental shelf regions, serves as a hotspot for carbon cycling 143 
due to its high productivity and dynamic mixing processes that connect the euphotic zone with bottom sediments 144 
(Laruelle et al., 2018). One of its defining features is a 2,500 km-long upwelling front at the shelf break, known 145 
for recurrent spring blooms and significant biogeochemical transformations that contribute to global carbon 146 
sequestration (Romero et al., 2006; Kahl et al., 2017). The emergence of an acidification trend in the water 147 
masses adjacent to the shelf is likely linked to ongoing carbon dioxide (CO2) capture, especially in the northern 148 
area of the shelf (Orselli et al., 2018). 149 
Given the critical roles of phytoplankton and bacteria in DOM processing and the influence of selective grazing, 150 
we conducted dilution experiments on the Patagonian Shelf during spring bloom conditions. Our study aimed 151 
to assess the fate of DOM by (i) examining the growth and grazing interactions of total phytoplankton and 152 
bacteria and (ii) tracking the chromophoric fraction of DOM and FDOM changes over time. The research 153 
spanned the mid-shelf (low to moderate productivity) and the highly productive shelf break front. We 154 
hypothesized that under conditions of moderate productivity, both bacterial- and phytoplankton-derived carbon 155 
are predominantly channeled through protistan grazing, thereby enhancing microbial loop activity. In contrast, 156 
in high productivity environments, the reduced efficiency of protists in utilizing phytoplankton biomass 157 
facilitates carbon export. We found that protistan grazing selectively targeted bacteria under both productivity 158 
regimes, and that intense grazing pressure on bacteria may contribute to the short-term accumulation of DOM 159 
substances, irrespective of productivity levels. These findings enhance our understanding of the ecological 160 
mechanisms influencing carbon flow in marine ecosystems. 161 
 162 
2. Material and Methods 163 
2.1 Sampleing strategycollection and analyses  164 
The Patagonian Shelf is one of the largest continental shelf areas in the world and its more conspicuous feature 165 
is the presence of a 2500 km-long upwelling front at the shelf break area characterized by recurrent spring 166 
blooms and intense geochemical transformation (Romero et al., 2006). Biological carbon fixation in this frontal 167 
area contributes substantially to the sequestration of large amounts of carbon and constitutes one of the major 168 
CO2 sinks at the global level (Kahl et al., 2017). Two groups of stations were selected in the mid-shelf (stations 169 
23, 22 and 21 from the coast to the open ocean) and the shelf break area front (stations 14, 13 and 12 from the 170 
coast to the open ocean). Mid-shelf stations were separated by ca. 30 km intercepting the 50 m isobath, while 171 
shelf break front stations were separated by ca. 18 km and intercepted the 100 and 200 m isobaths. According 172 
to the bioregionalization of the Patagonian shelf waters proposed by Delgado et al. (2023), mid-shelf stations 173 
are were located in low to moderate productivity regions (mean chlorophyll-a concentration during the spring 174 
peak between 1.14 and 2.48 mg m−3µg L-1), while the shelf break front stations are were nested in the upwelling, 175 
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highly productive region (mean chlorophyll-a concentration during the spring peak of 5.8 µg L-1mg m−3). 176 
Hydrographic data (temperature, salinity, pressure, and fluorescence) were taken with a CTD profiler SBE 9plus 177 
during the cruise H0917 from October 9 to 12, 2017. 178 
Water samples for dissolved nutrients and for running the experiments were taken from the chlorophyll-a 179 
maximum with 6 L Niskin bottles attached to the CTD rosette, while dissolved organic carbon (DOC) samples 180 
were taken in the surface layer (5 m). The measurement of inorganic nutrients (NO2−, NO3− and NH4+, PO43-, 181 
and Si), was carried out by analyzing 50 mL aliquots of seawater preserved with HgCl2 solution (Kattner and 182 
Becker, 1991). The concentration of dissolved inorganic nitrogen (DIN) was calculated as the sum of NO2−, 183 
NO3− and NH4+. Filtered (Whatman GF/F glass fiber filters) samples for DOC were collected in pre-combusted 184 
20 mL glass vials and acidified to pH < 2 with H3PO4. Filtrates were analyzed using high-temperature (680°C) 185 
catalytic oxidation with Al2O3 particles containing 0.5% platinum (Pt) in a TOC analyzer (Dohrmann DC-190, 186 
CA, USA). The resulting CO2 was then quantified using non-dispersive linearized infrared gas analysis (Skoog 187 
et al., 1997). 188 
 189 
2.2 Analytical determination of inorganic nutrients and DOC 190 
Water samples for chemical/plankton determinations and experiments, were taken from the chlorophyll-a 191 
maximum with 6 l Niskin bottles attached to the CTD rosette, while dissolved organic carbon (DOC) samples 192 
were taken in the surface layer (5 m). Water samples aliquots were taken for the analysis of dissolved nutrients. 193 
The measurement of inorganic nutrients (NO2−, NO3− and NH4+, PO43-, and Si) was carried out by analyzing 50 194 
ml aliquots of seawater preserved with HgCl2 solution (Kattner and Becker, 1991) The concentration of 195 
dissolved inorganic nitrogen (DIN) was calculated as the sum of NO2−, NO3− and NH₄⁺. Filtered (pre-combusted 196 
Whatman GF/F glass fiber filters) samples for DOC were collected in pre-combusted 20 ml glass vials and 197 
acidified to pH < 2 with H3PO4. Filtrates were analyzed using high-temperature (680°C) catalytic oxidation 198 
with Al2O3 particles containing 0.5% platinum (Pt) in a TOC analyzer (Dohrmann DC-190, CA, USA). The 199 
resulting CO2 was then quantified using non-dispersive linearized infrared gas analysis (Skoog et al., 1997). 200 
Potassium hydrogen phthalate solution was used as the calibration standard. 201 
 202 
2.32.2 Satellite chlorophyll-a 203 
The spring phytoplankton bloom is a recurrent feature of the Patagonian Shelf and shelf break (e.g., Delgado et 204 
al., 2023). A time series of satellite-derived chlorophyll-a was constructed to capture the bloom timing at each 205 
station during the sampling period. Moderate Resolution Imaging Spectroradiometer (MODIS) Aqua images 206 
of chlorophyll-a concentration were downloaded from the National Aeronautics and Space Administration 207 
(NASA) ocean color web site (https://oceancolor.gsfc.nasa.gov/). Daily Level 3 (L3) images with a spatial 208 
resolution of 4 km were obtained for the period spanning August 2017 to December 2017, capturing the closest 209 
pixel to each sampling point. These images were utilized to construct time series data for each station and assess 210 
the phytoplankton's growth phase at each location. To minimize the percentage of missing values, we computed 211 
the 5-day mean and applied a low-pass filter to remove the variability lower than 28 days. 212 
 213 
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2.42.3 Experimental set up 214 
Feeding experiments, based on the dilution technique (Landry and Hassett, 1982), were prepared by gently 215 
mixing different amounts percentages of unfiltered water and filtered water through <0.2 µm water (using 216 
Whatman polycarbonate filters) in acid-cleaned glass bottles (1 l). Four dilution treatments (D) were prepared 217 
using the filtered and unfiltered water: 10%, 40%, 70% and 100% (whole water). An additional treatment 218 
consisting of filtered seawater (<0.7 µm, using Whatman GF/F glass fiber filters) was set to evaluate 219 
chromophoric (CDOM) and fluorescent dissolved organic matter (FDOM) modifications in the absence of 220 
protists and grazers. Seawater Water from each site was obtained from the chlorophyll-a maximum (20-30 m 221 
depth), andwas pre-filtered by a 200 µm mesh net to eliminate larger, metazoan grazers. Acid-cleaned, 1 L glass 222 
Experimental experimental bottles (3 replicates) were daily (24 h) deployed at a deck-incubator (200 lL) 223 
equipped with continuous in situ water flow and covered with a double knitted mesh fabric (~215 g m2) to 224 
attenuate the UV radiation. Dissolved inorganic nutrients (N, P and Si) were added to the incubation bottles 225 
following the recommendations by Calbet and Saiz (2018) to ensure phytoplankton growth at non-limiting 226 
conditions. Assuming moderate phytoplankton growth rates and maximum chlorophyll-a concentrations of 2 227 
µg L⁻¹ in the mid-shelf region and 6 µg L⁻¹ in the shelf break front (Delgado et al., 2023), we supplemented the 228 
water with 8.3 µM of nitrogen and silicon, and 0.5 µM of phosphorus in the mid-shelf area, and 24.9 µM of 229 
nitrogen and silicon, and 1.5 µM of phosphorus in the shelf break frontby assuming a maximum chlorophyll-a 230 
concentration in the mid-shelf area of 2 µm l-1 (Delgado et al., 2023), and in the shelf-break area of 10 µm l-1 . 231 
The amount of nutrients added followed the recommendationsCalbet and Saiz (2018) to ensure phytoplankton 232 
growth at non-limiting conditions. A series of triplicate dilution bottles without added nutrients addition was 233 
set as control treatment. 234 
Subsamples from the initial and final treatments were collected for chlorophyll-a and bacteria abundance 235 
analyses. To determine chlorophyll-a, samples (300 mL) were filtered through Whatman GF/F glass fiber filters 236 
and stored at -20°C. Pigments were extracted with 90% acetone for 24 h in the dark at -20° C and then 237 
determined spectrophotometrically according to Jeffrey and Humphrey (1975). Heterotrophic bacteria were 238 
quantified by staining 1 mL seawater sample with 4,6-diamidino-2-phenylindole (DAPI) to a final concentration 239 
of 3 µg mL-1 and collected on black polycarbonate filters (25 mm diameter, 0.2 μm pore size). The enumeration 240 
was done with a Nikon Eclipse 80i microscope equipped with a fluorescence lamp at 100X magnification and 241 
using a UV excitation filter (330-385 nm). Twenty-five images were taken at random points from each 242 
polycarbonate filter using a Nikon DXM1200F digital camera and subsequently, every cell in the image was 243 
enumerated and sized using the software ImageJ. Bacterial cell volumes were calculated assigning simple 244 
geometric shapes to species (coccos, bacillus), and converted into carbon content (µg C L-1) by the allometric 245 
model according to Simon and Azam (1989). 246 
Plankton samples were collected from the initial treatments to characterize the community structure at the 247 
starting conditions. For the analysis of plankton in the 2–5 µm size range, triplicate samples (3 mL) were fixed 248 
with 0.53 mL of glutaraldehyde (f.c. 2 %) and subsequently processed following the methods described by 249 
Porter and Feig (1980). The same procedure was applied for plankton in the 5–20 µm size range, using duplicate 250 
100 mL samples for counting. The identification of organisms was done by a combination of light and epi-251 
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fluorescent microscopy. Preserved samples were stained with DAPI (f.c. 5 µg mL-1) and proflavine (f.c. 5 µg 252 
mL-1) and collected on black polycarbonate filters (25 mm diameter, 0.2 μm pore size). Most taxa were 253 
identified using a blue excitation filter (450-490 nm) while Cryptophytes were identified using a green 254 
excitation filter (480-550 nm). Cell enumeration was done by settling the preserved sample (1-2 mL) in 255 
Utermöhl chambers during 24 h. The entire chamber was analyzed under a Wild M20 inverted light microscope. 256 
Similarly, the enumeration of plankton in the size fraction 20-200 µm was done by settling a variable volume 257 
(50–100 mL, depending on sediment and plankton concentration) of preserved water sample (Lugol's iodine) 258 
in Utermöhl chambers during 24 h. It is worth mentioning that since samples were pre-filtered through a 200 259 
µm mesh to exclude larger consumers from our experiments, colony-forming protists may have been removed. 260 
Biomass estimation involved assigning simple geometric shapes to species to quantify cell volume, which was 261 
subsequently converted into carbon content (µg C L-1) according to Hillebrand et al. (1999). Simon and Azam 262 
(1989) 263 
Protistan taxa abundance was visualized by a heatmap (employing the R package heatmaply). Heterotrophic 264 
and autotrophic taxa were segmented into groups based on size, distinguishing between nanoplankton (2-20 265 
µm) and microplankton (20-200 µm) (Sieburth et al., 1978). Nanoplankton included heterotrophic 266 
nanoplankton (HNP), coccolithophores, and phototrophic nanoplankton (PNP), while the microplankton 267 
comprised ciliates, heterotrophic dinoflagellates (HD), phototrophic dinoflagellates (PD), and diatoms. 268 
(Sieburth et al., 1978)Additionally, HNP comprised both flagellates and ciliates, while PNP encompassed 269 
dinoflagellates, diatoms, and flagellates. A side dendrogram was included to group similar sampling stations 270 
by ordering rows (stations) so that the sum of distances between each one will be minimized. Data for ranking 271 
rows was normalized to range from 0 to 1. To identify the dominant taxa contributing to station ordination, a 272 
biplot based on non-metric Multi-Dimensional Scaling (MDS) was created using the R package vegan. 273 
An additional treatment of pre-filtered (Whatman GF/F glass fiber filters) and undiluted water was set to 274 
separate protists and measure the absorbance at 254 nm and FDOM. This was aimed to compare the DOM pool 275 
at the initial and final incubation conditions in the presence (i.e., in unfiltered, undiluted treatment) and in the 276 
absence of protists (i.e., in pre-filtered by 0.7 µm, undiluted treatment). Biotic effects are known to produce 277 
DOM transformations in short timescales. For instance, (Timko et al., 2015)significant shifts in both the 278 
chromophoric and fluorescent fractions of DOM driven by biological processes were identifiable after 24 h 279 
(Urban-Rich et al., 2004; Lønborg et al., 2010;, 2015; Urban-Rich et al., 2004), while DOM transformation 280 
driven by bacteria occurred within the first 24 h upon their release by phytoplankton (Gruber et al., 2006; Hach 281 
et al., 2020). 282 
The optical properties of FDOM were evaluated from emission-excitation matrices (EEM) obtained with a 283 
Shimadzu RF-5301 scanning spectrofluorometer with a 150 W xenon lamp and a 1 cm quartz cell. Milli-Q 284 
water was used as reference and the intensity of the Raman peak was regularly checked. The emission 285 
wavelength ranged between 250 nm and 600 nm while the excitation wavelength ranged between 220 nm and 286 
370 nm. Dissolved humic-like and protein-like substances were estimated using the wavelengths proposed by 287 
Coble (1996). Humic-like material was represented by three fluorophores: FDOMC (Ex/Em: 350/440) and 288 
FDOMA (Ex/Em: 250/425) of terrestrial origin, and FDOMM (Ex/Em: 310/380) of marine origin. FDOMC 289 
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indicates highly unsaturated components, FDOMA reflects a moderate degree of unsaturation, and FDOMM 290 
suggests a low degree of unsaturation. Protein-like material was characterized by two fluorophores: FDOMB 291 
(Ex/Em: 260/300) and FDOMT (Ex/Em: 270/330), both derived from autochthonous biogenic sources. FDOMB 292 
is associated with compounds similar to tryptophan and tyrosine, linked to recent organic matter production 293 
through primary productivity, while FDOMT indicates tryptophan-like compounds formed from microbial 294 
protein breakdown (Jørgensen et al., 2011; Drozdova et al., 2022). Fluorescence intensity of fluorophores was 295 
expressed in Arbitrary Units (AU). Fluorophores were identified using the PARAFAC multivariate algorithm 296 
(Stedmon and Bro, 2008), and different biogeochemical indicators such as humification index (HIX), 297 
fluorescence index (FI), and freshness index (BIX), were calculated (Coble, 1996). The HIX serves as a tool 298 
for assessing the diagenetic condition of DOM, as it increases with aromaticity (Bai et al., 2015), while the FI 299 
distinguishes between DOM of different origins, i.e., terrestrial vs. microbial (McKnight et al., 2001). The BIX 300 
aims to estimate the relative contribution of DOM produced in situ by microbes (Huguet et al., 2009). 301 
The absorbance spectra between 240 to 800 nm were measured in a Perkin Elmer Lambda 35 302 
spectrophotometer. The absorbance at 254 nm (a254) from the chromophoric fraction of DOM was used as a 303 
proxy of the DOM amount (Brandstetter et al., 1996). Net changes in the a254 fraction of DOM across the 304 
incubation time were calculated as 1/t ln (a254)t/(a254)0, where (a254)0 and (a254)t are the a254 nm at the 305 
initial (0) and final (t) conditions, respectively. Lee et al. (2018) identified parameters with more than a 50% 306 
absolute percent difference between the control and treated samples as reliable indicators to distinguish between 307 
DOM transformation caused by biodegradation, UV irradiance, and adsorption. Here we used the tendency 308 
during incubation of BIX, HIX, FI, and the ratio between FDOM components M and A (FDOMM/FDOMA) as 309 
reliable parameters for the discrimination of biodegradation versus UV photodegradation or adsorption. 310 
Pairwise relationship between net changes in a254 in the presence and absence of protists with variables of 311 
interest, was evaluated by simple regression models. The same procedure was used with other variables to test 312 
for pairwise relationships of ecological significance. 313 
 314 
2.52.4 Phytoplankton and bacterial growth and grazing by phagotrophic protists 315 
Rate estimates of phytoplankton growth (µ) and mortality due to protist phagotrophy grazing (m) were obtained 316 
using the equations of Landry and Hassett (1982). While initially intended for measuring phytoplankton growth 317 
and mortality, we adapted this method to assess bacterial growth rate and bacterivory. This approach has been 318 
demonstrated to be effective and reliable for use with natural bacterial communities in non-oligotrophic regions 319 
(Tremaine and Mills, 1987). The method is based on measuring the initial and final concentration of 320 
chlorophyll-a (as a proxy of phytoplankton biomass) and bacterial abundance in triplicate dilution series after 321 
an incubation period of 24 h. It assumes that protistan grazing rate is a linear function of prey concentration 322 
(Holling type I functional response), and can be calculated as follows: 323 
 324 

µ0=1/t ln Pt/P0=µ-mD 325 
 326 
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where µ0 is the apparent growth rate, P0 and Pt are the phytoplankton concentration at the initial (0) and final 327 
(t) conditions, respectively, D is the dilution series. The m:µ ratio x 100 was used to calculate the percentage of 328 
the daily bacterial/primary productivity consumed by protistan grazers. We tested model fit by linear regression 329 
analysis in every experiment. 330 
 331 
2.6 Plankton abundance and biomass 332 
Subsamples from the initial and final treatments were collected for chlorophyll-a and bacteria abundance 333 
analysis. To determine chlorophyll-a, triplicate samples (300 ml) were filtered through GF/F filters and stored 334 
at -20°C. Pigments were extracted with 90% acetone for 24 h in the dark at -20° C and then determined 335 
spectrophotometrically according to Jeffrey and Humphrey (1975). Triplicate samples of picoplankton (3 ml) 336 
and duplicate samples of nanoplankton (100 ml) were fixed with 0.53 ml of glutaraldehyde (f.c. 2 %) and 337 
subsequently processed following the methods described by Porter and Feig (1980). Hillebrand et al. 338 
(1999)Heterotrophic bacteria were quantified by staining 1 ml seawater sample with 4,6-diamidino-2-339 
phenylindole (DAPI) to a final concentration of 3 µg ml-1 and collected on black polycarbonate filters (25 mm 340 
diameter, 0.2 μm pore size). The enumeration was done with a microscope Nikon Eclipse 80i equipped with a 341 
fluorescence lamp at 100X magnification. Heterotrophic bacteria were identified using a UV excitation filter 342 
(330-385 nm). Twenty-five images were taken at random points from each polycarbonate filter using a Nikon 343 
DXM1200F digital camera and subsequently, every cell in the image was enumerated and sized using the 344 
software ImageJ. Bacterial cell volumes were calculated assigning simple geometric shapes to species (coccos, 345 
bacillus), and converted into carbon content (µg C l-1) by the allometric model according to Simon and Azam 346 
(1989). 347 
Protist plankton identification and quantification were conducted using light and epi-fluorescence microscopy 348 
at the initial treatment stage. The identification of photosynthetic (PNP) and heterotrophic nanoplankton (HNP) 349 
was done by a combination of light and epi-fluorescent microscopy. Note that the size categories PNP and HNP 350 
include members from nanoplankton (5-20 µm) and ultraplankton (>5 µm). Prior to cell enumeration, preserved 351 
samples (5 ml) were stained with DAPI (f.c. 5 µg ml-1) and proflavin (f.c. 5 µg ml-1) and collected on black 352 
polycarbonate filters (25 mm diameter, 0.2 μm pore size). Most PNP and HNP were identified using a blue 353 
excitation filter (450-490 nm) while Cryptophytes were identified using a green excitation filter (480-550 nm). 354 
Cell enumeration was done by settling the preserved sample (1-2 ml) in Utermöhl chambers during 24 h. The 355 
entire chamber was analyzed under a Wild M20 inverted light microscope. Similarly, the enumeration of 356 
phytoplankton and phagotrophic protists in the size fraction 20-200 µm was done by settling a variable volume 357 
(10–50 ml, depending on sediment and plankton concentration) of preserved seawater sample (Lugol's iodine) 358 
in Utermöhl chambers during 24 h. It is worth mentioning that samples were pre-filtered through a 200 µm 359 
mesh to exclude larger consumers from our experiments. This procedure may have also removed colony-360 
forming protists. Biomass estimation involved assigning simple geometric shapes to species to quantify cell 361 
volume, which was subsequently converted into carbon content (µg C l-1) according to Hillebrand et al. (1999). 362 
Protistan taxa abundance was visualized by a heatmap (employing the R package heatmaply), and taxa was 363 
segmented into (Sieburth et al., 1978)functional groups to facilitate visualization. A side dendrogram was 364 
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included to group similar sampling stations by ordering rows (stations) so that the sum of distances between 365 
each one will be minimized. Data for ranking rows was normalized to range from 0 to 1. To assess the dominant 366 
taxa contributing to station ordination, a biplot based on non-metric Multi-Dimensional Scaling (MDS) was 367 
done to evaluate the correlation of taxa on the station ordination using the R package vegan. 368 
 369 
2.7 Production of CDOM and FDOM transformation 370 
Given that protistan grazing impacts on carbon pools, either by remineralizing organic carbon or by contributing 371 
with the formation of DOM by reworking phytoplankton and bacterial biomass (Baña et al., 2014; Lund Paulsen 372 
et al., 2019), and that these processes add to the isolated effects of phytoplankton growth and bacterial 373 
degradation of DOM in natural communities, we estimated the net DOM production and evaluated the fate of 374 
biodegradable and biorefractory compounds during the incubations. For this purpose, we measured CDOM and 375 
FDOM at the beginning and end of the experiments in the presence (undiluted treatment, prefiltered by 200 376 
µm) and absence of protists (undiluted treatment, prefiltered by 0.7 µm). This procedure captured 377 
transformation processes within closed systems at the daily basis. Many biotic and abiotic transformation 378 
processes occur at the daily timescale. For instance, photodegradation of refractory products occurs within hours 379 
(Timko et al., 2015), while experimental observations revealed that significant shifts driven by biological 380 
processes were identifiable after 24 h (Lønborg et al., 2010, 2015; Urban-Rich et al., 2004). Furthermore, 381 
experimental results revealed that major microbially driven DOM transformation occur within the first 24 h 382 
upon their release by phytoplankton (Gruber et al., 2006; Hach et al., 2020). This emphasizes that detectable 383 
DOM transformation processes occurring at short-term periods, can provide clues to assess transient DOM 384 
trends within specific succession phases of microbial communities. It is worth mentioning that the treatment 385 
filtered by 0.7 µm, excluded part of the bacterioplankton community, notably the particle-attached bacteria, and 386 
thus may not accurately reproduce the response of natural communities. 387 
The optical properties of FDOM were evaluated from emission-excitation matrices (EEM) obtained with a 388 
Shimadzu RF-5301 scanning spectrofluorometer with a 150W xenon lamp and a 1 cm quartz cell. Milli-Q water 389 
was used as reference and the intensity of the Raman peak was regularly checked. The emission wavelength 390 
ranged between 250 nm and 600 nm while the excitation wavelength ranged between 220nm and 370nm. An 391 
estimation of dissolved humic-like and protein-like substances was carried out at the wavelengths proposed by 392 
Coble (1996). Humic-like fluorophores: FDOMC, containing mostly highly unsaturated components, at Ex/Em: 393 
350/440 nm; FDOMA, with moderate degree of unsaturation, at Ex/Em: 250/425 nm and FDOMM, with low 394 
degree of unsaturation, at Ex/Em:310/380 nm. Protein-like fluorophores: FDOMT, with fresh components, at 395 
Ex/Em: 270/330 nm and FDOMB, corresponding to DOM transformed by biological or physicochemical 396 
factors, at Ex/Em: 260/300 nm. Fluorescence intensity of fluorophores was expressed in Arbitrary Units (AU). 397 
Fluorophores were identified using the PARAFAC multivariate algorithm (Stedmon and Bro, 2008) and 398 
different biogeochemical indicators such as humification index (HIX), fluorescence index (FI), and freshness 399 
index (BIX), were calculated (Coble, 1996). The HIX serves as a tool for assessing the diagenetic condition of 400 
DOM, as it increases with aromaticity (Bai et al., 2015), while the FI distinguishes between DOM of different 401 
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origins, i.e., terrestrial vs. microbial (McKnight et al., 2001). BIX aims to estimate the relative contribution of 402 
DOM produced in situ by microbes (Huguet et al., 2009). 403 
CDOM was measured as the absorbance spectra between 240 to 800 nm measured in a Perkin Elmer Lambda 404 
35 spectrophotometer. The absorbance at 254 nm (a254) was used as a proxy of total DOM in the UV spectrum 405 
(Brandstetter et al., 1996). Net DOM production was calculated as 1/t ln (a254)t/(a254)0, where (a254)0 and 406 
(a254)t are the absorbance at 254 nm of CDOM at the initial (0) and final (t) conditions, respectively. Lee et al. 407 
(2018) identified parameters with more than a 50% absolute percent difference between the control and treated 408 
samples as reliable indicators to distinguish between DOM transformation caused by biodegradation, UV 409 
irradiance, and adsorption. Here we used the tendency during incubation of BIX, HIX, FI, and the ratio between 410 
FDOM components M and A (FDOMM/FDOMA) as reliable parameters for the discrimination of 411 
biodegradation versus UV photodegradation or adsorption. Pairwise relationship between net production of 412 
DOM in the presence and absence of protists with variables of interest, was evaluated by simple regression 413 
models. The same procedure was used with other variables to test for pairwise relationships of ecological 414 
significance. 415 
 416 
3. Results 417 
3.1 Phytoplankton phenological stages at the sampling area 418 
Mean surface chlorophyll-a, derived from satellite observations during the sampling period (October 9-12, 419 
2017, Fig. 1a), revealed a band of high phytoplankton concentration at the shelf break front, centred at the 114 420 
m isobath in the latitudinal band at 40°S. While the spring bloom typically begins during September in the 421 
latitudinal range of our sampling area (Delgado et al., 2023), phytoplankton at the time of sampling, as estimated 422 
from satellite chlorophyll-a, were at different phenological stages in each station (Fig. 1b). At the mid-shelf, 423 
station 21 showed the highest concentration of satellite chlorophyll-a and the phytoplankton community was at 424 
the pulse initiation. Stations 22 and 23 showed lower chlorophyll-a and were sampled at bloom stationary phase. 425 
At the shelf break front, satellite-derived chlorophyll-a levels were elevated in stations 13 and 14, indicating 426 
proximity to the bloom peak, whereas station 12 exhibited low chlorophyll-a concentrations, corresponding to 427 
the bloom termination phase. 428 
 429 
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 430 
Figure 1.A. Map of the study site showing the location of sampling stations (white dots) and the mean 431 
surface distribution of satellite chlorophyll-a (Chl-a) (MODIS-AQUA) during the sampling period 432 
(October 09-12). Stations 23, 22 and 21 were located in the mid-shelf area, and stations 14, 13 and 12 433 
were located in the shelf break front. B. Temporal evolution of surface satellite chlorophyll-aChl-a 434 
concentration at grid points closest to sampling stations in the mid-shelf and the shelf break front. Solid 435 
lines denote satellite chlorophyll-aChl-a concentration at each station, while dotted dashed lines 436 
represent the moment date of in situ sampling. Lines are color-coded according to the points symbols 437 
representing each station. 438 
 439 
3.2 Hydrography, nutrients, and DOM properties 440 
Thermohaline signature was in the range of the Subantarctic Shelf waters (33.5 < S < 34) from station 21 to 441 
station 14 in agreement with Berden et al. (2020) and Ferronato et al. (2023). At the mid-shelf area, station 23 442 
and 22 showed relatively higher salinity water values (S > 33.7), linked to the coastal maximum salinity waters 443 
originatinged at San Matias Gulf (Lucas et al., 2005). These stations also showed weak stratification, while the 444 
rest of the stations showed a sharper thermocline. The mixed layer depth (MLD) ranged betweenwas shallower 445 
(10 m) in 10 (stations 12 and 23, whereas in all other stations, it averaged 30 m.) and 31 m (stations 13 and 22). 446 
Stations 14 and 21 showed intermediate MLD of 30 and 28 m respectively. All samples taken at the chlorophyll-447 
a maximum were positioned within the mixed layer. 448 
The concentration of dissolved nutrients (DIN, PO43- and Si) was highest at station 14 12, while the lowestr 449 
total nutrient concentration was recorded at station 23 (Fig. 2a). The primary nitrogen source was NO3-, except 450 
for station 22 where NH4+ predominated. The only notable distinction between station groups was the 451 
concentration of NO3-, which averaged 1.2 µM in the mid-shelf stations and 7.3 µM in the shelf -break front 452 
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stations. According to Redfield ratios (Redfield et al., 1963), a strong nitrogen depletion in relation to PO43- and 453 
Si occurred in station 23. While the N:P ratio was closer to 16:1 in the rest of the stations, a general excess of 454 
PO43- in relation to DIN was registered. On the contrary, all stations except for station 23, showed a Si depletion 455 
in relation to DIN. The concentration of DOC in surface waters was homogeneous in the mid-shelf stations 456 
(mean of 79 µM), while in the shelf break it varied from 96 µM, in station 14, to 52 µM, in station 13 (Fig. 2b). 457 
The highest fluorescence intensity of protein-like compounds (FDOMT and FDOMB) was found in station 23, 458 
while the highest intensity of humic-like fluorophores was observed in station 21 (Fig. 3). The a254 was higher 459 
in the mid-shelf stations (mean of 2.3 m-1) compared to the shelf break front stations (mean of 1.3 m-1). 460 
 461 

 462 
Figure 2. Cumulative nutrient concentrations at the deep chlorophyll-a maximum (bars) and the 463 
concentration of DOC in surface waters (solid black line) across stations in the mid-shelf and the shelf 464 
break front. 465 
 466 
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 467 
Figure 3. Fluorescence intensity of main identified FDOM components at the deep chlorophyll-a 468 
maximum across stations in the mid-shelf and the shelf break front. FDOM components are shown in a 469 
decreasing order of humification from top to bottom plots. 470 
 471 
3.3 Plankton community structure 472 
The biomass of protistan grazers exceeded that of phytoplankton and heterotrophic bacteria at most sampling 473 
stations, except at stations 13 and 14, where phytoplankton biomass dominated (Fig. 4a). The type of food web 474 
structure based on the ranking of the carbon biomass of phagotrophs, phytoplankton and heterotrophic bacteria, 475 
and the spatial distribution of these groups’ biomass are shown in Fig. 4a and b, Heterotrophic dinoflagellates 476 
dominated the biomass across stations, except at station 14, where HNP prevailed. In contrast, no clear 477 
distribution pattern was observed among phytoplankton groupsrespectively. Biomass of heterotrophic bacteria 478 
ranged between 2.6 (station 22) and 15 µg C lL-1 (station 14) (Fig. 4b). The abundance of this group was 479 
positively associated with chlorophyll-a concentration (R2=0.7, p=0.04) and the abundance and biomass of most 480 
phytoplankton groups (p<0.05), except coccolithophores. The highest bacterial abundance and biomass was 481 
registered under chlorophyll-a pulse initiation (stations 21, 13 and 14). Among phagotrophic protistans grazers, 482 
the most significant group in terms of biomass were dinoflagellates ranging from 0 (station 14) to 134 µg C lL-483 
1 (station 22, mostly due to the presence of Noctiluca scintillans). Ciliates ranged from 0 (station 14) to 20 µg 484 
C lL-1 (station 21), while HNP showed the highest biomass in stations 13 and 14 (5 and 6 µg C lL-1, respectively), 485 
and the lowest value was registered in station 12 (0.6 µg C lL-1). Ultrazooplankton Plankton <5 µm 486 
(choanoflagellates and other unidentified flagellates) was the dominant fraction among HNP except in station 487 
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13, were micro-sized ciliates and nano-sized flagellates (Telonema sp. and unidentified dinoflagellates) 488 
dominated biomass. 489 
 490 

 491 
Figure 4.A. Polygons represent the Type type of food web structure based on the ranking of carbon 492 
biomass of phagotrophsprotistan grazers, phytoplankton (phyto), and heterotrophic bacteria (HB) in 493 
each sampling station (indicated above the polygons). Inverted or top-heavy pyramids (stations 23, 22, 494 
21 and 12), occur when the biomass of protistan grazers surpasses that of their prey (phytoplankton plus 495 
HB). In contrast, the more conventional bottom-heavy structure (stations 14 and 13), are characterized 496 
by a greater prey biomass relative to that of consumers. B. Spatial distribution of the cumulative biomass 497 
(µg C lL-1) of phagotrophs protistan grazers (upper plot), phytoplankton (mid-plot) and HB (lower plot). 498 
Scale circles are shown within each plot. C. Growth (µ) and grazing (m) rates of phytoplankton. D. 499 
Growth (µ) and grazing (m) rates of HB. 500 
 501 
Whitin phytoplankton, four main groups were identified: photosynthetic nanoplankton (PNP, including 502 
photosynthetic nanoflagellates, nano-sized diatoms and dinoflagellates), micro-sized photosynthetic 503 
dinoflagellates (PD), micro-sized diatoms, and coccolithophores. The biomass of photosynthetic taxa was 504 
generally dominated by PNP generally dominated the biomass of photosynthetic taxa. The highest concentration 505 
and biomass of all groups, except for coccolithophores, was registered in station 13 (PNF: 32 µg C lL-1, PD: 8 506 
µg C lL-1, diatoms: 6 µg C lL-1). High biomass of PNP and dinoflagellates was also registered in station 14 (34 507 



 17 

µg C lL-1) and station 21 (8.5 µg C lL-1), respectively. The highest biomass of coccolithophores was registered 508 
in station 22 (2 µg C lL-1). 509 
Stations 12 and 13 showed conspicuous differences on microplankton community structure compared to the 510 
rest of the stations (Fig. 5). According to the ordination fit between vectors (i.e., taxa) and stations, the 511 
phagotrophic protistan grazers species that mainly contributed to separate these two stations from the others 512 
were the dinoflagellates Gymnodinum spp., and Protoperidinium pellucidum, while Pyramimonas sp. and 513 
Dinophysis acuminata, were the distinctive photosynthetic species in these stations (MDS, p<0.05). Stations 22 514 
and 23 were also closely associated regarding the heterotrophic protistan grazers community and the species 515 
that contributed most to this association was Strombidinopsis sp. 516 
 517 

 518 
Figure 5. Color-coded, log-transformed cell abundance (cell lL−1 × 103) of plankton taxa (columns) at the 519 
sampling stations (rows). Functional gGroups delimitation is indicated in at the bottom. Side dendrogram 520 
shows the optimal ordering of rows (stations) so that the sum of distances between each one is minimized. 521 
HD>20: Heterotrophic dinoflagellates >20 µm, HNP: Heterotrophic nanoplankton, PD>20: 522 
Photosynthetic dinoflagellates >20 µm, Diat: Diatoms, Coc: Coccolithophores, PNP: Photosynthetic 523 
nanoplankton. 524 
 525 
3.4 Growth and grazing rates 526 
Water temperature of the incubator container was hourly monitored and ranged between 12.2 and 13.8°C in the 527 
mid-shelf stations and between 8 and 11.1°C in the shelf break stations. Bacteria showed active growth during 528 
all experiments while phytoplankton only revealed significant growth rates in conditions of pulse initiation 529 
(stations 21 and 14). Some degree of nutrient limitation was detected in the mid-shelf stations as the growth 530 
rate of phytoplankton at the control treatments was lower than in the nutrient amended treatment, however, 531 
differences were not statistically significant. No apparent differences were found in stations 12, 13 and 14. 532 
Significant grazing effect on bacteria was found in all experiments (Fig. 4c), while grazing on phytoplankton 533 
was only significant in the shelf break stations (Fig. 4d). In the mid-shelf stations, daily bacterial productivity 534 
consumed by HNP averaged 72%, while in the shelf break stations, it reached 83%. Mean daily primary 535 
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productivity consumed by phagotrophic protists protistan grazers was zero in the mid-shelf stations and 155% 536 
in the shelf break. Linear responses were found in all experiments, indicating that no cascading effects, 537 
saturating feeding and or starvation occurred within incubation bottles. The abundance of heterotrophic bacteria 538 
was negatively correlated with the grazing of HNP (R2=0.8, p=0.016) and growth (R2=0.9, p=0.005). 539 
 540 
3.5 Short-term DOM transformations 541 
An accumulation of the a254 DOM fraction accumulation was observed in stations 22, 14, 13, and 12 during 542 
the incubation period in the experimental setting with protists, while stations 23 and 21 exhibited DOM 543 
consumption (Fig. 6a). Conversely, in the experimental setting without protists, the a254 DOM fraction 544 
accumulated in stations 22, 21, 14, and 12, while stations 23 and 13 showed DOM consumption (Fig. 7a). 545 
Regardless of net DOM production, biodegradation of organic matter occurred in most experiments as denoted 546 
by the decrease of in the BIX and the increase on in the HIX (Fig. 6b, 7b). The prevalence of biodegradation 547 
over UV photodegradation or adsorption was further supported by most source discrimination indices (FI and 548 
M/A, data not shown). The decrease on in BIX was coherent with the net zero to low phytoplankton growth 549 
during our experiments. An exception to this general pattern occurred in station 13, in which HIX increased 550 
and BIX decreased during the incubation. Station 13 was characterized by the highest abundance of micro-sized 551 
phytoplankton (diatoms and photosynthetic dinoflagellates) and registered the lowest concentration of DOC 552 
(52 µM) at the moment of sampling. While HIX and BIX indices suggested that DOM modifications are not 553 
driven by biodegradation, M/A decreased and FI increased during the experiments, thus giving inconsistent 554 
results. 555 
Among treatments, a shift from DOM accumulation to consumption of the a254 DOM fraction was registered 556 
in stations 21 and 13. In the presence of protists, the net a254 fraction of DOM production change was 557 
negatively associated with the fluorescence intensity of peaks related to humic-like compounds (FDOMC: 558 
R2=0.6, p=0.07, FDOMA, R2=0.8, p=0.01, FDOMM: R2=0.7, p=0.04), and positively associated with the grazing 559 
on HB (R2=0.7, p=0.00, )Fig. 8a). In the absence of protists, the net a254 fraction of DOM production change 560 
was negatively associated with the ratio between bacteria and phytoplankton biomass (R2=0.9, p=0.01, ) (Fig. 561 
8b). 562 
 563 
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 564 
Figure 6. DOM transformations in the experimental setting with protists (pre-filtered by 200 µm) across 565 
stations in the mid-shelf and the shelf break front. A. Net changes in the absorbance at 254 nm (a254) 566 
from the chromophoric fraction of DOM production as depicted by the absorbance intensity at 254 nm, 567 
a proxy of total DOM concentration. Dashed line indicates the limit between negative (net DOMi.e., 568 
consumption) (negative values)  and positive net a254 changes (i.e., net DOM accumulation (positive 569 
values) during the incubation period. B. Shifts in the humification index (HIX) and the biological activity 570 
index (BIX) during the 24-h incubation. Asterisks indicate significant differences identified by linear 571 
regression analysis between initial and final treatments (p<0.05). 572 
 573 

 574 
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Figure 7. DOM transformations in the experimental setting without protists (pre-filtered by 0.7 µm) 575 
across stations in the mid-shelf and the shelf break front. A. Net changes in the absorbance at 254 nm 576 
(a254) from the chromophoric fraction of DOM production as depicted by the absorbance intensity at 577 
254 nm, a proxy of total DOM concentration. Dashed line indicates the limit between negative (i.e., 578 
consumption) net DOM consumption (negative values) and positive net a254 changes (i.e., accumulation) 579 
during the incubation periodnet DOM accumulation (positive values). B. Shift in the humification index 580 
(HIX) and the biological activity index (BIX) during the 24-h incubation. Asterisks indicate significant 581 
differences identified by linear regression analysis between initial and final treatments (p<0.05). 582 
 583 

 584 
Figure 8. Main predictors of the net changes in the absorbance at 254 nm (a254) from the chromophoric 585 
fraction of DOM dissolved organic matter (DOM) production during incubations. A. Experimental 586 
setting with protists. Linear regression plots depict the relationship between net a254 changes DOM 587 
production and grazing on bacteria, and humic-like substances (as depicted by fluorophores FDOMC, 588 
FDOMA, and FDOMM). B. Experimental setting without protists. Linear regression plot depicts the 589 
relationship between net DOM productiona245 changes and the ratio between heterotrophic bacteria 590 
(HB) and phytoplankton (Phyto) biomass. Dashed lines indicate the limit between negative (i.e., 591 
consumption) and positive (i.e., accumulation) net a254 changesnet DOM consumption (negative values) 592 
and net DOM accumulation (positive values). 593 
 594 
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4 Discussion 595 
4.1 Microbial food web structure 596 
Plankton composition and distribution varied notably across blooming and non-blooming stations, with station 597 
14 standing out for its atypical plankton structure within a bloom region. Dominated by a nanoplanktonic diatom 598 
and a small grazer community, this station also showed high bacterial biomass, likely due to low PO₄³⁻ and Si 599 
concentrations, but high DOC levels. Nanoplankton, particularly diatoms, cryptophytes, and haptophytes, were 600 
predominant across sampling stations, with cyanobacteria assumed to play a significant role in carbon fixation. 601 
Similar findings were reported in previous studies by Silva et al. (2009) and Negri et al. (2013;, 2016)Silva et 602 
al. (2009), indicating the widespread dominance of plankton <5 µm in the region. 603 
In the shelf break front, dinoflagellates dominated both photosynthetic and heterotrophic biomass, while ciliates 604 
were more abundant in the mid-shelf. Besides these spatial differences, the lack of a clear distribution pattern 605 
of plankton highlights the impact of mesoscale structures on spatial plankton heterogeneity (Lehahn et al., 606 
2018), a feature proper of the Patagonian Shelf (Saraceno et al., 2024). Heterotrophic bacterial abundance was 607 
comparable to coastal summer values reported by Hozbor et al. (2013), Negri et al. (2016), and Garzón-Cardona 608 
et al. (2021). It exhibited a positive correlation with chlorophyll-a, but was negatively affected by HNP grazing. 609 
This dynamic suggests that bacterial populations are primarily regulated by grazing pressure and the availability 610 
of phytoplankton-derived DOM, rather than by nutrient limitation during periods of high productivity. 611 
The composition and distribution of the plankton community varied notably between blooming and non-612 
blooming stations across our study area. Station 14 separated from this ordination due to its unique plankton 613 
structure resembling non-blooming areas, despite its location within a blooming region. This anomaly may be 614 
attributed to the dominance of a single nanoplanktonic diatom species, which accounted for a significant portion 615 
of the photosynthetic biomass, alongside a predominantly ultra and nano-sized protistan grazer community. 616 
Moreover, station 14 exhibited the highest bacterial biomass, suggesting a prevalence of small planktonic 617 
organisms favored by resource stoichiometry characterized by low PO43- and Si concentrations but high surface 618 
DOC. Furthermore, the location of station 14, coastward of the 100 m isobath and outside the Malvinas Current 619 
jets, indicates that nutrient-rich upwelling events at this site may be intermittent (Franco et al., 2008. 620 
The analysis of biomass distribution among photosynthetic plankton revealed the predominance of ultra- and 621 
nanophytoplankton, with solitary diatoms, cryptophytes, haptophytes, and Azadinium-like dinoflagellates being 622 
the most notable representatives within these size classes. Similar findings were reported in previous studies by 623 
Negri et al. (2013, 2016) and Silva et al. (2009), indicating the widespread dominance of ultraphytoplankton, 624 
primarily Synechococcus, in the region. Although cyanobacteria were not quantified in our study, they are 625 
assumed to play a crucial role in carbon fixation and immobilization, particularly during warm months. In the 626 
shelf break area, nano-sized phytoplankton, particularly diatoms, were dominant, as reported by Carreto et al. 627 
(2016). Micro-sized phytoplankton biomass was mostly comprised of photosynthetic dinoflagellates, followed 628 
closely by diatoms, consistent with findings by Ferronato et al. (2021, 2023), in the mid-shelf and shelf break 629 
areas during spring conditions. 630 
Dinoflagellates also dominated the biomass of phagotrophic protists, with Noctiluca scintillans and nano-sized 631 
dinoflagellates being the primary contributors, as observed by (Carreto et al., 2016) in the shelf break area. 632 
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Ciliates, particularly nano-sized taxa, were the second most important contributors to heterotrophic biomass, 633 
followed by micro-sized ciliates such as Laboea strobila. No clear distribution patterns in protistan grazers were 634 
observed, a phenomenon well-documented in marine habitats associated with factors such as compositional 635 
turnover, dispersal ability, differential environmental response, and interspecific interactions, coupled with 636 
local bloom timing (Grattepanche et al., 2016; Péquin et al., 2022; Snyder et al., 2021; Zhao et al., 2022). 637 
Mesoscale and submesoscale structures in the Patagonian Shelf create spatial heterogeneity, impacting the 638 
distribution of dissolved resources (Garzón-Cardona et al., 2021) and chlorophyll-a (Becker et al., 2023; 639 
Saraceno et al., 2024). The stirring produced by these processes, while understudied at the local scale, is 640 
fundamental in driving the three-dimensional distribution of plankton (Lehahn et al., 2018). Furthermore, the 641 
mosaic distribution of nutrients in turbulent areas may alter bacterial composition, with different nutrient 642 
affinities potentially reshaping the entire microbial interactome (Delgadillo-Nuño et al., 2024). 643 
The abundance and biomass of heterotrophic bacteria fell within the reported minimum values for spring and 644 
summer in the study area, particularly resembling values typically observed during summer in the coastal zone 645 
(<50 m depth) (Garzón-Cardona et al., 2021; Hozbor et al., 2013; Negri et al., 2016). While prior studies in this 646 
sector did not establish a clear link between heterotrophic bacterial abundance and chlorophyll-a, it is commonly 647 
noted that bacteria thrive in frontal regions with high phytoplankton concentrations and secondary production. 648 
In addition, previous research has indicated a positive correlation between bacterial abundance and dissolved 649 
organic carbon (Garzón-Cardona et al., 2021). In our study, we did not observe significant relationships between 650 
bacteria and DOM proxies (i.e., a254), while we did find a significant positive relationship with chlorophyll-a. 651 
In turn, bacterial abundance exhibited a negative response to high HNP grazing pressure. This suggests that 652 
during periods of high productivity in spring, bacterial distribution is influenced not only by the supply of fresh 653 
DOM from phytoplankton but also by grazing-induced mortality. The intermittent coupling between bacteria 654 
and phytoplankton and the lack of reported relationships between bacteria and inorganic nutrients also suggest 655 
that bacteria are weakly resource-controlled in this area. Instead, considering that the control of grazing on 656 
bacterial biomass is more pronounced under conditions of low bottom-up regulation (Morán et al., 2017), our 657 
results suggest that under the examined conditions bacteria are top-down controlled, with maximum attainable 658 
biomass limited by grazing pressure as well as other unidentified sources of mortality. 659 
 660 
4.2 Microbial trophic pathways 661 
In oligotrophic areas, microbial food webs involve multi-step carbon transfer dominated by small organisms 662 
that efficiently recycle nutrients. By contrast, productive regions have shorter, more efficient food webs where 663 
carbon moves directly to higher trophic levels (Armengol et al., 2019). Our observations showed strong 664 
microbial trophic coupling across the mid-shelf and the shelf break front, however under more productive 665 
conditions, a fraction of primary producers escaped grazing. Mid-shelf stations, including post-bloom station 666 
12, exhibited an "inverted pyramid" biomass structure, where consumer biomass exceeded that of their prey 667 
suggesting high trophic efficiency, as shown in former studies (McCauley et al., 2018). In the shelf break front, 668 
despite evidence of protistan herbivory, much of the phytoplankton biomass remained ungrazed likely due to 669 
strong top-down pressure from microcrustaceans on both phytoplankton and protistan grazers. This created a 670 
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more typical bottom-heavy biomass structure, indicative of high primary productivity where some primary 671 
production bypasses protist predation and is consumed by microcrustaceans or exported. Such a food web 672 
configuration achieves the highest carbon biomass, regardless of community composition (Kang et al., 2023). 673 
These observations align with previous findings in the shelf region, showing strong trophic coupling and 674 
minimal sinking of unused biomass, dominated by small phytoplankton (<5 µm) and balanced biomass levels 675 
of micro- and mesozooplankton (Negri et al., 2013). 676 
Our findings are in line with previous observations in the region, emphasizing the tight trophic coupling and 677 
minimal sinking of unused prey biomass (Negri et al., 2013). This is attributed to the spatial uniformity of the 678 
trophic network composition, characterized by the dominance of small phytoplankton (<5 µm) and micro- and 679 
mesozooplankton groups, which exhibit comparable biomass magnitudes. Indeed, group-specific biomass 680 
distribution of <200 µm plankton in this study, revealed that except for station 13 and 14 that were at the bloom 681 
peak, mid-shelf stations and station 12 (post-bloom) showed a top-heavy biomass distribution or inverted 682 
pyramid. Drivers of top-heaviness are linked to high trophic transfer efficiency, faster turnover of prey than 683 
consumers, or omnivory that bypasses inefficient trophic levels (McCauley et al., 2018). Since the turnover of 684 
phytoplankton and bacteria is similar to that of protistan grazers, the most likely reason for the inverted pyramid 685 
structure is a high trophic efficiency and the presence of omnivore consumers. Protists are known to be highly 686 
efficient feeders (Weisse et al., 2016), particularly under high prey abundance, and trophic transfer is 687 
significantly increased by the presence of mixotrophs (Ward and Follows, 2016). Although mixotrophy was not 688 
directly assessed in this study, the predominance of nanoflagellates among protistan grazers implies a potential 689 
significant role of mixotrophy in shaping the trophic structure of the microbial community (Edwards, 2019). In 690 
contrast, the classical bottom-heavy pyramid biomass structure of plankton was registered under bloom peak at 691 
shelf break stations 13 and 14. Despite intense predation on phytoplankton in the shelf break stations, the 692 
biomass accumulation resulting from a higher carrying capacity, driven by local upwelling, was sufficient to 693 
maintain the typical biomass pyramid structure, with photosynthetic taxa dominating plankton biomass. This 694 
type of food web structure attains the highest carbon biomass regardless of community composition (Kang et 695 
al., 2023), and suggests that under productive conditions within the upwelling front, a fraction of primary 696 
production escapes predation by protists and is either exploited by microcrustaceans or advected by mixing or 697 
sinking processes. 698 
Our findings showed active growth of heterotrophic bacteria across all stations, while phytoplankton exhibited 699 
low net growth or biomass yield, except at two stations undergoing developing bloom stages (14 and 21). 700 
Heterotrophic bacteria, despite having half the biomass of phytoplankton, was selectively preyed by protistan 701 
grazers, accounting for 72% of bacterial production in mid-shelf stations and 83% in the shelf break front (Fig. 702 
9). This preference for bacteria likely stems from their higher growth rate compared to phytoplankton, as 703 
protistan grazing is primarily triggered by prey growth rate rather than biomass (Banse, 1982; Calbet and 704 
Landry, 2004; Chen et al., 2009). Regarding the low phytoplankton growth rates observed in this study, an 705 
additional factor beyond bloom timing may involve UV photoinhibition, which can affect some eukaryotic 706 
pigmented plankton when exposed to deck conditions. Although light conditions were carefully controlled 707 
during handling and the incubator was covered with a special net to prevent overexposure, continuous light 708 
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exposure cannot fully replicate the natural mitigation of UV stress provided by vertical mixing in the water 709 
column (Häder et al., 2015). Laws et al. (2000) noted unrealistic growth estimates, attributing the negative 710 
effects of UV exposure to phytoplankton incubation at the surface. Simulating natural UV exposure remains a 711 
common challenge in most incubation experiments, where communities experience more stable light 712 
conditions.Our results denoted active growth of heterotrophic bacteria in all stations, while phytoplankton 713 
evidenced low net growth or biomass yield. Low growth rate of phytoplankton was only detected in station 21 714 
at the bloom initiation and in station 14 at the last stage of the ascending bloom ramp. Despite possessing half 715 
the biomass of phytoplankton, grazers selectively preyed upon heterotrophic bacteria and accounted for 72% of 716 
bacterial production in the mid-shelf stations while phytoplankton production was not significantly affected by 717 
grazing. This selective grazing on bacteria can likely be attributed to their higher growth rate compared to that 718 
of phytoplankton, as protistan grazing is known to be activated in response to changes in prey availability 719 
(Banse, 1982; Calbet and Landry 2004; Chen et al., 2009). In fact, grazing by HNP showed a negative 720 
relationship with bacterial biomass, denoting that prey growth is a better activator than their biomass.   721 
Consequently,Our results showed that bacteria exhibited growth advantages over phytoplankton across the 722 
examined environmental gradient but were concurrently more vulnerable to grazing pressure. This 723 
compensatory grazing on fast-growing bacteria has been previously observed in productive environments such 724 
as the California Current (Goericke, 2011; Taylor and Landry, 2018; Landry et al., 2023; Taylor and Landry, 725 
2018), as well as in the oligotrophic Warm Taiwan Current (Chiang et al., 2014). The suggested mechanism 726 
underlying this trophic interaction posits that increased phytoplankton-DOM production fosters the growth of 727 
resource-efficient bacteria, as suggested by the tight coupling between bacteria and phytoplankton biomass. 728 
However, the heightened growth, coupled with a diminished allocation of energy to defensive skills, renders 729 
these bacteria susceptible to selective grazing (Taylor and Landry, 2018). 730 
The situation in the more productive shelf break areafront, shifted toward a coupled predation upon both 731 
prokaryotes and phytoplankton (Fig. 9a). Grazing accounted for 83% of bacterial production and 154% of 732 
phytoplankton production. Despite limited growth, phytoplankton faced substantial grazing pressure, possibly 733 
facilitated by shared predators with bacteria. This trophic interaction aligns with the enhanced microbial loop 734 
hypothesis (Taylor and Landry, 2018b), suggesting that small phytoplankton is increasingly grazed as a 735 
byproduct of grazers actively preying on bacteria under conditions of rising productivity. Under this scenario, 736 
grazing on picophytoplankton is density-independent and occurs due to the presence of shared common grazers 737 
with bacteria. Across stations, density-dependent control mechanisms further regulated the standing stock of 738 
bacteria, with mechanisms reducing population density likely conferring benefits by preventing rapid resource 739 
depletion. Overall, bacteria appeared to be positively regulated by commensalism with phytoplankton and 740 
negatively by grazing, constituting a primary carbon source for protistan grazers regardless of the productivity 741 
level. 742 
An additional factor contributing to grazing selectivity across productivity areas may be related to grazer 743 
community composition, which differed between the mid-shelf and the shelf break front, with ciliates more 744 
concentrated on the mid-shelf and heterotrophic dinoflagellates more associated with shelf break stations 745 
(especially in stations 12 and 13). In contrast, phytoplankton structure showed no distinct regional differences. 746 
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Ciliates primarily select prey based on size due to their oral diameter, while dinoflagellates employ diverse 747 
feeding strategies, allowing them access to a broader range of prey sizes. This trait positions dinoflagellates as 748 
key grazers in meso- and eutrophic environments, such as upwelling areas (e.g., Hansen et al., 1997; Sherr and 749 
Sherr, 2007; Calbet, 2008), enabling them to effectively target both bacteria and larger phytoplankton. 750 
 751 
 752 
4.3 Short-term DOM pathways 753 
A general trend denoting weak DOM limitation of bacterial growth was found, as even in the experiments 754 
without DOM-producing phytoplankton, organic matter accumulated in most experiments. Throughout the 755 
experiments, substantial bacterial proliferation and minimal or no phytoplankton growth were observed to occur 756 
alongside the active biodegradation of organic matter, as evidenced by a decrease in the biological index (BIX) 757 
and an increase in the humification index (HIX)During the experiments, high bacterial growth, and net zero or 758 
low phytoplankton growth coincided with active biodegradation of organic matter, as indicated by the decline 759 
in the biological index (BIX) and the rise in the humification index (HIX). The general decreasing trend of BIX 760 
during the incubation and its similar behaviour in the absence of protist confirms a bacterial effect and suggests 761 
that bacteria are rapidly consuming recently produced phytoplankton exudates. Comparable observations have 762 
shown that bacteria produce humic-like substances from protistan plankton precursors in controlled 763 
environments absent of terrestrial influence (Gruber et al., 2006; Romera-Castillo et al., 2011; Lechtenfeld et 764 
al., 2015; Kinsey et al., 2018; Osburn et al., 2019), underscoring the pivotal role of microbial communities in 765 
converting DOM into refractory substances over brief timescalesSimilar observations have shown bacterial 766 
production of humic-like substances from protistan plankton precursors under experimental conditions devoid 767 
of terrestrial influence (Gruber et al., 2006; Kinsey et al., 2018; Lechtenfeld et al., 2015; Osburn et al., 2019; 768 
Romera-Castillo et al., 2011), underscoring the significance of microbial communities in immobilizing DOM 769 
in the form of refractory substances over short timescales. The described carbon route partially explains why 770 
the region acts as a carbon sink throughout most of the year (Kahl et al., 2017), irrespective of the magnitude 771 
of the primary productivity magnitude, and emphasize the critical role of the microbial carbon pump (Jiao et 772 
al., 2010) as a key carbon sequestration pathway in on the northern Patagonian Shelf. While these findings 773 
highlight its importance, the seasonal relevance of this mechanism remains to be explored. 774 
The accumulation of a fraction of DOM, as indicated by a254, was not limited to stations experiencing active 775 
phytoplankton growth, indicating that net DOM release is not necessarily tied to specific phenological stages, 776 
as previously suggested (Bachi et al., 2023). Moreover, accumulation occurred under diverse phytoplankton 777 
assemblagesit was not correlated with phytoplankton species composition, implying a low level of 778 
specialization in the bacterial utilization of species-specific DOM substances, a trait that becomes apparent 779 
under conditions of high resource availability (Sarmento et al., 2016).  780 
The complexity of DOM, reflected by the prevalence of humic-like compounds (FDOMC, FDOMA, and 781 
FDOMM), emerged as a key factor influencing its bacterial utilization. A net consumption of the DOM fraction, 782 
as estimated by a254, was observed when the initial pool contained a significant proportion of low-reactivity 783 
compounds, influenced by the phenological status of the sampling site, as indicated by satellite chlorophyll-a 784 
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trends. At stations 23 and 21, low prior chlorophyll-a indicated limited recent autochthonous DOM production. 785 
However, bacterial activity differed between the two stations. At station 23, elevated bacterial activity resulted 786 
in a notable increase in DOM complexity and net consumption under both treatments, indicating that bacteria 787 
depended on a substantial initial labile DOM pool (FDOMT), despite the predominance of refractory 788 
compounds. In contrast, station 21 exhibited low bacterial activity, with the a254 DOM fraction shifting from 789 
consumption to accumulation in the absence of protists. This indicated bacterial reliance on phytoplankton 790 
DOM exudates when the DOM pool is primarily refractory. 791 
At station 13, the opposite pattern was observed, with the a254 DOM fraction shifting from weak accumulation 792 
in the presence of protists, to consumption in the absence of protists. Here, a higher proportion of labile DOM 793 
facilitated bacterial activity. Low phytoplankton-to-bacteria biomass ratios indicated that bacterial DOM 794 
consumption was masked by phytoplankton biomass but became evident without protists. However, DOM 795 
accumulation may also reflect viral lysis, as suggested by HIX decreases and BIX increases, alongside low 796 
bacterial growth and grazing. Instead, the degree of complexity of DOM expressed as the prevalence of humic 797 
compounds (FDOMC, FDOMA, and FDOMM), emerged as a primary factor determining its utilization by 798 
bacteria. Detectable consumption occurred when the initial DOM pool presented a high contribution of low 799 
reactivity compounds, likely resulting from the phenological status of the sampling point as depicted by the 800 
temporal progression of satellite chlorophyll-a. This scenario was observed at stations 23 and 21, where 801 
sampling was preceded by low chlorophyll-a content, indicating limited autochthonous production of fresh 802 
DOM in the preceding month. However, the differences in bacterial growth and FDOM-inferred biodegradation 803 
at both stations suggest variations in bacterial activity. At station 23, intense bacterial activity was evidenced 804 
by the significant increase in the complexity of DOM and the net DOM consumption under both treatments. 805 
Despite the high contribution of refractory compounds in this site (FDOMC, FDOMA, and FDOMM), the initial 806 
labile DOM pool was also high (particularly FDOMT), denoting that bacteria may have sustained their growth 807 
upon this labile initial stock over the 24 h incubation under the absence of DOM-producing phytoplankton. 808 
Interestingly, under the absence of protists, DOM consumption shifted to accumulation in station 21. At this 809 
station, a notable abundance of initial refractory compounds was observed. In contrast to observations at station 810 
23, bacterial activity was low, as indicated by a low growth rate and no detectable biodegradation of DOM. 811 
Therefore, the apparent decrease of bacterial DOM utilization under the absence of protists, suggests that 812 
bacterial reliance on phytoplankton DOM exudates increases when the existing DOM pool consists primarily 813 
of refractory compounds. Despite similar phenological stage, this situation was not observed in station 22, 814 
where the degree on refractory compound was lower. This suggests the presence of other sources of labile DOM 815 
that may not be adequately represented by total chlorophyll-a measurements, such as Synechococcus, a 816 
significant picophytoplankton genus in the shelf area (Silva et al., 2009) known to contribute to bioavailable 817 
DOM production (Zheng et al., 2019). 818 
The opposite scenario, i.e., a shift from weak DOM accumulation to DOM consumption under the absence of 819 
protists, was observed in station 13. Here, the initial proportion of labile DOM was higher, denoting that DOM 820 
bioavailability did not restrict bacterial activity. This station displayed the lowest biomass ratio between 821 
phytoplankton and bacteria, indicating that DOM consumption in the absence of protists occurred when the 822 
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initial phytoplankton biomass significantly surpassed that of heterotrophic bacteria. This suggests that the initial 823 
phytoplankton biomass masked intense bacterial DOM utilization, which only became evident upon the removal 824 
of protists. However, DOM accumulation might be overestimated due to the input of DOM lysates resulting 825 
from viral lysis. Indeed, the decrease in HIX alongside the increase in BIX observed in station 13 under both 826 
treatments suggests that viruses are transferring bacterial biomass into the labile DOM pool (Proctor and 827 
Fuhrman, 1991). The low bacterial growth and grazing at this site along with the station’s bloom timing further 828 
support this notion, as it suggests that sampling occurred at the transition between grazing control to viral 829 
control of bacterial biomass. Indeed, the latter tends to occur under low grazing pressure (Bettarel et al., 2004; 830 
Pasulka et al., 2015). Overall, the fact that DOM accumulation occurred even in the absence of protists, indicates 831 
that bacteria are the main source of DOM as previously noted (Gruber et al., 2006). tThe initial proportion of 832 
refractory compounds better predicted the net DOM production by providing insights on microbial succession 833 
trajectories. 834 
 835 

 836 
Figure 9. Grazing-mediatedSchematic representation of DOM pathways of DOM during the productive 837 
season in on the Patagonian Shelf, contrasting the mid-shelf (low-to-moderate productivity, left panel) 838 
with the shelf break front (high productivity, right panel). A. Phytoplankton biomass (background circle 839 
size) was twice that of bacteria, with selective grazing on bacteria balancing their rapid growth across 840 
sampling areas. Grazing on phytoplankton increased under higher productivity, aligning with the 841 
enhanced microbial loop hypothesis. Heterotrophic bacteria were key in shaping DOM quality, utilizing 842 
labile DOM (LDOM) from phytoplankton and contributing to the storage of refractory DOM (RDOM), 843 
even without DOM-producing protists. RDOM production was more pronounced mid-shelf than at the 844 
shelf break. Bacterial grazing influenced the net production of the a254 DOM fraction, with intense 845 
grazing leading to DOM accumulation likely through reduced bacterial biomass and egested organic 846 
material. Arrow thickness represents grazing pressure, with percentages indicating daily grazed 847 
productivity. 848 
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While phytoplankton biomass was found to be twice that of bacteria, a selective grazing on bacteria was 849 
observe compensating for their fast growth rate along the productivity gradient. In turn, grazing on 850 
phytoplankton increased with rising productivity, suggesting that phytoplankton, particularly smaller 851 
cells, are increasingly grazed as a byproduct of intense grazing on bacteria, aligning with the enhanced 852 
microbial loop hypothesis. Heterotrophic bacteria were the primary agents shaping DOM quality, 853 
capable of storing carbon in the refractory DOM pool (rDOM) even in the absence of DOM-producing 854 
protists. However, the production of rDOM was more conspicuous in mid-shelf stations than in the shelf 855 
break. B. Grazing on bacteria influenced the net production of DOM. Arrows thickness represents 856 
grazing pressure. Pronounced bacterial grazing led to an accumulation of DOM,likely by reducing the 857 
biomass of bacterial standing stock and by contributing with egestion organic substances. 858 
 859 
The a254 DOM fraction also tended to accumulate under high bacterial mortality due to grazing. Our results 860 
evidenced a selective grazing on bacteria compensating for their fast growth ratethat carbon was primarily 861 
channeled from prokaryotes to protistan grazers, bypassing slower growing phytoplankton. This group-specific 862 
grazing mortality aligns well with the grazing selectivity model, wherein grazers exhibit preferences against 863 
high-growth-rate organisms, establishing a tight coupling between growth advantages and grazing vulnerability 864 
across environmental gradients (Landry et al., 2023). Our experimental data not only support this hypothesis 865 
but also provide new insights into the repercussions of bacterial grazing on dissolved carbon stocks (Fig. 9b). 866 
Specifically, our results suggest that grazing on bacteria can lead to an accumulation of DOM produced by 867 
phytoplankton by reducing the biomass of bacterial standing stock. In addition, protistan grazing may contribute 868 
to the DOM pool by releasing bacterial carbon (Taylor et al., 1985). However, bacteria may not immediately 869 
utilize this DOM source, as adapting their enzymatic machinery to target new compounds requires additional 870 
energy expenditure, resulting in less efficient resource utilization (Baña et al., 2014). Similar results were 871 
observed in polar waters, where high protistan bacterivory was associated with DOM accumulation (Lund 872 
Paulsen et al., 2019). Our observations carry biogeochemical implications, as intense bacterial grazing implies 873 
that bacterial biomass becomes available to higher trophic levels, thereby circumventing the DOM cycle. In 874 
other words, while most bacterial biomass is directed by protistan grazers toward higher trophic levels, it also 875 
partially diverts the production of DOM lysates by viral lysis (Suttle, 2005). Our experimental results also 876 
indicate that intense grazing only partially compensates for this carbon route, as protistan grazing contributes 877 
with additional DOM substances while as a fraction of phytoplankton-derived DOM remains unexploited by 878 
bacteria over short timescales. 879 
Protistan grazing is widely recognized as the primary driver of phytoplankton mortality (Calbet and Landry, 880 
2004) and is an important mortality source for heterotrophic bacteria (Weinbauer and Peduzzi, 1995). However, 881 
viral lysis can achieve comparable mortality rates in both phytoplankton and bacterial populations to that caused 882 
by protistan grazers. Discerning the viral impact within incubation bottles can be challenging, as viral activity 883 
may not only contribute to cell lysis but has been observed to stimulate prey availability for protists, potentially 884 
through the release of cellular lysates or by reducing competition (Staniewski and Short, 2014). In our study, 885 
while protist grazing was considered the primary cause of bacterial and phytoplankton mortality, we 886 
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acknowledge that viral lysis may have also played an unrecognized but significant role in the dilution 887 
experiments. 888 
The fate of grazing-derived DOM remains uncertain in our experimental setup, as it could either serve as a 889 
potential source for bacterial utilization, thus establishing a positive longer-term predator-prey feedback not 890 
captured in our 24-h experiment, or contribute to the complex DOM pool, feeding into the refractory fraction. 891 
Indeed, previous observations revealed that DOM derived from protistan grazers varies in its bioavailability 892 
(Taylor et al., 1985), and their complexity is further shaped by taxa composition (Nagata and Kirchman, 1992; 893 
Gruber et al., 2006; Nagata and Kirchman, 1992). In our experiments, we did not observe a clear trend in DOM 894 
transformation between treatments with and without protists, indicating that bacteria remain as the primarily 895 
shapers drivers of DOM quality. Overall, our finding revealed that under high bacterial growth rate that follows 896 
the onset of the productive season, protistan grazers not only channels carbon through remineralization but also, 897 
foster the degree of DOM accumulation by reducing DOM-degrading bacterial stock and/or contributing with 898 
egestion substances. Additionally, instead of acting solely as a sink of carbon through mineralization of organic 899 
compounds, bacteria serve as a crucial link between assimilatory CO2 and higher trophic levels. 900 
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