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Abstract : 

The coastal ocean is experiencing changes in its physical and chemical properties that strongly affect 
planktonic metabolism assemblages and, in some cases, favor the occurrence of harmful algal blooms 
(HABs). Here we analyze the variations in phytoplankton biomass, gross and net primary production 
(NCP) as well as community respiration (CR) at two nearshore sampling sites (P1 and P2) located at a 
Mediterranean beach where high biomass HABs are recurrent. At P1, the most exposed site, 
phytoplankton chlorophyll was generally low, whereas dinoflagellates outbreaks of the genus 
Gymnodinium and Alexandrium were recurrent during summer at P2 spanning for 10–20 days. During 
bloom episodes, NCP increased up to 10-fold (>80 mmol O2 m−3 day−1). Contrastingly, variation in CR 
only reached an average of 1.8-fold the rates of non-bloom conditions. Remarkably, although the 
enhanced NCP:CR ratio suggests net autotrophic population growth, production per unit biomass at P1 
and P2 was not significantly different. Our results indicate that although summer conditions favor the 
necessary primary production enhancement leading to HAB occurrences, the short-term dynamics driving 
high biomass episodes are not driven by metabolic variations but instead are governed by subtle 
accumulative processes of some flagellate species in the nutrient-rich nearshore environment. 
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1. Introduction 

Ongoing climate change effects in the Mediterranean Sea (MS) are more pronounced than 

global scale variations (Cramer et al., 2018). These changes include the warming of surface 

waters, including eventual heat waves, and increased water column stratification (Lejeusne et 

al., 2010; Coma et al., 2009). Coupled with the dramatically increasing population and 

urbanization of coastal areas, nitrogen cycle, and phosphorous cycles have been extensively 

modified in the coastal waters of the MS because of the abundant supply of land-derived 

nutrients (e.g. Powley et al., 2018). These impacts are expected to produce significant effects 

in nitrogen-deficient areas of the tropical and subtropical oceans which are acutely vulnerable 

to nitrogen pollution (Beman et al., 2005). The interplay between increasing temperature, 

stratification, nutrient-enriched surface, and submarine groundwater discharges (SGD) in 

nearshore waters, among other causes, produce environmental changes with far-reaching 

consequences in marine ecosystems. For example, the warming of coastal waters combined 

with nutrient enrichment can deeply affect marine phytoplankton communities, changing 

their size structure, phenology, abundance, species composition, and turnover rates. These 

structure and metabolic variations can eventually trigger deleterious effects such as 

eutrophication and/or the occurrence of Harmful Algal Blooms (HABs; Wells et al., 2015).  

HABs produce severe consequences on the socio-economic services provided by marine 

ecosystems affecting the well-being of local communities (e.g. Anderson et al. 2002;  

Berdalet et al. 2016). Several complexities modulating HAB occurrences, such as the role of 

life cycle stages, the biochemical and physical interactions involved, or climate drivers 

remain to be unraveled (Gobler, 2020). While these responses are not universal, with many 

other factors influencing the outcome of HAB dynamics every year in each location, concern 

has been growing considering that physical, chemical, and biological conditions necessary for 

the development and persistence of HABs are increasing, therefore favoring their potential 

occurrence (Wells et al., 2020). 

Harmful blooms ultimately result from positive imbalances between phytoplankton 

growth/accumulation and loss terms such as mortality (either by grazing or by infections), 

and/or advection (Garces, 1999; Irigoien et al., 2005). Unlike early spring blooms in open 

ocean waters which are commonly produced by fast-growing diatoms and subsequently 

controlled by zooplankton grazing (Ribera d’Alcalà et al., 2004; Donoso et al., 2017), 

nearshore summer booms in the MS are typically generated by dinoflagellates such as 

Alexandrium, Gymnodinium, Prorocentrum or Dinophysis which are scarcely predated (e.g. 

Bravo et al., 1990; Calbet et al., 2003; Delgado et al., 1990). In the MS, these organisms 



proliferate in nearshore waters within embayments, harbors, or other coastal features where 

growth is unconstrained by the lack of nutrients, producing small and localized high biomass 

episodes, with magnitudes highly exceeding those of spring blooms (i.e. >106 cells L-1). 

Notably, while summer temperatures that maximize phytoplankton metabolism create the 

potential for biomass accumulation, bloom-forming dinoflagellates are rather large and 

complex organisms that do not show particularly high growth rates compared with other 

phytoplankton groups such as cryptophytes, chrysophytes, or diatoms (Stolte and Garces, 

2006). Subtle variations in dinoflagellate metabolism or slight changes in coastal 

hydrographic conditions may favor the accumulation of cells leading to the initiation of a 

HAB event. 

Phytoplankton growth rates are a composite trait that emerges through the interaction of 

more fundamental traits relating to biomass-specific production, nutrient uptake, and 

metabolism setting the pace of plankton variations (Padfield, et al. 2016; Ward et al., 2017). 

Indeed, phytoplankton growth rates are dependent on two metabolic fluxes: photosynthesis 

and respiration (Raven and Geider, 1988). However, few studies provide experimental 

measurements of changes in phytoplankton metabolism during HAB episodes. Most available 

information on HAB dynamics relies on phytoplankton biomass monitoring (using 

chlorophyll concentration as a proxy), and/or cell abundance and identification reports. The 

present study aims to characterize the year-round variations of plankton metabolism in a 

nearshore location recurrently affected by HAB episodes and to elucidate their role in overall 

HAB dynamics.  

 

2. Material and Methods 

2.1. Study site and sample collection  

The sampling study was carried out on Peguera Beach, located on the western coast of 

Majorca Island (Balearic Islands, Spain; Fig. 1). Peguera is an embayed urban beach 

surrounded by tourist hotels and restaurants. Blooms have been recurrently reported since the 

1990s. Microalgal cells, generally flagellates, accumulate in the beach center and eastern 

boundary, which are more protected from swells, producing intense water discolorations (e.g. 

Basterretxea et al., 2005; 2011).  

A total of 161 samplings were carried out in nearshore waters at Peguera from April 2017 

to September 2019. During the winter, sampling was performed every 15 days (from 

November to February) whereas, during the rest of the year, sampling frequency was 

increased to once a week and to twice a week during summer when bloom events were most 



likely to occur. We sampled surface water on two distinct points of this beach; one at the 

more exposed western boundary of the beach (P1) and, another on the eastern side, which is 

protected by a headland (P2; Fig. 1). At every sampling, surface seawater temperature was 

measured using a CastAwayTM CTD until September 2018, and a YSI30 conductivity and 

temperature meter thereafter. Solar radiation, wind direction and velocity were obtained from 

Palma Bay meteorological buoy located alongside Peguera Beach. Data were recorded every 

10 min. 

For each sampling station (P1 and P2), surface seawater was carefully sampled with a 

bucket and transferred to two 5L carboys. The sample in one of the carboys was used for 

microplankton identification, chl-a estimation, inorganic nutrient concentrations, and salinity 

(S). The second sample was dedicated to planktonic metabolism estimations. This sample 

was immediately protected with a dark screen to avoid exposure to solar irradiance before the 

incubation.  

2.2. Nutrients   

Nutrient subsamples were withdrawn from the 5L carboys. Triplicate 15 mL samples 

were filtered through GF/F filters, and preserved in polypropylene tubes at -20°C until their 

analysis in the laboratory. Concentrations of dissolved nitrate (NO3
-) and nitrite (NO2

-) were 

measured using a Skalar autoanalyzer using colorimetric techniques (Grasshoff et al., 1999). 

The accuracy of the analysis was established using Coastal Seawater Reference Material for 

Nutrients (MOOS-1, NRC-CNRC). For the present study, nitrite and nitrate were summed 

and presented as NOx. 

2.3. Chlorophyll-a concentration and microphytoplankton community composition  

 Duplicate sub-samples of 200 mL were filtrated onto GF/F filters for the quantification 

of the total chlorophyll-a concentration (chl-a). The pigments were extracted in 10 mL 90% 

acetone (v/v) for at least 24 h in the dark at 4°C and quantified using a calibrated Turner 

Trilogy fluorimeter. A calibration factor obtained from a commercial chl-a standard (Sigma-

Aldrich C5753) was used to calculate the final chl-a.  

Analysis of microphytoplankton species composition was carried out only during the 

bloom season. 250 mL sub-samples were collected at P2 during bloom periods (18 samples in 

total) and fixed in Lugol’s iodine and stored in the dark until analysis. The general procedure 

for identifying and quantifying phytoplankton involved sedimentation (24 h) of a subsample 

100 ml Utermöhl settling chamber and subsequent counting of all cells using an inverted 

microscope. 

2.4. Characterization of short-term outbreaks  



Blooms in Mallorca are generally characterized by a period of increased phytoplankton 

biomass during the summer in which several outbreaks composed of one or two dominant 

dinoflagellate species dominate microphytoplankton assemblages (e.g. Basterretxea et al., 

2007). For the present study, the characteristics of these bloom episodes were determined 

using a reference threshold for non-bloom conditions. Considering the lack of chlorophyll 

variation over the seasons at P1, we decided to estimate the reference threshold using the 

chlorophyll concentration at this location. Indeed, this threshold was defined as two standard 

deviations from the long-term average of the chl-a times series at P1 from May to September 

for the three years. The chl-a times series at P2 was first interpolated to obtain a 1-day 

temporal resolution. If interpolated chl-a magnitudes at P2 rose the reference threshold from 

May to September of that year and lasted at least 7 days, we defined this episode as a bloom. 

The first day of the episode is chosen as the bloom initiation date of each year and its 

termination date is when chl-a concentration drops below the reference threshold. 

2.5. Plankton metabolism 

Water for metabolism experiments was prefiltered with 100 µm mesh to remove large 

organisms and suspended particulate matter (SPM). We are aware that some micrograzers get 

past this mesh affecting both production and respiration estimates. However,  larger cells, 

such as dinoflagellates, cryptophytes, and diatoms, are often observed in the nearshore 

(Basterretxea et al., 2018) and the use of a finer mesh (i.e. 50 µm) could remove some of 

these populations. Gross primary production (GPP), net community production (NCP), and 

community respiration (CR) were estimated to establish the planktonic community 

metabolism present at each sampling station. NCP and CR were estimated from changes in 

oxygen concentration over 24 h. Dissolved oxygen concentration was measured using the 

spectrophotometric Winkler approach which shows a standard deviation of 0.45 % for inter-

repeatability and 0.73 % for reproducibility near 250 µmol L-1 (Labasque et al., 2004). Seven 

120 mL opaque ‘dark’ and 7 transparent ‘light’ borosilicate bottles were carefully filled with 

the sampled water used for the planktonic metabolism for P1 and P2. Additionally, 6 

replicates were immediately fixed for the measurement of the initial oxygen concentration. 

Incubations of the 7 ‘light’ bottles were performed within a temperature-controlled incubator 

illuminated by artificial light (daylight T8 18W 865ErP;  photosynthetically active radiation,  

PAR, intensity of 71.91 µmol photon m-2 s-1) under a day-night cycle. Light hours ranged 

from 9 h (winter) to 15 h (summer). Incubations of the 7 ‘dark’ bottles were performed under 

complete darkness for 24 h. Both incubations were performed at the in situ temperature. CR 

and NCP were calculated from changes in dissolved oxygen concentration after incubation of 



samples under ‘dark’ and ‘light’ conditions, respectively, and GPP was calculated by solving 

the mass balance equation GPP = NCP + CR. Occasionally, metabolism experiments failed 

and yielded ‘negative’ planktonic CR (i.e. production of oxygen in the dark) or negative GPP 

(i.e. CR > GPP). These estimates were not considered here. 

3. Results 

3.1. Environmental conditions 

The seasonal trend of sea surface temperature followed a similar pattern at both sampling 

sites (P1 and P2), with minimum temperatures in February (~15°C) and maximum values in 

July-August (30-31°C; Fig. 2 and Table 1). From May to October, the temperature at P2 

slightly exceeds that at P1, the maximum difference being at the end of June (+1.8°C). 

Conversely, P2 was slightly colder from October to March (up to -0.3°C). At P2, salinity 

fluctuated between 34.9 and 38.2 and was generally lower than at P1 (range 37 to 38.2). 

Indeed, both sampling points episodically displayed dramatic salinity declines (i.e. 0.5 to 1.5) 

some of which were coincident with NOx enhancements suggesting the influence of nutrient-

rich groundwater seeps. Nevertheless, NOx displayed a rather random behavior without 

significant differences between summer and winter. Even so, the observed concentrations (> 

1 mmol m-3) contrasted with offshore values in the MS where NOx in summer is found at 

undetectable concentrations (e.g. Pasqueron de Fommervault et al., 2015). 

Mean NOx values at P1 and P2 were relatively low (i.e. 0.8 and 1.1 mmol m-3, 

respectively) but showed higher values during the sampling period (>3 mmol m-3) without 

displaying any seasonal trend. Both salinity and NOx were significantly lower and higher 

respectively at P2 (Friedman test, p < 0.05). However, nutrient variations were seemingly 

random, and a poor correlation was obtained between salinity and NOx (r = 0.09, p = 0.277) 

(Table 1, Fig. 2).  

 

3.2. Phytoplankton biomass and species composition 

Phytoplankton biomass, measured as chl-a concentration showed significant differences 

between P1 and P2 (Friedman test, p < 0.01) that were exacerbated during summer (0.47 ± 

0.12 and 3.99 ± 0.54 mg m-3 at P1 and P2, respectively; Table 2 and Fig. 2d). At P1, chl-a 

concentration showed low variability and overall reduced values (mean = 0.45 ± 0.09 mg m-

3). Contrastingly, the overall biomass trend at P2 was defined by an exponential increase 

from late May to August, composed of a series of short but intense peaks typically spanning 

from 1 to 3 weeks (Fig. 2d). After this period, chl-a progressively declined to the levels 

observed at P1 except on August 2018 when chl-a remained high (>1mg m-3) until 



September. Additional chlorophyll peaks were observed in October-November, but these are 

produced by large-scale variations in phytoplankton biomass in the MS produced by water 

column mixing during autumn in which diatoms are predominant (Basterretxea et al., 2018; 

Salgado-Hernanz et al., 2022). 

 Phytoplankton at P1 was typically composed of pico and nanoautotrophs. Conversely, 

microplankton dominated the assemblages during the outbreaks observed at P2. The most 

abundant genera were Gymnodinium, Alexandrium, Heterocapsa, and Prorocentrum with 

variable contributions to overall autotrophic microplankton composition (See Fig. 2d). 

Gymnodynium and Alexadrium were generally dominant, representing more than 90% of the 

cells.  Heterocapsa and eventually Prorocentrum were also present although they never 

accounted for more than 10% of the total cells.  

 

3.3. Characterization of short-term outbreaks 

For defining summer blooms at P2, the reference threshold was defined as two standard 

deviations from the long-term average of the chl-a times series at P1 from May to September 

for the three years and thus estimated at 2.99 mg chl-a m-3. Approximately 40 % of the 

interpolated chl-a data at P2 exceeded this threshold during the summer with magnitudes 

ranging from 3 to 24.92 mg m-3 (Fig. 2d and 3). Most (78 %) of the blooms lasted from 10 to 

20 days and ranged from 3 to 9 mg chl-a m-3 (56 % of summer bloom interpolated chl-a 

values, Fig. 3). During the study, 9 summer blooms were registered: 4 in 2017, 2 in 2018 and 

3 in 2019. The longest bloom was registered in 2018 lasting 51 days reaching a maximum 

chl-a value of 24.92 mg m-3. 

 

3.4. Plankton metabolism  

Gross production in Peguera at P1 was strikingly stable all year round (4.8 ± 0.36 mmol 

O2 m
-3 d-1). Values rarely exceeded 10 mmol O2 m

-3 d-1 and production per unit biomass 

yielded 13 ± 99 mmol O2 mg chl-1 d-1). Plankton metabolism at P1 revealed that this coastal 

ecosystem was close to balance (NCP = -0.85 ± 0.66 mmol O2 m
-3 d-1; NCP:CR = -0.05). 

Differences between P1 and P2 during no-bloom conditions were not significantly different 

(Friedman test, p >0.01 for GPP, CR, and NCP). Conversely,  GPP, NCP, and CR at P2 

increased to 5, 12, and 2-fold above P1 reference values in summer (Table 2).  

Trends in plankton metabolism at P2 paralleled overall chl-a variations, and no evident 

mismatch was observed between NCP and CR. Instead, a progressive increase in the 

NCP:CR occurred until August shifting the ecosystem state to autotrophic conditions. This 



situation remained until late September when a progressive decline in production and 

biomass reestablished the balance between production and respiration (Fig. 4d). Remarkably 

when planktonic metabolism rates are standardized to chl-a, NCP differences between P1 and 

P2 are no longer significant (Friedman test, p > 0.05) and seasonal variations of metabolic 

rates are downsized suggesting that the observed variations during bloom-conditions obey to 

subtle seasonal changes in metabolism.  

 

4. Discussion 

In the present study, we analyzed the year-round variations of phytoplankton biomass and 

metabolism at a Mediterranean coastal site with recurrent HAB episodes. The studied coastal 

ecosystem presented outbreaks between May and September, lasting mainly from 10 to 20 

days and with mean values of 9.4 mg chl-a m-3 (maximum values of 25 mg chl-a m-3). In the 

MS, most of the coastal bloom occurred in spring when short-term wind events are more 

frequent allowing stratification and nutrient supply up to the surface layer and thus, the 

development of phytoplankton bloom (e.g. Marty et al. 2002). However, HAB events in 

nearshore ecosystems of the MS occurred mainly in summer and can last for a few days to a 

month (e.g. Basterretxea et al., 2005; Penna et al., 2005; Vila et al., 2005; Satta et al., 2010). 

The outbreak dynamics (bloom length and magnitude) at P2 was similar to that reported in 

the past at the same location (Basterretxea et al. 2005) and in Sicily (Penna et al., 2005; Vila 

et al., 2005) with intense bloom (chl-a > 10 mg m-3) expanding for period of 1-2 weeks. 

These similarities are mainly explained by a key factor common to each HAB site which is 

water circulation promoting cell accumulation. 

Temperature, salinity, stratification, and nutrients are also long-spotted factors favoring 

HAB occurrence (i.e. Berdalet et al., 2017, 2014). Consistently with previous studies, the 

blooming period is well-defined between late May and October when sea surface 

temperatures exceed 20°C, which seems to be adequate for the growth of local dinoflagellate 

species. Nevertheless, as shown in Figure 2, the exponential biomass increase was related to 

increasing temperatures, peaking in August but, even though temperatures remain above this 

threshold until November, chl-a declined and outbreaks became less frequent after the 

summer temperature maximum. Therefore, consistent with previous studies (e.g. Itakura and 

Yamaguchi, 2005; Moore et al., 2009), it is suggested that temperature has an impact on the 

initiation of the bloom and cannot be ruled out that the rising temperatures can stimulate the 

core metabolism of some HAB-producing dinoflagellates promoting thus the dinoflagellates 

excystment. For example, temperature-mediated control of dormancy duration has been 



reported for the dinoflagellates Alexandrium catenella and Pyrodinium bahamense—two 

HAB producing species (Brosnahan et al., 2020).  

The role of dormant cysts has been demonstrated to be relevant in shallow high residence 

time systems where cyst beds are the source of HAB initiation every year (Estrada et al., 

2010). The continuous flux of new vegetative cells during the exponential growth phase of 

the bloom can explain changes in phytoplankton biomass with no alteration of biomass-

specific metabolic rates. In the present study, the main phytoplankton genera dominating 

summer assemblages at P2, Gymnodinium, and Alexandrium, exhibit life cycles with resting 

stages. Indeed, Bravo and Anderson (1994) observed that the excystment of Gymnodinium 

catanetum is strongly related to temperature increase with optimal germination and growth of 

the vegetative population between 22 and 28°C. Likewise, Anderson (1998) observed that the 

cyst stage is important in Alexandrium bloom initiation and termination, particularly in 

shallow embayments, where cysts and motile cells are tightly coupled. However, despite that 

cysts production of Alexandrium and Gymnodinuium genus have been reported along the MS 

(i.e.  Montresor et al., 1998; Bravo et al 2006; Satta et al., 2010), their relative contribution to 

the early bloom stages in nearshore blooms remains to be quantified.  

An additional factor determining the occurrence of nearshore blooms is nutrient 

availability.  Submarine groundwater discharges (SGD) are widespread in Mallorca and a 

main source of terrestrial nutrients and other elements to the Mediterranean Sea (Basterretxea 

et al., 2010; Rodellas et al., 2015). Salinity data from Peguera indicates a continuous flux 

resulting in a nearshore salinity decline. Indeed, salinity at P1 and particularly at P2 showed 

most of the time values lower than salinity from shelf waters (Fig. 2b).  It has been 

demonstrated that, even in the absence of anthropogenic effects, SGD can effectively 

stimulate autotrophic plankton growth, thereby producing shifts in the microbial food-web in 

some cases leading to HABs (Garcés et al., 2011; Gobler and Sañudo-Wilhemy, 2001). 

Indeed, in meso-environments such as Peguera Beach, nutrient-rich seep from coastal 

aquifers may sustain high cell abundances of flagellates whose growth would be otherwise 

limited by the poor nutrient availability prevailing in the MS. However, because of the non-

conservative nature of nutrients, their dissolved concentrations do not display good 

correlations with salinity anomalies (r=0.09, Pearson correlation method). Furthermore, 

because of the complexity of biotic responses and the influence of other stressors, a signal of 

changing nutrient concentration does not always elicit a response of changing phytoplankton 

biomass or production (i.e. Li et al., 2008). Nevertheless, while the canonical relationship 

between nitrogen and phytoplankton biomass is well established across diverse marine 



ecosystems (Smith, 2006), responses depend on community structure. For example, in our 

case, shoreline nutrient-enriched seeps are mainly capitalized on by large dinoflagellates that 

can accumulate in large numbers in the nearshore at P2 (up to 105 cells l-1). At this site, 

plankton metabolism rates and, particularly GPP, were mainly driven by the increase in 

phytoplankton biomass rather than by an enhancement in cell productivity which suggests 

that nitrogen is aiding to maintain the accumulated cell stock. Indeed, at P2, GPP was 

significantly correlated with chlorophyll concentration (r = 0.66, P < 0.01). Additionally, 

while NCP rates reached a maximum value up to 52 mmol O2 m
-3 d-1 and showed seasonal 

variations (Fig. 4), when the rates were corrected per unit of biomass, chlorophyll-specific 

NCP rates were close to 0 and seasonal variations were not available (data not shown here). 

These observations suggest that the blooms at P2 are more dependent on accumulation than 

on sustained growth and production rates.  

During the study, the accumulation of planktonic biomass during summer short-term 

outbreaks at P2 was expected to be related to strong organic matter degradation and thus, to 

high CR rates. Strong CR rates were indeed observed at P2 during bloom periods reaching a 

mean value higher than 10 mmol O2 m
-3 d-1 (Table 2). This mean value was significantly 

higher than the one observed at P1 at the same period (7.25 mmol O2 m
-3 d-1; Table 2) but 

also higher than the mean values measured in coastal areas of the Balearic Islands (~4 mmol 

O2 m
-3 d-1, Agusti et al., 2017; ~3 mmol O2 m

-3 d-1, Gazeau et al., 2005). We can believe thus 

that the strong respiration of the planktonic community during the summer blooms was 

highly related to the degradation of organic material. Indeed, microbial respiration can be an 

important regulator of the C:N of the total organic matter during periods of high productivity 

such as those encountered during blooms (e.g. Kepkay et al., 1997). However, the higher 

production compared to respiration (Table 2) indicates a high concentration of particulate 

organic matter available for transfer to higher trophic levels. 

 

5. Conclusion 

In conclusion, the role of enhancement in plankton metabolism on this coastal bloom was 

weaker than that anticipated by the observed chlorophyll variations. During the summer, the 

increase in phytoplankton was related to minor chlorophyll-specific NCP variations. The 

discrepancy between productivity and phytoplankton biomass accumulation could be due to 

two major factors. First, the contribution of near-shore flow patterns favoring physical cell 

accumulation at P2. Additionally, benthic excystment could be contributing significantly to 

cell accumulation and the initial phases of the bloom. Most likely, it is a combination of these 



factors that explain chlorophyll trend accumulation and bloom initiation and duration rather 

than community growth and productivity. 
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Table and Figure legends 

Table 1. Mean ± SE, minimum, maximum, and number of observations (N) of sea surface 

temperature, salinity, NOx concentration, and chl-a during the sampling period of this study 

at P1 and P2. 

Table 2. Measured mean ± SE of volumetric metabolism rates (NCP, CR, and GPP; mmol 

O2 m
-3 d-1) and chl-a concentration (mg m-3) during bloom (May-September) and non-bloom 

conditions (October-April)  at P1 and P2.  

Figure 1. Map of Peguera Beach in the west coast of Majorca (Balearic Islands) and 

location of the two sampling points (P1 and P2). 

Figure 2. Temporal variation of sea surface temperature (a), salinity (b), NOx 

concentration (error=22% of mean value)  (c), and chl-a concentration (d) at P1 (white dots) 

and P2 (black dots). Vertical grey-shaded areas indicate bloom periods. (a) Blue and red lines 

represent the sinusoidal function adjustment to P1 and P2 discrete samples, respectively. (b) 

Salinity at P1 and P2 and reference offshore salinity at Palma Bay (blue line, 

https://www.socib.es/?seccion=observingFacilities&facility=mooring&id=143).(d) Chl-a 

(mean ±std) is shown in a logarithmic scale.  The exponential phase in biomass (chl-a) build-

up is indicated by dashed blue lines and the green dashed line indicates the reference 

threshold, sad described in Section 2.4. Pies on top of (d) indicate the average microplankton 

community composition during each bloom period.  

https://www.socib.es/?seccion=observingFacilities&facility=mooring&id=143


Figure 3. Frequency distribution and its corresponding percentage of chl-a range and the 

length of the short-term outbreaks at P2 during bloom periods (May-September). 

Figure 4. Temporal variation of CR (a), GPP (b), NCP (c) and GPP:CR ratios (d) at P1 

and at P2 during the sampling period of the study . Vertical  grey-shaded areas indicate 

bloom periods. The low-pass filtered signal of the GPP:CR ratios are shown to reveal the 

seasonality in P1 (blue) and P2 (red).  

 

 

Tables 

Table 1. 

 

Table 2.  

 

 

 

 

 

chl-a NCP CR GPP chl-a NCP CR GPP

0.41 ± 0.04* 0.21 ± 1.30 q6.31 ± 0.72 5.47 ± 0.83 0.47 ± 0.12* p-1.33 ± 0.75* 7.25 ± 0.64* 4.61 ± 0.37*

0.71 ± 0.12* p-1.26 ± 1.51 7.05 ± 0.77 5.42 ± 0.88 3.99 ± 0.54* 10.68 ± 2.09* 13.32 ± 0.98* 24.82 ± 2.33*

*variables significantly different between P1 and P2 for each period (Friedman test, p < 0.05)

Non-Bloom Bloom 

P1

P2
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