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Abstract :

Marine phytoplankton forms the basis of the marine food web. Its diversity (size and pigmentation) has a
significant impact on biogeochemical processes such as photosynthetic efficiency, trophic interactions,
and global carbon fluxes. To date, little is known about the Algerian Basin regarding phytoplankton quality
and quantity. In this study, we analyzed the distribution of phytoplankton communities in the Algerian
Basin based on HPLC/Chemotaxonomy analysis for the summer season of 2014. The chemical taxonomy
software CHEMTAX v1.95 was used to estimate the contributions of various phytoplankton groups to total
chlorophyll a (TChl a). The results showed that prymnesiophytes were the dominant group (16%) in the
nanoplankton and occupied the entire water column, whereas cryptophytes were observed exclusively in
the western region of the basin, and contributed about 6% to the TChl a. Diatoms had the highest
contributions (18%) to the TChl a, and their emergence was linked to nutrient enrichment. Dinoflagellates
had a contribution of about 12% with little variation throughout the basin. Prochlorococcus had a
contributions of about 13% and prevailed in the deep layers (60—100 m) following the nitracline, while
Synechococcus (11%) occupied the shallower layers (10—60 m) (beneath the MLD) following the nutrient
depletion. Moreover, it is noteworthy that phytoplankton communities in the western part of the basin
showed greater diversity and abundance, influenced by Atlantic waters and deep nutrient enrichment. In
contrast, the eastern part of the basin displayed lower productivity, characterized by reduced diversity and
the prevalence of nano- and picoplankton.
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Highlights

» Phytoplankton communities in the Algerian basin are characterized by the CHEMTAX approach. »
Nano- and micro-phytoplankton prevail in the Algerian basin. » Diatoms, prymnesiophytes, and
Prochlorococcus are the major phytoplankton groups in the Algerian basin. » Phytoplankton communities
are more abundant and diverse in the western part of the Algerian basin compared to the eastern part. »
The composition of phytoplankton communities is linked to the physical-chemical dynamics of the Algerian
basin.

Keywords : Phytoplankton, Phytoplankton pigments, Community composition, CHEMTAX, Algerian
Basin, Western Mediterranean
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1. Introduction

Marine phytoplankton provides the basis for the food web of sea species and contributes at
least a quarter of the biomass of the world’s vegetation. They play a major role in climatic
processes by modulating the carbon cycle via the mechanisms of photosynthesis and
respiration (Aiken et al., 1992). Photosynthetic activities bind atmospheric carbon dioxide
(Chris and Feely, 2007) and phytoplankton sedimentation ensures fixed-carbon
sequestration in the ocean’s deep layers (Sabine et al., 2004).

The phytoplankton distribution in the ocean depends on their adaptation to several
environmental key factors, including irradiance (Rodriguez et al., 2006; Schliter et al.,
2000), the spectral distribution of light (Wood, 1985), nutrient status (Hou et al., 2007;
Kheireddine et al., 2017; Staehr et al., 2004), mixing regimes (Brunet et al., 2003; Thompson
et al., 2007), temperature and salinity, which can vary horizontally and vertically. The vertical
distribution of phytoplankton groups is determined by the vertical distribution of these
physical-chemical factors. For example, phytoplankton growth may be nutrient-limited in the
surface layers, while light may be the limiting factor in the deeper layers, resulting in a
different taxonomic composition in the water column.

The role of the phytoplankton in marine ecosystems is affected by its taxonomic and size
composition. The dominant cell size affects sinking and sequestration; large cells such as
diatoms sink faster than smaller cells. This criterion is predominant in structuring pelagic
ecosystems as it constitutes the base of the web food. The size of dominant phytoplankton
affects the degree to which energy, carbon and nutrients are made available through
phytoplankton production to higher trophic levels or export to deeper water or the sediment.
Some prymnesiophytes can produce calcite, making them important contributors to the
vertical flux of carbonate in the oceans (Broecker and Peng, 1982). The use of pigment data
in the quantitative estimates of phytoplankton classes has become crucial as there is
increasing evidence that each class exerts a unique role on the biogeochemical cycles in
the ocean (Gibb et al., 2001).

The Mediterranean Sea (MS) is an oligotrophic region (Ignatiades, 2005; Krom et al., 1991;
Thingstad et al., 2005). It is known as a Low-Nutrient-Low-Chlorophyll system and is
characterized by a general west-to-east gradient increase of oligotrophy (Durrieu de Madron
et al.,, 2011). In addition, the MS exhibits a rapid response to external conditions in
comparison to the oceans (Crispi et al., 2001) because of its semi-enclosed nature, together
with its smaller inertia due to the relatively short residence time of its water masses (Andrie

and Merlivat, 1988; Bethoux, 1980; Durrieu de Madron et al., 2011). Local environmental
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events such as wind mixing, hydrodynamic mesoscale processes, river inputs (Ludwig et
al., 2010), and dry and wet atmospheric deposition play an important role in the local
fertilization of the MS (Durrieu de Madron et al., 2011).

The Algerian Basin (AB) plays an important role in the western Mediterranean water
circulation, biogeochemical cycles of nutrients, and the carbon system. In the western part,
Atlantic waters enter Gibraltar and recirculate in meanders and eddies towards the Algerian
coast around 0°E (Millot, 1987; Millot and Taupier-Letage, 2005; Puillat et al., 2002). To date,
the effects of these complex features have been poorly studied in the AB (Moutin and Prieur,
2012). Much remains to be known concerning the interactions between the biogeochemistry
of the AB and its circulation dynamics and ventilation (Tanhua et al., 2013), as well as its
phytoplankton and trophic regimes.

Primary production in the AB may exhibit the following features: 1) two seasons of high and
low biomass, separated by sharp transitions characterizing the offshore domain, 2) intense
and distinct dynamics in the coastal area, representing 44% of the total phytoplankton
biomass (Harid et al., 2022) that is characterized by a shorter and earlier production season
in the eastern part of the basin compared to the western part (Benzouai et al., 2020). The
biological activity associated with chemical and physical carbon pumps resulted in
anthropogenic carbon sequestration of about 0.44-0.53 PgC in 2014 (Keraghel et al., 2020).
Several studies have addressed the horizontal partitioning of the Mediterranean (D’Ortenzio
and Ribera d’Alcala, 2009) in terms of phytoplankton community structure, but they have
focused only on the very top layer and did not represent the AB, where high chlorophyll a
(Chl a) values can be found at depth (Pujo-Pay et al., 2011; Raimbault et al., 1993).

This study is the first to be conducted in the AB, the southern part of the western
Mediterranean. Unlike the Northwestern Mediterranean, little is known about phytoplankton
quality and quantity in the AB. Apart from a few attempts to identify phytoplankton species
along the Algerian coast (llloul et al., 2008; Mustapha, 2021) and a few large-scale trials
(Barlow et al., 1997; Garczarek et al., 2007; Moutin and Prieur, 2012), the AB remains the
least studied area of the MS. In this work, we used pigments as chemotaxonomic markers
for the first time in this region to calculate the contribution of individual phytoplankton groups
to the total phytoplankton assemblage and to answer the following questions: Which
phytoplankton groups are dominant in the AB during the summer? How are these groups
distributed across the basin? How do the environmental parameters of the AB affect the

phytoplankton distribution?
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2. Materials and methods

2.1. Cruise strategy

Data were obtained during the SOMBA-GE cruise in the AB, conducted on the R/V Téthys
I (CNRS-INSU) from August 14 to September 10, 2014. This cruise occurred in the
framework of the MERMEX (Marine Ecosystems’ Response in the Mediterranean
Experiment Program) program, which aims to study the Mediterranean marine ecosystem
and assess and predict its changes in the context of global warming and increasing

anthropogenic pressure. The cruise covered the entire AB with 70 hydrological stations (Fig.

1).
2.2. Hydrography

Vertical profiles of temperature and salinity were measured at all the stations using a Sea-
Bird SBE911 plus conductivity-temperature-Depth profiler (CTD) equipped with a
Chlorophyll fluorescence sensor (Chelsea Acquatracka) and a dissolved oxygen sensor
(SBEA43). The accuracy for temperature and practical salinity measurements was +0.002 °C
and +£0.003, respectively. Discrete samples for biogeochemical parameters were collected
using a carousel Niskin bottle system (11 bottles of 12 L). Daily discrete oxygen
measurements by Winkler potentiometric method modified by Langdon (2010) served as
calibration points. The precision of the measurements was about 1.6 pmol/kg.

Nutrient samples were collected in 15 ml acid-washed plastic vials at all hydrographical
stations and poisoned immediately with mercuric chloride. The samples were analyzed by
automatic colorimetric procedures using a Technicon AutoAnalyzer (Tréguer and Le Corre,
1975) in the MIO Laboratory (Mediterranean Institute of Oceanography-France). The
precision (and detection limits) of the nitrite, nitrate, orthophosphate and silicic acid
measurements were 2% (0.03 pM), 3-5% (0.05 pM), 3-5% (0.02 uM) and 5% (0.05 uM),

respectively.

2.3. Pigments analysis

Pigment samples were collected on 44 stations, at a frequency of 6 samples per station: 5
levels in the first 100 m and one “dark” level. Surface sampling was tightened around the
Deep Chlorophyll Maximum (DCM). Samples were filtered on 25 mm GF/F glass fiber, then
frozen in liquid nitrogen (-80 °C) until analysis. Filters were placed in 3 ml of 100% methanol

for two hours, disrupted by sonication twice, and clarified by filtration (GF/F Whatman).
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Measurements were performed the same day by HPLC (HPLC 1200) at the Laboratoire
d’Océanographie de Villefranche-France (LOV). The analytical procedure is described in
Ras et al. (2008). The injection volume was reduced to 30 pL due to the high concentration
of the extracts. Each extract was injected in triplicate. The detection of carotenoids and
chlorophylls ¢ and b was performed at 450 nm, chlorophyll a and derivatives at 676 nm, and
bacteriochlorophyll a at 770 nm. The detection limit for 1 L filtered (in mg m) was around
0.0001-0.0002 for all measured pigments. Calibration precision and accuracy were about
0.4% and 0.3%, respectively.
Quality control was applied to pigment data following the procedure described by Aiken et
al. (2009). Relationships between total chlorophyll a (TChl a) and accessory pigments (AP)
were examined. The statistical criteria for the quality assurance for the pigment data were:
(1) The difference between TChl a and AP should be less than 30% of the total pigment
concentration.
(2) The regression between TChl a and AP should have a slope within the range of 0.7—
1.4 and must explain more than 90% of the total variance (r?> 0.9).
Our data showed that the difference between TChl a and AP was always less than 30% of
the total pigments (TP) concentration, and there was a regression between TChl a and AP

with r? value of 0.95 and a slope of 1.03.

2.4. CHEMTAX analysis

In this study, CHEMTAX v1.95 chemical taxonomy software (Mackey et al., 1996) was used
to estimate the contributions of various phytoplankton classes to the TChl a in the AB.
CHEMTAX uses factor analysis and a steepest descent algorithm to find the best fit to the
data based on an initial guess of the pigment ratios for the classes to be defined (Mackey et
al., 1996; Wright et al., 1996). The data matrix (S) of pigment concentrations must be
factorized into two matrices, (F) giving the ratios of different pigments for each phytoplankton
class, and (C) giving the abundances of each phytoplankton class in each sample (Mackey
et al., 1996).

2.4.1.Cluster analysis

In the CHEMTAX procedure, cluster analysis can be used to subdivide pigment data into
clusters representing ecological or geographic provinces by water mass properties. Indeed,
the AB is characterized by the presence of two surface water masses, the Atlantic waters
(AW) penetrating from the Alboran Sea, less salty and colder than the resident modified

Atlantic waters (MAW) that are saltier and warmer (Millot, 1999) (for more details, see
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section 4.1). In addition to the salinity and temperature differences, the nutrient budget
decreases eastward, corresponding to the oligotrophy gradient described by many authors
in the MS (e.g. Pujo-Pay et al., 2011). As a result, it was determined that coherent sub-sets
of samples with similar array of environmental conditions were required to provide
consistency of pigment ratios across all samples in a data group.

Two clusters were defined based on a principal components analysis (PCA) that combined
temperature, salinity, and nutrients data of all stations: Cluster 1, comprising 28 stations
representing the MAW water mass, and Cluster 2, with 16 stations representing the AW
water mass (Fig. 2). Following the recommendation of Mackey et al. (1996), the chosen
number of stations per sub-group was suitable for running CHEMTAX analysis.

Subsequently, we examined the pigment and taxonomic composition of these water masses.
2.4.2.CHEMTAX parametrisation

Based on the pigments detected during the cruise and previous studies in the western
Mediterranean, we considered 10 phytoplankton groups and 14 pigments to avoid the
linearity of the initial pigment ratio matrix Fo, as recommended by Mackey et al. (1996). The
Fo matrix (Table 1a) was constructed using literature values from Mackey et al. (1996) and
Higgins et al. (2011). We set the ratio limit matrix to the default value (500%), allowing the
initial pigment ratio, r, to vary from r/6 to 6r.

Two types of data matrices (S) were used: integrated concentrations and concentrations
with depth. First, we applied CHEMTAX on the integrated concentrations, and following
Latasa (2007), successive runs using the output from each run as the input for the next one
were performed. In a second phase, CHEMTAX was applied on concentrations with depth
for the entire data set. The initial ratio matrix (Fo) for this phase was derived from the final
ratio matrices obtained for clusters 1 and 2 after analysis (optimized ratios) (refer to Table
1b, ¢). The data set was divided into depth strata (0-20 m, 20-40 m, 40-60 m, 60-80 m, 80-
120 m) due to the strong stratification of the water column during the cruise period and the
large number of samples. Whether for integrated concentrations or concentrations with
depth, data from each cluster were run separately to minimize potential variations in the
CHEMTAX optimization procedures.

For all CHEMTAX runs, a series of 60 pigment ratio matrices were generated by multiplying
each ratio from the initial matrix by a random function to optimize the matrix, and 10% (n=6)
of the generated ratios with the lowest root-mean-square residual were averaged. For more
procedure details, see Wright et al. (2009). The solution with the smallest residual was used

for the estimated taxonomic abundance. Chl a was used for calculating the biomass of all
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228 groups, except Prochlorococcus, for which divinyll chlorophyll a (DVChI a) was used. The
229 optimized ratios were not altered considerably from starting ratios and compared well with

230 the range values that Higgins et al. (2011) described.

Table 1: Ratio matrices used in CHEMTAX analysis: a) initial ratios before analysis, b)

optimized ratios after analysis (Cluster 1), c) optimized ratios after analysis (Cluster 2).

Marker pigments PERI BUT FUCO HEX NEOX PRAS VIOL DDX ALLO ZEA DVChlb Chlb DVChla Chla
Class

(a) Initial Ratio

matrix

Synechococcus 0 0 0 0 0 0 0 0 0 0636 O 0 0 1
Prochlorococcus 0 0 0 0 0 0 0 0 0 0.321 1.074 0 1 0
Diatoms 0 0 0623 O 0 0 0 0163 O 0 0 0 0 1
Pelagophytes 0 06580779 O 0 0 0 0191 O 0 0 0 0 1
Prymnesiophytes 0 0 0 1708 O 0 0 0101 O 0 0 0 0 1
Cryptophytes 0 0 0 0 0 0 0 0 0379 O 0 0 0 1
Dinoflagellates 0.558 0 0 0 0 0 0 0253 O 0 0 0 0 1
Euglenophytes 0 0 0 0068 0 0 0251 O 0 0 0.377 0 1
Clorophytes 0 0 0 0066 O 0049 O 0 0032 O 0.315 0 1
Prasinophytes 0 0 0 0.063 0.2450.054 O 0 0 0 0.704 0 1
(b) Final Ratio

matrix (Cluster 1)

Synechococcus 0 0 0 0 0 0 0 0 0 0594 O 0 0 1
Prochlorococcus 0 0 0 0 0 0 0 0 0 0.252 0.959 1 1 0
Diatoms 0 0 0634 O 0 0 0 0021 O 0 0 0 0 1
Pelagophytes 0 1.1580.509 O 0 0 0 0039 O 0 0 0 0 1
Prymnesiophytes 0 0 0 1155 O 0 0 0069 O 0 0 0 0 1
Cryptophytes 0 0 0 0 0 0 0 0 0278 O 0 0 0 1
Dinoflagellates 0.677 0 0 0 0 0 0 0119 O 0 0 0 0 1
Euglenophytes 0 0 0 0028 O 0 0436 O 0 0 0.39 0 1
Clorophytes 0 0 0O 005 0 0019 O 0 0049 O 0.502 0 1
Prasinophytes 0 0 0 0.099 0.257 0.074 O 0 0 0 0.575 0 1
(c) Final Ratio

matrix (Cluster 2)

Synechococcus 0 0 0 0 0 0 0 0 0 0526 O 0 0 1
Prochlorococcus 0 0 0 0 0 0 0 0 0 0439 0.121 0 1 0
Diatoms 0 0 0605 O 0 0 0 003 O 0 0 0 0 1
Pelagophytes 0 18330473 O 0 0 0 0043 O 0 0 0 0 1



Prymnesiophytes 0 0 0 1424 O 0 0 0062 O 0 0 0 0
Cryptophytes 0 0 0 0 0 0 0 0 0278 0 0 0 0
Dinoflagellates 0.603 O 0 0 0 0 0 0102 O 0 0 0 0
Euglenophytes 0 0 0 0 0024 0 0 0462 0 0 0 033 0
Clorophytes 0 0 0 0 0063 0 0.023 0 0 0023 O 0.583 0
Prasinophytes 0 0 0 0 0.11 0.285 0.08 0 0 0 0 0.624 0
231 Pigment abbreviations: PERI: Peridinin, BUT: 19'-Butanoyloxyfucoxanthin, FUCO: Fucoxanthin, HEX: 19'-Hexanoyloxyfucoxanthin,
232 NEOX: Neoxanthin, PRAS: Prasinoxanthin, VIOL: Violaxanthin, DDX: Diadinoxanthin, ALLO: Alloxanthin, ZEA: Zeaxanthin, DVChlb:
233 Divinyl Chlorophyll b, Chib: Chiorophyll b, DVChla: Divinyl Chlorophyll a, Chia: Chlorophyll a.

234 2.5. Photo-pigment indices

235 The main role of the pigment Chl a is to absorb light for photosynthesis. Additional accessory
236 pigments (Chls b & c¢) and various carotenoids can extend the phytoplankton’s light-
237 harvesting spectrum, ensuring optimal absorption efficiencies (Kirk, 1994). However, other
238 carotenoids protect the photosynthetic apparatus against high irradiance (Kirk, 1994). The
239 phytoplankton can change the structure of the community, and hence pigment ratios, as
240 adaptive strategies to survive in the environment. Accordingly, phytoplankton pigments and
241 ratios can be used to assess changes in phytoplankton community structure and/or
242 physiological responses to environmental conditions.

243 As pigment concentrations and composition of phytoplankton may be altered in response to
244 environmental conditions (nutrient availability and irradiance intensity) (Higgins et al., 2011),
245 photo-pigment indices were calculated according to Barlow et al. (2007) and used to assess
246 the changing contribution of chlorophylls and carotenoids to the total pigment pool.
247 Carotenoids were separated as photosynthetic (PSC) including PERI, FUCO, HEX, BUT,
248 and photoprotective (PPC) including ALLO, DDX, Diatoxanthin, VIOL, ZEA, Lut, the sum of
249 carotenes (B, B & B,€). Chlorophylls were separated as follows: TChla (Chl a + DVChl a),
250 TChib (Chl b + DVChI b), and TChlc (Chl csc2 + Chl ¢3). Accordingly, five photo-pigment
251 indices were defined and symbolized as (PSC/Tpig), (PPC/Tpig), (TChla/Tpig),
252 (TChlb/Tpig), and (TChlc/Tpig).

253 3. Results

254 Hydrology and biogeochemical parameters, along with pigment distribution, are shown on
255 two transects: the west-east (WE transect), and the east-northeast (ENE transect). These
256 transects cover the AB with 29 stations and represent the major physical structures observed
257 during the cruise.

B N T . N N



258

259
260
261

262

263
264
265
266
267
268
269

270

271
272
273
274
275
276
277
278
279

280

281
282
283
284
285
286
287
288
289

3.1. Environmental conditions

The SOMBA cruise was conducted in late summer. This period of the year is usually
characterized by strong stratification induced by high temperatures in the AB. Here we

describe the physical and chemical conditions of the basin during the cruise.

3.1.1.Sea Surface Salinity

Fig. 2 shows the surface salinity for the cruise period. The AW enters the Algerian Basin
from the Alboran Sea with salinities of about 36.8 (and temperatures of 18.5° C). This water
mass first mixes with water of higher salinity and temperature (about 37.37 and 25° C,
respectively) toward 2° E longitude. Then two filaments break off, one heading northwest
and the other northeast (reaching stations located at 37.8° N and 38.9° N in the basin’s
eastern and western parts), and mix with resident Mediterranean water. The maximum

salinity found was 38.5 at the easternmost point of the basin.

3.1.2.Temperature

The temperature distribution over the two transects is shown in Fig. 3A. The mean surface
temperature recorded during the SOMBA cruise was about 24.8 °C. In the west, this warm
layer was restricted to the first 20 m, apparently due to the significant upwelling of cold water
(<15 °C) reaching a depth of 50 m. In contrast, the thickness of the warm surface layer (20-
22.5 °C) reached depths of 40 m to the east. At stations 2-3, 2-2, and 2-1, we observed the
downwelling of surface water with temperatures higher than 15 °C to depths below 100 m.
On the ENE transect, the surface layer (0-50 m) was characterized by high temperatures
(20-25 °C). Another upwelling event of cold deep water (15 °C) was observed at stations 4-

7, 4-6, 4-5, and from station 4-11 to the northeast, rising to depths of 80 m.

3.1.3.Column stability and mixed layer depth

Below 40 m depth, the water column was characterized by stratification that reflected the
presence of the eddies mentioned above. In the western part, shoaling isopycnals reaching
40 m depth were observed at stations 3-8, 3-10, and affected the adjacent stations 3-3, 3-7
(Fig. 3B). This upwelling could be linked to the presence of a cyclonic eddy in this area (Fig.
1). In the eastern part, an anticyclonic eddy was identified by the deepening of the density
anomaly and isotherms between 5 and 6.75° E (2-4, 2-3, 2-2, and 2-1) (Fig. 3A, B). The
eddy’s footprint was still visible down to 120 m. Shoaling isopycnals were also observed
further east (from station 1-13), approaching the Sardinian coast and reaching a depth of 50

m, seemingly in relation to the Sardinian Eddies. Density and temperature isolines rose at
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stations 4-7, 4-6, 4-5 (east) and from station 4-11 (northeast), demonstrating the instability
that prevailed in this part of the basin.

Relative stratification was observed in the basin’s central part, which discontinued in the
ENE transect. Indeed, the transect went through instabilities visible on the SLA map (Fig. 1)
where cyclonic eddies induced shallower density isolines (stations 4-7, 4-12, Fig. 3B).

In the western part of the basin, the MLD was located around 12 m. The thickness of the
mixed layer increased to 20 m in the central part (stations 3-10, 2-15 and 4-3, 4-4, 2-4) and
to 30-40 m in the eastern part, at stations 2-3, 2-2, 2-1 and 4-5 slightly enhanced by the
persistent anticyclonic eddy (at 6° E) (Fig. 3B). Along the ENE transect, the MLD deepened
from 12 m (station 1-16) to 25 m (stations 4-8, 4-7), slightly shallowing northward to around
15 m depth.

3.1.4.Nutrients

The distribution of nitrate NO3-, phosphate PO4*, and silicate Si(OH)s is shown in Fig. 3C,
D, and E. In the western part of the basin, the upward movement of deep water combined
with the penetration of the AW from the Alboran Sea lead to the enrichment of the surface
waters (20 m-60 m, stations 3-3, 3-7, 3-8) with maximal values of about 1 umol/l, 0.1 pmol/l,
and 3 pmol/l for NOs-, PO43, and Si(OH)s, respectively. Thereby, shallow nutriclines were
detected in this area. Eastward, the upper layer (0-70 m) was nutrient depleted with NO3"
and PO4%* concentrations close to the detection limit. The top of nutriclines deepened
eastward from 40 m to 75 m and from 20 m to 100 m for NO3z- and PO4*, respectively (Fig.
3C, D), corresponding to the eastward Mediterranean oligotrophy gradient. Whereas, an
abundance of silicate was observed east of the basin with values of about 1 umol/l in the
upper layer. The nutrient concentrations increased below 80 m depth to 6 pmol/l, 0.2 pmoll/l,
and 3.5 pmol/l for NO3z,, PO4+*, and Si(OH)s, respectively. A less significant nutrient
enrichment from deep waters was observed in the east (S1-11) around stations with shallow
isopycnals (Fig. 3B), where the nutrient concentrations increased to around 0.4 umol/l, 0.05
umol/l and 1.5 pmol/l for NO3", PO4%, and Si(OH)4, respectively, resulting in the nutricline to
reach depths of 50 m (Fig. 3C, D, E).

The nutrient depletion was more pronounced along the ENE transect (down to 85 m depth),
with nutricline deepening northward. The phosphacline (40-130 m) was located below the
nitracline (40-100 m). The abundance of silicate persisted with maxima located deeper
(below 80 m depth) than in the WE transect. Below this depleted nutrient layer, nutrient
concentrations rose to values of about 4 ymol/l, 0.1 umol/l, and 2 pmol/l for NO3", PO4%, and

Si(OH)4, respectively.
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A particular observation was noted at the end of the ENE transect where a rise of nutrient
concentrations occurred in shallow depths (stations 4-12, 4-13, and 4-14), seemingly related

to the proximity of the island of Menorca.
3.1.4.1. N:P ratios

The molar nitrogen to phosphorous (N:P) ratio was calculated using the slope of N vs. P for
the surface waters following the methodology outlined by Kress and Herut. (2001). In the
upper water layer of the AB (down to 120 m depth), the N:P ratio ranged between 0 and 93.
Fig. 4 shows the vertical distribution of the N:P ratio within the first 120 m, revealing three
distinct layers: the nutrient-depleted layer (0-55 m) with the lowest N:P ratios (< 21), the
layer between 60-75 m where N:P values reached a maximal value of 35, and the layer
between 80-120 m where the variability in the N:P ratios was the highest (4-93). This
distribution is typical for the MS, where a high variability of the N:P ratio is observed in the
surface layer, as mentioned by several authors (Marty et al., 2008; Pasqueron de
Fommervault et al., 2015; Schroeder et al., 2010).

Table 2: N:P ratios calculated for the west, east, and entire basin.

West East Entire basin
Slope 199 246 22.6
Intercept 0.12 0.05 0.1

The observed N:P ratios showed a difference between the western and eastern parts of the

AB, with values of 19.9 and 24.6, respectively (Table 2). The intercepts indicate a
concentration of 0.12 yM and 0.05 uM when phosphate was exhausted in the western and
eastern parts of the basin, respectively. The ratio observed in the eastern part is close to

that reported by Pujo-Pay et al. (2011) for the euphotic zone in the western Mediterranean.

3.2. Pigments and phytoplankton distribution

3.2.1.Phytoplankton pigments

A total of 22 phytoplankton pigments were identified in this study. The dynamic of the major
pigments was examined based on their vertical distribution through the WE transect and
ENE transect (Fig. 5).

The TChl a concentration deepened eastward following the nutricline and light attenuation
as implied by Mignot et al., (2014). In the western part, the TChl a maximum was located at
about 20-35 m depth (stations 3-3, 3-7) (called hereafter western deep maximum, WDM)

and, to a lesser extent, around 100 m depth (station 3-7). In the central part, the maximum
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was found at 35-50 m (station 2-19) (first central deep maximum, CDM1) and 60 m (stations
4-3, 4-4) (second central deep maximum, CDM2). The TChl a maximum reached the depth
of 75 m in the eastern part at station 1-11 (eastern deep maximum, EDM).

In the ENE transect, the maximal concentrations were located at 60 m depth (1-15, 4-11)
and deepened northward to reach 70 m depth (4-14).

The distribution of HEX followed that of TChl a, except for its absence in the WDM at 100 m
depth. The HEX maximum was linked to CDM2 (station 4-4) and a lesser extent, the northern
maximum at station 4-11. The BUT pigment levels were also significant but generally lower
than HEX. The findings showed that the pigment BUT persisted at depth after HEX’s
disappearance, in parallel to a nitrate peak, increasing the BUT/HEX ratio with depth and
indicating the importance of pelagophytes at depth. FUCO presented a specific distribution
and followed the TChl a west-east deepening trend. The maximal concentrations were
observed in the nutrient-enriched waters of the basin and followed that of TChl a, especially
in the east (EDM).

PERI presented the same evolution as TChl a except for its absence in the WDM (100 m).
Maximal concentrations corresponded to WDM, CDM1, CDM2, and the northern TChl a
maxima (stations 4-1, 4-14).

The ZEA distribution differed from that of TChl a. Indeed, the ZEA pigment was found in the
surface layers of the basin, above the nutricline. The maximal concentrations deepened from
10 m in the west (stations 3-3 and 3-7) to reach 40-50 m depth east of the basin. DVChl a
followed a specific distribution; the maximal concentrations were located at the 50-80 m
depth layer for the WE transect in the central and eastern parts (stations 4-4, 2-1) and
deepened northward from 50 to 95 m at stations 1-15 and 4-13, respectively. DVChl b stood
out for its deep presence (70-100 m) markedly in the western and northern-east parts of the
basin. DVChIl a and b were found in the zone of nitrate accumulation where N:P ratios
reached values of 40.

Chl b followed the TChl a distribution in the basin. We note the presence of small amounts
of lutein, violaxanthin, neoxanthin, and prasinoxanthin, which had the same distribution as
Chl b, indicating the presence of chlorophytes, prasinophytes, and euglenophytes (Jeffrey
and Vesk, 1997). Regarding the rest of the pigments (BUT, DDX, Chlorophyll c1c,
Chlorophyll c¢3, ALLO), they followed the same evolution as the TChl a with maximal
concentration generally corresponding to that of TChl a except for ALLO which appeared

exclusively in the western part of the basin (stations 3-3 and 3-7).
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3.2.2.Photo-pigment indices

The AB was divided into four key regions (West, Central, East, and Northeast), and data
within each region were averaged to facilitate straightforward comparisons. The western and
central sectors included stations from Cluster 1 (MAW) and Cluster 2 (AW), while the eastern
and northeastern sectors included only stations from Cluster 1 (MAW). Fig. 6 shows the
distribution of photopigment indices with depth in these four regions representative of the
AB.

The TChla/Tpig ratio showed a consistent stability with depth throughout the basin, with
average values around 0.47. The most significant variation occurred in the surface layer of
the western region, ranging from 0.48 to 0.57 (Fig. 6A, B).

Throughout the basin, there was a consistent decrease in the PPC/Tpig ratio with increasing
depth. Notable variations were particularly evident in the 0-20 m layer of the western and
central regions, where maximum values of 0.3 and 0.35 were observed (Fig. 6A, B). Beyond
50 m, the values remained relatively stable, fluctuating between 0.03 and 0.15. ALLO and
ZEA were the most abundant pigments in the western surface layer of the basin and
contributed with high proportions to the PPCs (32% and 34 %, respectively), reflecting a high
contribution of cryptophytes and Synechococcus and/or prasinophytes to the phytoplankton
biomass.

Unlike the PPC/Tpig ratio, the PSC/Tpig ratio increased consistently with depth throughout
the basin. Lower values were found in the surface layers of the western and central regions,
ranging from 0.12 to 0.18. Meanwhile, values in the eastern and northeastern areas were
approximately 0.22 to 0.25 and remained relatively constant with depth (Fig. 6C, D). Notable
variations occurred in the western and central sectors of the basin below 20 meters, where
ratios reached approximately 0.28. At a depth of 100 meters, maximum values (about 0.30)
were reached for all four regions of the basin. The highest contributions to the PSCs were
made by the pigment HEX (41% vs. 17% for BUT) in the western and central parts of the
basin, while in the eastern and northeastern parts, HEX (17%) and FUCO (15%) were the
major contributors to the PSCs compared to BUT (9%).

Throughout the basin, the 0-60 m layer showed consistently low values for both TChlb and
TChlc (<0.1) with minimal variation and a slight increase in value with depth. Significant
changes were observed only below 60 m depth, especially at the DCM. Marked changes
were observed in TChlb, particularly in the eastern and northeastern regions of the basin,

with maximum values of 0.18 and 0.26, respectively (Fig. 6C, D).
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3.2.3.Vertical distribution of phytoplankton groups

Fig. 7 shows the vertical distribution of phytoplankton groups (as TChl a concentration
derived from CHEMTAX) in the four representative AB regions. In the western part of the
basin and for Cluster 1 (MAW) (Fig. 7A), the surface layer (0-20 m) was predominantly
occupied by Synechococcus and prymnesiophytes. As the depth increased (30-40 m),
Prochlorococcus became the dominant picoplankton group, while prymnesiophytes and
dinoflagellates continued to be significant components of the community. In the DCM layer
(50-70 m), diatoms emerged as the prevailing group, exhibiting higher abundance compared
to other phytoplankton groups, such as Prochlorococcus, clorophytes, and pelagophytes.
Below 70 m depth, the phytoplankton biomass decreased. However, diatoms and
Prochlorococcus remained prominent components. Cluster 2 (AW) showed a significant
prevalence of cryptophytes in the upper 30 m water column, exceeding the abundance of
diatoms, dinoflagellates, and prasinophytes. Below this layer, the composition of the
phytoplankton community shifted, and the dominant groups were prymnesiophytes,
chlorophytes, and diatoms.

In the central part of the basin and for Cluster 1 (Fig. 7C), the upper layer (0-30 m) was
dominated by Synechococcus and prymnesiophytes. At depths between 40-50 m,
Prochlorococcus, prymnesiophytes, and dinoflagellates were the predominant groups, while
diatoms, prasinophytes, and clorophytes exhibited lower abundance. At depths beyond 60
m, diatoms became the predominant group, alongside Prochlorococcus and
prymnesiophytes, while pelagophytes and clorophytes persisted. In Cluster 2 (Fig. 7D), the
layer between 10-20 m was dominated by Synechococcus, while cryptophytes,
dinoflagellates, and pelagophytes prevailed at a depth of 30 m. At the DCM, the
phytoplankton community consisted mainly of prymnesiophytes, diatoms, and
dinoflagellates, with a lower abundance of Prochlorococcus, pelagophytes, and
prasinophytes. The same groups were present below the DCM, with the appearance of
clorophytes.

The surface layer (10-40 m) of the eastern part of the basin was primarily dominated by
prymnesiophytes and Synechococcus, with Prochlorococcus, dinoflagellates, and
euglenophytes being present to a lesser extent (Fig. 7E). At a depth of 50-60 m, clorophytes
appeared along with Synechococcus, Prochlorococcus, prymnesiophytes, and
dinoflagellates. At 70-80 m, a similar assemblage was observed, with diatoms becoming the
major group, and pelagophytes/clorophytes exhibiting a higher abundance. Diatoms

persisted deeper down and were the primary occupants of the deep layer.
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Distinct variations in the phytoplankton community with depth were observed in the north-
eastern region (Fig. 7F). In the 10-40 m layer, the phytoplankton community consisted
mainly of prymnesiophytes, while in the 50-60 m layer, it was composed of prymnesiophytes,
clorophytes, dinoflagellates, Synechococcus, and Prochlorococcus. At a depth of 70 m,
Prochlorococcus was more abundant than Synechococcus. The community mainly
consisted of clorophytes, diatoms, pelagophytes, and prymnesiophytes. Prochlorococcus

became the dominant group in the community at deeper depths.
4. Discussion

4.1. Oceanographic conditions

The surface layer (0-150 m) of the AB is characterized by the AW which penetrates from the
Almeria-Oran front, with a salinity of about 36.7. The AW flows eastward along the Algerian
coast and forms the Algerian Current (AC), as described by Millot. (1985). Passing 0°
longitude, the AW undergoes the mesoscale instabilities that characterize the AB, and
filaments extend northward into the basin, seemingly in relation to the cyclonic and
anticyclonic eddies shown in Fig. 1, as described by Moran et al. (2001).

Active mesoscale activity was observed in the basin during the SOMBA cruise, as shown in
Fig. 1. This activity is marked to the east, off the Algerian slope, by events that could be
more similar to open sea eddies with a hydrographical structure indicative of an anticyclonic
motion, as mentioned by Millot. (1999) (large elevations of the sea surface, 10-20 cm, Fig.
1). Puillat et al. (2002) have also evidenced the cyclonic circuit of the AEs in the east of the
AB. Testor and Gascard. (2005) have observed the formation of Sardinian Eddies (SEs) with
a westward, cross-shelf, eddy-driven transport of LIW from the South Sardinia vein towards
the interior of the AB following the periphery of the Algerian Gyres (Mallil et al., 2022).
Therefore, the eastern part of the AB is one of the most energetic (at mesoscale) areas in
the whole MS (Millot, 1999).

The AC instability highlighted in this work is consistent with other data analyzed by several
authors (Font et al., 2004; Fuda et al., 2000; Millot, 1999; Olita et al., 2010). The Algerian
eddies (AEs) can have a strong influence on the circulation of the entire AB, with marked
signals on the distribution of water masses and biochemical parameters, and hence on
ecosystems (Cotroneo et al., 2016), and can modulate biological activity (Olita et al., 2010;

Taupier-Letage et al., 2003).

16



483

484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516

4.2. Phytoplankton contribution to TChl a

The relative contribution of phytoplankton to TChl a allowed us to investigate the distribution
of the phytoplankton community in the AB during the summer of 2014. Clusters 1 and 2
(representative of the MAW and AW water masses, respectively) showed several differences
and similarities. Within the nanoplankton, prymnesiophytes were the most abundant group
in the basin (16% for both clusters) (Fig. 8 and Table 3). The latter results are similar to other
studies in the MS (Barlow et al., 1997; Bustillos-Guzman et al., 1995; Claustre et al., 1994;
Marty et al., 2008; Vidussi et al., 2001). Our results confirm the ubiquity of this algal class
as in many other areas: the Atlantic Ocean (Barlow et al., 1993; Claustre and Marty, 1995;
Gibb et al., 2001), the Pacific Ocean (Everitt et al., 1990; Miranda-Alvarez et al., 2020;
Ondrusek et al., 1991), and the North Sea (Gieskes and Kraay, 1986).

Clorophytes and pelagophytes contributed more to TChl a in Cluster 1 than in Cluster 2
(12% - 8% and 9% - 6%, respectively), while prasinophytes contributed equally in both
clusters (6%). This finding supports the observed high concentration of TChl b. CHEMTAX
analysis showed a very low contribution of euglenophytes (3%) in the basin. Although
cryptophytes contributed little to TChl a (6%), they dominated in the western part of the basin
(stations 3-3, 3-2, and 3-7, Fig. 8) and were similar in importance to clorophytes in Cluster
1 (12%). The significant presence of cryptophytes in the western part of the basin (11%) is
in agreement with the previous results of Novarino (2005), who identified 11 species in the
western MS (Alboran Sea and Barcelona coasts). This finding is interesting because this
group may be missed in field collections for microscopy due to their incomplete preservation.
In the picoplankton range, Synechococcus and Prochlorococcus contributed equally, with
the highest values in Cluster 1 (14% for the two groups) compared to Cluster 2 (8% and 7%
for Synechococcus and Prochlorococcus, respectively). The contributions in Cluster 1 are
in agreement with the results of Marty et al. (2008) in the northwestern Mediterranean due
to the presence of the MAW in both regions.

Diatoms had the highest contributions to TChl a in the AB, with values of about 14% and
22% in clusters 1 and 2, respectively. Dinoflagellates contributed less (about 12% in both
clusters), but were present uniformly throughout the basin compared to diatoms, which were
characterized by more patchy occurrence (Fig. 8).

Regions of high productivity with a dominance of large phytoplankton cells tend to exhibit
high photosynthetic carotenoids (PSCs). In contrast, regions of low production and a
dominance of small phytoplankton cells show a limited pigment diversity with an abundance
of photoprotective pigments (PPCs) (Gibb et al., 2000).
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The variation in community structure across the basin resulted in changes in pigment
composition between the four regions. While the proportion of TChib was low overall, the
highest proportions were observed in the northeastern part of the basin (Fig. 9A). As shown
in Fig. 9C, the increase in the proportion of TChlb within the total pigment pool corresponded
to parallel increases in the proportions of clorophytes, Prochlorococcus, and, to a lesser
extent, prasinophytes. In contrast, the proportion of TChlc was greater in the western and
central regions (Fig. 9A), and this increase was mainly attributed to higher proportions of
diatoms and dinoflagellates.

Similarly, the proportion of PSC was more pronounced in the central and western regions of
the basin (Fig. 9A). The increase in PSC was mainly associated with increased proportions
of prymnesiophytes, diatoms and dinoflagellates (Fig. 9D).

In our study, the highest PPC levels were observed in the western and central parts of the
basin, which also had the highest proportions of TChla. This is different from what Gibb et
al. (2000) found in regions of high productivity, however, the elevated PPC proportions can
be explained by the high abundance of cryptophytes in the west and Synechococcus,
Prochlorococcus, and prasinophytes in the center, as shown in Fig. 8. These results confirm
the observations of Barlow et al. (2004) and support our hypothesis that prasinophytes may
be an additional source of ZEA, as evidenced by the increasing proportion of prasinophytes
and PPC (Fig. 9E).

Table 3: Relative contributions (%) of different algal classes to chlorophyll a in Cluster 1
(Modified Atlantic Water) and Cluster 2 (Atlantic Water).

Dinofi
. Prymnesiop Cloroph Pelagop Prasinop Euglenop Cryptop Synechoc Prochlor
Diatoms agell

‘ hytes ytes  hytes  hytes hytes  hytes  occus ococcus
ates

Cluster 1 (MAW) 14 12 16 12 8 5 4 1 14 14
Cluster 2 (AW) 22 13 16 9 6 6 2 11 8 7

4.3. Phytoplankton vertical distribution

Our study can yield a better understanding of the vertical distribution of the phytoplankton in
the AB. Except for the shallow depths in the west and the center, where the very high Chl a
concentrations observed biased the signal, TChla/Tpig showed little variation with depth
throughout the basin (Fig. 6), indicating a constant ratio of TChla/Tpig, as previously
reported by Trees et al. (2000). Moreover, the west and the center of the basin were the only

regions with such a shallow maximum; all other DCMs were located at greater depths. This
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layer was characterized by the dominance of cryptophytes, the dominant group of the
surface phytoplankton community in the west and, to a lesser extent, in the center (Fig. 7B,
D). They were followed by prasinophytes, diatoms, dinoflagellates, and to a lesser extent,
prymnesiophytes and Synechococcus, which were more prominent in Cluster 1 (Fig. 7A).
This assemblage was characterized by high PPC values (Fig. 6A, B), with the main
contributors being Synechococcus (in Cluster 1) (Fig. 7A, C) and cryptophytes,
prasinophytes (in Cluster 2). The predominance of prasinophytes over Synechococcus (Fig.
7B) suggests that this green lineage group could be the source of the high proportion of ZEA
observed in this area (34% of PPCs) (Wright et al., 1996). On the other hand, the surface
layers in the east and northeast regions of the basin were dominated by prymnesiophytes,
Synechococcus, and, to a lesser extent, dinoflagellates (Fig. 7E, F), explaining the ratios of
surface PSC > 0.2 (Fig. 6C, D).

The observation of cryptophytes in the western part of the AB is not insignificant, since this
region of the Mediterranean is known to host a high diversity of this group (Novarino, 2005).
Moreover, cryptophytes are known to reach their maximum abundance in summer-autumn
(Cerino and Zingone, 2006), which coincides with the sampling period of the SOMBA cruise.
The occurrence of this particular assemblage at the observed depth can be attributed to two
key factors. First (1) nutrient enrichment from deep waters is a likely cause, supported by
correlations found between the contributions of the major groups in this layer and nutrient
levels (Table 4). Second (2) cryptophytes, prymnesiophytes and dinoflagellates, known for
their elevated levels of UV-absorbing compounds compared to other groups (Jeffrey et al.,
1999), contributed significantly to this unique depth-related pattern.

Regarding the PSCs, high proportions were found in the DCM, where diatoms represented
the major component of the phytoplankton biomass. Diatoms are known to be opportunistic
species (Fogg, 1991). Their distribution followed a west-east deepening (30-100 m) and a
northward decreasing trend, corresponding to the oligotrophic trend observed in the AB. The
presence of diatoms in shallower layers in the west and the center (Fig. 7B, C, D) could be
linked to the upwelling of nutrient-rich deep and dense waters into the surface layers. The
same phenomenon was observed in the east, where the Sardinian Cyclonic Eddy induced
an upwelling of nutrient-rich deep waters, leading to the proliferation of diatoms there
(stations 1-2, 1-4, and 1-11) (Fig. 8). Importantly, this distribution pattern is consistent with
the results of our analysis, which showed a strong correlation between the relative
contribution of diatoms and nutrient levels, as shown in Table 4 and Fig. 10a. The observed
correlation underscores the significant influence of nutrient availability on diatom abundance

in the study area.
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In contrast, the distribution of dinoflagellates was patchy and spread from surface down to
80 m. This distribution could be linked to the fact that dinoflagellates are motile and thus can
accomplish vertical migrations to acquire nutrients and/or optimum photosynthetic
conditions.

In addition to diatoms, other groups dominated in the deeper water column. Pelagophytes
were present in the deeper depths of the entire basin and thrived below the nitracline, as
evidenced by an increasing BUT/HEX ratio with depth. This could be related to nutrients,
especially nitrate as controlling factor for the vertical distribution of prymnesiophytes and
chrysophytes/pelagophytes (Barlow et al., 1997; Claustre et al., 1994). This is confirmed by
the correlation found between pelagophytes and nitrate throughout the basin (Table 4) (Fig.
10c).

Our analysis revealed that clorophytes were a major contributor to the phytoplankton
community, as evidenced by the increased proportion of TChlb/Tpig (Fig. 6D). They showed
a higher abundance in Cluster 1, particularly in the northeastern part of the basin, where
they dominated at the DCM.

Clorophytes, together with Prochlorococcus, were reponsible for the high proportions of
TChlb observed in the basin during the cruise (Fig. 9C).

Prochlorococcus were also part of the deep phytoplankton community. In fact, the two
groups of picophytoplankton showed an opposing pattern occurrence (Table 3). This pattern
was also observed at the Bermuda Atlantic Time-series Study (BATS) site (DuRand et al.,
2001). In our study, Synechococcus occupied the shallower depths of the basin with a
deepening to the east and northeast (up to 90 m). They thrived below the MLD and were
moderately tied to declining nutrients, as shown by the negative linear correlation between
Synechococcus and nitrate concentration in the AB (r* = -0.58, rms = 0.018).

On the other hand, Prochlorococcus was predominant at greater depths (60-100 m), mainly
within Cluster 1 (Fig. 7), which followed the nitracline. Olson et al. (1990) described the
nitrate affinity of Prochlorococcus, as depicted in the Fig. 10b, where the contribution of
Prochlorococcus increased with higher water density and elevated nitrate concentration.
The same distribution was observed at the Hawaian Ocean Time-series station (Campbell
et al.,, 1997), NW Mediterranean (Marty et al., 2008), and the Balearic Sea (Mena et al.,
2016). The vertical abundance pattern of Synechococcus and Prochlorococcus could be
attributed to the different sensitivity to light stress (Mella-Flores et al., 2012) and light
adaptation of Prochlorococcus. Indeed, DVChl a and b of Prochlorococcus absorb efficiently
at the wavelengths of blue light available in the deep euphotic zone (Glover et al., 1986),

while Synechococcus absorbs blue light less efficiently (Campbell and lturriaga, 1988; Olson
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et al., 1990, 1988; Waterbury et al., 1986). Additionally, the large diversity of
Prochlorococcus in the euphotic zone could add to its observed distribution (Garczarek et
al., 2007).

Table 4: Correlation between nutrients with major phytoplankton groups: Basin-wide and
DCM analyses. R? values are provided for all correlations, with significant values highlighted
in bold.

All data DCM data
NO3 PO4 SiOHY4 NO3  PO4 Si(OH)4

Pelagophytes 0.51 0.46 0.13 - - -
Prymnesiophyte  0.36  0.22 0.18 - - -

Cryptophytes - 0.49 0.50 - 0.48 0.83

Dinoflagellates 0.29 0.24 - - - -

Clorophytes 0.15 0.26 - - - -

Diatoms - - - 0.44 0.65 0.1

Prasinophytes 0.23 0.35 0.26 - - -

616

617 Fouilland et al. (2016) suggested that an increase in turbulence in the natural environment
618 may increase phytoplankton biomass under low nutrient conditions and that eutrophic and
619 oligotrophic conditions do not necessarily result in the dominance of diatoms and flagellates,
620 respectively. According to Vaillancourt et al. (2003), cyclonic eddies contain cold, nutrient-
621 rich waters associated with high phytoplankton abundance and primary production. Similar
622 conditions were observed in the western part of the AB (Cluster 2), where the combination
623 of the newly-entering AWs and the input of nutrient-rich, cold intermediate waters to the
624 euphotic zone resulted in shallow nutriclines (40-50 m) and DCM (dominated by
625 cryptophytes, prasinophytes, and prymnesiophytes), high concentrations of Chl a (up to 88
626 mg m), adiverse phytoplankton community, and abundance of diatoms and nanoflagellates
627 (Fig. 7). Along their eastward path, the AWs acquire Mediterranean properties and become
628 warmer, saltier, and nutrient depleted as they go further into the AB (eastward and
629 northward). Consequently, Cluster 1 (MAW) (which covers 60% of the basin) exhibited, as
630 shown in this study, a typical pattern of oligotrophic regions: deep nutriclines, low
631 phytoplankton biomass with deep DCMs, the abundance of nanoflagellates, the occurrence
632 of Synechococcus in the surface layers and Prochlorococcus in deeper depths (60-100 m)
633 (Fig. 7).
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During the summer of 2014, Keraghel et al. (2020) found that the AB was a source of CO2
to the atmosphere, except for its southwestern part where the basin was a CO2 sink,
suggesting high net photosynthesis, also indicated by high dissolved oxygen concentrations.
Indeed, our findings support this hypothesis and show the importance of studying the
phytoplankton diversity, which can lead to a better understanding of the oceanic carbon

cycle.

5. Conclusion

This study represents the first comprehensive survey of phytoplankton of the entire Algerian
Basin, our results indicate the dominance of prymnesiophytes (16%) and diatoms (14-22%).
Prymnesiophytes showed a broad distribution throughout the water column, while diatoms
thrived mainly in the deeper depths of the basin. In addition, cryptophytes were observed
exclusively in the western region of the basin, and contributed about 6% to the TChl a. Within
the picoplankton range, Prochlorococcus contributed about about 13% and thrived in the
deep layers (60-100 m) following the nitracline. In contrast, Synechococcus (11%) were
prevalent in shallower depths (20-60 m).

The physical-chemical characteristics of the AB influenced the composition and the relative
contributions of the phytoplankton groups. In the western region, the influx of cold Atlantic
waters and nutrient enrichment from below favored high production, leading to the
dominance of cryptophytes, diatoms, dinoflagellates, and prymnesiophytes. Moving
eastward, along the oligotrophic gradient characterized by deeper nutriclines and DCMs, the
dominant groups included diatoms, Synechococcus, Prochlorococcus, clorophytes and
prymnesiophytes.

We succeeded in tracing the spatial distribution of phytoplankton communities in the AB
during the summer of 2014 in relation to environmental conditions from relative pigment
concentrations, proving that CHEMTAX is a valuable tool for identifying and mapping
phytoplankton populations and improve our understanding of the biogeochemical processes
in the ocean. However, further HPLC based pigment analyses are needed to better
understand the seasonal distribution of phytoplanktonic communities in the AB, especially

during the winter season when the highest of Chl a levels are recorded.
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Fig. 1. Track of the SOMBA cruise with stations sampled for pigments (dark dots) and
stations without pigments (red dots) superimposed on the mean sea level anomaly (m)
(SLA) map showing the instabilities found during the cruise time period. 1 and 2 represent
the west-east (WE) and the east-northeast (ENE) transects, respectively. Figures were

produced using Ocean Data View software (Schlitzer, 2021).

Fig. 2. Stations of Cluster 1 (MAW) and Cluster 2 (AW) superimposed on mean sea surface
salinity map during the SOMBA cruise.

Fig. 3. Vertical distribution of temperature (A), potential density anomaly (B) (with MLD in
dashed lines), concentrations of nitrate (C), phosphate (D), and silicate (E), represented on
the two transects WE (WE Stations) and ENE (ENE Stations) during the SOMBA cruise.

Fig. 4. Scatter plot of the N:P ratio distribution in the AB over the first 120 m during the
SOMBA cruise.
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Fig. 5. Vertical distribution of total chlorophyll a (TChl a), 19'-hexanoyloxyfucoxanthin (HEX),
fucoxanthin (FUCO), zeaxanthin (ZEA), divinyl-chlorophyll a (DVChI a), represented on the
WE transect (WE Stations) and ENE transect (ENE Stations). Major and minor pigments are
illustrated separately, with a similar scale for each.

Fig. 6. Vertical distribution of photo-pigment indices in the west (a), central (b), east (c), and
northeast (d) regions of the AB.

Fig. 7. Vertical distribution of phytoplankton groups’ biomass (as TChl a concentration
derived from CHEMTAX using pigment concentrations with depth) in representative regions
of the AB: WEST (Cluster 1) (A), WEST (Cluster 2) (B), CENTER (Cluster 1) (C), CENTER
(Cluster 2) (D), NORTHEAST (E), and EAST (F). Note the different scales.

Fig. 8. Variation of phytoplankton groups (relative percent contributions to TChl a) derived
from CHEMTAX using pigments’ integrated concentrations in representative regions: WC1
(west Cluster 1), WC2 (west Cluster 2), CC1 (center Cluster 1), CC2 (center Cluster 2), E
(east) and NE (northeast) of the Algerian basin.

Fig. 9. Photo-pigment indices for the four regions of the AB and relationships between
selected photo-pigment indices and selected phytoplankton group proportions. TChib: total
chlorophyll b; TChlc: total chlorophyll c; PSC: photosynthetic carotenoids; PPC:

photoprotective carotenoids.

Fig. 10. Relationship between the abundances of Diatoms (a), Prochlorococcus (b), and

Pelagophytes (c) with nitrate concentration during the SOMBA cruise.
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Table 1: Ratio matrices used in CHEMTAX analysis: a) initial ratios before analysis, b)

optimized ratios after analysis (Cluster 1), c) optimized ratios after analysis (Cluster 2).

Marker DVChI DVChI | Chl
PERI | BUT |FUCO| HEX | NEOX | PRAS | VIOL | DDX | ALLO | ZEA Chlb
pigments b a a
Class
(a) Initial Ratio
matrix
Synechococcus | 0O 0 0 0 0 0 0 0 0 (0636 O 0 0 1
Prochlorococcu
0 0 0 0 0 0 0 0 0 0.321]1.074 0 1 0
S
0.62
Diatoms 0 0 3 0 0 0 0 |0.163 0 0 0 0 0 1
0.65|0.77
Pelagophytes 0 8 9 0 0 0 0 |0.191 0 0 0 0 0 1
Prymnesiophyte 1.70
i Py 0 0 0 0 0 0 |0.101 0 0 0 0 0 1
S 8
Cryptophytes 0 0 0 0 0 0 0 0 0.379 0 0 0 0 1
Dinoflagellates |0.558| 0 0 0 0 0 0 |0.253 0 0 0 0 0 1
Euglenophytes 0 0 0 0O |0.068| O 0 |0.251 0 0 0 0.377| O 1
0.04
Clorophytes 0 0 0 0O (0.066] O 9 0 0 0.032 0 0.315| O 1
0.24 | 0.05
Prasinophytes 0 0 0 0O [0.063 5 4 0 0 0 0 0.704| O 1
(b) Final Ratio
matrix (Cluster 1)
Synechococcus | 0 0 0 0 0 0 0 0 0O (0594 O 0 0 1
Prochlorococcu
0 0 0 0 0 0 0 0 0 0.252 | 0.959 1 1 0
S
0.63
Diatoms 0 0 4 0 0 0 0 |0.021 0 0 0 0 0 1
1.15] 0.50
Pelagophytes 0 8 9 0 0 0 0 |0.039 0 0 0 0 0 1




Prymnesiophyte

1.15

0 0 0 0 0 0 [0069| O 0 0 0
s 5
Cryptophytes 0 0 0 0 0 0 0 0 |0278| O 0 0
Dinoflagellates |0.677| O 0 0 0 0 0 |0.119 0 0 0 0
Euglenophytes 0 0 0 0 |[0.028| 0 0 |0436| O 0 0 0.39
0.01
Clorophytes 0 0 0 0 (0.056| O 9 0 0 (0.049| 0 |0.502
0.25 | 0.07
Prasinophytes 0 0 0 0 (0.099 . 4 0 0 0 0 |0.575
(c) Final Ratio
matrix (Cluster 2)
Synechococcus | 0O 0 0 0 0 0 0 0 0 (0526 O 0
Prochlorococcu
0 0 0 0 0 0 0 0 0 ]0.439|0.121 0
S
0.60
Diatoms 0 0 5 0 0 0 0 |0035] O 0 0 0
1.83 | 0.47
Pelagophytes 0 3 3 0 0 0 0 |0.043] O 0 0 0
Prymnesiophyte 1.42
0 0 0 0 0 0 0062 O 0 0 0
s 4
Cryptophytes 0 0 0 0 0 0 0 0 |0278| O 0 0
Dinoflagellates |0.603| O 0 0 0 0 0 [0102] O 0 0 0
Euglenophytes 0 0 0 0 [0.024| O 0 |0462| O 0 0 |0.334
0.02
Clorophytes 0 0 0 0 (0.063| O 3 0 0 |0.023] 0 |0.583
0.28
Prasinophytes 0 0 0 0 0.11 0.08 0 0 0 0 |0.624
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Highlights

Phytoplankton communities in the Algerian basin are characterized by the CHEMTAX
approach.

Nano- and micro-phytoplankton prevail in the Algerian basin.

Diatoms, prymnesiophytes, and Prochlorococcus are the major phytoplankton groups in
the Algerian basin.

Phytoplankton communities are more abundant and diverse in the western part of the
Algerian basin compared to the eastern part.

The composition of phytoplankton communities is linked to the physical-chemical
dynamics of the Algerian basin.
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