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Abstract. The objective of this study is to understand the evolution of the
typologies (physicochemical and phytoplankton) in Aglou-Sidi Ifni
coastline according to hydrometeorological and climatic hazards. To
achieve this objective, monitoring of the phytoplankton community and
water physicochemical parameters was conducted at three stations along
this coastline and during the winter and fall seasons of two different annual
cycles (2014-2016). The first cycle experienced heavy flooding while the
second cycle experienced severe drought. This study revealed spatial and
temporal variability in phytoplankton composition and the relative
abundance of its major groups. Temporal variability may be due to changes
in the physicochemical characteristics of water masses as a function of
continental inputs and wave intensity, which differ from cycle to cycle and
season to another. Whereas the spatial variability would be due to the
modification of these physicochemical characteristics from one station to
another under the influence of the morphology of the coast in this zone,
which curves westwards and carries Cape Aglou at its northern end, thus
making the station of Sidi Ifni more exposed to currents than the other two
stations which are somewhat sheltered.

1 Introduction

Phytoplankton is a major component of aquatic ecosystems in general and oceanic
ecosystems in particular [1]. It forms the first link in most pelagic chains and thus
conditions the richness of the waters and the resource. Phytoplankton production by
photosynthesis is under the control of limiting physicochemical factors such as light and
nutrients (nitrogen, phosphorus, silica, etc.), whose availability is largely linked to the state
of the water column (water mass mixing, exchanges with the continental environment,
rainfall, winds, turbidity, temperature) [2]. At the regional scale, these systems are sensitive
to climatic forcing through the concomitant action of pressure fields, wind intensity and
direction, temperature and precipitation on the variability of physicochemical elements in
the water column [3]. The sensitivity of these organisms to changes in environmental
factors is high and small fluctuations in these parameters can have pronounced effects on
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the structure of marine phytoplankton communities [4], and consequently on the other links
in the food webs of marine ecosystems. The Aglou-Sidi Ifni coastline of the Moroccan
Atlantic coast is characterized by significant fishery richness and a natural deposit of
mussels and is home to one of the three first pilot marine protected areas in Morocco. It is
the Massa Marine Protected Area (AMP-Massa). This coastline of the Guelmim-Oued
Noun region belongs to the arid bioclimatic stage [5]. The climate of this region is
predominantly Mediterranean and arid, with a rare rainfall (100-200 mm per year),
concentrated mainly in winter and autumn. However, over the last 20 years, the Guelmim-
Oued Noun region has experienced a disruption of seasonal rainfall and a clear warming
trend of around 0.7 °C [6]. The rainfall recorded during the 2014-2015 hydrological year
generated significant floods and runoffs, both in terms of volume and maximum flow. On
the other hand, the hydrological year 2015-2016 was dry with a temperate winter and
without continental input for the Aglou-Sidi Ifni coastline. This work was carried out
during the autumn and winter seasons of these two cycles and focuses on the study of the

impact of these changes on the phytoplankton community of this coastline.

2 Materials and methods

2.1 Sampling

The water samples used for the quantitative study of phytoplankton and for the
determination of nutrient salts were taken, using a two-litre Niskin bottle, one metre from
the surface. While the phytoplankton samples for the qualitative phytoplankton study was
collected using plankton net. These samplings were carried out during the autumn and
winter periods of two annual cycles (April 2014-March 2016). Three stations of the Aglou-
Sidi Ifni coastline (Fig. 1) were surveyed regularly during this period with a bi-monthly
step: Aglou (29°48'36"N - 09°54'34"W), Sidi Boulfdail (29°42'38"N - 09°59'58"W) and
Sidi Ifni (29°23'19"N - 10°11'53"W) , the positions of these stations were validated by

Global Position System (GPS).
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Fig. 1. Map of sampling stations.
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2.2 Physicochemical parameters

2.2.1 In situ measurements

Water temperature, salinity and dissolved oxygen were measured in situ at the surface using
a multi-parameter instrument (WTW Multiline P4). Transparency was measured in metres
using an immersed Secchi disc at each station.

2.2.2 Analyses carried out in laboratory

The elements analysed in laboratory are: nitrites (N-NO;"), nitrates (N-NO;’), ammoniacal
nitrogen (N-NH,") and orthophosphate ions (P-PO,%). These analyses were performed
using an absorption spectrophotometer according to the nutrient analysis protocol described
in the Manual of Marine Chemical Analysis [7]. Chlorophyll “a” was determined by
measuring the absorbance of the extract with a spectrophotometer at wavelengths of 665
nm and 750 nm before and after acidification by the monochromatic method [8].

2.3 Phytoplankton

Biological samples are immediately fixed with Lugol and preserved with 5 %
formaldehyde. In the laboratory, the determination and enumeration of phytoplankton is
carried out according to the Utermdhl method [9]. Individuals of each species are counted
in 10 ml sedimentation tanks, under an inverted microscope of the ULWCD 0.30
OLYMPUS type (G: 100; 400), after the sample has been decanted for at least 6 h [10],
according to a method inspired by Hasel and described by Sournia [11]. The specific
identification of phytoplankton is based on visual observation of the general characteristics
and remarkable morphological attributes of the cells and using appropriate identification
keys [12-17]. The final result of the count in the sedimentation chamber is converted to a
concentration in number of cells per litre (Cell/l).

2.4 Statistical treatment

In order to determine the impact of floods and droughts as well as the morphology of the
coast on the spatial and temporal variability of phytoplankton, a PCA (Principal Component
Analysis) was carried out, using the R software [18], from the data matrix of this study. The
variables considered in this statistical study are the above-mentioned physicochemical
parameters, the concentration of chlorophyll “a” and cell densities of total phytoplankton
and its two main groups (diatoms and dinoflagellates) in samples collected at the three
stations during the winter and fall seasons of the two annual cycles of this study.

3 Results

3.1 Physicochemical parameters

The evolution of the water temperature is almost the same in the three stations with high
values during the autumn periods and low values during the winter periods. The minimum
temperature values were recorded on February 2015 with 16.4 °C at Aglou, 16.1 °C at Sidi
Boulfdail and 16 °C at Sidi Ifni. The maximum values were recorded on October 2015 with
21.8 °C, 21.5 °C and 21 °C respectively. The Sidi Ifni station is cooler than the other two
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stations (Fig. 2). The values recorded during the drought period (A15-W16) are higher than
those recorded during the flood period (A14-W15).

The analysis of variance revealed a very highly significant difference (p < 0.001)
between the seasonal averages of water temperature at each of the three stations along the
Aglou-Sidi Ifni coastline. In addition, Tukey’s test of multiple comparisons of these
averages disclosed a spatiotemporal heterogeneity in the temperature of the coastal waters
of Aglou-Sidi Ifni coastline.

The low salinity values of the waters of the Aglou Sidi Ifni coast were recorded on
December 2015 (35.45 g/l in Aglou, 35.47 g/l in Sidi Boulfdail and 35.44 g/1 in Sidi Ifni)
and the maximum values were recorded in November 2015 in the Sidi Boulfdail station
(35.65 g/l) and on October 2015 in the Aglou (35.65 g/1) and Sidi Ifni (35.62 g/1) stations.
The salinities recorded during the drought period seasons are higher than those recorded
during the same seasons of the flood period (Fig. 2).

The analysis of variance revealed a very highly significant difference (p < 0.001)
between the seasonal averages of salinity recorded in the three stations of the Aglou-Sidi
Ifni coast.

The evolution of dissolved oxygen concentration is similar at the three stations of the
Aglou-Sidi Ifni coast with concentrations greater than or equal to 8 mg/l in winter 2015 and
concentrations less than 8 mg/l and greater than 6.5 mg/l during the other periods of this
study. The dissolved oxygen concentrations recorded during the seasons of flood period are
higher than those recorded during the same seasons of the drought period (Fig. 2).

Analysis of the variance of dissolved oxygen in the waters of the Aglou-Sidi Ifni
coastline divulged a very highly significant seasonal variability (p < 0.001) of this
parameter at the three stations of this coastline.

The maximum transparency (14.5 m) was recorded at the Aglou and Sidi Boulfdail
stations in winter 2016 and the minimum transparency (6 m) was recorded at the Sidi Ifni
station in autumn 2014.

The highest seasonal averages of water transparency were recorded in winter 2016 and
the lowest in autumn 2014 (Fig. 2). The analysis of variance divulged a highly significant
difference between the seasonal averages of transparency in the Sidi Ifni station (p < 0.01).
However, this difference is non-significant in the Aglou and Sidi Boulfdail stations (p >

0.05).
Aglou Sidi Boulfdail Sidi Tfni Aglou Sidi Boulfdail Sidi Ifni
3 A s )
58T E D T | 2T <30T =1
S & ‘ E-Q E| o] . e B | 2=me =
£ o - 2 - i g s eR
g .1 ==/ 2] g L= =1L
-l - - |+ g [ = 4 @
< i - B w1 L 1 1
S B = LR = :
= | g o e L
T T T T

1

.
-

HI
Iy

8.0

1

8.0 85
1

e

T T T T T T T T T T
Al1 WIS 415 W16 A4 WIS 418 W6 Al4 WIS ALS WI6 Al4 WIS AIS WI6 Al4 WIS AIS W6 Al4 WIS ALS W16

1
1

T
-
Es ﬁ
T
|
|
I

1
7.5

-

i @ é

13 1453

Salinity (/)

35.45 35.50 35.55 35.60 35.65

HIH
35,50 35.55 35.60 35.65 16 17
1
=l

ﬂ'j
LD

L
(Lt
F-[1H
Disolved Oxygen (mgl)
7.0
1
HI 1-
L]
{1+
7.0 75
1 1
74
L L
-

3545 35.50 3555 35.60

Seasons Seasons Seasons Seasons Seasons Seasons
Fig. 2. Seasonal and inter-annual variability of the temperature, salinity, disolved oxygen and
transparency in the three stations of the Aglou-Sidi Ifni coastline. The seasons are represented by their
initials (A: autumn, W: winter) followed by two digits that indicat the year.
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High nutrient concentrations were recorded in winter 2015 with 391 pg/l N-NO5', 36.34 pg/l
N-NO,, 10.26 pg/l N-NH," and 152 pg/l P-POf'.While the lowest concentrations were
recorded in winter 2016 with 186 pg/l, 19.32 ng/l, 5.4 pg/l and 35.15 pg/l respectively (Fig. 3) .

Analysis of variance revealed a very highly significant difference (p < 0.001) between
the seasonal averages of N-NO,  and N-NH," concentrations recorded in the three stations.
A highly significant difference (p < 0.01) was found between the seasonal means of N-NO5’
concentrations in each station. While the difference between the seasonal averages for P-
PO,” was significant (p < 0.05) in Aglou station and non-significant (p > 0.05) at the other
two stations.
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Fig. 3. Seasonal and inter-annual variability of the nitrates, nitrites, ammonium and orthophospates in
the three stations of the Aglou-Sidi Ifni coastline. The seasons are represented by their initials (A:
autumn, W: winter) followed by two digits that indicat the year.

3.2 Phytoplankton

3.2.1 Specific Richness (SR) and Chlorophyll “a”

This study disclosed significant phytoplankton diversity (233 taxa) within the Aglou-Sidi
Ifni coastline. The number of taxa recorded in the Aglou-Sidi Ifni coastline is higher than
that recorded in the majority of sites on the Moroccan Atlantic coast [19, 20].

Diatoms and dinoflagellates are the main phytoplankton groups in this ecosystem.
These two groups represent respectively 54 % and 42 % of the phytoplankton species
richness in this zone.

Seasonal averages of phytoplankton specific richness recorded during the drought
period (A15-W16) exceed those recorded during the flood period (A14-W15) (Fig. 4).

The maximum seasonal averages for SR of phytoplankton were recorded in winter 2016
with 54 + 2.08 species in the Aglou station, 49 + 2.08 species in the Sidi Boulfdail station
and 50 £ 2.65 species in the Sidi Ifni station.

The analysis of variance revealed a significant difference (p < 0.05) between the
seasonal means of the diatoms and dinoflagellates species richness at the three stations.
This analysis did not reveal significant differences (p > 0.05) between seasonal averages of
total phytoplankton species richness.

The average chlorophyll “a” concentrations recorded at the three stations during the dry
period seasons (A15-W16) are higher than those recorded at these stations during the same
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flood period seasons (A14-W15). Maximum concentrations were recorded in the autumn of
2015 and minimum concentrations in the winter of 2015 (Fig. 4).

The maximum seasonal means for chlorophyll “a” were recorded in autumn 2015 with
0.90 £ 0.06 pg/l in Aglou, 0.91 + 0.06 pg/l in Sidi Boulfdail and 0.87 + 0.05 pg/l in Sidi
Ifni. While the minimum seasonal averages were recorded in winter 2015 in Aglou and Sidi
Boufdail stations with 0.72 + 0.14 ug/l and 0.73 + 0.11 pg/l respectively and in autumn
2014 in the Sidi Ifni station with 0.70 = 0.09 pg/l.

The analysis of variance did not reveal any significant difference (p > 0.05) between the

seasonal means of chlorophyll “a” concentration in the three stations.
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Fig. 4. Seasonal and interannual variability of the species richness (SR) and chlorophyll “a” in the
three stations of the Aglou-Sidi Ifni coastline. The seasons are represented by their initials (A:
autumn, W: winter) followed by two numbers indicating the year .

3.2.2 Relative abundance of different phytoplankton groups

The seasonal averages of total phytoplankton abundance recorded during the flood period
(8.10° cell/l to 12.10° cell/l) are lower than those recorded during the drought period (32.10°
cell/l to 52.10° cell/l).

Analysis of variance divulged a difference between seasonal averages of phytoplankton
abundances in each of the three stations. This difference is very highly significant in the
Aglou (F =9.97, p = 1.84 .10°) and Sidi Ifni (F = 5.028, p = 0.00067) stations and highly
significant in the Sidi Boulfdail station (F = 5.909, p =0.00181).

The relative abundance of diatoms is higher during the fall and winter seasons of the
flood year and exceeds that of the other phytoplankton groups. While the relative
abundance of dinoflagellates is greatest during the fall and winter seasons of the drought
year and exceeds that of other phytoplankton groups (Fig. 5).

The difference between the seasonal averages of relative diatom abundance is highly
significant (p < 0.01) in the Aglou and Sidi Boulfdail stations and significant (p < 0.05) in
the Sid Ifni station, while the difference between the seasonal means of the relative
abundance of dinoflagellates is very highly significant (p < 0.001) in the Sidi Boulfdail
station, highly significant (p < 0.01) in the Aglou station and significant (p < 0.05) in the
Sidi Ifni station.
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Fig. 5. Seasonal and inter-annual variation of the relative abundance of diatoms and dinoflagellates in
the three stations of Aglou-Sidi Ifni littoral. The seasons are represented by their initials (A: autumn,

W: winter) followed by two digits that indicate the year.

3.3 Physicochemical and phytoplankton typology of the Aglou-Sidi Ifni coastline

In order to visualize the relationship between climate change and the physicochemical and
phytoplankton typology of the Aglou-Sidi Ifni coastline, a standardized PCA was carried of
a data matrix containing the measurements of the above-mentioned environmental
variables, the concentration of chlorophyll “a”, the abundance of the main phytoplankton
groups (diatoms and dinoflagellates) and the abundance and specific richness of the total
phytoplankton.

The factorial design F1*F2 represents a total inertia of 78.23 % (Fig. 6). Salinity, water
transparency, dinoflagellates density and phytoplankton species richness are positively
correlated with each other and with the F1 axis. Nutrient salt concentration and diatom
abundance are positively correlated with each other and negatively correlated with the F1
axis (Fig. 06).

Total phytoplankton density and temperature contribute strongly to the formation of the
factorial axis F2 and are positively correlated with each other and with this axis. Water
transparency and phytoplankton species richness are negatively correlated with the second
factorial axis (Fig. 6).

The concentration of chlorophyll “a” is positively correlated with the two factorial axes
and thus contributes to the formation of the two factorial axes of this PCA (Fig. 6).
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Dim 2 (26.13%)

Dim 1 (52.10%)
Fig. 6. Variables factor map (PCA): Temperature (T), Salinity (S), Dissolved oxygen (O,),
Transparency (Trs), Nutrients (N.NO; , N.NO,, N.NH," and P.PO,”) Chlorophyll “a” (Chla), Total
phytoplankton abundance (Phyt), Diatom abundance (Diat), Dinoflagellate abundance (Dino) and
Phytoplankton species richness (SR).

The projection of the individuals (Stations-Seasons) on the factorial plane F1*F2 and
the hierarchical classification allowed to highlight a spatiotemporal variability of the
characteristics (physicochemical and phytoplankton) of the waters of the Aglou-Sidi Ifni
coastline and a clear difference between the two periods of this study (Fig. 7).

The first grouping is formed by the samples taken at the three stations during the flood
period (autumn 2014 and winter 2015). These samples are characterized by high nutrient
contents, a relative abundance of diatoms higher than that of dinoflagellates, minimal
temperatures and transparencies (Fig. 7).

The second grouping groups the samples collected at the three stations during the
drought period (fall 2015 and winter 2016). These samples are characterized by a relative
abundance of dinoflagellates that exceeds that of diatoms, high temperatures and
clearances, and low nutrient concentrations. Chlorophyll “a” concentrations in the samples
from this grouping are higher than those recorded in the samples from the first grouping.

Each of the two groups is made up of two subgroups, each of which represents the
samples collected at the three stations during one season (flood or drought period). For each
season, the samples taken in the Sidi Ifni station differ from those taken at the other two
stations on the Aglou-Sidi Ifni coast (Fig. 7).
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Fig. 7. Individuals projection on the factorial plane (F;*F,). Each individual is represented by the
initial of the station (A: Aglou, B: Sidi Boulfdail and S: Sidi Ifni) followed by the initial of the season
(A: autumn, W: winter) and by two digits that represent the year.

4 Discussion

4.1 Physicochemical characteristics of waters

The work carried out in the temperate and subtropical zones of the North Atlantic showed
that the normal dynamics of water masses are naturally regulated by the alternation of the
agitated and cold winter season, and the less agitated and hot summer season [21]. In
Morocco, there are typically two rainy periods per year, one in autumn and the other in
winter. The number of rainy days varies from 30 in the south of the country to
approximately 70 in the north [22]. In the Guelmim-Oued Noun region, this rhythm seems
to be modified by the hydro-meteorological and climatic hazards that this region has been
undergoing over the last 20 years. In fact, precipitation in this region has shown great
spatial and temporal variability [23]. The provinces of Guelmim and Sidi Ifni experienced
bad weather conditions during the first period of this study (autumn 2014-winter 2015).
These conditions generated high floods and strong agitation of the waters of the Aglou-Sidi
Ifni coastline during this period. This led to a decrease in temperature, salinity and
transparency and an increase in the concentration of dissolved oxygen and nutrient salts.
The second period (autumn 2015-winter 2016) was on the contrary drier (no continental
input) and the waters of this coastline were less agitated, warmer, more saline, more
transparent, less oxygenated and less rich in nutrients.

The lowest seasonal temperature averages were recorded during the first period of this
study and the highest during the second period. This warming was also reported in a
preliminary study comparing the spring periods of two successive annual cycles (2013-
2014) [24]. In the North Atlantic Ocean, the most pronounced warming since the 1960s has
been recorded in the temperate and subtropical coastal zones [3]. The warming of water that
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accompanies the lack of continental water supply has a range of effects, both direct and
indirect, on the physicochemical and biochemical processes occurring within the water
body, as well as on aquatic biocenoses [25].

4.2 Phytoplankton Communities

Phytoplankton biomass is generally estimated by the concentration of chlorophyll a (Chla),
which provides a simple and integrative measure of the response of the phytoplankton
community to nutrient enrichment [26].

The seasonal mean chlorophyll “a” concentration varies between 0.70 + 0.09 pg/l
recorded at the Sidi Ifni station in autumn 2014, and 0.91 + 0.06 pg/l recorded at the Sidi
Boulfdail station in autumn 2015. The averages recorded during the drought period are
higher than those recorded during the flood period. Seasonal averages of chlorophyll “a”
concentration recorded in each of the three stations did not differ significantly from each
other. This would be explained by the fact that environmental conditions are unfavourable
for the photosynthetic activity of phytoplankton during the flood and dry periods of this
study. In the eastern channel and southern bay of the North Sea, low chlorophyll “a”
concentrations are recorded during the season of low light intensity and high chlorophyll
“a” concentrations are recorded when light intensity increases [27].

The phytoplankton species richness recorded in the Aglou-Sidi Ifni coastline (233 taxa)
is higher than that recorded at most sites on the Moroccan Atlantic coast [28-30]. Diatoms
and dinoflagellates represent 54% and 42% of this species richness respectively. These two
groups are the most abundant. The dominance of these two phytoplankton groups has also
been reported in other ecosystems around the world [1, 31, 32].

The seasonal averages of total phytoplankton abundance recorded during the flood
period (8.10° cell/l to 12.10° cell/l) are lower than those recorded during the drought period
(32.10° cell/l to 52. 10° cell/l). In the channel of Oualidia Lagoon the low phytoplankton
cell concentrations (1.64.10° cell/l to 12.24.10° cell/l) are recorded during the cool period
and the maximum concentration (1.19.10° cell/l) is recorded during the autumn of the dry
period [28]. The total phytoplankton abundance recorded in winter 2002 (2.10% cell/l) in the
Bay of Agadir [29] remains lower than those recorded in Aglou-Sidi Ifni coastline during
the two winter seasons of this study (8.10° cell/I during winter 2015 and 32.10° cell/I during
winter 2016).

It should be noted that the increase in temperature and the decrease in nutrient
concentration during the drought period may be one of the factors that favour the increase
in the species richness and relative abundance of dinoflagellates and the decrease in those
of diatoms in the Aglou-Sidi Ifni coastline during the drought period. The same
phenomenon has been reported in different studies carried out on the Moroccan Atlantic
coast [30] and the Mediterranean [33].

5 Conclusion

The climatic forcing that the province of Sidi Ifni underwent during the study period led to
temporal modifications of the physicochemical characteristics of the waters of the Aglou-
Sidi Ifni coastline (temperature, salinity, transparency, concentration of dissolved oxygen
and nutritive salts) which would be at the origin of the temporal variability of the
phytoplankton typology of this coastline. During floods and heavy swells, the water is more
turbulent, more oxygenated, cooler, richer in nutrients and less transparent. This change is
thought to be responsible for the decrease in species richness and relative abundance of
dinoflagellates and the increase in those of diatoms. On the other hand, the period of severe
drought and the weak swells is characterized by a stability of the water column with an

10
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increase in temperature, transparency and a decrease in the concentration of dissolved
oxygen and nutrients, which may be the cause of the increase in the specific richness and
relative abundance of dinoflagellates and the decrease in those of diatoms.

This study also disclosed a spatial variability in the typology of phytoplankton which
would be linked to the spatial variation in the intensity of the currents (canary current and
updraft) under the effect of the morphology of the coast in this zone which curves towards
the west and carries Cape Aglou at its northern end, which makes the station of Sidi Ifni
more exposed to these currents compared to the other two stations which are less exposed.
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