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ABSTRACT 

The Sidi Moussa lagoon, (32 ° 52 '0' 'N / 8 ° 51' 05 '' W) is located on the Moroccan Atlantic coast between the cities of El Jadida and 

Safi about 15 km South of the Jorf Lasfar industrial complex, The climate of the lagoon is classified as hot temperate. It is characterised 

by an oceanic influence. This study of dinoflagellate cyst mapping is the first of its kind from the Sidi Moussa lagoon. the objectives 

of the present survey were (i) to evaluate to the spatial variation of dinoflagellate cyst assemblages in the sediment along the Sidi 

Moussa lagoon (ii) to assess the densities of its cysts (iii) to compare the cyst assemblages in this study with that of other sites. The 

data were collected in a scientific campaign by zodiac carried out from in April 2018 by core  following a sampling network of 21 

stations distributed randomly in the study area. The surface layer of the sediment cores (3 cm) was sliced and kept at 4°C until analysis. 

The highest total cyst abundance was 194 cysts. g-1 dry sediment. The Pearson statistical test revealed a positive and significant 

correlation between cyst abundance and water content, organic matter and of fine sediment. Our study showed the presence of 

morphotypes of potentially toxic species. The cysts of these species present in the sediment of the Sidi Moussa lagoon could germinate, 

when environmental conditions become favorable, and in turn could inoculate the water column with the subsequent bloom formation. 

This study confirms the usefulness of cyst analysis in the assessment of harmful bloom risk in this area important for oyster’s culture. 

1. INTRODUCTION

Cyst formation plays an important role in the genetic structure 

and ecology of dinoflagellate populations (Anderson & Wall 

1978 ; Dale 1983). As they are able to be preserved in the 

sediment for long periods of time, dinocysts can potentially 

constitute a reservoir of diversity (Belmonte et al. 

1997).Approximately 200 modern marine dinoflagellate species 

produce organic walled and calcareous cysts at some point 

during their sexual or asexual life cycle (Head, 1996). In some 

toxic dinoflagellate species (e.g. Alexandrium), cysts contain 

more toxins than their vegetative counterparts (Oshima et al., 

1992). Similarly, the transfer of resting stages of the toxic 

dinoflagellates may contaminate previously unaffected coastal 

regions. 

The Sidi Moussa Lagoon is located on the Atlantic Ocean coast 

of Morocco. It is considered to be the most productive Moroccan 

lagoon. Bennouna ,2000) and Daghor et al. (2015) showed that 

diatoms formed the most dominant phytoplankton taxon in Sidi 

Moussa Lagoon, followed by dinoflagellates. The high-energy 

hydrodynamics and shallow depth of the lagoon favour a 

homogenous distribution of phytoplankton species both 

vertically and horizontally (Bennouna et al. 2000). Several 

potentially harmful phytoplankton species of the genera 

Alexandrium, Prorocentrum and Dinophysis have been 

identified. Bennouna et al. (2002) reported a red tide of 

Lingulodinium polyedrum along the Moroccan Atlantic coast in 

July 1999, including in Sidi Moussa Lagoon. Also known as 

Lingulodinium machaerophorum, this dinoflagellate species is 

known to produce cysts (Lewis and Burton 1988). To our 

knowledge no study dealing with cyst distribution has been 

carried out on the North African Atlantic coast. Only one study, 

using palynological methods and involving a limited number of 

stations, has been conducted on dinoflagellate cysts in Sidi 

Moussa Lagoon (Daghor et al. 2016).  

The main objectives of our study were: (i) to assess the diversity 

of dinoflagellate cysts in Sidi Moussa Lagoon; (ii) to determine 

the distribution of these cysts in the sediment of this lagoon; and 

(iii) to establish potential correlations of cyst densities with the

main sediment characteristics, including water percentage,

organic matter content and grain size.

2. MATERIALS AND METHODS

2.1 Study area 

The Sidi Moussa lagoon ((32 ° 52 '0' 'N / 8 ° 51' 05 '' W) is a 

marginal system with a surface area of 4.200km2, lo-cated in the 

southern part of the middle of the Atlantic coast of Morocco. The 

climate of the lagoon is classi-fied as hot temperate. It is 

characterised by an oceanic influence. In geomorphologic terms, 

it belongs to an occidental coastal basin called the Sahel. This 

basin is made up by the morphology of a depression limited by a 

Plio-Quaternary continental cli  and by a coastal consolidated 

dune ridge in a southwest-northeast direc-tion; it is characterised 

mainly by yellow detrital lime-stone, formed of shelly sands 

(Carruesco,1989).  
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Figure 1. Location of sampling stations in Sidi Moussa Lagoon 

 

2.2 Environmental parameters 

Physicochemical parameters of the water column, including 

temperature (°C), salinity, pH and dissolved oxygen (mg l−1), 

were measured at a depth of 0.5 m using a multiparameter probe 

(Hanna HI9829). The concentrations of nitrites, nitrates and 

phosphates were determined by chemical dosage according to 

the method of seawater analysis reported in (Amino & 

Chaussepieds 1983). 

2.3 Sediment characteristics 

 Water content (%H2O) was determined after drying sediment 

subsamples of 20 g at 100 °C for 7 days until all the water was 

evaporated.  To determine the organic matter content (%OM) of 

the sediment, subsamples of 20 g dry weight (Wd) were dried at 

450 °C for 12 h and the new dry weight (Wd1) was recorded. For 

grain-size analyses, 100 g of sediment sample from each of the 

51 stations was dried at 40 °C for 48 h and then sieved through 

different meshes(<63µm, 63µm-2mm, > 2 mm). Grain-size 

distribution was obtained using the method of Bellair and 

Pomerol (1977). 

2.4 Sediment sampling and resting cysts extraction 

 

Sediment sampling was undertaken by a diver using a cylindrical 

plastic corer (47 cm long, 5 cm wide). The sediment was sampled 

at the 21 stations with three replicates at each station. The surface 

layer (3 cm) of each sediment core was sliced and kept at 4 °C in 

the dark until analysis. For quantification, dinoflagellate resting 

cysts were separated from 1 g of sediment sample using a 

gradient density method with Ludox CL-X colloidal silica 

(Sigma-Aldrich), according to (Blanco, 1986) and as described 

in Genovesi et al. (2007) and Yamaguchi et al. (1995). Aliquots 

(1 g of wet sediment) were suspended in 20 ml of 24% sucrose 

solution and sonicated for 3 min at 100 Hz. The suspension was 

sequentially sieved through an 80-mm and a 20-mm mesh. The 

slurry remaining in the 20-mm mesh was washed with sucrose 

solution and placed in a 15-ml Falcon tube for further 

sonification (3 min at 100 Hz). It was then processed for cyst 

concentration and separated from the sediment using 20 ml of 

Ludox CL-X (density 1.3 g cm−3). The tube was centrifuged for 

30 min at 3 000 rpm, at 4 °C. Resting cysts were concentrated in 

the upper fraction. This unstable phase containing resting cysts 

was extracted and sieved through a 20-mm nylon membrane. The 

resulting sample was rinsed with seawater and collected with 5 

ml of filtered seawater. Cysts were identified using an inverted 

photonic microscope (Leica DM IRB). 

 

 

2.5 Phytoplankton in the water column  

 

Seawater samples from the water column were collected during 

high tide using polyethylene bottles. Samples were fixed with 

neutralised formalin to a final concentration of 4%. The samples 

were left to settle for 24 h according to the Utermöhl method 

(Utermöhl 1958). Species identification and enumeration were 

carried out using an inverted microscope (Nikon Eclipse TS100). 

 

2.6 Statistical analyses 

 

A Principal Component Analysis (PCA) is performed using 

XLStat 2018.6 for Windows on standardized data, whose 

objective is to relate the resting cysts distribution pattern to 

environmental variables.  

3. RESULTS 

3.1 Physicochemical parameters and sedimentological 

characteristics 

The average water temperature calculated from the 21 stations 

surveyed during the study period (January 2018) was 15.53±0.16 

°C, with a maximum of 16 °C, reported at station 17, and a 

minimum of 15.3 °C recorded in station 13 (Fig.2.). The 

fluctuations of salinity in the lagoon were directly related to sea-

lagoon exchanges, and to the inflow of fresh water through the 

three seasonal rivers. The average salinity of the water was 28,96 

±3.65. The maximum salinity of 31,55 was recorded at station 3 

in the south of the lagoon, while the minimum salinity of 20,17 

was detected at station 20 at the extreme north of the lagoon far 

from marine influences (Fig.2). The pH of the waters of the 

lagoon was slightly alkaline and oscillated between 8.38 and 8.7. 

In addition, the waters of the Sidi Moussa lagoon were well 

oxygenated; particularly with regard to the peripheral stations 

and the contents vary between 5 and 7.65 mg.L -1 (Fig.2.). 

Particle-size analysis revealed three types of sediment facies: 

sandy mud, muddy sand and sand. The fine fraction (< 63 µm) 

ranged from 1% to 73% at St2 and St7, respectively (Figure 3). 

Water percentages of sediment samples were heterogeneous 

(41.73±14.20) and peaked with a maximum of 69.01 % at St 19 

(Fig 4A). Organic matter contents ranged from 1.93 to 13.08%, 

showing maxima in the center and in the north the lagoon (Fig 

4b).  

 

Figure 2. Spatial distribution of Physicochemical parameters 
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Figure 3. Spatial distribution of fine fraction 

 

 

Figure 4. Water and organic matter content of sediments 

expressed in percentage 

 

3.2 Dinocysts distribution and abundance 

At least 18 morphotypes were identified in the surface sediment 

of sidi Moussa Lagoon spread over three orders, namely 

Gonyaulacales (Alexandrium minutum, the Alexandrium 

tamarense species complex [including A. catenella and A. 

tamarense, which are cryptic species that are barely 

distinguishable on the basis of morphological examination of 

their resting cysts], Lingulodinium polyedrum, the Gonyaulax cf. 

spinifera complex, the Gonyaulax digitalis and Gonyaulax spp.), 

Peridiniales (Protoperidinium oblongum, Protoperidinium 

conicum and Protoperidinium pentagonum) and Gymnodiniales 

(Gymnodinium catenatum, Polykrikos kofoidi and Polykrikos 

schwartzii) ( supplementary data 1). Dinoflagellate cysts 

accumulated in the surface sediment across the whole lagoon and 

showed different densities according to geographical location. 

The highest cyst density (194 cysts g−1 DS) was recorded at St 7 

located 7 in the inner part of the lagoon and the lowest 

concentration (0 cysts g−1 DS)  was recorded at downstream of 

the lagoon. The cyst assemblage was dominated by L. polyedrum 

(62.36%) and polykrikos kofoidi. (7.16%) (Fig.5.). Five 

morphotypes related to potentially noxious/toxic species were 

found in surface sediment, namely the G. cf. spinifera complex, 

A. minutum, the A. tamarense species complex, G. catenatum 

and L. polyedrum (Figure 6). 

 

3.3 Relationship between environmental factors and 

resting cysts abundance 

 

Pearson correlations (Figure 7) revealed a significant positive 

relationship between the density of dinoflagellate cysts, %OM (r 

= 0.44, p < 0.05), %H2O (r = 0.43, p < 0.05) and the fine fraction 

(63 µm) (r = 0.54, p < 0.05). In addition, no significant 

correlation was observed between cyst density and the measured 

physicochemical parameters in the water column (temperature, 

salinity, pH, O2, nutrients). 

 

Figure 5. Spatial distribution (21 stations) of dinoflagellate 

cysts (cysts g−1 dry sediment) in sediments of Sidi Moussa 

Lagoon 

 

Figure 6. Distribution (%) of cysts of the major potentially 

harmful dinoflagellate species recorded in the sediments of Sidi 

Moussa Lagoon 

 

Figure7. Principal components analysis plot showing the 

positive correlations between dinoflagellate cyst density and 

organic matter content (%OM), water content (%H2O), and 

fine fraction (FF) of the sediment. There was no signification 

correlation with nutrients, water temperature (SST), salinity 

(SSS), Turbidty(turb), pH or dissolved oxygen (O2) 
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3.4 Phytoplankton species and abundance observed in the 

water column 

The microphytoplankton community consisted of only three 

groups, with 20 diatom species forming the most dominant taxa 

(Fig.8), followed by dinoflagellates, Euglenophyceae and finally 

Euglenophyceae. The inventory of dinoflagellates revealed 14 

species: Alexandrium sp., Lingulodinium polyedrum, 

Gymnodinium catenatum, Dinophysis sp Scrippsiella 

trochoidea, Karenia sp., Scrippsiella sp., Ostreopsis sp., 

Prorocentrum minimum, Prorocentrum scutellum, Prorocentrum 

micans, Prorocentrum sp, Gyrodinium spirale. and 

Gymnodinium sp 

 

Figure 8. Groups of phytoplankton 

 

4. DISCUSSION 

Cyst assemblages have been poorly studied in North African 

Atlantic waters including Moroccan marine ecosystems. The 

only studies to have investigated dinoflagellate cysts (Chaira et 

al.,2021) in Oualidia lagoon and (Daghor et al. 2016), did so at 

only four stations in Sidi Moussa Lagoon and used a 

palynological method. This study showed that the assemblages 

of dinoflagellate cysts in this lagoon were dominated by 

Lingulodinium polyedrum (L. machearophorum). Our study also 

showed that L. polyedrum dominated the dinoflagellate cysts 

found in the sediment of Nador Lagoon, Morocco (western 

Mediterranean Sea) (Daghor et al., 2016) and Oualidia lagoon 

(Chaira et al., 2021).In addition, our results confirm the 

usefulness of cyst studies in identifying the potentially harmful 

Alexandrium tamarense species complex, A. minutum and 

Gymnodinium catenatum, which may be responsible for 

paralytic shellfish poisoning (PSP) events, together with 

Gonyaulax spinifera and L. polyedrum, which are both known to 

be associated with harmful events (Bennouna et al. 2002), 

because the cysts of these species were found in the sediment of 

Sidi Mousa Lagoon. This finding corroborates previous reports 

(Bennouna 2000, 2002; Daghor et al.,2015) on the 

phytoplankton community of the Sidi Moussa water column 

which showed the presence of the cited HAB species. In the 

present study, L. polyedrum was the most abundant cyst 

morphotype found in the sediment (153 cysts g−1 DS at Station 

7). This finding is in accordance with several studies (Bennouna 

et al. 2002 ; Ennaffah 2005) that showed that this dinoflagellate 

regularly forms red tides in Sidi Moussa Lagoon , with high 

biomasses of 7.9104 cells l−1 reported in 1999 and 2005, 

respectively. Our data on the distribution of cysts helps to 

explain the recurrent blooming of some dinoflagellate species, 

such as L. polyedrum, in Sidi Moussa Lagoon. 

The spatial distribution of cysts revealed that they accumulated 

preferentially in the central region and the upper region of the 

lagoon. Stations 7,11,13 located in the inner lagoon, and Station 

16 in the north of the lagoon  near clam farm, showed the highest 

cyst densities, reaching 194 cysts g−1 DS ,164 cysts g−1 DS , 

162 cysts g−1 DS and 148 cysts g−1 DS, respectively. Cyst 

densities in this unique preserved ecosystem are characterised by 

moderate values (up to 194 cysts.g -1 DS) compared with 

different lagoons and bays across the world. Indeed, the found 

cysts densities are lower than those reported in Oualidia lagoon 

(Morocco) with up to 293 cysts.g -1 DS (Chaira et al.,2021),  in 

Mellah lagoon (Algeria) with up to 315 cysts g -1 DS (Draredja 

et al., 2020)  in the Bizerte lagoon (Tunisia), with up to 20,126 

cysts.g  -1 DS (Fertouna-Bellakhal et al., 2014) and 2,742 

cysts.g-1 DS (Zmerli Triki et al., 2017), in Izmir Bay (Turkey) 

up to 3,292 cysts.g  -1 DW (Aydin  et al., 2011), in Cabras in 

Sardinia (Italy) up to 287 cysts g  -1DW (Setta et al., 2014). 

However, the cyst abundances of Sidi Moussa lagoon are higher 

than those found in Homa Lagoon (Turkia) up to 71 cysts.g  -1 

DW (Aydin et al., 2014), in Thailand and Malaysia up to 12–56 

cysts·g−1 DW (Lirdwitayaprasit ,1997) and Boughrara Lagoon 

(Tunisia), with up to 132 cysts g -1 DS (Abdmouleh Keskes et al., 

2020) 

This is the first study reporting the presence of the cysts of the 

potentially neurotoxic Alexandrium  , which were observed at 

nine stations in Sidi Moussa Lagoon (Stations 4, 7, 9, 

13,14,15,16,17 and 21). In addition, our results confirm the 

usefulness of cyst studies in identifying the potentially harmful 

Alexandrium tamarense species complex, A. minutum and 

Gymnodinium catenatum, which produces Paralytic Shellfish 

Toxins (PSTs) (Anderson et al. 2012). 

Despite its historical high anthropo- genic characteristic 

(Benmhammed et al.,2021; Cheggour et al., 2001; El himer et 

al.,2013), this un- expected low abundance of cysts in Sidi 

Moussa Lagoon could be explained by the sampling period 

coinciding with a bloom, and is likely justified by cysts 

germination and/or an absence of cysts bank. The reduced 

number of morphotypes could also be explained by the weak 

presence of phytoplankton, especially dinoflagellates, in the 

water column (Bennouna et al.,2002; present study) dominated 

by Perdinium quinquecorne and kryptoperidinium foliaceum 

(Daghor et al., 2015)  

 

The abundance of dinoflagellate cysts was positively correlated 

with the main sediment characteristics of Oualidia Lagoon. The 

highest cyst densities were found in muddy sediments (<63 µm) 

with high H2O and OM contents. In fact, dinoflagellate cysts 

behave as fine particles (Larrazabal, 1987). Our results 

corroborate those of several studies (Yamaguchi et al., 1996; 

Gayoso 2001; Matsuoka et al., 2003; Joyce et al. 2005; Anglès 

et al. 2010; Horner et al. 2011; Genovesi et al., 2013) that have 

shown that accumulation of dinoflagellate cysts occurs in muddy 

sediments containing a high proportion of organic matter. The 

hydrodynamics of Sidi Moussa Lagoon may play an important 

role in the distribution of dinoflagellate cysts. (El khalidi et 

al.,2003) highlighted three separate zones: a downstream lagoon 

zone subject to marine influences, an intermediate zone where 

the influence is twice as strong and a confined zone characterised 

by a weak hydrodynamic regime located at the upstream end of 

the lagoon. The dinoflagellate cyst abundance reported in 

sediment of Sidi Moussa Lagoon was low to moderate. The 

permanent resuspension of the superficial sediment and 

transportation of sediment due to tidal currents in the shallow 

water column can spread cysts, even to the open ocean, 

potentially causing the contamination of other Atlantic coastal 

areas. 
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In turn, a reduction of the dinoflagellate cysts abundance in the 

water column is caused by the sedimentation through adsorption 

into organic and mineral supplies (Wang et al., 2004). Indeed, 

high sedimentation rate combined with the presence of muddy 

fraction promotes resting cyst, thus burying cysts (Godhe and 

McQuoid, 2003) and decreasing their abundance. High 

sedimentation rates have been recorded in ecosystems 

characterized by high cysts abundance. For example, the 

sedimentation rate varies between 0.16 and 0.33 cm year in the 

Thau Lagoon (French Mediterranean coast) (Elbaz-Poulichet et 

al., 2005) and it reaches 2.0 cm year in Manila Bay (Philippines) 

(Sombrito et al., 2004). It ranges from 0.37 to 2.44 cm year in 

ghar elmaleh lagoon. (Tunisia) (Dhib, 2015), in  where the 

number of cyst varies between 0 and 194 cysts⋅g In Sidi Moussa 

Lagoon, It is 0,64 cm/an (Maanan, 2003). 

 

5. CONCLUSION 

 

The spatial distribution of cysts may be influenced by sediment 

characteristics and hydrodynamic features. Statistical analyses 

showed positive correlations between the mud fraction, water 

content and organic matter content of sediments with cyst 

densities. Cyst density was higher upstream where the 

hydrodynamic regime is relatively weak, facilitating the 

deposition of cysts. Mapping cysts may be of help in selecting 

sites for future aquaculture activities and better implementation 

of sediment dredging operations to prevent the spread of these 

resting cells, because sediments can be loaded with cysts of toxic 

species. Likewise, monitoring programmes should include cyst 

population studies for early detection of potential HAB risks to 

protect human health and prevent economic losses on 

aquaculture farms. 
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