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Chapter 1: General introduction 

EL-Hacen M. EL-Hacen 

------------------------------------------------------------------------------------------------------- 

Only two centuries ago, coastal systems worldwide were very heterogeneous and full 

of life: seas replete with fish of all kinds and sizes and skies crowded with birds of all 

shapes and colours. Today, coastal seas are turbid and overfished and waterbirds that 

once ruled the scene in steep decline. In this worldwide blurry picture of coastal 

systems, only a handful of important sites along the global swim- and flyways remain 

pretty much untouched. These areas provide refuge for the seasonal migrants and bear 

testimony and reference to how coastal systems should look like. Indeed, the 

remaining treasures are a good starting point for scientifically informed conservation 

planning.  

An outstanding example of such a pristine place along the East Atlantic 

Flyway (Fig. 1.1) is the Parc National du Banc d’Arguin, Mauritania. The Banc 

d’Arguin, with its large green intertidal flats bordering the Sahara, is a heaven in an 

otherwise rather hostile environment for avian migrants. Recently, nature-unfriendly 

activities, however, have started to also hit the core intertidal flats of Banc d’Arguin, 

thereby threatening the integrity of this ecosystem. It is urgent to face these threats 

with conservation strategies anchored on solid scientific findings.  

The key component of the Banc d’Arguin ecosystem is its seagrass, the main 

primary producer that provides shelter and food for the fauna of the area. In this 

thesis I present my work on the functioning, and especially the resilience, of the 

seagrass beds of Banc d’Arguin. I have done this by trying to identify the biophysical 

drivers of stability and recovery at different spatial scales, and evaluate how seagrass 

dynamics are associated with benthic stocks (the main secondary producer) and the 

waterbirds (the main consumers of the seagrass-dependent fauna).  
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Seagrass functioning: the interplay between physical and biological factors 

Seagrass beds are of great ecological and economical importance (Cullen-Unsworth 

& Unsworth, 2013), ranking them among the most valuable ecosystems to humankind 

through their role in stabilising coastal sediment (Gacia & Duarte, 2001), coastal 

protection (Christianen et al., 2013; Ondiviela et al., 2014), the provisioning of food 

and shelter for a wide range of species among which valuable food sources to 

mankind (Jackson et al., 2001a; Duffy, 2006; van der Zee et al., 2016), carbon 

sequestration (Duarte et al., 2010; Mcleod et al., 2011), and increasing water clarity 

(Gruber et al., 2011; van der Heide et al., 2011). 

 

Figure 1.1. Map showing shorebird densities in the most important sites along the 

East Atlantic Flyway. The map is from van de Kam et al., (2004). 
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Yet, seagrasses are threatened by human anthropogenic activities (Orth et al., 2006), 

with an annual loss of 7% of seagrass beds worldwide (Waycott et al., 2009). Large-

scale seagrass losses are attributed mostly to eutrophication (Burkholder et al., 2007) 

and habitat loss (Short & Wyllie-Echeverria, 1996; Erftemeijer & Robin Lewis, 

2006). Overfishing is also know to negatively affect seagrass stability through 

cascading affects: destabilising the balance between mesograzers and macroalgae that 

are known to supress seagrasses (Moksnes et al., 2008; Baden et al., 2012).  

Seagrass beds thrive in clear and relatively nutrient-limited waters. This might 

seem odd, as estuarine systems are usually dynamic and nutrient-rich. Seagrasses, 

however, engage in some biophysical feedbacks relying on their remarkable 

engineering and mutualistic capabilities to flourish in such adverse conditions. 

Seagrasses trap suspended sediment, which increases water clarity and enhances light 

penetration, achieving exactly the necessary conditions for seagrass growth. Burying 

fine sediment away from the reach of macroalgae and phytoplankton deprives them 

from an important source of nutrients and thus helps seagrass to dominate the system.  

Trapping sediment, however, creates conditions of sulphide build-up, a toxic 

compound to seagrass as well as the associated infauna. By engaging in a symbiosis 

with the sulphide-consuming bivalve Loripes orbiculatus, seagrasses are able to 

alleviate this toxic condition (van der Heide et al., 2012). Thus, seagrass-sediment-

light and seagrass-Loripes-sulphide feedbacks, to large extent drive intertidal seagrass 

stability. Obviously, hydrodynamic forces affect sediment and nutrient dynamics and 

hence seagrass resilience, so an understanding of seagrass functioning requires an 

understanding of the difference that the prevailing hydrodynamic conditions make. 

Seagrass resilience and alternative stable states 

Resilience refers to “the ability to absorb repeated disturbances and the capacity to 

recover from disturbances without fundamentally switching to an alternative stable 

state” (Holling, 1973). The assessment of seagrass resilience is a first step toward 
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seagrass conservation (Unsworth et al., 2015). Systems that are driven by feedbacks 

are prone to shift to a different state when mechanisms controlling these feedbacks 

are pushed beyond certain thresholds (Scheffer et al., 2001; Scheffer & Carpenter, 

2003; van der Heide et al., 2007).  

In seagrasses, nutrients overload and turbidity favour fast growing 

macroalgae, which may then lead to a bare alternative state where algae prevail (van 

der Heide et al., 2007). Also, the loss of the important mutualistic relationship with 

Loripes orbiculatus could affect the resilience of seagrass beds and make them 

vulnerable to adverse conditions such as drought (de Fouw et al., 2016a). The shift 

from a seagrass to a bare algal-dominated system could have negative consequences 

for biodiversity. For example, the loss of seagrass beds in the Dutch Wadden Sea has 

led to losses in ecological and economical services especially with respect to 

fisheries, water clarity, and nutrient cycling (Lotze, 2005; Lotze et al., 2005; Eriksson 

et al., 2010). The main losers during such habitat shift are the benthic fauna and the 

trophic groups that depend on seagrass and the associated benthos for a living.  

Often, alternative stable states favour/disfavour different communities that 

flourish under one of the competing states, i.e., seagrass-loving vs. 

microphytobenthos-loving communities. It is of great concern that worldwide algal-

dominated state begin to replace seagrass beds due to anthropogenic activities. With 

respect to the flyways, migrants which depend on seagrass communities are a cause 

for concern. It is currently, however, not clear which species will be negatively 

affected by shifts from seagrass toward bare sediments and which ones will benefit.  

The Sahelian drought and its effects on in Banc d’Arguin intertidal flats 

The unprecedented decline in the rainfall of the Sahel (the transitional area between 

the Sahara and the subtropical Savanna) between 1972 and 1992 (Fontaine et al., 

1996) is considered the most dramatic ever measured historical change in climate 

(Hulme, 1996). The causes are not clear (Balas et al., 2007), but are believed to 
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represent a combination of an external sea-surface temperature (SSTs) forcing 

(Folland et al., 1986; Fontaine et al., 1996; Foley et al., 2003; Giannini et al., 2003; 

Balas et al., 2007; Mulitza et al., 2008; Shanahan et al., 2009) and a loss of positive 

feedbacks between vegetation and rainfall (Foley et al., 2003; Giannini et al., 2008a, 

2008b; Yu et al., 2017). It has been suggested that the Sahel drought was induced by 

a southward shift of the West African monsoon, which is influenced by the heat 

transport due to the Atlantic meridional overturning circulation (Mulitza et al., 2008). 

The prolonged drought provoked a large scale loss of vegetation cover and soil 

moisture and as a consequence a dramatic increase in dust storms (Middleton, 1985; 

Goudie & Middleton, 1992; Prospero & Lamb, 2003), with a six fold increase in 

Mauritania (Middleton, 1985).  

Saharan intensive dust storm events can be seen from space (Fig. 1.2) and are 

known to affect ecosystems as far as the Amazonian forests across the Atlantic 

(Reichholf, 1986; Swap et al., 1992; Koren et al., 2006; Ben-Ami et al., 2010; 

McClintock et al., 2015; Korte et al., 2017; Rizzolo et al., 2017) and also various 

European systems across the Mediterranean (Schwikowski et al., 1995; Ansmann et 

al., 2003; Barkan et al., 2005; Lyamani et al., 2005; Meloni et al., 2008; 

Vanderstraeten et al., 2008). Yet, the effect of dust storms on the functioning of the 

adjacent seagrass beds of Banc d’Arguin, perhaps ironically, remains to be studied. 

Dust storms hit the intertidal flats of Banc d’Arguin up to 100 events/year (Fig. 1.3; 

Niang et al., 2008). Massive mud depositions from dust storms could induce seagrass 

die-off events (Han et al., 2012; Ceccherelli et al., 2018). On the other hand, Saharan 

dust is a potential external source of nutrients (Carbo et al., 2005; Baker et al., 2006a) 

to the intertidal flats of Banc d’Arguin that are not known to have one. Finally, dust 

supply is expected to allow seagrass beds to keep-up with sea-level rise (Potouroglou 

et al., 2017).  
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Figure 1.2. A satellite image sowing a dust storm over the coast of Mauritania. 

March 2004. From https://www.usgs.gov. Black lines defines the boundaries of the 

Parc National du Banc d’Arguin. 

 

Figure 1.3. Dust storm blowing over the intertidal flats of Iwik, Banc d’Arguin on 19 

October 2006. Photo by Piet J. van den Hout.  
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The study system: Banc d’Arguin and its intertidal seagrass beds 

The Parc National du Banc d’Arguin (Fig. 1.1) was created in 1976. Its 12 000 km
2
, 

of which 6,450 km
2
 are marine, stretch over a third of the Mauritanian coastline, 

which makes it the largest marine protected area in Africa. The Banc d’Arguin has 

special biogeographical features which gave it international fame and resulted in 

recognition as a UNESCO World Heritage Site in 1989. For example, the area hosts 

the largest wintering shorebird concentration in the world with an estimation of 2.3 

million birds visiting the area annually (Altenburg et al., 1982). The Banc d’Arguin is 

also a home to the largest breeding colonies of seabirds in Africa, with approximately 

25-40 thousand breeding pairs (Campredon, 2000), including two endemic 

subspecies, i.e. the Mauritanian Spoonbill Platalea leucorodia balsaci (Piersma et al., 

2012) and the Mauritanian Grey Heron Ardea cinerea monicae. The intertidal flats of 

the Banc d’Arguin exist in a unique place for migratory birds, with no alternative 

feeding grounds along the mainland (it is bordered by the Sahara), and it is quite far 

away from other major intertidal systems in the north (Wadden Sea, Western Europe) 

or south (Bijagós, Guinea-Bissau). This makes the Banc d’Arguin absolutely crucial 

for the well-being of many trans-Saharan migrants.  

The area is a major sanctuary and nursery site for fish and shrimp (Jager, 

1993; Schaffmeister et al., 2006), including an endemic subspecies of wedgefish 

Rhynchorhina mauritaniensis (Séret & Naylor, 2016), and few subspecies of the 

genus Cichlids (Kide et al., 2016). Among the 145 species recorded in the area, 

flathead grey mullets (Mugil cephalus) and meagre (Argyrosomus regius), two 

important sources of protein in West Africa, are known to use Banc d’Arguin during 

important stages of their annual life cycle (Boulay, 2009, 2013). Many of the 

migratory rays and sharks, including endangered species, breed in the seagrass beds 

of Banc d’Arguin (Valadou et al., 2006). From economic point of view it is estimated 

that at least 23% of the total, and up to 50 %, of the coastal, national fisheries of 

Mauritania originates from Banc d’Arguin (Guénette et al., 2014). This is a very 
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significant economical contribution in a country where 20-30% of the revenue comes 

from fisheries (Ould Mohamed, 2010).  

From a conservation point of view, the area has been historically protected by 

the lack of freshwater, which to a large extent prevented the locals and colonial forces 

from establishing and exploiting the resources. Since the establishment of the national 

park, the fishing practices have been reserved for a small (1000 heads) indigenous 

fishermen community, the “Imraguen”, with fishing restricted to the use of traditional 

techniques. Nowadays, regional and international fishing traders have established 

contact with the Imraguen. This resulted in new fishing practices that are not in 

harmony with the protection of the area (Lemrabott et al. in prep.). Concerns have 

been raised on the ongoing ray and sharks fishing. The shallowness and 

geomorphology of the area made it easy to overfish the concentrations of these 

species during their breeding season. The creation of the new ‘gold-mining’ town, 

“Chami”, on the eastern edge of the park, will without doubt also put more pressure 

on the resources of Banc d’Arguin.  

 Banc d’Arguin contains approximately 500 km
2
 intertidal flats, of which 80% 

are covered with seagrass beds especially Zostera noltii (Wolff & Smit, 1990). Little 

is known about the subtidal flats that are mostly covered with Cymodocea nodosa. In 

combination, the intertidal and subtidal seagrass beds play a vital role in the 

functioning of the system and its migrants. Nevertheless, relatively little information 

is available on their dynamics, resilience, and its abiotic and biotic drivers. Moreover, 

the effects of the mounting economic pressures on the ecosystem of Banc d’Arguin 

are not clear. Except from the daily monitoring of fish landings conducted by the 

Mauritanian Institute for Oceanography and Fisheries Research (IMROP) and the 

annual ringing and re-sighting expeditions of some selected shorebird species 

maintained by NIOZ Royal Netherlands Institute for Sea Research since 2002, the 

ecosystem of the area is not subjected to any long-term monitoring. This great hinders 
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assessment of the effects of the exploitation of resources on the ecosystem 

functioning and population dynamics.  

Thesis outline 

The objective of this thesis is to improve our understanding of the functioning of 

intertidal seagrass beds in Banc d’Arguin by assessing seagrass resilience at different-

scales and revaluate changes in seagrass-related communities (benthos, waterbirds) 

since the studies of the 1980s (Altenburg et al., 1982; Piersma, 1982; Wolff & Smit, 

1990; Zwarts et al., 1990, 1998a; Wolff et al., 1993a; Wijnsma et al., 1999). I also 

aimed to identify gaps in knowledge that might have strong implications for the 

conservation management necessary for this area. Finally, I will explore the idea of 

using the intertidal flats of Banc d’Arguin as a sentinel system for ecological change 

along the East Atlantic Flyway due to human effects on habitats and climate.  

In view of the pronounced ongoing changes to intertidal systems worldwide 

(see above), in Chapter 2 of this thesis we address historical spatio-temporal changes 

in seagrass cover in Banc d’Arguin using remote sensing and Landsat imagery 

archives. Because seagrass dynamics is a strong driver of benthic communities, 

seagrass cover change was coupled with a comparison of macrofauna community 

structure and secondary productivity between a historical (1986) and recent (2014) 

large-scale benthic surveys to reveal any shift in community composition and 

productivity.  

 In Chapter 3 we seek to characterise the morphology, nutrient content, and 

leaf isotope signatures of Zostera noltii across a wide hydrodynamic gradient in Banc 

d’Arguin. On this basis we then assess the temporal variability in seagrass stability 

and nutrient fluxes as well as the response to experimental nutrient overloads along a 

wave-force gradient. Such a study had not been conducted on pristine seagrass beds 

before. As the known seagrass die-offs were mainly correlated with eutrophication, 

such a study may have important implications for seagrass conservation in general.  
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 The Chapter 4 I experimentally examined the recovery of seagrasses 

following disturbances. Collapses of seagrass meadows in Banc d’Arguin have been 

reported before (de Fouw et al., 2016a), but there is a lack of studies on seagrass 

recovery potential and the environmental conditions that might affect the rejuvenation 

following large disturbances. In this chapter we studied the capacity of intertidal 

Zostera noltii meadows at their southern range limit to recover from different sized 

disturbances along an intertidal elevational gradient. We also analyse the 

environmental covariates of recovery rates using structural equation modelling 

(SEM). 

 In Chapter 5 the goal was to identify the biogeomorphical drivers of an 

important and unique landscape feature of Banc d’Arguin: the habitat mosaics of the 

upper intertidal. We combined observational studies and exclosure experiments to 

investigate how co-occurring greater flamingos Phoenicopterus roseus and fiddler 

crabs Uca tangeri promote their own and each other’s food availability by creating a 

spatial mosaic of depressions and hummocks. This chapter uses the pristine 

characteristic of the area to show some important ecological interactions (joint 

biophysical engineering by multiple species at rather large spatial scales) that might 

have been lost in many other coastal systems due to human-related disturbances. This 

insight might provide an argument to try to maintain the pristine state of protected 

areas and show their unreplaceable ecological role.  

 Chapter 6 evaluates the status of the waterbirds of Banc d’Arguin and reports 

on changes in their community composition. Here, we compiled seven complete 

counts since January 1980 with additional yearly counts made by the NIOZ-team in a 

subunit (Iwik region) since 2003. The chapter illuminates the important role of Banc 

d’Arguin within the East Atlantic Flyway, and tries to disentangle local, regional, and 

global human-effects of waterbirds communities.  

 In Chapter 7 I synthesise the research findings presented in the previous 

chapters and discuss what they mean for the conservation and the integrity of the 
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Banc d’Arguin ecosystem. I suggest avenues for future research and monitoring plans 

to guarantee that a biologically rich Banc d’Arguin will be there for future 

generations to enjoy.  
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