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Chapter 7: Synthesis and discussion 

EL-Hacen M. EL-Hacen 

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

The subtropical intertidal flats of Banc d’Arguin play a vital role along the East Atlantic Flyway and 

hence understanding their functioning is important to better protect migratory species. The area was 

subjected to a considerable amount of research in the 1980s in order to develop a preliminary 

conceptual model of the functioning of the system (Altenburg et al., 1982; Piersma, 1982; Zwarts & 

Piersma, 1990; Zwarts et al., 1990; Wolff & Smit, 1990; Hemminga & Nieuwenhuize, 1991; Cuq, 

1993; Wolff et al., 1993b; Duineveld et al., 1993; Hootsmans et al., 1993; Michaelis, 1993; ould 

Dedah, 1993; Wolff et al., 1993a). These early studies established that the large number of wintering 

shorebirds in Banc d’Arguin live on rather little food: “the riddle of Banc d’Arguin” (Engelmoer et al., 

1984).  

Later on, the lion share of ecological studies in the area focussed mostly on addressing this 

riddle by studying in more detail the effect of shorebirds on benthic community (Piersma et al., 1993; 

Michaelis & Wolff, 2001; Wolff & Michaelis, 2008; Wolff et al., 2009; Ahmedou Salem et al., 2014; 

van der Geest et al., 2014), their prey choices (van Gils et al., 2005, 2012, 2013; Onrust et al., 2013; 

Oudman et al., 2016) and habitat use (Piersma et al. 1993; Wiersma & Piersma 1994; Leyrer et al. 

2006). Recently, few studies addressing the resilience of the intertidal flats of Banc d’Arguin 

(Honkoop et al. 2008, van der Heide et al. 2012, Folmer et al. 2012, de Fouw et al. 2016) highlighted 

the need to take into account sediment dynamics, hydrodynamics, tidal elevation, and important 

symbiosis between seagrass and its associated fauna to better understand the functioning of the 

system. Massive die-off events have been reported in the area with tremendous impact on the stability 

of system (de Fouw et al., 2016a). Meanwhile and over the last four decades, the human-pressure on 

the intertidal systems of Banc d’Arguin has been mounting, adding more reason to revaluate the early 

developed model on the functioning of the system.  

Until 40 years ago, the livelihoods of Mauritanians depended completely on what nature has to 

offer locally with limited international trading (Ould Daddah, 2003). For centuries, many people 

followed, with their herds, the grass green-waves driven by the annual precipitation (Ould Daddah, 

2003). Others lived sedentary along semi- and permanent water sources and cultivated mainly cereals 

(sorghum and millet) and legumes (black eyed peas, peanut, and beans). Nomads provided caravan 

cities with animal products and the latter ones provided crops to the passing-by nomads.  

In the early 1970s the entire Sahel region suddenly experienced a prolonged drought, “the 

Sahel drought” (Zeng, 2003). This disrupted the livelihoods and displaced millions from their original 
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homes. In only a few years, people lost their livestock and livelihood sources. The Sahel drought 

triggered a 90% loss of the vegetation cover (Zwarts et al., 2018) leading to a regime shift from “wet 

Sahel” into “dry Sahel” (Foley et al., 2003). As a consequence the migratory birds suffered severe 

declines (Zwarts et al., 2018) and many of the wildlife especially mammals gone locally extinct (Ray 

et al., 2005; Craigie et al., 2010; Durant et al., 2014; Walther, 2016). The years following were 

characterised by drastic changes in atmospheric conditions (dry, warm, and dusty) and a massive 

migration of people toward more reliable sources of protein, i.e. the cities along the coastline. The 

once uninhabited and to a large extent unexploited coastline became home to almost half of the 

Mauritanian inhabitants. Since then the pressures on coastal habitats have been mounting, threatening 

biodiversity.  

 The Sahel drought traumatised many generations especially the ones that have witnessed the 

drastic ecological and socioeconomic changes, but also the ones that were born just after the peak 

years of the drought and this includes myself. Post-drought generations never saw oryx (Oryx 

dammah), addax (Addax nasomaculatus), dama gazelle (Nanger dama), Saharan cheetah (Acinonyx 

jubatus hecki), North African ostrich (Struthio camelus camelus), lion (Panthera leo), and African 

wild dog (Lycaon pictus), the very species that wandered on the prairies of the Mauritanian Sahel not 

so long ago. People that for many centuries turn their backs to the coast due to the lack of freshwater 

and fishing boats, all of a sudden have to live on the coast and eat fish on a daily basis. The 

socioeconomic turmoil resulted from the fiercely Sahel drought stroke the Mauritanian coastal habitats 

including Parc National du Banc d’Arguin in two ways: (1) The abrupt changes in atmospheric 

conditions characterised by intense dust storms and prolonged drought that are expected to have 

affected seagrass stability and its associated fauna. (2) The increasing human pressure on resources 

especially fisheries that could have negatively affected the seagrass community through trophic 

cascading effects.  

 Another undocumented socioeconomic event that affected Banc d’Arguin ecosystems were the 

introduction of new fishing and trading techniques ignited by the 1989 conflict between Senegal and 

Mauritania. Due to the historical lack of ports and international trading along Mauritanian coast, the 

largest part of the Mauritanian capital was invested in Senegal, a country which had offered 

international trading opportunities for centuries. The uprising between the two countries resulted in 

the loss of this capital and the return of 100,000s of people. Some of them were installed in Banc 

d’Arguin, and this brought experienced traders to the market and launched the beginning of a new era 

of fishing practices in Banc d’Arguin. It is not a coincidence that a few years later, species which had 

never been targeted before (rays and sharks) became prime targets for their fins (to Asian markets) 

and salty-dried meat (to African sub-Saharan consumers).   
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In this thesis, I aimed to fill in some of the gaps in our understanding to the functioning of the 

intertidal flats of Banc d’Arguin by evaluating seagrass community dynamics after the peak years of 

the Sahel drought and to experimentally assess seagrass resilience at the landscape-scale. Specifically, 

I, with great help from my associates, intended to (i) provide an overview on seagrass cover dynamic 

over the last couples of decades and how that effects the benthic community structure and secondary 

production, (ii) examine seagrass resilience (die-off causes and recovery potentials) at the landscape-

scale, (iii) elucidate the underlying mechanisms behind the functioning of the mosaic systems of Banc 

d’Arguin, and finally (iv) evaluate waterbird communities dynamic over the last four decades and 

discuss potential drivers of the observed changes in numbers. Furthermore, I discuss the implications 

of these results for the conservation and protection of the intertidal flats of Banc d’Arguin.  

Seagrass and benthic community dynamins in Banc d’Arguin 

In chapter 2 we found evidence for a long-term, three decadal, increase in the seagrass cover of the 

intertidal flats of the Banc d’Arguin. This seagrass cover increase was associated with a major shift in 

benthic community from a polychaete- to bivalve-dominated system. Moreover, we estimated that this 

led to a substantial decline in the benthic secondary production, which might have consequences for 

benthic consumers such as fish and shorebirds. Seagrass cover was previously shown to be associated 

with differences in benthic composition and biomass (Honkoop et al., 2008; Bouma et al., 2009).  

The change in seagrass cover was likely caused by a combination of (1) the Sahel drought and 

(2) increase in Senilia senilis densities (Fig. 7.1). The Sahel drought caused tremendous loss to 

terrestrial vegetation cover (Niang et al., 2008; Zwarts et al., 2018) and a remarkable increase in the 

frequency and intensity of dust storms (Goudie & Middleton, 1992; Prospero & Lamb, 2003). Dust 

storms affect sediment dynamics which are known to affect seagrass stability and recovery (Folmer et 

al., 2012; Serrano et al., 2016). Sediment deposition could induce seagrass mortality directly through 

burial (Han et al., 2012; Hirst et al., 2017) or indirectly through adverse conditions such as anoxia 

(Brodersen et al., 2017). It has been found that dust storms decreased significantly since 1990s in 

association with an increase in Sahel rainfall (Park et al., 2016). Indeed, the precipitation of the Sahel 

recovered over the last twenty years reaching pre-drought levels (Foltz & McPhaden, 2008; Hagos et 

al., 2008; Munemoto & Tachibana, 2012; Park et al., 2016), which might have led to the observed 

increase in seagrass cover in Banc d’Arguin.  
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Figure 7.1. Conceptual representation of the effect of dust storms (sedimentation) and overfishing 

(removal of top predators) on the seagrass dynamics. Sediment dynamics can cause seagrass die-offs, 

which may relieve Dosinia and polychaete worms from the competition with Loripes. Disappearance 

of rays, especially the bull rays, is expected to increase Senilia densities, which will outcompete 

Dosinia and polychaetes higher on the intertidal gradients.  

 

The West African bloody cockle Senilia senilis (known previously as Anadara senilis and even 

earlier Arca senilis) is a widespread species, at Banc d’Arguin occurring in both sandy and silty 

intertidal flats especially in landlocked bays (Wolff et al., 1987). It has been suggested that the species 

has only few natural predators including oystercatchers (Haematopus ostralegus), the large gastropod 

Cymbium cymbium, and unknown fish species (Wolff et al., 1987). The latter one has been recently 

identifies as different species of rays especially bull ray Pteromylaeus bovinus (Fig 7.2; Lemrabott et 

al., in prep.). These predators are estimated to cause a 10% mortality of the S. senilis per year (Wolff 

et al., 1987).  

Over the last three decades rays and sharks have been subjected to unprecedented fishing 

campaigns in Banc d’Arguin, which have reduced significantly their populations (Lemrabott et al. in 

prep.). This overfishing of rays is hypothesised to have relieved the S. senilis from important top-

down control factors and led to the observed increase in their densities. The recovery of the Sahel 

rainfall is another factor that might have contributed to the spread of S. senilis in Banc d’Arguin. 
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Senilia sp. population dynamics are known to be controlled to a large extent by the rainfall and has 

been used to infer past precipitation records (Azzoug et al., 2012; Brockwell et al., 2013; Mirzaei & 

Shau Hwai, 2016). It is therefore likely that the decrease in dust storms and the increase in rays 

overfishing over the last three decades led to the observed seagrass-Senilia dynamics in Banc 

d’Arguin (Chapter 2). 

Seagrass and Senilia are two system-scale ecosystem engineers that seem to compete for space 

on Banc d’Arguin intertidal flats. Seagrass limits are set by desiccation higher on the gradient while 

Senilia lower gradient is set by predation (Fig. 7.1). Senilia forms densely populated flats which will 

most likely outcompete Dosinia sp. and polychaete worms. At the same time increasing seagrass 

cover creates anoxic conditions which benefit Loripes on behalf of Dosinia and polychaete worms.  

The observed increase in small bivalves, especially Loripes orbiculatus and Abra alba (chapter 

2) will have significant effects on specialised molluscivores such as red knots Calidris canutus 

canutus, as Loripes is toxic when exceeding certain thresholds in the diet (Oudman et al., 2015). Also 

the steep decrease in secondary production may put more pressure on the shorebirds wintering in the 

area as they are already living on little food. The historical (1986) P/B estimation is four times higher 

than the more recent (2014) estimation (Chapter 2). These points will be further discussed in the 

section dealing with waterbirds population dynamics (see below). 

 

Figure 7.2. Preliminary results showing dietary contribution of various prey items to the diet of bull 

ray (Pteromylaeus bovinus) in Banc d’Arguin computed by Stable Isotope Analysis in R (SIAR) 

mixing model. Greyscale (from light to dark) indicates 95, 75 and 25% confidence intervals, 

respectively. Bull ray specimens (n = 13) were collected from different villages in Banc d’Arguin, 

while prey items (Uca, n = 9; Senilia, n = 8; Callinectes, n = 11) were collected from Iwik region.   
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Resilience of the Banc d’Arguin seagrass 

In chapter 3 we showed that: (1) hydrodynamic gradients were strongly associated with the nutrient-

status and stability of seagrass beds, with increasing nutrient limitation and stability at higher levels of 

wave energy; (2) the magnitude effect of fertilisation on seagrass varied tremendously across the 

wave-exposure, with the most exposed site being the most sensitive to biomass loss due to fertilisation 

and the sheltered one the least. The results also suggest that (3) the intertidal seagrass beds of Banc 

d’Arguin are N-limited to a large extent.  

The hydrodynamic forces appear to create more favourable oligotrophic condition for seagrass 

in the northern and more exposed meadows, while the sheltered meadows receive large amounts of 

rich fine-sediment with tidal movements, which result in less favourable conditions (burial and 

nutrient-rich sediments). The more exposed and stable meadows, however, appeared sensitive to N-

addition, suggesting that these meadows are likely to die-off if exposed to nutrient overloads. In the 

siltier and sheltered meadows large-scale seagrass die-off events (de Fouw et al., 2016a) were 

attributed to a combination of sulphide toxicity and desiccation. We identified nutrient overload as a 

potential for seagrass die-off in the more sandier and exposed sites through ammonium toxicity 

(Santamaría et al., 1994; van Katwijk et al., 1997; Brun et al., 2002; Govers et al., 2014a). Although 

there is no evidence that the Banc d’Arguin intertidal system is fuelled by the active upwelling of Cap 

Blanc (Sevrin-Reyssac, 1993), an episodic overflow of nutrients may well hit the northern exposed 

meadows (Carlier et al., 2015), causing a die-off to seagrass beds. Large-scale seagrass die-offs are 

likely to cause a shift in benthic assemblages (Honkoop et al., 2008) and affect waterbirds and fish 

communities of the area.  

 Seagrass die-off events are often followed by an alternative stable state that can be difficult to 

reverse (van der Heide et al., 2007). Different indicators have been suggested to predict critical 

thresholds before regime shifts, including ‘critical slowing down’ in responses to adverse 

environmental conditions (van Nes & Scheffer, 2007; Dakos et al., 2011; van Belzen et al., 2017). In 

chapter 4, we empirically provided evidence for a critical slowing down response in Z. noltii along a 

desiccation gradient at the southern edge of its range (Fig. 7.3). We reveal that at Banc d’Arguin Z. 

noltii has a low capacity to recover after die-off events, providing a clear sign that these meadows are 

on the verge of tipping points especially higher on the intertidal gradient. We also experimentally 

illustrated that the recovery was perturbation size-dependent. We thus identify perturbation size as a 

new dimension that should be considered for future critical slowing down assessments. Assessing 

critical slowing down along intertidal elevation may provide a good indication of vulnerability of 

seagrass to desiccation stress and extreme weather events due to global warming. At Banc d’Arguin, 
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the slowing down along the elevational gradient is likely to manifest itself in an elevation-related loss 

of resilience and a decreasing capacity of the higher intertidal flats to withstand disturbances (Fig. 

7.3). It is important to determine the effect of die-off events on Loripes, Dosinia, and Senilia 

dynamics and how is that going to affect the consumers especially shorebirds? 

 

Figure 7.3. Seagrass recovery chance with increasing elevation (desiccation) and disturbance size. 

Small disturbances lower on the gradients are expected to recover relatively quickly while large 

disturbances higher on the intertidal gradient could shift to an alternative bare stable state. Model 

representation was inspired by (van Katwijk et al., 2016).  

 

The Banc d’Arguin as a sentinel system along the East Atlantic Flyway 

Intertidal systems along the East Atlantic Flyway suffer from various human disturbances including 

eutrophication, overexploitation, and habitat destructions (Lotze, 2005; Lotze et al., 2005; Eriksson et 

al., 2010; Boere & Piersma, 2012). Waterbird populations along this flyway are also declining at 

concerning rates (van Roomen et al., 2012, 2015). These habitat loss and population declines have 

altered many ecological interactions that are important for the functioning of these systems and their 

resilience. In chapter 5 we empirically demonstrated that the mosaics of Banc d’Arguin are the result 

of three-way biogeomorphic engineering loops between flamingos, crabs, biofilms and 

hydrodynamics. This feedback loop can be considered as the first marine example of ecological 

autocatalytic loop (Veldhuis et al., 2018). Here, flamingos and crabs on one side and biofilms on the 

other mutually promote resource recycling and productivity. Our study on this biofilm-engineering 

network gives empirical support for interspecific engineering at large-scales, with consequences for 

several other species. For example, depressions of the mosaics provided thermodynamically 
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favourable microhabitat for waders during both the chill of winter and the warmth of summer. This 

chapter highlights that many important ecological feedbacks occur only in pristine environment where 

human disturbances are limited.  

 In chapter 6 we documented a change in the waterbird community at Banc d’Arguin between 

1980 and 2017. This change is characterised by a decrease in the species which are dependent on the 

intertidal flats and a general increase in subtidal dependent ones. We reported declines in a few iconic 

shorebird species (red knots, bar-tailed godwit) with no increases in others that could fill the niche 

(dunlin). The observed contrasts between Palearctic (shorebirds) and Afrotropical (fish-eating) 

migrants are likely caused by different mechanisms. For shorebirds, if causes of the decline lie within 

Banc d’Arguin, it is likely due to changes in food availability. Seagrass cover is known to affect the 

benthic assemblage in the area (Honkoop et al., 2008), and thus seagrass dynamics are likely to affect 

shorebirds through a cascade effect on benthic community structure. In chapter 2 we found that a 

major shift in benthic community and a decline in secondary productivity occurred in response to 

increasing seagrass cover over the last decades. The loss of Dosinia and the increase of the toxic 

Loripes affects the survival of the molluscivore red knots (van Gils et al., 2013). Bar-tailed godwits 

are specialised vermivores (i.e. they eat polychaete worms, see Duijns et al., 2013), and their decline 

at Banc d’Arguin correlates with a loss of polychaetes (chapter 2). 

The causes of shorebird declines, however, may also lie in other areas along the Flyway. 

Research on red knots and bar-tailed godwits has shown that climate change in the Arctic region 

negatively affects their survival, and is likely to cause population declines (van Gils et al. 2016, 

Rakhimberdiev et al. revised ms.). Other prime suspects are habitat degradation and shellfish fisheries 

at staging sites along the flyway (Dias et al., 2006; Catry et al., 2011; van Roomen et al., 2012). It has 

been estimated, for instance, that in the 1990s red knots lost 86% of its suitable foraging area in the 

Wadden Sea (Kraan et al., 2010), the prime staging site between the breeding and wintering grounds.  

For fish-eating birds, if causes of the observed change lie within Banc d’Arguin, they are also 

likely due to food web alteration. The effect of the ongoing overfishing of top predators (ray and 

sharks) on prey availabilities of seabirds is unclear. The commercial fishing activities often threaten 

large-bodied fish species disproportionately (Friedlander & DeMartini, 2002; Olden et al., 2007) and 

may lead to a an increase in small-bodied fish. The elimination of top predators like rays and sharks 

can cascade into species occurring in the lower trophic by releasing them from predatory control 

(Friedlander & DeMartini, 2002; Worm & Myers, 2003; Myers et al., 2007; Olden et al., 2007). 

Piscivorous birds in Banc d’Arguin may have profited from the removal of the top predators as well as 

the large-bodied fish species. As different fish-eating species eat different fish (Veen et al., 2018) the 
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details of the causation will be different for each species. This calls for more targeted research on the 

bottlenecks for piscivorous birds.  

The apparent increase in Afrotropical species might have been the result of changes that 

happened outside Banc d’Arguin. For instance, the Senegal delta 500 km to the south has experienced 

major ecological and hydrological changes over the last three decades (Triplet & Yésou, 2000), which 

might have destroyed important feeding habitats for waterbirds. The offshore of the area has also been 

subjected to severe overfishing over the last few decades (Laurans et al., 2004), which will probably 

affect the food availability of seabirds. These pronounce changes in habitats and food availability 

might have pushed the more southern seabird populations to seek shelter and food in Banc d’Arguin.  
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