
 

 

 University of Groningen

Beds of grass at Banc d’Arguin, Mauritania
El-Hacen, El-Hacen Mohamed

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2019

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
El-Hacen, E-H. M. (2019). Beds of grass at Banc d’Arguin, Mauritania: Ecosystem infrastructures
underlying avian richness along the East Atlantic Flyway. [Thesis fully internal (DIV), University of
Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/4c38ecf5-c64a-4001-b6bc-13d02c6151e0


18 

 



19 

 

Chapter 2: Dramatic correlated changes in seagrass cover, benthic community 

composition and secondary productivity at Banc d’Arguin, the premier coastal 

wetland along the East Atlantic Flyway  

 

Chapitre 2. Changements considérables et corrélés entre couverture en herbier, 

composition de la communauté benthique et productivité secondaire du Banc 

d’Arguin, le premier milieu humide côtier au long du corridor de migration Est-

Atlantique 

 

El-Hacen M. El-Hacen, Han Olff, Mohamed A. Sidi Cheikh, Tjeerd J. Bouma, and 

Theunis Piersma 

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

 ملخص

تلعب التركيبة الهيكلية لحيوانات القاع في المناطق المدية دورا محوريا على مسار هجرات الطيور واالسماك  

العالمية، وإن انحسار وفقدان العديد من الموائل الساحلية والمهمة لهذه الحيوانات المهاجرة يتطلب منا فهما أعمق 

جودة هذه الموائل، وخاصة الموائل التي مازالت بكرا وطبيعية مية في وسومألسباب وأنماط التغيرات البيئية ال

تعد عنصرا رئيسيا على خط الهجرة الشرق  والتي حات المدية لحوض آرغين في موريتانياطالمس مثللحد كبير 

 غيرالل الغعلى الرغم من خضوعها لبرنامج حماية فريد وبطبيعتها الجغرافية المعزولة وغياب االست أطلسي.

لمواردها فقد ثبت لدينا من خالل هذه الدراسة حصول تغير دراماتيكي في هيكلة حيوانات القاع خالل معقلن 

28ال هذا التغير طويل األمد تم تقييمه من خالل مقارنة بين جرد استقصائي تم إجراءه سنة  سنة األخيرة.  1986 

2014وآخر حديث تم إجراءه  الحيوانات تحولت من مجموعات  هذه ةتشكيلالهيكلة في واتضح من خالله ان  

نتج عنه انخفاض كبير في  والذيالبحرية  واالصداف  تسودها الديدان الحلقية إلى أخرى تسودها القواقع

االنتاجية الثانوية القاعية، هذا االنخفاض يمكنه أن يفسر لحد ما االنخفاض المالحظ لبعض الطيور المهاجرة 

وفي األخير فقد  السلطانية مخططة الذيل. ةة في تغذيتها كطائر البقويقخاصة منها التي تفضل الديدان البحري

سبب وراء هذا التغير مرتبط بتغير في األنظمة المناخية )جفاف الساحل( أو ناتج عن الناقشنا ما إذا كان 

  الل البشري والتدخل في النظم البيئة.غاالست
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Résumé  

Les communautés benthiques des écosystèmes intertidaux à sédiments meubles ont 

un rôle crucial dans les routes de migrations des oiseaux et des poissons à l’échelle 

globale. L’actuel déclin des habitats côtiers pour ces migrants appelle à une bonne 

compréhension des modalités et des causes de la variabilité temporelle en qualité de 

l’habitat, ainsi qu’à une plus grande préservation des composantes des routes de 

migration. Les vasières intertidales du Banc d’Arguin, en Mauritanie, sont une 

composante clé du corridor de migration Est-Atlantique, au long des côtes d’Afrique 

de l’Ouest. En dépit de son statut protégé, de son isolement géographique et de 

l’apparente rareté des exploitations humaines, nous rapportons ici des changements 

considérables de la macrofaune benthique au long d’une période de 28 ans. Le 

changement à long terme a été évalué en comparant deux analyses benthiques à large 

échelle, l’une historique (1986) et l’autre plus récente (2014). La structure de la 

communauté s’est modifiée vers une domination complète des bivalves et une perte 

des vers polychètes. Ceci a été accompagné par un accroissement de la couverture en 

herbier par un facteur deux, les herbiers semblant favoriser les bivalves au détriment 

des polychètes. Cette transition au niveau de la communauté a résulté en une 

diminution significative de la production secondaire benthique. Ceci pourrait 

expliquer pourquoi certains oiseaux marins, en particulier la Barge rousse, qui se 

nourrit principalement de polychètes, ont vu leurs populations décliner à un rythme 

soutenu. Nous discutons les possibilités que ce changement soit dû à un changement 

du régime climatique (la sécheresse au Sahel) ou à l’impact direct des activités 

humaines sur cet écosystème relativement vierge. 

 

Abstract  

The benthic communities of soft-sediment intertidal ecosystems play a crucial role in 

the global flyways of birds and the swimways of fish. The ongoing decline of coastal 
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habitats for these migrants calls for good understanding of the patterns and causes of 

temporal variability in habitat quality, also for more pristine components of flyways. 

The intertidal mudflats of Banc d’Arguin, Mauritania, are a key component of the 

East Atlantic Flyway along the coast of West-Africa. Despite its protected status, 

geographical remoteness and seemingly light human exploitations we here show 

dramatic changes in the benthic macrofauna over a period of 28 years. The long-term 

change was evaluated by comparing a historical (1986) and recent (2014) large-scale 

benthic survey. The community structure changed towards one fully dominated by 

bivalves with a loss of polychaete worms. This was associated by a twofold increase 

in the seagrass cover, with seagrasses seemingly favouring bivalves over polychaetes. 

This community shift resulted in a significant decrease in benthic secondary 

production. This would explain why some migratory shorebirds, especially the 

polychaete-eating bar-tailed godwits, have shown steady declines. We discuss if this 

change is best explained by a changed climatic regime (end of the Sahel Drought) or 

by direct human impacts on this relatively pristine ecosystem.     

Introduction 

Regrettably the world has lost 64–71% of its wetland habitats since 1900 AD due to 

human development and activities (Davidson, 2014). As a result, hemispheric and 

more spatially limited seasonal migrants have to rely on the 30% remaining habitats 

for their survival. Among the most affected migrants are the long-distance migratory 

shorebirds that recently suffered tremendous declines across the world (Conklin et al., 

2014; van Roomen et al., 2015; Piersma et al., 2016; Senner et al., 2016). The cause 

of these declines has been mostly attributed to habitat reclamation and modification 

(Ma et al., 2014; Senner et al., 2016), which affects food supplies in these important 

feeding habitats. Food supply is perhaps the key driver of shorebirds habitat choice 

and survival (Piersma, 2012). Effective conservation plans of shorebirds require an 

urgent identification of the factors that might affect their food supply in key sites 

along the Flyways. 
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In addition to direct human impacts, the habitat suitability of coastal wetlands 

is expected to vary also due to other causes, such as catastrophic storm events, long-

term climatic cycles, and internal species-environment feedbacks. These effects may 

result from natural climatic variability or may be strengthened or damped in their 

effect by human-driven climate change. The current global loss of natural habitat can 

make migrant shorebirds more sensitive to such temporal variability in habitat 

suitability, especially in regions where few alternative habitats have disappeared. 

Habitat loss thus may have removed redundancies in the global Flyways, increasing 

sensitivity to natural variability in habitat quality. Quantifying this effect requires 

better quantification of the patterns and causes of temporal habitat suitability, not 

only in human-dominated but also in more pristine coastal ecosystems along 

Flyways.  

The Parc National du Banc d’Arguin, Mauritania is such a key wintering and 

staging area for shorebirds along the East Atlantic Flyway (Altenburg et al., 1983; 

Wolff & Smit, 1990; Delany et al., 2009). It is by far the largest, most important 

wintering and stopover site along the Sahara coast. The discovery of a discrepancy 

between the large number of shorebirds (Altenburg et al., 1982), and the low stocks 

of benthic prey (Piersma, 1982; Wolff et al., 1993a) has been a reason for continued 

observation and concern as the number of some wintering shorebird species at Banc 

d’Arguin has shown serious declines (Delaney et al. 2009; van Roomen et al. 2015, 

Rakhimberdiev et al. "in press"; chapter 6). At Banc d’Arguin human disturbance is 

still rather limited, but one of the key ecosystem engineers, Zostera noltii, has shown 

tremendous variations in cover at the landscape-scale, potentially related to climate 

variability (Sidi Cheikh et al. “in prep”). The presence or absence of seagrasses is 

strongly associated with the community of the microbenthic invertebrates that serve 

as food for birds (Honkoop et al., 2008; van Gils et al., 2012, 2016).  

Rainfall in the Sahel and Sahara West Africa is well-known for its many-

decadal cycles. Between 1970 and 1995 the regions went through a severe drought 
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cycle (the ‘great drought’), with rainfall reaching the lowest levels in 1984 (Hoerling 

et al., 2006). This led to the expansion of the Sahara desert (defined as the region with 

<100 mm rainfall/year) southwards in this same period (Hoerling et al., 2006). Only 

by the year 2005, this geographical limit had returned by its location in 1965 

(Hoerling et al., 2006). This expansion of the Sahara desert due to drought has had 

large implications for the westward dust transport, with impacts even notable in the 

Caribbean (Hoerling et al., 2006). A large impact on the coastal wetlands of West 

Africa of this dust is therefore likely, but this is rarely studied. The recent (short) 

2011 drought in northern Africa has been shown in a previous study to lead to 

extensive landscape-scale mortality of seagrasses in this system (de Fouw et al., 

2016a), with likely large implications of their associated benthic fauna, and thus also 

on shorebirds that feed on them. In the ‘great drought’ this likely was amplified by 

dust imports, leading to additional seagrass die-offs and associated benthic 

community change.  

For migrant shorebirds, shifts in benthic community composition associated 

with seagrass change may not necessary be negative and likely to be species-specific. 

For instant, the three most common shorebird species in Banc d’Arguin the red knot 

(Calidris canutus canutus), bar-tailed godwit (Limosa lapponica lapponica), and 

dunlin (Calidris alpina) are expected to respond differently to seagrass change 

depending on whether their preferred food items as worms and small bivalves are 

positively or negatively associated with seagrass abundance. Despite that the red knot 

is the most studied shorebird species along the East Atlantic Flyway, it is not a clear 

cut how seagrass cover change might affect its population. Red knot is a specialised 

molluscivorous feeding mostly in soft sediment on bivalves (Piersma, 2007) using a 

sensory system in its bill to detect buried prey items (Piersma, 2007). In the one hand, 

it has been shown that red knot prey searching efficiency and food intake to decrease 

with increasing seagrass cover and belowground complexity, which intervene with its 

detecting mechanism (de Fouw et al., 2016b). On the other hand, bivalves availability 

will increase with increasing seagrass cover (Honkoop et al., 2008). Yet not all 
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bivalve increasing densities will be beneficial for red knots as some species are toxic 

when exceeding certain thresholds in their diet (van Gils et al., 2005, 2013). Bar-

tailed godwit are expected to suffer from seagrass increase as their main food sources, 

polychaete worms (Perez-Hurtado et al., 1997; Scheiffarth, 2001; Duijns et al., 2013), 

are expected to decrease with increasing seagrass cover (Honkoop et al., 2008). 

Finally, dunlin appeared a generalist than feed on a wide range of items including 

polychaete, bivalves, and crustaceans (Perez-Hurtado et al., 1997; Iwamatsu et al., 

2007; Lourenço et al., 2016). Thus it is likely to be the least affected of the three 

species with seagrass cover change.  

Here we show and discuss dramatic changes in benthic macrofauna and 

seagrass cover in the Banc d’Arguin ecosystem between 1986 (Wolff et al., 1993a) 

and 2014 large-scale benthic surveys and satellite images of seagrass cover. We 

discuss if the Sahel drought and associated dust inputs may have been responsible for 

these changes.  

Study system and methods 

The study was conducted at Parc National du Banc d’Arguin, Mauritania (Fig. 2.1). 

Banc d’Arguin intertidal flats stretches over 500 km
2
, in which 80% are covered with 

seagrasses notably Zostera noltii (Altenburg et al., 1983; Wolff & Smit, 1990). The 

area borders the Sahara far from urban settlements and it is no longer affected by 

rivers (Wolff et al., 1993b) nor by human-waste discharges. The exploitation of the 

resources (mainly fishing) within the Park boundaries is restricted to the ‘Imraguen’ 

fishermen community, but only with the use of traditional fishing techniques.  

Macrofauna Surveys 

Based on the surveys by W.J. Wolff and associates in spring 1986 (see Wolff et al. 

1993; Wijnsma et al. 1999) and our own surveys in spring 2014 we evaluate the 

changes in macrofauna benthic community structure. The first survey (hereafter, 

historical) provided a baseline to the macrofaunal community structure of the area. 
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The second survey (hereafter, recent) was performed during the same time of the year 

(Jan-Apr) and covered the same geographical locations of the historical survey to 

reduce seasonal and spatial variabilities. A total of 60 historical stations and 40 recent 

stations were judged comparable considering the geographical approximation (Fig. 

2.1a) and the tidal level, and therefore used for the community change comparison. In 

the historical survey five cores (10 cm diameter, to a depth of 30 cm) were collected, 

pooled together (Wolff et al., 1993a), and sieved through a 0.6-mm mesh to represent 

a sampled station. In the recent survey two larger cores (15 cm in diameters, to a 

depth of 30 cm) were collected, pooled together, and sieved through 1-mm mesh to 

represent a sampling station.  

 

Figure 2.1. (a) Map of sample locations in the core intertidal flats of Banc d’Arguin, 

Mauritania. Samples were collected over two surveys, indicated by open symbols for 

1986 and by black dots for 2014 survey. Highlighted places indicate data logger 

locations. Dark grey shows intertidal flats, light grey depicts the sea, and the white 

represents the land. (b) and (c) show normalised difference vegetation index (NDVI) 

values of Jan-1986 and Nov-2014, respectively. Maps were created in Esri ArcMap 

10.4 (http://desktop.arcgis.com/en/arcmap/) based on Landsat imagery (NASA, 

scenes of January 12, 1985 and November 12, 2014) provided by USGS (NASA 

Landsat Program, 2016) at: http://earthexplorer.usgs.gov/.  

http://desktop.arcgis.com/en/arcmap/
http://earthexplorer.usgs.gov/
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To account for the lack of habitat description of the historical survey, the two cores of 

the recent survey were collected along an elevation gradient to cover the most 

prevailing habitat types (low, mostly dense seagrass vs. high, mostly sparse seagrass 

or bare sediment). Samples of both surveys were sorted, counted, preserved (5% 

formalin), and later processed in the laboratory (identification, weight, secondary 

production) in a similar way. Ash-free dry mass (AFDM) was measured for each 

species by drying to a constant weight at 60 °C for at least two days and then 

incinerated at 560 °C for 2 hours. 

Estimates of secondary production 

The annual macrofaunal somatic productivity (production/biomass: P/B, yr
-1

) and 

secondary production (P, KJ m
-2

 yr
-1

) were estimated for each taxa at each station of 

the historical and recent surveys using a recent empirical artificial neural network 

model. The model is implemented in Excel spreadsheets and is freely available via 

http://www.thomas-brey.de/science/virtualhandbook/. The model estimates of P/B 

take into consideration species’ taxonomical group, biomass (KJ), mobility and its 

feeding guild as well as the main environmental variables (water temperature and 

depth) that are known to affect benthic productivity. Prior P/B estimates, individual 

biomass (AFDM) was converted into energy content (KJ) using established 

conversion factors (Brey et al., 2010), which is also freely available as an Excel 

spreadsheet (v. 04-2012). Water temperature is recognised as the most important 

environmental condition affecting the productivity of benthos and thus was measured 

at the landscape scale. Five tide-loggers (ReefNet, Sensus Ultra, Canada) equipped 

with temperature-sensor were established around the island of Tidra (Fig. 2.1a) to 

monitor the temperature over 2015. The temperature of the five loggers showed no 

significant differences and hence their annual average (23.9 °C) was fed to the model 

to avoid bias toward certain seasons. Production of each taxon (Polychaeta, Mollusca, 

and Crustacea) per station was then estimated from multiplying P/B by the biomass of 

http://www.thomas-brey.de/science/virtualhandbook/
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the respective taxon, and the total P for each station was computed as the sum of all 

its taxa productivity. 

Seagrass cover change: NDVI calculation 

To investigate whether seagrass cover change corresponded with variation in 

macrofaunal community change, historical and recent normalised difference 

vegetation index (NDVI) values were computed for 3600 m
2
 buffer around each 

station. This buffer was large enough (4 pixels) to capture the errors resulting from 

the accuracy of the points yet small enough to maintain the average habitat type 

around the sampling points. NDVIs were calculated in Esri Geographic Information 

System (ArcMap 10.4) from 30 m spatial resolution Landsat images (scenes: 

12/Jan/1985, Jan-1987, Oct-2013, and 12/Nov/2014) provided by USGS (NASA 

Landsat Program, 2016) at: http://earthexplorer.usgs.gov/. Selected scenes had little 

cloud cover (< 0.5%) and were subjected to an atmospheric correction following 

(Vuolo et al., 2015; Young et al., 2017) prior NDVI calculation.  

Benthic community structure and environmental descriptors 

The correlative relationships between the benthic community structure and the most 

prevailing biophysical factors of the area were assessed during the recent survey as 

follow. At each sampling point, a 15-cm diameter core and two 35.34 cm
-3

 volumetric 

syringes were collected to characterise seagrass and sediment properties, respectively. 

Seagrass below- and aboveground dry biomasses (dried until constant weight at 70°C 

for 48 h) were determined per core. Leaf and internode (first ten rhizomes) lengths 

were measured on three fresh intact shoot-rhizomes. Leaf area (LA) was estimated on 

photos taken from the intact shoots with the freely available ImageJ software. 

Seagrass percentage cover of each sampling point was visually estimated with the aid 

of a 10 x 10 cm grid. Seagrass carbon (%C) and nitrogen (%N) contents were 

determined from dried and grinded leaf material with an elemental analyser (Type 

NA 1500 Carlo Erbo Termo Fisher Science, USA), coupled to a spectrometer 

http://earthexplorer.usgs.gov/
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(Thermo Finnigan Delta Plus, USA). Total phosphorus (%P), iron (‰ Fe), and 

aluminium (%Al) in leaf tissue was measured on an inductivity-coupled-plasma 

emission spectrophotometer (ICP) (Spectroflame, Spectro Inc), after digestion of 

dried material with nitric acid and hydrogen peroxide. Sediment characteristics such 

as median grain size (D50) and organic matter content (OM, loss of ignition at 500 

ºC) were determined for each sampling point. Sediment redox potential was measured 

at 5-cm depth using five Pt electrodes and one HgCl/KCl reference electrode 

connected to a GL220 Data logger (Graphtec GB Ltd., Wexham, UK). The readings 

were averaged and calibrated using a known standard hydrogen electrode. Wave 

exposure at each site was calculated with the open source software Wave Exposure 

Model (WEMo, Malhotra & Fonseca 2007) developed by NOAA and is implemented 

in ESRI ArcGIS 9.3. WEMo incorporates bathymetry, wind, fetch lengths, and 

shoreline morphology to calculate relative wave energy (J m
-1

).  

Statistical analyses  

Differences in taxon’ density and biomass, secondary production (P), and 

productivity (P/B) between the historical and recent surveys were tested with t-tests. 

Mann-Whitney U tests were used to test for differences in NDVI between the two 

surveys. The relationships between seagrass cover (NDVI) and the density of the 

different benthic taxa in both surveys were assessed with linear regressions. To meet 

normality assumptions biomass, P, and P/B data were log transformed, whereas 

density data were square-root transformed.  

 Biophysical (seagrass traits, sediment characteristics, and wave exposure) 

variables that were measured during the recent survey were analysed simultaneously 

to identify which were important in affecting the benthic composition at the 

landscape-scale. Conditional Inference Tree (CIT) an extension of ‘random forest’ 

approach (Breiman, 2001) was used to reduce the number of predictors and identify 

the most important factors influencing the benthic community composition. CIT is a 

machine learning technique that identifies best predictors in a suite of potentially 
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informative variables that may interact hierarchically (Olden et al., 2008). 

Conditional inference trees do not require additional pruning, allow for non-linear 

relationships, could handle continuous and categorical variables, and are not 

invalidated by multicollinearity (De’ath & Fabricius, 2000; Quinn & Keough, 2002; 

Olden et al., 2008). The explanatory variables used for CIT analysis include taxon 

abundance, seagrass cover, leaf %N, leaf %P, seagrass above-to-belowground 

biomass, leaf length, internode length, relative wave energy, sediment organic matter 

content, and sediment median grain size. The CIT was constructed in the R package 

‘party’ (Hothorn et al., 2015) and visualised with the package ‘partykit’ (Zeileis & 

Hothorn, 2014). The outcomes of the analysis (Appendix 2, Fig. S2.1) identified 

seagrass traits (cover, internode length, and leaf %N) as the most influential 

environmental factors, thus were subjected to further analysis. Bray-Curtis index of 

dissimilarity matrix (Hellinger transformed data) was computed to examine patterns 

in species and taxon compositions along seagrass cover gradient. Dissimilarities were 

visualised with a non-metric multidimensional scaling (nMDS) in ‘vegan’ package 

(Oksanen et al., 2016). Following the NMDS ordination, the function ‘envfit’ in 

‘vegan’ was used to determine relationships between species and taxon composition 

and seagrass cover. CIT and nMDS were computed at the sampling core level to 

increase its power and confidence. In total and from the 80 samples collected along 

an elevation gradient during the recent survey, 66 cores were used in these analyses 

and the other 14 cores were excluded as they were collected within close proximity (< 

150 m) from another core and thus could be consider as identical replicates. All 

statistical analyses were performed in R software (version 3.4.3, R Development Core 

Team 2017).  

Results 

Seagrass cover and benthic densities: historical and recent comparison 

Across the study area, there was a significant increase in NDVI between 1986 (mean 

0.3 ± 0.01 se, Fig. 2.1b) and 2014 (mean 0.39 ± 0.01 se, Fig. 2.1c), with the latter 
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values scoring higher than the 1980s values (t (201) = -3.75, P < 0.001). NDVI 

change (2014-1986) was significantly predicted by northing position (Fig. S2.2a, p < 

0.01) but not the easting (Fig. S2.2b, P = 0.5). NDVI significantly predicted Bivalvia 

densities for the historical (Fig. S2.3a, P < 0.01) and recent surveys (Fig. S2.3b, P < 

0.01). NDVI did not significantly predict Gastropoda densities neither for the 

historical survey (Fig. S2.3c, P > 0.05) nor for the recent one (Fig. S2.3d, P > 0.05). 

Polychaeta densities, on the other hand, were only significantly predicted by NDVI in 

the historical (Fig. S2.3e, P < 0.05) survey but not the recent one (Fig. S2.3f, P > 

0.05).  

Linking macrofauna community structure to environmental gradients: recent survey 

The variables most strongly associated with macrobenthic total abundance in 

conditional inference trees (CIT) model were seagrass rhizome internode length, leaf 

%N, and seagrass cover (Fig. S2.1). Differences in taxon composition along seagrass 

cover gradients were adequately represented by a two-dimensional NMDS ordination 

(stress = 0.1). Seagrass cover gradient were significantly correlated with species 

composition in NMDS space (Fig. 2.2a). Common species tended to group in few 

clusters in ordination space: (1) a few species occupying only very dense seagrass 

beds (Telina sp., Nassarius sp.); (2) a larger group of species present in more 

intermediate cover (Abra sp., Loripes orbiculatus, Prunum amygdala, Diplodonta 

diaphana, and Mesalia sp); (3) a group of species in more sparse seagrass habitats 

(Dosinia isocardia, Isopoda, Annelida, and Bulla adansoni); and (4) one species 

associated mostly with bare habitat (Senilia senilis). Taxa clustering showed less 

overlap with Bivalvia, Malacostraca, and Gastropoda occupying denser seagrass beds 

compared to Polychaeta that was associated mainly with sparse habitats (Fig. 2.2b). 

Benthic community structure and production: historical and recent comparison 

In the recent survey, Mollusca (without the bloody cockle Senilia senilis) and 

Annelida were the most frequent (approximately 80.5 and 11.5% of the total density 
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and 78 and 16% of total biomass, respectively), with Loripes orbiculatus, Abra sp., 

Annelid worms, and Dosinia isocardia accounting for more than 92 % of the total 

density and 94% of the total AFDM. 

 

Figure 2.2. NMDS ordinations showing the Bray–Curtis dissimilarity scores of the 

most important (a) benthic community species and (b) benthic taxa composition 

showing the distribution of samples along seagrass cover gradients.  

 

Bivalvia density and biomass were significantly higher in the recent survey than in 

the historical one (density: Fig. 2.3a, t (98) = -7.58, P < 0.001; biomass: Fig. 2.3b, t 

(98) = -4.23, P < 0.001). Gastropoda density and biomass were significantly lower in 

the recent survey than in the historical one (density: Fig. 2.3a, t (98) = 4.12, P < 

0.001; biomass: Fig. 2.3b, t (98) = 2.42, P = 0.02). Polychaeta density and biomass 

were also significantly lower in the recent survey than in the historical one (density: 

Fig. 2.3a, t (98) = 7.88, P < 0.001; biomass: Fig. 2.3b, t (98) = 3.6, P < 0.001). Both 

secondary production (P) and productivity (P/B) were significantly lower in the 

recent survey than in the historical one (P: Fig. 2.3c, t (98) = 4.5, P < 0.001; P/B: Fig. 

2.3d, t (98) = 8.72, P < 0.001).  
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Figure 2.3. Comparisons of the mean (± standard error) biomass (a), density (b), 

secondary production (c), and production-to-biomass ratio (d) of the most important 

benthic taxa found in two sampling periods (historical:1986 and recent: 2014). The 

African bloody cockle Senilia senilis was not included in the analyses. Comparisons 

between the two periods were performed using t-test (Significant difference levels, ns 

= P >0.05, *= P <0.05, ** = P <0.01, and *** = P <0.001).  

 

Discussion 

The aim of this study was to (1) assess the potential environmental drivers of benthic 

community structure at Banc d’Arguin intertidal flats, (2) compare benthic structure 

(biomass, species composition) between historical (1986) and recent (2014) large-

scale surveys, and (3) quantify the historical and recent production-to-biomass (P/B) 

of the area. Furthermore discuss the implication of the outcomes on the shorebirds 

population dynamics. Here, we found compiling evidence of a large-scale increase in 
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seagrass cover over the last decades in Banc d’Arguin intertidal flats. This seagrass 

cover increase resulted in a major shift in benthic community from polychaete to 

bivalves dominated system. Moreover, a substantial decline in benthic secondary 

production arose from this community shift, which might have severe consequence 

on benthic consumers especially shorebirds. Our results can be incorporated with 

existing data on shorebirds population in the study area (chapter 6) to gain 

mechanistic insight into the drivers of their dynamic in one of the key wintering and 

staging sites along the East Atlantic flyway. 

Linking macrofauna community structure to environmental gradients: recent surveys 

While seagrass meadows are declining at an alarming rate worldwide (Orth et al., 

2006; Waycott et al., 2009), intertidal flats of Banc d’Arguin experienced a 

substantial increase in seagrass cover over the last three decades (Fig. 2.1). This 

increase in seagrass cover cannot be explained by local human activities and is likely 

due to external environmental changes. The most pronounce environmental change in 

the region is the prolonged drought of the 1970s and 1980s, the Sahelian drought, that 

the area experienced and caused tremendous loss to biodiversity and vegetation cover 

(Niang et al., 2008; Zwarts et al., 2018). As a consequence atmospheric conditions 

also experienced major changes, e.g. the frequency and intensity of the dust storms 

increased remarkably during the peak of the drought years (Goudie & Middleton, 

1992; Prospero & Lamb, 2003). Dust storms affect sediment dynamic, which is a key 

player in seagrass stability and resilience (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 could well be that the seagrass beds in Banc d’Arguin 

experienced severe die-back during the Sahel drought years as a result of increasing 

dust storms and sediment deposition. Over the years, the northern part of the study 

area appears to have gained more seagrass compared to the southern intertidal flats 

(Fig. S.2.2), suggesting that the sediment dynamic is indeed a prime suspect of the 



34 

 

observed seagrass patterns. The northern parts of Banc d’Arguin experience relatively 

strong wave forces that decrease southward (chapter 3), which will wash-out the soft 

sediment from the northern meadows and enhance sediment deposition over the more 

southern meadows. Thus, the observed increase in seagrass cover could be seen as a 

slow recovery to the pre-Sahelian-drought states. Indeed, a recent experimental study 

showed that the Zostera noltii of the area is characterise d by very slow recovery after 

die-off events especially higher on the intertidal gradient (chapter 4).  

Benthic community composition and biomass: historical and recent comparison 

The question whether the seagrass cover change was caused by sediment dynamic 

provoked by the Sahelian drought can only answered with sedimentation archive 

tracing techniques due to the lack of historical observations. The observed benthic 

community shift, however, is likely induced by the increase in seagrass cover. The 

separations in conditional inference trees (CIT) analysis of the benthic abundances 

were only associated with seagrass traits (internode length, leaf %N, and cover). 

Surprisingly, sediment characteristics (OM, grain size; see Cozzoli et al. 2013) did 

not rank among the most influential factors affecting the benthic community 

abundances. This lack of a correlation between benthic diversity and sediment 

heterogeneity is a trend that has been shown before for bivalves in a comparative 

study across many intertidal systems (Compton et al., 2008). Furthermore, our 

multivariate analysis also revealed that the benthic community composition was 

affected by a gradient of seagrass cover. Seagrass cover was previously shown to 

control benthic composition and biomass (Honkoop et al., 2008; Bouma et al., 

2009).The observed benthic shift was characterise d by a loss of polychaete and an 

increase in bivalves. Historically, polychaete were by far the most important taxa in 

term of biomass and diversity (see, Piersma 1982; Gillet 1990; Wolff et al. 1993). In 

the recent survey polychaete, nevertheless, were not abundant compared to molluscs 

across Banc d’Arguin intertidal flats, which is in accordance with the findings of the 

long-term monitoring of Ahmedou Salem et al., (2014) around Iwik peninsula. This 
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shift in benthic assembly is likely to affect the movement and habitat choice of 

shorebirds that are known to have their own prey preferences (Piersma et al., 1993; 

van Gils et al., 2005; Oudman et al., 2016). The increase in total bivalve abundances 

was mainly caused by two species, Loripes orbiculatus and Abra alba. The lucinid 

bivalve Loripes o., the most abundant species, is an important species for the 

functioning of seagrass through their beneficial mutualistic relationship (van der 

Heide et al., 2012; Petersen et al., 2016), is also known to be toxic for shorebirds 

when exceeding certain thresholds in their diet (van Gils et al., 2013). Dosinia 

hepatica is another important bivalve for shorebirds from an energetic and 

palatability viewpoints (Onrust et al., 2013) showed a marked decrease since the 

1980s (Piersma, 1982; Wolff et al., 1993). Recent study found that red knot Calidris 

canutus canutus feed more and more on seagrass rhizomes- a poor quality food- 

because they cannot reach their usual prey items due to a body shrinkage in response 

to global warming (van Gils et al., 2016). This feeding on low quality behaviour 

might have been amplified by the scarcity of preferred prey that are not toxic such as 

polychaete and Dosinia h.  

Benthic secondary production: historical and recent comparison 

The change in benthic composition was accompanied by a considerable reduction in 

secondary production (P/B), four orders of magnitude (Fig. 2.3c, d). Our results 

suggest that this reduction in P/B is not related to a reduction in the total benthic 

biomass in the system (Fig. 2.3a), but rather attributed to an increase in bivalves 

compared to polychaete. P/B ratios are generally low in benthic communities that are 

dominated by large and slow-growing taxa such as molluscs and echinoderms (Mistri 

& Ceccherelli, 1994; Cusson & Bourget, 2005). The P/B values presented here are 

generally in accordance with those estimated along the East Atlantic Flyway with 

various studies showing the P:B ratios to vary from 0.15 to 1.6 y
−1

 (Asmus & Asmus, 

1985; Arias & Drake, 1994; Bolam et al., 2010; Fuhrmann et al., 2015; Degen et al., 

2016; Paar et al., 2016). The intertidal flats of the Portuguese coast, however, seem to 
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score higher P/B (>2 y
−1

) compared to other European mudflats (Sprung, 1994; 

Dolbeth et al., 2003). Thus, our historical P/B values (~2) were among the highest 

along the East Atlantic Flyway, while the recent values ranked among the lowest 

(~0.5). Our P/B estimates underestimate the productivity in Banc d’Arguin as we did 

not take into account the large African bloody cockle Senilia senilis into account, a 

species that is hardly consumed by shorebirds due to its thick shell. However, in view 

of the paucity in P/B data for Banc d’Arguin intertidal systems, previous hypotheses 

such as the riddle of Banc d’Arguin can now be re-evaluated. For example, one of the 

ideas is that the area ought to have high P/B to sustain the large amount of consumers. 

The historical P/B estimation indeed support this hypothesis, but the recent estimation 

of P/B, which is approximately four times lower that the historical estimation, raises 

question whether the idea still hold nowadays, a point with implication for shorebird 

conservation.  

A caveat of the present study, however, is that sampling in both surveys was a 

snap-shot rather than a time-series leaving an important gab about seasonality and 

inter-annual variability at the landscape scale. Although causality between the 

observed benthic changes and environmental variables cannot be directly established 

here, strong indications do support the idea that the observed benthic community shift 

is a response to a gradual increase in seagrass cover. Establishing long-term benthic 

monitoring programs at the landscape-scale should be a priority in order to 

understand better and maybe reverse the decline in shorebirds along the Flyways.  

 In summary, our results demonstrated a benthic community shift from 

polychaete to bivalves dominated intertidal flats, in concordance with increasing 

seagrass cover. This shift resulted in a substantial decrease in the secondary 

production as well as important prey items for shorebirds. These outcomes add 

further concerns to the future of shorebirds along the East Atlantic Flyway; beside the 

loss of habitats the loss of favourable food items appeared to be an important aspect 

that should be taken into account for future conservation and management measures.  
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Appendix 2 

 

 

Figure S2.1. Output of the conditional inference tree characterising the 

environmental factors affecting the total abundance of benthic taxa in the top 30 cm 

of sediments collected in 2014 at the landscape-scale in Banc d’Arguin. Boxed 

numbers indicate the node number. The minimum splitting criterion for all nodes 

displayed in the tree is P < 0.01. Boxplots show abundance values per node. The final 

explanatory variables are cover= seagrass cover, Internode= average rhizomes 

internode length, and TN= % leaves nitrogen content. Each of the split is labelled 

with the variables names and its values that determine the split. 
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Figure S2.2. Relationship between normalised difference vegetation index (NDVI) 

change and the geographical location in Banc d’Arguin intertidal flats. The change is 

calculated as (NDVI of 2014 – NDVI of 1986), positive values indicate an increase in 

cover. 

 

 



39 

 

 

Figure S2.3. Relationships of normalised difference vegetation index (NDVI) and the 

square-root densities of the most important three benthic taxa in Banc d’Arguin 

collected over 1986 (left panels) and 2014 (right panels). African bloody cockle 

Senilia senilis was not included in the analysis.  
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