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ABSTRACT 

Background: The National Park of Banc d’Arguin (PNBA, Mauritania) was 
founded in 1976 to preserve the largest West African wintering area for 
shorebirds. In the face of increasing pressures, the PNBA’s authorities 
have launched an appeal to determine the park’s socio-economic value to 
adjust its management plan better. 

Methods: In this context, we have created an exhaustive inventory of 
known characteristics of bird species present in the PNBA to investigate 
their potential in terms of ecosystem services for local populations. Two 
regulating and supporting services were also valued based on data 
availability: nutrients input and carcasses removal. 

Results: We found that 53% of the 233 bird species associated with the 
PNBA are highly dependent on the park and its coastal and marine 
ecosystems for their life cycle. We were also able to identify services with 
a high potential for the park, such as nutrient cycling and bird-watching. 
We finally valued nutrients input and carcasses removal at € 1.8 to € 133.7 
million/year and € 2900 to € 4800/year, respectively. 

Conclusion: This study highlights the importance of protecting the PNBA’s 
birds beyond the sole ornithological interest behind its creation and 
reinforces the argument about the importance of this protected area in 
terms of conservation. 

KEYWORDS: conservation; protected area management; biodiversity; 
land-sea interface; shorebirds 

INTRODUCTION 

In the current context of environmental change and ecosystem 
degradation [1–3], the importance of protected areas in the conservation 
of these ecosystems and their biodiversity has been now widely 
recognized beyond the aesthetic considerations that almost exclusively 
motivated their creation in the past. However, the effectiveness of these 
areas can only be achieved by implementing appropriate management 
measures for the ecosystems and species concerned while also taking into 
consideration human well-being [4–6]. 
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The need for policies that better incorporate environmental 
considerations has thus become increasingly urgent in recent years. In 
these circumstances, the concept of “ecosystem services” provides a 
theoretical framework for bridging the gap between science, society, 
economics and politics [7]. Ecosystem services have been defined as “the 
benefits that humans derive from ecosystems” [8], or more precisely as 
“the ecological features, functions or processes that contribute directly or 
indirectly to human well-being” [8,9]. The evaluation of ecosystem services 
has been put forward as a powerful tool for conservation. Indeed, their 
monetary valuation allows showing that an ecosystem or a species can 
have value beyond ethical or aesthetic considerations [10] as this value is 
expressed in a “tangible” unit understood by all and easy to incorporate 
into policies and decision-making processes [11]. The use of a currency 
metric helps raise decision-makers’ awareness of services often neglected 
for lack of knowledge and information, such as supporting services [12]. 
Though the approach has been criticized for its weaknesses, mainly 
related to the novelty of the discipline, it remains a useful conservation 
tool as long as these weaknesses are kept in mind and that assessments are 
accompanied by other physical and biological indicators reflecting the 
non-economic value of nature [13–15]. 

Although the ecosystem services concept can be adapted to an 
ecosystem as well as to a species or group of species, most studies to date 
have focused on ecosystems as a whole [15] such as coral reefs, mangroves, 
seagrass beds, salt marshes, or tropical forests for instance [16–20]. In 
comparison, the literature related to ecosystem services provided by 
wildlife is still limited and birds, in particular, represent only about 3% of 
the annual number of publications on ecosystem services (according to 
research on ISI Web of Science on October 22, 2018, with the keywords 
“ecosystem services”, then refined with the keyword “bird”). Nevertheless, 
work by Şekercioğlu, Whelan, Wenny and their collaborators [10,21–24] 
showed that birds are one of the most diverse groups providing the four 
categories of ecosystem services defined by The Economics of Ecosystems 
and Biodiversity [25] that are: provisioning services, regulating services, 
habitat or supporting services, and cultural services. Indeed, birds 
produce provisioning services through their meat and eggs for food and 
sport hunting, their feathers and bones for the manufacture of clothing, 
duvets, and other handicrafts, their guano used as a fertilizer, or the 
pharmacological molecules of interest that they can harbor. They also 
provide a wide variety of cultural services such as bird-watching and 
ecotourism, a source of inspiration for culture, arts or religion, as well as 
an object of study for research and education as sentinel species of their 
environment. Often less known are the ecosystem services provided by 
birds in the form of regulation and maintenance services and supporting 
and habitat services, through seed dispersal, pollination, carrion 
consumption and disposal of organic waste, pest control, nutrients 
deposition and cycling, and soil formation and engineering. These services 
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are harder to study and often overlooked, and consequently rarely 
considered in birds ecosystems services evaluations (but see, for instance, 
[26,27]). This wealth of services is primarily due to the diversity of birds’ 
ecological characteristics and functions [22,28–30]. In particular, 
considering birdlife as a whole, birds are able to feed virtually on anything 
[23,31–34]. Şekercioğlu and its collaborators have thus established a 
correspondence between ecosystem services and functional groups of 
birds, based on their feeding behavior [21,22]. For instance, insectivorous 
bird species provide a regulating service through the biological control 
they exert on harmful insect species, therefore acting as “natural 
pesticides”, while scavengers also provide a regulating and maintenance 
service through the removal of carcasses that limits the risk of disease 
outbreaks. 

The National Park of Banc d’Arguin (PNBA) was founded in 1976 to 
preserve the most important wintering area in West Africa for migratory 
shorebirds [35,36]. The ornithological importance of the area also led to its 
inscription as a Ramsar site in 1982 and on the UNESCO World Heritage 
List in 1989 [36]. Indeed, the PNBA is home to up to 2.5 million shorebirds 
every year, including more than two-thirds of the world population of Bar-
tailed Godwits, Limosa lapponica, and half of the world population of Red 
Knots, Calidris canutus [36]. The park is also home to two endemic and 
emblematic sub-species, the Mauritanian Grey Heron, Ardea cinerea 
monicae, and the Mauritanian Eurasian Spoonbill, Platalea leucorodia 
balsaci, along with numerous threatened species such as the Rüppell’s 
Vulture, Gyps rueppellii, the Egyptian Vulture, Neophron percnopterus, the 
Saker Falcon, Falco cherrug, or the Black-legged Kittiwake, Rissa tridactyla. 
With the general acknowledgment of the park’s importance for its 
associated bird species, a great effort has been made to understand better 
the ecology of shorebird species in particular (e.g., population trends and 
life history in [37–39]; feeding ecology in [40,41]; physiology in [42–44]). 
However, little is still known about the other equally important species 
present in the PNBA, such as seabirds or raptors and vultures (but see 
[39,45], for instance), and to our knowledge, no study exists on ecosystem 
services provided by birds within the PNBA. 

This study follows the Mauritanian and the PNBA authorities’ joint call 
to determine the economic and social value of the PNBA to adjust better 
conservation and management actions of the park. Valuing bird ecosystem 
services contributes to a more robust estimate of the full value of the PNBA 
and a strengthened argumentation as to its consequent role as a protected 
area. The study objective is to draw up a general list of the ecosystem 
services the avifauna of the PNBA provides to humans as the first step 
towards understanding their use to the local communities. The study also 
values two regulating and supporting services, nutrient input and 
carcasses removal, based on data availability and proposes research 
avenues to quantify these services and others accurately as a path towards 
an in-depth economic valuation of birds within the PNBA. To this end, we 
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used existing literature and databases to create an original inventory of 
the known characteristics of the bird species present in the PNBA before 
investigating the potential of these birds in terms of ecosystem services to 
inform better the park’s management. 

MATERIAL AND METHODS 

Study Area 

The National Park of Banc d’Arguin (PNBA; 19.35°N–20.83°N, 15.95°W–
16.75°W) stretches over 180 km along the Mauritanian coast between Cape 
Minou and Cape Timiris (Figure 1). Its 12,000 km2 surface area is almost 
equally divided between land and sea and encompasses a wide variety of 
terrestrial and coastal landscapes ranging from desert sand dunes to 
seagrass beds by way of coastal sand dunes, mangroves, mudflats, and 
small islands, among others. Besides, its coastal waters are enriched 
through the permanent upwelling off Cap Blanc, sustaining a rich marine 
life [46]. The PNBA is one of the largest parks in West Africa and plays a 
crucial role in maintaining the bird biodiversity it shelters. The park also 
protects and contribute to the productivity of the marine ecosystems and 
halieutic resources of the Mauritanian Exclusive Economic Zone (EEZ; 
[47]), from which the country derives up to 10% of its Gross Domestic 
Product through fisheries [48]. Furthermore, the park is home to the 
Imraguen, a local ethnic population living in harmony with its 
environment for several centuries and whose ancestral fishing techniques 
are also part of the park’s immaterial heritage. 

 

Figure 1. Localization of the National Park of Banc d’Arguin. The thick grey line on the left panel defines the 
limits of the park. 
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Characterization of Bird Species of the PNBA 

In this study, we analyzed the literature on ecosystem services 
provided by birds and available ecological data on species present in the 
PNBA. As a first step, the list of bird species associated with the PNBA was 
defined from BirdLife International [49] spatial distribution data and 
Isenmann [50]. Then, still from BirdLife International [49] and Isenmann 
[50], or, where information was missing, from del Hoyo et al. [51], 
Oiseaux.net (http://www.oiseaux.net) and aerien.ch 
(http://www.aerien.ch), the following criteria were collected for each 
identified species: the status of the species within the PNBA regarding its 
life cycle, the status of the species on the IUCN Red List [52], the global 
population trend of the species, the biome(s) to which the species is 
associated with, the habitats within the PNBA to which the species is 
associated with and the relative importance of these habitats for the 
species, the consumption uses identified for the species, and finally the 
functional group(s) associated with the diet of the species. These different 
characteristics were defined as follows. 

Status of the species within the PNBA 

Five different statuses were defined according to the species life cycle 
stage when it is found in the PNBA. Consequently, species breeding within 
the PNBA and observed within the PNBA all year long were classified as 
“Resident”; species breeding within the PNBA but absent the rest of the 
year, although some individuals may be observed outside the breeding 
season, were classified as “Breeding”; species wintering within the PNBA 
were classified as “Wintering”; species whose presence does not 
correspond to any pattern related to reproduction or migration, often a 
species present in the PNBA for food prospection, were classified as “Non-
breeding”; and finally species whose presence in the PNBA is transitory 
(often a step on the migratory route) were classified as “Transient”. 

Status of the species on the IUCN red list of threatened species 

Birds species associated with the PNBA identified here have all been 
evaluated in the IUCN Red List of Threatened Species [52]. As of the last 
evaluation of July 2019, they were classified in one of the five following 
categories at the global scale, from the least to the most endangered: Least 
Concern (LC), Near Threatened (NT), Vulnerable (VU), Endangered (EN), 
and Critically Endangered (CR). 

Population trend 

The four categories of population trend defined by the IUCN [52] 
according to the evolution of the population’s size at a global scale 
(depending on the number of individuals or on the number of mature 
individuals) were used here: Increasing, Stable, Decreasing, and 
Unknown. 
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Biomes 

The systems to which the species is associated during its life cycle for 
its different biological functions (e.g., reproduction, food prospection) as 
defined by the IUCN [52] were also used here: Terrestrial, Freshwater, 
Marine. It is to be noted that a species can be associated with several 
biomes at the same life stage or for different life stages. This criterion is 
defined worldwide. 

Habitats within the PNBA 

Only habitats, as defined by IUCN [52], which can be found in the PNBA 
have been retained here. A species can be found in one or several of these 
habitats within the PNBA: “Urban areas”; “Rocky areas” such as inland 
cliffs, mountains, talus, etc.; “Hot deserts”; “Dry caves” defined as 
underground spaces produced naturally by the weathering of rock; 
“Sandy shorelines” and/or beaches, sand bars, spits, etc., defined as 
intertidal shores composed mainly of sandy sediments; “Rocky shorelines” 
defined as intertidal shores composed mainly of consolidated rock or 
boulders; “Sea cliffs and rocky offshore islands”; “Mud shorelines” and 
“Intertidal mud flats” defined as intertidal shores composed mainly of 
mud or sandy-mud sediments; “Coastal sand dunes”; “Subtidal sandy 
bottoms” defined by substrate areas consisting of loose particles of rock or 
mineral sediments; “Subtidal sandy-mud bottoms” defined by substrate 
areas consisting mainly of a mixture of small pebbles, mineral sediments, 
wet clay and silt-rich sediments; “Macroalgal beds/kelps forests” defined 
by substrate areas covered mainly by large algae which often forms dense 
macroalgal beds or forests; “Seagrass beds” defined by substrate areas 
covered mainly by grass-like marine flowering plants; “Pelagic” defined as 
the area of neritic marine environment composed of the entire water 
column; “Epipelagic” defined as the oceanic pelagic environment from the 
surface to a depth of around 200 m; “Salt marshes” defined by a grassy 
area that extends along the shores of estuaries and sheltered coasts in 
temperate and subpolar regions with emergent vegetation rooted in soils 
alternately inundated and drained by tidal action; “Tidepools” defined by 
an intertidal depression in rocks or in sandy beaches that continues to 
hold water during low tide; “Subtropical/tropical mangroves”. Some 
species associated with the PNBA could not be tied to any of these habitats 
due to a lack of information. 

Relative importance of these habitats for the species 

This criterion determines the adequacy of the habitat(s) within the 
PNBA, defined above, for the species in question. Three categories were 
defined: major, suitable, or marginal. 
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Identified consumption uses 

The categories of uses defined and identified in the BirdLife 
International database [49] have been retained here: Pets or display 
animals; Sport hunting or specimen collecting; Food for humans; Medicine 
for humans or animals; Handicrafts, jewelry, decoration and other curios; 
Other household goods; Fuels. Up to four different uses have been 
identified for a same species. 

Functional group 

We used here the same functional groups related to the diet of species 
as used by Şerkercioğlu and his collaborators [21,22] to establish a 
correspondence with specific categories of ecosystem services. Thus, all 
species consuming fruits, seeds, roots, and other vegetal material were 
defined as “Frugivores”; all species consuming insects and other 
invertebrates were defined as “Insectivores”; all species consuming fish 
and other marine organisms were defined as “Piscivores”; all species 
consuming vertebrates mainly (e.g., mammals, birds, reptiles) were 
defined as “Raptors”; all species consuming mainly or exclusively carrions 
were defined as “Scavengers”. Because of the lack of information on its 
diet, we could not determine the functional group of one species that was 
thus defined as “Miscellaneous”. Since none of the species studied could 
be classified as “Nectarivores”, this group is not presented here. Each 
species was associated with a primary functional group according to the 
most prominent items in the species diet, and one or several secondary 
functional groups according to the other significant items of its diet if there 
were any. 

All data collected are available in Supplementary Table S1. 

Monetary Valuation 

Mainly because of the lack of data availability, we were able to quantify 
and value only two regulating and supporting services provided by the 
birds of the PNBA: nutrients input by seabirds and shorebirds and the 
removal of carcasses by vultures. 

Nutrients input 

The daily guano or feces production for seabirds and shorebirds was 
extracted from the literature. Wainright et al. [53] estimated that large 
seabirds corresponding to murres and cormorant species produced 
individually on average 185 g of guano (wet mass) per day, while medium 
seabirds that corresponded to kittiwake, puffin and fulmar species 
produced 80 g, and small seabirds that corresponded to auklet species 
produced 46 g. We then used the average size and body mass of the seabird 
species associated with the PNBA to classify them in one of these categories 
and attribute them the corresponding guano production rate. A similar 
relationship between individuals’ stature and their daily guano 
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production could not be established for shorebirds. We thus used the 
lowest and highest values we found in the literature for this type of species 
for all the shorebirds associated with the PNBA: 6.65 g of wet mass/day for 
Black-tailed Godwits, Limosa limosa [54], to 510.37 g of wet mass/day for 
Red Knots, Calidris canutus ([55]—provided as a dry mass we converted to 
a wet mass considering an average water content in birds feces of 70%; 
[54,56,57]). Next, we calculated the global production of these species using 
the last global count carried out in the PNBA in 2017 [39], and Issenmann 
[50] or Observation.org [58] when data were not available for a species. 
Finally, still using Issenmann [50] or Observation.org [58], we determined 
the average number of days a species can be observed during the year to 
report this global production on an annual basis. 

In the next step, we used the replacement cost method to evaluate this 
service’s potential monetary value, i.e., we established how much it would 
cost locally to provide the park’s ecosystems with an equivalent amount of 
nutrients through fertilizer, and artificial replacement, in order to sustain 
the productivity of the PNBA. As no data were available for Mauritania, 
the average price per ton of fertilizer was determined through a 
regression between the average price per ton of fertilizer [59] and the 
Gross Domestic Product at Purchasing Power Parity per capita [60] per 
African country in 2017 (Supplementary Figure S1). We then considered 
that 1 ton of wet mass of guano was equivalent to 1 ton of fertilizer and 
multiplied the production of guano of the park’s birds by the country’s 
price of fertilizer. 

Removal of carcasses 

From Margalida and Colomer [27], we determined that individual 
vultures consume, on average, 2.28 to 3.45 kg of bones/year and 95.52 to 
143.30 kg of meat/year, which was valued as providing a benefit of € 15.62 
to € 26.62/individual/year. We brought back these prices in 2017 € 
considering the inflation rate based on consumer prices [60] in Spain 
where the study was conducted to obtain a value comparable to the 
‘nutrients input’ service, and therefore considered a benefit of € 16.01 to € 
27.29/individual/year in 2017. Two of the vulture species found in Spain in 
Margalida and Colomer’s study [27] can also be found in the PNBA, the 
Griffon Vulture, Gyps fulvus, and the Egyptian Vulture, along with a third 
species, the Rüppell’s Vulture. While no vultures were counted in 2017, 
according to Issenmann [50], these three species can be observed in the 
PNBA all year round by groups of up to 40, 15 and 43 individuals, 
respectively, while up to 124 Griffon vultures have been observed in the 
same day according to Observation.org [58]. 

Data Analysis 

All data collected were analyzed and graphically represented using the 
R software [61] and the “ggplot2” package [62]. 
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RESULTS 

The PNBA, An Ornithological Hotspot 

We identified a total of 233 bird species as associated with the PNBA 
among the 538 species present on the Mauritanian territory. It is to be 
noted that for numerous bird species, no spatial distribution data are 
available. Consequently, there are probably more species associated with 
the PNBA than what we could define here. Among these 233 bird species 
identified within the PNBA, 31.3% are wintering, 20.6% are residents, and 
1.7% are only breeding in the park. The proportion of non-breeding and 
transient species then reaches 10.3% and 35.2%, respectively (Figure 2a). 
We could not confirm the status within the PNBA for two species, the 
Abyssinian Roller (Coracias abyssinicus) and the Northern Bald Ibis 
(Geronticus eremita), and it was thus considered NA. Furthermore, 27.5% 
of bird species associated with the PNBA depended only on the terrestrial 
biome, while 72.5% of the remaining species depended on at least one 
water-related biome or even both in addition to the terrestrial biome 
during their life cycle (Figure 2b). 

 

Figure 2. Characterization of the bird species associated with the PNBA through (a) their status within the 
PNBA, n = 231 observations; (b) the biome(s) to which they are associated, n = 230 observations; (c) their 
status on the IUCN Red List of Threatened Species (2019), with LC: Least Concern, NT: Near Threatened, VU: 
Vulnerable, EN: Endangered, CR: Critically Endangered, n = 233 observations; and (d) trend of the global 
population, n = 233 observations. 
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This last trend is reflected in the habitats in which these species are 
present in the PNBA and the importance of these different habitats for 
them (Table 1). Indeed, of the 17 identified habitats, 13 relate to water 
directly or indirectly. In the absence of river and surface freshwater 
reservoirs, only the marine biome is concerned in the case of the PNBA. 
Thus, most bird species in the PNBA are found in subtidal sandy and 
sandy-mud bottoms, macroalgal beds, seagrass beds, and the pelagic zone. 

Table 1. Distribution of bird species in different habitats within the PNBA and relative importance of these 
habitats for the species considered. N = 627 observations on k = 167 species. 

Habitats within the PNBA Relative importance for x bird 
species 

Total 

major suitable marginal 

Urban areas 3 36 4 43 
Rocky areas 25 10 - 35 
Hot deserts 8 22 1 31 
Dry caves - 3 - 3 
Sandy shorelines 15 23 2 40 
Rocky shorelines 8 27 1 36 
Sea cliffs & rocky offshore islands 21 15 - 36 
Mud shorelines 7 29 - 36 
Coastal sand dunes 1 6 1 8 
Subtidal sandy bottoms 25 26 1 52 
Subtidal sandy-mud bottoms 25 26 1 52 
Macroalgal beds/kelps forests 25 26 1 52 
Seagrass beds 25 26 1 52 
Pelagic 26 17 2 45 
Epipelagic 17 12 3 32 
Salt marshes 1 27 1 29 
Tidepools 2 23 1 26 
Subtropical/tropical mangroves - 18 - 18 

Although the vast majority of these species are classified as ‘Least 
Concern’ by the IUCN (2019), 44.2% of them have seen their populations 
decline in recent years (Figures 2c and 2d). Furthermore, among the eight 
most endangered species associated with the PNBA (Figure 2c), one is 
resident within the PNBA: the Rüppell’s Vulture (Gyps rueppellii, CR); 3 
species are wintering within the PNBA: the Saker Falcon (Falco cherrug, 
EN), the Egyptian Vulture (Neophron percnopterus, EN) and the Black-
legged Kittiwake (Rissa tridactyla, VU); and finally, two species are 
transient: the Aquatic Warbler (Acrocephalus paludicola, VU) and the 
European Turtle-dove (Streptopelia turtur, VU); and finally one species is 
non-breeding: the Leach’s Storm-petrel (Hydrobates leucorhous, VU). The 
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eighth species’ status within the PNBA, the Northern Bald Ibis (Geronticus 
eremita, EN), could not be confirmed as stated previously. 

Consumption Uses 

We found that 190 of the 233 bird species associated with the PNBA 
were related to at least one consumption use. Among the seven categories 
of consumption uses identified by BirdLife International [49], three 
categories account for 96.5% of all the uses made of the bird species of the 
PNBA: pets and/or display animals, sport hunting and/or specimen 
collection, and food for humans (Figure 3). Thus, 73.7% of these species are 
used for companionship and/or exposure, 71.6% for sport hunting and/or 
specimen collection, and 59.5% for food. Furthermore, 70.0% of the birds 
found in the PNBA were associated with more than one category of 
consumption use, and three species even cumulated up to four different 
types of uses (Figure 3): the Grey Heron, Ardea cinerea, the Squacco Heron, 
Ardeola ralloides, and the Cattle Egret, Bubulcus ibis. 

 

Figure 3. Consumption uses of PNBA bird species identified in the BirdLife International database [49], and 
number of species with one or several uses. N = 403 observations on k = 190 species. 

Feeding Behavior and Functional Group 

Among the bird species associated with the PNBA, we found that 55.6% 
have a primarily insectivorous diet, 22.8% a piscivorous diet, 10.3% a 
raptor-like diet, 9.9% a frugivorous diet, and 1.3% a scavenger-like diet 
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(Figure 4). When considering both primary and secondary functional 
groups, the percentage of insectivorous bird species associated with the 
PNBA reaches 73.0%, while piscivorous birds reach 45.1%, raptor-like 
species reach 28.3%, frugivorous birds reach 32.6%, and scavengers reach 
6.9%. A small majority of these species have a relatively generalized diet, 
as 58.6% could be associated with more than one functional group (Figure 
4). Ten of these species even have a very omnivorous diet as nine have 
been linked to four different functional groups and one, the Sabine’s Gull 
(Xema sabini), to five different functional groups. It should also be noted 
that species with a raptor-like diet generally have a fairly diverse diet with 
insects, other invertebrates and carrions supplementing the main 
vertebrate diet (Supplementary Table S1). 

 

Figure 4. Distribution of PNBA’s bird species according to their primary (dark grey) and secondary (light 
grey) functional groups defined by Şekercioğlu and his collaborators [21,22], and number of species 
associated within one or several groups. The primary functional group was defined from the most 
prominent items in the species diet, and the secondary functional group(s) was defined from the other 
significant items, if any. N = 345 observations on k = 233 species. 
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The Value of PNBA’s Birds 

We estimated that the seabird species associated with the PNBA 
produced between 1565 and 2370 tons of wet mass of guano/year 
(Supplementary Table S2), while the shorebird species produced between 
2571 to 307,185 tons of wet mass of guano/year. According to its GDP PPP 
Per capita in 2017, we calculated that the average price of fertilizer in 
Mauritania was € 431.85/ton, or MRU 17,428.68/year. The ‘nutrients input’ 
regulating and supporting service associated with the PNBA’s seabirds and 
shorebirds was consequently valued at € 1.79 to € 133.68 million/year in 
total, or MRU 72.08 to 5395.14 million /year (see Supplementary Table S2 
for the detailed calculation). 

Finally, the removal of carcasses by the park’s vulture population (N = 
182 individuals according to our estimations) was valued at up to € 2914–
€ 4780 /year in total, or MRU 109,861–180,194 /year based on Margalida 
and Colomer [27] estimations for the same species. 

DISCUSSION 

Provisioning Services 

In this study, we identified at least one consumption use at a global 
scale for a little more than 80% of the bird species associated with the 
PNBA. Within the PNBA, on the other hand, it is prohibited by law to hunt, 
trap, capture, injure or kill any wild animals, including birds, but also to 
move, damage, or take nests or eggs, and to damage or destroy the habitats 
and shelters of these animals (Article 10 of Mauritanian Law number 
2000–24 of January 19, 2000, relative to the National Park of Banc 
d’Arguin). Therefore, no provisioning services should be associated with 
the bird population of the park that represents a refuge from the 
anthropogenic pressures associated with provisioning services elsewhere. 
In practice, though, the reality is highly likely to be different. While the 
literature on birds’ consumption uses within the PNBA is almost non-
existent, probably due to the illicit nature of such uses, Campredon ([35], 
p. 37) has already observed that: “When [waders] arrive in Africa, they are 
almost all in a state close to exhaustion. This is the time when we can see 
the children of Nouadhibou running on the beaches and sebkhas to 
capture them: it is not uncommon then to come across them holding in 
their hands a bundle of Bar-tailed Godwits, or a Grey Heron flapping its 
wings”. Isenmann ([50], p. 139) also mentioned that “[…] since the creation 
of the National Park of Banc d’Arguin […] eggs and chicks harvesting by 
foreign fishermen no longer exists […]”, suggesting that harvesting of eggs 
and chicks by local populations might still take place. It can be reasoned 
then that the uses identified for the Grey Heron and the Bar-tailed Godwit 
(sport hunting/specimen collection and food) at the international scale 
could still be applicable at the PNBA scale, despite being illegal, and that 
this may be the case for many other species. 
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Provisioning services rendered by birds, i.e., nutritional or non-
nutritional material and energetic outputs, may be particularly important 
for local populations heavily dependent on only a few subsistence means, 
such as Imraguens. It could explain why such practices persist despite 
their illegality, as it is observed with sharks and rays [63]. On the other 
hand, many of the species involved also offer other forms of services that 
may potentially have more value. Furthermore, they are subject to other 
environmental and anthropogenic pressures that may threaten these 
species in the long run. For instance, the Grey Heron is used as a 
pet/display animal, for sport hunting/specimen collection, food, and 
finally, for handicrafts. The species is also piscivorous, which means it can 
also provide supporting services through nutrients deposition around 
rookeries or cultural services such as sentinel of their environment 
through their position as top predators, as further discussed later in this 
chapter. Resident in the PNBA, the Grey Heron is for now classified as 
‘Least Concern’ by the IUCN [52]. However, the population seems to be 
declining in the park [39], and the combined pressure of these 
consumption uses and other pressures of anthropogenic origin, such as 
habitat destruction or the decrease of fish stocks due to overfishing, could 
eventually threaten the species [39,64,65]. 

Regulating and Supporting Services 

The data we presented in this study support the status of the PNBA as 
an ornithological biodiversity hotspot. Because of the genetic diversity it 
underpins, this species richness can also be considered a supporting 
service as defined by the TEEB [25]. Furthermore, as we established in the 
introduction of this paper, the diversity of ecological characteristics and 
more particularly of foraging and feeding behavior exhibited by bird 
species is also associated with a great diversity of regulating and 
supporting services. 

Indeed, birds provide a valuable biological control service. On the one 
hand, by controlling harmful invertebrate populations, insectivorous 
species reduce damages to plants [21,22]. Mainly associated with 
agriculture, this service would seem to have little interest in the PNBA 
where agriculture is non-existent. However, pests can affect plant species 
that have a direct or indirect interest for humans outside of agriculture. 
For instance, seeds of the Umbrella thorn acacia (Vachellia tortilis 
raddiana), which have many potential uses in the PNBA, are the target of 
the seed beetle Bruchidius raddianae [66]. Indeed, this variety of acacia 
helps fight against desertification, has many therapeutic virtues (anti-
bacterial, deworming, antidiarrheal), and can be used for consumption 
(e.g., wood for construction and as a combustible, seeds for human food, 
leaves and fruits for livestock food, bark as a source of dye) [67]. The 73% 
of insectivorous species found in the PNBA can thus have a significant role 
in protecting this acacia among other vegetal species present in the park. 
In the state of Washington, USA, for instance, the harmful invertebrate 
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control service provided by birds, and particularly the Evening Grosbeak 
(Hesperiphona vespertina) in northern conifer or mixed forests, has been 
estimated to amount at least $ 1820/km2/year [68]. 

On the other hand, species with a raptor-like diet offer a control service 
for harmful vertebrates [21,22]. For instance, Brown et al. [69] showed that 
the Common Barn-owl (Tyto alba) reduced the foraging activity of 3 species 
of rodents of the family Heteromidae in North America’s deserts. The 
Common Barn-owl is also present in the PNBA, among other species with 
a raptor-like diet, where it is likely to provide the same service. The 
regulation of harmful mammals is of significant importance in the park 
too, given the presence of rodent species such as the Fat Sand Rat 
(Psammomys obesus) carrying a species of parasite responsible for 
leishmaniasis in humans, Leishmania major [70,71]. Furthermore, 
scavenger species, by their particular diet, have a primordial role in the 
disposal of carcasses, and therefore in hygiene and sanitation services 
[21,22,27,72]. In the PNBA, this service has a relatively modest value of 
about € 2900 to € 4800 because of the small population of vultures 
compared to other regions such as northern Spain, where this service’s 
value was about ten times higher [27]. However, in the absence of 
domestic waste treatment facilities in the park, these species offer a vital 
health service to local populations by treating their biological waste and 
thus limiting the proliferation of other potentially harmful species, as was 
the case in India, where populations of stray dogs and rats (vectors of 
disease) exploded with the collapse of vulture populations [73]. 

By disposing of carcasses, scavengers also have a role in the recycling 
of nutrients [21,22] though this supporting service is more complicated to 
assess and estimate. Piscivorous species participate as well in the nutrients 
cycle and the maintenance of soil fertility through the deposition of 
nutrients around their colonies [21,22]. Indeed, it has been estimated that 
seabirds contribute 104 to 105 tonnes of phosphorus to the soil each year 
and that waterfowl contribute to up to 40% for nitrogen and 75% for 
phosphorus to nutrient inputs in wetlands ([22] and references within). In 
the PNBA, the value of this nutrients input service was high, ranging from 
€ 1.8 to € 133.7 million/year. Despite the relatively high uncertainty due to 
the lack of specific data for the species associated with the park and the 
use of simplistic valuation method that resulted, this value still put 
forward the essential role of these birds, as “fertilizer” species, in the 
mechanisms ensuring the productivity of the PNBA and more particularly 
of the PNBA’s marine ecosystems.  

Birds provide another service that is also essential in ensuring the 
productivity of the PNBA’s ecosystems: seed dispersal. Indeed, frugivorous 
species, through the seed dispersion associated with their diet and 
foraging behavior, can improve the genetic flow between plant species, 
but also help to recolonize and restore disturbed ecosystems [21,22]. It has 
been shown, for instance, that the Lesser Scaup (Aythya affinis), a duck 
species, has the greatest dispersal distance of the seeds of the Eelgrass, 
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Zostera marina, out of 5 species known to feed on this marine 
phanerogam’s seeds, the four other species being fish and a turtle [74]. 
Given the importance of seagrass beds in the productivity of the PNBA, and 
to a lesser extent of salt marshes and mangroves [75], and given the 
fragmentation of vegetated areas in the terrestrial part of the park, this 
ecosystem service offered by these birds is far from being negligible. 
Though we did not have the data for a monetary evaluation of this service 
within the PNBA, as an example, it has been shown elsewhere that a couple 
of Eurasian jays, Garrulus glandarius, were worth between $ 4900 and $ 
22,500 for its seed dispersal service only [26]. Furthermore, it has been 
hypothesized that piscivorous bird species and species with a raptor-like 
diet could also provide a secondary seed dispersal service through preys 
they can consume in complement to fish and other marine organisms for 
the former, and through the usual type of prey consumed by the latter that 
could be frugivores themselves ([22], and references within). 

The great diversity of bird species present in the PNBA, therefore, offers 
a wide range of regulating and supporting services both as a whole and as 
individual species, and both within the park and beyond its borders. 
Furthermore, this bundle of services could even be more important as 
many of these species’ ecology is still poorly known. 

Cultural Services 

Birds offer a wide variety of relatively well-identified cultural services, 
but these services are complex to value with a few exceptions. Indeed, 
among the cultural services, recreational activities such as bird-watching 
and ecotourism (which can also be considered as non-consumptive 
provisioning services) are the most studied services to date. For instance, 
the recreational value of bird-watching has been valued at $ 1,100,000–
1,200,000/year in Israel’s Gamla Nature Reserve [76], and at least $ 
103,000,000/year in Turkey’s Kuşcenneti National Park [77]. Within the 
PNBA, although the value of the ornithological heritage is widely 
recognized by both the local community and the international community, 
no evaluation of this service could be made. Indeed, despite its relative 
simplicity, the evaluation of any form of tourism within the park is today 
difficult in practice, as highlighted by Boide [78]. 

Among the cultural services provided by birds that are more complex 
to value, the function of environmental sentinel is well recognized in birds 
[79–83]. As top predators, seabird populations reflect the state of 
resources, including stocks of some fish species of commercial interest 
[79,80,82]. Given the intense fishing activity in the Mauritanian EEZ’s 
productive waters [84], this sentinel function is particularly relevant and 
can be used to inform the management of the PNBA and the Mauritanian 
EEZ. Being highly studied in scientific communities, this function of 
environmental sentinel also underpins research and education services. 
The monetary evaluation of these two latter categories of services would 
require, among other things, to compile the budgets allocated to the 
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research and education programs on the birds of the PNBA. As a guide, a 
search in ISI Web of Science dated 22/10/2018 with the keywords “Banc 
d’Arguin” and “birds”, highlighted 26 scientific publications, the oldest 
dating back to 1993. It is to be noted that among these publications, only 
one [85] investigated the relationship between seabirds and fish stocks in 
the Mauritanian EEZ. Furthermore, fishers have historically used 
piscivorous birds as indicators of high productivity fishing areas [86]. 
Imraguens are known to use dolphins to locate mullet schools [35] and are 
highly likely to use seabirds in the same capacity, though this has not been 
documented yet. 

Finally, birds also offer many other cultural services, which are even 
more challenging to evaluate with current methods, such as the source of 
inspiration they represent for arts, culture and religion [72]. In the 
literature, birds’ non-use value estimated through “Willingness to Pay” or 
“Consent to Pay” methods, which is commonly used to evaluate this type 
of services, usually range from $ 7.57 to $ 42/person/year depending on the 
species [14,87–91]. Given the Imraguen’s proximity to their environment 
and tourists’ profile within the PNBA [36,78], there is no doubt that birds 
play an important spiritual role in the PNBA too, although the recognition 
of this role is more qualitative than quantitative. 

CONCLUSION 

This study revealed the wealth of possible ecosystem services provided 
by the PNBA’s birds and the potentially substantial value of some of them, 
like the nutrient input valued to about € 2 million/year at least in the 
lowest range of the valuation. It emphasizes the social and economic 
interest of these species, in addition to their ecological interest at the origin 
of the PNBA. Listing these services is a first important step to accurately 
assessing their total value and to ensure they are recognized by decision-
makers [9]. This first attempt at valuing these services has also highlighted 
the still considerable gaps in the ecological knowledge of this avifauna 
within the PNBA and the economic value that can be attributed to it. Raw 
data on these species’ ecology are essential for quantifying these services 
and developing specific monetary valuation methods. Therefore, it will be 
important to continue the scientific and economic research effort to fill 
these gaps and improve the evaluation of these services in the future (i.e., 
reducing the uncertainty). The ecosystem services provided by the birds 
of the PNBA are likely to extend beyond the park’s borders as many of 
these birds are highly mobile and will provide these services elsewhere, 
benefiting the Imraguen and the Mauritanian communities as well as the 
international community. 

While this study is a first step towards valuing birds’ ecosystem 
services, a more robust and exhaustive study can be achieved by exploring 
the following avenues. First of all, it seems important to set up a scientific 
research program to deepen the knowledge of PNBA’s piscivores 
populations given their role as environmental sentinels and indicators of 
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fish stocks [45]. The study of foraging behaviors coupled with the study of 
population dynamics of some of these species residing in the PNBA, such 
as the Slender-billed Gull, the Long-tailed Cormorant or the Great White 
Pelican, will assess their potential as an indicator of the state of fish stocks 
and, therefore, as a management tool. Studying the composition and 
amount of guano produced by piscivorous species present in the park 
(including shorebirds species) may also make it possible to quantify more 
accurately their contribution to enriching their environment. In the same 
vein, another avenue is to study the foraging behavior of scavenger 
species resident in the PNBA. Indeed, by quantifying their consumption of 
carcasses and other organic waste within the park, it will then be possible 
to estimate more accurately their participation in the waste treatment in 
the PNBA, which remains to this day one of the park’s weaknesses [78]. 
Furthermore, the re-establishment of rigorous statistical monitoring of 
tourism in the PNBA will make it possible to assess bird-watching’s 
contribution to the economic value of birds in the PNBA. Surveys of 
tourists (national and international) and local populations would also 
allow estimating these birds’ non-use value through “Willingness to Pay” 
methods, for instance. Finally, the evaluation of the budgets allocated to 
education and science research projects dedicated to the birds of the PNBA 
will make it possible to estimate an additional share of their value for a 
more robust and complete estimate of the value of birds in the PNBA. 

Revealing the value of birds is a promising avenue to spur the 
development of an ecotourism inclusive of local communities of the PNBA 
for sustainable exploitation of the park that will further enhance the 
conservation of these birds in a virtuous circle. As stated previously, bird-
watching’s recreational value can be high, as it is the case in the Gamla 
Nature Reserve of Israel, for instance, where the activity is mainly related 
to the presence of the Griffon Vulture, Gyps fulvus [76]. This vulture species 
is also found in the PNBA, along with several rare, endemic, endangered 
and/or emblematic species, and an exceptional specific richness, all being 
as many assets for the park’s attractiveness to ornithology enthusiasts. 
Furthermore, it has been shown in Namibia and Botswana, the success of 
natural reserves where local communities have the freedom to manage 
wildlife harvesting and conservation measures by themselves [92–94]. 
Non-consumptive wildlife tourism was the form of tourism with the most 
important economic benefits in these natural reserves, which could even 
ensure their financial autonomy and sustain effective conservation 
measures with healthy wildlife populations. The development of this type 
of ecotourism within the PNBA would allow the Imraguen populations to 
diversify their livelihood activities beyond fishing. In the current context 
of overfishing in the Mauritanian EEZ (and the PNBA) [84], diversifying 
the Imraguen communities’ activities could relieve the pressure on fish 
stocks and promote their resilience. Numerous testimonies underlined the 
Imraguen’s sensitivity to the protection of their environment and their 
desire to see this form of tourism develops within the PNBA (e.g., [36]). The 

J Sustain Res. 2023;5(2):e230009. https://doi.org/10.20900/jsr20230009 

https://doi.org/10.20900/jsr20230009


 
Journal of Sustainability Research 19 of 26 

PNBA seems then to be a good candidate to become an ecotourism 
destination. 

ETHICS STATEMENT 

No birds were handled during this project and no ethics protocols were 
required. 

SUPPLEMENTARY MATERIALS 

The following supplementary materials are available online: 
https://doi.org/10.20900/jsr20230009. Supplementary Table S1: List of bird 
species associated with the National Park of Banc d’Arguin (PNBA) and 
their associated characteristics. Supplementary Table S2: Annual guano 
production of the (a) seabird and (b) shorebird species associated with the 
National Park of Banc d’Arguin (PNBA) and associated monetary value of 
the subsequent nutrients input. Supplementary Figure S1: Linear 
regression between the Gross Domestic Product at Purchasing Power 
Parity (GDP PPP) per capita and the average price of 1 ton of fertilizer in 
African countries in 2017. Grey shades indicate the standard error around 
the regression line. Sources: [59,60]. 

DATA AVAILABILITY 

Analyses reported in this article can be reproduced using the data 
provided in Supplementary Table S1 and Table S2. 

AUTHOR CONTRIBUTIONS 

CCC and PF conceived the project idea. CCC collected and analyzed the 
data and wrote the manuscript with input from PF and ET. 

CONFLICTS OF INTEREST 

The authors declare that there is no conflict of interest. 

FUNDING 

This study is based on work supported by the French Agency for 
Development (AFD), the French Facility for Global Environment (FFEM) 
and the Banc d’Arguin, and Coastal and Marine Biodiversity Trust Fund 
limited (BACoMaB). 

ACKNOWLEDGMENTS 

The study was financially supported under the contract number 3/ 
CPMP/PNBA/2017 by the French Development Agency (AFD-Agence 
Française pour le Développement), the French Facility for Global 
Environment (FFEM) and the Trust-Fund for the Banc d’Arguin and the 
Coastal & Marine Biodiversity Trust Fund (BACoMaB—Mauritania). The 
authors would like to thank the management board and the field agents of 
the National Park of Banc d’Arguin for their assistance and cooperation. 

J Sustain Res. 2023;5(2):e230009. https://doi.org/10.20900/jsr20230009 

https://doi.org/10.20900/jsr20230009
https://doi.org/10.20900/jsr20230009


 
Journal of Sustainability Research 20 of 26 

We would also like to thank Sui Phang and anonymous reviewers for their 
helpful feedbacks to improve a previous version of this manuscript. 

REFERENCES 

1. Foley JA, Asner GP, Costa MH, Coe MT, DeFries R, Gibbs HK, et al. Amazonia 

revealed: forest degradation and loss of ecosystem goods and services in the 

Amazon Basin. Front Ecol Environ. 2007;5(1):25-32. 

2. Hudon C, De Sève M, Cattaneo A. Increasing occurrence of the benthic 

filamentous cyanobacterium Lyngbya wollei: a symptom of freshwater 

ecosystem degradation. Freshw Sci. 2014;33(2):606-18. 

3. Masson-Delmotte V, Zhai P, Pörtner HO, Roberts D, Skea J, Shukla PR, et al. 

Global warming of 1.5°C: An IPCC Special Report On The Impacts Of Global 

Warming Of 1.5°C Above Pre-industrial Levels And Related Global 

Greenhouse Gas Emission Pathways, In The Context Of Strengthening The 

Global Response To The Threat Of Climate Change, Sustainable Development, 

And Efforts To Eradicate Poverty. Available from: 

https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_Hig

h_Res.pdf. Accessed 2023 May 26. 

4. Hoekstra JM, Boucher TM, Ricketts TH, Roberts C. Confronting a biome crisis: 

global disparities of habitat loss and protection. Ecol Lett. 2005;8(1):23-9. 

5. Lovejoy TE. Protected areas: a prism for a changing world. Trends Ecol Evol. 

2006;21(6):329-33. 

6. Dawson TP, Jackson ST, House JI, Prentice IC, Mace GM. Beyond Predictions: 

Biodiversity Conservation in a Changing Climate. Science. 2011;332(6025):53-

8. 

7. Mace GM, Norris K, Fitter AH. Biodiversity and ecosystem services: a 

multilayered relationship. Trends Ecol Evol. 2012;27(1):19-26. 

8. World Resources Institute. Ecosystems and Human Well-being: Synthesis. 

Available from: https://wedocs.unep.org/handle/20.500.11822/8701. Accessed 

2023 May 26. 

9. Costanza R, de Groot R, Braat L, Kubiszewski I, Fioramonti L, Sutton P, et al. 

Twenty years of ecosystem services: How far have we come and how far do 

we still need to go? Ecosyst Serv. 2017;28:1-16. 

10. Whelan CJ, Şekercioğlu CH, Wenny DC. Bird ecosystem services: Economic 

ornithology for the 21st Century. Available from: https://www.researchgate. 

net/profile/Christopher-Whelan/publication/276281880_Bird_Ecosystem_Ser 

vices_Economic_Ornithology_for_the_21st_Century/links/58b458ff92851cf7a

e93f96e/Bird-Ecosystem-Services-Economic-Ornithology-for-the-21st-

Century.pdf. Accessed 2023 May 26. 

11. Pascual U, Muradian R, Brander L, Gómez-Baggethun E, Martín-López B, 

Verma M, et al. The economics of valuing ecosystem services and biodiversity. 

Available from: https://www.researchgate.net/profile/Unai-

Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Servi

ces_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-

Valuing-Ecosystem-Services-and-Biodiversity.pdf. Accessed 2023 May 26. 

J Sustain Res. 2023;5(2):e230009. https://doi.org/10.20900/jsr20230009 

https://doi.org/10.20900/jsr20230009
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf
https://wedocs.unep.org/handle/20.500.11822/8701
https://www.researchgate.net/profile/Christopher-Whelan/publication/276281880_Bird_Ecosystem_Services_Economic_Ornithology_for_the_21st_Century/links/58b458ff92851cf7ae93f96e/Bird-Ecosystem-Services-Economic-Ornithology-for-the-21st-Century.pdf
https://www.researchgate.net/profile/Christopher-Whelan/publication/276281880_Bird_Ecosystem_Services_Economic_Ornithology_for_the_21st_Century/links/58b458ff92851cf7ae93f96e/Bird-Ecosystem-Services-Economic-Ornithology-for-the-21st-Century.pdf
https://www.researchgate.net/profile/Christopher-Whelan/publication/276281880_Bird_Ecosystem_Services_Economic_Ornithology_for_the_21st_Century/links/58b458ff92851cf7ae93f96e/Bird-Ecosystem-Services-Economic-Ornithology-for-the-21st-Century.pdf
https://www.researchgate.net/profile/Christopher-Whelan/publication/276281880_Bird_Ecosystem_Services_Economic_Ornithology_for_the_21st_Century/links/58b458ff92851cf7ae93f96e/Bird-Ecosystem-Services-Economic-Ornithology-for-the-21st-Century.pdf
https://www.researchgate.net/profile/Christopher-Whelan/publication/276281880_Bird_Ecosystem_Services_Economic_Ornithology_for_the_21st_Century/links/58b458ff92851cf7ae93f96e/Bird-Ecosystem-Services-Economic-Ornithology-for-the-21st-Century.pdf
https://www.researchgate.net/profile/Unai-Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-Services-and-Biodiversity.pdf
https://www.researchgate.net/profile/Unai-Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-Services-and-Biodiversity.pdf
https://www.researchgate.net/profile/Unai-Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-Services-and-Biodiversity.pdf
https://www.researchgate.net/profile/Unai-Pascual/publication/303444184_The_Economics_of_Valuing_Ecosystem_Services_and_Biodiversity/links/5746b08208aea45ee8561db8/The-Economics-of-Valuing-Ecosystem-Services-and-Biodiversity.pdf


 
Journal of Sustainability Research 21 of 26 

12. Beaumont NJ, Austen MC, Mangi SC, Townsend M. Economic valuation for the 

conservation of marine biodiversity. Mar Pollut Bull. 2008;56(3):386-96. 

13. Bräuer I. Money as an indicator: to make use of economic evaluation for 

biodiversity conservation. Agric Ecosyst Environ. 2003;98(1–3):483-91. 

14. Brouwer R, van Beukering P, Sultanian E. The impact of the bird flu on public 

willingness to pay for the protection of migratory birds. Ecol Econ. 

2008;64(3):575-85. 

15. Johnson MD, Hackett SC. Why birds matter economically: values, markets, 

and policies. In: Şekercioğlu CH, Wenny DG, Whelan CJ, editors. Why birds 

matter: avian ecological functions and ecosystem services. Chicago (US): 

University of Chicago Press; 2016. p. 27-48. 

16. Martínez ML, Pérez-Maqueo O, Vázquez G, Castillo-Campos G, García-Franco 

J, Mehltreter K, et al. Effects of land use change on biodiversity and ecosystem 

services in tropical montane cloud forests of Mexico. For Ecol Manage. 

2009;258(9):1856-63. 

17. Barbier EB, Hacker SD, Kennedy C, Koch EW, Stier AC, Silliman BR. The value 

of estuarine and coastal ecosystem services. Ecol Monogr. 2011;81(2):169-93. 

18. Spencer KL, Harvey GL. Understanding system disturbance and ecosystem 

services in restored saltmarshes: Integrating physical and biogeochemical 

processes. Estuar Coast Shelf Sci. 2012;106:23-32. 

19. Trégarot E, Failler P, Maréchal JP. Evaluation of coastal and marine ecosystem 

services of Mayotte: Indirect use values of coral reefs and associated 

ecosystems. Int J Biodivers Sci Ecosyst Serv Manag. 2017;13(3):19-34. 

20. Mehvar S, Filatova T, Dastgheib A, de Ruyter van Steveninck E, Ranasinghe R. 

Quantifying economic value of coastal ecosystem services: A review. J Mar Sci 

Eng. 2018;6(1):5. 

21. Şekercioğlu ÇH, Daily GC, Ehrlich PR. Ecosystem consequences of bird 

declines. Proc Natl Acad Sci. 2004;101(52):18042-7. 

22. Şekercioğlu ÇH. Increasing awareness of avian ecological function. Trends 

Ecol Evol. 2006;21(8):464-71. 

23. Whelan CJ, Wenny DG, Marquis RJ. Ecosystem Services Provided by Birds. 

Ann N Y Acad Sci. 2008;1134(1):25-60. 

24. Wenny DG, DeVault TL, Johnson MD, Kelly D, Şekercioğlu ÇH, Tomback DF, et 

al. The need to quantify ecosystem services provided by birds. Auk. 

2011;128(1):1-14. 

25. TEEB. Mainstreaming the Economics of Nature: A Synthesis of the Approach, 

Conclusions and Recommendations of TEEB. Available from: 

https://www.researchgate.net/publication/230743686_Mainstreaming_the_Ec

onomics_of_Nature_a_Synthesis_of_the_Approach_Conclusions_and_Recom

mendations_of_TEEB. Accessed 2023 May 26. 

26. Hougner C, Colding J, Söderqvist T. Economic valuation of a seed dispersal 

service in the Stockholm National Urban Park, Sweden. Ecol Econ. 

2006;59(3):364-74. 

27. Margalida A, Colomer MÀ. Modelling the effects of sanitary policies on 

European vulture conservation. Sci Rep. 2012;2:753. 

J Sustain Res. 2023;5(2):e230009. https://doi.org/10.20900/jsr20230009 

https://doi.org/10.20900/jsr20230009
https://www.researchgate.net/publication/230743686_Mainstreaming_the_Economics_of_Nature_a_Synthesis_of_the_Approach_Conclusions_and_Recommendations_of_TEEB
https://www.researchgate.net/publication/230743686_Mainstreaming_the_Economics_of_Nature_a_Synthesis_of_the_Approach_Conclusions_and_Recommendations_of_TEEB
https://www.researchgate.net/publication/230743686_Mainstreaming_the_Economics_of_Nature_a_Synthesis_of_the_Approach_Conclusions_and_Recommendations_of_TEEB


 
Journal of Sustainability Research 22 of 26 

28. Jetz W, Thomas GH, Joy JB, Hartmann K, Mooers AO. The global diversity of 

birds in space and time. Nature. 2012;491:444-8. 

29. Calba S, Maris V, Devictor V. Measuring and explaining large-scale 

distribution of functional and phylogenetic diversity in birds: separating 

ecological drivers from methodological choices. Glob Ecol Biogeogr. 

2014;23(6):669-78. 

30. Monnet AC, Jiguet F, Meynard CN, Mouillot D, Mouquet N, Thuiller W, et al. 

Asynchrony of taxonomic, functional and phylogenetic diversity in birds. 

Glob Ecol Biogeogr. 2014;23(7):780-8. 

31. Robinson SK, Holmes RT. Foraging behavior of forest birds: The relationships 

among search tactics, diet, and habitat structure. Ecology. 1982;63(6):1918-31. 

32. Furness RW, Monaghan P. Seabird Feeding Ecology. In: Furness RW, 

Monaghan P, editors. Seabird Ecology. Boston (US): Springer; 1987. p. 23-34. 

33. Castro G, Stoyan N, Myers JP. Assimilation efficiency in birds: A function of 

taxon or food type? Comp Biochem Physiol Part A Physiol. 1989;92(3):271-8. 

34. Karasov WH. Digestive Plasticity in Avian Energetics and Feeding Ecology. In: 

Carey C, editor. Avian Energetics and Nutritional Ecology. Boston (US): 

Springer; 1996. p. 61-84. 

35. Campredon P. Entre le Sahara et l’Atlantique, le Parc National du Banc 

d’Arguin [Between the Sahara and the Atlantic, the Banc d'Arguin National 

Park]. Arles (French): La Tour du Valat; 2000. French. 

36. McInnes R, Ali M, Pritchard D. Ramsar et la Convention du patrimoine 

mondial: au confluent du succès [Ramsar and the World Heritage Convention: 

at the crossroads of success]. Available from: 

https://www.ramsar.org/sites/default/files/documents/library/ramsar_whc_c

onverging_towards_success_f.pdf. Accessed 2023 May 26. French. 

37. Van Den Hout PJ, Spaans B, Piersma T. Differential mortality of wintering 

shorebirds on the Banc d’Arguin, Mauritania, due to predation by large 

falcons. Ibis. 2008;150(S1):219-30. 

38. Leyrer J, Lok T, Brugge M, Spaans B, Sandercock BK, Piersma T. Mortality 

within the annual cycle: seasonal survival patterns in Afro-Siberian Red 

Knots Calidris canutus canutus. J Ornithol. 2013;154:933-43. 

39. Oudman T, Schekkerman H, Kidee A, Van Roomen M, Camara M, Smit COR, et 

al. Changes in the waterbird community of the Parc National du Banc 

d’Arguin, Mauritania, 1980–2017. Bird Conserv Int. 2020;30(4):1-16. 

40. Onrust J, De Fouw J, Oudman T, van der Geest M, Piersma T, Van Gils JA. Red 

Knot diet reconstruction revisited: context dependence revealed by 

experiments at Banc d’Arguin, Mauritania. Bird Study. 2013;60(3):298-307. 

41. Lourenço PM, Catry T, Piersma T, Granadeiro JP. Comparative Feeding 

Ecology of Shorebirds Wintering at Banc d’Arguin, Mauritania. Estuaries 

Coast. 2016;39:855-65. 

42. Piersma T, Jukema J. Budgeting the flight of a long-distance migrant: Changes 

in nutrient reserve levels of Bar-tailed Godwits at successive spring staging 

sites. Ardea. 1990;55(1–2):315-37. 

J Sustain Res. 2023;5(2):e230009. https://doi.org/10.20900/jsr20230009 

https://doi.org/10.20900/jsr20230009
https://www.ramsar.org/sites/default/files/documents/library/ramsar_whc_converging_towards_success_f.pdf
https://www.ramsar.org/sites/default/files/documents/library/ramsar_whc_converging_towards_success_f.pdf


 
Journal of Sustainability Research 23 of 26 

43. Piersma T, van Brederode NE. The estimation of fat reserves in coastal waders 

before their departure from northwest Africa in spring. Ardea. 1990;78(1–

2):221-36. 

44. Kersten M, Bruinzeel LW, Wiersma P, Piersma T. Reduced basal metabolic 

rate of migratory waders wintering in coastal Africa. Ardea. 1998;86(1):71-80. 

45. Veen J, Dallmeijer H, Veen T. Selecting piscivorous bird species for monitoring 

environmental change in the Banc d’Arguin, Mauritania. Ardea. 

2018;106(1):5-18. 

46. Lathuilière C, Echevin V, Lévy M. Seasonal and intraseasonal surface 

chlorophyll-a variability along the northwest African coast. J Geophys Res 

Atmos. 2008;113(C5):C05007. 

47. Guénette S, Melissa B, Gascuel D. Assessing the contribution of marine 

protected areas to the trophic functioning of ecosystems: a model for the Banc 

d’Arguin and the Mauritanian shelf. PLoS One. 2014;9(4):e94742. 

48. FAO. Fishery and Aquaculture Country Profiles: Mauritania. Available from: 

https://www.fao.org/fishery/en/facp/mrt?lang=en. Accessed 2019 Feb 22. 

49. BirdLife International. IUCN Red List for Birds. Available from: 

http://www.birdlife.org. Accessed 2019 May 21. 

50. Issenmann P. Les Oiseaux du Banc d’Arguin [Birds of the Banc d’Arguin]. 

Nouakchott (Mauritania): Parc National du Banc d’Arguin; 2006. French. 

51. del Hoyo J, Elliott A, Sargatal J, Christie DA, de Juana E. Handbook of the Birds 

of the World Alive. Barcelona (Spain): Lynx Edicions; 2018. 

52. IUCN. The IUCN Red List of Threatened Species. Available from: 

http://www.iucnredlist.org. Accessed 2019 Jul 18. 

53. Wainright SC, Haney JC, Kerr C, Golovkin AN, Flint MV. Utilization of nitrogen 

derived from seabird guano by terrestrial and marine plants at St. Paul, 

Pribilof Islands, Bering Sea, Alaska. Mar Biol. 1998;131:63-71. 

54. Lovas-Kiss Á, Sánchez MI, Wilkinson DM, Coughlan NE, Alves JA, Green AJ. 

Shorebirds as important vectors for plant dispersal in Europe. Ecography. 

2019;42(5):956-67. 

55. Dekinga A, Piersma T. Reconstructing diet composition on the basis of faeces 

in a mollusc-eating wader, the Knot Calidris canutus. Bird Study. 

1993;40(2):144-56. 

56. Dell’ Omo G, Alleva E, Carere C. Parental recycling of nestling faeces in the 

common swift. Anim Behav. 1998;56(3):631-7. 

57. Woodward MJ, Mappley L, Le Roy C, Claus SP, Davies P, Thompson G, et al. 

Drinking water application of Denagard® Tiamulin for control of Brachyspira 

pilosicoli infection of laying poultry. Res Vet Sci. 2015;103:87-95. 

58. Observation International. Available from: http://observation.org. Accessed 

2020 Mar 19. 

59. Africa Fertilizer. National Fertilizer Prices. Available from: 

https://africafertilizer.org. Accessed 2023 May 26. 

60. The World Bank. World Development Indicators. Available from: 

https://databank.worldbank.org/data/. Accessed 2023 May 26. 

J Sustain Res. 2023;5(2):e230009. https://doi.org/10.20900/jsr20230009 

https://doi.org/10.20900/jsr20230009
https://www.fao.org/fishery/en/facp/mrt?lang=en
https://africafertilizer.org/
https://databank.worldbank.org/data/


 
Journal of Sustainability Research 24 of 26 

61. R Core Team. R: A language and environment for statistical computing. 

Available from: https://www.gbif.org/tool/81287/r-a-language-and-

environment-for-statistical-computing. Accessed 2023 May 26. 

62. Wickham H. ggplot2: Elegant Graphics for Data Analysis. New York (US): 

Springer-Verlag; 2016. 

63. Khallahi B, Taleb H, Barham CB, Habibe BM, Kane EA, Bouzouma ME. 

Aménagement des ressources halieutiques et gestion de la biodiversité au 

service du développement durable [Development of fisheries resources and 

management of biodiversity for a sustainable development]. Available from: 

https://www.researchgate.net/profile/Hammoud-El-Vadhel-

2/publication/348995785_Rapport_de_la_neuvieme_edition_du_groupe_de_tr

avail_de_l%27IMROP_Nouadhibou_du_11_au_14_fevrier_2020_Amenagemen

t_des_ressources_halieutiques_et_gestion_de_la_biodiversite_au_service_du_

developpement_dur/links/601a8bd792851c4ed5464b43/Rapport-de-la-

neuvieme-edition-du-groupe-de-travail-de-lIMROP-Nouadhibou-du-11-au-14-

fevrier-2020-Amenagement-des-ressources-halieutiques-et-gestion-de-la-

biodiversite-au-service-du-developpement-du.pdf. Accessed 2023 May 31. 

French. 

64. Owens IPF, Bennett PM. Ecological basis of extinction risk in birds: Habitat 

loss versus human persecution and introduced predators. Proc Natl Acad Sci. 

2000;97:12144-8. 

65. Croxall JP, Butchart SHM, Lascelles BEN, Stattersfield AJ, Sullivan BEN, Symes 

A, et al. Seabird conservation status, threats and priority actions: a global 

assessment. Bird Conserv Int. 2012;22(1):1-34. 

66. Derbel S, Noumi Z, Werner Anton K, Chaieb M. Life cycle of the coleopter 

Bruchidius raddianae and the seed predation of the Acacia tortilis Subsp. 

raddiana in Tunisia. C R Biol. 2007;330(1):49-54. 

67. Jaouadi W, Mechergui K, Ammari Y, Hamrouni L, Hanana M, Khouja ML. 

Étude ethnobotanique et ethnopharmacologique d’Acacia tortilis (Forssk) 

Hayne subsp. raddiana (Savi) de la steppe arborée du Nord de l’Afrique 

[Ethnobotanical and ethnopharmacological study of Acacia tortilis (Forssk) 

Hayne subsp. raddiana (Savi) from the wooded steppe of North Africa]. 

Phytothérapie. 2016;14:285-92. French. 

68. Takekawa JY, Garton EO. How much is an Evening Grosbeak worth? J For. 

1984;82(7):426-8. 

69. Brown JS, Kotler BP, Smith RJ, Wirtz WO. The effects of owl predation on the 

foraging behavior of heteromyid rodents. Oecologia. 1988;76:408-15. 

70. Fichet-Calvet E, Jomâa I, Ben Ismail R, Ashford RW. Leishmania major 

infection in the fat sand rat Psammomys obesus in Tunisia: interaction of host 

and parasite populations. Ann Trop Med Parasitol. 2003;97(6):593-603. 

71. Ghawar W, Toumi A, Snoussi M-A, Chlif S, Zâatour A, Boukthir A, et al. 

Leishmania major infection among Psammomys obesus and Meriones shawi: 

Reservoirs of zoonotic cutaneous leishmaniasis in Sidi Bouzid (Central 

Tunisia). Vector Borne Zoonotic Dis. 2011;11(12):1561-8. 

72. DeVault TL, Beasley JC, Olson ZH, Moleón M, Carrete M, Margalida A, et al. 

Ecosystem services provided by avian scavengers. In: Şekercioğlu CH, Wenny 

J Sustain Res. 2023;5(2):e230009. https://doi.org/10.20900/jsr20230009 

https://doi.org/10.20900/jsr20230009
https://www.gbif.org/tool/81287/r-a-language-and-environment-for-statistical-computing
https://www.gbif.org/tool/81287/r-a-language-and-environment-for-statistical-computing
https://www.researchgate.net/profile/Hammoud-El-Vadhel-2/publication/348995785_Rapport_de_la_neuvieme_edition_du_groupe_de_travail_de_l%27IMROP_Nouadhibou_du_11_au_14_fevrier_2020_Amenagement_des_ressources_halieutiques_et_gestion_de_la_biodiversite_au_service_du_developpement_dur/links/601a8bd792851c4ed5464b43/Rapport-de-la-neuvieme-edition-du-groupe-de-travail-de-lIMROP-Nouadhibou-du-11-au-14-fevrier-2020-Amenagement-des-ressources-halieutiques-et-gestion-de-la-biodiversite-au-service-du-developpement-du.pdf
https://www.researchgate.net/profile/Hammoud-El-Vadhel-2/publication/348995785_Rapport_de_la_neuvieme_edition_du_groupe_de_travail_de_l%27IMROP_Nouadhibou_du_11_au_14_fevrier_2020_Amenagement_des_ressources_halieutiques_et_gestion_de_la_biodiversite_au_service_du_developpement_dur/links/601a8bd792851c4ed5464b43/Rapport-de-la-neuvieme-edition-du-groupe-de-travail-de-lIMROP-Nouadhibou-du-11-au-14-fevrier-2020-Amenagement-des-ressources-halieutiques-et-gestion-de-la-biodiversite-au-service-du-developpement-du.pdf
https://www.researchgate.net/profile/Hammoud-El-Vadhel-2/publication/348995785_Rapport_de_la_neuvieme_edition_du_groupe_de_travail_de_l%27IMROP_Nouadhibou_du_11_au_14_fevrier_2020_Amenagement_des_ressources_halieutiques_et_gestion_de_la_biodiversite_au_service_du_developpement_dur/links/601a8bd792851c4ed5464b43/Rapport-de-la-neuvieme-edition-du-groupe-de-travail-de-lIMROP-Nouadhibou-du-11-au-14-fevrier-2020-Amenagement-des-ressources-halieutiques-et-gestion-de-la-biodiversite-au-service-du-developpement-du.pdf
https://www.researchgate.net/profile/Hammoud-El-Vadhel-2/publication/348995785_Rapport_de_la_neuvieme_edition_du_groupe_de_travail_de_l%27IMROP_Nouadhibou_du_11_au_14_fevrier_2020_Amenagement_des_ressources_halieutiques_et_gestion_de_la_biodiversite_au_service_du_developpement_dur/links/601a8bd792851c4ed5464b43/Rapport-de-la-neuvieme-edition-du-groupe-de-travail-de-lIMROP-Nouadhibou-du-11-au-14-fevrier-2020-Amenagement-des-ressources-halieutiques-et-gestion-de-la-biodiversite-au-service-du-developpement-du.pdf
https://www.researchgate.net/profile/Hammoud-El-Vadhel-2/publication/348995785_Rapport_de_la_neuvieme_edition_du_groupe_de_travail_de_l%27IMROP_Nouadhibou_du_11_au_14_fevrier_2020_Amenagement_des_ressources_halieutiques_et_gestion_de_la_biodiversite_au_service_du_developpement_dur/links/601a8bd792851c4ed5464b43/Rapport-de-la-neuvieme-edition-du-groupe-de-travail-de-lIMROP-Nouadhibou-du-11-au-14-fevrier-2020-Amenagement-des-ressources-halieutiques-et-gestion-de-la-biodiversite-au-service-du-developpement-du.pdf
https://www.researchgate.net/profile/Hammoud-El-Vadhel-2/publication/348995785_Rapport_de_la_neuvieme_edition_du_groupe_de_travail_de_l%27IMROP_Nouadhibou_du_11_au_14_fevrier_2020_Amenagement_des_ressources_halieutiques_et_gestion_de_la_biodiversite_au_service_du_developpement_dur/links/601a8bd792851c4ed5464b43/Rapport-de-la-neuvieme-edition-du-groupe-de-travail-de-lIMROP-Nouadhibou-du-11-au-14-fevrier-2020-Amenagement-des-ressources-halieutiques-et-gestion-de-la-biodiversite-au-service-du-developpement-du.pdf
https://www.researchgate.net/profile/Hammoud-El-Vadhel-2/publication/348995785_Rapport_de_la_neuvieme_edition_du_groupe_de_travail_de_l%27IMROP_Nouadhibou_du_11_au_14_fevrier_2020_Amenagement_des_ressources_halieutiques_et_gestion_de_la_biodiversite_au_service_du_developpement_dur/links/601a8bd792851c4ed5464b43/Rapport-de-la-neuvieme-edition-du-groupe-de-travail-de-lIMROP-Nouadhibou-du-11-au-14-fevrier-2020-Amenagement-des-ressources-halieutiques-et-gestion-de-la-biodiversite-au-service-du-developpement-du.pdf
https://www.researchgate.net/profile/Hammoud-El-Vadhel-2/publication/348995785_Rapport_de_la_neuvieme_edition_du_groupe_de_travail_de_l%27IMROP_Nouadhibou_du_11_au_14_fevrier_2020_Amenagement_des_ressources_halieutiques_et_gestion_de_la_biodiversite_au_service_du_developpement_dur/links/601a8bd792851c4ed5464b43/Rapport-de-la-neuvieme-edition-du-groupe-de-travail-de-lIMROP-Nouadhibou-du-11-au-14-fevrier-2020-Amenagement-des-ressources-halieutiques-et-gestion-de-la-biodiversite-au-service-du-developpement-du.pdf


 
Journal of Sustainability Research 25 of 26 

DG, Whelan CJ, editors. Why Birds Matter: Avian Ecological Function and 

Ecosystem Services. Chicago (US): University of Chicago Press; 2016. p. 235-70. 

73. Pain DJ, Cunningham AA, Donald PF, Duckworth JW, Houston DC, Katzner T, 

et L. Causes and effects of temporospatial declines of Gyps vultures in Asia. 

Conserv Biol. 2003;17(3):661-71. 

74. Sumoski SE, Orth RJ. Biotic dispersal in eelgrass Zostera marina. Mar Ecol Prog 

Ser. 2012;471:1-10. 

75. Trégarot E, Cornet CC, Pottier A, Catry T, Dia M, Maréchal JP, et al. Monetary 

evaluation of the service of nursery provided by marine coastal habitats: 

implication for fisheries management in the National Park of Banc d’Arguin. 

Estuar Coast. Forthcoming 2023. 

76. Becker N, Inbar M, Bahat O, Choresh Y, Ben-Noon G, Yaffe O. Estimating the 

economic value of viewing griffon vultures Gyps fulvus: a Travel Cost Model 

study at Gamla Nature Reserve, Israel. Oryx. 2005;39(4):429-34. 

77. Gürlük S, Rehber E. A travel cost study to estimate recreational value for a 

bird refuge at Lake Manyas, Turkey. J Environ Manage. 2008;88(4):1350-60. 

78. Boide CC. L’Ecotourisme au PNBA, Bilan et perspectives de développement 

[Ecotourism in the PNBA, Assessment and development prospects]. 

Nouakchott (Mauritania): Secrétariat Général du Gouvernement, République 

Islamique de Mauritanie; 2018. French. 

79. Cairns DK. Seabirds as indicators of marine food supplies. Biol Oceanogr. 

1988;5(4):261-71. 

80. Cairns DK. Bridging the gap between ornithology and fisheries science: Use of 

seabird data in stock assessment models. Condor. 1992;94(4):811-24. 

81. Zöckler C. Migratory bird species as indicators for the state of the 

environment. Biodiversity. 2005;6(3):7-13. 

82. Einoder LD. A review of the use of seabirds as indicators in fisheries and 

ecosystem management. Fish Res. 2009;95(1):6-13. 

83. Carere C, Costantini D, Sorace A, Santucci D, Alleva E. Bird populations as 

sentinels of endocrine disrupting chemicals. Available from: 

https://www.scielosp.org/article/ssm/content/raw/?resource_ssm_path=/medi

a/assets/aiss/v46n1/10.pdf. Accessed 2023 May 26. 

84. Gascuel D, Zeller D, Taleb Sidi MO, Pauly D. Reconstructed catches in the 

Mauritanian EEZ. Available from: http://legacy.seaaroundus.s3.amazon 

aws.com/doc/Researcher+Publications/dpauly/PDF/2007/Books&Chapters/Re

constructionOfMarineFisheriesCatchesForKeyCountriesAndRegions.pdf#pag

e=108. Accessed 2023 May 26. 

85. Camphuysen CJ, van der Meer J. Wintering seabirds in West Africa: foraging 

hotspots off Western Sahara and Mauritania driven by upwelling and 

fisheries. Afr J Mar Sci. 2005;27(2):427-37. 

86. Montevecchi WA. Interactions between fisheries and seabirds. Available 

from: https://www.researchgate.net/profile/Pat-Baird/publication/304007614 

_Chapter_10_Seabird_communication_and_displays/links/5a43e090458515f6

b052d6e0/Chapter-10-Seabird-communication-and-displays.pdf#page=546. 

Accessed 2023 May 26. 

J Sustain Res. 2023;5(2):e230009. https://doi.org/10.20900/jsr20230009 

https://doi.org/10.20900/jsr20230009
https://www.scielosp.org/article/ssm/content/raw/?resource_ssm_path=/media/assets/aiss/v46n1/10.pdf
https://www.scielosp.org/article/ssm/content/raw/?resource_ssm_path=/media/assets/aiss/v46n1/10.pdf
http://legacy.seaaroundus.s3.amazonaws.com/doc/Researcher+Publications/dpauly/PDF/2007/Books&Chapters/ReconstructionOfMarineFisheriesCatchesForKeyCountriesAndRegions.pdf%23page=108
http://legacy.seaaroundus.s3.amazonaws.com/doc/Researcher+Publications/dpauly/PDF/2007/Books&Chapters/ReconstructionOfMarineFisheriesCatchesForKeyCountriesAndRegions.pdf%23page=108
http://legacy.seaaroundus.s3.amazonaws.com/doc/Researcher+Publications/dpauly/PDF/2007/Books&Chapters/ReconstructionOfMarineFisheriesCatchesForKeyCountriesAndRegions.pdf%23page=108
http://legacy.seaaroundus.s3.amazonaws.com/doc/Researcher+Publications/dpauly/PDF/2007/Books&Chapters/ReconstructionOfMarineFisheriesCatchesForKeyCountriesAndRegions.pdf%23page=108
https://www.researchgate.net/profile/Pat-Baird/publication/304007614_Chapter_10_Seabird_communication_and_displays/links/5a43e090458515f6b052d6e0/Chapter-10-Seabird-communication-and-displays.pdf%23page=546
https://www.researchgate.net/profile/Pat-Baird/publication/304007614_Chapter_10_Seabird_communication_and_displays/links/5a43e090458515f6b052d6e0/Chapter-10-Seabird-communication-and-displays.pdf%23page=546
https://www.researchgate.net/profile/Pat-Baird/publication/304007614_Chapter_10_Seabird_communication_and_displays/links/5a43e090458515f6b052d6e0/Chapter-10-Seabird-communication-and-displays.pdf%23page=546


 
Journal of Sustainability Research 26 of 26 

87. Bowker JM, Stoll JR. Use of dichotomous choice nonmarket methods to value 

the Whooping Crane resource. Am J Agric Econ. 1988;70(2):372-81. 

88. Stevens TH, Echeverria J, Glass RJ, Hager T, More TA. Measuring the existence 

value of wildlife: What do CVM estimates really show? Land Econ. 

1991;67(4):390-400. 

89. Loomis JB, White DS. Economic benefits of rare and endangered species: 

summary and meta-analysis. Ecol Econ. 1996;18(3):197-206. 

90. Reaves DW, Kramer RA, Holmes TP. Does question format matter? Valuing an 

endangered species. Environ Resour Econ. 1999;14:365-383. 

91. Clucas B, Rabotyagov S, Marzluff JM. How much is that birdie in my backyard? 

A cross-continental economic valuation of native urban songbirds. Urban 

Ecosyst. 2015;18:251-66. 

92. Ashley C, Barnes J. Wildlife use for economic gain: The potential for wildlife 

to contribute to development in Namibia. In: Smith F, editor. Environmental 

Sustainability: Practical Global Applications. Boca Raton (US): CRC Press; 

1997. p. 163-92. 

93. Barnes JI. Economic returns and allocation of resources in the wildlife sector 

of Botswana. S Afr J Wildl Res. 2001;31(3):141-53. 

94. Barnes JI, Macgregor J, Weaver LC. Economic efficiency and incentives for 

change within Namibia’s community wildlife use initiatives. World Dev. 

2002;30(4):667-81. 

 

 

How to cite this article: 

Cornet CC, Trégarot E, Failler P. Birds of the National Park of Banc d’Arguin, Mauritania: A Panel on Ecosystem 

Services. 2023;5(2):e230009. https://doi.org/10.20900/jsr20230009 

J Sustain Res. 2023;5(2):e230009. https://doi.org/10.20900/jsr20230009 

https://doi.org/10.20900/jsr20230009
https://doi.org/10.20900/jsr20230009

