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This circular has been compiled as part of the New Partnership for Africa’s Development 
(NEPAD)–FAO Fish Programme (NFFP) Component C (FMM/GLO/003/MUL) and the FAO’s 
EAF-Nansen Project. The objective of this circular is to investigate the nature of the impacts of climate 

ecological systems and to identify current and potential coping mechanisms/strategies and biophysical 
and social characteristics/attributes that increase resilience to these impacts. The case studies were 

Ocean) and the inclusion of a small island developing state. The case studies are:

FAO. 2016. 

recommendations for adaptation options

The NEPAD–FAO Fish Programme (NFFP) and the EAF-Nansen Project are currently collating and 

The overall goal of this activity is to contribute to the design and implementation of appropriate 

national and regional policy level.

different parts of Africa. The objective was to 

.

knowledge on their exposure and potential sensitivity to climate change or climate variability. Each 
chapter includes observations on the adaptive capacity of the social-ecological system and concludes 

climate change. 
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1.1. The marine environment

coastline is approximately 

continental shelf is about 
2 and the EEZ 

approximately 158 861 km2. 
The width of the continental 
shelf off Senegal is about 

of Saint-Louis, but it narrows 
to 5 nmi in the central Cape 

Dakar and is at its widest 

Casamance coastal region 
in the south of the country. 

Peninsular, the seabed is 
rocky, but other areas of 
the Senegalese coast are 

or muddy seabeds. 

The key feature of this marine 
environment, as it pertains to 

winter upwelling and the basic parameters of this upwelling are presented in Table 1. During the summer 

Table 1:  

Location Period
SST  

(Median °C)
Wind speed 

(m/s-1)

Upwelling 
index  

(m3/s-1/m)

Wind mixing 
(m3/s3)

Senegal 25.8 4.8 1.0 197

Ivory Coast &  27.8  
27

3.7  
3.7

1.0  
1.3

 

Namibia Permanent 6 1.1 432



1

2

There is a substantial degree 
of cross-border f ishing 

who operate in Mauritanian 
waters, to the north. However, 
much of their catch is landed 
in Senegal, at the port 
of Saint-Louis. In 2012,  
275 Senegalese canoes were 

in Mauritanian waters for 
a period of three months. 

imposed on licensees was 
a requirement to land 
15 percent of the catch in 
Mauritania itself. The export 
of small pelagic species is 
an important regional trade 
opportunity for Senegal, 
particularly with Burkina 

3

1.3 Species diversity

Sardinella aurita Sardinella maderensis). Other exploited small 
Caranx rhonchus), chub mackerel 

Scomber japonicas Trachurus trachurus Sardina pilchardus) 

Engraulidae
species assemblage.4 

1.

2.

3.

4. et al
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approximation of the temporal and spatial 
migration pattern of S. aurita is presented 
in Figure 4. Note that S. aurita is observed 
off Senegal during the period of the highly 
productive winter upwelling. It is believed 
that during the latter part of the upwelling 
phase spawning takes place, although this is 
also possibly triggered by the early phase of 
the summer downwelling, an oceanographic 
phenomenon that increases larval retention 

north and take advantage of the strong 
summer upwelling located off Mauritania, 
and then possibly move as far as Morocco, 
before migrating south again, although that 
part of the migration is less well understood.5 

1.4 Recent trends

approximately 20 percent over the period of 
the time series, there has been an increase 

effective catching effort has increased, which 

In terms of total landings, 
S. aurita is the dominant 

before experiencing a downward 

2001 a reversal of this trend is 
noted, with the highest catch 
of S. aurita

6 This recent 
increase is because of a bilateral 
agreement between Senegal 
and Mauritania which annually 

For S. maderensis, the landings 
recorded an upward trend that 

5. Zeeburg, 2008.
6.

Figure 4: The migration of S. aurita
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reached its highest level in 

Since then, the landings 
have generally decreased. 
The two species of S. aurita 
and S. maderensis constitute 
about 47 and 20 percent of 

production respectively. E. 
 is the third most 

important small pelagic 
species. With a maximum 
catch of 24 471 tonnes 
achieved in 2001, the 
production of this species 
has seen a significant 
downward trend during the 
last decade. 

2. Senegal’s marine environment and its exposure to 
 climate change 

2.1 Atmosphere and climate 

Windstress

There are two principal wind patterns in Senegal and each is associated with the relative position of the 

the summer months the wind is predominantly from the southwest and drives downwelling processes. 

gradients and atmospheric heat gradients and therefore should be sensitive to the effects of increased 
7 that the position of the ITCZ may 

in fact be relatively insensitive, or at least the sensitivity may be highly variable regionally.

Cropper et al

of continental landmasses, therefore increasing the gradient between land and oceans and generating 
a subsequent increase in windstress and associated upwelling/downwelling. However, the windstress 

for only one of the indices) during the winter upwelling period, but with an increase in downwelling-

of determining any sort of trend given the often contradictory nature of available data and analyses. For 
et al

2006, as a result of decreasing wind speed. On the other hand, the IPCC reports the work of Barton et al. 

7. et al., 2014.
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trade winds, at least off Mauritania.8

Rainfall

long-term ecological condition of coastal waters. Therefore, its trend is a key indicator of the exposure of 
the Senegalese coastal environment to climate change. 

 although at a single 

the difference in rainfall 

815 mm. There was a partial 

the recovery slowed down 

remained about 15 percent 

mean. 

scale, many studies are 
in agreement about high 
rainfall variability and 
a general decrease in 
precipitation in Senegal 
and the whole Sahel 
region.10

time, the rainfall contours 
shifted progressively from 
north to south. In the whole 

by high variability on 
interannual and interdecadal 
timescales, which make 
long-term trends difficult 
to identify, and to determine 
the current and potential 
effects of anthropogenic 
climate change forcing. 

stated that “There is low 

of a small delay in the 

with an intensification of 

8.  Meiners et al., 2010.

10. e.g. Malou et al et al., 2002.
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with the actual degree being dependent on the particular climate model chosen, and a worst case scenario 

11 

2.2 Ocean currents and thermal dynamics

currents, the Canary Current is the 
main driver in the so-called Canary 
Current Large Marine Ecosystem 

Sea surface temperature

The IPCC,12 reporting the work of 
various authors, states that the Canary 
Current in its entirety has shown 

-1, p-value<0.05). The 
IPCC goes on to provide a mechanism 
that could drive such warming, 
i.e. a mean decrease in wind speed 

the evidence of an apparent decrease 
in wind speed is acknowledged 
in the same IPCC report as being 
contradicted by other, apparently 
equally plausible, analyses. 

There are also important subregional 

et al
Dedah et al
International Comprehensive Ocean-

of Cropper et al et al. also observed 

extreme of the current system where cooling was observed, albeit using a relatively short time series of 

the importance of research at appropriate geographical scales and that the reporting of this research 
adequately captures those subregional variations.

11. IPCC, 2013a.
12.

et al
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Upwelling

The climatology of the coastal region of Northwest 

but it is seasonal with increased intensity in summer 

13

waters along the coastal shelf edge are a consequence 

strength and position of the wind depends on the 
latitudinal migration of the ITCZ and the associated 

their northernmost and southernmost positions in 
summer/winter respectively. 

Observations in Section 2.1 relating to windstress 
and the upwelling intensification hypothesis, 
indicated that some evidence exists that the 
upwelling off Mauritania/Senegal may be affected by 
increased windstress resulting from increased land-
ocean thermal gradients driven by anthropogenic 

 

therefore is also likely to explain a high percentage 

relationship between the two 

upwelling is more intense 
and more widely extended 
along the coast of Northwest 

been increasing in recent 

an increased atmospheric 
pressure differential) and that 
interdecadal variability has 
also increased, suggesting 

13. et al et al., 2014.

Figure 10: Decadal trends in SST from the period 

et al

et al., 2014)
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14

Salinity

This is particularly the case for most of the small pelagic species that are generally stenohaline, meaning 
that they tolerate very little variation in salinity. The exception to this is  whose biological 

salinity constitutes a determinant exposure factor that could result from climate change. From the data 

to the partial recovery of rainfall patterns over the same period. 

2.3 Primary productivity

The Canary Current is considered as a Class 1 ecosystem corresponding to the highest level of productivity. 
Its total primary production is more than >300 gCm-2y-1.15 The primary production, which corresponds 

plankton and is generally measured as the concentration of chlorophyll. The second component that 

species in Senegal. Therefore, the level and evolution of primary production, which is also very sensitive 

for the abundance of the small pelagic species. The seasonal variation in chlorophyll-a concentration is 
a concentrations during 

the winter upwelling are clearly higher.
16

nutrients that further enhance ocean productivity. 

coast owing to the width of continental shelf. The result of this is that there is relatively little movement of 

14. et al., 2003.
15.

16. Sambe, 2012.

a during 
boreal winter

a during 
boreal summer
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that the system has relatively high rates of nutrient 

ocean by the substantial rivers in the region) because 
nutrients are not advected offshore by the upwelling 
cell. The relatively shallow continental shelf also means 
that nutrients are not lost from the system by sinking 
into the abyss.17 

The IPCC18 reports that there is “medium evidence 
and medium agreement that primary production in 
the Canary Current has decreased over the past two 
decades”, but the picture is complicated and hugely 
variable locally. For example, Sherman and Hempel 

indicated chlorophyll-a concentrations were declining 
3 per year along the Canary 

Current as a whole. However, a much more nuanced 
et al

in concentrations of chlorophyll-a off Senegal may 
be at least partially consistent with the increase in the 
strength of the summer downwelling in that region 
observed by Cropper et al

particular concern pertaining to the saturation rates of CaCO3 

is essential, for example, to coccolithophore and formaminerfera groups of calcereous plankton.  The 
crucial metric in this case is the CaCO3 saturation rate, with pre-industrial rates typically being very low 

et al
the IPCC notes that the waters of eastern boundary upwelling systems, such as found off Northwest 

2, thereby increasing their 

continued emissions of atmospheric CO2 will increase the volume of undersaturated water in the Canary 
system from current levels of about 5 percent to approximately 25 percent by 2050 as atmospheric CO2 

levels increase to about 540 ppm. This will “lead to substantial habitat compression for CO2-sensitive 
species in both systems, particularly organisms that use CaCO3 to build mineral structures”.20 This is 
compared to 75 percent volume of undersaturated waters in the California system, as a result of different 
fractions under current atmospheric CO2 

California). On the other hand, when upwelling-favourable winds are increased in the Canary system model, 
the volume of undersaturated nearshore water actually declines. In the California system model, similar 
scenarios result in an increase in volume up to approximately 40 percent. The authors put this down to 

17.

18. IPCC, 2013a.

 E.g. Doney et al
20.

Figure 14: Decadal trends in surface 
chlorophyll-a

et al
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3. The sensitivity of the small pelagic ecosystem

21 There are a number of atmospheric, climate, oceanic and 

encapsulated by Bakun22 in what has been subsequently termed “Bakun’s Triad”23 and are as follows:

To this suite of processes can be added a number of other factors including, inter alia

in this section will be limited to the potential effects on small pelagic species of the potential or forecast 
changes of these factors, and to Bakun’s Triad, off the coast of Senegal, with additional observations made 

Small pelagics species are generally stenoecious, meaning that they are capable of surviving only in 

S. aurita, are stenothermic 
and stenohaline species.24

optimal environmental window theory. Therefore, changes in the oceanography off the Senegalese coast 

abundance, etc. of small pelagic species. 

represented in the suite of species that have shifted their distributions in the past and might be especially 
likely to experience range shifts with global climate change.25 , whose distribution 

the small pelagic species are very mobile, depending on oceanographic factors and primary production. 
Trends in primary productivity across the Canary Current region, reported in Section 2.3, suggest an 

local variations in that trend, including declines off Senegal but increases in coastal productivity off 

northwards shift in the distribution of S. aurita

would not be positive.

et al
declines) in productivity in the Canary Current ecosystem, whether or not caused by climate change, are 

species is primarily determined by thermal, rather than productivity, gradients. The two may be indirectly 
linked, of course. 

21. IPCC, 2001.
22.

23. e.g. Checkley et al., 2013.
24.

25. Harley et al
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Thermal gradients are driven by the extent of upwelling, a phenomenon driven by atmospheric processes 

presented analyses that suggest S. aurita

S. aurita. The situation was a little different for S. maderensis

the abundance of S. maderensis.

Population adaptation/recovery potential

Biomass estimates generated 
f rom a cous t ic  su r veys 

Dr 
Fridtjof Nansen off Northwest 

15. It is clear that there is a large 
amount of interannual natural 
variability of production, a 
feature characteristic of small 
pelagic species. Some of the 
adaptive ecology of these 
species has already been 
described in the introduction 
to this document.

S. aurita 

Table 2:  

Stock / indicator of biomass Bcur/B0.1 Bcur/BMSY Fcur/FMSYyr Fcur/FMSY Fcur/F0.1

S. aurita

Fish consumption in Senegal

contributing 80 percent of total animal protein consumed by the coastal population.26 Senegal has the 

27 Only about 15 percent, or 45 000 tonnes, of the 
landings of small pelagic species are exported.

26. Failler & Lecrivain, 2003.
27. Lam et al., 2012.

Figure 15: Biomass estimates for sardinella



these are typically more expensive and export-oriented, with close to 100 percent of the latter being 
exported.28

Economic realities also play a role in a country where poverty levels are high. Low purchasing power 

protein available to the population. Therefore, Senegal is very sensitive to changes in the abundance of 

S. aurita and S. maderensis

S. maderensis S. aurita. It is important 
to mention that the ex-vessel prices considered here are lower than the market prices, for which data are 

local supply is a very worrying trend that is likely to be exacerbated by the potential negative impacts of 

 It has been estimated that 

for the poorest, and least well educated, people of Senegal, including farmers for whom agriculture may 

related management institutions nationally.

appropriateness and effectiveness of governance structures.30 The assumption is that countries with high 
levels of economic and human development have the resources and institutions necessary to undertake 

and governance should be taken into account when assessing adaptive capacity. 

28. et al., 2012.

 Thiao et al., 2006.
30. et al
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education.31

apprenticeship that starts from an early age, children are occupied in learning about the sea, vessel handling 

can contribute to household income, parents are depriving their children of education. This reduces 
the children’s chance to develop knowledge and skills so that they might diversify their opportunities 

32 

the CRODT for the ILO33

sector was 10.6 years.

seriously reduces their ability to cope with any change in economic circumstances, especially with the 

Availability of funds for climate change adaptation

the Directorate for Civil Protection for supporting the disaster risk reduction platform and coordinating 

31. Thiao et al., 2006.
32. République du Sénégal, 2002.
33. Thiao et al., 2002.
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allocated to the Ministry of Environment while the budget of the Ministry of Fisheries remains very low 

and a rising cost of living, their overriding priority is to satisfy the basic needs of their households and 

these macro- and micro-economic considerations, the adaptive capacity of the Senegalese small pelagic 

Effective governance is essential to support effective climate change adaptation.34

political stability, institutional frameworks, legislation and enforcement, regulations and adaptation 
strategies. With a democratic regime that is relatively successful, Senegal is one of the most politically 

the Directorate of Inland Fisheries, the Directorate for Protection and Surveillance of Fisheries, and 

have, however, not been well coordinated and have had limited success. 
35 It clearly 

conserving these resources, and to ensure their sustainable use. The current Fisheries Code is, however, 

soil fertility, water conservation methods, use of alternative crops and education. 

34. et al.
35. République du Sénégal
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4. Socio-ecological vulnerability

4.1 Ecological vulnerability 

Ecosystem degradation as a constraint for ecological resilience

the Senegalese coastal ecosystems. Several combined natural and anthropogenic stresses are responsible 

four decades, wetland areas and mangroves have been degraded and lost as a result natural factors, including 

and economic activities. This situation is particularly worrying in the cities of Saint-Louis, Mbour and Joal 

a lack of suitable disposal and management policies, industrial and domestic solid wastes lead to increased 

the capacity of small pelagic species to cope with climate change impacts. It is negatively affecting primary 
production, spawning areas, nurseries and suitable ecological habitats in general. Multiple sources of 

S. aurita is overexploited. 
For S. maderensis, despite a lack of data for modelling, current catches are considered to be unsustainable 

4.2 Social vulnerability 

et al. 

ranking of all the countries according to their level of vulnerability. With a relative vulnerability index of 0.72, 

their abundance.36

36. Sambe, 2012.
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variability could occur in the Senegalese coastal areas in the future. In such a situation, Senegalese small 

local and national levels, owing to a reduction in the abundance of, and a spatial shift in the distribution 

by stakeholders. In a context where climate change is likely to reduce the abundance and modify the spatial 

to be very mobile along the national and subregional coast will have more incentives to migrate.37 Therefore, 

regulation, which are already common, may become more frequent and more violent. 

peacefully resolved by these two neighbouring countries. It is important to note however, that Senegal 

around the Senegal River that divides the two countries.

adequate management measures and strategies need to be urgently implemented at local, national and 

For example, polluting activities must be banned or better regulated so as to ensure the environmental 

impacts. Moreover, some ecologically sensitive areas, such as spawning areas and nurseries, should be 

also necessary to strengthen the resilience of small pelagic species against climate change.

the decision-making process and the implementation of concrete and effective actions. For instance, even 

S. 
aurita, S. maderensis and 

regularly so that their effectiveness may be assessed and improved. Seasonal closures pertain to a very 

37. Binet, Failler & Thorpe, 2012.
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Octopus vulgaris Cymbium pepo) and coastal 
Penaeus notialis). The extension of such seasonal closures to other species, particularly small 

pelagic species, remain at the hypothetical38 stage because of the socio-economic implications for the 

should strive towards the development of management plans that take into account the dynamic balance 

system requires the establishment of catch limits and the termination of the open access regime that still 

implement some measures to reduce overcapacity, but these measures have met with limited success. For 

40 The principle behind this initiative was to issue a limited number 

to catch limitation, no concrete action has yet been taken to implement the management recommendations 

41 
S. aurita, S. maderensis and Scomber 

japonicas  and Trachurus trachurus). 

measures are necessary, the key issue is how to ensure they are effective. In such a situation, it is absolutely 

currently being promoted in the country which is raising public awareness of the need for small pelagic 

Integrating the subregional dimension in the management strategies 

local and national level, regional management measures and strategies are required to mitigate the negative 

38. Thiao et al., 2012.

40. Thiao et al., 2012.
41. République du Sénégal
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even after they come to an end. Joint MCS activities also need to be promoted so as to facilitate the use 
of all available equipment and experience and the exchange of data and information about, for example, 

Building capacity for climate change adaptation

consideration in Senegalese management policies and legal frameworks. Moreover, owing to the uncertainties 

in ecological and social systems.42

requires the building and strengthening of the capacity of national stakeholders. The staff of the Ministry 

management policies and adaptation strategies. 

very popular among decision-makers and other stakeholders involved in the sector, its implementation 

have not yet been evaluated. In addition, the sustainability of this initiative after the completion of the 

sense to develop agriculture and livestock opportunities for these communities, given that adequate and 

aquatic resources that their alternative livelihoods options are very limited.43 In these cases a suitable 

in the country. Building community capacity, including the skills of the youth, through targeted training 

42. Fluharty, 2011.
43. Thiao, Dème, Bailleux, Failler & Sall, 2012.
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