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PREPARATION OF THIS DOCUMENT

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 
change on four case study fisheries in Africa, to gauge the vulnerability of their corresponding social-
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 
selected according to a set of criteria defined by the NFFP and the EAF-Nansen Project. The criteria 
included geographic location (the Gulf of Guinea, the coast of Northwest Africa and the western Indian 
Ocean) and the inclusion of a small island developing state. The case studies are:

• the small pelagic fisheries of the United Republic of Tanzania;

• the coral reef fishery of Seychelles;

• the small pelagic fisheries of Ghana; and

• the small pelagic fisheries of Senegal.

The coral reef fishery of Seychelles was included because of the importance and widespread nature 
of this kind of fishery in the western Indian Ocean; the fact that the vulnerability of fisheries in small 
island states is often more easily observed than for other fisheries; and as an alternative case study for 
comparison to the pelagic fisheries chosen for the three other case studies.

FAO. 2016. 
Case studies on climate change and African coastal fisheries: a vulnerability analysis and 
recommendations for adaptation options, edited by Jim Anderson and Timothy Andrew. FAO 
Fisheries and Aquaculture Circular No. 1113. Rome, Italy.  

ABSTRACT

The NEPAD–FAO Fish Programme (NFFP) and the EAF-Nansen Project are currently collating and 
exploring evidence for the current and potential impacts of climate change on fisheries in Africa. 
The overall goal of this activity is to contribute to the design and implementation of appropriate 
interventions, with a view to reducing these impacts, both on the ground at a local level and at the 
national and regional policy level.

To this end, the Western Indian Ocean Marine Science Association (WIOMSA) was contracted to 
coordinate four specialist authors who were asked to produce case studies on small-scale fisheries in 
different parts of Africa. The objective was to investigate in detail the nature of the impacts (of climate 
change) on, and vulnerabilities of the selected social-ecological systems and, to identify current and 
potential coping mechanisms/strategies as well as biophysical and social characteristics/attributes 
that increase resilience to these impacts.

The report consists of five chapters. The opening chapter introduces the general approach and methodology 
used to compile the case studies and a definition of terms. It also provides a brief overview of the 
phenomenon of ocean acidification − to which all four case study fisheries are vulnerable − and an 
introduction to some key observations on the ecology of small pelagic species, the focus of three of the 
four case studies. The remaining four chapters deal in turn with the individual case studies, providing 
ecological and socio-economic details on the four fisheries and collating a wide range of available 
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 
with observations on the potential role of fisheries management institutions to reduce vulnerability to 
climate change. 

iiiii



ACkNOwLEDGEMENTS

This report was researched and written by a team of specialist authors − Jim Anderson, Melita Samoilys, 
Nana Ama Browne Klutse, Francis K.E. Nunoo and Djiga Thiao − under the auspices of the Western 
Indian Ocean Marine Science Association (WIOMSA). The compilers of this report are grateful to these 
authors, to the NEPAD FAO Fish Programme team and the EAF-Nansen Project, in particular Florence 
Poulain, Kwame Koranteng, Tarub Bahri, Cassandra DeYoung and Merete Tandstad. Thanks also go to 
Claire Attwood and Marianne Guyonnet for their contribution to the finished publication.

viv



CONTENTS

Abstract  ....................................................................................................................................iii

Acknowledgements .........................................................................................................................iv

List of acronyms ..............................................................................................................................vi

Executive summary .........................................................................................................................ix

Chapter 1: Background ................................................................................................................1

Chapter 2: The small pelagic fisheries of Tanzania 
Jim Anderson, Melita Samoilys ......................................................................................................19

Chapter 3: The coral reef fisheries of Seychelles 
Jim Anderson, Melita Samoilys ......................................................................................................61

Chapter 4: The small pelagic fisheries of Ghana 
Nana Ama Browne Klutse, Francis K.E. Nunoo .............................................................................101

Chapter 5: The small pelagic fisheries of Senegal 
Djiga Thiao   ....................................................................................................................................127

viv



LIST OF ACRONYMS

AEW African easterly waves

AMO Atlantic multi-decadal oscillation

APW Ali-Poli-Watsa (gear)

AVHRR Advanced very high resolution radiometer

BMU Beach management unit

BR Bleaching response

CBFMC Community-based fisheries management committees

CCC Central Coordinating Committee

CCLME Canary Current Large Marine Ecosystem 

CECAF Fishery Committee for the Eastern Central Atlantic

CFMA Collaborative fishery management area

CORDIO-EA Coastal Oceans Research and Development Indian Ocean − East Africa

CPUE Catch per unit effort

CRODT Oceanographic Research Centre of Dakar-Thiaroye

DFID Department for International Development (of the United Kingdom)

DFMR Department of Fisheries and Marine Resources (Zanzibar)

DFO District-level fisheries officers

DHM Degree heating months

DHW Degree heating weeks

DIC Dissolved inorganic carbon

DNA Deoxyribonucleic acid

DoC Drivers of change

DSFA Deep Sea Fishing Authority

DWFN Distant water fishing nations

EACC East African Coastal Current

EAMFRO East African Marine Fisheries Research Organization

EEZ Exclusive economic  zone

EIA Environmental impact analysis

EMPS Environment Management Plan of Seychelles

ENSO El Niño Southern Oscillation

EU European Union

FAO Food and Agriculture Organization of the United Nations

FD Fisheries Division (of Tanzania mainland) 

FDD Fisheries Development Division (Tanzania mainland) 

FEC Fishermen’s Executive Committee

GCLME Guinea Current Large Marine Ecosystem 

GCRMN Global Coral Reef Monitoring Network

GDP Gross domestic product

GEF Global Environment Facility

GFCM General Fisheries Commission for the Mediterranean

viivi



GHG Green house gas

GOG Gulf of Guinea

ICOADS International Comprehensive Ocean-Atmosphere Data Set

ICZM Integrated coastal zone management

ILO International Labour Organization

IOBM Indian Ocean Basin Mode

IOC/COI Indian Ocean Commission 

IOD Indian Ocean Dipole

IPCC Intergovernmental Panel on Climate Change

ITCZ Inter Tropical Convergence Zone

ITF Indonesian throughflow

IUCN International Union for Conservation of Nature

LOA Length overall

MBCA Menai Bay Conservation Area

MBREMP Mnazi Bay-Ruvuma Estuary Marine Park

MC Municipal or District Council 

MCA Marine conservation area

MISD Management and Information Systems Division  
(Ministry of Information Technology and Communication) of Seychelles

MJO Madden-Julian Oscillation

MLD Mixed layer depth

MOFA Ministry of Food and Agriculture (Ghana) 

MOFAD Ministry of Fisheries and Aquaculture Development (Ghana)

MPA Marine protected area

MSY Maximum sustainable yield

NBS National Bureau of Statistics

Nd No date

NE Northeast

NECC North Equatorial Counter Current

NEMC Northeast Madagascar Current

NEPAD New Partnership for Africa’s Development

NFFP NEPAD-FAO Fish Programme

NGO Non-govermental organization

Nmi Nautical miles

NOAA National Oceanic and Atmospheric Administration

NOAA-AVHRR National Oceanic and Atmospheric Administration - Advanced Very High Resolution Radiometer

NOAA-ESRL National Oceanic and Atmospheric Administration (of the United States) Earth System Research Laboratory

OISO Oceanic intraseasonal oscillations

Ppm Parts per million

QBO Quasi biennial oscillation

ReCoMaP Regional Programme for the Sustainable Management of the Coastal Zones  of the Countries of the Indian Ocean

viivi



RNA Ribonucleic acid

R/V Research vessel

SC Somali Current

SD Standard deviation

SE Southeast

SEC South Equatorial Current

SECC South Equatorial Counter Current

SEMC Southeast Madagascar Current

SFA Seychelles Fishing Authority

SFC Shehia Fishermen’s Committees

SIDA Swedish International Development Agency

SLP Sea level pressure

SRES Special Report Emissions Scenarios

SST Sea surface temperature

SWIOFP Project for the Development and Management of Fisheries in the Southwest Indian Ocean

SWOT Strengths, Weaknesses, Opportunities, Threats

TAC Total allowable catch

TAFICO Tanzania Fishing Corporation

TCZCDP Tanga Coastal Zone Conservation and Development Programme

TEK Traditional ecological knowledge

Tsh Tanzanian Shilling

UNDP United Nations Development Programme

UNEP United Nations Environment Programme

UNEP/NCS UNEP/Nairobi Convention Secretariat

UNEP-WCMC United Nations Environment Programme’s World Conservation Monitoring Centre

UNICEF United Nations International Children’s Emergency Fund

URT United Republic of Tanzania

USAID United States Agency for International Development

UV Ultraviolet (radiation) 

UVC Underwater visual census

VA Vulnerability assessment

WAM West African Monsoon

WARFP World Bank West Africa Fisheries Project

WGI AR5 Working Group I contribution to the IPCC Fifth Assessment Report

WIO Western Indian Ocean

WIOLaB Addressing Land-based Activities in the Western Indian Ocean

WIOMSA Western Indian Ocean Marine Science Association

WWF World Wide Fund for Nature

ZAFICO Zanzibar Fishing Corporation

ixviii



EXECUTIVE SUMMARY

1. Assessment approach

The four case studies were guided by the widely-adopted Intergovernmental Panel on Climate Change 
(IPCC) vulnerability assessment framework, and its definitions and concepts. They also took into account 
the insights contributed by Marshall et al. (2010) and Cinner et al. (2013) (Figure 1). Therefore, each 
chapter includes, where feasible, sections that relate to the various components of the framework: exposure, 
sensitivity, recovery potential/adaptive capacity, etc.

In addition to the overall structure provided by the framework, the three case studies on small pelagic 
fisheries were informed by a schematic diagram of a small pelagic ecosystem and the likely pathways of 
influence of climate change developed by Fréon et al. (2009). 

The extent to which the various components of the framework and the climate change pathways may be 
analysed for a particular assessment clearly depend on the resources available – both human and financial – 
and on the information that is available or can be generated. In this instance, the case studies are based 
entirely on existing data, and information sourced and collated by the authors of the individual chapters.

Figure 1: Vulnerability assessment framework (source: adapted from IPCC, 2007; Marshall et al., 2010; 
Cinner et al., 2013)
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2. Findings

United Republic of Tanzania (URT)
The principle ocean currents of the western Indian Ocean (WIO) are presented in Figure 2. The westward-
flowing South Equatorial Current (SEC) is the major current and flows throughout. It is located in a 
band at approximately 15 to 20 °S. The SEC is driven by a number of processes, including forcing by the 
Indonesian throughflow (ITF) and − through the southeast Trades − by atmospheric processes associated 
with the heating of the Indian/South Asian landmass.1 

The marine ecosystem
Mahongo and Shagude (2013) described Tanzania’s coastal waters as “nutrient-poor water resulting in low 
productivity”, lacking upwelling of cold, nutrient-rich waters and largely characterized by downwelling. 
There is, however, a pronounced seasonality in primary productivity, as measured by pigment concentrations 
of chlorophyll-a. Higher levels of primary productivity are associated with the southeast monsoon, during 
which time the mixed layer increases in depth as a result of the increased velocity of the southeast trade 
winds and their interaction with the SEC. 

1. E.g. Han et al., 2006; Schott et al., 2009.

Figure 2: Representation of WIO currents during the SE Monsoon (source: adapted from Schott et al., 
2009)
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There is some evidence that observed “upper-ocean warming in the south Indian Ocean can be attributed 
to a reduction in the southeast trade winds and associated decrease in the southward transport of heat from 
the tropics to the subtropics”.2 Changes to the southeast Trades might feasibly reduce the strength of the 
downwelling, but lower windstress may also lead to increased ocean stratification, thereby reducing the 
availability of nutrients for phytoplankton growth. However, the evidence for a climate change-driven 
reduction in the velocity of southeast trade winds is highly equivocal and recent behaviour of the SEC 
may be a part of a decadal cycle of meridional ocean circulation in both the Pacific and the Indian Oceans, 
the explanation for which “needs further investigation”.3

Rainfall and freshwater influx into coastal waters are important for local productivity of small pelagic 
fish and the relationship between river discharge, nutrient supply and concentrations of chlorophyll-a in 
coastal waters off Tanzania was discussed by Lugomela et al. (2001) and by authors referenced therein. 
There are eight main rivers that discharge into Tanzania’s coastal waters, with a total basin drainage 
estimated at 438 000 km2.4 Preliminary analyses provided by the IPCC (2013) for changes in rainfall 
across East Africa suggest an increase through to 2100, particularly during the period of the northeast 
monsoon. Downscaling of these analyses shows an increase in precipitation in the watersheds of some of 
the major Tanzanian rivers that drain into the western Indian Ocean, with concomitant increases likely in 
water discharge and presumably terrigenous nutrient load. On the other hand, rather than there being an 
evenly distributed increase in the mean seasonal precipitation level, increased rainfall may be irregular 
and arrive in the form of storms. Therefore, the timing of rainfall anomalies, the increase in supply of 
nutrients and any subsequent increase in primary productivity, may not necessarily match the life cycle 
of the small pelagic fish populations.5 

A number of researchers have reported on the trend of increased sea surface temperature (SST) in the 
Indian Ocean6 and the IPCC (2013) reported that “The Indian Ocean Basin Mode (IOBM) has a strong 
warming trend (significant at 1 percent since the middle of the 20th century)”. 

The causes of the SST warming trend are complex however, and may not be simply a result of climate 
change. For example, Xie et al. (2002) suggested that the SST variability in the western tropical South 
Indian Ocean (up to 50 percent of the total variance in certain seasons) is not locally forced, but is instead a 
result of oceanic subsurface Rossby waves propagating from the east, which in turn are forced by El Niño−
Southern Oscillation (ENSO) events (Figure 3). Furthermore, a phenomenon known as oceanic intraseasonal 
oscillations (OISOs) in the SEC are also believed to be important in determining SST. OISOs propagate 
in the south-eastern Indian Ocean as a result of baroclinic instability in the eastern Indian Ocean, and 
are then transmitted westward across 
the Indian Ocean (as Rossby waves) 
through the SEC. OSIOs are believed 
to contribute more to SST variability 
than surface heat fluxes. OISOs are 
also key determinants of rainfall 
anomalies in East Africa (Zhou et 
al. op cit.). Meyer and Weerts (2009) 
reported that long-term variability 
in the ITF from the Pacific Ocean 
“may be associated with changes in 
SST in the tropical Indian Ocean” 
and indeed the baroclinic stability 
that leads to OSIOs is itself strongly 
forced by the ITF. 

2. IPCC, 2007.
3. Lee, 2009.
4. Bwathondi & Mwamsojo, 1993.
5. Cushing, 1974; Bakun, 2010.
6. e.g. Han et al., 2006; Luffman, 2009; Zhou et al., 2008; Cai et al., 2008.

Figure 3: Indian Ocean SST anomalies and size of correlation 
with El Niño events in the Pacific Ocean (source: redrawn from 
Schott et al., 2009)
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Schott et al. (2009) stated that a 20-year time series of annual mean heat fluxes indicates that the net heat flux 
in the Indian Ocean has not increased and went on to suggest that ocean dynamics play a more important role 
than previously understood in the observed warming trend (as opposed to ocean basin climate or climate change 
effects). They also suggested, as other researchers have done, that SST anomalies may involve teleconnections 
between the Indian Ocean and the Pacific Ocean’s ENSO phenomenon (Figure 3). The possible link with 
ENSO is important because the IPCC has reported only “low confidence in the current understanding of 
how (or if) climate change will influence the behaviour of ENSO and other long-term climate patterns”,7 
while Collins et al. (2010) stated that “As far as we know, [ENSO] could intensify, weaken, or even undergo 
little change depending on the balance of changes in the underlying processes”. In summary, observed SST 
anomalies may reflect natural climate variability rather than anthropogenic climate change per se.

Socio-economic sensitivity
The most detailed investigation into the biodiversity of the waters off the URT was undertaken in the 1960s 
and suggests upwards of 95 species of small pelagic fish, with 19 species reported as being abundant in 
the catch. The first surveys of fisheries resource abundance (including small pelagic fish) off Tanzania’s 
coast were undertaken in 1976/77 by the research vessel (R/V) Professor Mesyatsev. Additional fisheries 
surveys were undertaken by R/V Dr Fridtjof Nansen in 1982/83. The Nansen cruises identified the most 
abundant small pelagic species as Amblygaster sirm, Sardinella gibbosa, S. albella and S. leiogaster, as well 
as a number of Scads (Decapturus maruadsi, D. macrosoma, and Atule mate). The anchovy, Stolephorous 
punctifer, was important in trawl surveys in the Zanzibar Channel.8 

The small pelagic fishery of the URT is generally a small-scale commercial operation using ring-net 
gears; the small-scale industrial fishery ceased operations in the late 1980s. Catch statistics suggest a 
figure of approximately 8 000 tonnes of small pelagic fish for mainland Tanzania and 3 000 tonnes for 
Zanzibar. However, there is significant interannual variability in both yield and species composition.

Fisheries management activities are delivered separately by the two members of the URT (Mainland 
Tanzania and Zanzibar), but fisheries resource managers across the URT continue to face many challenges 
in delivering a sustainable fishery, even without the added threat of climate change. There are relatively 
few accurate data on the total catch and effort in the small pelagic fishery, and limited accuracy in family, 
genus and species identification.9 For example, recent (2000 to 2012) data from Zanzibar report anchovies 
as members of the Clupeidae family, whereas they are actually Engraulidae. In terms of overall catch 
estimates, this problem seems to persist for a number of reasons. Firstly, the accurate sampling of catches 
across all fisheries is problematic because of logistical and human resource challenges. Secondly, most 
coastal districts aggregate much of the data, losing resolution before it is entered into a database. And 
thirdly, because of the sampling of large numbers of individual fish, catches of small pelagic fish can be 
difficult to sample accurately without a well-designed catch subsampling protocol. 

Poor quality data present enormous challenges to fishery managers seeking to deliver a sustainable fishery, 
and for tracking (and subsequently adapting to) any impacts of climate change. 

In terms of total fishing effort, a “rapid” frame survey10 recorded 1 148 ring-nets for mainland Tanzania, 
although the historical accuracy of frame surveys in Tanzania has been problematic, not least in terms of 
defining a standard unit for a ring-net. And, because of the challenges with the data, direct employment 
in the small pelagic fishery is difficult to estimate. However, it is estimated there are between 5 000 and 
13 000 fishers, the latter figure equating to approximately 37 percent of all mainland fishers. For Zanzibar, 
the 2010 frame survey recorded 209 ring-nets, with an estimated direct employment of approximately 
2 500 fishers, or 7 percent of the total number of fishers. 

7. IPCC, 2014.
8. Iverson et al., 1984.
9. Van der Elst et al., 2005; Jacquet & Zeller, 2007.
10. Van der Knaap, 2013.
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There is limited contemporary information available on the economics of the small pelagic fishery and 
therefore it is difficult to make any informed comments on the sensitivity of the fishery to possible declines 
in abundance of fish. For example, the opportunity cost of capital for vessel owners or of traders to 
participate in this particular fishery is not known at this point in time, and therefore the scale of variation 
in landings or unit production costs that would be necessary for participants to leave the fishery is also 
unknown. Similarly, the opportunity cost of labour (crew) for the fishing operations is unknown and the 
use of the catch is also poorly understood. For instance, reports from 1997 indicate that there is significant 
trade with the battery-chicken industry, but this trade has not been accurately quantified.

Small pelagic fish are generally low value fish, although the prices vary significantly from district to 
district and on a day-to-day basis. A 2013 fisheries economics study11 in Zanzibar indicated that “sardines” 
fetched a mean price of less than USD0.5/kg. The next highest “category” of fish (surgeonfish) was 
priced at approximately USD1.5/kg. The only recent information identified on the trade in small pelagic 
fish (from Zanzibar) was the study by Fröcklin et al. (op cit.) for which 42 traders from ten fish markets 
around Zanzibar’s Unguja Island were interviewed. The selling of “sardines” ranked last in economic 
importance for the traders, with only 10 percent of women traders stating it was economically important 
to them; the equivalent figure for male traders was approximately 15 percent. By contrast, more than 
75 percent of all traders stated that the trade in the “emperors” category (broadly covering Lethrinidae) 
was economically important to them.

In terms of estimated economic value, for mainland Tanzania in 2012 the small pelagic fishery was worth 
approximately USD16.9 million, about 12 percent of total first sales revenues from coastal marine fisheries. 
For Zanzibar the estimated value for 2012 was USD5.9 million, or approximately 11 percent of the first 
sales value of marine fisheries.

Tanzania is a country where employment opportunities are relatively scarce; the official unemployment 
rate was 10.7 percent in 2011, although this excludes the informal sector that is estimated to employ 
10 percent of the available labour force. The employment challenge is particularly serious for young 
people; 900 000 young Tanzanians enter the job market each year, but the economy only creates 50 000 to 
60 000 new jobs in the formal economy12. Given the lack of data, it is currently impossible to realistically 
determine the sensitivity of fishing crews’ livelihoods to any reduction in opportunities in the small pelagic 
fishery. It is not known whether the individuals who work in the fishery are full-time, “career” crew, or 
participate on a part-time or seasonal basis, or even on a casual and ad hoc basis. Certainly, any reduction 
in the size of the small pelagic fishery, whether as a result of natural fluctuations or fluctuations exaggerated 
by anthropogenic climate change, would be unwelcome, but little more than that can be said at this stage. 

The only data identified on the biology of small pelagic species in fisheries landings dates back to 1970 and 
includes length-frequency data. This raises concerns about current knowledge of the fishery, especially 
given the fact that the data suggest that the species investigated (Sardinella gibbosa and S. albella) were 
both fished at sizes well below the estimated length at first maturity. And if, as seems probable, the stocks 
of small pelagic fish are shared between the mainland and Zanzibar, there is clearly an urgent need to 
establish a mechanism whereby, in future, the management of the fishery is coordinated between the two 
members of the URT.

The characteristics of small pelagic species demand fishery management strategies that are flexible and 
responsive.13 The response of the government of mainland Tanzania to the lack of management of the 
fishery has been to prepare the management plan for the Tanzanian artisanal fishery for small and medium 
pelagic fish species.14 The plan currently lacks any specific details about the regulations (for example 
limits on fishing effort) that are to be applied in the fishery, but the expectation is that the content will be 
developed in the near future.

11. Fröcklin et al., 2013.
12. Kushner, 2013.
13. Ommer et al., 2013.
14. Anon, 2013.
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The plan has six objectives, but for the purposes of this case study only three are commented on, as follows: 

i. Maximize long-term economic and socio-economic sustainability of the fishery (e.g. improve catch 
rates & size structure): the high natural variability of abundance (and population structure) of small 
pelagic species presents significant challenges to ensuring “long-term” sustainability in Tanzania’s 
particular fishery management context, which is characterized by largely non-existent effort controls 
and very sparse and unreliable data. The choice of catch rates as an indicator of sustainability is high 
risk, particularly for small pelagic fish, which are schooling fish and aggregate naturally, even at very 
low levels of abundance. What this means in practice is that catch rates tend to decline more slowly 
than abundance, increasing the risk of a stock collapse because declines are not easily detected by 
the chosen indicator.15

ii. Manage stocks to ecologically sustainable levels (trophic interactions): given the multi-species 
complexity of the small pelagic ecosystem, and the lack of knowledge about what genera/species 
currently dominate the system, the challenge is to clearly define ecologically sustainable levels.

iii. Rebuild stocks to minimize risk to the resource (recruitment, etc.): this would require regular 
(e.g. annual/biannual) updates of biomass estimates in order to set quotas or total allowable catches 
(TACs) to limit fishing mortality. Biomass estimates (such as through the egg-production method) 
require relatively expensive research vessels and appropriate technical capacity. Furthermore, the 
management authorities would need the means to actually implement the effort controls and partners 
in the industry that would agree to such limits. Currently the plan proposes licensing through the 
Central Coordinating Committees (CCCs), which manage the Collaborative Fishery Management 
Areas (CFMAs), via local government authorities for the small-scale fishers, and by the Ministry 
for semi-industrial fisheries. However, the CCCs currently lack the capacity to perform this role.16 
Negotiation will be required to allocate quotas or permits to both the small-scale fisheries and the 
semi-industrial/industrial fisheries, and to demarcate the fishing grounds.

Under a forthcoming World Bank/Global Environment Facility (GEF)-funded programme entitled 
“SWIOFISH”, the small pelagic fishery is identified as a priority fishery (along with five others). This 
presents the URT with a good opportunity to develop the information and management structures 
required to rigorously apply the management plan. However, during various preparatory meetings 
and workshops held under the SWIOFISH pre-appraisal mission (pers. obs.) the small pelagic fishery 
appears to be targeted for expansion, partly to reduce fishing pressure on other fisheries, particularly 
on coral reef fisheries. The productivity of the latter fisheries is threatened both by overfishing and by 
environmental disturbance, principally from dynamite fishing as well as bleaching episodes. Given 
the complexity and natural variability of small pelagic ecosystems, the lack of data on the fishery and 
the difficulties in predicting the response of small pelagic species to anthropogenic climate change, 
caution is required by decision-makers who may be tempted to see the small pelagic fishery as a fishery 
that can absorb excess capacity from other fisheries.

Seychelles

The marine ecosystem
The Global Coral Reef Monitoring Network (GCRMN) estimates the total area of coral reef around 
Seychelles to be 1 690 km²  with an area of 40 km² around the inner islands,17 while Andréfouët et al. 
(2009) estimated the total coral reef area at 5 443 km². A possible reason for this difference is presented 
by Andréfouët as the inclusion of “deep terraces with constructions found in barrier reef, banks and 
atolls respectively”; this contributed 70 percent (or 3 490km²) to the overall estimate. The reefs of the 

15. Hilborn & Walters, 1992; Walters, 2003.
16. Anderson & Mwangamilo, 2013.
17. Wilkinson, 2008.
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Seychelles comprise an estimated 174 species of coral in 55 genera,18 although recent estimates suggest 
up to 217 species are present.19 There are an estimated 400 to 749 species of coral reef associated fish.20 

Lagabrielle et al. (2009) undertook an assessment of the relative importance of eight drivers of change 
(DoC) to coral reef ecosystem functions in the WIO. The assessment was based on the expert opinion of 
50 workshop participants. The results for Seychelles suggest coastal fisheries, tourism and sedimentation 
to be the most significant DoC for the Seychelles. 

A Reefs at Risk21 assessment of the spatial distribution of threats to Seychelles’ coral reef ecosystems 
has been carried out. These threats cover coastal development, marine-based pollution, watershed-based 
pollution, overfishing and destructive fishing, and are combined into an “integrated local threat” index. 
The data relate only to coastal reefs and do not provide any insight into the extent of threats to the deeper 
reef systems on the banks.

Graham et al. (2013) observed that “…much of the ongoing deterioration of coral reefs is attributable to 
centuries of local human impacts, including overfishing and declining water quality…, further highlighting 
the need to address local chronic drivers of change in order to reverse phase shifts and maintain coral-
dominated reefs”. 

However, SST rise and ocean acidification associated with climate change may also be important threats. 
The key characteristic of the physiology of reef-building (or scleractinian) corals, and one that makes 
SST a key factor in their survival, is that they are obligate hosts of dinoflagellate symbionts of the genus 
Symbiodinium, which are more commonly known as zooxanthellae.22 In the situation of high (or at least 
anomalous) sea surface temperature (SST), the “photosynthetic machinery”23 of zooxanthellae is degraded 
and the resulting over production of oxygen radicals can lead to cellular damage to both the zooxanthellae 
and the host coral, leading to a reduction in pigment concentration or expulsion of the symbiont.

The duration of the SST anomalies is one of the most crucial factors in determining the occurrence and 
extent of bleaching events, and this is captured by the term degree heating weeks (DHW) or degree 
heating months (DHM). The Seychelles was exposed to significant levels of DHW prior to, or during, 
the catastrophic 1998 bleaching event.

However, the predictive power of simple SST/DHW is somewhat limited.24 Maina et al. (2008), building 
on earlier work of McClanahan et al. (2007b) among others, incorporated SST and a number of other 
potential oceanographic and atmospheric factors into their models. They reported that an interplay of 
three variables − SST variability, temperature and ultraviolet (UV) incidence − are the variables best 
able to predict bleaching. They argued that SST variability actually conferred an advantage because it 
exposed corals to sub-lethal periods of high temperatures, allowing acclimation and adaptation. However, 
Seychelles is characterized by low temperature variability, high UV incidence and high mean SST.

In the WIO, there are two principle drivers that can lead to SST anomalies (and critical DHW scenarios): 
ENSO that takes place in the Pacific Ocean and the Indian Ocean Dipole (IOD).25 The IOD is usually triggered 
by ENSO events but it can occur independently, which was first demonstrated in the late 1990s. McClanahan 
et al. (2007b) noted that the ENSO events of 1982 to 1983, 1987 to 1988 and 1997 to 1998 correlated with 
the highest mean SSTs in the WIO. Subsequent ENSO events occurred in 2002, 2003 and 2010 and also led 
to some bleaching in Seychelles.26

18. McClanahan et al., 2000.
19. Obura et al., 2012.
20. Payet et al., 2005.
21. Burke et al., 2011.
22. Baker et al., 2008.
23. Baker et al., Ibid.
24. e.g. Maina et al., 2008; Logan et al., op cit.
25. e.g. Baker et al., 2008.
26. Government of Seychelles, 2011.
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In terms of the potential outlook for the ocean temperature regime in the vicinity of the Seychelles, Meyer 
and Weerts (2009) argued that climate change-forced shoaling of the mixed layer may lead to significant 
decreases in surface and subsurface temperatures in the WIO between Seychelles, Madagascar and 
the Mozambique Channel. This would imply a reduced exposure to warm SST anomalies. Chang-seng 
(2007) notes that existing time series SST data for the WIO region, and for Seychelles in particular, are 
somewhat contradictory, although the SST anomaly data for Mahé generated by the United Kingdom’s 
Climate Research Unit suggested an increase in the number of positive (warm) SST anomalies since the 
1980s. However, Chang-seng also reported National Oceanic and Atmospheric Administration (NOAA) 
data for the WIO, which suggests that Seychelles has not been exposed to an overall increase in SST. In 
summary, evidence that the WIO is undergoing a mean warming as a result of climate change appears 
equivocal but is discussed in more depth in the chapter on Tanzania. 

The potential impact of isolated ENSO events and the IOD in forcing conditions with resulting significant 
SST anomalies remains an important threat to coral reefs, but, the IPCC has only “low confidence in the 
current understanding of how (or if) climate change will influence the behaviour of ENSO and other long-term 
climate patterns”.27 Furthermore, Collins et al. (2010) stated that “As far as we know, [ENSO] could intensify, 
weaken, or even undergo little change depending on the balance of changes in the underlying processes”.

Whether or not SST anomalies are the result of climate change, they are real and their effects have been 
dramatic, particularly the 1998 event. One risk associated with climate change is that their frequency may 
increase, reducing the time available for coral reef ecosystems to recover. Payet et al. (2005) reported 
an 80 percent mortality of coral reefs in Seychelles in 1998. Buckley et al. (2008), citing various authors 
including Teleki et al. (1999), Spencer et al. (2000), Spalding and Jarvis (2002) and McClanahan et al. 
(2007a) reported that coral mortality on the outer reefs of the southern Seychelles ranged from 60 to 
75 percent and losses of live coral cover were as high as 60 percent. The World Heritage Site of Aldabra 
Atoll and the islands of Assumption, Astove and St Pierre, showed losses of up to 50 percent of live 
coral. Pratchett et al. (2011), citing Jennings (unpub. data), reported a reduction in coral cover from 23 to 
50 percent before the bleaching and 0 to 17 percent after.

However, the impact of bleaching events on corals is not uniform on all taxa. McClanahan et al. (2007a) 
reported on their analysis of the differential response of coral taxa across the WIO to the bleaching events 
of 1998 and 2005. Porites coral were less vulnerable to bleaching compared to Pocillopora and Acropora. 

The effects of the loss of coral reef cover and structure is significant. Wilson et al. (2006) undertook a 
meta-analysis of 17 independent studies and observed that 62 percent of fish species declined in abundance 
within three years after a loss of more than 10 percent of coral cover. Loss of structural complexity (or 
rugosity) is important for a number of reasons, not least being increased post-settlement mortality owing 
to a lack of hiding places and appropriate food for newly settled juveniles.28 While some local extinctions 
of albeit highly coral-dependent fish species have been reported,29 the most significant effect is likely to 
be in reduced ecological function, particularly as it relates to herbivorous species. 

There is a wealth of information available on the impact of coral bleaching on reef structure and its 
subsequent impact on coral reef fish species. For example, Graham et al. (2006) studied the effect of the 
loss of coral reef cover and structure on species richness by habitat type. Their key finding is that loss 
of physical structure is the most important factor in driving down species richness on coral reefs, with 
the declines most notable on carbonate and patch coral reefs, compared to the granite-based reefs. The 
authors of this study argue that this explains why more instantaneous impacts on fish assemblages are not 
observed, given that coral structures do not collapse immediately after bleaching occurs. Another useful 
finding is that the results did not provide evidence of any sort of a threshold of structural complexity 
below which no further decline of species richness was observed. In other words, the greater the loss 
of structural complexity, the greater the loss of species richness. For Seychelles, which has experienced 
at least four bleaching episodes of varying degrees of severity over the past 15 or so years, the loss of 
significant habitat complexity is a real threat and its concomitant impact on fisheries obvious.

27. IPCC, 2014.
28. Hoegh-Guldberg et al., 2007.
29. e.g. Pratchett et al., 2006.
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Coral bleaching and its effect on reef structure elicit a range of responses across fish species. Research by 
Pratchett et al. (2011) looking at four primary functional groups (corallivores, herbivores, planktivores and 
carnivores), showed that corallivores, for example, displayed a strong trend towards decreased abundance 
with loss of coral, while carnivores showed a range of responses, both positive and negative. Overall, more 
species showed a reduced abundance than an increased abundance. 

Assessing the recovery potential of Seychelles’ coral reefs from climate change is therefore challenging. 
GCRMN30 summarized reports on coral reef health by 240 contributors in 98 countries and found that 
40 percent of reefs that were seriously damaged by bleaching in 1998 had either “recovered” or were 
“recovering well”, but no additional quantitative assessments had been undertaken. There is also the 
danger of phase shifts, however. For example, Ledlie et al. (2007) highlighted the longer-term effect of 
bleaching on mean coral cover around Cousin Island marine reserve, where extensive coral mortality led 
to a phase shift from coral to algal dominance (more than 40 percent cover of macroalgae in some areas) 
and a reduction in live coral cover to less than one percent. 

Graham et al. (2006), reporting data on diversity and abundance of 39 species of herbivores sampled in 
1994 (17 sites) and 2005 (21 sites) across Seychelles’ inner islands, revealed a lack of recovery over the 
intervening decade. For example, a 61 percent decline in mean abundance for 11 species of grazers in 
carbonate-based and a 48 percent decline in mean biomass in patch reef habitat for 10 species in granitic-
based reef habitat.31 On the other hand, biomass data was relatively stable. The authors suggested that 
many of the species are long-lived and therefore biomass remained high because of the presence of larger 
individuals of cohorts recruited pre-1988. The authors raised concerns over “at most a slow recovery in 
the Seychelles”, both in absolute terms and in comparison to reefs elsewhere; in East Africa for example. 
They suggested that this may be a result of the physical isolation of the Seychelles, the loss of habitat 
complexity and the inability of herbivorous groups to control algal growth.

No data on ocean acidification specific to the Seychelles was reported. However, global research 
shows that the critical value of aragonite saturation (Ωarag) is 3.3, which is a value expected at CO2 

concentrations of 480 parts per million (ppm) and when carbonate ion concentrations drop below 
200 mmol kg-1.32 The derived mean global value of Ωarag was 3.8 [standard deviation (SD) = 0.09] in 
1999, a decline from 4.6 since 1900, suggesting net calcification has already decreased on some reefs,33 
although rates of acidification are not uniform across the oceans. Acidification is believed to play a role 
in determining bleaching sensitivity.34

There is generally insufficient understanding to provide a detailed assessment of the sensitivity of coral 
fishes found around the Seychelles to increased ocean dissolved CO2 levels in the ocean and the resulting 
acidification. At least in the near future, the major threat is going to be indirect, from the loss of habitat 
and ecosystem function of coral reefs owing to reduced calcification and periodic coral bleaching, a 
phenomenon that is predicted by some researchers to increase in frequency.35 In any case, the direct effects 
on coral reef fish populations of increased CO2 concentrations in the water and associated acidification 
are as yet poorly understood. There are potential threats to recruitment, with eggs and larval fish likely 
to be vulnerable to both CO2 and low pH levels, although known lethal levels of CO2 are outside the 
range through to 2100.36 A more likely scenario is the impact of pH, both on eggs and larvae and on their 
planktonic food sources, reducing survival rates. Acidification may also constrain growth rates, which 
in turn may affect fertility or possibly cause sub-lethal physiological effects.37

30. Wilkinson, 2008.
31. Graham et al., 2006.
32. Hoegh-Guldberg et al., 2007.
33. Kleypas et al., 1999.
34. Hoegh-Guldberg, 2005.
35. e.g. Hoegh-Guldberg, 1999.
36. Kita et al., 2014.
37. Fosså et al., Nd.
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Socio-economic sensitivity
The largely coral reef-based, small-scale coastal and banks fisheries contribute between 1 and 2 percent to 
national gross domestic product (GDP). National per capita fish consumption is estimated at 55 to 75 kg per 
annum38 and much of this is derived from the coral reef-based fisheries, which make an important contribution to 
food security. The Seychelles economy also benefits from the generation of foreign currency through the export 
of an average 7.5 percent (for the years 2000 to 2009) of the small-scale fishery catch39. The ASCLME Project 
(2010) quoting 2002 data from the Ministry of Information Technology and Communication (Management 
and Information Systems Division, MISD) stated that 10 percent of households in Seychelles are “to some 
extent dependent on small-scale fisheries, which provide livelihoods to 11 percent of the population”.

UNDP (2006) reported that “demersal and reef resources targeted by line and trap fisheries are locally 
overexploited, especially around the main granitic islands”. Although more recent work40 indicated that 
yields from Siganidae at least may be sustainable, a retrospective stock assessment of the important 
emperor Lutjanus sebae (1977 to 2006), which alone contributed 16.7 percent of the total catch (1998 to 
2011), with a peak yield of more than 1 200 tonnes (29.5 percent of total catch) in 2007 was less optimistic.41 
The assessment found that for the majority of the years in question “fishing mortality rates and spawner-
biomass-per-recruit approximated to the limit reference point of F30 percent”. And that in 2004, for 
example, 67.5 percent of the catch was made up of fish smaller than the mean size at first sexual maturity.

Grandcourt and Cesar (2003) reported on the net income of Seychelles’ principal reef fisheries gears before 
and after the 1998 bleaching event. The remarkable feature of these data is the dramatic decline in the net 
income per unit effort for the demersal handline fishery. However, analyses revealed that the decrease in net 
income per fisher, per trip in the demersal handline fishery was not as a result of the 1998 bleaching event. 
The authors went on to observe that, in fact, some components of the inner island fishery of Seychelles were 
facing severe constraints, not only as a result of a reduced resource base, but also because of increasing costs 
associated with inflation and they argued that “participants will be running at an overall loss in the immediate 
future. These results corroborate predictions that if fishing continues at the current level around the central 
granitic islands it will not be cost effective or sustainable”.42 Based on size spectra analysis of the coral reef 
fishery target species, Graham et al. (2007) predicted that there would be a recruitment failure in the fishery.

Adaptive capacity
Seychelles has benefited from research into the adaptive capacity of coastal communities. The mean 
adaptive capacity score for Seychelles was 0.50 (SD = 0.03), a similar score to that reported for Mauritius 
(0.45).43 The dominant components of adaptive capacity among the sampled Seychellois coastal households 
(N = 243) were material assets and infrastructure.

In fact, Grandcourt and Cesar (2003) suggested that fishers may have already begun to adapt, even if this 
was not likely to be specifically as a result of climate change. Of course, “high” adaptive capacity does not 
imply that it is necessarily high enough to allow fishers to move away from the commercial fishery. And, 
in fact, there are several issues to consider. For example Daw et al. (2012) found a distinct unwillingness 
among a sample of fishers in Seychelles to leave the fishery (to adapt), even if relative catch declined by 
50 percent.

In addition to the recommendations available from the outputs of coral reef ecosystem (and marine protected 
area, MPA) research taking place globally, there are also a number of quite detailed recommendations 
available to decision-makers in Seychelles regarding opportunities to build resilience in coral reef ecosystems. 
The recommendations are the result of the high level of coral reef ecosystem research that Seychelles has 
enjoyed over recent decades. For instance, Graham et al. (2007) propose that the reefs north of Praslin 

38. ASCLME Project, 2010; Government of Seychelles, 2011.
39. Seychelles Fishing Authority (SFA), 2012.
40. e.g. Robinson et al., 2011.
41. Grandcourt et al., 2008.
42. Grandcout & Cesar, 2003, p. 548.
43. McClanahan et al., 2009; Cinner et al., 2011.
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and south of Mahé, and granitic habitats would be suitable locations for future MPAs. But, they go on to 
argue that areas of coral reef ecosystems outside MPAs should be managed to minimize other stressors, 
notably overfishing and nutrient enrichment, so that sufficient stocks are available for replenishment.

Seychelles has the second highest per capita GDP in the African region and ranked 50th in 2007 on the UNDP 
Human Development Index, with high investments in education, health, housing and the environment.44 
Seychelles also possesses a vibrant tourism sector, which contributed more than 25 percent of GDP in 
201045 and has enjoyed continued rapid growth since at least 2008, with an 84 percent growth in hotel 
and restaurant sector employment. There has been a 50 percent growth in the private sector overall.46 
Although Seychelles has a high level of public debt and a vulnerability to external economic shocks, there 
are encouraging signs for the potential adaptive capacity within the fisheries sector if appropriate training 
can be delivered and fishers either moved out of the sector entirely or provided with opportunities to adapt 
aspects of their existing skill set, while remaining in the fishery sector. 

Ghana
Ghana’s oceanography is dominated by the Guinea Current, which flows east in a band at approximately 
2 °N along the coast and has a mean velocity of 0.5 m s-1 and a maximum velocity of 0.7 m s-1.47  
The Guinea Current is primarily an extension of the North Equatorial Counter Current (NECC) (Figure 4). 

The principle atmospheric features that dominate climate outcomes are the Inter Tropical Convergence 
Zone (ITCZ) and the associated development of the West African Monsoon (WAM). The northerly passage 
of the ITCZ from approximately March to July delivers the main wet season, while the returning southerly 
passage, from September to November, drives a shorter wet season.48 

The Guinea Current Large Marine Ecosystem (GCLME), in which Ghana’s ocean is included, is 
ranked among the most productive coastal and offshore waters in the world, with rich fish resources.49 

44. The Seychelles National Climate Change Committee, 2009.
45. ASCLME Project, 2010.
46. National Bureau of Statistics, op cit.
47. Djakouré et al., 2014.
48. McSweeney et al., 2010.
49. Ukwe et al., 2006.

Figure 4: The major currents of the Gulf of Guinea (source: adapted from Ukwe et al., 2006; Toualy et 
al., 2012; Djakouré et al., 2014)
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 Approximately 850 marine species have been recorded, including 745 fish species50 and a large assemblage 
of algal species.51 High productivity is largely the result of upwelling which occurs during two periods: 
a period of major upwelling for approximately three months, from late June, and a minor upwelling during 
winter, from January through March.52 The zonal (east–west) alignment of the coast makes the presence 
of this upwelling somewhat unusual and although its drivers are complex and not well understood, they 
may include a) seasonally diverging currents; b) the vertical motion of coastal cyclonic eddies; c) Ekman 
pumping caused by windstress curl; and d) the effect of oceanic Kelvin waves.53 

Minta (2003), citing Binet (1997), reported on the apparent relationship between sardinella catches and 
along-shore windstress. Minta noted however, that the timing of any increased (or reduced) windstress 
associated with climate change was crucial because offshore advection increased larval mortality. There was 
no evidence available to suggest that windstress is likely to increase as a result of climate change processes.

Mensah (1991) identified some approximate correlations indicating that the nutrient-rich sediment discharge 
resulting from the dominant pattern of rains just prior to the upwelling, in part at least, contributes to the 
degree of biological production during the upwelling itself. The IPCC54 analysis suggests a mean decline 
in rainfall over Ghana for the period 1951 to 2010, while McSweeney et al. (2010) reported a decrease 
in the period 1960 to 2006 at an average of 2.3 mm per month (2.4 percent) per decade. The climate 
of Ghana is also influenced by African easterly waves (AEWs), which can trigger the development of 
tropical cyclones in the Atlantic55 and there are atmospheric teleconnections between North Africa and the 
Indian Monsoon.56 Similarly, the even more distant ENSO events in the Pacific Ocean can lead to reduced 
rainfall across West Africa.57 A further complication is the role of the Atlantic multi-decadal oscillation 
(AMO) − a phenomenon of changes in SST in the North Atlantic, which is itself linked to atmospheric 
temperature and freshwater influx that can increase rainfall over West Africa. The IPCC observes that 
“the ENSO-related precipitation variability on regional scales will likely intensify”. The characteristics 
of the Indian Monsoon are also expected to alter, with the IPCC reporting that its extent and duration are 
likely to increase, therefore there may be impacts on West Africa through teleconnections. For the WAM 
itself, the IPCC (WGI AR5, 2013) stated that “There is low confidence in projections of a small delay in 
the West African rainy season, with an intensification of late-season rains”.

Working Group I contribution to the IPCC Fifth Assessment Report (WGI AR5)
Historically, there has been significant variability in SST in the Gulf of Guinea region, with varying 
periodicity. For example, there was a pronounced cooling period in the early 1980s, following by a significant 
warming period from 1987 to 1990; these warming periods coincided with weaker scores in the annual 
upwelling index.58 There is some evidence that shorter-term regional SST fluctuations are quasi-cyclical, 
perhaps over a period of approximately two to four years59 and are at least in part linked to ENSO events 
in the tropical Pacific Ocean.60 There is also evidence to suggest that recent warming of the North Atlantic 
is linked to a warm phase of the (natural) AMO, in addition to any forcing from climate change. In fact, 
as the AMO moves into an anticipated cooler phase, it is “likely to influence regional climates at least as 
strongly as will human-induced changes”.61

50. FAO, 1994.
51. Nunoo & Ameka, 2005.
52. Bakun, 1978; Djakouré et al., 2014.
53. Djakouré et al., op cit.
54. Niang et al., 2014.
55. Thorncroft, 2013.
56. Janicot et al., 2009.
57. Perry & Sumaila, 2006; McSweeney et al., 2010.
58. Minta, 2003.
59. Dontwi et al., 2008.
60. e.g. Toualy et al., 2012, citing Hardman-Mountford & McGlade, 2003; Perry & Sumaila, 2006; Toualy et al., 2012.
61. IPCC/WGI, 2013.
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Wiafe et al. (2008) determined that 82 percent (p < 0.001) of the total variance in zooplankton biomass 
data for the period 1969 to 1992 was accounted for by SST, suggesting that the predicted reduction in mean 
rainfall may have only local effects on primary production, in nearshore areas. The authors also observed 
that “A month’s lag exists between the peaks of Sardinella larval abundance and total zooplankton biomass, 
suggesting a ‘match’ between the predators and larval food and, hence, the potential for a climate change 
induced “mismatch” to compromise recruitment in S. aurita stocks”. More specifically, Wiafe et al. (op cit.) 
demonstrated a reduction in the copepod Calinoides carinatus with respect to the sea surface warming. 

Dontwi (2008) developed some simple models, including SST and precipitation, to understand drivers of 
small pelagic stock size and catchability. For E. encrasicolus (anchovy) Dontwi determined that (reduced) 
SST was the more important driver of (increased) stock size. On the other hand, for S. aurita (round 
sardinella) higher SST led to larger stock size. Data for S. maderensis (flat sardinella) were interpreted as 
indicating relative insensitivity to SST.

Socio-economic sensitivity
Fishers in Ghana operate in the context of a highly variable annual biomass, as evidenced by the results of 
acoustic surveys in the Gulf of Guinea conducted by the R/V Dr Fridtjof Nansen62 and annual fluctuations 
in the total landings of the important sardinella group. In addition to natural interannual variation that 
affects fisheries livelihoods and economies, fishers of small pelagic species also operate in a highly 
seasonal context.

Against the background of this natural variability, FAO (2013) observed that “In general, catches of the 
western stock for Sardinella aurita have shown a declining state since 2004”. Not surprisingly, therefore, 
analysis by the Fishery Committee for the Eastern Central Atlantic (CECAF) scientific committee suggests 
that the western stock of S. aurita is overexploited, while the western stock of S. maderensis is fully 
exploited. The western stock of S. encrasicolus is also believed to be fully exploited (Fcur/F0.1 = 0.89).63

Small pelagic fisheries are significant components of the coastal fisheries in Ghana and support an estimated 
210 000 fishers based at 344 landing centres along the coast. Fisheries contribute 60 percent of total annual 
per capita animal protein intake in Ghana with an estimated 85 percent of Ghana’s total fish production 
contributed by marine fisheries.64 In addition to those that are directly employed in marine fisheries, ten 
times that number are employed in associated economic activities, including boat building, trade in fuel 
and fishing gears, post-harvest processing and trade in fish. Total annual domestic fish production in Ghana 
for 2012 was estimated at 456 148 tonnes, with exports of 62 984 tonnes valued at USD209 million.65 
Despite this substantial production volume, there is an annual deficit of fish supply of approximately 
450 000 tonnes, of which only about half is met through imports.66

Data from two major fishing centres, at Ahwiam (Western Region) and Elmina (Greater Accra), indicate that 
fisheries were the main occupation for 93.3 and 90 percent of respondents, respectively, and they provide 
80 and 85 percent of fishers’ overall income in Ahwiam and Elmina respectively. Just 6 percent and 10 percent 
of respondents at these two sites reported being engaged in alternative livelihoods.67 Looking at the wider 
social-ecological system of small pelagic fisheries in Ghana, Asiedu et al. (2013) interviewed respondents on 
their perceived sources of vulnerability. The scope of vulnerabilities included conflict, the weather, lack of 
infrastructure, etc. The three principal vulnerabilities, measured as intensity, at the two coastal sites of Ahwiam 
and Elmina were education and capacity, fish stocks and the availability of finance and income streams. 

Given the role of small pelagic fish in contributing to food security, employment and social welfare, 
the sensitivity of fisher communities (and wider Ghanaian society) to significant changes in production 
is clear. In a wide-ranging analysis across West Africa, assessing the potential impact of two climate 

62. FAO, 2013.
63. FAO, op cit.
64. MOFA, 2010; Asiedu & Nunoo, 2013.
65. MOFA, 2012.
66. MOFA, 2010.
67. Asiedu & Nunoo, 2013.
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change scenarios, Lam and her colleagues (2012) projected significant, if not quasi-catastrophic climate 
change impacts. While it is important to acknowledge that the primary production data and estimated 
climate change effect parameters that drive the outputs are being applied in a highly complex and variable 
environment − and to species for which detailed knowledge is relatively scarce − it is however a useful 
point of departure. For Ghana, a reduction in landings of 41 percent (as measured against average levels 
in the 2000s) was predicted by 2050 for a low-range green house gas (GHG) emission scenario. For a 
high-range scenario (the Special Report Emissions Scenarios SRES A1B model), the reduction in landings 
was projected to be in the order of 55 percent. The reduction for Ghana under the low-range model was 
the most significant of all 14 countries included in the analysis. Given the strong reliance on fish for the 
supply of dietary protein in Ghana this would result in a 4.5 to 6.0 percent reduction in protein supply under 
the low-range emission model and 6 to 8 percent under the SRES A1B high-range emissions scenario. 
The implications for employment are significant, with projections of a loss of approximately 37 percent 
and 52 percent in fisheries-related jobs (relative to mean employment numbers during the 2000s) for the 
two emissions scenarios, respectively.

Evidence of adaptive capacity
The ecological component of the social-ecological system on which the fisheries are built, is dynamic 
and variable, with important within-year and interannual cycles of production; stocks themselves are 
migratory and together these features demand that fishers adopt flexible livelihood strategies, including 
fisher migrations, in order to operate profitably.

There appear to be relatively few contemporary data available on the precise numbers of fishers who 
migrate, where they move and for how long, and their interactions with the domestic fisheries systems to 
which they migrate. Fregene (2007) reported figures for Nigeria indicating that there were approximately 
“…300 000 coastal migrant fishermen, mostly Ghanaians”, although this figure perhaps should be treated 
with caution as it appears to exceed the total number (about 210 000) of Ghanaians fishing in Ghana itself. 
Jentoft and Eide (2011) argued that the high mobility of Ghanaian fishers was not only in response to the 
migration of fish stocks, but also the result of coastal erosion, local population pressures and overfishing. 
Migration also affords an opportunity to earn revenue in the stronger currencies of neighbouring countries 
during periods of economic downturn in Ghana itself. 

Declines in the catch of small pelagic species and presumed improvements in fishing technology, appear 
to have prompted a trend towards an increase in the fishing power of vessels targeting small pelagic fish, 
particularly for APW (Ali-Poli-Watsa) gear deployed by both the semi-industrial and the artisanal fleets. 
In particular, those using Watsa gear are increasingly using lights at night, powered by small onboard 
generators, to increase their fishing success and extend the season for targeting small pelagic species. 
Recent interview-based research in the western region of the country, for example, indicated that the number 
of Watsa fishers using lights to improve their fishing success has increased from less than 10 percent in 
2002 to more than 90 percent in 2010.68

More generally, Tietze et al. (2011) reported that “Fishers in the artisanal and semi-industrial sectors do 
not have the requisite skills to move into other sectors”, in part because of low levels of literacy and other 
skills. Asiedu and Nunoo (2013) questioned whether, even if the capacity of existing fishers was increased, 
alternative job opportunities actually exist in sufficient numbers in coastal Ghana to have a significant 
impact on current and future overcapacity in coastal fisheries. And, there is a large pool of potential new 
(replacement) entrants to the coastal fishery arriving from the drought-affected interior69 which will be 
difficult to manage. However, the willingness of fishers to change livelihoods was reported to be very 
high; 100 percent of respondents in the major fishing centre of Ahwiam, and 93 percent in Elmina, wished 
to change their source of livelihoods.

68. Finegold et al., 2010.
69. Perry & Sumaila, 2006.
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In fashioning strategies, proponents should recognize places where climate change could benefit local 
fisheries and places where climate change may have a negative impact70. Conservation strategies such as 
allowing the use of fishing nets of an approved mesh size or designating no take zones will play a major 
role in adaptation and help to reduce overfishing.71 For instance, the EAF-Nansen Project, in search of 
a management solution to the degradation of fish stocks by beach seine gear, has concentrated on the 
enforcement of larger mesh sizes, as required by law. 

The government of Ghana has developed management plans and is addressing critical socio-economic 
issues pertaining to fisheries and fishers. For example, premix fuel for outboard motors has been subsidized; 
storage facilities for fish have been built close to fishing communities; micro-finance resources have been 
made available, etc. Unfortunately, there is no documented success story related to the management of 
small pelagic fisheries in Ghana. Kraan (2009), for example, reports on the failure of the implementation of 
an alternative livelihood programme in Ghana under the United Kingdom’s Department for International 
Development (DFID)-funded Sustainable Fisheries Livelihoods Project.

There are two key contextual problems that constrain actors and affect the ability to implement policy. 
The first is that Ghana’s artisanal fisheries are unable to supply enough to meet demand and to match prices 
of imported fish. The second is that given the livelihood options and low income levels of artisanal fishers, 
and the livelihoods of those dependent on the processing and trading of coastal-caught fish, hundreds 
of thousands of mostly poor people are locked into a process that gives them perverse incentives to fish 
(with many using subsidized fuel) when stocks are collapsing and unsustainable.

Senegal
Senegal extends from 12° to 17 °N, and 
from 11° to 18 °W. Oriented north–
south, its coastline is approximately 
700 km long. The continental shelf is 
23 092 km2 and the Exclusive Economic  
Zone (EEZ) 158 861 km2. The Canary 
Current is the main feature of the so-
called Canary Current Large Marine 
Ecosystem (CCLME), of which 
Senegal is part (Figure 5). The Canary 
Current is considered to be a Class 1 
ecosystem, corresponding to the highest 
level of productivity. Its total primary 
production is more than 300gCm-2y-1.72

The major driver of the high levels of 
productivity is a process of wind-driven 
upwelling. There are two principal wind 
patterns in Senegal, associated with the 
relative position of the ITCZ. During 
the winter/spring months (December to 
May), the wind is predominantly from 
the northeast and drives upwelling; 
during the summer months (June to 
August) the wind is predominantly from 
the southwest and drives downwelling 
processes. In the north of Senegal, 
upwelling is year-round.

70. Badjeck et al., 2010.
71. Grafton, 2010.
72. Sherman & Hempel, 2009.

Figure 5: Major ocean currents off West Africa (source: redrawn 
from Arístegui et al., 2009)
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The cool and nutrient-rich upwelled waters along the coastal shelf edge are a consequence of longshore 
wind forcing (Ekman transport). An important feature of the Canary Current system is that the upwelling 
takes place relatively far from the coast owing to the width of the continental shelf. The result is that there 
is relatively little movement of water masses perpendicular to the coast (cross-shore) compared to other 
eastern boundary upwelling systems. The importance of this for ecosystem production is that the system 
has relatively high rates of retention of nutrients in the coastal area because they 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.73 

The strength and position of the wind depends on the latitudinal migration of the ITCZ and the associated 
Azores high pressure area, both oscillating between their northernmost and southernmost positions in 
summer and winter respectively. Cropper et al. (2014) presented evidence that may support the realization of 
the so-called “Bakun upwelling intensification hypothesis” off Northwest Africa. However, the windstress 
indices for the Mauritania-Senegalese zone actually showed a decreasing trend (although it was significant 
for only one of the indices) during the winter upwelling period, but with an increase in downwelling-
favourable winds south of 19 °N during the summer. The IPCC (2014, chapter 30) highlights the challenges 
of determining any sort of trend given the often contradictory nature of available data and analyses. For 
example, the panel cites Gómez-Gesteira et al. (2008), who found a 20 percent (winter) and 45 percent 
(summer) decrease in the strength of upwelling for the Canary Current as a whole over the period 1967 to 
2006, as a result of decreasing wind speed. On the other hand, the IPCC reports the work of Barton et al. 
(2013), which did not indicate any clear trend in wind strength over the past 60 years.

There are, however, also variable but non-GHG emission-related background atmospheric processes that 
can drive windstress variability. For example, the NAO explained as much as 53 percent of the variability 
of windstress delivered by northeasterly trade winds off Mauritania, to the north of Senegal.74 Given the 
cause-effect relationship between wind and upwelling, a positive NAO (NAO+) is also likely to explain a 
high percentage of upwelling variability in the region. During NAO+ phases (e.g. 1990 to 2000) upwelling 
was more intense and more widely extended along the coast of Northwest Africa. 

There are several major river systems along the Senegalese coast and the Casamance, Senegal and Gambia 
rivers are important contributors of terrigenous nutrients that further enhance ocean productivity. Available 
data indicate a very high interannual variability, but a general decreasing trend in rainfall in Senegal 
since 195075 (although at a single weather station, interannual variation may be hundreds of millimetres). 
There was a partial recovery in the 1990s but between 2000 and 2009, the recovery slowed down and 
the 2000 to 2009 mean remained about 15 percent lower than the 1920 to 1969 mean. The IPCC WGI 
AR5 (2013) stated that “There is low confidence in projections of a small delay in the West African rainy 
season, with an intensification of late-season rains”.

In terms of SST, the IPCC,76 reporting the work of various authors, states that the Canary Current in its 
entirety has shown a warming trend since the 1980s (0.09°C decade-1, p-value<0.05) and goes on to provide 
a mechanism that could drive such warming, i.e. a mean decrease in wind speed (windstress) in the region. 
However, 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 
variations. For example, a closer look at an analysis completed by Arístegui et al. – research that was also 
cited by IPCC as evidence for a general warming trend in the Canary Current – reveals distinct regional 
differences in the SST trend, particularly at the southern extreme of the current system. In the waters off 
Senegal, for instance, cooling was observed, albeit using a relatively short time series of advanced very 
high resolution radiometer (AVHRR) data from 1998 to 2007.

73. Lachkar & Gruber, 2012.
74. Meiners et al., 2010.
75. Thiao, 2009.
76. IPCC, 2014 (chapter 30).
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The IPCC77 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 complex and characterized by 
huge local variations. Sherman and Hempel (2009), reporting on data from the period 1998 to 2006, indicated 
chlorophyll-a concentrations were declining at an average of 0.0139 mg/m3 per year along the Canary 
Current as a whole. A more nuanced regional analysis by Arístegui et al. (2009) suggested important regional 
variations, with significant increases off coastal Mauritania but significant decreases off coastal Senegal.

Acidification is expected to play an important role in determining future plankton productivity. Citing the 
work of Barton et al. (2012), the IPCC notes that eastern boundary upwelling systems such as found off 
Northwest Africa are typically low in pH, and have relatively high concentrations of CO2 which increases 
their vulnerability to acidification. However, modelling by Lachkar and Gruber (2012) suggests that the 
Canary Current may be less sensitive to acidification than appears to be the case in the California upwelling 
system, for example. Nevertheless, they find that continued emissions of atmospheric CO2 will increase the 
volume of undersaturated water in the Canary system from current levels of about 5 to 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”.78 

Socio-economic sensitivity/adaptive capacity
Fisheries resources are an important part of Senegal’s economy and food security, with fish protein 
contributing 80 percent of total animal protein consumed by the coastal population.79 Small pelagic species 
are mainly exploited by artisanal fisheries, using a range of purse seines and gillnets. With annual total 
landings of around 450 000 tonnes in recent years, the artisanal fisheries are responsible for more than 
80 percent of total fisheries production in Senegal.80 The country has the highest level of fish consumption 
in West Africa, with a mean annual per capita consumption of approximately 25.9 kg/person/year.81 Only 
about 15 percent, or approximately 45 000 tonnes of the landings of small pelagic species are exported. In 
the interior of the country, small pelagic fish are almost the only type of fish available and are marketed 
fresh (transported by refrigerated trucks) and in dried and smoked form.

There is a substantial degree of cross-border fishing activity, with Senegalese fishers operating in Mauritanian 
waters to the north of Senegal. However, much of their catch is landed in Senegal, at the port of Saint-
Louis. The production of the small pelagic fisheries is essentially dominated by two sardinella species, 
the round sardinella (Sardinella aurita) and Madeiran sardinella (Sardinella maderensis).

In terms of total landings, S. aurita is the dominant species; landings for this species were characterized 
by a rapid increase during the 1980s, before experiencing a downward trend in the 1990s with the lowest 
catch of 83 000 tonnes recorded in 1999. Since 2001 a reversal of this trend has been noted, with the 
highest catch of S. aurita (263 594 tonnes) recorded in 2009.82 This recent increase is believed to be the 
result of a bilateral agreement between Senegal and Mauritania, which annually grants about 300 fishing 
licenses. For S. maderensis, the landings showed an upward trend that reached its highest level in 2003 with 
164 469 tonnes. Since then, the landings have generally decreased. The two species of S. aurita and 
S. maderensis constitute approximately 47 percent and 20 percent of the total artisanal fisheries production, 
respectively. Ethmalosa fimbriata is the third most important small pelagic species. A record catch of 
24 471 tonnes was achieved in 2001, but production of this species has seen a significant downward trend 
over the past decade. 

Under the auspices of the FAO’s CECAF working group, a stock assessment was carried out for S. aurita 
in the Morocco−Senegal subregion and the most recent output is presented in Table 1.

77. IPCC, 2013.
78. Lachkar & Gruber, 2012, p. 8.
79. Failler & Lecrivain 2003..
80. FAO, 2013.
81. Lam et al., 2012.
82. FAO, op cit.
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Table 1: Results of FAO working group on small pelagic fish (source: FAO, 2013)

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

S. aurita / CPUE EU Fleet 53% 58% 228% 323% 359%

Current biomass is just 58 percent of the estimated biomass required to produce a sustainable yield. Current 
fishing mortality is estimated to be more than three times the optimal limit for the maximum sustainable 
yield (MSY). The assessment also indicated that the strong year classes of 2002 and 2007 were largely fished 
out within two years – such is the level of fishing effort and fishing mortality. The clear implication is that 
weak year-classes will not be able to sustain the fishery.

Small pelagic fisheries in Senegal are extremely important in terms of employment. According to the most 
recent artisanal fisheries census the highest average crew (16.1 permanent fishers/vessel) is recorded aboard 
artisanal purse seiners that specifically target small pelagic fish.83 It has been estimated that approximately 
60 000 artisanal fishers operate in Senegal, with 20 percent (about 12 000) being engaged exclusively 
in small pelagic fisheries. In addition to direct employment, pelagic fisheries also provide an estimated 
40 000 additional jobs in the post-harvest industry. There are believed to be about 7 000 women working 
in fish processing and trading and their income typically plays a crucial role in household budgets.

The 2006 artisanal fisheries frame survey reported that only 34 percent of fishers had any formal education.84 
Among those who attended school, less than 13 percent pursued their studies beyond primary school. 
Consequently, small-scale fisheries provide significant employment opportunities for the least well educated, 
and often the poorest people of Senegal. The relatively low level of skill required to work as a member of 
a beach-seine team, for example, allows for easy mobility from other sectors, for example by farmers for 
whom agriculture is no longer profitable. However, the fisheries sector makes significant physical demands 
on participants, many of whom start fishing at a young age. An International Labour Organization (ILO)-
commissioned study found that the average age of children entering the fishing sector was 10.6 years85 
and that fishers tend to retire at 40 to 50 years of age because they are physically unable to continue. Such 
a situation further reduces fisher mobility out of the sector.

Senegal has high levels of poverty. Low purchasing power encourages people to buy small pelagic fish 
because they are the cheapest and most accessible source of protein available to them. Therefore, Senegal’s 
food security would appear to be very sensitive to changes in the availability of these species, whether 
driven by climate change, overfishing or as a result of natural variability. The decrease of fish availability 
on the national markets, with the associated rise in prices, is currently a major concern.

Good governance is essential to support effective climate change adaptation.86 Governance includes 
political stability, institutional frameworks, legislation and enforcement, regulations and adaptation 
strategies. However, in Senegal, all the fisheries sector public institutions are facing operational constraints, 
including a lack of finance and a lack of technical staff and equipment, while the non-state actors involved 
in fisheries governance – including fisheries organizations that act at national and local levels – do not 
always have a clear vision regarding the challenges facing the sector, including those associated with 
climate change. Women make up only approximately 5 percent of the membership of fisheries-related 
management institutions nationally. 

Although the Government of Senegal has initiated the formation of local fisheries councils and has 
been working closely with some international non-governmental organizations (NGOs) and donors, 
their interventions have had limited success. The current Fisheries Code is outdated and the evidence of 
overfishing (although acknowledging the difficulties of managing such a naturally dynamic fishery and 
resource base) suggests the Code has not succeeded in delivering on its main objective of sustainable 
fisheries. Attempts to update the Code, not least to include a reference to climate change, have been stalled 
for five years.

83. Thiao et al., 2006.
84. Thiao et al., op cit.
85. Thiao et al., 2012.
86. Glantz, 1992; Allison et al., 2009; Fluharty, 2011.
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Serious socio-economic and managerial constraints have to be overcome by the Senegalese government in 
their attempts to reduce fishing pressure, but recent attempts have met with limited success. For example, 
a fishing permit system for the artisanal sector has been in existence since 2006, but remains difficult 
to implement.87 There is essentially no implementation of, or voluntary compliance with, regulations on 
minimum size limits or minimum mesh sizes.

Small pelagic fish populations off Northwest Africa are shared by different countries. Thus, beyond the 
local and national level, regional management measures and strategies are necessary to mitigate the negative 
effects of overfishing and climate change on small pelagic fisheries. No concrete action has yet been taken 
to implement the management recommendations that have been made by different FAO/CECAF working 
groups. Nationally, the Ministry of Fisheries and Marine Affairs, scientists and professional organizations 
need to be better sensitized and trained to assess and monitor climate change impacts and integrate them 
into fisheries management policies and adaptation strategies. 

Specific actions also have to be undertaken for the benefit of coastal communities whose livelihoods are 
strictly dependent on small pelagic fisheries, although some coastal communities are traditionally so 
intricately linked to aquatic resources that alternative livelihood options are believed to be very limited.88 
The lack of funds (and their sustainability) is one of the major constraints to developing alternative/additional 
livelihood programmes. In order to overcome this problem, the World Bank West Africa Fisheries Project 
(WARFP) is piloting an alternative livelihoods and poverty reduction programme using a “Reconversion 
Fund”. It aims to provide financial support to fishers in 12 localities so that they may leave the fishery 
sector and develop livelihoods in other sectors. The success of this initiative has yet to be evaluated.

3. Overall conclusions
There are significant gaps in current understanding of the socio-ecological systems of the four case study 
fisheries. These pertain particularly to interactions between system elements, although Seychelles and 
to a degree Senegal (and the CCLME region) have a stronger knowledge base than Tanzania or Ghana. 
However, as far as climate science, oceanography and marine ecology is concerned, this reflects a global 
challenge and the words of Professor Andrew Bakun are useful in this context. When referring to natural 
climate systems and their variability, Bakun says “… (despite) decades of effort, an adequate understanding 
of the linkages of climate to fish population dynamics continues to largely elude us”.89 

Even though understanding of complex natural systems is inevitably imperfect, a number of complex 
mechanisms have been identified, or are proposed, through which increased concentration of GHGs 
might go on to change the characteristics of these systems, through climate change. And these changes 
are likely to be in atmospheric processes and phenomena (e.g. the extent of monsoonal phenomena, in 
wind regimes and the amount and timing of precipitation); in oceanographic processes (e.g. modifications 
of ocean current velocities, of ocean stratification, of upwelling/downwelling phenomena and changes in 
SST profiles); and through changes to ocean chemistry (e.g. acidification, salinity).

Differentiating the effects of climate change from short-term natural variability, longer-term atmospheric 
and oceanographic cycles and from the impact(s) of decades of fishing pressure is usually complicated, 
especially because many of the potential changes relate to reinforcing or increasing (or even in some cases 
dampening) natural climate variability and the variability of ecosystem features.

To date, the evidence for specific climate change effects on the three small pelagic case study fisheries 
is somewhat equivocal. In Senegal (and the CCLME region in general) – arguably the best equipped of 
the three countries in which case studies on small pelagic fisheries have been conducted, at least in terms 
of information on the oceanography and ecology of the region – some trends are apparent in primary 
productivity, SST profiles and certain stock distributions, but these have not yet been unequivocally 

87. Thiao et al., op cit.
88. Thiao, Dème & Bailleux, 2012.
89. Bakun, 2010.
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attributed to the effect of anthropogenic GHG emissions.90 It is even possible that climate change may 
increase the upwelling index off Northwest Africa. The degree and potential impact of acidification 
remains unclear at the present time.

For the Seychelles, the situation is perhaps less equivocal. The coral reef ecosystems have recently been 
negatively affected by a number of pulses of high SST, notably in 1998 and 2005, causing the expulsion 
of symbiotic zooxanthellae, the subsequent mortality of corals and the loss of coral reef structures. SST 
anomalies are, of course, features of the natural variability of oceans and are primarily caused by ENSO 
events in the Pacific Ocean. The IPCC has only “low confidence in the current understanding of how 
(or if) climate change will influence the behaviour of ENSO and other long-term climate patterns”,91 but 
nevertheless, the overall perspective is for an increase in the frequency and intensity of bleaching events, 
with concomitant effects on the productivity of Seychellois fisheries. Ocean acidification is likely to increase 
the sensitivity of these reefs to SST anomalies and have direct effects on their capacity to regenerate.

For all the case studies, fisheries are highly significant at the national level for employment, wealth 
generation and food security, but the flow of these ecosystem services is already subject to system variability, 
particularly within the small pelagic fisheries. There is a dearth of knowledge on how fishers adapt to 
these natural variations in productivity, although migration (across different scales) plays a key role, as 
does the application of new fishing technology. Climate change-driven increases in system variability, and 
outright damage caused by acidification, will likely have important social impacts on top of the challenges 
already faced by these fisheries. However, as economic and food security pressure continues to build and 
opportunities in other sectors or other fisheries shrink, there is a significant imperative that sustainable 
solutions be identified and the political will is found to implement them.

4. Recommendations
1. There is a need for improved understanding of how, and to what extent, fishers (particularly those in 

the highly dynamic small pelagic fisheries) are able to adapt their livelihoods to absorb seasonal and 
interannual variations in yield. For example, what other fisheries might they target? Is there participation 
in agriculture? Is there a savings tradition that allows households to survive the lean months? The value 
of this kind of knowledge is in its ability to determine the extent to which these adaptations have the 
potential to absorb further perturbations and variability caused by climate change. Certainly, current 
adaptations such as migration and increasing fishing power are no longer valid. There also needs to be 
a stratification of the knowledge generating process because participants in the sector are by no means 
identical. Some are vessel and net owners who may or may not actually venture out to sea, others are 
experienced fishers who are sought out as vessel skippers, while yet others are crew (labourers) who 
may drift in and out of the sector. Fish processors and traders, chandlers, boat builders, etc., also play 
key roles in fisheries and their livelihoods may be equally vulnerable to shocks. Therefore, they too 
must be included in the knowledge generating process.

2. The concept of alternative livelihoods, of de-coupling local economies from natural resource dependence, 
is a familiar one in the fisheries sector. However, there are precious few examples of the successful 
application of this concept. While it might be more feasible in the context of a relatively small fishery 
such as is the case in Seychelles, the provision of alternative livelihoods to tens of thousands of fishers 
in a developing country context is a major challenge. And this challenge is complicated by the need 
to ensure that those fishers who leave a particular fishery, or the entire sector, are not simply replaced 
by new entrants. While there are no panaceas, the alternative livelihood approach must take a multi-
sector perspective, engaging expertise from outside fisheries to explore and identify opportunities. 
Such an approach is rarely taken and alternative livelihood programmes are often naïve and parochial.

3. A much talked about alternative, and one that also addresses the critical issue of food security (which 
may be threatened at least in the short-term by changes in management regimes) is aquaculture, 

90. Arístegui et al., 2009; Henson et al., 2010.
91. IPCC, 2014.
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specifically mariculture. Aquaculture presents important opportunities and there is an urgent need 
for this growing sector to be better protected from the impacts of climate change.

4. Even though they are diminishing in number, where new fisheries are deemed to have the potential to 
absorb excess fishing capacity, effective controls must be established from the outset, and implemented 
effectively.

5. In a perfect world, fisheries management systems − particularly for the dynamic small pelagic fisheries − 
would be redesigned in such a way that fishing pressure could be adjusted to accommodate variability 
in productivity. Clearly this is easier said than done, given the relative level of capitalization of even the 
small-scale artisanal fleets. However, such a flexible management system represents a logical means 
to adapt to the impact of climate change. It should be acknowledged that such an approach would 
come with a price tag, notably for trying to determine annual variations in productivity, although 
the tools are already available to provide this information. In coral reef systems, where interannual 
variability tends to be less important, the same issues of overcapacity are still to be dealt with. MPAs 
are regarded as a key tool for sustaining local ecosystem diversity and productivity. Although they are 
by no means a panacea, investment in their implementation must be improved and the implications 
of effective implementation (in terms of lost opportunities for fishers, supply of fish, etc.) must be 
honestly addressed.

6. Globally, fishing pressure and habitat degradation caused by pollution, dramatically reduce the ability 
of ecosystems to adapt to climate change. However, many national fisheries institutions, albeit with 
some notable exceptions, demonstrably lack sufficient human and financial resources (and in some 
cases legal instruments) to achieve many of their statutory obligations towards artisanal fishers and their 
communities. They are failing institutions. This situation has persisted for decades and, at the risk of 
stating the obvious, requires a substantial infusion of political will and financial and technical support if 
it is to be addressed. Such an effort should ideally be provided by the national governments themselves.

5. Limitations of the study
In order to undertake the sort of vulnerability assessment required for these fisheries it is necessary to 
process, integrate and synthesize a vast body of technical knowledge on social-ecological systems. This 
knowledge, particularly that which relates to the ecological domain, is generated over a range of temporal 
and geographical scales, in different languages and across a number of disciplines – from plankton 
physiology to atmospheric physics – and it is constantly being updated, refined and re-interpreted. 

The approach taken for these case studies was to task individual authors to undertake literature reviews, 
without the resources for consultation or validation through workshops or Delphi processes, for example. 
This inevitably reduces the value of the outputs. Further limits are placed on the value of outputs when one 
considers the importance of boundary interactions between different social-ecological systems and how 
shocks in one can affect the other. A good example is the migration of farmers facing drought conditions 
to the coast to seek opportunities in fishing. Politics and macroeconomics may also play a role in the 
behaviour of a system, often feeding through the social into the ecological component. A more complete 
assessment requires at least some expertise to be sourced from other sectors so as to better understand 
how climate change is impacting, or is projected to affect those sectors.
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1 Background

This report is the product of assessments of the apparent and potential impacts of climate change on 
four	case	study	coastal	fisheries	on	the	African	continent	and	the	islands	of	the	western	Indian	Ocean.	
The	research	was	commissioned	by	the	NFFP	and	the	EAF-Nansen	Project.	The	NFFP	is	collating	and	
exploring	evidence	for	the	current	and	potential	impacts	of	climate	change	on	fisheries	in	Africa.	The	
overall goal of this activity is to contribute to the design and implementation of appropriate interventions 
to reduce these impacts, both on the ground at a local level and at the national and regional policy level.

The	case	studies	were	selected	according	to	a	set	of	criteria	identified	by	the	NFFP	and	the	EAF-Nansen	
Project.	The	criteria	included	geographical	location	(the	Gulf	of	Guinea,	the	coast	of	Northwest	Africa	
and the western Indian Ocean) and the inclusion of a small island developing state. The case studies are:

•	 the	small	pelagic	fisheries	of	the	United	Republic	of	Tanzania;

•	 the	coral	reef	fishery	of	the	Seychelles;

•	 the	small	pelagic	fisheries	of	Ghana;	and

•	 the	small	pelagic	fisheries	of	Senegal.

The	WIOMSA	was	contracted	to	coordinate	the	process	and	develop	a	common	methodology	and	table	
of contents for the individual case study authors to follow.

The	report	consists	of	five	chapters.	This	first	chapter	introduces	the	general	approach	and	methodology	used	
to	compile	the	case	studies.	It	also	provides	a	brief	overview	of	the	phenomenon	of	ocean	acidification	–	to	
which	all	four	case	study	fisheries	are	vulnerable	–	and	introduces	some	of	the	common	ecological	aspects	
of	small	pelagic	fish,	which	are	the	focus	of	three	of	the	four	case	studies.	Chapters	two	to	five	are	the	
detailed	case	study	reports.	Chapter	two	deals	with	the	small	pelagic	fisheries	of	Tanzania;	chapter	three	
covers	the	coral	reef	fishery	of	Seychelles;	and	chapters	four	and	five	cover	the	small	pelagic	fisheries	
of	Ghana	and	Senegal	respectively.	The	four	case	studies	each	describe	the	basic	characteristics	of	the	
fisheries	and	their	environmental	context,	and	seek	to	provide	an	initial	vulnerability	analysis	and	identify	
some early adaptation options.

1.1  The vulnerability assessment framework
The	four	case	studies	were	guided	by	the	widely-adopted	IPCC	vulnerability	assessment	(VA)	framework,	
and	its	definitions	and	concepts.1 They also took into account the insights contributed by Marshall et al. 
(2010)	and	Cinner	et al.	(2013).	A	modified	version	of	the	framework	is	presented	in	Figure	1.	In	this	
version,	the	term	“adaptive	capacity”	has	replaced	the	original	term	(and	concept)	“recovery	potential”	
in	the	ecological	component	of	the	framework;	the	reason	for	this	is	explained	in	Section	1.2.

1. IPCC, 2007.

Figure 1: Heuristic framework for linked social-ecological 
vulnerability	(source:	adapted	from	Cinner	et al., 2013)
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When considering this framework, it is important to bear in mind the nested structure of the social-
ecological systems of interest, as shown in Figure 2.2	To	emphasize	this	nested	structure	it	is	possible	to	
conceptualize	some	sort	of	super	domain	(title	(1)	in	the	figure)	of	climate	and	oceanographic	conditions	
to	which	a	number	of	marine	ecology	domains	(2)	are	more	or	less	similarly	exposed.	

Each	domain,	whether	they	are	coral	reef	or	small	pelagic	fish	ecosystems	(or	seagrass	beds,	large	pelagic	
ecosystems, etc.), will express a particular suite of sensitivity and adaptive/recovery potentials for a given 
exposure. In turn, each of these ecological domains is likely to be exploited by a number of socio-economic 
subdomains	(3)	which	generate	a	range	of	goods	and	services.	Defining	the	biological	boundaries	of	the	
ecological	domains	is	increasingly	recognized	as	being	largely	futile,	but	superimposed	over	these	domains	
are very real political boundaries. Therefore, it is apparent that some ecological domains may be fairly 
easily	characterized	as	being	shared	across	countries	(and	therefore	managed	under	different	policies	
and	perhaps	exploited	under	different	economic	contexts).	The	case	studies	on	the	small	pelagic	fisheries	
provide	clear	examples	of	this	–	individual	stocks	are	exploited	by	fishers	from	a	number	of	countries	
operating	under	a	range	of	fishery	management	regimes	and	socio-economic	conditions.

The	characteristics	of	the	socio-economic	subdomains	(which	may	be	numerous)	are	partly	determined	
by	higher	level	characteristics	of	their	parent	domain	and	super	domain;	and	partly	by	intrinsic	attributes,	
which are likely to include environmental, geographical, historical, political, social and economic features. 
This	is	a	necessary	simplification	of	reality	because	it	is	clear	that	there	are	certain	attributes	that	may	be	
shared	by	a	number	of	subdomains	(e.g.	national	macroeconomic	policies)	and	others	specific	to	individual	
subdomains	(e.g.	market	opportunities).

The overall suite of attributes will determine the socio-economic sensitivity, social adaptive capacity 
and, subsequently, the overall social-ecological vulnerability, which is most detailed at the subdomain 
level. The extent to which the various domains can be analysed for a particular assessment will clearly 

2. Smit & Wandel, 2006.

Figure 2: Nested model of a vulnerability assessment
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depend	on	the	human	and	financial	resources,	and	the	data	and	information	resources	available,	or	which	
may	be	generated.	For	the	four	case	studies	that	are	the	subject	of	this	report,	no	new	data	was	generated	
and they are based entirely on existing data and information sourced and collated by the authors of the 
individual chapters. 

An	aspect	that	is	not	explicitly	identified	in	this	nested	model	is	that	of	time.	All	the	components	are	likely	
to be more or less dynamic over time, with feedback mechanisms between the various components of the 
system explicitly captured in the framework shown previously in Figure 1.

Before	dealing	with	the	definitions	of	terms	in	the	VA	framework,	contributors	to	VA	thinking	have	
identified	some	important	practical	issues	to	consider	when	undertaking	a	VA.	Many	of	these	issues	were	
collated	during	the	FAO’s	Expert	Workshop	on	Assessing	Climate	Change	Vulnerability	in	Fisheries	and	
Aquaculture	in	Namibia.3

Clarity of objectives
The	motivation	for	the	initial	decision	to	undertake	a	VA,	including	defining	the	objective(s)	and	how	
these may contribute to higher level goals, must be clearly elucidated.4 In the four case studies that are 
the	subject	this	report,	the	objective	is	to	investigate	in	detail	the	nature	of	the	impacts	of	climate	change,	
the vulnerabilities of the selected social-ecological systems and to identify current and potential coping 
mechanisms/strategies as well as biophysical and social characteristics/attributes that increase resilience 
to	these	impacts.	Three	of	the	case	study	fisheries	have	not	yet	been	unequivocally	impacted	by	climate	
change and therefore the assessments presented here are primarily ex ante assessments. They aim to identify 
what is known and, by logical extension, what are the important gaps in knowledge for the individual 
systems.	And,	they	seek	to	provide	some	reflections	on	the	extent	to	which	current	policies,	management	
plans,	regulations,	information	systems,	etc.	provide	a	match	(or	mis-match)	for	effective	adaptation	and	
the building of adaptive capacity. 

Constraints
The	VAs	were	developed	based	on	existing	literature,	research	papers,	government	reports,	etc.	and	no	
new data were collected. This has obvious implications because direct inputs and observations have not 
been incorporated.5	The	most	significant	gap	is	an	understanding	of	the	adaptive	behaviour	within	the	
fisheries,	from	the	perspective	of	the	fishers,	traders,	investors,	etc.	The	case	studies,	and	the	research	
referenced therein, provide a starting point for the national administrations and other relevant parties to 
subsequently	engage	primary	stakeholders,	to	capture	their	perceptions	and	understanding	of	the	(potential)	
impacts of climate change, and their ideas for actions that might mitigate these impacts.

1.2 Definition of terms

Exposure
The	IPCC	glossary	of	terms,	defines	exposure	as	“The	nature	and	degree	to	which	a	system	(human	and	
ecological)	is	exposed	to	significant	climatic	variations	and	associated	hazards”.	The	case	studies	describe	
the broad climatic and oceanographic conditions of the marine environment in which the various social-
ecological	systems	(the	fisheries)	are	nested	(to	varying	degrees	of	available	detail)	and	examine	the	actual	
and potential variations and changes resulting from climate change. 

The	case	studies	are	focused	on	fisheries	that	have	developed	to	exploit	the	available	marine	ecology	and	
it	is	that	ecology	which	is	the	interface	between	climate	change	and	climate	variations	and	the	fishery	
socio-economic subdomains. This is consistent with the structure of the framework described earlier. 
Because of constraints on the resources available for the completion of these case studies, and the limited 
data available, they do not include an assessment of direct effects of exposure to climatic variations, such 

3.	 FAO/PaCFA,	2013.
4.	 FAO/PaCFA,	op	cit.
5.	 FAO,	2013.
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as the potential for an increased frequency of extreme weather events and its implication for safety at 
sea, for example.

Sensitivity
The	IPCC	defines	sensitivity	as	“…the	degree	to	which	a	system	is	affected,	either	adversely	or	beneficially,	
by climate-related stimuli”.6	This	element	of	the	assessments	seeks	to	briefly	describe	the	ecology	of	the	
individual system in question, and to describe how that ecology is expected to be affected by the climate/
oceanographic	changes	identified	under	the	section	that	deals	with	exposure.

It	is	clear	that	there	is	a	significant	degree	of	uncertainty	involved	in	determining	how	a	system	may	actually	
be	affected	by	climate-related	stimuli.	In	terms	of	fisheries	systems,	Dr	Andrew	Bakun	observed,	“…after	
decades	of	effort,	an	adequate	understanding	of	the	linkages	of	climate	to	fish	population	dynamics	continues	
to	largely	elude	us…”7 while Fréon et al.	(2009)	commented	that	“Predicting	the	effect	of	climate	change	on	
marine	ecosystems…	presents	a	formidable	challenge”.	In	the	case	studies,	observations	on	sensitivity	are	
based	on	the	most	recent,	peer-reviewed	scientific	publications	–	the	best	available	knowledge.

The	original	IPCC	framework	and	the	associated	definition	of	sensitivity	imply	both	ecological	and	social	
elements,	but	the	framework	applied	here	makes	an	overt	distinction	between	the	two.	A	useful	definition	
of	social	sensitivity	is	provided	by	Cinner	and	Bodin	(2010),	who	define	it	as	“the	degree	of	susceptibility	
to	harm	resulting	from	exposure	to	climatic	stresses	and	shocks	and	in	the	context	of	coastal	fisheries	is	
likely to be related to dependence on marine resources”.

Recovery potential/adaptive capacity
The	IPCC	definition	of	adaptive	capacity	is	“The	ability	of	a	system	to	adjust	to	climate	change	(including	
climate variability and extremes) to moderate potential damages, to take advantage of opportunities, or 
to cope with the consequences”.

The	preference	for	including	the	concept	of	adaptive	capacity	of	the	ecological	system	(which	was	in	the	
original IPCC formulation), as well as recovery potential, which was used by Cinner et al.	(2013),	stems	
from the recognition of the likely stochastic and dynamic nature of responses by the various components 
of an ecological system to perturbations. Change will no doubt occur, but to conceive of a process of 
recovery to some sort of baseline status is not always appropriate given that the basic characteristics of 
atmosphere and oceanography to which the individual ecological systems are exposed have been, or will 
be,	modified.

In	reference	to	the	adaptive	capacity	of	socio-economic	components,	the	definition	of	Cinner	et al.	(2013)	
is	useful.	They	define	social	adaptive	capacity	as	“the	ability	of	households	to	anticipate	and	respond	to	
changes	in	ecosystems	and	fisheries,	and	to	minimize,	cope	with,	and	recover	from	the	consequences.”	
However, it is also necessary to broaden the scope of social adaptive capacity to incorporate economic 
and	fisheries	policies;	fisheries	management	plans;	information	systems;	social	and	economic	networks;	
the	responses	of	vessel/gear	owners	and	fish	traders,	etc.8 These factors will play a role in determining 
the	scope	of	the	ability	of	fisher	households	themselves	to	respond.	For	example,	Brooks	(2003)	observed	
that “the extent to which adaptation occurs will be decided by processes operating at a range of scales”. 
Brooks went on to note another important point about adaptive capacity, namely that capacity to adapt is 
one	thing	but	that	its	realization	is	often	dependent	on	a	number	of	factors	including	political	will.	Brooks	
argues that his term “adaptation likelihood” was perhaps a more appropriate term. In reading the case 
studies, the adaptation likelihood must be borne in mind.

Socio-ecological vulnerability
Vulnerability	is	the	combination	of	the	three	basic	components	of	the	framework,	namely	exposure,	
sensitivity	and	adaptive	capacity.	The	IPCC	definition	of	vulnerability	is	the	“degree	to	which	a	system	

6. IPCC, 2001.
7. Bakun, 2010.
8. Smit & Wandel, 2006.
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is susceptible to, or unable to cope with, adverse effects of climate change, including climate variability 
and	extremes	and	related	hazards.	Vulnerability	is	a	function	of	the	character,	magnitude,	and	rate	of	
climate	variation	to	which	a	system	is	exposed,	its	sensitivity,	and	its	adaptive	capacity”.	As	Adger	(2006)	
observed, “the assessment of vulnerability is the end point of a sequence of analyses”, from determining 
the	nature	and	extent	of	current	(and	potential)	exposure	of	a	system,	evaluating	the	sensitivity	of	the	
system to that exposure, and then identifying the capacity to adapt to the outcomes of that sensitivity. For 
the four case studies, the framework selected to guide the assessments makes the distinction between 
ecological and socio-economic exposure, sensitivity and adaptive capacity. So there are effectively two 
assessments taking place, with the ecological assessment feeding into the socio-economic assessment. 
Where the adaptive capacity of the ecology is high, impacts on the socio-economic component will be 
mitigated. Similarly, if social adaptive capacity is also high, the net impact of climate change will be lower 
than	would	otherwise	be	the	case.	Therefore,	“…at	the	final	stage,	any	residual	consequences	define	levels	
of	vulnerability;	that	is,	the	level	of	vulnerability	is	determined	by	the	adverse	consequences	that	remain	
after the process of adaptation has taken place”.9

1.3 Ocean acidification
For	the	400	000	years	prior	to	the	industrial	revolution,	atmospheric	carbon	dioxide	(CO2) concentrations 
ranged between 200 and 280 pp10.	The	global	mean	concentration	in	2013	was	396	ppm,	as	measured	at	the	
Mauna	Loa	Observatory	(NOAA-ESRL).	Approximately	26	percent	of	the	mean	annual	atmospheric	CO2 

emissions from 2002 to 2011 were absorbed by the ocean “sink”11 and global data collected over several 
decades indicate that the oceans have absorbed at least half of the anthropogenic carbon dioxide emissions 
that have occurred since 1750.12 This carbon dioxide has combined with water to form carbonic acid, 
which,	like	all	acids,	releases	hydrogen	ions	(H+)	into	solution,	making	ocean	surface	water	30	percent	
more acidic on average. 

The IPCC estimates suggest that by 2100 the concentration of CO2 will exceed 800 ppm, resulting in 
a	12	percent	increase	in	surface	water	dissolved	inorganic	carbon	(DIC)	and	a	60	percent	decrease	in	
carbonate ion concentration. Such a change in water chemistry would cause a decrease in pH of about 
0.4 units.13	Depending	on	the	extent	of	future	carbon	dioxide	emissions	and	other	factors,	the	IPCC	(2007)	
predicts that ocean acidity could increase by 150 percent by 2100.

Evidence	from	experiments	and	observations	indicate	that	future	ocean	acidification	will	affect	many	
marine	organisms,	with	implications	for	ecosystems	and	ecosystem	services.	Attention	to	date	has	mostly	
focused	on	species-specific	responses,	revealing	high	taxonomic	variability.	For	instance,	adult	marine	
fish	are	generally	tolerant	of	high	CO2 conditions	but	responses	by	juveniles	and	larvae	include	diminished	
olfactory and auditory ability which affects predator detection. Some species may be unaffected, at least 
directly, while the most sensitive ones may experience near total recruitment failure.14 There may also be 
indirect effects mediated through food webs, together with interactions with other stressors and combined 
effects that could be additive, synergistic or antagonistic. More optimistically, there might also be inter-
generational adaptation to high CO2 conditions, by at least some groups of species.15

Corals
The	impact	of	ocean	acidification	on	corals	is	reduced	calcification	and	growth.	Even	an	increase	in	the	CO2 

concentration	to	just	560	ppm	may	reduce	calcification	and	growth	by	up	to	40	pecent.	Hoegh-Guldberg	
(2005).	reported	the	work	of	Lough	and	Barnes	(2000),	who	argued	that	reduced	calcification	in	corals	
from	changes	in	pH	would	be	at	least	partially	compensated	for	by	increased	rates	of	calcification	as	a	

9.	 Adger,	2006.
10. Feely et al., 2004.
11. Le Quéré et al., 2012.
12. Sabine et al., 2004.
13. Feely et al.,	2004;	Doney	et al.,	2009.
14. Barton et al., 2012.
15. Kelly & Hofmann, 2012.
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result of a rise in the temperature of the oceans. In addition, Hoffman et al.	(2011)	argued	that	the	natural	
variability	in	pH	was	insufficiently	integrated	into	analyses	of	acidification	and	that	“Natural	variability	
may occur at rates much higher than the rate at which carbon dioxide is decreasing ocean pH”.16 They 
suggested that coral reef organisms may in fact have adaptive capacity to deal with a range of pH, but also 
that	there	are	many	factors	in	determining	calcification	rates	beyond	just	seawater	chemistry.	The	authors	
further argued that sustained reduction in pH may be the critical issue regarding organisms’ responses to 
the	overall	decline	in	pH	that	is	expected	to	be	caused	by	climate	change.	Acidification	is	also	believed	
to play a role in determining coral bleaching sensitivity.17

Plankton
The	acidification	of	the	oceans	is	an	area	of	climate	change	that	is	attracting	increased	attention	and	there	is	
particular concern about the saturation rates of CaCO3	(both	aragonite	and	calcite	forms)	which	is	essential	
to, for example, coccolithophore and formaminerfera groups of calcereous plankton.18 Pre-industrial rates 
of CaCO3	saturation	were	typically	very	low	(a	few	percent	by	volume).	Citing	the	research	of	Barton	et 
al.	(2012)	the	IPCC	notes	that	eastern	boundary	upwelling	systems	such	as	found	off	Northwest	Africa,	
are typically low in pH and have relatively high concentrations of CO2 which increases their vulnerability 
to	acidification.	However,	modelling	by	Lachkar	and	Gruber19 suggests that the Canary Current system 
may	be	less	sensitive	to	acidification	than	appears	to	be	the	case	for	other	systems	such	as	the	California	
Current	upwelling	system,	for	example.	They	find	that	continued	emissions	of	atmospheric	CO2 will increase 
the volume of undersaturated water in the Canary Current system from current levels of about 5 percent 
to 25 percent by 2050 as atmospheric CO2 levels increase to approximately 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”. However, this is compared to 75 percent volume of undersaturated 
waters in the California Curent system, as a result of different fractions under current atmospheric CO2 

levels	(5	percent	for	the	Canary	Current	system	versus	25	percent	for	the	Californian	system).	On	the	
other hand, when upwelling favourable winds are increased in the model for the Canary Current system, 
the volume of undersaturated nearshore water actually declines. In the model for the California Current 
system, similar scenarios result in an increase in volume up to about 40 percent. The authors put this 
down	to	the	topography	and	the	width	of	the	continental	shelf	off	Northwest	Africa.	These	characteristics	
(which	are	summarized	in	the	Senegal	case	study)	appear	to	play	an	important	role	in	nutrient	retention	
in the Canary Current upwelling system. 

Research is now addressing the more complex issues surrounding the response of marine ecology to ocean 
acidification	and	other	stressors,	over	longer	timescales,	but	there	are	many	uncertainties.	These	relate	to	
the	scale	and	direction	of	socio-economic	impacts,	primarily	impacts	on	commercially	important	species;	
biogeochemically-driven	feedbacks	to	the	climate	system;	and	global	element	cycles.20 

1.4  Ecology of small pelagic species
Fréon et al.	(2009)	proposed	three	levels	of	knowledge	on	the	ecological	vulnerability	of	an	ecosystem,	
employing	the	terminology	of	Jonathan	Dickau	(1999).	He	considered	the	known,	the	unknown	but	
knowable, and the unknowable.

Climate	change	induced	alterations	in	oceanic	circulation,	stratification	and	primary	production	are	
known	(or	more	or	less	predictable).	It	is	also	known	that	these	changes	will	affect	ecosystem	services,	
population	distributions	and	abundance	and	that	there	will	be	some	species	that	benefit	and	some	that	lose	
out. However, the detailed location of changes in circulation, of productivity, etc. are generally unknown 
but can be empirically observed and therefore measured in the future at least, and are therefore potentially 
knowable. The third term covers the unknowable, which includes the timing and intensity of any changes, 

16. Hofmann et al., 2011, p.7.
17.	 Hoegh-Guldberg,	2005.
18. e.g. Doney et al.,	2009.
19.	 Lachkar	&	Gruber,	2012,	p.8.
20. Williamson, 2013.
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how	species	may	adapt	(evolve)	to	the	new	conditions,	and	the	timing	of	any	substantive	regime	shifts.	
One reason for these being unknowable is because, as Checkley et al.	(2009)	and	Bakun	(2010)	alluded	
to,	linear	trends	in	GHG	concentrations	are	not	necessarily	translated	into	linear	trends	in	the	response	
of	ecosystems.	Overlaying	this	are	the	natural	oscillations,	cycles,	etc.,	and	fishing	pressure,	which	may	
act to mask or, alternatively, accentuate ecosystem responses.

The	challenge	of	determining	the	sensitivity	of	a	fish	population	to	climate	change	is	recognized	by	both	
Bakun	(2009)	and	Fréon	et al.	(2009)	who	went	on	to	describe	the	complexity	of	the	potential	impacts	of	
climate	on	populations	of	small	pelagic	species	(and	which	is	relevant	regardless	of	any	anthropogenic	
climate change) that derive from:

•	 “direct	and	indirect	effects;

•	 lagged	or	unlagged	effects;

•	 feedbacks;

•	 threshold	effects;

•	 non-linear	responses;

•	 spatial	heterogeneity	in	the	changes;

•	 interactions	between	different	temporal	scales	(natural	and	social);	and,

•	 ecosystem effects.”

In an attempt to create a manageable framework for thinking about possible mechanisms through which 
climate	change	may	impact	small	pelagic	fisheries,	the	work	of	Bakun	is	a	useful	starting	point.	A	number	
of	oceanographic	processes	are	thought	to	influence	small	pelagic	species’	reproductive	success,	natural	
mortality, recruitment, growth, migration and overall spatial distribution. These processes were neatly 
encapsulated by Bakun21 in what has subsequently been termed “Bakun’s Triad”.22 They are as follows:

(1)	enrichment	processes	(upwelling,	mixing,	etc.);

(2)	concentration	processes	(convergence,	frontal	formation,	water	column	stability);	and

(3)	processes	favouring	retention	within	(or	drift	toward)	appropriate	habitat.

The development of a favourable triad of conditions is in turn determined by a number of underlying 
geomorphological characteristics of the coast and by wider oceanographic and atmospheric processes. 
In terms of enrichment processes, for example, the case study site of Senegal is located in the northern 
hemisphere,	the	coastline	has	a	meridional	(north−south)	alignment	and	it	is	situated	on	an	eastern	
boundary	coast,	and	therefore	its	coastal	waters	are	upwelled	by	seasonal	northeasterly	(i.e.	offshore)	
winds	through	the	process	of	Ekman	transport.	In	the	case	of	Ghana,	the	coast	is	zonal	(i.e.	aligned	more	
or	less	east−west)	and	the	processes	that	drive	the	seasonal	upwelling	are	more	complex.	They	are	likely	
to	include	eddies,	oceanic	Kelvin	waves	and	seasonally	diverging	currents.	For	Tanzania,	the	situation	is	
quite different: it is in the southern hemisphere but with dominant southeasterly winds and is a western 
boundary coast and therefore largely a downwelling system. 

In all the case study sites, an important observation is that local processes in the case study regions are in 
turn driven by atmospheric and oceanographic processes operating at a far larger scale, or by processes that 
take	place	elsewhere	around	the	globe,	but	influence	the	case	study	sites	through	so-called	teleconnections.	
For example, an important atmospheric driver for all the case study systems is the ENSO, while both sides 
of	the	African	continent	are	affected	by	important	oceanographic	teleconnections;	an	example	for	East	
Africa	(and	the	wider	Indian	Ocean)	is	the	ITF.

It	is	also	important	to	bear	in	mind	the	existence	of	different	(natural)	temporal	scales	of	climate	variations.	
Anthropogenic	climate	change	is	not	taking	place	in	the	context	of	some	sort	of	steady	state	or	balanced	

21.	 Bakun,	1996;	Bakun,	1998.
22. e.g. Checkley et al., 2013.
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set of environmental conditions. In fact change, or at least variability in climate, is the norm, not only 
temporally	but	also	spatially.	Scales	of	global	climate	variability	have	been	identified	that	suggest	at	least	
quasi-biennial	(2	to	3	years),	interannual	(3	to	7	years),	quasi-decadal	(8	to	13	years),	interdecadal	(17	to	
23	years)	and	multidecadal	(40	to	80	years)	periodicity.23	A	diagrammatic	representation	of	the	nature	of	
potential	temporal	and	spatial	interactions	with	fisheries	is	presented	in	Figure	3.

Small pelagic species may be particularly sensitive to changes in climate and the associated effects on 
the marine environment because of their trophic position within marine ecosystems and because of 
certain features of their reproductive and feeding physiology and ecology. There is a body of evidence, 
for	example,	that	shows	that	certain	families	within	the	small	pelagic	group	(e.g.	sardines)	experience	
dramatic	fluctuations	in	population	size,	which	may	be	quasi-synchronous,	or	asynchronous	with	other	
families	within	this	group	(e.g.	anchovies)	and	elements	of	these	fluctuations	can	be	strongly	coupled	with,	
or at least triggered by, climate variations. Figure 4 presents an example of relative population densities of 

23. Tourre et al., 2007.

Figure	3:	Interactions	between	temporal	and	spatial	scales	(source:	redrawn	from	Bertrand	et al., 2004)

Figure	4:	Time	series	of	deposits	of	sardine	and	anchovy	scales,	Santa	Barbara	Basin,	Pacific	Ocean	
(source:	redrawn	from	Field	et al.,	2009)
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sardines	(Sardinops sagax)	and	anchovy	(Engraulis mordax) derived from analyses of the abundance of 
fish	scales	in	sediments	in	the	Santa	Barbara	Basin	off	California,	dating	back	to	the	year	400.24 The nature 
of	these	changes	in	population	sizes	and	relative	dominance	are	symptomatic	of	wider	ecosystem	regime	
shifts.	Regime	shifts	can	be	defined	as	“low-frequency,	high-amplitude	changes	in	oceanic	conditions	
that may be especially pronounced in biological variables and propagate through several trophic levels”.25

Isaacs	(1976,	cited	by	Field	et al.,	2009)	observed	that	“there	are	probably	a	great	number	of	possible	
regimes;	multifarious	regimes	involving	biology	or	climate,	or	oceanography,	or	migrations,	temperature,	
or	weather,	or	combinations	of	these”.	What	is	certain	is	that	the	vast	majority	of	these	fluctuations	occurred	
centuries	before	anthropogenic	climate	change	was	first	proposed,	and	before	any	significant	fishing	effort	
would have been directed at these species.

The	simplified	VA	scoping	approach	that	is	employed	in	this	document,	begins	with	“Understanding	the	
exposure of the human and aquatic system to change” and seeks to identify “biophysical changes expected 
over	different	time	scales	(annual,	decade,	century)	and	their	impacts	on	the	system	under	evaluation	
and the larger communities dependent on the system”.26	A	“system”	here	is	taken	to	mean	an	ecosystem.	

An	ecosystem	is	defined	by	the	FAO	as	“A	spatio-temporal	system	of	the	biosphere,	including	its	living	
components	(plants,	animals,	micro-organisms)	and	the	non-living	components	of	their	environment,	with	
their relationships, as determined by past and present environmental forcing functions and interactions 
amongst biota”.27 

A	simplified,	but	nevertheless	very	useful,	schematic	
diagram	of	a	small	pelagic	fish	ecosystem	and	the	
likely	pathways	of	influence	of	climate	change	was	
developed by Fréon et al.	(2013)	and	is	presented	in	
Figure 5. Within the overall structure of this case 
study,	as	defined	by	the	VA	approach,	subsections	
of the ecological component of the small pelagic 
assessments will be approximately structured 
around this schematic idea. 

Some examples of how the various ecosystem 
components	may	drive	(and/or	interact)	with	small	
pelagic species are described as follows:

Freshwater	influxes	(through	increased	rainfall)	
may be irregular and arrive in the form of storm 
run-off, rather than being an evenly distributed 
increase in mean seasonal precipitation. Therefore 
the timing of rainfall anomalies, an increase in the 
supply of nutrients and any subsequent increase in 
primary productivity, may not necessarily match 
the	life	cycle	of	the	small	pelagic	fish	populations.28 
The actual storm events may themselves be 
important. In a series of laboratory experiments 
and field studies off California, Lasker and 
colleagues concluded that anchovy larvae required 
a	certain	period	of	stability	in	their	environment−	
subsequently	referred	to	as	“Lasker	windows”	−	 

24. Field et al.,	2009.
25. Collie et al., 2004.
26.	 FAO,	2013.
27.	 Garcia,	2009.
28.	 Cushing,	1974;	Bakun,	2010.

Figure	5:	Pathways	of	climate	change	influences	on	
an	ocean	ecosystem	(source:	adapted	from	Fréon	et 
al.,	2009)
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in	order	to	secure	sufficient	food	particles	to	pass	through	the	critical	early	growth	phase.	Failure	of	such	
Lasker windows to remain open for a minimum period, as a result of storm events, could result in cohort 
recruitment failure.29

Wind	velocities	(referred	to	as	windstress)	will	influence	the	depth	of	the	mixed	layer;	reductions	in	mean	
windstress,	a	potential	outcome	of	climate	change	in	some	situations,	can	lead	to	increased	stratification	of	
waters above the thermocline. This in turn can reduce nutrient availability and recycling and thus impact 
negatively on primary productivity. On the other hand, a deepening of the mixed layer would increase the 
vertical distribution of limited nutrients beyond the “critical depth” for phytoplankton production, also 
leading to reduced primary production.30	The	impact	on	small	pelagic	fish	species	may	also	be	different	
depending on the particular family. For example, Field et al.	(2009)	described	a	situation	that	would	favour	
anchovies.	In	this	scenario,	increased	surface	mixing	(owing	to	increased	surface	winds)	would	lead	to	
relatively	cooler	temperature	regimes	in	the	upper	layers	of	the	ocean,	which	would	benefit	diatoms	and	
large	calanoid	copepods,	the	preferred	prey	of	anchovies.	Field	cited	the	work	of	Alheit	and	Niquen	(2004)	
in the Humboldt Current ecosystems, and van der Lingen et al.	(2006)	in	the	Benguela	Current	ecosystem	
as evidence for this. The reverse of this was also reported, by the same authors cited by Field et al. (2009).	
In	this	second	scenario,	more	stable	water	columns,	owing	to	reduced	winds/currents	(characteristic	of	
El	Niño	events),	led	to	warmer	surface	waters,	a	flagellate-dominated	food	chain	and	a	shift	in	the	size	
spectrum	of	crustacean	zooplankton	to	smaller	copepods.	This	habitat	favoured	the	filter-feeding	sardines.

Wind plays a role in current strength and current strength can determine the connectivity between and 
within	populations.	Agostini	(2005)	noted	the	migration	of	Pacific	sardine,	Sardinops Sagax, along the coast 
of	California	from	spawning	(and	adjacent	nearshore	nursery	areas)	north	to	feeding	grounds	in	Oregon	
and Washington states, and into British Columbia. The key point is that migrations at different stages of 
the	life	cycle	need	to	be	“closed”	(Bakun,	op	cit.)	in	order	to	maintain	the	viability	of	the	population,	but	
these	migrations	could	be	disrupted	by,	for	example,	weakened	current	flows.	

Sea water temperature is a direct, key determinant in the distribution and life history of small pelagic 
fish	species.	For	example,	temperature	is	known	to	affect	the	duration	of	egg	and	larval	stages	of	small	
pelagic	species,	the	rate	at	which	they	mature	and	the	size	and	age	of	first	reproduction.31 Indirect effects 
include the abundance and distribution of their predators and their prey.32 

Richardson et al.	(1988),	in	studies	of	the	Cape	anchovy	(Engraulis capensis)	in	South	Africa,	observed	
that the species had greater spawning success in areas where the water temperature was between 16 and 
19	°C,	and	where	thermal	stability	was	higher.	And,	providing	an	example	of	an	indirect	effect	of	the	SST	
regime, this may relate to the fact that copepod prey abundance was greater in those waters. Fréon et al. 
(op	cit.)	cited	earlier	work	by	Robinson	and	Ware	(1994)	and	Robinson	(1994),	which	showed	that	“high	
temperatures	enhance	phytoplankton	production	and	trophic	transfer	from	phytoplankton	to	zooplankton	
to	fish…”.	Chavez	et al.	(2003),	using	a	70-year	dataset	(1925	to	1995),	showed	that	sardine	and	anchovy	
populations	in	the	Pacific	Ocean	varied	according	to	SST	(and	sea	level	pressure,	SLP)	anomalies.	However,	
they went on to point out that interpretation of small pelagic population responses to SST anomalies is 
complicated by the fact that the temperature range of sardine species is wider than that of anchovies.33

Both	anchovies	and	sardines	exhibit	high	batch	fecundity.	Agostini	(2005)	indicated	that	S. sagax had 
an annual fecundity of about 200 000 eggs. In contrast, an important Sardinella species in the context 
of	East	Africa	for	example,	Amblygaster sirm, was reported to produce about 20 000 eggs per batch and 
Herklotsichthys quadrimaculatus	between	3	000	and	8	000	eggs	per	batch	in	the	Pacific	Ocean.34 Milton 
et al.	(1994)	reported	batch	size	fecundity	of	500	to	1	900	eggs	and	this	was	correlated	with	SST	and	
zooplankton	density	on	the	feeding	grounds	(as	well	as	individual	body	length).	

29. Bakun, 2010.
30.	 Sverdrup,	1953.
31. e.g. Butler et al.,	1993;	Takasuka	et al., 2007.
32. Fréon et al. op cit.
33.	 Chavez	et al.,	2003;	Twatwa	et al., 2005.
34. Milton et al.,	1994.
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Agostini	(op	cit.)	also	reported	that	SST	variations	affected	both	the	timing	and	distribution	of	sardine	
spawning. In cold years, spawning generally occurred in the late boreal spring/early summer and in more 
southerly	(warmer)	waters	off	the	Baja	Peninsula.	In	warmer	years,	earlier	spawning	peaks	were	more	
pronounced and extended north to the coasts of central California, Oregon and British Columbia. The 
movement north during warmer years and the earlier spawning times may yield higher recruitment owing 
to	both	increased	availability	of	food	and	reduced	predation	pressure	on	larvae	and	juveniles.

Therefore higher SSTs may bring a dividend of higher productivity and increase the suitability of the 
environment	for	sardines	(but	decrease	it	for	anchovies)	by	causing	localized,	nearshore	falls	in	salinity	
owing to associated increased rainfall. 

However, increases in productivity can, paradoxically, cause negative impacts as well as positive ones. 
There	is	some	evidence	that	falls	in	primary	productivity	in	the	eastern	Pacific	associated	with	El	Niño	
are correlated with higher than average year-class biomass of sardines.35	Bakun	and	Broad	(2003)	argued	
that	a	possible	explanation	for	this	was	the	concomitant	reduction	in	the	level	of	zooplankton	predation	
on sardine larvae. This predation-release dividend compensated for the reduced food availability for 
sardine	juveniles	and	adults.	Agostini	observed	lower	zooplankton	abundance	during	warmer	years,	but	
also	observed	reduced	variance	in	measures	of	zooplankton	density.	Agostini	argued	that	the	zooplankton	
predators were less aggregated and that this would also reduce the probability of an encounter between 
predator and sardine larvae prey. 

The	reverse	of	this	phenomenon,	termed	the	“loophole	hypothesis”	by	Bakun	and	Broad	(op	cit.),	is	that	
in	years	of	higher	primary	production,	and	therefore	greater	zooplankton	abundance,	the	negative	effects	
of predation outweighed the positive effects of greater food availability for the sardine larvae. When 
favourable	(low-predation)	conditions	persist	for	sardines,	the	higher	larval	survival	rates	are	rapidly	
manifested	in	large	size-classes,	but	these	conditions	need	to	persist	for	two	to	three	years.

Taylor et al.	(2012),	working	in	the	Caribbean,	argued	that	climate	change	is	likely	to	have	been	responsible	
for	a	shift	in	phytoplankton	community	structure	−	from	diatoms,	dinoflagellates	and	coccolithophorids	to	
smaller	taxa	−	an	increase	in	the	biomass	of	meso-zooplankton	and	a	collapse	in	the	landings	of	sardines.	
It is possible that the collapse is not necessarily the result of a change in the prey species available to the 
(omnivorous)	sardines,	but	caused	by	increased	predation	by	(the	more	abundant)	zooplankton	on	the	
larval stage of the sardines. Thomas et al.	(2014)	reported	that	migratory	patterns	of	Sardinella gibbosa 
have been correlated with the availability and seasonality of planktonic prey.

The situation is further complicated by the fact that adult small pelagic species will have “top-down” 
impacts	on	their	prey	and	also	exert	“bottom-up”	control	over	species	that	predate	on	them	as	adults	(this	
is because small pelagic species consume the larvae of their predators). This phenomenon is known as 
“wasp-waist” control36 and could lead to substantive regime shifts in a small pelagic ecosystem and, given 
what Shannon et al.	(2009)	describe	as	the	key	ecological	role	of	small	pelagic	species,	“climate	change	
is	likely	to	express	itself	in	the	ecosystem	via	its	impacts	on	small	pelagic	fish.”.37

Changes	in	SST	are	likely	to	result	in	a	fundamental	re-distribution	of	small	pelagics	fish	species.38 Fishbase 
has	collated	information	and	projected	a	possible	re-distribution	of	species	in	the	year	2100.	A	number	
of	small	pelagic	species	are	expected	to	extend	their	ranges	southward	from	the	Arabian	Gulf	region	
and	the	coast	of	Somalia,	to	Kenya,	Tanzania	and	perhaps	as	far	south	as	Mozambique	and	Madagascar.	
Interestingly,	two	of	these	species	(e.g.	S. gibbosa and Dussumieria acuta)	are	already	identified	as	key	
components	of	the	catch	in	Tanzania.

The	discussion	so	far	has	highlighted	the	possible	sensitivity	of	small	pelagic	fish	species	to	climate	change	
effects, with a complex array of both positive and negative impacts conceivable. So what is the adaptive 
or	evolutionary	capacity	of	small	pelagic	fish	populations	within	this	modified	ecosystem?	It	has	been	

35.	 e.g.	Arntz	&	Fahrbach,	1996;	Niquen	&	Bouchon,	2004.
36. Cury et al., 2000, cited by Shannon et al.,	2009.
37. Shannon et al.,	2009.
38.	 Wooster	&	Bailey,	1989.
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observed	previously	that	change	is	something	that	has	characterized	small	pelagic	species	ecosystems	
and	populations	for	millennia.	The	fish	scale	deposits	from	Santa	Barbara	indicate	how	substantial	these	
changes	can	be,	and	also	how	small	pelagic	species	are	able	to	survive,	albeit	in	new	configurations	of	
population abundance, distributions, etc.

The	life	history	strategies	of	small	pelagic	fish	appear	to	provide	a	significant	degree	of	adaptability	to	
changing	environmental	conditions.	Anchovies,	and	particularly	sardines,	are	characterized	by	a	significant	
investment	in	reproductive	output;	this	not	only	reflects	the	very	high	mortality	and	loss	of	eggs	and	larvae	
but	is	also	something	of	a	calculated,	albeit	high	risk,	strategy.	Agostini	(op	cit.)	described	the	strategy	
as	one	of	investment	of	energy	to	sample	the	wider	environment;	indeed	some	research	suggests	that	the	
huge	seasonal	sardine	migration	north	from	the	Agulhas	Bank	in	South	Africa	is	undertaken	precisely	for	
that reason. This suggestion is based on the observation that higher plankton abundance is found on the 
Agulhas	Bank	compared	to	the	northern	Kwazulu-Natal	coast,	the	destination	of	the	migrant	sardines.	
Cury	(1994)	argued	that	when	a	favourable	habitat	is	discovered,	individuals	are	imprinted	to	return	
there and therefore the population can rapidly increase its biomass if favourable conditions persist there 
for	more	than	one	year.	Anchovy,	with	reportedly	rather	more	specific	preferences	for	a	particular	suite	
of environmental conditions, is perhaps less adaptable. However, both sardine and anchovy display life 
history	plasticity.	Agostini	(op	cit.)	produced	a	simple	table	of	comparison	of	life	history	responses	across	
the	two	families	to	warm	and	cool	conditions,	which	highlights	this	plasticity	(Table	1).

Table 1: California	Current	anchovy	and	sardine	life	histories	by	productivity	regime	(source:	Agostini,	
2005)

regime

Family Productive unproductive
Clupeidae Warm Cool
Age	of	maturity 2−3	years 1−2	years
~ Maximum age >13 yrs 4 yrs
Engraulidae Cool Warm
Age	of	maturity 2 yrs 1 yr
~ Maximum age 6 yrs 4 yrs

An	often	mentioned	feature	of	small	pelagic	population	dynamics	is	that,	rather	than	there	being	a	density-
dependent	variation	around	some	sort	of	equilibrium	carrying	capacity,	small	pelagic	fish	populations	tend	
to	be	at	either	very	low	or	very	high	biomass,	with	a	rapid	transition	between	the	two.	Bakun	(2006;	2010)	
proposed	a	mechanism	for	this	called	the	predator	pit	loop	(Figure	6).	The	explanation	of	this	mechanism	
begins	with	the	idea	that	below	a	certain	prey	(i.e.	small	pelagic	fish)	abundance	level,	predator	interest	

Figure	6:	Bakun’s	predator	pit	function	(source:	redrawn	from	Bakun,	2010)
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declines	to	very	low	levels	(thereby	safeguarding	the	prey	species	from	extinction).	Above	this	minimum	
level	of	abundance,	predator	mortality	is	constant	and	high,	until	a	point	of	satiation	is	reached.	As	the	
abundance	of	small	pelagic	fish	(the	prey)	increases	above	the	predator	satiation	level,	the	predation	rate	
(percentage	of	the	prey	consumed	per	unit	time)	significantly	declines	and	approaches	zero	(i.e.	percentage	
prey	surviving	per	unit	time	=	100	percent).	The	critical	intersection	point	(marked	on	Figure	6)	is	the	level	
of	production	below	which	the	prey	(i.e.	small	pelagic	fish)	population	will	collapse	owing	to	predation	 
(it	falls	into	the	predator	pit),	but	above	which	the	population	will	rapidly	accelerate	its	growth.

The status of a small pelagic population vis-à-vis the critical intersection point is obviously determined by 
the	productivity	of	the	wider	ecosystem,	which	determines	the	abundance	of	phytoplankton	(the	prey	of	the	
small	pelagic	fish)	and	zooplankton	(a	predator	of	juvenile	small	pelagic	fish	and	the	prey	of	adult	small	pelagic	
fish).	In	modern	times,	the	significant	reduction	in	populations	of	commercially	valuable	tuna	species,	major	
predators	of	adult	small	pelagic	fish,	has	also	played	a	role	in	influencing	their	population	trajectories.	If	the	
predator	pit	function	does	indeed	describe	real	characteristics	of	small	pelagic	fish	population	dynamics,	
it might represent a mechanism that can shield populations already stressed by climate change induced 
reductions in their populations from the additional stress of background natural predation. 

Another	consideration	relating	to	the	ability	of	small	pelagic	fish	to	adapt	to	changing	ecosystem	characteristics	
is	the	ability,	like	all	life	on	Earth,	of	being	able	to	evolve.	Bakun	(2010)	argues	that	evidence	from	something	
as prosaic as domestic animal breeding programmes shows how rapid evolutionary change can be. He notes 
that,	under	selective	pressure	to	do	so,	fish	are	able	to	alter	their	growth	rates	(citing	Conover	and	Munch,	
2002);	their	age	of	maturity	and	reproductive	output;	the	date	of	return	to	natal	rivers	(e.g.	salmon);	female	
body	size;	male	body	depth;	and	embryo	traits,	including	survival	to	hatching,	development	rate	and	size	
at emergence.39 These adaptations have been observed to take place over between nine and 30 generations, 
depending on the particular trait. The summary of the apparent life history plasticity of sardines and anchovy, 
presented	in	Table	1	points	to	a	significant	genetic	diversity	in	small	pelagic	fish	populations	that	provides	for	
such adaptation to take most advantage of a particular set of environmental conditions. For example, Thomas 
et al.	(op	cit.)	recently	reported	on	genetic	analyses	of	different	stocks	of	S. gibbosa in the Philippines and 
their	results	indicated	significant	(cryptic)	genetic	diversity	across	the	stocks.

A	final	observation	on	small	pelagic	fish	species	relates	to	the	issue	of	change	and	recovery.	Field	et al. 
(op	cit.)	observed	that	“The	pattern	of	sardine	fluctuations	implied	by	the	paleosedimentary	record	could	
not be reconciled with the conventional equilibrium view of an approximately constant ‘reference’ state 
of	the	resource	corresponding	to	an	unfished	condition	(i.e.,	carrying	capacity,	in	ecological	terms)”.	
In	other	words,	small	pelagic	fish	populations	don’t	recover	so	much	as	move	on	to	a	new	pattern	of	
distribution,	population	size	and	relative	abundance.	This	concept	is	often	referred	to	as	a	regime	shift.40 
Any	consideration	of	the	management	of	small	pelagic	fisheries	must	bear	this	crucial	observation	in	mind.
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1.	 Introduction	to	the	small	pelagic	fisheries	of	Tanzania

This	case	study	will	focus	on	a	group	of	fish	families,	genera	and	species	that	are	typically	referred	to	as	
small	pelagic	fish,	and	the	fisheries	for	these	species	off	the	coast	of	the	URT.	It	will	focus	on	Clupeidae	
(herrings,	sardines	and	sprats),	Dussumieriidae	(round	herrings)	and	Engraulidae	(anchovies)	and	includes	
Zanzibar	and	mainland	Tanzania,	even	though	inshore	fisheries	management	is	undertaken	independently	
by	the	two	partners	in	the	URT.	The	management	of	EEZ	fisheries	is	undertaken	jointly	by	the	partners,	
under	the	auspices	of	the	Deep	Sea	Fishing	Authority	(DSFA).

1.1. The marine environment of the WIO
The	principle	ocean	currents	of	the	WIO	are	presented	in	Figure	1	(for	the	southeast	monsoon)	and	Figure	2	
(for	the	northeast	monsoon).	The	major	current	that	flows	throughout	the	year	is	the	westward-flowing	SEC	
located	in	a	band	at	approximately	15	to	20	°S.	The	SEC	is	driven	by	a	number	of	processes,	including	
forcing	by	the	ITF	and	−	during	the	southeast	monsoon	−	by	atmospheric	processes	associated	with	the	
heating	of	the	Indian/South	Asian	landmass	and	by	equatorial	oceanic	heating	and	the	formation	of	the	
Hadley cells.1

1. e.g. Han et al.,	2006;	Schott	et al.,	2009.

Figure	1:	Representation	of	currents	during	the	southeast	monsoon	(source:	adapted	from	Schott	et al.,	2009)
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Figure	2:	Representation	of	currents	during	the	northeast	monsoon	(source:	adapted	from	Schott	et al.,	2009)

During	the	boreal	summer,	with	significant	heating	of	the	Indian	subcontinent	and	Asia,	the	SEC	is	at	its	
strongest,	reaching	velocities	of	approximately	1.5–2.0	m/s.2	In	Figure	1	the	SEC	is	seen	to	be	deflected	
both	to	the	north	(NEMC)	and	to	the	south	of	Madagascar	(SEMC).	It	impacts	on	the	coast	of	Africa	
around	southern	Tanzania,	where	it	splits	to	form	the	East	African	Coastal	Current	(EACC)	flowing	north,	
and	the	Mozambique	Current	flowing	south	into	the	Mozambique	Channel	to	form	the	Agulhas	Current.	

The	EACC	continues	to	flow	north,	subsequently	forming	the	Somali	Current	(SC)	along	the	coast	as	a	
result	of	the	strong	airflow	towards	the	Indian	subcontinent.	Strong	coastal	gyres	(Socotra	Gyre	and	Great	
Whirl)	also	develop	within	the	SC	and	upwelling	takes	place	off	the	coast	of	Somalia	(wedge	shapes).	The	
EACC	eventually	turns	east	to	form	an	easterly-flowing	current	north	of	the	Equator.	

In	the	northeast	monsoon	configuration,	during	the	boreal	winter,	the	monsoon	reverses	as	a	result	of	
significant	cooling	of	the	Indian	subcontinent	and	Asia.	The	SEC	(and	the	southeast	trades)	therefore	also	
weaken	to	a	mean	velocity	of	approximately	0.5	m/s,	while	the	SC	effectively	reverses	and	can	flow	south	
as	far	as	about	4	°S,	before	both	currents	turn	east	and	form	the	South	Equatorial	counter	current	(SECC).	
Note that during the northeast monsoon, the direction of the meridional Ekman transport reverses.

1.2. Small pelagic fish species diversity
The	small	pelagic	fish	species	of	coastal	East	Africa	(including	Tanzania),	along	with	some	aspects	of	
fisheries	for	small	pelagic	fish,	were	first	described	by	Losse	(1964)	and	Whitehead	(1965;	1972).	The	
fisheries	for	these	species	were	subsequently	described,	to	varying	degrees	of	detail,	by	Nzioka	(1981),	

2.	 ASCLME	Project,	2012.
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Iverson et al.	(1984),	Nhwani	and	Bianchi	(1988),	Nhwani	(1988),	Nhwani	and	Makwaia	(1988),	Jiddawi	
and	Pandu	(1988)	and	De	Sousa	(1988);	with	contributions	also	made	by	Brownell	(1982),	Johnsen	(1984),	
Makwaia	and	Nhwani	(1992),	Jiddawi	and	Öhman	(2002),	Nyunja	et al.	(2006),	Maina	(2012)	and	Cochrane	
and	Japp	(2012).	

Losse’s	major	contribution	was	made	under	the	auspices	of	the	now	defunct	East	African	Marine	Fisheries	
Research	Organization	(EAMFRO)	which	was	based	in	Zanzibar.	The	studies	identified	representatives	of	
the	main	small	pelagic	families	off	the	coast	of	East	Africa	and	some	aspects	of	their	spatial	and	seasonal	
distribution,	and	their	fisheries.	Overall,	Losse	identified	95	small	pelagic	species	that	were	caught	in	
the	various	commercial	and	artisanal	purse	seine/ring-net/dip-net	fisheries	in	the	region,	with	19	of	the	
95	species	being	reported	as	abundant.	The	first	surveys	of	fisheries	resource	abundance	off	Tanzania’s	
coast	were	undertaken	in	1976	and	1977	by	the	R/V	Professor Mesyatsev.	Small	pelagic	fish	species	
were	included	in	the	surveys.	Analyses	of	data	generated	from	this	acoustic	survey	suggested	an	overall	
biomass estimate of 43 000 tonnes.3	Further	fisheries	surveys	were	undertaken	by	R/V	Dr Fridtjof Nansen 
in	1982	and	1983,	and	these	yielded	total	biomass	estimates	(across	all	families,	including	small	pelagic	
fish)	of	between	90	000	tonnes	and	170	000	tonnes,	although	no	detailed	estimates	were	provided	for	
small	pelagic	fish.	Trawl	surveys	conducted	by	the	Dr Fridtjof Nansen	identified	the	most	abundant	small	
pelagic species as Amblygaster sirm, Sardinella gibbosa, S. albella and S. leiogaster, and a number of 
scads	(Decapturus maruadsi, D. macrosoma, and Atule mate). The anchovy Stolephorous punctifer was 
important	in	trawl	surveys	conducted	in	the	Zanzibar	Channel.4	Given	that	the	first	of	the	East	African	
surveys	was	carried	out	38	years	ago	and	that	fluctuations	in	biomass	are	a	feature	of	small	pelagic	fish	
species,	using	the	estimates	of	the	1970s	as	a	basis	for	current	day	small	pelagic	fishery	management	would	
be	inappropriate.	A	list	of	the	principal	small	pelagic	fish	species	found	off	East	Africa	is	presented	in	Table	
1.	It	is	based	on	the	work	of	Losse	(op	cit.),	with	periods	of	particular	abundance	indicated	with	an	“X”.	

Table 1: Summary	information	on	selected	small	pelagic	fish	species	in	East	Africa

Species
Month

observations from Losse (1964)nE monsoon SE monsoon
o n d J F M a M J J a S

Dussumieria acuta 
(Rainbow	sardine) X X X X X Shallow	water	banks	16−36	m;	not	in	bays,	

estuaries, etc.
Herklotsichthys 
quadrimaculatus 
(Spotted	herring)

X X X X X Vicinity	of	coral	reef	areas	where	it	was	
occasionally abundant, rare elsewhere. 

H. spilurus  
(Common	herring) X X X X X

Mainly in bays, harbours and the shallow 
waters	very	close	to	the	shore.	A	neretic	
species which rarely extends seawards.

Sardinella longiceps 
(Indian	oil	sardine) X X X X X

In	waters	1−40	m	in	depth,	in	bays	and	over	
shallow banks, not found elsewhere in this 
area;	occurrence	may	be	associated	with	the	
Somali Current during the NE monsoon.

Sardinella albella 
(White	sardinella) X X X X

In	shallow	bays	(juveniles)	in	the	vicinity	of	
estuaries,	but	also	further	offshore	(adults	
only) in waters 40 m in depth. Present 
throughout the year and abundant in the 
Zanzibar	Channel	during	July,	August	and	
after	rainy	seasons	in	April	and	November.

3.	 Venema,	1984,	quoted	in	Jiddawi	&	Pandu,	1988;	Nhwani,	1988.
4. Iverson et al.,	1984.
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Month

Species
nE monsoon SE monsoon

observations from Losse (1964)
o n d J F M a M J J a S

Sardinella gibbosa 
(Goldstripe	
sardinella)

X X X X X X

Is the most abundant sardine in the East 
African	region	and	occurred	throughout	
the	year;	seasonal	abundance	was	marked	
during the NE monsoon and also during and 
following the rainy seasons.

Amblygaster sirm 
(Spotted	sardinella) X X X X

Adult	fish	appeared	in	November	and	
departed	before	March,	juveniles	remained	in	
the coastal waters in small numbers.

Pellona ditchela 
(Indian	pellona) X X X X

Apparently	confined	to	waters	of	lowered	
salinity;	in	estuaries,	mangrove	areas;	
seasonally abundant during the latter part of 
the SE monsoon, also further offshore during 
and following the rainy seasons.

Encrasicholina 
punctifer	(also	
known as S. 
buccaneeri) 
(Buccaneer	anchovy)

X X X X X X X

Occurred throughout the year but was 
seasonally abundant in the surface waters 
close to the shore during the NE monsoon and 
following	the	heavy	rains	in	April/	May.	

Engraulis indicus 
(Indian	anchovy) X X X X X

Entire	East	African	coast,	in	the	shallow	
waters	within	the	20	fathom	(37	m)	contour;	
in	bays,	lagoons	and	harbours	(Mombasa).	
Seasonally abundant during the NE monsoon 
when it appeared close to the shore. 

Engraulis 
heteroloba (Long-
head anchovy)

X X X X X X X

Entire	East	African	coast,	in	shallow	waters	
within	the	100	fathom	(183	m)	contour,	
in bays, harbours and lagoons. Occurred 
throughout the year but seasonally abundant 
in surface waters close to the shore in NE 
monsoon and following the heavy rains in 
April/May.

Stolephorus 
commersonii 
(Commerson’s	
anchovy)

X X X X X X X

Entire	East	African	coast.	Entirely	confined	to	
estuarine waters and mangrove lagoons, not 
found elsewhere in this area. The species was 
seasonally abundant during the NE monsoon 
and also following the short and long rains.

 

1.3. The fishery
Relatively	little	is	known	about	the	small	pelagic	fishery	of	Tanzania	(neither	the	mainland	nor	the	Zanzibari	
fishery)	and	this	represents	a	serious	challenge	to	understanding	its	potential	sensitivity	to	climate	change.	
By	implication,	the	agencies	responsible	for	the	management	of	the	fishery	(who	are	part	of,	and	therefore	
stakeholders	in,	the	fishery)	are	likely	to	be	insensitive	to	changes	taking	place	in	the	fishery	as	a	result	
of climate stimuli, simply because they would be largely unaware of them. 

The	lack	of	knowledge	of	the	small	pelagic	fishery	reflects	the	somewhat	parlous	nature	of	the	collection	
of	fisheries	statistics	in	Tanzania	in	general.5	More	specifically	key	information,	such	as	for	catch	and	
effort, seasonality and geographic scope is scarce, generally lacking in accurate resolution to the species 
level	(or	perhaps	even	genus)	and	is	unreliable.	Similarly,	there	is	more	or	less	no	knowledge	of	the	
population	dynamics	of	small	pelagic	fish,	nor	of	their	migrations	or	connectivity	with	neighbouring	

5.	 Van	der	Elst	et al.	2005;	Jacquet	&	Zeller,	2007.
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countries	(e.g.	Kenya	and	Mozambique).6	The	extent	of	the	problems	faced	by	the	fisheries	agencies	of	
Tanzania	in	estimating	their	national	marine	fisheries	landings	was	highlighted	by	Jacquet	and	Zeller	(op	
cit.)	through	their	reconstruction	of	estimates	of	actual	total	catches;	their	findings	suggest	approximately	
100 percent under reporting in the year 2000, and indications of diverging estimates from 2000 to 2005 
(Figure	3).	There	are	also	few	data	on	the	historical	responses	of	the	fishery,	e.g.	how	fishers,	investors	
in	the	fishery	or	traders	have	adapted	to	natural	fluctuations	in	abundance.	Nor	are	there	data	on	how	
changes in abundance have affected consumers of small pelagic species.

This problem persists regardless of the many programmes that have attempted to address the issue in 
recent decades. In spite of a general lack of data, a very small number of discrete pockets of reasonably 
good	general	fisheries	data	have	been,	or	continue	to	be,	generated.	For	example,	data	generated	during	
the	second	half	of	the	Tanga	Coastal	Zone	Conserv-ation	and	Development	Programme	(TCZCDP)	in	
Tanga	Region	(1996	to	2004),	under	the	ongoing	Fisheries	Division	(FD)/Worldwide	Fund	for	Nature	
(WWF)	programme	in	Rufiji	and	Mafia	Districts	(2006	to	present)	and	through	various	focused	research	
or academic studies.

The	estimated	catches	of	small	pelagic	species	for	mainland	Tanzania	in	1988	and	2010	are	presented	in	
Figure 4.

6.	 Anon,	2013.

Figure	3:	A	reconstruction	of	Tanzania’s	marine	fisheries	catch	(source:	redrawn	from	Jacquet	&	Zeller,	2007)

Figure	4:	Weight	of	landings	(tonnes)	of	small	pelagic	fish	by	region	(1988	and	2010)	(source:	Fisheries	
Development Division, FDD)
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The contribution of small 
pelagic fish to the overall 
tonnage	landed	in	Zanzibar,	
and a summary of a 12-year 
time series of catch data is 
presented in Figure 5.

The fishing gear
In	Tanzania,	 the	majority	
of	small	pelagic	fishing	 is	
conducted with ring-nets and 
lights.	The	fishery	began	in	
1961	(Losse,	1964).	This	gear	
is also referred to as “purse 
seine” in some literature and 
was	known	as	 the	“Greek	
method”, because it was 
introduced	by	Greek	fishers.7 
Fishing takes place at night 
and mainly during the new 
moon phase, although some 
smaller, local vessels may 
operate during the full moon 
periods as well. Fishing 
during	the	new	moon	phase	is	at	least	partly	driven	by	the	relatively	higher	abundance	of	zooplankton	at	
this time of the lunar cycle8	although	pressure	lamps,	used	to	attract	fish,	are	also	more	effective	against	
dark	skies.	There	is	some	level	of	fishing	using	beach	seines	and	fence	traps.	Numbers	of	fence-traps	
(Uzio) are recorded in frame surveys but beach seines are probably under reported because they are illegal. 
Monitoring	of	catches	taken	by	these	gears	is	logistically	difficult	and	consequently	rare,	and	as	a	result	
the catch composition is largely unknown.

An	early	report	of	the	Project	for	the	Development	and	Management	of	Fisheries	in	the	South	West	
Indian	Ocean	(SWIOP)	described	the	small	pelagic	fishery	as	being	semi-industrial,	with	the	parastatal	
Tanzania	Fishing	Corporation	(TAFICO)	deploying	seven	vessels	off	the	mainland	and	the	Zanzibar	
Fishing	Corporation	(ZAFICO)	deploying	six	off	Zanzibar;	with	the	mother	vessels	being	8	to	20	m	in	
length	overall	(LOA)	and	the	lamp	dinghies	4	m	LOA.9	TAFICO	also	operated	a	prawn	fishing	trawler	
fleet.	The	ring-nets	used	in	this	operation	were	170	m	long	by	30m	deep.	The	ring-nets	of	TAFICO’s	small	
pelagic	fishing	fleet	were	up	to	400	m	in	length	and	65m	deep	(Brownell,	1982).	Jiddawi	and	Pandu	(1988)	
reported	on	the	Zanzibar	ring-net	fishery	and	noted	that	a	typical	ring-net	was	approximately	115	m	in	
length,	and	about	15	m	in	depth.	Nhwani	(op	cit.)	reported	the	dimensions	as	100	to	150	m	in	length,	with	
the	same	15	m	depth.	At	the	time	of	these	reports,	the	small	semi-industrial	fishery	described	by	Brownell	
was apparently still operational. 

A	recent	(2011)	guidebook	to	the	artisanal	fishing	gears	of	Kenya	(where	ring-nets	are	used	in	similar	
ways	and	where	migratory	Tanzanian	fishers	sometimes	operate)	produced	by	Coastal	Oceans	Research	
and	Development	−	Indian	Ocean	(CORDIO)10 provides an up-to-date description of a typical ring-net 
(Figure	6).	

The depth of the nets reported by Samoilys et al. are similar to those described by Jiddawi and Pandu 
but smaller than those reported by Brownell, with dimensions of 15 to 30 m. The length range reported 

7.	 Nhwani	&	Makwaia,	1988.
8.	 Losse,	op	cit.;	Subramaniam,	1988.
9.	 Nhwani,	1988.
10. Samoilys et al., 2011.

Figure	5:	Landings	of	small	pelagic	fish	(and	total	catch),	Zanzibar	
2000	to	2012	(source:	DFMR,	2014)
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in the CORDIO guidebook 
was	from	90	to	300	m,	with	
a	mesh	size	range	of	1.2	to	
7.6 cm. Presumably, there 
is	an	optimal	size	of	ring-
net that balances weight, 
volume and ease of setting/
retrieving against catching 
effectiveness and thus the 
economics of a fishing 
event.

2. The WIo marine environment and its exposure to 
 climate change
2.1 Atmosphere and climate
The evidence from observations and from climate modelling studies suggests that Hadley cells are 
widening.11	The	northern	edge	(where	air	is	heated	and	rises),	identified	by	the	ITCZ,	remains	locked	
in	the	equatorial	region	(although	its	precise	location	varies	with	season).	However,	the	southern	edge,	
where	cooling	air	descends,	is	extending	further	south	from	the	normal	location	around	30	°S,	and	the	
data	suggest	that	it	has	moved	two	to	three	degrees	south	since	the	1980s.	The	IPPC	(2013)	presented	
data	on	the	poleward	movement	of	the	southern	tropical	edge	(where	the	now	cooler	air	sinks	and	
dissipates heat), although it notes that “large interannual-to-decadal variability is found in the strength 
of	the	Hadley	(and	Walker	circulation)”	and	therefore	its	confidence	in	this	analysis	was	deemed	“low”.	
The implications of a southward movement of the Hadley cell’s descending arm is increased heat 
transfer at higher latitudes and a decreasing meridional pressure gradient and hence decreasing trade 
winds.12 Solomon et al.	(2007)	cited	Lee	(2004)	who	proposed	that	“upper-ocean	warming	in	the	south	
Indian Ocean can be attributed to a reduction in the southeast trade winds and associated decrease in 
the southward transport of heat from the tropics to the subtropics”. Note that Lee has since updated 
the	2004	analysis	(1993	to	2000)	and	the	more	recent	results	(for	the	period	2000	to	2006)	appear	to	
indicate that the behaviour of the SEC may be part of a decadal cycle of meridional ocean circulation, 
in	both	the	Pacific	and	the	Indian	Oceans,	the	explanation	for	which	“needs	further	investigation”.13 In 
Lee’s most recent analysis, the southeast trades are reported as having strengthened once more, a result 
supported by other researchers.14	Tanzania	is	a	downwelling	area	for	reasons	that	will	be	explained	
in Section 2.2 and therefore changes to the southeast trades might feasibly reduce the strength of that 
downwelling.	However,	by	the	same	token,	windstress	may	also	lead	to	increased	ocean	stratification,	
thereby reducing the availability of nutrients for phytoplankton growth.

Freshwater influx (rainfall) and terrigenous nutrient supply
Rainfall	and	subsequent	freshwater	influx	into	coastal	waters	are	important	for	local	productivity	of	
small	pelagic	fish.	There	are	eight	main	rivers	that	discharge	into	Tanzania’s	coastal	waters15 with a total 
basin drainage estimated at 438 000 km2	(Figure	7).	The	major	river	outflows	are	in	the	northern	Tanga	
Region,	which	borders	Kenya,	(the	Pangani	and	Wami	rivers);	the	central	Coast/Pwani	Region	(the	Ruvu	
and	the	Rufiji,	the	latter	being	the	largest	river	in	Tanzania	with	a	catchment	area	of	177	429	km2, which is 

11. e.g. Taylor et al.,	2012;	Han	et al., 2010.
12.	 Vecchi	et al., 2006.
13.	 Lee,	2009.
14. Backenberg et al., 2012.
15.	 Bwathondi	&	Mwamsojo,	1993.

Figure	6:	A	typical	East	African	ring-net	vessel	with	nets	(source:	Samoilys	
et al., 2011)
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approximately	20	percent	of	the	surface	area	of	Tanzania);	and	in	Lindi	Region	(the	Matandu,	Mbwemkuru	
and	the	Lukeledi).	The	Ruvuma	River,	in	Mtwara	Region,	forms	the	border	with	Mozambique	to	the	south.

The	rainfall	of	central	and	eastern	Tanzania	into	
these	major	watersheds	is	low	during	the	southeast	
monsoon months of May/June through to September/
October.	The	major	rains	fall	during	the	northeast	
monsoon, with the so-called “short rains” in the 
months of October and November, and the main 
wet season being from February/March to May, 
as	 the	northeast	monsoon	 subsides	 (Figure	8).	
The	extent	of	the	freshwater	outflow	in	the	latter	
part of the northeast monsoon is substantial, with 
65	to	85	percent	of	the	Rufiji	River’s	discharge,	
for example, taking place between February and 
June16	and	with	maximum	flood	flows	of	14	000	
m3/sec.17	The	mean	annual	discharge	of	the	Rufiji	
River is estimated at 3 500 km3. Data for the Pangani 
River	suggests	a	mean	monthly	flow	of	309	m3 to 
509	m3, with a mean total annual run-off estimated 
at 84 km3.18	Shagude	(2005)	suggested	the	sediment	
load	of	the	Rufiji	River	ranged	from	15	to	25	million	
tonnes/year. Run-off from the Ruvuma River was 
estimated at 15 km3.	Shagude	(2005)	suggested	that	
rainfall	in	the	Rufiji	Basin	“is	associated	with	quasi	
biennial	oscillation	(QBO)	and	ENSO	in	the	spectral	
bands 1.5 to 3 years and 3 to 8 years respectively. 
High frequency spectral bands are associated with 
annual and seasonal cycles e.g. 12 months, 6 months 
and 4 months”.

The	outflow	from	Tanzania’s	rivers	can	cause	significant	short-term	reductions	in	salinity	of	coastal	
waters19 and provide large volumes of sediment input.

Potential effects of climate change
Preliminary analyses provided by the IPCC 
(2013)	for	changes	in	rainfall	across	East	
Africa,	by	major	season,	are	presented	in	
Figure	9	(for	the	southeast	monsoon)	and	
Figure	10	 (for	 the	northeast	monsoon).	
Rather more significant increases are 
proposed for the northeast monsoon, 
depending on the reference climate model. 
A	useful	visualization	of	the	geography	of	
the expected changes, based on the same 
climate models, is available on the World 
Bank’s	Climate	Knowledge	Portal	(http://
climateknowledgeportal.climatewizard.
org/).	A	map	of	the	outputs,	redrawn	for	

16. Iverson et al.,	1984;	Shagude,	2004.
17.	 Rufiji	River	Basin	Board.
18. Shagude, 2004.
19. Nyandwi & Dubi, 2001.

Figure	8:	Mean	monthly	rainfall	for	Dar	es	Salaam	1990	to	
2009	(source:	redrawn	from	World	Bank	Climate	Change	
Knowledge Portal)

Figure	7:	Major	coastal	rivers	of	Tanzania
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Figure	9:	Precipitation	changes	 
(southeast	monsoon)	in	East	Africa	 
(source:	IPCC,	2013)

Figure 10: Precipitation changes  
(NE	monsoon)	in	East	Africa	 
(source:	IPCC,	2013)

Figure 11: Predicted precipitation for coastal 
Tanzania	(source:	redrawn	from	World	Bank	
Climate Change Portal)

Tanzania,	is	presented	in	Figure	11.	Note	
that the models suggest an increase in 
precipitation in the watersheds of some of 
the	major	rivers	that	drain	into	the	western	
Indian Ocean, with concomitant increases 
in water discharge and presumably 
sediment load.
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2.2  Ocean circulation and thermal dynamics
WIO sea surface temperatures (SST)
Figure	12	presents	maps	of	mean	sea	surface	temperatures	(SST)	over	the	period	1998	to	2002,	with	
quarterly	periods	indicated	(i.e.	OND=	October,	November,	December).	The	figure	can	be	read	in	clockwise	
order;	therefore	the	two	maps	at	the	top	of	the	figure	largely	correspond	to	the	warmer	austral	summer	
(the	approximate	period	of	the	northeast	monsoon),	and	the	maps	on	the	bottom	of	the	figure	to	the	cooler	
austral	winter	(approximate	period	of	the	southeast	monsoon).	

Potential effects of climate change
A	number	of	researchers	have	reported	
on the trend towards increased mean SST 
in the Indian Ocean.20	The	IPCC	(2013)	
reported that “The Indian Ocean Basin 
Mode	(IOBM)	has	a	strong	warming	trend	
(significant	at	1	percent	since	the	middle	
of	 the	20th	century)”.	A	picture	of	 the	
frequency	of	SST	anomalies	since	1970	is	
presented in Figure 13.

20. e.g. Han et al.,	2006;	Luffman,	2007;	Zhou	et al.,	2008;	Cai	et al., 2008.

Figure	12:	Seasonal	SST	for	the	Indian	Ocean	1998	to	2002	(source:	Luffman,	2007)

Figure	13:	SST	anomalies	(relative	to	1970–2005	climatology)	
(source:	redrawn	from	Smith	&	Reynolds,	2005)
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The	causes	of	this	warming	are	complex,	however.	For	example,	Xie	et al.	(2002)	suggested	that	the	SST	
variability	in	the	western	tropical	South	Indian	Ocean	(up	to	50	percent	of	the	total	variance	in	certain	
seasons) is not locally forced, but is instead a result of oceanic subsurface Rossby waves propagating 
from the east, which in turn are forced by ENSO. Furthermore, a phenomenon known as OISOs in the 
SEC are also believed to be important in determining SST. OISOs propagate in the southeastern Indian 
Ocean as a result of baroclinic instability in the eastern Indian Ocean, and are then transmitted westward 
across	the	Indian	Ocean	(as	Rossby	waves)	through	the	SEC.	OSIOs	are	believed	to	contribute	more	to	
SST	variability	than	surface	heat	fluxes.	OISOs	are	also	key	determinants	of	rainfall	anomalies	in	East	
Africa	(Zhou	et al.,	2008.	op	cit.)	Meyer	and	Weerts	(2009)	reported	that	long-term	variability	in	the	ITF	
from	the	Pacific	Ocean	“may	be	associated	with	changes	in	SST	in	the	tropical	Indian	Ocean”	and	indeed	
the baroclinic stability that leads to OSIOs is itself strongly forced by the ITF.

The	possible	effect	of	the	apparent	reduced	strength	of	the	southeast	trades	was	analysed	by	Alory	and	
Meyers	(2009),	who	scrutinized	historical	data	and	model	outputs.	They	suggested	that	the	main	cause	of	
the Indian Ocean surface warming was a decrease in the subequatorial upwelling related to a slowdown 
of the southeast trades-driven Ekman pumping. To refer to Solomon et al.’s	citing	of	Lee	(2004)	once	
more, “upper-ocean warming in the south Indian Ocean can be attributed to a reduction in the southeast 
trade winds and associated decrease in the southward transport of heat from the tropics to the subtropics”. 
In addition, Schott et al.	(2009)	stated	that	a	20-year	time	series	of	annual	mean	heat	fluxes	indicates	
that	the	net	heat	flux	in	the	Indian	Ocean	has	not	increased,	and	went	on	to	suggest	that	ocean	dynamics	
play a more important role than previously understood in the observed warming trend. For example, one 
potential explanatory factor for SST anomalies involves teleconnections between the Indian Ocean and 
the	Pacific	Ocean’s	El	Niño	phenomenon	(Figure	14).

Ekman transport
For	Tanzania’s	coastal	waters,	located	in	a	western	boundary	system,	the	outcome	of	the	interaction	
between the prevailing southeast trade winds and the Ekman transport phenomenon is downwelling  
(so-called	“Ekman	pumping”),	rather	than	the	more	productive	upwelling	of	eastern	boundary	systems,	such	
as	those	off	Chile	and	Peru,	and	West	Africa,	for	example.	On	the	other	hand,	in	the	northern	hemisphere	
coastal regions of Kenya and Somalia, the onset of the southeast trade winds leads to upwelling. This 
upwelling falters during the northeast monsoon, although there may be a limited short-lived upwelling 
feature	in	southern	Kenya	and	northern	Tanzania	(Tanga	region)	as	a	result	of	the	same	Ekman	wind	and	
current interaction. It is not clear whether the Ekman transport effect leads to upwelling in the deep water 
off the west coast of Pemba Island. 

Figure	14:	Indian	Ocean	SST	anomalies	and	size	of	correlation	with	El	Niño	events	in	the	Pacific	Ocean	
(source:	redrawn	from	Schott	et al.,	2009)
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Localized features
Research	by	Mahongo	and	Shagude	(2014)	identified	
the	existence	of	a	Tanzanian	eddy	(Figure	15).	The	
interesting feature of the eddy is that it should lead 
to	localized	upwelling	of	nutrient-rich	colder	waters,	
which	may	then	be	distributed	into	the	Zanzibar	and	
Pemba Channels through SEC current branches. The 
process for such a forced eddy upwelling are well 
known and are well described by physics, while their 
potential role in recruitment of, for example, sardines 
is	described	by	MacCall	 (2002)	and	developed	
further	by	Bakun	(2010).	

Potential effects of climate change
Any	 reduced	 strength	 in	 the	 southeast	 trades,	
and	 subsequently	 the	 strength	of	 the	SEC	 (the	
role of the ITF notwithstanding) may reduce the 
strength	and	the	degree	of	Ekman	transport	(coastal	
downwelling), but it has also been noted previously 
that the southeast trades may actually be in cycle 
and therefore previously reported weakening may 
not be actually be the case. 

2.3 Primary productivity
Narvekar	and	Kumar	(2009)	described	the	equatorial	Indian	Ocean	as	a	“biological	desert”.	Although	
there	is	some	limited	subequatorial	open	ocean	upwelling,	between	5	°S	and	10	°S	−	as	a	result	of	Ekman	
transport	−	the	particular	orientation	of	prevailing	winds	and	currents	prevents	any	substantial	equatorial	
upwelling.	Mahongo	and	Shagude	(2013)	described	the	coastal	waters	of	Tanzania	as	‘nutrient-poor	
mid-ocean water resulting in low biological productivity along the coast’ and comment has already been 
made on the effect of Ekman transport 
in the western boundary currents of 
the southern hemisphere leading to 
downwelling, rather than the more 
productive upwelling. Having said 
that, there is a pronounced seasonality 
in primary productivity, as measured by 
chlorophyll-a pigment concentrations, 
across a broad expanse of the WIO. 
Higher levels of primary productivity are 
associated with the southeast monsoon, 
during which time the mixed layer 
increases in depth as a result of increased 
interaction between the southeast trade 
winds	and	the	SEC	(Figure	16).	However,	
McClanahan reported the highest 
plankton biomass during the northeast 
monsoon21 for Kenya, which is more 
significantly	influenced	by	the	south-
flowing	Somali	Current	at	that	time	[see	
the	“Summer	(NE	monsoon)”	frame	in	

21.	 McClanahan,	1988.

Figure 16: Seasonal variations in chlorophyll-a,	WIO	(source:	
SeaWifs)

Figure	15:	Tanzanian	eddy	during	the	SE	monsoon	
(source:	Mahongo	and	Shaghude,	2014)
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Figure	12].	As	noted	previously,	the	Somali	Current	reaches	as	far	south	as	4	°S,	and	would	lead	to	some	
upwelling	in	the	zone	south	of	the	equator.	

Lugomela et al.	(2001)	citing	a	number	of	other	authors22 reported a similar picture, with the highest 
planktonic	biomass	for	Tanzania’s	coastal	waters	observed	during	the	northeast	monsoon.	Lugomela	
and his colleagues argued that this was as a result of the combined effects of a number of oceanographic 
and atmospheric conditions. For example, during the northeast monsoon a more stable water column 
develops that provides more optimal conditions for phytoplankton growth. Residence time of the water 
over	the	continental	shelf	is	increased,	again	promoting	enhanced	growth	conditions	for	plankton	(and	
zooplankton).	And,	the	northeast	monsoon	is	the	period	of	highest	rainfall	in	Tanzania,	leading	to	local	
increases in the supply of terrigenous nutrients, including phosphorus, whose availability can limit primary 
productivity.	The	major	oceanic	source	of	phosphorus	is	riverine	inputs.23	All	these	observations	are	
focused	very	much	on	the	nearshore	coastal	zone,	the	location	of	the	small	pelagic	fishery	in	Tanzania,	
and do not apply to the open ocean, as is clear from the SeaWifs observations presented in Figure 12. 
The pulse in coastal plankton biomass during the northeast monsoon in turn promotes an increase in 
the	abundance	of	zooplankton,	particularly	from	around	February	(late	northeast	monsoon)	through	to	
August	(the	southeast	monsoon);	the	return	of	the	southeast	monsoon	and	the	increase	in	the	mixed	layer	
depth	(MLD)	acts	to	recycle	some	of	the	nutrients,	including	phosphorus.24

3.	 The	sensitivity	of	the	small	pelagic	fish	component	of	the 
 ecosystem

3.1 Atmosphere and climate effects
The observations here will be limited to the potential effects on small pelagic species of changes in 
atmospheric	conditions,	principally	the	amount	of	precipitation	forecast	for	East	Africa.	However,	in	
addition	to	precipitation,	there	may	be	a	number	of	climate	related	modifications	in	the	atmospheric	
and	climate	conditions	in	the	wider	Indian	Ocean	(as	well	as	forcing	from	the	IOD	and	from	the	Pacific	
Ocean, through ENSO, etc.) that may indirectly impact the marine environment through effects on ocean 
thermal dynamics and circulation. These are discussed under the heading "Ocean thermal dynamics and 
circulation", below. 

It was not possible to determine estimates of the expected increased volume of river discharge from the 
available literature, and much will depend on the construction of additional dams for hydro-electric 
power generation and the off-take for large-scale irrigation of farmland, in particular in the watershed 
of	the	Rufiji	River.	There	is,	however	−	all	things	being	equal	−	likely	to	be	an	increased	delivery	of	
terrigenous	nutrients	to	Tanzania’s	coastal	waters,	which	would	lead	to	an	increase	in	the	primary	
productivity available to small pelagic species. The relationship between river discharge, nutrient supply 
and concentrations of chlorophyll-a, was discussed by Lugomela et al.	(op	cit.)	and	by	references	reported	
therein.	The	increased	productivity	is	likely	to	feed	through	the	food	chain	and	benefit	populations	of	
small	pelagic	fish;	there	may	be	more	benefit	for	Engraulidae	than	Clupeidae,	owing	to	the	former’s	
preference for inshore and estuarine habitats. Increased rainfall will also cause local reductions in 
salinity.	And,	there	is	some	evidence	from	small	pelagic	fisheries	in	neighbouring	Kenya,	where	sardine	
catches	(predominately S. gibbosa and A. sirm) positively correlated with the heavy rains associated with 
the northeast monsoon.25 However, this observation is complicated by the relatively improved access 
to	fishing	grounds	during	this	period	of	calmer	seas	and	the	likely	higher	productivity	associated	with	
seasonal	upwelling	on	the	northern	banks	of	Kenya.	Twatwa	and	colleagues	(2005)	observed	that	on	the	

22.	 e.g.	Bryceson,	1977;	Kitheka	et al.,	1996.
23. Paytan & McLaughlin, 2007.
24.	 Lugomela,	op	cit.;	Paytan	&	McLaughlin,	op	cit.
25.	 Nyandwi	&	Dubi,	2001;	Wakwabia,	1981.
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Agulhas	Bank	increased	SST	and	higher	salinity	(and	mixed	layer	depth)	was	positively	correlated	with	
higher abundance of anchovy spawning biomass, with sardine spawning biomass positively correlated 
with lower SST and low salinity.

On the other hand, increased rainfall may be irregular and arrive in the form of storms, rather than being 
an evenly distributed increase in the mean seasonal precipitation level, the point being that the timing 
of rainfall anomalies, the increase in the supply of nutrients and any subsequent increase in primary 
productivity,	may	not	necessarily	match	the	life	cycle	of	small	pelagic	fish	populations.26 

3.2 Ocean thermal dynamics and circulation
Currents and the thermocline
Mention has been made of the potential changes in the souteast trades and the link to the strength of the 
SEC	as	well	as	the	presence	of	a	large	eddy	off	the	coast	of	Tanzania.	The	processes	for	such	a	forced	eddy	
upwelling are well known and are described by physics, while their role in recruitment of, for example, 
sardines,	is	described	by	MacCall	(2002)	and	further	developed	by	Bakun	(2010).	Changes	in	the	strength	
of	the	SEC	(whether	climate	change-induced	increases,	or	as	a	result	of	natural	decadal	cycles),	and	hence	
the strength of the eddy, would presumably have impacts on larval retention and reproductive success. 
Larval retention would presumably increase if the strength of the eddy increased and likewise the strength 
of any local upwelling associated with the eddy.27	A	decline	in	the	overall	strength	of	the	southeast	trades	
and	thus	the	SEC	(as	postulated	by	a	number	of	authors),	would	likely	reduce	the	size	of	the	eddy	and	the	
corollary would be reduced retention of larvae.

The strength of the southeast trades and SEC is also critical for determining the depth of the mixed layer 
and	the	thermocline.	Again	this	can	have	both	positive	and	negative	effects.	Increased	wind	strength,	
leading	to	a	shallower	mixed	layer	and	increased	stratification	of	waters	above	the	thermocline,	can	reduce	
nutrient availability and recycling and thus impact negatively on primary productivity. On the other hand, 
a deepening of the mixed layer would increase the vertical distribution of limited nutrients beyond the 
“critical depth” for phytoplankton production, leading to reduced production.28

4. The socio-economic context

In	previous	sections,	a	picture	has	been	built-up	of	a	fishery	based	on	a	highly	dynamic	group	of	species	
which	also	play	a	central	role	in	coastal	marine	ecosystems.	Small	pelagic	fish	are	particularly	abundant	
in	the	upwelling	zones	found	on	the	eastern	boundaries	of	oceans,	such	as	in	the	Pacific	Ocean,	off	the	
coasts of Peru and Chile. However, while they appear to be far less abundant in the less productive, 
downwelled	waters	off	the	(western	boundary)	coast	of	Tanzania,	the	available	data	−	to	be	presented	
in	this	section	−	suggests	that	they	have,	at	least	until	recently,	contributed	an	important	proportion	of	
the	overall	catch	of	Tanzania’s	coastal	marine	fisheries,	with	figures	of	up	to	27	percent	of	total	landings	
(by	weight)	quoted	from	as	recently	as	the	mid-2000s	on	Zanzibar.	This	section	will	deal	with	the	socio-
economic component of the assessment framework.

4.1 Ecological vulnerability
The	previous	sections	have	described	(albeit	in	brief)	the	various	mechanisms	through	which	the	marine	
ecology	of	the	WIO,	including	the	coastal	zone,	may	be	exposed	to	climate	change	and	the	sensitivity	of	
the small pelagic ecosystem to climate, and therefore to climate change. Some qualitative observations 
have	also	been	made	on	the	recovery	potential/adaptive	capacity	of	small	pelagic	species.	At	this	stage,	a	
vulnerability	assessment	practitioner	would	ideally	bring	these	three	components	(ecological	exposure,	

26.	 Cushing,	1974;	Bakun,	2010.
27. Bakun, 2010.
28.	 Sverdrup,	1953.
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sensitivity and recovery potential/adaptive capacity) together under an umbrella term of ecological 
vulnerability and develop a metric to describe this ecological vulnerability. While establishing metrics 
of these components is appealing, it may be futile in certain circumstances. In this particular case it is 
argued	that	caution	is	required	because	of	the	uncertainties	related	to	climate	change	effects	−	as	opposed	
to	natural	climate	(and	oceanographic)	variability	−	the	complexity	of	the	marine	ecosystem,	and	the	
critical	lack	of	information	on	the	ecology	of	the	small	pelagic	species	in	the	waters	of	the	URT.	Therefore	
no	attempt	to	develop	a	VA	will	be	made	in	this	particular	study.	

4.2 Socio-economic sensitivity
The assessment will therefore move directly on to examining the sensitivity of the socio-economic 
component and how that may affect the overall vulnerability of the small pelagic ecosystem, starting 
with	observations	on	the	fishery	management	context.	The	purpose	of	this	section	is	to	highlight	parts	of	
the	history	of	the	fishery	and	to	draw	attention	to	the	lack	of	information	on	its	current	status.	Such	a	lack	
constrains	efforts	to	increase	the	resilience	of	the	fishery	in	the	context	of	climate	change	and	its	future	
sustainable management in general.

Tanzania mainland
Nhwani	(op	cit.)	indicated	a	total	catch	of	5	400	tonnes	of	“small	pelagic	fishes”	in	1977	(representing	
11.6	percent	of	the	total	annual	marine	fish	catch	of	about	46	550	tonnes.	By	1986,	the	total	catch	of	small	
pelagic	fish	(termed	“sardines”	by	Nhwani)	was	reported	to	be	approximately	2	070	tonnes	for	Dar	es	
Salaam, with the commercial vessels landings 720 tonnes and artisanal vessels landing 1 350 tonnes. The 
total estimated catch of small pelagics along the entire coast was reported by Nhwani to be in the region 
of	4	800	tonnes,	with	a	further	2	250	tonnes	of	“small	mackerels”.	Nhwani	seemed	to	imply	that	by	1988	
the	Tanzania	mainland	semi-industrial	ring-net	fleet	was	only	fishing	around	Dar	es	Salaam	with	two	
steel-hulled	vessels	of	12	m	and	20	m	LOA.	

Figure	17:	Historical	small	pelagic	fishing	grounds	around	Dar	es	Salaam	(source:	redrawn	from	Nhwani	&	
Makwaia,	1988)
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Figure	17	presents	the	main	fishing	grounds	(hatched	shading)	around	Dar	es	Salaam	during	the	1980s,	
as	identified	by	Nhwani	and	Makwaia	(op	cit.),	with	Sinda	Island	accounting	for	40	percent	of	the	fishing	
effort	for	the	year	of	1986	and	Msasani	Bay	19	percent.	Nhwani	(1988)	reported	the	species	composition	
of	catches	from	the	commercial	TAFICO	vessels	(albeit	only	for	the	period	October	to	March	during	
the northeast monsoon) to be Amblygaster sirm	(51	percent),	Sardinella gibbosa	(19	percent)	and	the	
carangid, Decapterus maruadsi	(11	percent).	Nhwani	also	reported	on	some	TAFICO	catch	data	from	
Tanga	(1981),	where	the	species	composition	was	73	percent	Clupeidae,	and	just	1	percent	Engraulidae.	
Catch composition data for traditional mashua vessels off Dar es Salaam29 indicated S. gibbosa dominated 
the catch, with 41 percent of the landings, A. sirm at 24 percent, Herklotsichthys punctatus at 5 percent 
and Sardinella albella at 1 percent. 

By	the	late	1980s	the	semi-industrial	fishery	had	ceased	to	operate.	No	specific	reports	on	the	reasons	for	
the	cessation	of	the	semi-industrial	fishery	have	been	identified	so	it	is	not	clear	whether	this	was	caused	
by	a	decline	in	the	availability	of	resources,	or	if	it	was	due	to	some	other	economic	factor	not	specifically	
related to abundance. However, the Sunday News,	reporting	on	the	1999	bankruptcy	of	TAFICO,	argued	
that	“The	fishing	operations	were	running	at	a	heavy	loss	due	to	poor	administration,	poor	maintenance	
of boats and low productivity”.30 

By	the	1990s	Gibbon	(1997)	noted	that	the	Dar	es	Salaam-based	artisanal	fishery	had	moved	operations	
away	from	the	coast,	into	the	northern	part	of	the	Zanzibar	Channel	because	“fish	stocks	in	the	immediate	
vicinity of Dar es Salaam harbour and Msasani became exhausted”. The apparent “exhaustion of the 
stocks”	may	give	a	clue	to	the	reason	why	the	semi-industrial	fishery	ceased	operations,	although	there	
is	no	specific	evidence	to	support	this	conjecture.	

The	fishery	by	that	time	mainly	involved	10	to	12	m	LOA	mashua, usually equipped with either inboard or 
outboard engines, again with small dinghies used to deploy kerosene lamps or karabai.31	A	typical	crew	
comprised	six	to	seven	men.	Gibbon	also	reported	the	presence	in	Dar	es	Salaam	of	nine	larger	vessels	
(up	to	20	m	LOA),	usually	with	inboard	engines,	a	larger	number	of	karabai, larger nets, and a crew of 
up to 10 or 12 men. 

The	current	distribution	of	the	ring-net	fishery	is	relatively	little	known	(and	even	less	is	known	about	
the range of the small pelagic stocks or the feeding or breeding migrations they might undertake).  
Losse	(1968)	reported	in	some	detail	on	
the distribution of each species recorded 
in his The Elopoid and Clupeoid fishes of 
East African coastal waters. In general, 
the	small	pelagic	fish	were	found	to	be	
distributed according to their known 
environmental preferences. Therefore 
the Engraulidae were typically observed 
closer to shore, in bays and estuaries in 
the vicinity of the Pangani, Wami, Ruvu 
and	Rufiji	Rivers,	south	to	Kilwa.	No	
specific	mention	is	made	of	Mtwara	and	
the Ruvuma River. The Clupeids were 
typically observed in clearer waters, often 
around coral reefs, in waters of up to to 
200	m	depth,	particularly	in	the	Zanzibar	
Channel	and	the	Mafia	Channel,	south	
to Kilwa.

However, recent nighttime observations 
of	the	(illuminated	but	distant)	fleet	have	

29.	 Nhwani	&	Makwaia,	1988.
30. Sunday News, 1 January 2011.
31.	 Gibbon,	ibid.

Figure	18:	Approximate	distribution	of	ring-net	fishing	grounds	
in	central	Tanzania	(source:	redrawn	from	WWF-Tz)
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been	made	from	the	shores	of	Dar	es	Salaam	and	from	Stone	Town	in	Zanzibar	(pers.	obs.).	It	is	also	
known	that	some	of	the	Dar	es	Salaam-based	fleet	travels	south	as	far	as	the	Rufiji	Delta	to	fish.	The	
WWF/FD	Rufiji-Mafia-Kilwa	Seascape	programme	has	been	monitoring	fishing	activities	in	that	central	
coastal area and at least one chart has been produced showing concentrated ring-net activity targeting 
sardines.	The	approximate	focus	for	the	ring-net	fishery	is	shown	in	Figure	18,	although	this	is	based	only	
on	interviews	with	local	fishers.32

An	additional	source	of	information	on	the	distribution	of	the	fishery	is	the	national	fisheries	frame	survey	
data.	Data	from	the	2009	and	2013	frame	surveys	are	presented	in	Table	2,	as	well	as	some	(regional	
scale) ring-net data sourced from the 2010 FDD’s annual statistics report.33 The 2010 report contains 
updated	information	provided	by	district	fisheries	officers.34 There are some contradictions in the data. 
The	2009	mainland	frame	survey	reported	a	total	of	435	ring-nets	for	the	country	(mainland),	while	the	
2010	FDD	report	updated	the	2009	estimate	to	1	241	ring-nets,	although	the	addition	in	the	relevant	table	
of	the	report	is	actually	incorrect	and	the	total	(the	summation	of	data	for	each	region)	should	read	959.	
A	second	“rapid”	frame	survey35 recorded 1 148 ring-nets. The obvious feature of the data presented in 
Table	2	is	not	only	the	dramatic	rise	in	numbers	of	ring-nets	between	2009	and	2010,	but	also	the	marked	
change in the distribution of the gear between the districts. Some of the particularly striking changes are 
highlighted in the table.

Table 2: Summary	frame	survey	data	for	ring-nets	in	mainland	Tanzania	(source:	Fisheries	Development	
Division;	van	der	Knaap,	2013)

number of ring-nets

region district 2009 Frame 
survey

2010 Fdd annual 
statistics

2013 Mini frame 
survey

Tanga

Mkinga 46

83

180
Tanga city 36 50
Muheza 1 4
Pangani 2 2

Coast (Pwani)

Bagamoyo 36

417

9
Mkuranga 2 0
Mafia 32 43
Rufiji 12 12

dar es salaam
Ilala 65

235
0

Kinondoni 40 47
Temeke 87 210

Lindi
Kilwa 63

70
150

Lindi 1 393

Mtwara
Mtwara Rural 4

154
25

Mtwara	Urban 8 23
Total = 435 959 1 148

According	to	the	2009	data,	the	biggest	homeports	are	found	around	Dar	es	Salaam,	accounting	for	
44	percent	of	the	total	number	of	ring-nets	(235/435).	Although	the	total	number	of	ring-nets	in	the	
Dar es Salaam area is similar across the two frame surveys, the percentage drops to 22 percent in 2013 
(257/1	148).	On	the	other	hand,	the	Lindi	Region	increases	significantly	between	2009	and	2013,	both	

32. H. Machano, pers. comm., 2014.
33. FDD, 2010.
34. F. Sobo, pers. comm., 2014.
35.	 Van	der	Knaap,	2013.
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in	terms	of	absolute	numbers	(64	to	543)	and	as	a	percentage	of	all	the	ring-net	gears	along	the	coast	 
(from	15	percent	to	47	percent)	in	2013.

An	important	caveat	to	bear	in	mind	when	trying	to	interpret	once-off	frame	survey	data	is	the	fact	
that	the	small	pelagic	fishery	is	characterized	by	a	significant	seasonal	migration,	with	some	of	the	fleet	
migrating along the coast, usually driven by the prevailing winds, although the motivation was reported 
to be largely economic in the sense of market access, higher prices, etc.36 

A	second	caveat	is	that	the	data	are	sometimes	inconsistently	recorded	(pers.	obs.),	with	some	recorders	
noting the number of panels of a net that actually make up a single piece of gear, others recording a single 
net.	And,	in	some	cases,	gears	may	be	recorded	inaccurately	by	data	collectors	(e.g.	registered	as	gill-nets,	
rather	than	ring-nets).	A	further	constraint	is	the	difficulty	of	supervising	such	frame	surveys;	both	the	
supervision	of	data	collectors	by	the	district	fisheries	officers,	and	of	district	officers	by	the	FD	staff	who	
commissioned the frame survey.37

There are concerns over the accuracy of contemporary data on the total catch and catch composition 
for	small	pelagic	fish	and	there	are	a	number	of	reasons	for	this.	Firstly,	the	sampling	of	catches	across	
all	fisheries	continues	to	be	beset	with	problems,	specifically	the	maintenance	of	sampling	accuracy	
because of logistical and human resource 
challenges.	Secondly,	the	majority	of	
the coastal districts aggregate much of 
the data, losing resolution before it is 
entered	into	a	database.	And	thirdly,	the	
accurate	sampling	of	large	(in	terms	of	
numbers)	catches	of	small	pelagic	fish	
can be difficult to achieve without 
a well-designed catch subsampling 
protocol. Such a subprotocol is quite 
different from the usual sampling 
protocol	employed	for	other	fisheries	
where	numbers	of	individual	fish	per	
species,	per	fishing	trip,	are	relatively	
low.	A	 final	 challenge	 is	 to	be	 able	
to accurately identify the species 
that are being sampled. Poor quality 
data present enormous challenges to 
fishery	managers	seeking	to	deliver	a	
sustainable	fishery,	and	for	tracking	(and	
subsequently adapting to) any impacts 
of climate change. 

Data quality notwithstanding, a time 
series of small pelagic fish catches, 
including contemporary estimates, 
based	on	FAO	data,	 is	 presented	 in	
Figure	19.38	Nhwani’s	1988	estimate	
of	9	200	tonnes	of	small	pelagic	fish	
does	not	match	with	these	FAO	data,	
even if the two datasets are aggregated 
(medium-sized	pelagic	carangids	are	
included).	Furthermore,	the	FAO	data	

36.	 e.g.	WIOMSA,	2011.
37.	 pers.	obs.;	Martin	van	der	Knaap,	pers.	comm.,	2014.
38.	 Groeneveld,	2013.

Figure	19:	Time	series	of	small	pelagic	fish	(Sardinellas nei) 
landings	from	Tanzania	

Figure	20:	Statbase	data	for	small	pelagic	fish	in	Tanzania	
(1989	to	1997)
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for	sardinellas	actually	declines	from	about	5	250	tonnes	in	1977	to	about	4	000	tonnes	in	1986,	whereas	
Nhwani reported an increase in the catch from 5 250 to 7 050 tonnes. What is striking about the data is the 
apparent	dramatic	interannual	variations	in	catch	since	1970,	which	appears	to	be	a	typical	feature	of	small	
pelagic	fish	catches	(and	populations)	globally	and	unlikely	to	be	explained	by	sampling	problems	alone.	

A	retrospective	analysis	of	small	pelagic	catch	
data	for	Tanzania39 using data from Statbase, 
reported a mean annual catch of 3 561 tonnes 
for Dussumieria acuta	over	the	years	1991	to	
1996	(Figure	20,	solid	line),	although	this	mean	
is	not	particularly	significant	given	the	range	of	
data between <2 000 tonnes and 8 000 tonnes 
(SD	=	2	349	tonnes).	The	dashed	line	in	the	figure	
represents	a	part	of	the	time	series	FAO	data	
previously discussed, but has been superimposed 
over	the	Statbase	data.	The	data	point	for	1990	
should perhaps be treated with caution and may 
be simple misreporting, given that the catch of 
D. acuta is reported to be more or less exactly 
the same as for all sardinellas combined, which 
is unlikely given the apparent diversity of the 
overall small pelagic species assemblage reported 
by Losse and by the Dr Fridtjof Nansen surveys, 
for example. 

Note that D. acuta doesn’t feature in the species 
composition reported by Nhwani and Makwaia 
(op	cit.),	although	Losse	(op	cit.)	reported	this	
species as being seasonally abundant during the northeast monsoon. The Fishbase distribution for the 
species	is	presented	in	Figure	21;	note	the	apparent	absence	in	East	African	waters.

The	most	recent	catch	data	for	Clupeidae	available	from	mainland	Tanzania’s	FDD	indicates	a	total	mean	
catch	of	7	777	tonnes	(SD	=	209.9)	over	the	years	2010	to	2012.	Perhaps	the	most	striking	aspect	of	the	data	is	
its lack of variation between the three years. The annual catches for this family equate to exactly 15.21 percent 
of	the	total	annual	catch	across	all	fisheries	in	mainland	Tanzania.	These	data	are	presented	in	Figure	17.

Note that, in addition to the lack of interannual variation in total catches, there is very little interannual 
variation	in	landings	by	district/municipal	council	(MC).	These	data	are	curious	when	one	considers	the	
apparent distribution of the ring-net 
fleet following the 2013 mini-frame 
survey	(Table	2).	This	survey	reported	
that	Lindi/Kilwa	districts	(Lindi	region)	
had	47	percent	of	the	ring-net	fleet	(543	
nets), but the catch data indicates that 
only about 3 percent of the recent annual 
Clupeid catches are landed in those two 
districts. The three municipal councils 
of	Dar	es	Salaam	(Kinondoni,	Illala	and	
Temeke) were home to 22 percent of the 
ring-nets,	but	landed	49	percent	of	the	
catch.	Illala	MC	actually	reported	zero	
ring-net vessels in the 2013 frame survey, 
but reference to Figure 22 indicates the 

39. Cochrane & Japp, 2012.

Figure 21: Distribution of D. acuata	(source:	Fishbase)

Figure	22:	Clupeidae	catch	(tonnes)	for	mainland	Tanzania	by	
district, 2010 to 2012
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significance	of	the	Clupeidae	catch	that	was	actually	landed	there.	The	second	most	important	district	was	Tanga	 
(about	28	percent	of	Clupeidae	landings	but	just	4	percent	of	the	ring-nets)	and	Bagamoyo	(about	10	percent	
of	the	landings	and	<1	percent	of	the	ring-nets).	The	district	of	Mkinga	(bordering	Kenya)	reported	16	percent	
of	the	ring-nets	but	only	about	1	percent	of	the	landings.	One	explanation	for	these	figures	is	the	role	of	the	
major	markets	in	attracting	fish	landings.	Both	Tanga	and	Illala	(Dar	es	Salaam)	are	major	population	centres	
with	relatively	large	markets	for	fish.	There	is	also	a	question	around	the	cost	and	benefits	of	transporting	
catches	by	sea	from	northern	fishing	grounds	(e.g.	Tanga)	to	Dar	es	Salaam,	versus	landing	in	Tanga	and	
transporting by road. The questions are principally around the relative time taken and the need to maintain 
the	quality	of	the	catch.	No	contemporary	data	were	identified	on	the	movement	of	fish	products,	nor	on	the	
use of these products,40	although	a	potential	source	of	information	would	be	the	receipts	of	inter-district	fish	
movement permit fees.

Figure 23 shows changes 
in the geographical focus 
of landings from the small 
pelagic	 fishery	 from	 1988	
to 2010. For example, 
Lindi region contributed 
1	293	tonnes	of	the	national	
landings	of	small	pelagic	fish	
in	1988,	but	by	2010	this	had	
declined	to	just	202	tonnes.	
What cannot be said with 
any	confidence	is	whether	this	
reflects	deficiencies	in	the	data	
collection, some underlying 
change	in	the	distribution	of	small	pelagic	fish	populations	along	the	coast	or,	whether	it	represents	a	
change	in	the	industry’s	operation,	whereby	fish	may	be	caught	locally,	but	are	landed	at	the	main	centres	
(e.g.	Tanga	and	Dar	es	Salaam).

Biological data from the fishery
Biological	data	from	the	small	pelagic	fishery	appear	to	be	scarce.	Okera	(1974)	collected	morphometric,	
condition and gonad development data for S. gibbosa and S. albella off the coast of Dar es Salaam from 

40.	 e.g.	Gibbon,	op	cit.

Figure	23:	Geographical	focus	of	landings	(tonnes)	of	small	pelagic	fish	by	region	(1988	and	2010)	(source:	FDD)

Figure 24: Length-frequency distribution for S. gibbosa,	1970	to	1971	
(source:	redrawn	from	Okera,	1974)
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January	1969	to	March	1970.	There	are	two	important	observations	from	this	research.	Firstly,	it	raises	
concerns	over	the	current	knowledge	base	on	the	fishery.	And	secondly,	that	S. gibbosa recruited to 
the	fishery	at	4	cm	in	length,	while	length	at	first	maturity	(Lm) for S. gibbosa was reported at 10.5 cm. 
S. albella appeared to have recruited at 8 cm, but with an Lm	of	10.5	cm.	A	plot	of	Okera’s	length-frequency	
distribution data for S. gibbosa is presented in Figure 24, with the estimated Lm	added	to	the	figure	(dashed	
horizontal	line).	

Zanzibar
Reliable	and	detailed	catch/effort	data	are	also	relatively	scarce	for	Zanzibar,	for	similar	reasons	to	
those	identified	for	the	mainland.	Nhwani	(1988)	reported	that	the	total	small	pelagic	catch	in	1986	was	
approximately	5	500	tonnes,	with	approximately	50	percent	being	caught	by	the	fleet	operating	out	of	Stone	
Town	on	the	mid-west	coast	of	Unguja	Island.	The	total	estimated	small	pelagic	catch	for	the	entire	URT	in	
1986	was	13	000	tonnes,	representing	approximately	65	percent	of	the	FAO’s	estimate	for	the	potential	yield	
of	these	stocks	(FAO/IOP,	1979).	Jiddawi	&	Pandu	(1988)	also	provided	details	on	catch	estimates,	catch	
composition	and	catch	rates	for	the	light	fishery	for	small	pelagic	fish	off	Zanzibar.	An	estimate	of	3	000	
tonnes	was	landed	by	the	traditional	fleet	of	25	vessels,	with	the	ZAFICO	vessels	catching	an	additional	200	
to 300 tonnes. Note the discrepancy with the Nhwani estimate of 5 500 tonnes for the same period, which 
is perhaps accounted for by the inclusion of small mackerel species. The data reviewed by Jiddawi & Pandu 
indicated a catch composition dominated by S. gibbosa	(41	percent)	and	A. sirm	(30	percent),	this	species	
composition	is	rather	different	to	that	reported	by	Nhwani	&	Makwaia	(op	cit.)	for	the	mainland	(51	percent	
A. sirm	and	19	percent	S. gibbosa)	but	this	may	reflect	differences	in	the	timing	at	which	the	samples	
were	taken.	Again,	there	is	no	 
D. acuata mentioned. The catch 
also comprised Rastrelliger 
kanagurta	(8	percent),	Carangidae	
(6	 percent)	 and	 (a	 rather	
insignificant	contribution	from)	
Engraulidae	(2	percent).	

Jiddawi	 and	 Öhman	 (2002)	
presented histor ical small 
pelagic catch data from the semi-
industrial	ZAFICO	fleet	for	the	
period	1971	to	1997	and	these	
data are redrawn in Figure 25.  
As	 with	 the	 mainland	 semi-
industrial	fishery,	ZAFICO	is	no	
longer in operation.

DFMR	data	for	2012	reported	catches	for	anchovies	and	sardines	as	1	893	and	798	tonnes	respectively,	
accounting	for	about	9	percent	of	the	total	artisanal	fisheries	catch	(estimated	at	29	410	tonnes)	recorded	
for	Zanzibar	(for	2007).	However,	caution	is	required	in	looking	at	these	data	because	of	concerns	about	
identification;	for	example,	in	these	data	anchovies	were	reported	as	being	members	of	the	Clupeidae	
family, whereas they are actually Engraulidae. Note also that the species composition reported by Jiddawi 
and	Pandu	suggested	that	anchovy	contributed	just	2	percent	to	the	overall	small	pelagic	catch,	compared	
to	about	70	percent	for	the	so-called	Clupeidae/anchovies	in	the	DFMR	data	(or	about	50	percent	if	one	
includes	the	so-called	Engraulidae/mackerel	group).	A	possible	explanation	for	the	large	differences	
in	catch	composition	is	that	the	commercial	fishery	(the	source	of	Jiddawi	and	Pandu’s	data)	may	have	
operated	in	deeper	water	than	the	artisanal	fleet	that	generated	the	data	from	DFMR.	Deeper	water	may	
be	less	favourable	to	anchovy.	Alternatively	the	differences	reflect	problems	with	species	identification.

In	terms	of	the	contribution	of	small	pelagic	fish	to	the	overall	catch	landed	in	Zanzibar,	a	summary	of	a	12-	year	
time series of catch data is presented in Figure 26. In the mid-2000s, anchovies appear to contribute very 
significantly	(15	to	25	percent)	to	the	overall	landed	catch	for	Zanzibar	(across	all	families)	before	declining	
almost precipitously to less than 2 000 tonnes in 2012. The very stable weight of landings of anchovies and 
sardines between 2007 and 2010 perhaps signals challenges with the data collection procedures. 

The	two	datasets	(from	Jiddawi	and	Pandu	and	from	DFMR)	are	merged	in	Figure	27.

Figure	25:	Catch	data	for	small-pelagic	species	in	Zanzibar,	ZAFICO	
1968	to	1997

42



Frame survey data for Zanzibar 
Table	3	indicates	that	the	majority	of	the	ring-net	fleet	is	located	in	western	Unguja	(Urban	West	District),	
in	the	proximity	of	the	major	conurbation	of	Stone	Town	(DFMR,	2010).	This	is	logical	both	from	the	
perspective	that	access	to	the	bulk	of	the	resource	is	likely	to	be	in	the	adjacent	Zanzibar	Channel,	
although	an	important	caveat	is	that	the	true	spatial	extent	of	the	fishery	is	unknown.	Stone	Town	is	also	
Zanzibar’s	largest	single	market,	as	well	as	the	hub	of	the	Unguja	Island’s	transport	network	(including	
to the mainland markets). There are few ring-nets recorded from Pemba.

Table 3: Frame	survey	data	for	Zanzibar	(source:	DFMR,	2010)

region district no. of ring-nets

Urban	West Urban 42
West 115

North	Unguja North	A 35
North B 5

South	Unguja South 3
Central 0

North Pemba Micheweni 4
Wete 0

South Pemba Chake Chake 5
Mkoani 0

Total = 209

Mainland	catch	data,	dating	back	to	the	1970s,	suggests	large	fluctuations	in	the	population	of	small	
pelagic	fish	available	to	the	fishery	(although	data	from	2010	to	2012	appear	to	be	anomalously	consistent,	
year-on-year).	These	historical	fluctuations	would	presumably	not	have	been	as	a	result	of	anthropogenic	
climate	change	forcing.	In	Zanzibar,	data	from	the	last	decade	or	so	also	suggest	significant	fluctuations.	
An	example	is	the	fall	in	overall	tonnage	of	small	pelagic	fish	from	more	than	6	000	tonnes	in	2005	to	less	
than 2 700 tonnes in 2012, although much of this change was in the “anchovy” catches, with “sardines” 

Figure 26: Landings of small 
pelagic	fish	(and	total	catch),	
Zanzibar	2000	to	2012

Figure 27: Composite data 
for	small	pelagic	fish	catches	
in	Zanzibar,	1968	to	2012.	
(source:	“ZAFICO	data”	=	
Jiddawi	&	Öhman,	2002;	
“various sources” = Jiddawi & 
Pandu,	1988;	Nhwani,	1988;	
“anchovy” & “sardines” = 
DFMR, pers. comm., 2014)
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apparently	more	stable.	This	change	reflects	year-on-year	declines	in	excess	of	35	percent	which	suggests	
that	the	fishery	is	extremely	dynamic.	This	may	already	represent	the	effects	of	anthropogenic	climate	
change	but	could	equally	reflect	natural	climate	(and	ecosystem)	variability	to	which	small	pelagic	fish	
populations are, according to the evidence provided elsewhere in this report, known to be so sensitive.

Direct employment in the small pelagic fishery
In	terms	of	employment	−	at	least	direct	employment	as	crew	on	the	ring-net	vessels	−	only	estimates	can	
be	presented	because	of	the	apparent	lack	of	data	on	the	operational	side	of	the	fishery.	
For	the	mainland,	using	the	number	of	ring-nets	from	the	2009	frame	survey	and	applying	a	mean	crew	
size	of	12	(also	derived	from	the	2009	frame	survey	data),	a	total	of	5	220	individuals	(14	percent	of	the	
estimated	total	number	of	fishers)	would	be	earning	at	least	some	of	their	livelihood	from	the	small	pelagic	
fishery.	If	one	applies	the	2013	data	(equating	one	ring-net	per	vessel)	then	direct	employment	would	rise	
to	13	776,	which	represents	some	37	percent	of	all	fishers	in	the	mainland	fishery.
For	Zanzibar,	again	using	the	same	mean	crew	size	of	12	fishers	per	vessel,	the	small	pelagic	fishery	
may be creating employment opportunities for about 2 500 individuals, which equates to approximately 
7	percent	of	the	total	number	of	fishers	operating	on	Zanzibar	(de	Graaf	&	Garibaldi,	2014).	Again,	
the	employment	provided	by	the	fishery	is	an	important	component	of	overall	fisheries	employment	in	
Zanzibar	and	on	the	mainland.	
Tanzania	is	a	country	where	employment	opportunities	are	relatively	scarce;	the	official	unemployment	rate	
was 10.7 percent in 2011, although this excludes the informal sector that is estimated to employ 10 percent of 
the	available	labour	force.	The	problem	is	particularly	serious	for	young	people;	for	example,	900	000	young	
Tanzanians	enter	the	job	market	each	year,	but	the	economy	only	creates	only	50	000	to	60	000	new	jobs.41 
However, given the lack of data, it is currently more or less impossible to realistically determine the sensitivity 
of	the	crews’	livelihoods	to	any	reduction	in	opportunities	in	the	small	pelagic	fishery.	Do	the	individuals	
who	crew	tend	to	be	full-time,	“career”	crew,	or	do	they	participate	on	a	part-time	(e.g.	seasonal)	or	even	
on	a	casual	and	ad	hoc	basis?	Certainly,	any	reduction	in	the	size	of	the	small	pelagic	fishery,	whether	as	a	
result	of	natural	fluctuations	or	because	of	fluctuations	exaggerated	by	anthropogenic	climate	change,	would	
be unwelcome, but little more than that can be said at this stage. This is particularly the case for the Dar es 
Salaam-based	fishery,	which	is	likely	to	have	rather	different	characteristics	(for	example	with	respect	to	
business plan and employment, etc.) than the vessels that operate out of more rural areas.

The economics of the small pelagic fishery
Given	the	challenges	in	determining	accurate	total	catches	of	small	pelagic	fish,	there	are	clearly	concomitant	
difficulties	in	determining	the	revenues	generated	directly	from	their	sale	(not	to	mention	the	additional	
multiplier	effect	as	the	products	are	traded	through	the	economy).	Consequently,	there	are	related	difficulties	
in	determining	the	potential	livelihood	and	economic	risks	associated	with	any	change	(decline)	in	the	
small	pelagic	fishery.	

Generally,	small	pelagic	fish	are	low	value	fish,	although	the	prices	vary	significantly	from	district	to	
district	and	on	a	day-to-day	basis.	A	2013	fisheries	economics	study42	in	Zanzibar	indicated	that	“sardines”	
fetched	a	mean	price	of	less	than	USD0.5/kg.	The	next	highest	price	category	of	fish	(surgeonfish)	fetched	
about	USD1.5/kg	(Figure	28).	No	standard	errors	were	provided	for	the	means.	

Data	from	DFMR	for	2012	suggest	a	rather	higher	beach	auction	price	for	Zanzibar	sardines	than	was	
observed by Fröcklin et al.	in	urban	retail	markets.	Aggregate	figures	indicated	a	mean	price	of	Tsh3	456	kg,	
which	equates	to	about	USD2.20/kg	(at	an	exchange	rate	of	Tsh1	600	to	the	US	dollar),	compared	to	Fröcklin’s	
USD0.5/kg.	The	differences	in	price	recorded	for	sardines	between	Fröcklin	and	DFMR	is	confusing.	
Figure	29	presents	a	comparison	of	prices	across	all	fish	categories	in	Zanzibar	between	Fröcklin’s	data	
and	those	of	DFMR.	(Note	that	lobster,	selling	at	>USD13/kg,	are	not	included	in	this	analysis	to	maintain	a	
reasonably legible y-axis scale). DFMR data reported on sardines and anchovies separately, while Fröcklin 
et al.	only	reported	on	sardines.	No	sample	sizes	or	standard	errors	were	provided.	

41. Kushner, 2013.
42. Fröcklin et al., 2013.

44



The	approximate	evolution	of	price	(USD/kg)	for	anchovies	and	sardines	in	Zanzibar	is	presented	in	
Figure 30, based on DFMR data. The circles represent the trend in total catches for each year by family.

Figure	28:	Market	retail	price	data	(USD/kg)	for	categories	of	fish	in	Zanzibar	(source:	redrawn	from	
Fröcklin et al., 2013)

Figure	29:	Comparison	of	prices	(USD)	for	fish	in	Zanzibar	(source:	retail	price	Fröcklin	et al.,	2013;	
beach value DFMR, 2013

Figure	30:	Evolution	of	beach	price	for	small	pelagic	fish	(USD/kg)	in	Zanzibar,	2005	to	2012	(source:	DFMR)
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Data provided by FDD for the mainland,43 indicate a 2012 market price of Tsh3 550/kg for “dagaa”  
(a	more	or	less	generic	name	for	small	pelagic	fish),	which	equates	to	about	USD2.18/kg.	This	is	similar	
to	the	recent	DFMR	data	for	Zanzibar.

Based	on	the	mainland	market	price	(USD2.18/kg)	and	the	total	catch	data	provided	by	the	FD	(7	619	tonnes)	
the	small	pelagic	fishery	in	2012	would	have	been	worth	approximately	USD16.6	million	The	mainland	
small	pelagic	fishery	therefore	contributes	about	12	percent	of	total	first	sales	revenue	from	coastal	marine	
fisheries.	This	represents	about	0.3	percent	of	overall	GDP	(de	Graaf	&	Garibaldi,	2014).	

For	Zanzibar	the	estimated	value	for	the	catch	of	small	pelagic	species	provided	by	DFMR	(DFMR,	pers.	
comm.)	for	2012	was	2	691	tonnes	and	therefore	applying	DFMR's	own	price	estimate	of	USD2.1/kg	yields	
a	value	of	USD5.9	million	or	about	11	percent	of	the	total	value	of	the	first	sales	value	of	marine	fisheries	
on	Zanzibar.	This	equates	to	about	0.6	percent	of	GDP	(de	Graaf	&	Garibaldi,	2014).	The	potential	loss	of	
revenues	from	the	small	pelagic	fishery	are	therefore	not	insignificant	for	the	economies	of	the	two	partners	
in	the	URT.	

Operational costs
No up-to-date information was available to determine wages, fuel costs, the costs of ice, maintenance and 
depreciation	costs,	etc.	of	the	small	pelagic	ring-net	fleet.	Neither	was	any	current	information	available	
about	the	market	chain	for	the	subsector.	However,	Gibbon’s	report	(op	cit.)	provides	valuable	insight	into	
the	basic	investments	required	to	enter	the	fishery,	albeit	from	1997,	and	some	insights	into	the	market	
chain. These observations urgently need to be updated to properly understand the economics of the small 
pelagic	fishery.	

According	to	Gibbon,	a	single	ring-net	costs	between	USD8	250	and	USD20	500	(in	2014,	prices	adjusted	
for	inflation)	depending	on	its	size.	A	fully	fitted	10	to	12	m	vessel,	equipped	with	a	ring-net	and	engines	
was	estimated	to	cost	between	USD19	000	and	USD33	000.	A	second	hand	20	m	vessel	and	ring-net	
was	estimated	to	cost	about	USD70	000,	again	in	equivalent	2014	prices	that	clearly	need	to	be	brought	
up-to-date.

All	the	vessels	were	(and	in	all	likelihood	continue	to	be)	owned	by	business	people	who	typically	owned	
more	than	one	vessel	and	employed	the	necessary	skippers	and	crews	to	run	the	fishing	operation.	An	
interesting	feature	of	the	small	pelagic	fishery,	at	least	in	the	1990s,	was	that	(perhaps	like	the	stocks	
themselves)	there	was	a	strong	link	between	the	Zanzibar	and	Dar	es	Salaam	fleets.	Gibbon	also	reported	
that when vessels or ring-nets were sold, the trade would often be between owners from either side of the 
Zanzibar	Channel,	and	that	Zanzibari	vessel	skippers	and	even	crew	were	active	in	both	fisheries.	

Finally,	Gibbon	reported	on	catch	rates:	with	a	single	vessel	of	the	smaller	(10	to	12	m)	category	landing	
500	kg/day	(which	he	raised	to	a	total	of	100	tonnes/yr),	compared	to	the	larger	category	(20	m)	expecting	
to	land	1.25	tonnes/day	(about	300	tonnes/yr).	Note,	that	these	data	are	not	based	on	a	rigorous	sampling	
of	catches	and	it	is	not	clear	whether	the	annual	total	catch	or	the	daily	mean	is	the	more	accurate	figure.	
However,	on	the	basis	that	there	are	approximately	72	entirely	moonless	nights	per	year	(which	would	
yield,	for	example,	500kg	×	72	=	36	tonnes	for	the	smaller	vessels),	there	is	a	requirement	that	the	fleet	is	
active	across	a	wider	range	of	moon	phases	than	just	fully	moonless	nights	to	achieve	the	total	catches	
Gibbon	reported.	These	data	also	indicate	that	fishing	must	take	place	more	or	less	throughout	the	year,	
although	Gibbon	did	describe	the	southeast	monsoon	months	as	a	“period	of	shortage”,	reflected	in	prices	
up to 300 percent greater than those quoted for the northeast monsoon period. 

To	enter	the	ring-net	fishery	therefore	requires	a	significant	investment.	Gibbon’s	analysis	suggests	that	
for	those	who	do	invest	in	the	fishery,	it	is	perhaps	only	one	activity	in	a	suite	of	business	activities.	With	
a diversity of economic eggs in their investment basket, investors hedge against the risks of participating 
in	a	fishery	that	varies	significantly	between	years	(total	catch)	and	within	years	(price	per	kilogram).	For	
those	who	participate	in	the	small	pelagic	fishery,	the	apparent	dramatic	increase	and	then	decline	in	the	
fishery	from	2000	to	2006	(as	described	previously)	would	presumably	have	had	significant	effects	on	their	

43.	 L.	Ibengwe	(FDD),	pers.	comm.,	2014.
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business plans. Perhaps the optimum strategy for investors is to follow the same approach as the small 
pelagic	species	themselves,	i.e.	to	widely	sample	the	(business	opportunity	environment)	and	then	grow	
rapidly	when	opportunities	arrive	(in	productive	years),	but	to	accept	significant	reductions	in	revenues	
during	poor	catch	years.	Unlike	small	pelagic	fish	of	course,	humans	can	exit	the	fishery	if	necessary.	
But	again,	the	relative	importance	of	the	small	pelagic	fishery	to	the	business	people	who	invest	in	it	is	
largely	unknown,	so	the	impact	of	any	reduced	profitability	is	impossible	to	comment	on	at	this	stage.

Marketing
In	terms	of	marketing	of	small	pelagic	fish,	Gibbon’s	1997	report	appears	to	provide	the	only	information	
available,	at	least	for	the	major	Dar	es	Salaam	(Ferry)	market.	Although	only	directly	relevant	to	1996,	it	
is instructive nonetheless. 

There	were	two	main	destinations	for	the	small	pelagic	fish,	either	for	human	consumption	or	as	chakula 
cha kuku	(lit.	food	for	chickens)	for	the	battery	poultry	industry.	Trading	frequency	varied	between	buyers,	
with some active daily, others only once or twice each month, depending on their access to working capital 
to	purchase	the	fish.	But	again,	this	information	needs	to	be	updated.	Some	trading	was	also	conducted	
on	a	contract	basis,	directly	with	the	vessel	owners.	Gibbon	reported	that	the	largest	drier-traders	would	
buy	up	to	7.5	tonnes	per	month	(which	is	equivalent	to	3	tonnes	dry	weight).

The	majority	of	 the	small	pelagic	 fish	purchased	at	Ferry	market	during	 the	southeast	monsoon	 
(dry	season)	were	sun	dried	(peaking	between	July	and	October)	and	sold	locally	and	as	far	south	as	
Mtwara	(through	agents).	Gibbon	also	noted	that	about	20	percent	of	the	trade	was	in	wet	fish	which	was	
also sold to traders from elsewhere, including from Morogoro Town located inland from Dar es Salaam. 
The	small	pelagic	fish	would	then	be	sold	on	to	fish	fryers.	An	interesting	aspect	of	the	trade	with	Mtwara	
(for	example)	was	that	traders	would	usually	return	to	Dar	es	Salaam	with	a	consignment	of	some	other	
product, such as fruit, to sell in the capital.

In	the	northeast	monsoon,	the	wet	fish	and	chakula cha kuku traders apparently dominated the purchases, 
with at least some of the trader/driers who were active in the southeast monsoon switching to trading in 
reef-caught	fish.

The	only	information	on	the	trade	in	Zanzibar	that	was	accessible	for	this	desk-based	report	was	from	the	
study conducted by Fröcklin et al.	(op	cit.),	for	which	42	traders	from	ten	fish	markets	around	Zanzibar’s	
Unguja	Island	were	interviewed.	The	selling	of	“sardines”	ranked	last	in	economic	importance,	with	only	
about	10	percent	of	women	traders	stating	it	was	economically	important	to	them;	the	equivalent	figure	
for male traders was about 15 percent. By contrast, more than 75 percent of all traders stated that the 
trade in the “emperors”	category	(broadly	covering	Lethrinidae)	was	economically	important	to	them.	

Given	that	the	catch	data	provided	by	DFMR	suggest	an	overall	contribution	of	small	pelagic	fish	of	
about	9	percent	(sardines	6.44	percent	and	anchovies	2.7	percent)	to	the	total	catch	in	2012	(compared	to	
7 percent for the emperors)	it	might	be	that	the	trade	in	“sardines”	is	rather	specialized	and	limited	to	a	few	
main dealers, possibly operating on contracts, as was observed at the Ferry market in Dar es Salaam by 
Gibbon.	These	dealers	may	have	direct	links	established	with	wholesale	and/or	retail	outlets	and	therefore	
the	small	pelagic	fish	that	these	dealers	purchase	and	sell	on	would	not	necessarily	appear	in	fish	markets,	
while	the	majority	of	unspecialized	traders	buy	and	sell	small	pelagic	fish	on	a	more	ad	hoc	basis.	Based	
on	this	evidence	the	unspecialized	fish	traders	in	Zanzibar	would	not	be	particularly	sensitive	to	declines	
in	the	availability	of	small	pelagic	fish.	But	the	specialized	traders,	perhaps	under	contract	with	mainland	
buyers,	would	appear	to	be	more	sensitive	to	change	(declines)	in	total	yields.

It	is	worth	noting	that	the	catch	of	small	pelagic	fish	(sardines	and	anchovies)	contributed	an	estimated	
26	percent	(5	600	tonnes)	to	Zanzibar’s	total	catch	in	2003	and	a	similar	percentage	(but	higher	tonnage	
of	6	223	tonnes)	in	2005.	The	marketing	of	this	category	of	fish	may	have	been	very	different	during	
years	of	higher	abundance.	An	alternative	interpretation	could	be	that	the	trade	in	small	pelagic	fish	is	
increasingly	dominated	by	the	mainland	markets	and	the	majority	of	small	pelagic	fish	are	landed	there	
directly, explaining the recent declines in the recorded catch of these species.
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Given	the	limited	historical	and	contemporary	information	available	on	the	small	pelagic	fishery’s	economics	
and	market	chain,	it	is	difficult	to	make	any	informed	comments	on	the	sensitivity	of	the	fishery	to	potential	
declines	in	the	abundance	of	small	pelagic	fish.	For	example,	the	opportunity	cost	of	capital	for	vessel	
owners	and	traders	to	participate	in	this	particular	fishery	is	not	known	at	this	point	in	time.	Therefore,	
the scale of change in landings or unit production costs that would be necessary for existing participants 
to	leave	the	fishery	also	remains	unknown.	Similarly,	the	opportunity	cost	of	labour	(crew)	for	the	fishing	
operations is unknown.

Migrant fishers
A	final	feature	of	the	small	pelagic	fishery	that	is	important	to	discuss	is	its	apparent	significance	to	
migrant	fishers	in	both	mainland	Tanzania	and	Zanzibar.	WIOMSA	(2011)	studied	the	migration	of	
fishers	across	four	countries	of	the	WIO	including	Tanzania	and	their	analyses	revealed	that	30	percent	
of	migrant	fishing	operations	involved	the	use	of	“purse	seine	gears”,	which	would	largely	target	pelagic	
fish.	A	key	part	of	the	WIOMSA	study	was	the	collection	of	self-reported	data	from	resident	(N	=	19)	
and	migratory	(N	=	44)	fishers	on	their	catch	composition	(Figure	31).	Results	from	this	sampling	
indicated	that	certain	small	pelagic	species	groups	(the	“saradini”, using Swahili nomenclature, or 
Clupeidae)	are	more	frequently	mentioned	in	the	catch	for	migrants	(35	percent)	than	for	resident	fishers	
(about	10	percent)	(Figure	31),	although	this	does	not	say	anything	about	the	relative	importance	of	the	
different	groups	of	fish	in	terms	of	revenues,	for	example.	

A	possible	explanation	for	the	higher	importance	of	small-pelagic	fish	in	migrant	fishers'	catch,	is	that	they	
target	specifically	pelagic	migratory	fish.	This	reduces	the	need	to	develop	in-depth	knowledge	on	local	
fishing	grounds	or	other	traditional	ecological	knowledge	(TEK)	that	may	require	longer	periods	of	residence	
in	a	certain	locale.	The	key	knowledge	required	is	the	long-shore	movement	of	the	fish	and	the	use	of	the	
fishing	gear.	Furthermore,	the	target	species	form	schools	and	therefore	can	produce	instantaneous	and	large	
yields.	Targeting	migratory	pelagic	fish	also	reduces	the	need	for	migrant	fishers	to	enter	local	coral	reef	
fishing	grounds	and	potentially	compete	with	local	fishers	who	would	habitually	use	the	same	grounds.	On	the	

other hand, the dagaa 
group	 (also	 a	 small	
pelagic fish) appears 
to be caught more 
frequently by resident 
fishers than migrants. 
This appears anomalous 
and may ref lect the 
targeting of inshore 
anchovies	(Engraulidae)	
with beach seine nets. 
However, no evidence 
was available to support 
this idea. 

A	further	observation	
from the research of the 
WIOMSA	researchers	
(op	 cit .) 	 was	 the	
residents’ perception 
of the contribution 
of migrant fishers to 
hos t  com mu n it ie s 
(Figure	32).	Although	
the	 sample	 sizes	 are	
modest  g iven the 
likely variance in the 

Figure	31:	Relative	importance	of	fish	group	for	resident	vs	migrant	fishers	
(source:	redrawn	from	WIOMSA,	2011)
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population,	more	than	90	percent	of	the	residents	interviewed	for	the	study	reported	that	the	migrants	
delivered	a	boost	to	the	local	economy;	with	various	supplementary	benefits	including	increased	local	
supply	of	fish	and	job	opportunities.	Additional	social	benefits	included	inter-marriage	and	provision	of	
assistance	to	residents.	The	WIOMSA	study	was	not	able	to	quantify	the	value	of	the	economic	benefits	
to	their	host	communities	but	they	presumably	include	fish	trading	revenues,	expenditure	by	migrants	in	
local	food	markets,	etc.	Whatever	the	precise	nature	of	the	economic	benefit,	the	perception	was	clearly	
a	significantly	positive	one.

The	migrant	fisher	study	also	sought	information	on	the	motivation	for	fishers	to	migrate.	The	most	
commonly	cited	reason	(45	percent	of	respondents)	for	migration	was	“the	search	for	more	money	or	
better income”, while a further 30 percent cited the reason of “a general desire to improve one’s life”, 
which	arguably	is	much	the	same	thing	in	this	context	(WIOMSA,	op	cit.).	Perhaps	surprisingly	only	
18	percent	cited	“the	search	for	better	fishing	grounds”	as	the	main	driver.	As	the	WIOMSA	researchers	
note,	these	three	drivers	and	the	search	for	better	markets	(33	percent)	are	rather	inextricably	linked.	It	
would	be	useful	to	better	understand	the	breakdown	of	the	drivers	among	the	different	types	of	fisher,	in	
particular	the	primary	migration	driver	for	vessels	that	target	small	pelagic	species.	Given	the	migratory	
nature	of	the	small	pelagic	resources,	there	is	an	imperative	to	be	a	migrant	fisher	if	one	is	to	benefit	from	
the	fishery	on	a	more	or	less	full-time	basis,	as	opposed	to	opportunistic	fishing	when	the	resource	enters	
home	fishing	grounds.	The	sensitivity	of	the	migrant	fleet	is	dependent	on	the	relative	contribution	of	
small	pelagic	fish	to	the	overall	catch	profile,	but	this	type	of	information	is	scarce	or	non-existent,	as	it	
is	for	so	many	other	features	of	the	fishery.	It	is	clear	however	that	for	sections	of	the	fleet,	which	have	
invested	in	the	necessary	technology	to	target	schools	of	small	pelagic	fish,	the	sensitivity	is	rather	higher	
than	for	the	remainder	of	the	fleet.	Similarly,	improved	statistics	on	the	actual	economic	contribution	of	
the	migrant	small	pelagic	fleet	to	host	communities	would	allow	for	more	informed	comment	on	their	
sensitivity to declines in yields, or indeed changes in the distribution of the stocks.

The	lack	of	data	on	the	small	pelagic	fisheries	makes	sensitivity	analyses	difficult.	But	one	can	partially	inform	
the	analysis	through	reference	to	existing	literature	on	the	wider	fisheries	sector.	For	example,	Figure	33	presents	
data	on	the	mean	percentage	of	households	in	each	region	of	Zanzibar	that	participate	in	fisheries.	These	figures	
provide	a	hint	of	the	role	of	marine	fisheries	in	the	livelihoods	of	Zanzibaris.	For	mainland	Tanzania,	Malleret	
and	Simbua	(2004)	analysed	the	dependence	of	coastal	villages	in	the	Mnazi	Bay-Ruvuma	Estuary	Marine	
Park	(MBREMP).	They	observed	that	of	a	total	of	4	958	households	(representing	more	than	17	000	adults	
and	children),	1	737	(35	percent)	could	be	described	as	dependent	on	marine	resource-associated	activities.	
More recently, Cinner et al.	(2011)	developed	a	metric	of	the	sensitivity	of	coastal	households	to	climate	
change	induced	disruption	of	coral	reef	fisheries.	The	research	took	place	in	29	sites	(villages	and/or	landing	

Figure	32:	Benefits	reported	by	host	communities	from	migrant	fishers	(source:	WIOMSA,	2011)
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sites) across five WIO 
states	including	Tanzania.	
The sensitivity metric was 
based on ranked household 
dependency across a range 
of livelihood options. 
Tanzania,	 as	 a	 country,	
revealed the highest level 
of sensitivity, while the 
highest level of sensitivity 
within the country was in 
a community “near Dar 
es Salaam”, in which 73 
percent of households 
were	engaged	in	fishery-
related occupations. The 
precise	definitions	of	the	
types	of	fisheries	that	these	
households were engaged 
with was not reported in the publication and this is the type of additional data that urgently needs to be 
generated	to	better	understand	the	extent	to	which	fishing	communities	participate	in	the	small	pelagic	fishery.

4.3 Adaptive capacity
Fisheries management institutions
The	government	institutions	responsible	for	the	management	of	fisheries	in	the	URT	are	the	FDD	on	
the	mainland	and	the	DFMR	on	Zanzibar.	Analysis	of	length-frequency	data	for	S. gibbosa provided 
by	Nhwani	and	Bianchi	(1988)	suggested	that	the	stocks	fished	off	Zanzibar	were	contiguous	with	those	
fished	off	Dar	es	Salaam.	If,	as	seems	probable,	the	stocks	of	small	pelagic	fish	are	in	fact	shared	between	
the	mainland	and	Zanzibar,	there	is	clearly	an	urgent	need	to	establish	a	mechanism	whereby	the	(future)	
management	of	the	fishery	is	coordinated	between	the	two	partners	in	the	URT.

As	far	as	the	FDD	is	concerned,	its	role	since	the	government’s	decentralization	has	been	one	of	overall	
policy-setting,	developing	overarching	national	fisheries	management	laws	and	regulations,	leading	
development	cooperation	programmes	and	fulfilling	the	very	important	role	of	supervision	and	guidance	of	
district-level	fisheries	officers	(DFOs),	who	are	now	employed	directly	by	their	respective	local	government	
authorities.

This	latter	arrangement	has	not	been	without	its	difficulties,	largely	owing	to	the	lack	of	financial	support	
for	fisheries	management	from	the	budget	constrained	districts	and	therefore	the	limited	ability	of	DFOs	
to	fulfil	their	quite	numerous	statutory	duties.	This	in	part	explains	why	effective	data	collection	has	
been so problematic in recent years. The other explanations include the technical capacity of the DFOs 
themselves and a degree of institutional inertia with regard to modifying the data collection system. This 
is	urgently	required	to	ensure	that	it	is	more	appropriate	to	the	situation	in	Tanzania,	where	more	than	
200,	often	remote,	coastal	landing	sites	serve	a	complex,	tropical,	multi-species	fishery.	The	manner	in	
which	the	FDD	and	its	partners	improve	the	generation	of	knowledge	on	the	small	pelagic	fishery	in	the	
future	will	be	critical	to	attempts	to	sustain	the	fishery	for	this	dynamic	group	of	species.

Since	2007,	community-based	marine	fisheries	management	institutions	−	Beach	Management	Units	(BMUs)−	
have been established, and there are now at least 30 that can be considered to be functioning at something 
approaching the expectation of the FDD.44	Membership	of	a	local	BMU	is	obligatory	for	all	fishers	from	a	locale,	
who	are	represented	at	BMU	level	through	a	15-member	elected	committee.	Full	BMU	assemblies	provide	
further	opportunities	to	discuss	local	fisheries	issues	and	concerns,	and	BMUs	are	formally	nested	within	

44.	 Anderson	&	Mwangamilo,	2013.

Figure	33:	Percentage	of	households	in	Zanzibar	participating	in	fisheries	
activities	(source:	DFMR)
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local	governance	structures,	although	there	have	been	conflicts	between	BMUs	and	village	governments.45 
BMUs	play	a	role	in	a	number	of	aspects	of	fisheries	management	in	Tanzania,	including	the	collection	of	
data	at	their	respective	landing	sites.	As	the	system	matures	and	with	the	continued	support	of	the	FDD,	
NGOs	and	donor-funded	fisheries	management	and	development	programmes,	the	presence	of	these	local	
management	bodies	will	no	doubt	serve	the	fisher	communities	well.

A	more	recent	development	has	been	the	legal	ability	of	BMUs	to	aggregate	into	so-called	Collaborative	
Fisheries	Management	Areas	(CFMAs),	although	a	similar	model	was	rolled-out	in	the	Tanga	Region	in	
the	late	1990s.	The	Fisheries	Regulations	(2009)	state	“A	Beach	Management	Unit	may	associate	with	
other	Beach	Management	Units	and	co-management	structures	to	form	higher	level	Beach	Management	
Units	for	the	purposes	of	fisheries	planning,	management	and	development”.	CFMAs	therefore	go	some	
way	to	addressing	one	of	the	major	constraints	of	the	village	BMU	approach,	namely	their	inability	to	
manage	fisheries	at	a	scale	that	is	meaningful	in	ecological	terms.	While	the	CFMA	approach	is	relatively	
new	and	untested,	they	are	seen	as	having	a	role	to	play	within	the	new	(2013)	management	plan	for	small	
and	medium	pelagic	fisheries.	The	plan	reads	as	follows:

“…a	Co-management	concept	has	been	developed	and	adopted	for	the	establishment	of	Beach	Management	
Units	and	Collaborative	Fisheries	Management	Areas	(CFMA’s)	that	provides	for	community	participation	
in	fisheries	management	comprising	of	all	stakeholders	who	will	work	in	collaboration	with	the	government	
agencies	and	NGO’s	at	their	respective	areas.”	

However,	the	plan	then	goes	on	to	state	that	“Management	Units	(BMU)	and	Collaborative	Fisheries	
Management	Areas	(CFMAs),	have	been	only	partly	effective,	but	can	be	used	to	explore	rights	based	
management	in	the	future.”	(Anon,	2013).	This	appears	to	definitively	defer	the	participation	of	BMUs	
and	CFMAs	in	management	decision-making.	

In	Zanzibar,	the	problems	with	data	collection	are	caused	by	many	of	the	same	issues	as	on	the	mainland.	
No	small	pelagic	fisheries	management	plan	exists.

Overall,	there	is	a	general	lack	of	technical	capacity	and	limited	financial	support	for	DFOs	to	get	to	the	
field	and	mentor	and	supervize	local	data	collectors	(or	Bwana Diko),	as	well	as	deficiencies	in	the	design	
of the sampling and data collation protocols. It has been noted previously that even the allocation of the 
catch	to	the	different	fish	families	can	be	problematic.	

However, in terms of coastal marine resource management, much of the coast is now under the management 
of	Marine	Conservation	Areas	(MCAs)	(see	Figure	34	for	Unguja	Island).	This	institution	provides	for	
Shehia	Fishermen’s	Committees	(SFCs)	and	the	MCA-scale	advisory	committee	−	the	Fishermen’s	Executive	
Committee	(FEC).	

Although	SFCs	have	quite	a	different	role	to	the	BMUs	on	
the mainland, being rather more advisory than decision-
making, they do provide a useful pathway for information 
and knowledge exchange. They remain in their infancy 
and have a number of important challenges to overcome 
before	they	can	fully	achieve	their	objectives;	the	same	
can	also	be	said	for	the	CFMAs.46 Nevertheless, they are 
something to work with. 

In	Zanzibar,	some	of	the	fishing	grounds	targeted	by	the	
small	pelagic	fleet	are	within	the	boundaries	of	MCAs47 and 
certainly do occur within the management boundaries of 
the	CFMAs	(and	BMUs)	on	the	mainland.	This	provides	
both	an	opportunity	and	a	constraint	to	the	fishery.	The	
BMUs,	CFMAs	and	MCAs	clearly	provide	an	opportunity	

45. Ibid.
46.	 Anderson	&	Mwangamilo,	2013.
47.	 M.	Jumbe	(Director	of	Fisheries)	pers.	comm.,	2013.

Figure 34: Marine conservation areas of 
Unguja	Island	(source:	Anderson	&	Shalli,	
2013)
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to control effort through regulations and/or by-laws aimed at managing access, without the need to establish 
any	additional	management	structures	or	legal	provision	specifically	for	the	small	pelagic	fishery.	With	the	
exception	of	the	more	mobile	(non-resident)	elements	of	the	small	pelagic	fleet,	these	local	management	units	
could	potentially	limit	access	to	the	fishery,	thereby	reducing	the	flexibility	of	the	fishery	developed	prior	
to	the	launching	of	the	BMUs/MCAs.	For	example,	regulations	of	Menai	Bay	Conservation	Area	(MBCA)	
already	limit	some	migrant	fishers	that	formally	camped	on	uninhabited	islands	in	the	Bay.	This	is	likely	to	
have	consequences	for	the	livelihoods	of	those	involved	in	the	fishery.	Indeed,	Anderson	&	Mwangamilo	
(op	cit.)	recommended	that	migrant	fishers	be	formally	integrated	into	BMU	management	structures	to	provide	
them with an opportunity to at least observe, if not fully participate in, the decision-making processes of their 
host	communities.	Given	the	generally	positive	attitudes	towards	migratory	fishers	by	host	communities,	
as	reported	by	WIOMSA	(op	cit.),	this	would	appear	to	be	in	the	interests	of	the	host	communities	as	well.	
One	caveat	is	that	the	specific	fisheries	targeted	by	migrants	that	contributed	to	local	economies	were	not	
identified	in	the	WIOMSA	report,	and	it	is	of	course	possible	that	the	small	pelagic	fleet	does	not	interact	
with	host	communities	in	the	same	way	as	other	components	of	the	migrant	fleet	may	do.

One	of	many	major	challenges	for	the	management	of	small	pelagic	fish,	is	that	the	operational	boundaries	
of	CFMAs	and	MCAs	probably	do	not	include	all	the	small	pelagic	fishing	grounds,	particularly	those	
found	in	the	Zanzibar	Channel.	How	this	middle	ground	is	going	to	be	effectively	managed	between	
the	two	partners	of	the	URT	remains	to	be	determined.	However,	a	precedent	has	been	established	for	
cooperation	in	fisheries	matters	through	the	creation	of	the	DSFA,	which	is	responsible	for	the	licensing	
of	distant	water	fishing	nations	(DWFN)	tuna	vessels	in	the	shared	EEZ.	Clearly	a	cost-benefit	analysis	
is	required	to	determine	whether	such	an	approach	would	be	warranted	for	the	small	pelagic	fishery,	and	
such	an	analysis	can	only	be	completed	when	a	more	comprehensive	set	of	data	on	the	fishery	has	been	
developed, not least on its geographical distribution.

Livelihoods
The paucity of up-to-date information on households that derive a livelihood from the small pelagic 
fishery	prevents	substantive	comments	on	their	ability	to	adapt	to	a	potential	decline	in	yields.	What	
is	clear	is	that,	because	of	the	large	investments	required	to	enter	the	fishery	and	its	inherently	mobile	
nature, it generally cannot be viewed in the same light as, for example, the village based artisanal coral 
reef	fishery.	It	is	probable	that	further	investigation	will	reveal	that	the	small	pelagic	fishery	operates	more	
like	a	structured	business,	with	investors,	management	(skippers)	and	employees	(crew).	Key	information	
required to better understand the potential for adaptation would include, inter alia: 

i The economic structure of the fishery:
•	 The	ownership	structure	of	the	fleet	and	how	the	individual	units	of	production	(i.e.	vessels,	engines	

and	gears)	fit	into	the	wider	livelihood/economic	portfolio	of	the	owners.	This	is	particularly	
relevant	to	the	fleet	based	in	Dar	es	Salaam	and	Tanga	and	the	small	pelagic	migrant	fleet,	which	
is	likely	to	have	rather	different	characteristics	from	the	more	localized	operations	elsewhere.

•	 More	information	is	required	to	understand	the	contribution	that	the	small	pelagic	fishery	makes	
to the overall catch and incomes of the vessels that are not owned by a larger enterprise, and 
whether	fishing	is	seasonal.	

ii The labour structure: 
•	 Information	is	required	to	understand	how,	and	from	which	areas,	crew	are	recruited;	the	range	

of	occupational	mobility	of	the	crew;	their	occupational	multiplicity	(whether	their	work	is	full-
time or not and whether it precludes participation in other livelihood activities). Information is 
also	required	on	the	capacities	and	assets	of	the	fishing	crews	and	whether	they	are	able	to	move	
between	livelihoods.	There	may	be	important	seasonal	aspects	to	their	employment	if,	as	Gibbon	
suggested,	the	southeast	monsoon	period	is	characterized	by	reduced	landings	of	small	pelagic	
species.

iii Marketing structure:
•	 Are	there	contract	fishing	operations	and	what	are	their	modalities	of	operation?
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•	 What	type	of	trader	participates	in	the	marketing	of	small	pelagic	species?	Are	there	opportunistic	
and	dedicated	traders?

•	 What	are	the	characteristics	of	the	small	pelagic	value	chain?

•	 What	are	the	patterns	of	consumption	of	small	pelagic	fish?	How	does	human	consumption	
compare	with	consumption	by	the	battery	poultry	industry,	for	instance?

iv Adaptive experience:
•	 The	fishery	appears	to	be	very	dynamic.	In	Zanzibar,	for	example,	the	available	data	suggest	a	

fall in overall tonnage from more than 6 000 tonnes in 2005 to less than 2 700 tonnes in 2012. 
These data show year-on-year declines of more than 35 percent. How have the owners, operators 
and	traders	in	the	fishery	adapted	to	these	changes?	And	what	are	the	thresholds	for	continued	
participation	in	the	fishery?

5 Socio-ecological vulnerability

“Vulnerability	is	the	state	of	susceptibility	to	harm	from	exposure	to	stresses	associated	with	environmental	
and social change and from the absence of capacity to adapt”.48

Small	pelagic	fisheries	appear	to	be	characterized	by	naturally	high	levels	of	variability	in	their	population	
dynamics, many or perhaps most of which are forced by environmental factors beyond the control of any 
fisheries	management	intervention.	Expert	analyses	of	the	likely	responses	of	the	marine	environment	
to climate change do not tend towards a consensus, while these responses in turn are likely to trigger a 
variety of non-linear, and probably different, responses in Clupeid and Engraulid species. To apply Dikau’s 
terminology again, there are many simply unknowable factors in the overall picture. On the other hand, 
social	vulnerability	is	potentially	knowable,	but	there	is	currently	insufficient	data	and	knowledge	on	the	
fishery	to	determine	with	any	confidence	the	possible	outcomes,	nor	the	potential	for	the	human	element	
of	the	fisheries	to	adapt.

6	 Small	pelagic	fisheries	management

The	characteristics	of	small	pelagic	species	demand	fishery	management	strategies	that	are	flexible	and	
responsive.49	The	mainland	Tanzania	government’s	response	to	the	lack	of	management	of	the	fishery	has	
been the preparation of the management plan for the Tanzanian	artisanal	fishery	for	small	and	medium	
pelagic	fish	species.50	The	Plan	currently	lacks	any	specific	details	as	to	what	regulations,	for	example	limits	
on	fishing	effort,	would	be	applied	but	the	expectation	is	that	the	content	will	be	developed	in	the	near	future.

There	are	overall	six	objectives	of	the	plan,	but	for	the	purposes	of	this	case	study	only	three	are	discussed	
in a little more detail, as follows:

i. Maximize long-term economic and socio-economic sustainability of the fishery (e.g. improve 
 catch rates and size structure):

This	is	a	laudable	objective,	but	notwithstanding	any	climate	change	effects,	the	high	natural	variability	of	
abundance	(and	population	structure)	of	small	pelagic	species	presents	significant	challenges	to	ensuring	
“long-term”	sustainability	in	Tanzania’s	particular	fishery	management	context,	which	is	characterized	
by largely non-existent effort controls and very sparse and unreliable data. The choice of catch rates as 
an	indicator	of	sustainability	is	high	risk,	particularly	for	small	pelagic	fish.	This	is	because	they	are	

48.	 Adger,	2006.
49. Ommer et al., 2013.
50.	 Anon,	2013.
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schooling	fish	and	will	naturally	aggregate,	at	even	very	low	levels	of	abundance.	Therefore,	the	relationship	
between catch rates and abundance tends to be hyper stable. What this means in practice is that catch 
rates tend to decline more slowly than abundance, increasing the risk of a stock collapse because declines 
are not detected by the chosen indicator.51 New knowledge of the stocks in question should deliver new 
understanding	of	stock	size	structure,	but	it	also	seems	problematic	to	have	as	an	objective	“improvement”	
of	the	size	structure	of	such	a	short	lived	group	of	species.

ii. Manage stocks to ecologically sustainable levels (trophic interactions):

The reference to trophic interactions is sensible because of the key role of small pelagic species in 
transferring	biomass	and	energy	from	short	trophic	webs	(phyto-	and	zooplankton)	towards	higher	trophic	
levels	(e.g.	tunas)	(GFCM,	Nd.).	But	the	challenge	is	defining	what	ecologically	sustainable	levels	actually	
means in practice.

iii. Rebuild stocks to minimize risk to the resource (recruitment etc.):

This	is	a	useful	objective	in	principle	but	again	rebuilding	in	the	context	of	such	short	lived	animals	seems	like	
an	anathema.	What	this	would	require	is	regular	(e.g.	annual	or	biannual)	updates	of	biomass	in	order	to	set	
quotas	or	TACs	to	constrain	fishing	mortality	in	years	when	recruitment	is	low.	Such	biomass	estimates	(such	
as through the egg production method) require relatively expensive research vessels as well as appropriate 
technical capacity. Furthermore, the management authorities would need the means to actually implement 
the effort controls and partners in the industry that would agree to such limits on their activity. Currently 
the	plan	proposes	licensing	through	the	CFMAs,	via	local	government	authorities	for	the	small-scale	fishers,	
and	by	the	Ministry	for	semi-industrial	fisheries.	The	CFMAs	currently	lack	the	capacity	to	perform	this	
role.52 There will also be a need for negotiation for the allocation of quotas or permits between small-scale 
fisheries	and	the	semi-industrial/industrial	fisheries	and	in	the	allocation	of	fishing	grounds.

Under	a	forthcoming	World	Bank/GEF	programme	entitled	“SWIOFISH”,	the	small	pelagic	fishery	has	been	
identified	as	a	priority	fishery	(along	with	five	others).	This	presents	the	URT	with	a	good	opportunity	to	
develop the necessary information and management structures to rigorously apply the plan. However, during 
various	preparatory	meetings	and	workshops	held	under	the	pre-appraisal	mission	(pers.	obs.)	the	small	pelagic	
fishery	is	being	lined	up	for	expansion,	partly	to	reduce	fishing	pressure	on	other	fisheries,	particularly	on	
coral	reef	based	fisheries.	The	productivity	of	these	latter	fisheries	is	threatened	both	by	overfishing	and	by	
environmental	disturbance,	principally	from	bleaching	episodes	(which	may	or	may	not	be	directly	related	to	
anthropogenic	climate	change).	Given	the	high	complexity	and	natural	variability	of	small	pelagic	ecosystems,	
the	lack	of	data	on	the	fishery	and	the	difficulties	in	identifying	clear	potential	responses	of	small	pelagic	fish	
to anthropogenic climate change, caution is required by decision-makers who may be tempted to look at the 
small	pelagic	fishery	as	a	go-to	fishery	that	can	absorb	excess	capacity	from	other	fisheries.	

51.	 Hilborn	&	Walters,	1992;	Walters,	2003.
52.	 Anderson	&	Mwangamilo,	2013.
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1. The Seychelles

The Seychelles is an archipelago of 115 atolls and granitic islands, with an EEZ extending from approximately 
0˚	34’	S	to	12˚	34’	S,	and	from	43˚	E	to	59˚	E.	The	EEZ,	with	an	area	of	approximately1  1 374 000 km² 
and the islands are presented in Figure 1. The population was 88 311 in 2010.2

The	major	geological	characteristic	of	the	archipelago	is	that	the	so-called	“inner	islands”	(e.g.	Mahé,	
Praslin,	Silhouette)	are	granitic,	while	the	“outer	islands”	(e.g.	Aldabra)	are	largely	coralline	(Figure	2).	
The	area	of	land	is	estimated	at	246	km².	The	estimate	of	total	area	of	coral	reef	depends	on	the	source;	
for	example,	the	GCRMN	estimates	a	total	area3	of	1	690	km²		with	an	area	of	40	km²	around	the	inner	
islands,	while	Andréfouët	et al.	(2009)	estimated	the	total	coral	reef	area	at	5	443	km².	A	reason	for	this	
difference	is	proposed	by	Andréfouët	as	being	the	inclusion	of	“deep	terraces	with	constructions	found	
in	barrier	reef,	banks	and	atolls	respectively”,	which	contributed	70	percent	(or	3	490	km²)	to	the	overall	
estimate.	Thus	5	443	minus	3	490	equals	1	950,	which	is	a	closer	fit	to	the	GCRMN	estimate.

Table	1	presents	a	summary	of	the	major	marine	habitats	of	Seychelles.

1. Jennings et al., 2000.
2.	 The	World	Bank	Group,	2012.
3. Wilkinson, 2008.

Figure 1: Location of Seychelles in the WIO

64



Figure 2: The inner islands of Seychelles

Table 1:	Summary	of	major	marine	habitat	types	of	Seychelles

reef type aldabra 
atoll

The 
amirantes

Seychelles 
Bank

Cosmoledo 
& Farquhar Coëtivy Ile 

desroches

atoll lagoon 168 152 129

atoll patch 5 14

atoll rim 72 270 62

Bank barrier 2 135 41

Bank lagoon 1 614 279

Bank patch 34

drowned bank

Island lagoon 31	194

Shelf patch-reef 
complex 5 366

ocean-exposed 
fringing reef 505

	(source:	Andréfouët	et al.,	2009)
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2. Ecological component

2.1. Exposure
There are a number of threats to coral reef ecosystems and a summary of these as they relate to Seychelles 
is presented in Table 2.

Table 2: Summary of threats to Seychelles coral reef ecosystems (source:	Anderson,	2011)	

Global	change	threats The Seychelles context

Coral bleaching

The	majority	of	reefs	in	Seychelles	suffered	a	very	high	degree	of	bleaching	in	
1998.	One	study	conducted	at	14	sites	around	Seychelles	revealed	between	50	and	
90	percent	mortality	as	a	result	of	recent	bleaching.4 It is possible that up to 10 percent 
of corals bleached and died in 2010.5 Recovery has been slow, especially around the 
granitic islands.6

Diseases, plagues and 
invasive species

No	significant	data.	In	2005,	with	the	support	of	Total	Corporate	Foundation	and	in	
collaboration	with	the	Government	of	the	Seychelles,	the	International	Union	for	
Conservation	of	Nature	(IUCN)	conducted	a	baseline	survey	of	Mahé	Port	and	some	
outlying sites. No records of invasive species were detected outside the Port although 
seven	species	of	bryozoans,	amphipods,	an	ascidian	and	a	sponge	were	recorded	that	
were not native, or whose origin was unknown.7

Direct human pressures

Overfishing

Spawning	aggregations	of	Epinephelidae	and	Siganidae	are	threatened.	Lutjanid	
populations	are	under	pressure.	Sea	cucumber	fisheries	are	now	under	strict	
management but there is a high degree of pressure from export markets. The lobster 
fishery	has	experienced	booms	and	busts	but	is	believed	to	be	relatively	robust	owing	
to depth refugia.

Sedimentation

Land	reclamation	around	Victoria,	but	a	relatively	short-lived	phenomenon.	Remnant	
coral cover was highest on reefs dominated by low diversity coral communities 
largely composed of stress tolerant species such as Porites and Goniopora, with low 
structural	complexity.	These	occurred	in	areas	of	high	turbidity	in	Beau	Vallon	Bay	
and	adjacent	to	the	harbour	on	Mahé,	which	may	have	escaped	high	solar	radiation	
during the bleaching event, but were at risk from land-based activities. 
Sedimentation is an increasing problem owing to uncontrolled slope clearance, poor 
agricultural practices and a lack of resources for planning.8

Nutrients and chemical 
pollution

Run-off from coastal settlements/hotels.9	An	EIA	system	is	in	place	but	there	are	no	
specific	standards	for	pollution	control.	The	Strategic	Action	Programme	developed	by	
the	project	“Addressing	land-based	Activities	in	the	Western	Indian	Ocean	 
(WIO-LaB)”	indicates	eutrophication	and	chemical	pollution	in	Port	Victoria	and	east	
coast	Mahé,	and	eutrophication	in	Beau	Vallon	Bay.10

Development of coastal 
areas

Significant	development	of	tourism	facilities,	on	Mahé	in	particular.	The	
Environment	Management	Plan	of	Seychelles	(EMPS)	has	a	tourism	thematic	area	
to ensure standards are met for development in terms of waste disposal, etc. The 
Tourism Master Plan is cognisant of potential damage from tourism development on 
the	environment.	Land	reclamation	around	Victoria	on	Mahé	Island	(e.g.	Eden	Island)	
and on Praslin Island covering 345 ha for tourism and local housing development. 
The	number	of	visitors	increased	from	about	129	000	in	2000	to	about	175	000	in	
201011	and	tourism	counts	for	25.5	percent	of	national	GDP	(2008	figures).	

4.	 Goreau,	1998.
5. Cauvin et al., 2010.
6.	 GEF,	2010.
7.	 Abdulla	et al., 2007.
8.	 Dogley,	2005;	Cauvin	et al., 2010.
9.	 Adaptation	Fund,	2011.
10.	 UNEP/NCS,	2009.
11.	 Seychelles	National	Bureau	of	Statistics	(NBS),	2013.
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Lagabrielle et al.	 (2009)	undertook	an	assessment	of	 the	 relative	 importance	of	eight	DoCs	 to	coral	
reef ecosystem functions in the WIO. The assessment was based on the expert opinion of 50 workshop 
participants. The results for Seychelles were extracted from the analyses and are presented in Figure 3 
with	coastal	fisheries,	tourism	and	sedimentation	determined	by	the	experts	to	be	the	most	significant	
DoC for the Seychelles. 

This	analysis	did	not	 specifically	 include	
any climate change-related variable such 
as coral bleaching, which is therefore an 
additional	DoC.	The	eight	DoC	identified	
here will continue to affect the coral 
reef ecosystem and interact with climate 
change-related	effects.	Graham	et al.	(2013)	
observed	 that	 “…much	 of	 the	 ongoing	
deterioration of coral reefs is attributable 
to centuries of local human impacts, 
including	overfishing	and	declining	water	
quality…	further	highlighting	the	need	to	
address local chronic drivers of change in 
order to reverse phase shifts and maintain 
coral dominated reefs”.

Figure 4 presents a summary of the Reefs 
at Risk12	assessment	of	the	spatial	distribution	of	threats	to	Seychelles’	coral	reef	ecosystems;	these	threats	
cover	coastal	development,	marine-based	pollution,	watershed-based	pollution,	overfishing	and	destructive	
fishing	and	are	combined	into	an	“integrated	local	threat”	index.	These	data	relate	only	to	coastal	reefs	and	
do not provide an insight into the extent of threats to the deeper reef systems on the banks.

12. Burke et al., 2011.

Figure	4:	Reefs	at	Risk	assessment	of	Seychelles	inner	islands	(source:	Burke	et al., 2011)

Figure 3: Mean expert weighting attributed to DoC of 
Seychelles’	coral	reef	ecosystems	(source:	redrawn	from	
Lagabrielle et al.,	2009)

Fisheries: Coastal

Watershed Pollution

Tourism Activities

Shipping activities

Proximity to urban areas

Fisheries: Shore 
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Notwithstanding	the	range	of	existing	DoC	and	risk	factors,	the	major	climate	change-associated	threat	
faced by coral reef ecosystems that will be addressed in this assessment is that of coral bleaching, 
with	additional	observations	on	ocean	acidification.	The	following	sections	will	present	the	available	
information on the potential exposure of Seychelles to these threats.

 2.1.1.  Sea surface temperature  
Tropical surface waters are often depleted of phosphorus and nitrogen, which are important nutrients 
for	marine	organisms,	for	example	for	the	synthesis	of	DNA,	RNA,	proteins	and	phospholipids.13 The 
key	characteristic	of	the	physiology	of	reef-building	(or	scleractinia)	corals	–	and	one	that	makes	SST	
a	key	factor	in	their	survival	–	is	that	they	are	obligate	hosts	of	dinoflagellate	symbionts	of	the	genus	
Symnbiodinium,	which	are	more	commonly	known	as	zooxanthellae.14 The driver for this symbiosis 
is	 that	 the	 zooxanthellae	 can	 concentrate	 scarce	 dissolved	 nutrients	 and	 transform	 them,	 through	
photosynthesis,	into	organic	molecules	(amino	acids,	sugars,	complex	carbohydrates	and	small	peptides)	
that	 are	 then	 transferred	 back	 to	 their	 host	 corals;15	 in	 some	 taxa	 the	 zooxanthellae	 also	 accelerate	
calcification.	Zooxanthellae	on	the	other	hand	are	also	limited	by	these	low	concentrations	of	dissolved	
nutrients	and	benefit	from	the	excretory	ammonium	produced	by	their	hosts.16

In	the	situation	of	high	(or	at	least	anomalous)	SST,	the	“photosynthetic	machinery”17	of	zooxanthellae	
is degraded and the resulting over production of oxygen radicals can lead to cellular damage to both the 
zooxanthellae	and	the	host	coral,	leading	to	a	reduction	in	pigment	concentration	or	expulsion	of	the	
symbiont.	This	is	termed	coral	bleaching.	All	taxa	do	not	show	the	same	degree	of	whitening	that	led	to	
the term bleaching being used.

In fact, it is the duration of the SST anomalies that is one of the most crucial factors in determining the 
occurrence and extent of bleaching events. This is conveyed by the terms “degree heating weeks”, or 
months.	DHW	represents	the	cumulative	heat	stress	that	is	manifested	and	significant	coral	bleaching	
occurs	when	DHW	reach	4	°C-weeks	(four	weeks	of	SST	of	1°C	above	the	historical	summer	maximum	
SST).18	When	DHW	reaches	8	°C-weeks,	rather	more	widespread	bleaching	is	probable	and	significant	
mortality	of	corals	is	likely.	The	Seychelles	was	exposed	to	significant	levels	of	DHW	prior/during	the	
catastrophic	1998	bleaching	event.	Figure	5	presents	data	on	the	DHW	for	April	1998	and	associated	
susceptibility for the entire WIO, with Seychelles marked.

13.	 Bythell,	1990;	Godinot	et al., 2011.
14. Baker et al., 2008.
15.	 e.g.	Muscatine	&	D’Elia,	1978;	Hoegh-Guldberg,	1999.
16.	 Bythell,	1990.
17. Baker et al., 2008.
18. Logan et al., 2012.

Figure	5:	WIO	DHW	and	bleaching	susceptibility	in	April	1998	(source:	Maina	et al., 2008)
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However, the predictive power of simple SST/DHW is actually somewhat limited.19 Maina et al. 
(2008),	building	on	earlier	 research	by	McClanahan	et al.	 (2007b)	among	others,	developed	a	more	
complex analysis by incorporating a number of other potential oceanographic and atmospheric factors 
into	their	models.	They	reported	that	an	interplay	of	three	variables	−	SST	variability,	temperature	and	
UV	incidence	−	are	best	able	to	predict	bleaching.	They	argued	that	SST	variability	actually	conferred	
an advantage because it exposed corals to sub-lethal periods of high temperatures, allowing acclimation 
and	adaptation.	However,	Seychelles	is	characterized	by	low	temperature	variability	but	high	UV,	and	
high mean SST. The persistence of the deeper thermocline in the WIO results from interactions with 
the normally shallow Chagos Seychelles thermocline ridge.20 These phenomena enhance each other and 
lead to a deepening of the thermocline and the warming of the WIO’s surface waters because of their 
isolation from the cooler waters found at depth.21

In	the	WIO,	there	are	two	principle	drivers	that	can	lead	to	SST	anomalies	(and	critical	DHW	scenarios):	the	
ENSO	that	takes	place	in	the	Pacific	Ocean	and	the	IOD.22 The IOD is usually triggered by ENSO events 
but	it	can	occur	independently,	which	was	first	shown	only	in	the	late	1990s.	McClanahan	et al.	(2007b)	
noted	that	the	ENSO	events	of	1982	to	1983,	1987	to	1988	and	1997	to	1998	correlated	with	the	highest	
mean	SSTs	in	the	WIO.	Although	subsequent	ENSO	events	occurred	in	2002,	2003	and	2010	and	also	
led to some bleaching in Seychelles,23 there are important differences in the ways in which ENSO and 
IOD	events	lead	to	SST	anomalies;	ENSO-forced	SST	anomalies	are	driven	by	changes	in	surface	heat	
fluxes	 (themselves	driven	by	SST	anomalies	 in	 the	Pacific	 that	 effect	 the	Walker	 circulation),	while	 
IOD-forced SST anomalies are forced by wind-driven changes in thermocline depth.24 

In terms of the potential outlook for the ocean temperature regime in the vicinity of Seychelles Meyers 
and	Weerts	(2009)	argued	that	climate	change-forced	shoaling	of	the	mixed	layer	may	lead	to	significant	
decreases in surface and subsurface temperatures in the WIO between Seychelles, Madagascar and the 
Mozambique	Channel.	This	would	imply	a	reduced	exposure	to	warm	SST	anomalies.	Chang-Seng	(2007)	
notes that existing time series SST data for the WIO region, and for Seychelles in particular, are somewhat 
contradictory,	although	SST	anomaly	data	for	Mahé	generated	by	the	United	Kingdom’s	Climate	Research	
Unit	suggested	an	increase	in	the	number	of	positive	(warm)	SST	anomalies	since	the	1980s.	

Chang-Seng also reported 
NOAA	 data	 for	 the	 WIO	
(Figure	6),	which	suggests	
that	 the	 Seychelles	 (black	
box	 on	 figure	 6)	 has	 not	
been exposed to an overall 
increase in SST, although 
the potential impact of 
ENSO events and the IOD 
in forcing conditions with 
significant	 SST	 anomalies	
remains.

The IPCC has reported 
only	 “low	 confidence	 in	
the current understanding 
of	 how	 (or	 if)	 climate	
change	 will	 influence	 the	

19. e.g. Maina et al.,	2008;	Logan	et al., 2012.
20.	 Hermes	&	Reason,	2009;	Currie	et al., 2013.
21.	 Xie	et al.,	2002;	Currie	et al., 2013.
22. e.g. Baker et al., 2008.
23.	 Government	of	Seychelles,	2011.
24. Currie et al., op cit.

Figure	6:	NOAA	change	in	SST	from	1948	to	2006	relative	to	the	1960	to	
1990	period
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behaviour of ENSO and other long-term climate patterns”,25 while Collins et al.	 (2010)	 stated	 that	 
“As	far	as	we	know,	(ENSO)	could	intensify,	weaken,	or	even	undergo	little	change	depending	on	the	
balance of changes in the underlying processes”.

Bleaching	can	also	take	place	when	nutrient	levels	are	high	(e.g.	nitrogen)	because	of	the	“over-population”	
of	hosts	by	zooxanthellae	previously	limited	by	nutrient	supply.	There	is	unlikely	to	be	significant	exposure	
to	this	threat	in	Seychelles,	except	perhaps	very	locally	owing	to	urban/tourism	development	(which	in	
2002	ranked	119th	out	of	162	countries,	with	an	index	of	0.7	in	terms	of	fertilizer	used,	with	just	170	grams	
per hectare of arable land, compared to Sri Lanka, for example, with a use of 3 103 grams/ha).

 2.1.2.  Ocean acidification and coral reefs
An	 introduction	 to	 the	 phenomenon	
of	 ocean	 acidification	 was	 provided	
in the general introduction and this 
section	 will	 focus	 on	 acidification	 as	
it relates to coral reefs. The principal 
impact	 of	 acidification	 on	 corals	 is	
reduced	 calcification	 and	 growth.	 Even	
an increase in the CO2 concentration to 
just	 560	 ppm	 may	 reduce	 calcification	
and growth by up to 40 percent. The 
mechanism causing this reduced 
calcification	 relates	 to	 the	 formation	 of	
aragonite, the principal crystalline form 
of calcium carbonate that is deposited 
as coral skeletons. With increased 
acidification,	and	the	associated	decrease	
in carbonate ion concentrations, 
formation of aragonite is inhibited. Field 
studies show that the critical value of 
aragonite	 saturation	 (Ωarag) is 3.3 which 
is a value expected at CO2 concentrations 
of 480 ppm and when carbonate ion 
concentrations drop below 200mmol kg-1 
(Figure	 7).26 The derived mean global 
value	 of	 Ωarag was	 3.8	 (SD	 =	 0.09)	 in	
1999,	 a	 decline	 from	 4.6	 since	 1900,	
suggesting	 net	 calcification	 has	 already	
decreased on some reefs.27 

There are likely to be three main effects:

•	 Reduced	growth	(linear	extension	rate),	a	feature	already	observed	on	the	Great	Barrier	Reef	at	a	
rate	equivalent	to	a	20.6	percent	fall	in	growth	rate	over	a	16-year	period	of	observations;

•	 Corals may maintain their physical extension or growth rate by reducing skeletal density. If erosion 
(caused	by	grazers	such	as	parrotfish	or	increased	storm	damage,	also	associated	with	some	analyses	
of	climate	change	impacts)	outstrips	calcification,	this	will	further	diminish	coral	reef	structures,	with	
concomitant	effects	on	organisms	that	require	certain	habitat	quality,	complexity,	etc.	(Ironically,	
fisheries	 are	 reducing	 abundance	 of	 coral	 reef	 fishes,	 including	 parrotfish,	 therefore	 presumably	
reducing	the	contribution	of	grazing	fish	to	erosion).	Reduced	structural	integrity	will	in	turn	reduce	
the coastal protection provided by coral reefs.28 

25. IPCC, 2014.
26.	 Hoegh-Guldberg	et al., 2007.
27. Kleypas et al.,	1999.
28. Sheppard et al., 2005.

Figure	7:	Ω	aragonite	for	280,	380	and	450	ppm	of	atmospheric	
concentration	(source:	Hoegh-Guldberg,	2005)
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•	 Corals	may	maintain	growth	and	skeletal	density	but	only	by	investing	greater	energy	in	calcification.	
This will divert energy from other processes, such as reproduction and therefore reduce the 
population’s	ability	to	sustain	and/or	recolonize.

Unsurprisingly	 there	 is	 no	 consensus	 within	 the	 scientific	 community	 on	 the	 potential	 impacts	 of	
acidification.	Hoegh-Guldberg	(2005)	reported	the	research	of	Lough	and	Barnes	(2000),	who	argued	that	
reduced	calcification	from	changes	in	pH	would	be	at	least	partially	compensated	for	by	increased	rates	
of	calcification	owing	to	the	rise	in	the	temperature	of	the	oceans.	While	Hoffman	et al.	(2011)	argued	
that	natural	variability	in	pH	was	insufficiently	integrated	into	analyses	of	acidification	and	that	“Natural	
variability may occur at rates much higher than the rate at which carbon dioxide is decreasing ocean pH”, 
their	research	found	“a	strikingly	consistent	pattern	of	diel	fluctuations	over	the	30-day	recording	period”	
at their coral reef sites.29 They suggest, therefore, that reef organisms may be adapted to deal with a range of 
pH,	although	they	recognize	that	there	are	many	factors	in	determining	calcification	rates	beyond	seawater	
chemistry and it may be a question of sustained reduced pH that is the critical difference associated with 
climate	change.	Acidification	is	also	believed	to	play	a	role	in	determining	bleaching	sensitivity.30

2.2. The sensitivity of Seychelles’ coral reef ecosystems
 2.2.1. Coral reefs
Determining the sensitivity of a coral reef ecosystem to climate change is particularly challenging 
because	of	 the	diversity	of	species	of	both	corals	and	fish	 that	comprise	such	an	ecosystem,	and	 the	
complexity of their interactions. The exposure of Seychelles’ reefs to thermal conditions likely to lead 
to bleaching may be mitigated or exacerbated by a number of other variables. Bleaching susceptibility 
may also be determined by the coral taxa present, and by the genetic characteristics of the symbiont 
zooxanthellae.	Corals	may	 be	 able	 to	 adjust	 their	 physiological	mechanisms	 to	 reduce	 bleaching	 or	
acquire	zoonxanthellae	that	are	more	thermally	resistant.31 

The reefs of the Seychelles comprise an estimated 174 species of coral in 55 genera,32 although recent 
estimates suggest up to 217 species are present.33 The Seychelles by no means has the most diverse coral 
reef	ecosystems	in	the	WIO,	particularly	when	compared	to	the	coastal	areas	of	southern	Kenya,	Tanzania,	
northern	Mozambique,	Comoros,	Mayotte	and	northwest	Madagascar.	Figure	8	presents	data	gathered	
by McClanahan et al.	(2007a)	on	the	relative	diversity	of	coral	taxa	in	the	WIO.	UNEP	(2011)	suggests	a	
rather more diverse ecosystem, however, stating that 67 percent of the genera-level and 88 percent of the 
family-level diversity of hard corals in the region are represented in Seychelles.

The	effects	of	coral	bleaching	events	 in	Seychelles	have	been	dramatic,	particularly	 the	1998	event.	
Payet et al.	(2005)	reported	an	80	percent	mortality	of	coral	
reefs in Seychelles. Buckley et al.	 (2008),	 citing	 various	
authors, including Teleki et al.	(1999),	Spencer	et al.	(2000),	
Spalding	and	Jarvis	 (2002),	and	McClanahan	et al.	 (2007a)	
reported that coral mortality on the outer reefs of the southern 
Seychelles ranged from 60 to 75 percent, and losses of live 
coral cover were as high as 60 percent. The World Heritage 
Site	of	Aldabra	Atoll	and	the	islands	of	Assumption,	Astove	
and St Pierre showed losses of up to 50 percent of live coral. 
Pratchett et al.	(2011),	citing	Jennings	(unpub.	data),	reported	
a reduction in coral cover from 23 to 50 percent before the 
bleaching, to 0 to 17 percent after.

29. Hofmann et al., 2011, p.7.
30.	 Hoegh-Guldberg,	2005.
31. Carilli et al., 2012.
32. McClanahan et al., 2007a.
33. Obura et al., 2012.

Figure 8: Relative diversity of  
coral taxa across the WIO  
(source:	McClanahan	et al., 2007a)
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The	Wilkinson	(2008)	reported	on	the	mortality	of	corals	at	one	of	its	monitoring	sites	(Ternay	Bay,	on	
the	west	coast	of	Mahé)	and	at	Silhouette	Island.	Ternay	Bay	experienced	a	95	percent	coral	mortality,	
with complete mortality of Acropora spp.	An	overall	picture	of	the	dramatic	reduction	in	live	coral	cover	
in	 the	WIO	since	1997	was	also	presented	 in	 the	GCRMN	2008	Global	Annual	Report;	 the	data	for	
Seychelles	were	extracted	to	create	Figure	9.

McClanahan et al.	(2007a)	reported	on	their	analysis	of	the	differential	response	of	coral	taxa	across	
the	WIO	to	the	bleaching	events	of	1998	and	2005.	Using	underwater	visual	census	(UVC)	corals	were	
identified	to	genus	and	allocated	into	one	of	seven	bleaching	intensities	(c1	=	normal;	c2	=	pale	live	
coral;	c3	=	0−20%;	c4	=	20−50%;	c5	=	50−80%;	c6	=	80−100%	of	 the	live	coral	surface	area	fully	
bleached;	and	c7	=	recently	dead).	The	bleaching	response	(BR)	for	a	site	was	calculated	as	a	weighted	
average	and	normalized.	Hierarchical	cluster	analysis	was	used	to	identify	similarities	of	composition	
by	genus	across	the	91	sites	that	were	sampled,	from	which	eight	distinct	communities	were	identified.	
The	five	sites/coral	communities	of	Seychelles	were	members	of	two	clusters:	

•	 Cluster	5	(Ile	Coco,	Baie	Laizare,	Beau	Vallon	and	Baie	Ternay,	post-1998	data)	with	La	Reunion,	
and	the	MPAs	of	southern	Kenya;	and,

•	 Cluster	6	(La	Réserve,	2005	data)	with	northeast	Madagascar	(1998	and	2005	data),	Mauritius	
(2004	data)	and	Kenya	(1998	data).

Figure 10 presents the results of the relative abundance of each genus and its BR for Cluster 5, in 
which	the	majority	of	the	Seychelles	sites	were	located.	For	this	cluster	the	dominant	genera	in	terms	
of relative abundance were Pocillopora, Porites	(massive)	and	Acropora, which were observed to vary 
in terms of BR, with the Porites being the least vulnerable to bleaching compared to Pocillopora and 
Acropora. It has been shown, for example, that Porites cylindrica was able to tolerate exposure to 
elevated	 temperatures	 (and	 inorganic	 nutrients)	without	 losing	 symbiotic	microalgae	 or	 chlorophyll	
pigments, although the photosynthetic capacity was affected.34 The BR of Cluster 6, in which Seychelles 
also	has	representation,	was	significantly	higher	than	for	Cluster	5.

 

34. Nordemar et al., 2003.

Figure	9:	Live	coral	cover	at	Seychelles	GCRMN	sites	1997	to	2007	(source:	redrawn	from	Wilkinson,	2008)
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2.2.2. Reef fish
There	are	an	estimated	400	 to	749	species	of	coral	 reef	associated	fish.35 Figure 11 presents data on 
fish	species	counts	across	the	WIO	(with	Seychelles	highlighted),	where	0−1	represents	increasing	fish	
species counts.

There	is	generally	insufficient	understanding	to	provide	a	detailed	assessment	of	the	sensitivity	of	coral	
reef	fishes	in	Seychelles	to	direct	climate	change-related	environmental	change,	such	as	increased	levels	
of dissolved CO �	and	the	resulting	acidification	of	the	ocean.	At	least	in	the	near	future,	the	major	threat	
is going to be indirect, from the loss of habitat and ecosystem function as a result of periodic coral 
bleaching, a phenomenon that is predicted by some researchers to increase in frequency.36 

In	any	case,	the	direct	effects	on	coral	reef	fish	populations	
of	ocean	acidification	are	as	yet	poorly	understood.	It	is	
possible that recruitment will be affected, with eggs and 
larval	fish	likely	to	be	vulnerable	to	both	CO2 and low pH 
levels, although known lethal levels of CO2 are outside 
the range predicted for 2100.37	A	more	likely	scenario	is	
that	acidification	will	have	an	impact	on	both	eggs	and	
larvae, and on their planktonic food sources, therefore 
reducing	survival	rates.	Acidification	may	also	constrain	
later growth rates, which in turn may affect fertility or 
have other sub-lethal physiological effects.38 Ferrari 
et al.	 (2012)	 showed	 that,	 at	 least	 over	 the	 short-term	
and in laboratory conditions, raised CO2 concentrations 
(at	 levels	 predicted	 for	 the	 future),	 could	 reduce	 the	

35. Payet et al., 2005.
36.	 e.g.	Hoegh-Guldberg,	1999.
37. Kita et al., 2014.
38. Fosså et al., Nd.

Figure	10:	Relative	abundance	and	bleaching	response	of	coral	genera	(source:	McClanahan	et al., 2007a)

Figure 11: Fish species count across the WIO 
(source:	McClanahan	et al., 2007a)
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cognitive	ability	of	juvenile	damselfish	(Pomacentrus amboinensis) to learn appropriate responses in the 
presence of visual or odour cues from a common predator.

The	effects	of	the	loss	of	coral	reef	cover	and	structure	is	significant.	Wilson	et al.	(2006)	undertook	
a	meta-analysis	 of	 17	 independent	 studies,	 and	 observed	 that	 62	 percent	 of	 fish	 species	 declined	 in	
abundance within three years of a loss of more than 10 percent in coral cover. Loss of structural 
complexity	(or	rugosity)	is	an	important	feature	for	a	number	of	reasons,	not	least	being	the	resultant	
increased post settlement mortality. This would be because of a lack of hiding places and appropriate 
food	for	newly	settled	juveniles.39 While some local extinctions of albeit highly coral-dependent species 
have been reported,40 an important effect is likely to be in reduced ecological function, particularly as it 
relates to herbivorous species.

Graham	et al.	 (2006)	examined	changes	 in	species	richness	 in	relation	 to	variations	 in	 the	structural	
complexity	of	coral	reefs	over	the	period	1994	to	2005	at	21	sites	in	Seychelles.	Figure	12	shows	the	
changes in species richness for each site by trophic grouping. It is clear that where sites have lost coral 
reef	structure	(the	right	hand	side	of	the	historgram)	there	are	important	losses	of	species,	particularly	
amongst corallivores, herbivores and omnivores, and to a lesser extent piscivores. Where sites have 
retained	their	reef	structure	(the	left	hand	side	of	the	histogram)	there	are	net	gains	in	species	numbers,	
except for corallivores and planktivores.

Further	results	from	Graham	et al.	(2006)	are	presented	in	Figure	13,	this	time	looking	at	losses	by	habitat	
type.	The	key	finding	here	is	that	loss	of	physical	structure	is	the	most	important	factor	in	driving	down	
species richness on coral reefs, with the declines most notable on carbonate and patch coral reefs, compared 
to	the	granite-based	reefs.	Graham	et al.	(2006)	argue	that	this	explains	why	more	instantaneous	impacts	on	
fish	assemblages	are	not	observed,	given	that	coral	structures	do	not	collapse	immediately	after	bleaching	
occurs.	Another	salutary	finding	is	that	the	results	did	not	provide	any	evidence	of	any	sort	of	threshold	of	
structural complexity below which no further decline of species richness was observed. In other words, the 
greater the loss of structural complexity, the greater the loss of species richness. For the Seychelles, which 
has experienced at least four bleaching episodes of varying degrees of severity over the previous 15 or 

39.	 Hoegh-Guldberg	et al., 2013.
40. e.g. Pratchett et al., 2006.

Figure	12:	Temporal	changes	in	species	richness	by	trophic	group	(Seychelles)	(source:	Graham	et al., 2006)
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so	years,	the	loss	of	significant	habitat	complexity	is	a	real	threat	and	its	concomitant	impacts	on	future	
fisheries	opportunities	obvious.

Also	looking	at	how	species	and	
their	 functional	 groups	 of	 fish	
respond to coral beaching and 
the loss of coral cover, Pratchett 
et al.	(2011)	showed	that	within	
four primary functional groups 
(corallivores,	 herbivores,	
planktivores and carnivores) 
there was a range of responses in 
terms of increased or decreased 
abundance.	 These	 findings	 are	
presented in Figure 14. The 
arrows are median responses 
for each group and the open/
white column represents “no 
change”. The response variable 
was calculated for each 
individual species relative to 
the proportional loss of coral. Therefore, a 10 percent decrease in coral cover and a 30 percent decrease in 
fish	abundance	would	represent	a	three-fold	decrease	in	abundance.	

Pratchett et al.	(2011)	showed	that	corallivores	demonstrated	the	lowest	range	of	response	(as	quantified	by	
a	kurtosis	of	5.2),	compared	to	a	kurtosis	of	greater	than	45	for	the	other	groups.	And	these	responses	were	
largely declines in abundance. This is perhaps not surprising given the feeding ecology of corallivores. 

However, the negative median response in all four of the groups indicates that, despite the relative 
diversity	 of	 responses	 in	 carnivores	 for	 example	 (which	 showed	 the	 highest	 kurtosis	 at	 219),	more	

Figure	14:	Response	diversity	in	four	primary	functional	groups	of	reef	fish	after	coral	bleaching	 
(source:	redrawn	from	Pratchett	et al., 2011)

Figure 13: Relationship between the change in structural complexity and 
the	change	in	fish	species	richness	of	Seychelles	reefs	from	1994	to	2005	
(source:	Graham	et al., 2006)
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species showed a reduced abundance than showed an increased abundance. For the carnivores, which 
contribute	 significantly	 to	 Seychelles’	 small-scale	 reef	 fishery	 (mean	 of	 33.5	 percent	 of	 total	 catch	
annually	 since	2000),	 the	median	 response	was	negative	 (albeit	<1-fold	decrease	 in	 abundance)	 but	
with more than 20 percent of species within the group showing a greater than 10 percent reduction in 
abundance	to	a	(relatively	modest)	10	percent	reduction	in	coral	cover.	

This	 research	highlights	not	only	 the	complexity	of	 the	 responses	of	fish	 to	habitat	disturbance,	but	
also that further bleaching events and the likely subsequent reduction in habitat complexity is going 
to	result	 in	reduced	opportunities	 in	 these	fisheries,	 including	for	 the	detritivore/herbivorous	Siganid	
fishery	(6.2	percent	of	total	catch	since	2000).	The	Lethrinidae,	which	are	benthic	omnivores	(included	
in	Pratchett’s	figure	within	the	planktivore	group)	and	are	also	fairly	important	 in	Seychelles’	small-
scale	fishery	(6.5	percent),	appear,	at	least	from	Pratchett’s	data,	to	show	a	mean	positive	response	to	
coral bleaching.

However,	there	is	also	evidence	that	certain	conditions	can	mitigate	against	negative	responses	of	fish	
communities. Buckley et al.	 (2008)	undertook	research	on	the	World	Heritage	(and	therefore	largely	
unfished)	 site	 of	Aldabra	Atoll	 (and	 adjacent	 atolls)	 in	 Seychelles	 and	 failed	 to	 observe	 significant	
directional	change	in	the	reef	fish	assemblage.	Although	there	was	an	important	and	rapid	change	–	a	
phase	shift	–	on	Aldabra	to	a	dominance	of	Rhystima	soft	coral,	 this	wasn’t	the	case	on	the	adjacent	
atolls, so it appears that under certain circumstances, perhaps related to the pristineness of the ecosystem 
and the nature of any post-bleaching structural loss, complex but dead coral habitats can provide the 
functions	required	by	reef	fish	that	are	not	dependent	on	live	coral.

 2.2.3. Coral reef macro-invertebrates
Although	 this	 case	 study	 focuses	on	coral	 reef	fisheries,	 a	 research	paper	by	Fabricius	et al.	 (2014)	
proposes	 some	 important	 potential	 impacts	 of	 acidification	 of	 oceans	 to	 macro-invertebrates,	 that	
themselves	 are	 prey	 to	 a	 range	of	fish	 species,	 including	benthic	 omnivores	 such	 as	Lethrinidae.	 In	
brief, the research, focused on volcanic CO2 seeps	off	Papua	New	Guinea,	 in	 the	Pacific	Ocean.	The	
conclusions are presented as follows:

•	 “The loss of live coral cover owing to climate change and other anthropogenic disturbances will 
cause	severe	losses	not	only	to	coral	cover	but	also	to	reef-inhabiting	macro-invertebrates;

•	 The	loss	of	refugia	and	habitat	is	an	important	additional	mechanism	of	how	ocean	acidification	
will	affect	macro-invertebrate	communities;

•	 Ocean	acidification	will	directly	affect	 the	physiology,	calcification,	 reproduction,	behaviour,	
neuronal	 functions	 and	 survival	 of	many	 groups.	As	 sensitivities	 to	 these	 disturbances	 vary	
between groups, we anticipate shifts in food webs, altered competitive advantages and functional 
replacements in reef communities.”41

2.3. Recovery potential
 2.3.1. Coral reefs
In terms of the effect of coral bleaching, there is evidence that both phase shifts and time lag effects are 
in	place	and	both	linear	and	non-linear	interactions	between	corals	and	fish	are	likely	to	be	important	in	
determining	the	characteristics	of	any	recovery.	For	example,	in	field	experiments	undertaken	after	the	2002	
bleaching event by Hughes et al.	(2007)	using	caged	versus	non-caged	reef	areas,	coral	populations	were	
recovered	in	those	areas	containing	herbivorous	fish	species	three	times	faster	than	those	which	did	not.	
Assessing	the	recovery	potential	of	Seychelles’	coral	reefs	from	climate	change	is	therefore	challenging.

Globally,	GCRMN42	summarized	reports	on	coral	reef	health	by	240	contributors	in	98	countries,	stating	
that	40	percent	of	reefs	that	were	seriously	damaged	by	bleaching	in	1998	had	either	“recovered”	or	
were	“recovering	well”,	but	the	GCRMN	stated	that	no	further	additional	quantitative	assessments	had	
been undertaken.

41. Fabricius et al., 2014, p.7.
42. Wilkinson, 2004.
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Spalding	and	Jarvis	(2002)	presented	a	range	of	before/after	plots	of	habitat	composition	of	coral	reef	
ecosystems	in	the	Seychelles	related	to	the	1998	bleaching	event.	Two	of	these	sites	are	presented	in	
Figure	15	for	West	Alphonse	and	North	St	Pierre,	by	way	of	example.	

Note	 that	 live	 coral	 cover	 fell	 dramatically;	 for	West	Alphonse	 from	51	 to	 7	 percent	 and	 for	North	
St	Pierre	from	64	to	just	3	percent.	In	West	Alphonse	the	ecosystem	became	characterized	by	rubble,	
while in North St Pierre algal mat became the dominant feature. This stark difference in resulting habitat 
characteristics highlights the range of potential outcomes of coral reef bleaching events.

GCRMN	compared	 data	 from	1997	 to	 2000	 at	 their	 Seychelles	monitoring	 sites	 and	 noted	 important	
changes	in	the	composition	of	coral	communities.	At	Baie	Ternay,	for	example,	the	cover	of	Acropora	was	
reduced	from	29	percent	in	1997	to	zero	percent	in	1998	and	1999;	and	had	only	recovered	to	0.5	percent	
by	2000.	Soft	corals,	on	the	other	hand,	had	increased	from	37	percent	in	1997	to	87	percent	in	2000.

Payet et al.	 (2005)	 reported	 that	despite	 the	high	mortality	of	coral	cover	 in	Seychelles,	many	 reefs	
have shown signs of recovery, notably the granitic reefs. It has already been reported in Section 2.2.1 
that reefs growing on granitic substrate may have reduced sensitivity to the longer-term effects of coral 
bleaching	events.	However,	reference	to	Figure	9	showing	the	live	coral	cover	at	GCRMN	sites	in	the	
Seychelles suggests that view is generally rather optimistic.

Ledlie et al.	(2007)	highlighted	the	longer-term	effect	of	bleaching	on	mean	coral	cover	around	Cousin	
Island Special Reserve, where extensive coral mortality led to a phase shift from coral to algal dominance 
(greater	than	40	percent	cover	of	macroalgae	in	some	areas)	and	a	reduction	in	live	coral	cover	to	less	
than 1 percent. 

GCRMN43 reported recovery of live coral cover to 24.6 percent off Mahé Island and in Curieuse Marine 
National Park by 2007. However, these positive signs have been tempered by observations that recovery 

43. Wilkinson, 2008.

Figure	15:	Coral	reef	habitats	before/after	1998	bleaching	at	two	sites	in	Seychelles	(source:	Spalding	&	
Jarvis, 2002)

77

Chapter 3: The coral reef ýsheries of Seychelles



is	 patchy	 at	 best,	with	 some	 sites	maintaining	 very	 low	 live	 coral	 cover	 of	 just	 5	 percent.	Overall,	
across the inner islands, live coral cover was estimated to have increased from 3.7 percent in 2000, to 
10.2	percent	in	2004	and	11	percent	in	2007.	Aldabra,	Astove	and	Assumption	were	reported	to	have	
minimal	recovery	over	the	period	1999	to	2006,	except	for	St	Pierre	where	Pocillopora	has	increased	
rapidly,	 a	 genus	 that	 is	 known	 to	 respond	 well	 to	 environmental	 disturbances	 (see	 section	 2.2.1).	 
At	Aldabra,	 the	 encrusting	 soft	 coral	Rhystima	 has	 significantly	 increased,	 particularly	 at	 shallower	
depths.	Data	for	Aldabra	are	presented	in	Figure	16.44

No	commentary	can	be	usefully	provided	on	the	potential	recovery	from	acidification	given	the	lack	
of evidence of impact to date, but recovery would have to be in the form of adaptation by marine 
organisms	given	that	acidification	is	(at	least	in	the	short-	to	medium-term)	a	one-way	trip.	In	any	event,	
acidification	is	going	to	exacerbate	the	effects	of	coral	bleaching.

 2.3.2. Reef fish
Figure 17 presents data on the changes in abundance and diversity of piscivores at four sites in 
Seychelles	around	the	time	of	the	1998	bleaching	event	(APW	=	Alphonse	West;	SPS	=	South	St	Pierre;	 
SPN	=	North	St	Pierre;	CE	=	Cousin	Island).45 These data, although dating from closer to the bleaching 

44. Buckley et al., 2008.
45. Spalding & Jarvis, 2002.

Figure	16:	Change	in	coral	cover	at	Aldabra	Atoll	1999	to	2006	(source:	Buckley	et al., 2008)
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event than those of Pratchett et al., further highlight the diversity of responses, in this case for the 
important	piscivore	group	that	are	the	target	of	important	components	of	the	fishery.

Returning	to	the	research	of	Graham	et al.	(2006)	at	the	21	sites,	their	analysis	of	data	on	diversity	and	
abundance	of	39	species	of	herbivores	sampled	in	1994	(17	sites)	and	2005	(21	sites)	across	Seychelles’	
inner islands revealed a lack of recovery over the intervening decade, i.e. a 61 percent decline in mean 
abundance	for	11	species	of	grazers	in	carbonate-based	reef	habitat	and	for	10	species	in	granitic-based	
reef habitat, and a 48 percent decline in mean biomass in patch reef habitat.46 On the other hand, biomass 
data	was	relatively	stable.	Graham	et al. suggested that this was because many of the species are long-
lived, and therefore biomass remained high owing to the presence of larger individuals of cohorts 
recruited	pre-1988.	The	authors	raised	concerns	over	“at	most	a	slow	recovery	in	the	Seychelles”,	both	
in	absolute	terms	and	in	comparison	to	reefs	elsewhere,	in	East	Africa	for	example.	They	suggested	that	
this may be a result of the physical isolation of the Seychelles, the loss of habitat complexity and the 
inability of herbivorous groups to control algae growth. They pointed out that with maximum dispersal 
limits of about 600 km, the inner Seychelles would be reliant on self-recruitment.

46.	 Graham	et al., 2006.

Figure	17:	Changes	in	abundance	and	diversity	of	piscivores	at	four	sites	in	Seychelles	(source:	Spalding	
& Jarvis, 2002)
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3. Social component
3.1. Ecological vulnerability
McClanahan et al.	(2012)	provided	a	summary	of	scaled	“weight	of	scientific	evidence”	for	the	role	of	
ecological factors that support recovery of coral reef communities, with the highest scoring 15 factors 
presented	 in	Figure	18.	The	 list	 includes	a	 small	number	of	 factors	 related	 to	 recovery	of	coral	fish	
species that do not appear in the original paper but were included in a subsequent presentation quoting 
McClanahan et al.	 (2012)	 as	 a	 source.47 It should be noted that for Seychelles at least, three of the 
top	ranking	factors	−	nutrients/pollution,	physical	human	impacts	and	sedimentation	−	are	unlikely	to	
constrain	reef	community	recovery	owing	to	their	low/local	incidence.	On	the	other	hand,	Graham	et al. 
(2006)	have	highlighted	the	potential	constraint	of	recruitment	and	connectivity.

recovery Potential Indicators

Weight of 
scientific	
evidence 
(-5 to 5)

recovery Potential Indicators

Weight of 
scientific	
evidence 
(-5 to 5)

autotrophs/Corals Heterotroph/Fish
Recruitment 3.85 Fish biomass 4.5
Coral to macro-algae cover 3.37 Fish	size	distribution 4
Nutrients/Pollution 3.15 Fish species richness 4
Resistant coral species 3.07 Herbivore biomass 3.32
Fishing pressure 2.96 Herbivore functional diversity 2.46
Physical human impacts 2.85
Rapidly growing species 2.79
Sedimentation 2.58
Substrate suitability 2.57
Connectivity 2.52
Coral	size	distribution 2.5
Coral richness 2.5
Temperature variability 2.5
Coral cover 2.27
Coral growth rate 2.26
Coral diversity 2.07
Proximity to other coastal habitats 2.04
Stress-resistant symbionts 2
Tidal mixing 1.91
Mature colonies 1.74
Habitat complexity 1.52
Coral disease 1.5
Coral-size	class	distribution 1.38
Upwelling 1.17
Topographic complexity 1.04
Calcifying to non-calcifying cover 1
Light	(stress) 0.84

47. Cinner et al., 2013.

Figure	18:	Scaled	scientific	evidence	for	
factors determining recovery potential 
(source:	McClanahan	et al., 2012)
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A	useful	process	diagram	of	the	interactions	between	many	of	the	factors	that	appear	likely	to	determine	
coral	reef	recovery	was	developed	by	Hoegh-Guldberg	(2013)	and	is	presented	in	Figure	19.

3.2. Social sensitivity
 3.2.1. The economic value of coral reef ecosystems in Seychelles
The	wide	diversity	of	components	and	processes	that	characterize	coral	reef	ecosystems	are	captured	by	
national	and	local	economies	to	generate	a	wide	range	of	use	and	non-use	values.	Use	values	include	
direct	use	(e.g.	fisheries,	recreation,	tourism,	etc.)	and	indirect	use	(e.g.	coastal	protection,	water	quality	
control, etc.). So-called “non-use” values include the categories of existence and bequest values. 
Existence	values	are	rather	difficult	to	quantify,	while	bequest	values	relate	to	safeguarding	resources	
for	future	generations,	and	in	that	sense	may	be	more	easily	quantified.	Examples	of	these	values	are	
presented in Figure 20.
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Figure	19:	Ecological	feedback	processes	on	a	coral	reef	showing	pathways	of	disturbance	caused	by	
climate	change	(source:	Hoegh-Guldberg	et al., 2007)

Figure	20:	Components	of	economic	value	of	coral	reef	ecosystems	(source:	Ahmed	et al., 2005)
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Table 3 presents the outputs of a 2004 workshop in which Seychellois participants provided a simple 
rating	of	the	major	areas	of	value	generated	from	marine	and	coastal	ecosystems	in	Seychelles.48 The 
table	indicates	important	fisheries,	tourism,	coastal	protection,	biodiversity	and	cultural	values	derived	
from the coral reefs.

Table 3: The	components	of	value	of	marine/coastal	ecosystems	in	Seychelles	(source:	Cesar	et al., 2004)

Component
Ecosystem

Sea grass Coral reefs Mangroves Beach Shelf /plateau
Fisheries +	+	+ +	+	+ +	+ + +	+	+
International 
tourism 0 +	+	+ +	+ +	+	+ +

Local 
recreation 0 + 0 +	+	+ +

Coastal 
protection + +	+	+ + +	+	+ 0

Waste 
treatment + 0 + 0 0

Sediment 
retention +	+ 0 +	+ ? 0

Carbon 
fixation +	+ ? +	+ 0 +

Biodiversity +	+ +	+	+ +	+ + +
Culture 0 +	+ 0 +	+	+ 0

 3.2.2. The coral reef fishery
The	 largely	 coral	 reef-based	 coastal	 and	 bank	 fisheries	 are	 small-scale	 fisheries	 that	 contribute	
between	1	and	2	percent	to	national	GDP.	National	per	capita	fish	consumption	is	estimated	at	55	to	
75kg per annum49	and	much	of	this	is	derived	from	the	coral	reef-based	fisheries,	which	therefore	make	
an	important	contribution	to	food	security.	The	Seychelles	economy	also	benefits	from	the	generation	of	
foreign	currency	through	the	export	of	(on	average	for	the	years	2000	to	2009)	7.5	percent	of	the	small-
scale	fishery	catch.50 

The	SFA	report	of	2011	stated	that	an	estimated	5	000	people	were	employed,	either	directly	or	indirectly	
in	the	fisheries	sector	in	2011;	this	represents	about	11	percent	of	registered	employment	in	Seychelles.	
However, employment in the Indian Ocean Tuna canning factory accounted for approximately 
50	percent	of	total	fisheries	related	employment.	The	ASCLME	Project	coastal	livelihoods	analysis	for	
the	Seychelles	(2010)	estimated	the	total	employment	figure	to	be	closer	to	6	000,	or	17	percent	of	all	
formal	employment,	quoting	SFA	reports	from	2006.	The	ASCLME	Project,	quoting	2002	data	from	
MISD, stated that 10 percent of households in Seychelles are “to some extent dependent on small-scale 
fisheries,	which	provide	livelihoods	to	11	percent	of	the	population”.

There	are	three	main	fisheries	types	that	concentrate	their	effort	on	the	coral	reefs	and	the	inshore	banks.	
The	majority	of	fishers	are	employed	in	the	demersal	line	fishery,	which	operates	on	the	plateau	of	Mahé	
and	Amirantes.	This	 fishery	 utilizes	 “whalers”	 and	 “schooner”	 vessels	 and	 so-called	 “outboards”	 and	
targets	Lutjanidae,	Serranidae/Epinephelidae,	Lethrinidae	and	Carangidae.	Catches,	excluding	Carangidae,	
exceeded 1 300 tonnes in 2003, representing about 34 percent of the total catch, with a value of approximately 
USD2.7	million.51	One	of	the	major	target	species	of	the	demersal	line	fishery	is	the	emperor	red	snapper	

48. Cesar et al., 2004.
49.	 ASCLME	Project,	2010a;	Government	of	Seychelles,	2011.
50.	 SFA,	2012b.
51. Robinson, et al., 2005.
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(Lutjanus sebae)	and	there	are	concerns	about	potential	recruitment	overfishing	owing	to	its	slow	growth	
and low rate of recruitment. Catches more than doubled between 2003 and 2005 from about 350 tonnes to 
about	825	tonnes.	More	recent	data	suggest	that	the	total	catch	has	declined	(to	an	estimated	500	tonnes	
in	2011)	but	this	may	just	reflect	the	overall	decline	in	catch	and	effort	that	is	thought	to	be	as	a	result	of	
the risk posed by Somali pirates. The percentage contribution of red snappers to the catch has, however, 
also	declined	from	a	peak	of	29.5	percent	in	2007	to	17.6	percent	in	2011.52	The	demersal	line	fishery	was	
reported	to	employ	about	1	000	fishers	or	approximately	60	percent	of	the	total,53	although	data	from	SFA	
(2012)	indicates	that	in	2011	there	were	a	total	of	1	039	registered	fishers,	with	716	boat-owners.	Of	the	
total	of	1	039	fishers,	120	were	reported	to	have	newly	registered	with	the	SFA	in	2011.

The	trap	fisher,	on	the	other	hand,	generally	targets	Siganidae,	Lethrinidae	and	Epinephelidae	inhabiting	
shallower,	nearshore	reefs	using	the	so-called	“mini-Mahé”	type	vessel	as	well	as	canoes	(pirogues).54 
There	is	a	legal	limit	mesh	size	of	4	cm.55	The	net	fishery	targets	mackerel	and	sardines	(e.g.	Scombridae	
and Clupeidae). 

Small	fisheries	also	exist	for	octopus	(about	50	tonnes	per	annum/approximately	60	fishers),	for	lobster	
(Panulirus penicillatus and Panulirus longipes)	with	landings	of	2.4	tonnes	(20	licences	in	2011)	and	
giraffe-crab	(Ranina ranina)	(10	to	30	tonnes/approximately	10	fishers).	

The proportion of the total 
catch by each vessel type 
is presented in Figure 21. 
Importantly, the most recent 
reporting	 from	 the	SFA	states	
that the outboard category 
includes	 part-time	 fishers;	
this may explain the increase 
in historical vessel numbers 
reported	 by	 SFA	 in	 2012,	
compared to the previous 
reports.	 The	 trap	 fishery	 is	
estimated to employ about  
350	fishers.56

The capital island of Mahé 
dominates the distribution of 
the	 landings	 (Figure	 22).	The	
composition of the small-scale 
fishery	 catch	 is	 presented	 in	
Figure 23. Note the dominance 
of two families, Carangidae 
and	 Lutjanidae.	 These	 two	
families constituted an average 
of 61 percent of the landings 
over the period 2000 to 2011.57 
However, there has been a shift 
in the relative contribution 
by these two families from 

52.	 Government	of	Seychelles,	2011;	SFA,	2012a.
53.	 UNDP,	2006.
54. Robinson et al., op cit.
55.	 Graham	et al., 2007.
56.	 UNDP,	2006.
57.	 SFA,	2012a.

Figure	21:	Estimate	of	catch	by	vessel	type	(2006	to	2011)	(source:	
SFA,	2012a)

Figure	22:	Catch	data	for	Seychelles	(1998	to	2011)	(source:	SFA,	2012a)
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Carangidae	dominance	in	the	early	2000s,	to	a	dominance	of	Lutjanidae	in	the	mid-2000s,	to	something	
approaching parity in 2010/2011.

A	 sea	 cucumber	 fishery	 has	
grown rapidly since 2006, with 
the number of animals harvested 
increasing	 from	 338	 792	 to	
642 404 in 2011. Exports of 
sea cucumber increased by 
57 percent between 2010 
and 2011, which yielded a 
76 percent increase in value.58	A	
small	 recreational/game	fishery	
also operates on the Mahé 
plateau, but data are scarce.

Coral reef fishery resource status
Historical	 data	 from	 Seychelles	 suggests	 a	 long-term	 decline	 in	 some	 coral	 reef-based	 fisheries	 in	
Seychelles.	In	2003,	Grandcourt	and	Cesar	(2003)	observed	that	yields	from	the	main	fisheries	targeting	
Serranidae, Lethrinidae, Siganidae and Octopodidae in Seychelles had been in decline for some years. 
Serranidae,	Lethrinidae	 and	Siganidae	 fisheries	 alone	 contribute	 an	 average	 of	 15.5	 percent	 to	 total	
catch	(1998	to	2011)	with	a	maximum	of	19.8	percent	in	2007.59 They reported that yields of demersal 
resources	had	been	in	decline	for	at	least	the	five	previous	years	and	that	fishers	were	moving	away	from	
the	fishery	or	participating	on	a	part-time	basis.	UNDP	(2006)	reported	that	“demersal	and	reef	resources	
targeted	by	line	and	trap	fisheries	are	locally	over-exploited,	especially	around	the	main	granitic	islands”.	
These	fisheries	would	include	the	emperor	red	snapper,	which	alone	contributed	16.7	percent	of	the	total	
catch	(1998	to	2011),	with	a	peak	yield	of	more	than	1	200	tonnes	(29.5	percent	of	total	catch)	in	2007.	
Although	more	 recent	 research60 indicated that yields from Siganidae at least may be sustainable, a 
retrospective stock assessment of L. sebae	(1977	to	2006)	was	less	optimistic.61 The assessment found 
that	for	the	majority	of	the	years	in	question	“fishing	mortality	rates	and	spawner-biomass-per-recruit	
approximated	to	the	limit	reference	point	of	F30%”.	It	also	found	that	in	2004,	for	example,	67.5	percent	
of	the	catch	comprised	fish	smaller	than	the	mean	size	at	first	sexual	maturity.

Octopus	and	lobster	populations	are	also	threatened	by	overfishing.62	The	sea	cucumber	fishery	was	the	
first	in	Seychelles	to	have	a	participatory	management	plan	developed.	Licences	are	limited	to	25	vessels	
and	a	TAC	is	in	place.63 

Grandcourt	and	Cesar	(2003)	undertook	to	determine	the	bio-economic	impact	of	the	1998	bleaching	
event	in	Seychelles.	Based	on	large	sample	sizes	of	fishing	trips,	with	catch	per	unit	effort	(CPUE)	as	
the indicator of abundance, the results are complex, and even contradictory for some families within the 
same	primary	functional	group;	complexity	subsequently	observed	by	Pratchett	et al. in 2011.

Figure	24	presents	the	CPUE	data	(in	kg/man/hr	unless	otherwise	stated).	Perhaps	the	two	most	notable	
findings	were	the	apparent	significant	decline	in	the	abundance	of	the	Siganidae	family	(herbivore)	and	
Serranidae	(carnivore),	which	both	feature	in	the	fishery,	although	the	more	important	families	(in	terms	
of	the	fishery)	of	Lutjanidae,	Lethrinidae	and	Carangidae	showed	either	little	change	or	an	increase	in	
abundance	(Carangidae).	The	decline	in	CPUE	for	Siganidae	was	not	believed	to	be	as	a	result	of	the	
bleaching event, but was characteristic of a longer-term decline, although subsequent analysis, including 
data	from	1991	to	2006,	indicated	that	the	fishery	was	being	exploited	within	sustainable	limits.64

58.	 SFA,	op	cit.
59.	 SFA,	2012a.
60. e.g. Robinson et al., 2011.
61.	 Grandcourt	et al., 2008.
62.	 UNDP,	2006.
63.	 Government	of	Seychelles,	2011.
64. Robinson et al., 2011.

Figure	23:	Small-scale	fishery	catch	composition	(2000	to	2011)	by	
SFA	category	(source:	SFA,	2012a)
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Figure	25	presents	data	 from	Grandcourt	and	Cesar	 (2003)	on	 the	net	 income	(±	SE)	of	Seychelles’	
principal	reef	fisheries	gears	before	and	after	the	1988	bleaching	event.	The	remarkable	feature	of	these	
data	is	the	dramatic	decline	in	the	net	income	per	unit	effort	for	the	demersal	handline	fishery.	Again,	
however, analyses revealed that the 
decrease	in	net	income	per	fisher,	per	trip	
was	not	as	a	result	of	the	1998	bleaching	
event.	No	more	recent	data	were	identified	
that	 could	 determine	 the	 trajectory	
of	 fishers’	 income	 since	 the	 work	 of	
Grandcourt	and	Cesar.	Note	also	that	the	
other main gears did not show changes on 
the	scale	of	the	demersal	handline	fishery	
and even increased marginally. 

Grandcourt	and	Cesar	went	on	to	observe	
that in fact some components of the inner 
island	 fishery	 of	 Seychelles	were	 facing	
severe constraints, not only because of a 
reduced resource base, but also because 
of increasing costs associated with 
inflation.	 They	 argued	 that	 “participants	
will be running at an overall loss in 
the immediate future. These results 
corroborate	 predictions	 that	 if	 fishing	
continues at the current level around the 
central granitic islands it will not be cost 
effective or sustainable”.65

However,	 the	 work	 of	 Graham	 et al. 
(2007),	which	also	specifically	examined	
target	species	of	the	Seychelles	fisheries,	
suggested	 that	 there	are	 time	 lags	 in	 the	 response	of	fish	populations	 to	 the	effects	of	a	major	coral	
bleaching	event,	such	as	that	which	afflicted	the	Seychelles	in	1998.	Although	the	biomass	of	70	percent	
of	the	target	fish	species	did	not	change	significantly	over	the	period	1994	to	2005,	the	decreasing	size	
spectra slope was the result of a relative 
decline	 in	 smaller	 fish	 (<30	 cms)	 and	 an	
increase	in	the	larger	individuals	(>45	cms).	
They	 judged,	 therefore,	 that	 there	 would	
be	a	recruitment	failure	in	the	fishery.	The	
mechanism for this recruitment failure was 
proposed as being high mortality of small 
and	juvenile	fish	owing	to	loss	of	structural	
complexity in the reef.

3.3. Adaptive capacity
The	IPCC	(2001)	defined	adaptive	capacity	as	 
“The	ability	of	a	system	to	adjust	to	climate	
change	 (including	 climate	 variability	 and	
extremes) to moderate potential damages, 
to take advantage of opportunities, or 
to cope with the consequences”. With 
a focus on social adaptive capacity, 

65.	 Grandcout	&	Cesar,	2003,	p.548.

Figure	24:	Abundance	indices	(±	SE)	for	Seychelles’	principal	
reef	fisheries	before	and	after	the	1998	bleaching	event	(source:	
redrawn	from	Grandcourt	and	Cesar,	2003)

Figure	25:	Net	income	(±	SE)	of	Seychelles’	principal	reef	
fisheries	gears	before	and	after	1988	bleaching	event	(source:	
Grandcourt	and	Cesar,	2003)
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McClanahan et al.	 (2009)	defined	adaptive	capacity	as	“a	 latent	characteristic	of	people	 that	 reflects	
their	ability	to	anticipate	and	respond	to	changes	in	coral	reef	ecosystems	and	minimize,	cope	with,	and	
recover	from	the	consequences	of	a	loss	in	fisheries	production.”	(p.	663).

In	this	section,	adaptive	capacity	in	the	Seychelles	coral	reef	fisheries	will	draw	on	research	outputs	that	
assessed adaptive capacity at the community level. It will also discuss aspects of national governance 
and economics in Seychelles that may confer additional adaptive capacity.

McClanahan et al.’s	 2008	 analysis	 of	 adaptive	 capacity	 considered	 24	 coastal	 communities	 in	 five	
countries	 in	 the	WIO:	 Kenya,	 Madagascar,	 Mauritius,	 Tanzania	 and	 Seychelles	 (four	 communities	
in Seychelles). These communities were selected using a systematic random sampling and were not 
necessarily	fisher	households.	Adaptive	capacity	was	assessed	according	to	eight	indicators,	as	follows:

•	 recognition	of	causal	agents	and	human	agency	influencing	marine	resources;

•	 capacity	 to	 anticipate	 change	 and	 develop	 strategies	 to	 respond	 (measured	 by	 organizing	
responses	to	open-ended	questions	relating	to	a	hypothetical	50	percent	decline	in	fish	catch);

•	 occupational	mobility;

•	 occupational	multiplicity;

•	 social	capital	(e.g.	total	number	of	community	groups	the	respondent	belonged	to);

•	 wealth	(across	a	suite	of	15	material	assets);	

•	 technology	(measured	as	the	diversity	of	fishing	gears	used);	and,	

•	 infrastructure	(20	factors,	such	as	whether	the	community	had	a	hard-top	road	and	medical	clinic,	etc.).

The eight indicators were weighted by social scientists, with the highest mean weighting allocated to 
occupational	multiplicity	(0.19)	compared	to	material	assets	(0.15).	Recognition	of	causality,	change	
anticipation	and	occupational	mobility	received	the	lowest	ratings	(0.10,	.011	and	0.11	respectively).	

The lowest overall adaptive capacity score across the WIO region was 0.28 for a site in Madagascar, and 
the	overall	mean	for	all	countries	was	0.41	(SD	=	0.07).	The	mean	adaptive	capacity	score	for	Seychelles	
was	0.50	(SD	=	0.03),	a	similar	score	to	that	reported	for	Mauritius	(0.45).66 

The details of the adaptive capacity index for the four Seychelles sites are presented in Figure 26. 

The dominant components of adaptive capacity among the sampled Seychellois coastal households were 
material	assets	and	infrastructure.	Of	the	243	coastal	households	sampled,	only	30	fishers	were	interviewed,	
so it is important to bear in mind that this is a relatively modest sample from which to draw conclusions on 
the	adaptive	capacity	of	Seychelles’	fisher	households,	rather	than	coastal	households	in	general.

Section 3.2.2 noted that some 
of the most important small-
scale	 fisheries	 targeting	 reef	
fish	 species	 are	 either	 likely	 to	
be	 overfished	 or	 at	 least	 at	 the	
limit of sustainable exploitation 
and	 calls	 for	 reducing	 fishing	
mortality have been made. 
There is therefore already a 
need for the participants in 
this	 fishery	 to	 adapt,	 even	 if	
management initiatives for 
most	 of	 the	 important	 fisheries	
have yet to be taken.67 In fact, 

66. McClanahan et al.,	2009;	Cinner	et al., 2011.
67.	 SFA,	2012a.

Figure 26: Weighted contribution of eight indicators of adaptive capacity 
(source:	adapted	from	McClanahan	et al., 2008)
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Grandcourt	and	Cesar	(2003)	suggested	that	fishers	may	have	already	begun	to	adapt,	even	if	this	was	
not	likely	to	be	specifically	because	of	the	impacts	of	climate	change.	They	observed	that	there	had	been	
“a	flux	of	effort	away	from	trips	that	target	demersal	species	and	the	large	reduction	in	incomes	could	
also	be	associated	with	an	increase	in	the	relative	proportion	of	fishing	units	operating	on	a	part-time	
basis.	The	 remaining	 units	 targeting	 demersal	 species	 are	 probably	 represented	 by	 those	 fishing	 for	
personal consumption rather than a primary source of income.”68

No	data	were	obtained	for	this	case	study	that	could	inform	how	fishers	may	have	adapted	their	livelihood	
portfolio	 as	 a	 result	 of	 apparent	 reduced	 participation	 in	 the	 fishery,	 or	whether	 this	 reported	 trend	
towards	part-time	fishing	has	persisted.	The	2011	annual	statistics	report	from	SFA	does	report	fishing	
effort but with the caveat that data for the pirogue and outboard vessel categories include part-time 
fishers.	No	definition	or	description	of	“part-time”	is	provided.	

The	same	report	also	includes	a	time	series	of	fishing	effort	data	(maximum	mean	number	of	vessels	
active	on	a	monthly	basis)	and	the	data	indicate	an	increase	in	this	particular	metric	of	fishing	effort	
since	1998	(Figure	27).69

Of	course,	“high”	adaptive	capacity	does	not	imply	that	it	is	necessarily	high	enough	to	allow	fishers	to	
move	away	from	the	commercial	fishery.	In	fact	there	are	several	issues	to	consider.	For	example	Daw	et al. 
(2012)	found	a	distinct	unwillingness	among	a	sample	of	fishers	in	Seychelles	to	leave	the	fishery,	even	
if relative catch declined by 
50	 percent	 (Figure	 28).	 The	
authors proposed three possible 
explanations for the lack of 
willingness	 to	 exit	 the	 fishery,	
despite the proposed decline 
in	 catch.	 Among	 these	 are	 the	
fact that the relatively high 
level of economic development 
in Seychelles has allowed the 
development	 of	 specialized	
fishers	 and	 their	 respective	
households have not had to 
develop multiple livelihoods to 
survive. However, the extent 
to	 which	 fishers	 are	 able	 to	
participate on a part-time basis, 
as	 proposed	 by	Grandcourt	 and	
Cesar	(2003),	may	not	have	been	
captured by Daw et al.’s research.

If	fishers	were	 to	exit	 the	coral	
reef	 fisheries,	 are	 there	 options	
to	 expand	 other	 fisheries	 that	
may be less exposed and/or 
sensitive to climate change 
effects?	

While	 the	 demersal	 fishery	
is not likely to be universally 
affected by bleaching impacts 
owing	 to	 the	 depth	 of	 fishing,	
concerns have been raised over 

68.	 Grandcourt	&	Cesar,	2003,	p.548.
69.	 SFA,	op	cit.

Figure	27:	Small-scale	fishing	effort	by	major	vessel	type	(1998	to	
2011)	(source:	SFA,	2012a)

Figure	28:	Catch	decline	thresholds	for	exiting	the	small-scale	fishery	
in	Seychelles	(source:	Daw	et al., 2012)
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its sustainability.70	An	 alternative	fishery	option	may	be	 the	 semi-pelagic	fishery,	which	 is	 currently	
contributing at least 40 percent of the total catch.

Another	aspect	of	Seychelles’	capacity	to	adapt	to	climate	change	impacts	on	the	coral	reef	ecosystem	
is	 at	 the	national	 institutional	 level;	 e.g.	 its	 ability	 to	monitor	 and	manage	fisheries	 and	 to	 establish	
and	manage	MPAs.	The	Seychelles	has	 set	 aside,	under	varying	degrees	of	protection,	 an	estimated	
19	percent	(about	255	km2) of coastal coral reef habitat,71	of	which	six	areas	are	MPAs	administered	
by	the	National	Parks	Authority.	The	largest	single	MPA	is	Aldabra	(231	km2), which is managed by 
the	parastatal	Seychelles	Island	Foundation.	There	are	four	shell	reserves,	two	special	reserves	(Aride	
Island	and	Cousin	Island)	and	three	fisheries	reserves.	The	total	coverage	of	MPAs	around	the	granitic	
inner islands is about 62 km2.72	The	government	of	Seychelles	and	NGO	partners	that	manage	some	of	
these	MPAs	(e.g.	Aride	and	Cousin)	are	very	active	in	research	activities	and	encourage	the	participation	
of	international	organizations	in	the	MPAs.	An	important	aspect	of	the	work	relating	to	the	MPAs	is	
monitoring their status and there are a number of programmes that can provide baseline or current 
information that may be used for management improvements as the effects of climate change become 
apparent.	(Table	4)

Table 4: Monitoring	of	MPAs	in	Seychelles

Monitoring programmes area monitored 
Aldabra	Marine	Programme Aldabra	atoll;	Assumption;	Astove;	St.	Pierre
Global	Vision	International	(GVI)	 
(e.g.	800	volunteers	in	seven	years) North	West	Coast	of	Mahe;	Praslin;	Curieuse

Seychelles National Coral Reef Network Mahé
CORDIO Cosmoledo	Atoll	(not	regular)
EarthWatch Silhouette	Island;	North	Island;	Desroches	Island
Cambridge	Coastal	Research	Unit Alphonse	Island

Fisheries	management	is	the	responsibility	of	the	SFA,	and	again	this	organization	has	been	very	active	
in	undertaking	research	activities	and	partnering	with	various	 international	organizations,	NGOs	and	
research	institutions.	The	research	of	McClanahan,	Graham,	Robinson	and	their	colleagues	previously	
cited in this document are good examples of this, their work having been funded by various partners 
including	WIOMSA/Swedish	International	Development	Cooperation	Agency	(SIDA),	the	World	Bank	
Group,	the	European	Union	(EU),	and	DFID.	However,	over	the	last	three	to	four	years	SFA	has	lost	a	
number	of	key	staff	working	on	coastal	fisheries	management,	although	in	some	cases	the	individuals	
remain	active	in	fisheries	and	coral	reef	ecosystem	research	and	management	with	Seychelles	NGOs.	
While many of the research outputs on climate change in coral reef ecosystems in Seychelles is 
incorporated	into	national	policy	making,	there	is	little	inclusion	as	yet	into	fishery	management	plans,	
which themselves are very limited in number.73

The	concept	of	 Integrated	Coastal	Zone	Management	 (ICZM)	has	been	much	promoted	 in	 the	WIO	
in	 recent	 years	 (e.g.	 through	 the	 Indian	Ocean	Commission	 (IOC)/EU	ReCoMaP	programme).	This	
collaborative approach to environmental governance can play an important role in reducing other, non-
fisheries	 stressors	on	coral	 reef	 ecosystems,	 including	nutrient	 and	 sediment	 loading	 from	 terrestrial	
sources.	These	reduce	the	resilience	of	coral	reefs;	high	nutrient	levels	can	trigger	bleaching	and	lead	to	
the proliferation of macro-algae, while sediment can smother corals. The Seychelles’ ICZM initiative is 
guided by the EMPS.

70.	 Grandcourt	et al., 2008.
71. McClanahan et al., 2008.
72.	 UNDP,	2006.
73.	 SFA,	op	cit.
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The	Seychelles	has	also	been	an	active	participant	in	a	number	of	recent	regional	coastal	zone	programmes.	
For	example,	as	a	member	of	the	IOC	[e.g.	the	Regional	Environment	Programme	of	IOC;	Network	of	
MPAs	of	the	countries	of	the	Indian	Ocean	Commission,	RAMP;	Acclimate	(with	the	French	Global	
Environment	Fund);	African	Monitoring	of	the	Environment	for	Sustainable	Development	(AMESD)];	
the	EU-funded	ACP	Fish	II	programme	"Strengthening	Fisheries	Management	in	Africa,	the	Carribean	
and	Pacific	group	of	states",	etc.),	and	with	UNEP	(e.g.	WIOLaB)	and	GEF/UNDP	(e.g.	the	ASCLME	
Project).	Through	 this	participation,	 the	Seychelles	has	benefited	 from	various	 forms	of	 institutional	
capacity	building,	technical	support,	equipment,	policy	development,	MPA	support,	etc.

On a larger scale what are the macro-economic characteristics of the country that might confer additional 
adaptive	capacity	that	can	benefit	fishers?	The	Seychelles	has	the	second	highest	per	capita	GDP	in	the	
African	region	and	ranked	50th	in	2007	on	the	UNDP	Human	Development	Index,	with	a	high	level	of	
investment in education, health, housing and the environment.74 However, the Seychelles is not without 
problems, with a high external public debt and, owing to the high level of imports, a vulnerability to oil 
and	food	price	shocks.	Inflation	reached	63.6	percent,	falling	to	37	percent	in	2008,	to	−2.4	percent	in	
2010	and	was	7.1	percent	in	2012.	Fish	prices	have	also	experienced	inflation,	with	the	consumer	price	
index	(CPI)	for	fish	inflating	to	219.6	in	2012,	against	a	baseline	100	in	2007.	The	balance	of	trade	in	
2012	was	a	deficit	of	−7	903	million	Rupees.75 On the positive side, the tourism sector, which contributed 
more	than	25	percent	of	GDP	in	2010,76	has	enjoyed	continued	rapid	growth	since	at	least	2008,	with	
an 84 percent growth in hotel and restaurant sector employment, and a 50 percent growth in the private 
sector overall.77	Prayag	(2011)	reports	that	“travel	and	tourism”	actually	contribute	46.4	percent	of	GDP.	
These	are	encouraging	signs	for	the	potential	adaptive	capacity	within	the	fisheries	sector	if	appropriate	
training	and	job-switching	can	be	realized.

4. Socio-ecological 
 vulnerability

It was observed in Section 1.2 that there 
are effectively two assessments that need to 
take	place	−	ecological	and	socio-economic.	
The	 difficulty	 lies	 in	 usefully	 integrating	
the results of the two. McClanahan and 
colleagues have attempted this and the 
outputs	of	 the	first	 step	 in	 the	process	are	
presented	 in	 Figure	 29.	 Note	 that	 open	
shapes	(and	x	and	short	dash	(-)	for	Tanzania	
and western Madagascar respectively) refer 
to	unfished	closed	sites.	The	closed	shapes	
(and	 star	 and	 long	 dash	 for	Tanzania	 and	
western Madagascar respectively) refer to 
fished	sites.	From	this	analysis,	Seychelles	
appears relatively low on the pristineness 
scale	 for	 both	 coral	 and	fish	 (largely	 as	 a	
result	of	the	1998	and	subsequent	bleaching	
events) but high on the social adaptive 
capacity scale, scoring relatively well on 

74.	 The	Seychelles	National	Climate	Change	Committee,	2009.
75. NBS, 2013.
76.	 ASCLME,	2010.
77. NBS, op cit.

Figure	29:	Social	adaptive	capacity	index	
and ecological pristineness 
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material assets and infrastructure, but not necessarily better on occupational multiplicity, occupational 
mobility, human agency or social capital than other sites in the countries that scored less well on overall 
adaptive	capacity.	A	similar	figure	produced	by	McClanahan	et al.	(2008)	but	with	predicted	bleaching	
susceptibility	in	the	place	of	ecological	pristineness	(based	on	the	research	of	Maina	et al., 2008) also 
located Seychelles in the right hand quadrant but with high environmental susceptibility. 

Putting the three axes of environmental susceptibility, pristineness and social adaptive capacity together, 
the recommendations of McClanahan et al. are therefore determined by where a site/country is located 
in the space of ecological pristineness, environmental susceptibility and social adaptive capacity. The 
space occupied by Seychelles is shaded in Figure 30. 

The critical observations are that 
pristineness is low, environmental 
susceptibility is high but so is 
adaptive capacity. McClanahan et 
al.	 (2008)	 observed	 that	 climate	
change impacts cannot be reduced 
per se, and therefore the conservation 
of coral reef ecosystems through, 
for example, the creation of more 
MPAs,	reduction	in	fisheries	effort,	
etc. are “likely to be consistently 
undermined by the impacts of 
extreme climate events”.78 On 
the	 other	 hand,	 Graham	 et al. 
(2007)	 agreed	 that	 “although	
MPAs	 seem	 to	 offer	 no	 long-term	
resilience to the populations and 
assemblages”,	 they	 did	 recognize	
that there are spatial variations in 
exposure and resilience and that 
MPAs	 should	 still	 be	 an	 option	 in	
the overall management portfolio. 
They	 recommended	 MPAs	 in	 the	
Seychelles should be sited north 
of Praslin and south of Mahé, with 
granitic habitats offering the most 
hope for recovery.

5.	 Coral	reef	fisheries	management	implications

McClanahan et al.	 (2008)	 argued	 that	 countries	 with	 high	 environmental	 susceptibility	 and	 higher	
adaptive capacity should devise “economic development strategies that lessen dependence on coral 
reef	 resources	 (to)	 reduce	 the	 vulnerability	 of	 their	 economies	 and	 livelihoods	 to	 climate	 change”.	
McClanahan et al.	(2009),	while	acknowledging	that	ecosystems	would	continue	to	be	transformed	by	
environmental	 disturbances	 (e.g.	 bleaching	 and	 acidification,	 etc.)	 observed	 that	 enhancing	 adaptive	
capacity may demand “allowing sustainable resource extraction of species that will not be adversely 
affected by climate change, re-evaluating the sustainability for those species most affected by climate 
change, and decoupling local economies from natural resources”. Some of these recommendations are 
more	easily	said	than	done,	but	are	worth	reflecting	on	in	the	context	of	the	Seychelles.

78. McClanahan et al., 2008, p.54.

Figure 30: Model of conservation priorities and actions within the 
three	axes	of	environment,	ecology	and	society	(source:	redrawn	
from McClanahan et al.,	2009)
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Decoupling local economies from natural resources
The recommendation of McClanahan et al.	(2009)	was	that	in	circumstances	of	high	susceptibility	but	
also	relatively	high	adaptive	capacity,	participants	in	the	fishery	should	move	towards	other	economic	
opportunities,	such	as	tourism,	offshore	fisheries	and	services	based	on	information	technology.	But	the	
previously referenced observations of Daw et al.	(2012),	Cinner	et al.	(2009),	and	others,	indicate	that	
the	availability	of	alternatives	to	fishing	does	not	guarantee	subsequent	up-take	by	fishers,	at	least	by	the	
current generation.

Describing	the	full	scope	of	opportunities	outside	the	small-scale	fishery	sector	is	beyond	the	ambit	of	
this case study, although tourism is certainly a growth industry with an increase in the number of visitors 
of about 30 percent since 2008.79 In fact, the government of Seychelles has been looking at the needs 
for	adaptation	to	climate	change	impacts	on	fisheries	since	at	least	2001.	For	example,	there	were	plans	
developed to diversify marine-based tourism opportunities that would require the sort of marine skill 
set	that	fishers	already	have,	to	take	tourists	on	snorkelling	and	SCUBA	diving	trips,	etc.	The	effect	of	
climate change disturbance to coral reefs may of course directly affect the attractiveness of these reefs 
to tourists, potentially leading to a reduction in demand for dive tourism.80 Note also that the industry 
is	very	sensitive	to	global	economic	performance	(Payet,	2007)	and	(ironically)	the	carbon	footprint	of	
tourism to Seychelles is high because of its distance from the main European markets.81

In terms of decoupling local economies from natural resources, the development of mariculture may 
be an intermediate intervention but one that warrants a cautious approach. Historically, mariculture 
in	Seychelles	has	achieved	 limited	success,	with	 the	only	major	development,	Coetivy	Prawn	Farm,	
filing	for	bankruptcy	in	2007.82 In any case, of the approximately 300 employees at Coetivy, only about 
20	percent	were	Seychellois	(the	remainder	being	of	Thai	and	Sri	Lankan	nationality).	Currently,	there	
is only the Praslin Ocean Farm with three employees, and a small subsidiary giant clam facility. The 
opportunities for mariculture in Seychelles have been reviewed by various consultants in recent years, 
including	Nageon	de	Lestang	(2005)	and	Hecht	(2009),	who	proposed	a	number	of	options,	and	Eeckhaut	
and	Méraud	(2011).	Eeckhaut	and	Méraud’s	report	proposed	the	piloting	of	sea	cucumber	ranching	on	
Coetivy and Poivre Islands, although this would likely employ as few as six individuals in what is seen 
as a hardship posting for Seychellois owing to its isolation from Mahé. Potential gross revenues were 
estimated	at	USD1.6	million,	so	it	would	be	a	relatively	modest	venture.	Hecht’s	report,	on	the	other	
hand,	estimated	potential	revenues	of	up	to	11	to	13	percent	of	GDP.	Hecht	included	a	SWOT	analysis	
of	mariculture	and	the	important	“weaknesses”	were	identified	as	follows:

•	 low	level	bio-technical	aquaculture	capacity;

•	 absence	of	a	comprehensive	assessment	of	opportunities;	

•	 low	level	appreciation	and	understanding	of	future	fisheries	scenarios	by	some	statutory	bodies;	and

•	 absence	of	future	fish	demand	analyses	(particularly	in	view	of	increasing	tourist	numbers).

The “threats” included the dominance of the public sector in business activities and a certain lack of 
vision	within	the	Government	of	Seychelles	regarding	future	demand	for	fish.	Hecht’s	main	proposal	
was	the	development	of	small	to	medium-sized	finfish	cage	farming	ventures	of	50	to	200	tonnes	per	
annum to supply the Seychelles tourism markets.

Following Hecht’s report, various donors have supported the ongoing development of a Mariculture 
Masterplan	 for	 Seychelles,	 in	 partnership	 with	 the	 SFA.	 The	 objective	 of	 developing	 mariculture	
is	 to	 enhance	 “food	 security	 and	 boost	 the	 contribution	 of	 fisheries	 to	 economic	 growth”	 and	 to	
“enable	Seychelles	 to	diversify	 the	economies	of	fishing	communities	and	 improve	 the	 resilience	of	
their livelihoods in the face of climate change”. One aspect of the Masterplan is the inclusion of a  

79. NBS, op cit.
80. Chong-Seng et al., 2012.
81. NBS, op cit.
82. Eeckhaut & Méraud, 2011.
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private-sector	initiative.	The	most	recent	donor	partner	is	NEPAD	as	part	of	its	wider	support	for	the	
Seychelles	National	Food	Security	Policy.	The	Masterplan	makes	provision	for	fish	cage	farming	of	
yellowtail	(Carangidae),	groupers	(Serranidae)	and	bourgeois	(Lutjanidae),	with	an	expected	production	
value	of	USD100	million,	which	would	 equate	 to	 about	 7.7	percent	 of	GDP	 (2012	figures).	This	 is	
somewhat in line with Hecht’s estimate of mariculture’s potential contribution of 11 to 13 pecent of 
GDP.	No	data	or	information	were	available	to	evaluate	the	employment	opportunities	that	may	arise	
from these cage farming systems, although they tend to be relatively intensive in terms of employment.

Allowing sustainable resource extraction of species that will not be adversely affected by 
climate change 
In terms of sustainable use of species not adversely affected by climate change, the pelagic and small 
pelagic	fisheries	are	resources	that	might	be	targeted,	although	the	acidification	of	the	ocean	may	also	
negatively impact the larval stages of these species and their planktonic prey in the longer-term. In 
fact, Carangidae were already the dominant family in the early 2000s, although they were superseded 
by	Lutjanidae	 from	2005.	Overall,	 there	has	been	a	declining	 trend	 in	 the	 total	 catch	of	Carangidae	
since 2000. The reasons for this decline are probably numerous and may include an increased demand 
for	Lutjanidae	(and	other	demersal	species)	in	the	tourist	hotels	and	restaurants,	as	well	as	the	threat	
of	piracy.	Prices	are	 reported	 to	be	highly	variable	owing	 to	seasonal	peaks	 in	abundance.	As	far	as	
targeting	 tunas	 and	 billfish,	 this	 strategy	was	 already	 applied	 to	 reduce	 inshore	fishing	 effort	 in	 the	
1990s;	in	2005	the	fishery	employed	about	50	fishers.83

Re-evaluating the sustainability for those species most affected by climate change
Graham	et al.	(2007)	predicted	recruitment	failure	for	a	range	of	target	species	in	Seychelles	fisheries,	
particularly	those	caught	by	the	trap	fishery.	This	important	observation	was	linked	to	the	decline	of	
coral	reef	dominated	ecosystems	in	the	Seychelles,	largely	as	a	result	of	major	bleaching	events.	The	
authors	estimated	that	given	the	physical	distribution	of	the	fishery,	with	50	to	60	percent	of	the	fishing	
effort	taking	place	within	the	depth	range	relevant	to	the	data	on	which	the	findings	were	based,	there	
are	likely	to	be	important	effects	on	the	trap	fishery.	This	implies	that	fisheries	managers	should	apply	
restrictions	of	effort	to	at	least	these	particular	nearshore	and	shallow	grounds.	Although	there	is	likely	to	
be	significant	connectivity	between	shallow	and	deeper	water	populations	of	the	same	species,	Graham	
et al.	(2007)	did	propose,	however,	that	managers	could	support	the	relocation	of	trap	fishing	effort.

A	number	of	other	aspects	of	coral	reef	fisheries	management	are	worth	including.	Hoegh-Guldberg	et 
al.	(2007)	observed	that,	given	the	continued	increase	in	the	rate	of	CO2 emissions, it was important for 
decision-makers	to	reduce	the	impact	of	pre-existing	stressors,	including	fishing	effort	on	key	functional	
groups such as herbivores. 

Graham	et al.	(2013),	also	looked	in	detail	at	targeted	fisheries	management	regulations	for	particular	
functional groups, particularly various herbivores, which might help to maintain or facilitate the 
recovery	of	coral	 reef	ecosystems.	For	example,	 they	considered	 the	fishing	mortality	on	herbivores	
such	as	 species	of	Scaridae	and	Acanthuridae	 (of	 the	genera	Acanthurus and Ctenochaetus) that are 
important	for	the	control	of	the	development	of	turf	algae	(and	therefore	promote	coral	recruitment)	and	
on	Siganidae,	of	which	about	250	tonnes	were	landed	in	2011	(8.6	percent	of	the	total	catch)	as	well	as	
Kyphosidae	and	Acanthuridae	(genus	Naso), which are important consumers of mature macroalgae.84 In 
a situation where a phase shift to macro algal domination has already occurred, they proposed that stocks 
of	both	functional	“subgroups”	needed	to	be	sufficiently	healthy.	If	the	phase	shift	was	subsequently	
reversed	(by	the	presence	of	Siganidae,	Khyphosidae,	etc.)	back	to	a	coral	dominated	system,	a	sufficient	
abundance	of	species	that	can	promote	the	persistence	of	this	state	(i.e.	the	turf	algae	grazers)	must	be	
already established. They proposed gear-based management as an approach that could help to achieve 
this	sort	of	fish	species/genus	assemblage.	Information	on	the	detailed	composition	of	the	harpoon	and	
trap	fishery	in	the	Seychelles	were	not	accessible	for	the	preparation	of	this	report.

83. Nageon de Lestang, 2005.
84. Citing observations by Bellwood et al.	2006;	Ledlie	et al., 2007 and by Hoey & Bellwood, 2011.
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Sustaining coral reefs with MPAs
The	role	of	MPAs	in	sustaining	coral	reefs	under	threat	from	coral	bleaching	has	been	widely	discussed	
in	the	literature.	The	evidence	from	Seychelles	(as	elsewhere)	is	that	the	creation	of	MPAs	per se	(and	
any	associated	reduction	in	fishing	effort,	etc.)	does	not	confer	any	significant	resilience	against	coral	
bleaching.	In	fact,	Graham	et al.	(2007)	suggested	that	the	effects	of	reduced	recruitment	of	some	fish	
species	will	persist	longer	(and	may	be	more	severe)	in	MPAs	because	of	the	lower	overall	mortality	rates	
and subsequent extended age structures. Presumably the extent of this would depend on the particular 
characteristics	of	the	MPAs,	including	the	history	of	fishing	effort	prior	to,	and	the	time	lapsed	since;	its	
gazetting	and	the	nature	of	restrictions	on	fishing;	and	the	characteristics	of	fishing	pressure	outside	the	
MPA	itself.	

However,	 the	 recommendations	 from	recent	 research	suggest	 that	MPAs	should	continue	 to	contribute	
to	the	suite	of	fisheries	management	activities,	but	 that	 their	 location	should	be	“strategically	allocated	
to areas where they can have the greatest impact”.85 Baker et al.	 (2008)	 proposed	 two	 approaches	 to	
identify appropriate sites, based on 1) known environmental or physical characteristics are likely to confer 
protection	from	bleaching;	and	2)	using	climate	models	to	identify	suitable	areas	that	would	most	likely	
not	be	subject	to	significant	bleaching	risk.	Graham	et al.	(2007)	propose	that	the	reefs	north	of	Praslin	
and	south	of	Mahé,	and	granitic	habitats	would	be	suitable	locations	for	future	MPAs,	but	they	go	on	to	
argue	that	areas	of	coral	reef	ecosystems	outside	of	MPAs	should	be	managed	to	minimize	other	stressors,	
notably	overfishing	and	nutrient	enrichment,	so	that	sufficient	stocks	are	available	for	replenishment.

Another	type	of	management	initiative	are	so-called	direct	interventions,86 such as reef shading, polyp 
feeding,	etc.	An	example	of	such	a	direct	intervention	is	the	cultivation	of	corals	for	transplant	to	affected	
sites.	This	has	been	in	progress	in	Seychelles	since	2010,	managed	by	Nature	Seychelles,	with	USAID	
and	UNDP	funding.	To	date,	4	800	m2 of corals have been planted around Cousin Island.

Fisheries co-management
A	key	 factor	 in	 the	potential	 efficacy	of	 any	of	 the	various	approaches	 to	 coral	 reef	management	 is	
the	informed	participation	of	the	primary	stakeholders,	especially	the	fishers	themselves,	through	the	
application of co-management. This approach has been introduced at various sites in the WIO, including 
the	Seychelles,	where	the	focus	is	initially	on	the	co-management	of	the	trap	and	line	fisheries	around	
the	inner	islands	of	Praslin	and	La	Digue.	The	programme,	with	UNDP-GEF	funding	support	and	the	
participation	of	SFA	and	the	Praslin	Fishing	Association,	has	enjoyed	the	full	support	of	the	Minister	
for	Natural	Resources.	The	first	management	plan	was	signed	in	November	2013	and	is	an	encouraging	
step	forward	for	coral	reef	management	in	Seychelles,	and	one	that	should	form	the	basis	of	future	MPA	
design	and	fisheries	regulations	development.

85. Baker et al., 2008.
86. Baker et al., 2008.
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appendix

Appendix 1: Marine protected areas of Seychelles

national 
designation Site name ownership Mgt 

authority
Total 

marine 
area (km2)

Total  
area  
(km2)

Special 
reserve

Aldabra GoS SIF 231 439

Aride	Island NGO ICS 1.1 0.70

Cousin Island NGO NS 1.2 ?

Marine 
national park

Baie Ternaie GoS SNPA 0.80 0.80

Curieuse GoS SNPA 11.76 14.70

Ile Cocos GoS SNPA 0.01 0.01

Port Launay GoS SNPA 1.58 1.58

Silhouette GoS	(IDC) SNPA n/a 30.45

St.	Anne GoS SNPA 10.73 14.53

Shell reserve

Anse	Faure	Shell	Reserve	 GoS SFA 0.011 0.011

North East Point Shell 
Reserve GoS SFA 0.03 0.03

La Digue Shell Reserve GoS SFA 0.016 0.16

Praslin Shell Reserve GoS SFA 0.017 0.017

Protected area African	Banks	 
(and	surrounding	reefs) GoS MND 

(MLUH) 0.03 0.03
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1.	 The	small	pelagic	fisheries	of	Ghana

1.1. The marine environment
The	coastline	of	Ghana	is	approximately	540km	long	(Figure	1).	The	coastal	zone	is	characterized	by	
rivers, creeks, lagoons and marshes which are separated from the sea by sand bars. The characteristics 
of	the	marine	environment	off	the	coast	of	Ghana	are	strongly	determined	by	the	Guinea	Current.	Ghana	
is	part	of	the	Guinea	Current	Large	Marine	Ecosystem	(GCLME)	zone	of	oceanographic	connectivity.	

The	GCLME	is	highly	productive1 and the primary factor that determines this productivity is the strength 
of the associated upwelling.2 Four distinct hydrographic seasons have been described: a minor upwelling 
takes	place	during	the	boreal	winter	from	December	to	March,	while	a	more	significant	period	of	upwelling	
is observed in summer, between July and September. The upwelling periods are interspersed by periods 
of	water	column	stratification,	with	a	thermocline	established	at	a	depth	of	30	to	40	m.3 

1.2. The fishery
In	Ghana	the	management	of	fisheries	is	the	responsibility	of	the	Ministry	of	Fisheries	and	Aquaculture	
Development	(MOFAD).	Within	MOFAD	there	is	a	Fisheries	Commission	that	oversees	policy	formulation	
and	the	management	of	fisheries	resources,	with	technical	Regional	Fisheries	Directorates.	Ghana	is	a	
member	of	CECAF.	

Fisheries	contribute	60	percent	of	total	annual	per	capita	animal	protein	intake	in	Ghana,	with	an	estimated	
85	percent	of	the	country’s	total	fish	production	harvested	by	marine	fisheries.4	Marine	fisheries	provide	

1.	 Ukwe	et al., 2006a.
2.	 Bakun,	1993.
3. Wiafe et al., 2008.
4.	 MOFA,	2010;	Nunoo	&	Asiedu,	2013.

Figure	1:	Coastal	Ghana	(source:	Google	Earth)

104



employment for approximately 210 000 people directly, and ten times that number through associated economic 
activities,	including	boat	building,	trade	in	fuel	and	fishing	gears,	post-harvest	processing	and	trade	in	fish.

Total	annual	domestic	fish	production	in	Ghana	for	2012	was	estimated	to	be	456	148	tonnes,	with	exports	
of	62	984	tonnes	valued	at	USD209	million.5 Despite this substantial production volume, there is an annual 
deficit	of	fish	supply	of	approximately	450	000	tonnes,	only	about	half	of	which	is	met	through	imports.6

The	small	pelagic	fisheries	target	important	species	such	as	round	sardinella	(Sardinella aurita),	flat	
sardinella	(Sardinella maderensis),	European	anchovy	(Engraulis encrasicolus),	Atlantic	horse	mackerel	
(Trachurus trachurus),	round	scad	(Decapterus punctatus)	and	chub	mackerel	(Scomber japonicus).  
Important	small	pelagic	fish	landing	centres	in	the	country	include;	Keta,	Ahwiam,	Tema,	Chorkor,		
Apam,	Mumford,	Elmina,	Shama	and	Sekondi/Takoradi.	The	small	pelagic	fishery	operates	across	all	
four	coastal	administrative	regions	of	Ghana,	but	the	majority	of	fishers	and	canoes	are	located	in	the	
Central	and	Greater	Accra	regions.	Overall,	there	are	some	334	coastal	landing	sites	located	in	195	fishing	
villages	(Figure	2).7

Although	most	fishing	for	small	pelagic	species	is	conducted	by	the	beach	seine	fishery	and	a	multi-gear	
artisanal	canoe	fishery,	there	is	also	a	multi-gear	semi-industrial	fleet,	which	in	2008	numbered	some	
339	vessels,	ranging	in	length	from	8	to	30	m.	While	the	larger	canoes	use	both	outboard	motor	and	sail	
power,	with	at	least	50	percent	of	vessels	being	motorized,	the	semi-industrial	vessels	are	all	motorized	
with	engines	of	90	to	400	hp.8

The	APW	is	the	most	important	(57	percent)	fishing	gear	combination,	in	terms	of	both	catch	weight	and	

5.	 MOFA,	2012.
6.	 MOFA,	2010.
7.	 Ayivi,	2012	citing	Amador	et al., 2004.
8. Finegold et al., 2010.

Figure	2:	Distribution	of	the	fishing	fleet	in	the	coastal	regions	of	Ghana	(source:	Bannerman	&	Quartey,	
2004,	cited	in	Ayivi,	2012)
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total	revenues	(Figure	3).9 The Ali	gear	is	an	encircling	gillnet	that	was	previously	characterized	by	two	
different	forms	designed	to	target	different	sardinellas;	currently,	however,	it	is	generally	used	as	a	single	
gear.10 The Poli and Watsa are purse seine gears and, as with the original two Ali gears, Poli and Watsa 
were	previously	used	separately,	but	this	practice	has	now	ceased.	APW	targeting	of	small	pelagic	fish	is	
seasonal and associated with upwelling.11 

Kraan	(2009)	analysed	catch	and	value	data	
from	the	Fisheries	Commission	of	Ghana	to	
determine the importance of beach seining in 
Ghana	and	showed	that	the	beach	seine	is	the	
second most important gear in terms of the 
total	catch	(73	848	tonnes),	after	the	different	
purse	seine	gears	used	in	the	artisanal	fisheries	
(APW)	were	separated	during	the	1989	census.	
The	APW	canoes	caught	154	946	tonnes.

Beach seines are the second most important 
gear and they capture a wide range of species, 
including	small	pelagic	fish.	Beach	seines	are	
initially deployed close to shore from canoes 
and then hauled from the beach by teams of 
between ten and 60 individuals. The semi-
industrial vessels deploy purse seines of 400 to 
800 m in length and 40 to 70 m in hanging 
depth,	with	 a	mesh	 size	of	 25	 to	40	mm,	
although nets up to 2 km long are used by the 
larger vessels.

The	approximate	distribution	of	the	fishing	
grounds preferred by each gear type was 
mapped	by	Overå	(1998)	and	reproduced	by	
Kraan	(2009),	and	is	redrawn	in	Figure	4.	Data	
on	the	distribution	of	fishing	grounds	in	the	
extreme west of the country appear to be sparse. 

The	trend	in	basic	fishing	capacity,	in	this	case	
in	numbers	of	fishing	canoes,	is	presented	in	
Figure	5	(Note	x-axis	scale	variation).	These	
data indicate an increase in overall capacity 
since	1980.	For	the	period	2000	to	2014	there	
was an increase of approximately 30 percent 
in	the	number	of	fishing	canoes	recorded.	

1.3 Species diversity
The	beach	seine	fishery	yields	a	wide	variety	
of families and species, with catch composition 
varying geographically, seasonally and 
annually. 

9.	 “Ali”,	“Poli”	and	“Watsa”	are	local	names	for	a	group	of	purse	seine	gears.	Net	design	is	similar	for	each	
type	of	gear,	but	mesh	size	varies.	Poli	gear	uses	the	smallest	mesh	size;	Ali	gear	uses	a	medium-sized	mesh;	
and Watsa	uses	the	largest	mesh	size	of	the	three	gears.
10. Mensah et al., 2006.
11.	 Kraan,	2009.

Figure	3:	Contribution	of	artisanal	fishing	gears	to	total	
landings	of	small	pelagic	fish

Figure	4:	Approximate	distribution	of	fishing	grounds	by	
gear	type	(source:	adapted	from	Overå,	1998;	Kraan,	2009)

Figure	5:	Growth	in	number	of	fishing	canoes	(1980	to	2014)
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A	major	effort	was	made	between	2007	and	
2009	to	survey	the	central	coast	of	Ghana	and	
the results indicated a varying predominance of 
small pelagic species, including round sardinella 
(Sardinella aurita),	flat	sardinella	(Sardinella 
maderensis)	and	European	anchovy	(Engraulis 
encrasicolus),	as	well	as	the	carangid	Atlantic	
bumper	(Chloroscombrus chrysurus),	moonfish	
(Selene dorsalis),	West	African	ilisha	(Ilisha 
africana),	 big-eye	 Grunt	 (Brachydeuterus 
auritas),	 boe	 drum	 (Pteroscion peli) and 
European	barracuda	(Sphyraena sphyraena). 
Although	the	2007	to	2009	survey	showed	the	
beach seine catch composition to be typically 
dominated	 by	 just	 nine	 species,	more	 than	
56 species, representing 30 families, were 
recorded overall.12 The relative abundance of the 
main species in the sampled catches is presented 
in Figure 6 for the three years of the survey 
period	(the	small	pelagic	species	are	identified	by	
the dotted boxes). The Shannon-Weaver diversity 
index was calculated at between 2.54 and 2.83, 
depending	on	the	site	and	year.	An	important	
feature	of	this	fishery	is	that	a	large	proportion	
(up	to	90	percent)	of	the	landed	catch	comprises	
juveniles	of	species	that	are	also	important	in	
other	commercial	fisheries.13 The proportion of 
juveniles	caught	also	has	a	seasonal	component.	
Mensah et al.	(2006)	observed	that	both	beach	
seine	 and	 purse	 seine	 gear	 (Poli) capture 
larger	proportions	of	juvenile	sardinellas	(and	
Engraulidae) during summer months, but the 
adult sardinellas contribute more to the catch 
during winter upwelling months when they are 
more accessible to both Poli and beach seine 
gears.

In addition to seasonal variations, there are 
also important oceanographic differences 
along	the	coast	of	Ghana	that	influence	species	
composition	in	the	adjacent	marine	ecosystem.	
Nunoo	and	Asiedu	(2013)	surveyed	a	range	of	artisanal	fishing	gears	at	two	marine	landing	sites	(Ahwiam	
in	eastern	Greater	Accra	region	and	Elmina	in	Central	Region)	for	a	period	of	22	months	between	January	
2009	and	December	2010.	Up	to	64	genera	were	recorded	from	their	samples,	but	comparison	between	the	
two	sites	indicated	significant	differences	in	species	composition.	At	the	eastern	site	of	Ahwiam	catches	
were	generally	more	diverse,	with	five	species	sharing	approximate	dominance	and	small	pelagic	species	
being	relatively	scarce;	at	the	western	site	of	Elmina,	total	catches	over	the	period	were	dominated	by	
S. aurita	(54	percent)	(Figure	7).

12.	 Aggrey-Fynn	&	Mensah,	2012.
13. Nunoo et al.,	2006	cited	by	Kraan,	2009.

Figure	6:	Relative	abundance	of	 the	major	 species	
sampled	from	the	beach	seine	fishery	(source:	Aggrey-
Finn & Mensah, 2012)

Figure	7:	species	composition	(by	weight)	for	two	sites	
in	Ghana	(source:	Nunoo	&	Asiedu,	2013)
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2. ghana’s marine environment and its exposure to climate 
 change and variability

2.1 Atmosphere and climate
There	are	a	number	of	atmospheric	and	climate	parameters	that	influence	small	pelagic	ecosystems	and	
these	have	been	summarized	in	Chapter	one.	Exactly	how	climate	change	may	affect	these	particular	
environmental	parameters	is	difficult	to	determine	with	any	degree	of	precision.	

In	Ghana,	 the	 principal	 atmospheric	
features that dominate climate outcomes 
are the ITCZ and the associated 
development	of	the	WAM.	The	northerly	
passage of the ITCZ from about March to 
July delivers the main wet season, while 
the returning southerly passage from 
about September to November drives a 
shorter wet season.14 Local wind forcing, 
through Ekman transport, plays a role in 
driving an important seasonal upwelling 
in	 the	Gulf	of	Guinea	but	 it	does	not	
explain the entirety of the phenomenon. 
The mean scalar wind speed for the 
coastal	region	of	the	Gulf	of	Guinea	is	
presented	in	Figure	8	(light	shading	represents	data	for	western	Ghana,	darker	shading	for	eastern	Ghana).

Rainfall 
Mensah	(1991)	identified	two	patterns	of	rainfall	in	
Ghana:	the	dominant	pattern	(at	least	at	the	time	of	the	
research)	delivered	major	rains	primarily	between	May	
and	June	(i.e.	just	before	the	major	upwelling),	while	
the	second	pattern	delivered	major	rains	in	September.	

An	IPCC15 analysis suggests a mean decline in rainfall 
over	Ghana	for	the	period	1951	to	2010	(Figure	9),	
while Mcsweeney et al.	(2010)	reported	a	decrease	in	
the	period	1960	to	2006	at	an	average	of	2.3	mm	per	
month	(2.4	percent)	per	decade.

There are complex interactions with the global atmospheric system, with storm systems propagating 
eastwards	as	a	result	of	the	Madden-Julian	Oscillation	(MJO)	and	cold	fronts	that	develop	over	Central	
America.	The	climate	of	Ghana	is	also	influenced	by	AEWs,	which	can	trigger	the	development	of	tropical	
cyclones	in	the	Atlantic,16	and	there	are	atmospheric	teleconnections	between	North	Africa	and	the	Indian	
monsoon.17	Similarly,	the	even	more	distant	ENSO	events	in	the	Pacific	Ocean	can	lead	to	reduced	rainfall	
across	West	Africa.18	A	further	complication	is	the	role	of	the	AMO	−	a	phenomenon	of	changes	in	SST	
in	the	North	Atlantic,	which	is	itself	linked	to	atmospheric	temperature	and	freshwater	influx	−	that	can	
increase	rainfall	over	West	Africa.

14. McSweeney et al., 2010.
15. Niang et al., 2014.
16. Thorncroft and Hodges, 2001.
17. Janicot et al.,	2009.
18.	 Perry	&	Sumaila,	2006;	McSweeney	et al., 2010.

Figure	8:	Mean	scalar	wind	speed	−	coastal	Gulf	of	Guinea	
(source:	Roy,	1995)

Figure	9:	Observed	decline	in	precipitation	(in	
mm/yr-1/decade)	for	coastal	Ghana	(1951	to	2010)	
(source:	redrawn	from	Niang	et al., 2014)
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Potential effects of climate change
Given	these	complex	and	extensive	connections	with	atmospheric	processes	taking	place	in	other	regions	
of	the	globe,	it	is	plausible	that	global	climate	change	impacts	will	resonate	throughout	West	Africa.	
Unfortunately,	the	current	understanding	does	not	provide	any	sort	of	definitive	answers.	

The	future	behaviour	of	ENSO	is	of	particular	importance,	but	the	IPCC	reported	only	“low	confidence	in	
the	current	understanding	of	how	(or	if)	climate	change	will	influence	the	behaviour	of	ENSO	and	other	
long-term climate patterns”,19 while Collins et al.	(2010)	stated	that	“As	far	as	we	know,	(ENSO)	could	
intensify, weaken, or even undergo little change depending on the balance of changes in the underlying 
processes”. However, the IPCC observes that “the ENSO-related 
precipitation variability on regional scales will likely intensify”. 
The characteristics of the Indian monsoon are also expected to 
alter, with the IPCC reporting that its extent and duration are 
likely	to	increase,	and	there	may	be	impacts	on	West	Africa	
through teleconnections. But the characteristics of those future 
impacts, and the nature of changes in regional-scale atmospheric 
characteristics, remain unclear. 

For	the	WAM	itself,	the	IPCC	WGI	AR5	(2013)	stated	“There	
is	low	confidence	in	projections	of	a	small	delay	in	the	West	
African	rainy	season,	with	an	intensification	of	late-season	rains.	
The limited skills of model simulations for the region suggest 
low	confidence	in	the	projections”.	Downscaled	forecasts	for	
various	climatic	zones	in	Ghana	inevitably	mirror	the	IPCC’s	
low	confidence	in	predicting	outcomes.	For	example,	the	coastal	
savannah	zone	may	experience	between	a	52	percent	reduction	
to a 44 percent increase in rainfall during the monsoon period by 
2080, with an aggregate estimate of an increase of 3.88 percent 
(±	13.96	mm).20

The high degree of uncertainty about the mean predicted 
percentage change in precipitation for the region is apparent 
in Figure 10. 

As	 far	 as	 atmospheric	 temperatures	 are	 concerned,	 the	
projections	are	for	an	increase	across	West	Africa.	The	actual	
projected	temperature	increase	depends	on	the	climate	model,	
but a worst case scenario suggests a mean temperature increase 
of	close	to	5	°C	during	the	summer	(which	is	also	the	period	
of	the	major	upwelling)	by	2100	(Figure	11),	with	a	similar	
forecast for the winter period. 

2.2 Ocean circulation and thermal dynamics
The	Guinea	Current	flows	east	in	a	band	at	approximately	2	°N	along	the	coast	of	the	Gulf	of	Guinea;	 
it has a mean velocity of 0.5 ms-1 and a maximum velocity of 0.7 ms-1.21	The	Guinea	Current	is	primarily	
an	extension	of	the	NECC	and	the	productivity	of	coastal	ecosystems	in	the	Gulf	of	Guinea	is	largely	the	
result	of	the	presence	of	seasonal	upwelling	related	to	this	current.	The	approximate	location	(based	on	
World	Ocean	Atlas	2009	data)22	of	the	upwelling	zone	is	indicated	by	the	shaded	area	in	Figure	12,	and	
Table 1 presents data on upwelling parameters. 

19. IPCC, 2014.
20.	 USAID,	2011.
21.	 Djakouré	et al., 2014.
22. Toualy et al., 2012.

Figure 10: Modelled temperature change 
in	West	Africa	June	to	August	(source:	
IPCC, 2013)

Figure 11: Modelled changes in 
precipitation	for	West	Africa,	October	
to	March	(source:	IPCC,	2013)
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Table 1: Some	parameters	of	African	upwellings	(source:	Roy,	1995)

Location Period SST  
(median °C)

Wind speed 
(m/s-1)

upwelling index  
(m3/s-1/m)

Wind mixing 
(m3/s3)

Ivory Coast and 
ghana

Jan−Feb	
June−Oct

27.8  
27

3.7  
3.7

1.0  
1.3

95  
95

Senegal Dec−June 25.8 4.8 1.0 197
Namibia Permanent 15.9 6 1.1 432

There	are	two	periods	of	upwelling,	with	the	major	upwelling	
enduring for approximately three months, from around late 
June.	A	minor	upwelling	is	observed	during	the	winter	period	
of December to March.23 Figure 13 presents SST data for 
2013 from satellite-based MODIS observations for the area 
between Cape Palmas and Cape Three Points, showing the 
trajectory	of	decline	and	then	increased	SST	as	the	upwelling	
evolves. The geography of the upwelling is clearly apparent 
in	SST	maps	of	the	region	(Figure	14).

The	drivers	of	the	Gulf	of	Guinea	upwelling	are	complex	and	
these	are	highlighted	in	Section	2.1.	Given	the	zonal	(more	
or	less	east–west)	alignment	of	the	coast,	Ekman	transport	
that	drives	the	upwelling	of	the	(meridional)	coast	of	West	
Africa	(Senegal,	Mauritania)	and	other	eastern	boundary	
systems, is unlikely to be the sole driver of upwelling in this 
case.24	Djakouré	et al.	(2014)	identified	four	possible	drivers	
from	the	literature:	a)	seasonally	diverging	currents;	b)	the	
vertical	motion	of	coastal	cyclonic	eddies;	c)	Ekman	pumping	
caused	by	windstress	curl;	and	d)	the	effect	of	oceanic	Kelvin	
Waves. None of these options are mutually exclusive.25 There 
are	two	significant	eddies	observed	along	this	coastline,	
forming east of Cape Palmas and east of Cape Three Points 
with a vorticity or eddy strength of up to three.26 However, 
the	research	of	Djakouré	et al. concluded that the cyclonic 
eddies were not responsible for the upwelling phenomenon, 
although they are still believed to be important in heat and 
nutrient	transport.	Awosika	and	Folorunsho	(2008)	reported	
“No evident correlation between wind forcing and coastal 

23.	 Bakun,	1978;	Djakouré	et al., 2014.
24.	 Djakouré	et al., 2014.
25.	 (a)	Ingham,	1970;	(b)	Marchal	&	Picaut,	1977;	(c)	Colin,	1988;	(d)	Servain	et al.,	1982;	Picaut,	1983.
26.	 Djakouré	et al., op cit.

Figure 13: Monthly evolution of SSTs 
from	MODIS	 observations	 (source:	
redrawn	from	Djakouré	et al., 2014)

Figure	14:	Mean	monthly	SST	1995	
to	2006	(source:	Addison,	2009/
NOAA-AVHRR	data)

Figure	12:	The	major	currents	
of	the	Gulf	of	Guinea		(source:	
adapted	from	Ukwe	et al., 
2006;	Toualy	et al.,	2012;	
Djakouré	et al., 2014)
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temperature	during	the	major	upwelling	season”.	On	the	other	hand,	Wiafe	et al.	(2008)	suggested	
“windstress-driven Ekman transport was more important than the windstress curl-driven Ekman pumping 
in affecting changes in SST. They both, however, do not entirely explain the upwelling that is observed 
along	the	entire	coast.	It	is	shown	that	winds	in	the	western	equatorial	Atlantic	force	eastward	propagating	
upwelling	Kelvin	waves	that	lead	to	lowering	of	sea	level	and	SST	along	the	northwestern	GoG	coast”.

Historically,	there	has	been	significant	variability	in	SST	in	the	region.	For	example,	there	was	a	pronounced	
cooling	period	in	the	early	1980s,	followed	by	a	significant	warming	period	from	1987	to	1990;	these	
warming periods coincided with weaker scores in the annual upwelling index.27 Kouakou et al.	(2013)	
reported	on	a	13-year	dataset	for	nearshore	SST	at	four	sites	across	the	Gulf	of	Guinea,	including	Takoradi	
in	western	Ghana.	The	data	indicated	a	cooling	period	between	1998	and	2001	(with	concomitant	higher	
upwelling indices)28	but	with	a	significantly	warmer	period	from	2005	to	2011.	A	similar	dataset	was	
reported by Toualy et al.	(2012),	and	this	is	presented	in	Figure	15.	Toualy	et al. determined that ENSO 
accounted	for	6	percent	of	the	variability	in	SST,	with	a	particular	effect	during	the	major	coastal	upwelling,	
although	they	identified	a	time	lag	of	18	months	between	the	ENSO	and	the	SST	response	in	the	Gulf	of	
Guinea.	There	is	some	evidence	that	regional	SST	fluctuations	are	quasi-cyclical,	perhaps	over	a	period	
of about two to four years,29	and	are	at	least	in	part	linked	to	ENSO	events	in	the	tropical	Pacific	Ocean.30 

A	number	of	studies	have	suggested	a	relationship	
between	 rainfall	 over	West	Africa	 and	 SST	
anomalies	in	the	Gulf	of	Guinea.31	They	confirmed	
that	wetter	conditions	over	the	Guinean	coast	
(western	Sahel)	are	associated	with	warm	SSTs	
in	the	Gulf	of	Guinea,	although	the	mechanisms	
responsible are not yet fully understood.32 

Potential impacts of climate change
Understanding	the	largely	non-linear	relationships	between	ocean	circulation,	upwelling	and	SST	variability	
in	the	Gulf	of	Guinea,	as	well	as	local,	regional	and	global	atmospheric	and	oceanic	forcing	is	challenging.	
Adding	climate	change	stimuli	to	this	already	very	complex	system	presents	an	additional	challenge.	
Collins et al.	(2010)	observed	that	“…despite	considerable	progress	in	our	understanding	of	the	impact	of	
climate change on many of the processes that contribute to El Niño variability, it is not yet possible to say 
whether ENSO activity will be enhanced or damped, or if the frequency of events will change.” There is 
also	evidence	to	suggest	that	recent	warming	in	the	North	Atlantic	is	linked	to	a	warm	phase	of	the	(natural)	
AMO,	in	addition	to	any	forcing	from	climate	change.	In	fact,	as	the	AMO	moves	into	an	anticipated	cooler	
phase,	it	is	“likely	to	influence	regional	climates	at	least	as	strongly	as	will	human-induced	changes”.33 In 
terms of sea level rise, McSweeney et al.	(2010)	reported	the	outputs	of	three	climate	models	that	project	
increases	by	the	2090s	of	0.13	to	0.43	m	for	SRES	B1;	0.16	to	0.53	m	under	SRES	A1B;	and	0.18	to	0.56	m	
for	SRES	A2.	These	increases	are	relative	to	mean	levels	over	the	period	1980	to	1999.

2.3 Primary productivity
The	GCLME	is	ranked	among	the	most	productive	coastal	and	offshore	ecosystems	in	the	world,	with	rich	
fishery	resources34	supporting	850	marine	species,	including	745	fish	species35 and algal populations.36 High 
productivity is largely the result of upwelling, although seasonal rainfall and associated run-off also play a 

27. Minta, 2003.
28.	 Ali	et al., 2011.
29. Dontwi et al,. 2008.
30. Chiang et al.,	2000;	Hardman-Mountford	&	McGlade,	2003;	Perry	&	Sumaila,	2006;	Toualy	et al., 2012.
31.	 Lamb	1978;	Janicot	et al.,	1998.
32. IPPC, 2013 and IPCC, op cit. 
33. IPPC, 2013 and IPCC, op cit. 
34.	 Ukwe	et al., 2006b.
35.	 FAO,	1994.
36.	 Nunoo	&	Ameka,	2005.

Figure	15:	SST	anomalies	(°C)	for	the	period	1984-
2008	(source:	Redrawn	from	Toualy	et al., 2012)
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role. Primary production is highly seasonal37 with nutrients introduced by the ascending cold waters into 
the	warmer	upper	mixed	layer	leading	to	an	increased	abundance	of	phytoplankton	and	zooplankton.38 
Productivity	declines	as	the	upwelling	recedes	and	a	stable	thermocline	develops	(Figure	16).39 Productivity 
in	the	coastal	zone	is	also	enhanced	by	seasonal	precipitation	and	river	discharge,	which	occurs	as	the	
ITCZ	moves	north	and	coincides	with	the	major	upwelling	(about	June	to	September).40 

Mensah	(1991)	identified	some	approximate	correlations	indicating	that	the	nutrient-rich	sediment	discharge	
resulting	from	the	dominant	pattern	rains	just	prior	to	the	upwelling,	in	part	at	least,	contribute	to	the	
degree of biological production during the 
upwelling	itself.	Djagoua	(2011)	identified	
correlations between chlorophyll-a and 
upwelling	intensity,	but	Djagoua	also	
observed that the highest concentrations 
of chlorophyll-a were around estuaries, 
the implication being that river discharge 
amplified the effect of the upwelling 
(at	 least	 locally).	Productivity	 is	also	
enhanced by the cyclonic eddies observed 
to the east of Cape Palmas and Cape 
Three Points.41

The impact of climate change may 
include ocean acidification that may 
affect the growth of calcareous plankton 
but	there	is	no	specific	evidence	of	this,	as	yet,	for	the	Gulf	of	Guinea.	Various	evidence	suggests	that	
rainfall may decline in the coming decades, presumably leading to decreased run-off and nutrient-rich 
terrigenous	sediments	reaching	Ghana’s	estuaries.	There	is	no	apparent	simple	mechanism	by	means	of	
which climate change effects may disrupt the coastal upwelling that provides for much of the region’s 
primary productivity.

3. The sensitivity of small pelagic ecosystems off ghana

The	IPCC	Glossary	of	Terms	defines	sensitivity	as	“the	degree	to	which	a	system	is	affected,	either	adversely	
or	beneficially,	by	climate-related	stimuli”.42 There are a number of atmospheric, climate, oceanic and 
productivity	parameters	that	have	been	observed	to	influence	small	pelagic	fish	populations,	and	these	
have	been	identified	in	broad	terms	elsewhere	in	this	document.	To	recap,	these	processes	were	neatly	
encapsulated by Bakun43 in what has been subsequently termed “Bakun’s Triad”44 and are as follows:

(1)		Enrichment	processes	(upwelling,	mixing,	etc.);

(2)		Concentration	processes	(convergence,	frontal	formation,	water	column	stability);	and,

(3)		Processes	favouring	retention	within	(or	drift	toward)	appropriate	habitat.

To this suite of processes, a number of other factors including, inter alia,	SST	(excluding	the	specific	
influence	of	upwellings),	prey	availability,	and	rates	of	mortality	and	predation	can	also	be	considered.	
The observations in this section will be limited to the possible effects that potential or forecast changes 
to	these	factors	might	have	on	small	pelagic	species,	and	to	Bakun’s	Triad,	in	the	Gulf	of	Guinea.	

37. Herbland et al.,	1985.
38.	 Perez	et al., 2004.
39. Minta, 2003.
40.	 Mensah,	1991.
41.	 Picaut,	1983;	Djakouré	et al., 2014.
42. IPCC, 2001.
43.	 Bakun,	1996;	Bakun,	1998.
44. e.g. Checkley et al., 2013

Figure 16: Seasonal chlorophyll-a	concentrations	in	the	Gulf	
of	Guinea	(source:	SeaWiFs)
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There is a range of historical and contemporary research that has described, to varying degrees of detail 
and	confidence,	the	interaction	of	some	of	these	key	elements	with	populations	of	small	pelagic	fish	in	the	
Gulf	of	Guinea	region.	This	section	will	focus	only	on	the	impacts	that	climate	variability	and	climate	
change,	as	described	in	Section	2,	may	have	on	the	small	pelagic	fish	populations	that	are	harvested	by	
Ghanaian	fisheries.

3.1 Atmosphere and climate
The sensitivity to atmospheric and climate stimuli is likely to be mainly determined by the effect atmospheric 
changes	have	on	oceanography	and	ocean	thermal	dynamics,	but	more	direct	links	are	present	(albeit	with	
complicating feedbacks). The most important is likely to be as a result of the predicted change in the level 
and timing of rainfall, as evidenced in Section 2.1, which will probably have some impact on plankton 
abundance in the nearshore areas around the estuaries. 

Mensah	(1995)	showed	a	time	series	of	zooplankton	displacement	volume	from	1969	to	1992,	suggesting	
a	declining	trend	in	zooplankton	biomass	(Figure	17).	This	dataset	was	further	analysed	by	Wiafe	et al. 
(2008),	who	determined	that	82	percent	(p	<	0.001)	of	the	total	variance	in	zooplankton	biomass	was	
accounted for by SST, suggesting that the predicted reduction in mean rainfall may have only local 
effects	on	primary	production	in	nearshore	areas.	Given	their	particular	ecology,	this	change	may	be	
more important for Engraulidae, which tend to inhabit coastal waters for at least part of their life cycle. 

In	terms	of	the	potential	impact	of	any	change	to	the	wind	regime	off	Ghana,	Minta	(2003),	citing	Binet	(1997),	
reported on the apparent relationship 
between Sardinella catches and along-
shore windstress. The mechanism for 
this	relationship	was	identified	as	the	
positive effect of increased windstress on 
enrichment processes and consequently 
on sardinella larval survival. Minta noted 
however, that the timing of any increased 
(or	reduced)	windstress	associated	with	
climate change was crucial because 
offshore advection increased larval 
mortality. There was no evidence 
available to suggest that windstress is 
likely to increase as a result of climate 
change processes.

3.2 Ocean circulation and thermal dynamics
The	Gulf	of	Guinea	has	shown	climatic	trends	that	are	consistent	with	global	changes.45 However, the 
attribution of global warming as the cause of an increasing trend in SST, for example, and the observed 
decline	in	zooplankton,	should	be	considered	in	the	light	of	the	apparent	significant	role	of	the	(natural)	
AMO	in	forcing	SST	in	the	North	Atlantic.

Nevertheless,	the	potential	sensitivity	of	small	pelagic	fish	is	clear.	Wiafe	et al.	(2008)	observed	that	 
“A	month’s	lag	exists	between	the	peaks	of	Sardinella	larval	abundance	and	total	zooplankton	biomass,	
suggesting a ‘match’ between the predators and larval food and, hence, the potential for a climate change 
induced ‘mismatch’ to compromise recruitment in S. aurita	stocks”	(Cushing,	1974,	1975,	1982,	1990).	
More	specifically,	Wiafe	et al.	(op	cit.)	demonstrated	a	reduction	in	the	planktonic	copepod	Calanoides 
carinatus with respect to the sea surface warming. 

The	response	of	small	pelagic	fish	to	climate	change	induced	impacts	on	oceanography	are	likely	to	
be	species	specific.	For	example,	Dontwi	(2008)	developed	some	simple	models,	including	SST	and	
precipitation,	to	understand	drivers	of	small	pelagic	stock	size	and	catchability.	For	E. encrasicolus	(anchovy)	 

45.	 Koranteng	&	McGlade,	2001.

Figure	17:	Displacement	volumes	of	zooplankton	off	Ghana	
1969	to	1992	(source:	Mensah,	1995)
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Dontwi	 determined	 that	 (reduced)	
SST was the more important driver 
of	(increased)	stock	size.	On	the	other	
hand, for S. aurita	 (round	sardinella)	
higher	 SST	 led	 to	 larger	 stock	 size.	
Data for S. maderensis	(flat	sardinella)	
were interpreted as indicating relative 
insensitivity	 to	 SST.	 The	 projected	
catches derived from Dontwi’s work are 
presented in Figure 18. 

3.3 Population recovery/adaptive potential
It	is	nearly	impossible	to	state	with	any	degree	of	confidence	the	extent	to	which	the	status	of	current	
populations	of	small	pelagic	fish	have	already	been	adversely	affected	by	anthropogenic	climate	change	
impacts. On the other hand, it is apparent that populations are periodically affected by natural oceanographic 
drivers	(such	as	the	AMO).	Evidence	for	this	type	of	effect	is	apparent	from	the	analysis	of	small	pelagic	
fish	scale	deposits	recovered	off	the	coast	of	California46 which was described in Chapter one. 

In	 the	 case	 of	Ghana’s	 (or	 rather	West	
Africa’s)	small	pelagic	fish	populations,	
significant	natural	inter-annual	variability	
in sardinella biomass is evident in Figure 
19,	which	presents	the	results	of	acoustic	
surveys	undertaken	by	R/V	Dr Fridtjof 
Nansen	in	the	Gulf	of	Guinea.	

The general adaptive capacity of small 
pelagic species was described in Chapter 
one of this document. While it is not 
possible	to	describe	or	predict	specific	adaptive	potential	for	small	pelagic	fish	stocks	in	the	Gulf	of	
Guinea,	the	capacity	of	small	pelagic	species	in	general	to	tolerate	variability	in	their	environment	will	
partly depend on the status of their populations at the time of any perturbation. 

The	FAO	(2013)	observed	that	“In	general,	catches	of	the	western	stock	for	Sardinella aurita have shown 
a	declining	state	since	2004”	(Figure	20).	Not	surprisingly,	therefore,	analysis	by	the	CECAF	scientific	
committee suggests that the western stock of S. aurita is overexploited, while the western stock of 
S. maderensis is fully exploited.47	The	assessment	by	Dontwi	(previously	described)	suggests	that	catches	
for S. aurita could increase by 40 percent, to 140 000 tonnes in 2020, as a result of climate change 
influences	on	SST.	However,	Figure	20	indicates	that	the	reported	catch	of	this	species	had	declined	from	
100 000 tonnes in 2000, to less than 30 000 tonnes in 2008.

46. Field et al.,	1999.
47.	 FAO,	2013.

Figure	18:	Projected	catch	estimates	for	three	species	of	small	
pelagic	fish	(source:	redrawn	from	Dontwi,	2008)

Figure	19:	Biomass	estimates	for	Sardinella	spp.	(western	
stock)	(source:	FAO,	2013)

Figure 20: Catch of S. aurita	off	Ghana	1990	to	2008	(source:	FAO/CECAF,	2013)
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The	analysis	of	data	and	projections	for	future	population	responses	is	further	complicated	by	the	fact	that	
populations	of	small	pelagic	fish	are	not	restricted	by	national	political	boundaries.	In	the	case	of	the	sardinella	
species,	for	instance,	there	is	believed	to	be	a	single	(western)	stock	that	inhabits	the	waters	of	at	least	four	Gulf	
of	Guinea	countries	(Ivory	Coast,	Ghana,	Togo	and	Benin).	Any	remedial	fisheries	management	initiatives	
that might be introduced to mitigate the impacts of climate change and to bolster population resilience would 
have to take place across the range of the large proportion of the stock.

Acoustic	survey	data	for	E. encrasicolus is presented in Figure 21. Stock assessment research, although 
hampered by generally unreliable data, suggests that the western stock of E. encrasicolus is also 
fully	exploited	(Fcur/F0.1	=	0.89).	Overall	these	data	show	similar	patterns	of	interannual	variability	in	
stock biomass that are difficult, 
within the framework of current 
knowledge and understanding 
of oceanographic responses, to 
attribute to climate change.

4. Social component

4.1 Ecological vulnerability
The small pelagic ecosystem is 
influenced	by	a	number	of	global,	
regional and local atmospheric and 
oceanographic processes. These 
processes	in	turn	may	be	influenced	
by geomorphological processes  
(e.g.	volcanic	activity)	as	well	as	extra	terrestrial	phenomena	such	as	sun	spot	cycles.	These	processes	take	
place over varying time scales, ranging from days to decades, and they are likely to have cyclical features 
and	to	interact	with	and	affect	each	other.	Increased	levels	of	GHG	in	the	atmosphere	are	an	additional	
source	of	influence,	but	the	sheer	complexity	of	all	these	processes	and	the	relative	lack	of	understanding	
of	them,	makes	the	definition	of	any	sort	of	quantitative	index	of	ecological	vulnerability	of	small	pelagic	
ecosystems of questionable value. Previous sections of this case study have attempted to elucidate at least 
some elements of exposure, sensitivity and the adaptive or recovery capacity, but no attempt will be made 
to estimate an index of ecological vulnerability.

4.2 Social sensitivity
Small	pelagic	fisheries	are	a	significant	component	of	the	coastal	fisheries	in	Ghana	and	support	an	
estimated	210	000	fishers	at	344	landing	centres	along	the	coast.	Fishers	are	generally	male.	On	the	other	
hand,	much	of	the	financing	of	artisanal	fisheries,	including	the	harvest	and	post-harvest	components,	is	
provided	by	entrepreneurial	women	−	so-called	“fish	mummies”.	A	further	two	million	individuals	are	
believed	to	be	stakeholders	in	wider,	fisheries	related	economic	sectors.48

Within	the	fishing	community	itself	a	degree	of	gear	specialization	has	developed	between	the	various	
ethnic groups, largely as a result of the local marine environment in which they operate. For example, 
the	Anlo-Ewe	ethnic	group	mainly	use	beach	seine	gears	while	the	Fante,	Effutu	and	Ga	use	APW	gears.	
The	increasing	mobility	of	fishers	within	Ghana	itself	is	reportedly	leading	to	a	decline	in	these	ethnic	
distinctions in gear use.49

An	example	of	the	direct	interaction	between	environment	and	fisher	livelihoods50 is shown in Figure 22.

The	figure	shows	the	pattern	of	annual	coastal	rainfall	and	beach	seine	production	in	Ghana	from	2000	to	2009.	

48.	 Bank	of	Ghana,	2008;	Nunoo	&	Asiedu,	2013.
49. Mensah et al., 2006.
50.	 Kraan,	2009.

Figure 21: Biomass estimates for E. encrasicolus	(western	
stock)	(source:	FAO/CECAF,	2013)
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There is an apparent negative correlation 
between rainfall and catch. While on the one 
hand, higher rainfall and subsequent river 
discharge is likely to increase local primary 
productivity,	providing	some	benefit	to	small	
pelagic	fish	stocks,	the	nature	of	the	weather	
systems	that	bring	the	rainfall	−	often	with	
associated	storm	activity	and	low	visibility	−	
reduces	the	ability	of	fishers	to	operate,	hence	
(it	is	postulated)	the	lower	catches	in	years	of	
heavy	rainfall	(storm	activity).	

In the previous subsection, catch data was 
reported that indicates highly variable biomass 
and	significant	fluctuations	in	the	total	landings	
of the important Sardinella group. While 
such variability tends to be a feature of these 
genera, it is also worth noting that catch levels 
for	2008	were	at	their	lowest	level	since	1990.	
In fact, within the Sardinella group itself, the 
picture is varied. Landings of the less abundant 
S. maderensis have, in fact, remained fairly 
constant	since	1990,	with	the	exception	of	the	
large harvests of 2004 and 2006. 

Landing data for E. encrasicolus for the same 
period	(1990	to	2008)	also	show	the	sort	of	
interannual variability typical of small pelagic 
fish,	but	again	with	an	overall	declining	trend	
in	landings	(Figure	23).

In addition to natural interannual variation that 
will	effect	fisheries	livelihoods	and	economies,	
fishers	of	small	pelagic	species	also	operate	in	
a highly seasonal context. Figure 24 presents 
monthly	catch	volume	landed	by	APW	and	
beach seine gears. Recent data on catch rates 
from	Asiedu	and	Nunoo	(2013)	depict	a	similar	
seasonal pattern.

These data highlight the strong relationship 
between	the	major	upwelling	period	of	June	
to	September	 and	 the	 catch	 rate	 enjoyed	
by	the	fishers,	whose	actual	effort	remains	
fairly	constant	throughout	the	year.	Given	the	
overall contribution of small pelagic species 
to	Ghana’s	landings,	fishers	and	traders	will	
inevitably face months of reduced income. This is important because, at least according to data from two 
major	fishing	centres,	at	Ahwiam	(Western	Region)	and	Elmina	(Central	Region),	fisheries	are	recorded	as	
the	main	occupation	for	93.3	and	90	percent	of	respondents,	respectively.	Fisheries	are	therefore	likely	to	also	
be	the	principal	source	of	income,	and	indeed	they	provide	80	and	85	percent	of	fishers’	overall	income	in	
Ahwiam	and	Elmina,	respectively	(Figure	25).	Just	6	percent	and	10	percent	of	respondents	at	these	two	sites	
reported being engaged in alternative livelihoods.51	Asiedu	et al.	(2013)	showed	that,	for	the	two	coastal	sites	

51.	 Asiedu	&	Nunoo,	2013.

Figure 22: Plot of annual rainfall and beach seine catch 
in	Ghana

Figure 23: Total landings for E. encrasicolus	(source:	
FAO/CECAF,	2013)

Figure 24: Seasonality of small pelagic catch landed by 
APW	&	beach	seine	(Source:	redrawn	from	Kraan,	2009)
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previously	identified,	just	6	percent	(Ahwiam)	
and	18	percent	(Elmina)	of	households	had	
established pension plans and had access to 
formal social security. However, the picture 
was quite different regarding health insurance, 
with	just	18	percent	of	respondent	households	
in	Ahwiam	stating	they	had	such	insurance,	
compared with 75 percent in Elmina.

Furthermore,	Tietze	et al.	(2011)	reported	
than	beach	seine	fisheries	provided	important	
contributions to a traditional social welfare 
system	 “…and	 provides	 free	 fish	 to	 the	
handicapped, poor and elderly members of 
the	community”.	Notwithstanding	any	decline	in	fisheries	production	resulting	from	climate	change	and	
natural interannual variations, the apparent general decline in overall yields already taking place will have 
grave	implications	for	these	marginalized	members	of	coastal	communities	in	Ghana.

4.3 Social impact potential
There remain important challenges in attributing change in small pelagic ecosystems to climate change 
effects, as opposed to interannual variations related to a range of natural atmospheric and oceanographic 
phenomena. However, an effort to quantify the macro social impact potential of climate change was 
undertaken by Lam et al.	(2012).	In	a	wide-ranging	analysis,	Lam	and	her	colleagues	assessed	the	potential	
impact	of	two	climate	change	scenarios	across	West	Africa	and	projected	significant,	if	not	quasi-catastrophic,	
climate	change	impacts	on	fisheries.	While	it	is	important	to	acknowledge	that	the	primary	production	data	
and estimated climate change effect parameters that drive the outputs were applied in a highly complex 
and	variable	environment	−	and	to	species	for	which	detailed	knowledge	is	relatively	scarce	−	the	analysis	
is,	however,	a	useful	point	of	departure.	For	Ghana,	a	reduction	in	landings	of	41	percent	(as	measured	
against	average	levels	in	the	2000s)	was	predicted	by	2050	for	a	low	range	GHG	emissions	scenario.	For	
a	high	range	scenario	(the	SRES	A1B	model),	the	reduction	in	landings	was	projected	to	be	in	the	order	of	
−55	percent.	The	reduction	for	Ghana	under	the	low	range	model	was	the	most	significant	of	all	14	countries	
included	in	the	analysis.	Given	the	strong	reliance	on	fish	for	the	supply	of	dietary	protein	in	Ghana,	this	
would result in a 4.5 to 6 percent reduction in protein supply under the low range emissions model, and 
6	to	8	percent	under	the	SRES	A1B	high	range	emissions	scenario.	The	implications	for	the	employment	
of	Ghanaians	is	significant,	with	projections	of	a	loss	of	between	37	and	52	percent	of	fisheries-related	jobs	
(relative	to	mean	employment	numbers	during	the	2000s)	for	the	two	emissions	scenarios,	respectively.

4.4 Adaptive capacity
A	climate	change	driven	disruption	to	this	system	will	obviously	lead	to	consequences	for	coastal	economies,	
livelihood	diversity	and	the	balance	of	trade	relating	to	fishery	products.	However,	there	is	evidence	of	
adaptive capacity. For example, the ecological component is, by its very nature, quite dynamic with important 
within-year	and	interannual	cycles	of	production,	and	the	stocks	themselves	are	migratory;	together	these	
features	have	required	fishers	to	adopt	flexible	livelihood	strategies,	including	fisher	migrations,	in	order	
to	profitably	exploit	them.	Wider	economic	and	political	factors	also	combine	with	ecological	components	
to	influence	fishers’	behaviour.	

There	appear	to	be	relatively	few	contemporary	data	available	on	the	precise	numbers	of	fishers	that	
migrate,	where	and	for	what	period	they	migrate,	and	their	interactions	with	the	domestic	fisheries	
systems	they	visit.	In	1990,	Haakonsen	(1992)	reported	that	3	000	Ghanaian	fishers	were	operating	on	the	
coast	of	Liberia	and	were	estimated	to	supply	a	significant	44	percent	of	the	total	marine	catch	of	Liberia	
at	that	time.	Chauveau’s	research	(1991)	led	to	the	production	of	a	map	of	the	extent	of	fishing	and	fish	
trading	migrations	across	West	Africa	as	a	whole.	The	Ghanaian	component	of	the	migration	is	redrawn	
in	Figure	26.	Subsequent	political	turmoil	has	dramatically	altered	the	presence	of	Ghanaian	fishers	in	
Liberia,	and	the	number	of	Ghanaians	operating	in	the	waters	of	neighbouring	countries	also	waxes	and	
wanes in response to a variety of drivers, including civil wars and political dynamics.

Figure	25:	Sources	of	income	for	fishers	at	two	landing	
sites	in	Ghana	(source:	Asiedu	&	Nunoo,	2013)
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In	a	2002	survey,	Fregene	(2002),	reported	that	Ghanaians	made	up	8.4	percent	of	a	sample	across	marine	
fishing	communities.	The	migration	of	Ghanaian	fishers,	largely	from	the	Ewe	and	Fante	ethnic	group,	
to	Nigeria	is	thought	to	date	back	to	the	19th	Century,	with	Ghanaian	fishers	believed	to	have	greater	
fishing	skills	and	better	equipment	than	their	Nigerian	hosts.	The	entry	into	some	regional	fisheries	by	
the Fante is believed to have been itself driven by the collapse of the rubber trade in Ivory Coast in which 
Ghanaians	were	previously	engaged.52 Mensah et al.	(2006)	reported	that	during	periods	of	low	catches,	
some	fishers	migrate	to	inland	water	bodies,	such	as	Lake	Volta.	More	recently,	Fregene	(2007)	reported	
figures	for	Nigeria	indicating	that	there	were	approximately	“…300	000	coastal	migrant	fishermen,	mostly	
Ghanaians”,	although	this	figure	should	be	treated	with	caution	because	it	appears	to	exceed	the	total	
number	(approximately	210	000)	of	Ghanaians	fishing	in	Ghana	itself.

Jentoft	and	Eide	(2011)	argued	that	the	high	mobility	of	Ghanaian	fishers	was	not	only	in	response	to	the	
migration	of	fish	stocks,	but	also	because	of	coastal	erosion,	local	population	pressures	and	overfishing,	as	
well	as	affording	an	opportunity	to	earn	revenues	in	the	stronger	currencies	of	adjacent	countries	during	
periods	of	economic	downturn	in	Ghana	itself.	There	are	two	sides	to	the	migration	coin:	the	driver	is	one	
thing, but there also needs to be a suitable alternative, a destination that is worth migrating to. In view of the 
fact	that	it	is	increasingly	difficult	to	identify	neighbouring	stocks	that	are	not	already	under	pressure,	any	
climate	change	impacts	will	likely	affect	those	stocks	as	much	as	the	home	stocks	of	the	migrant	fishers.

The declines in catch of small pelagic species and, presumably, improvements in the available technology, 
appear	to	have	prompted	a	trend	towards	increasing	the	fishing	effort	of	vessels	targeting	small	pelagic	fish,	
particularly	for	APW	gear	deployed	by	both	the	semi-industrial	and	the	artisanal	fleets.	In	particular,	those	
using Watsa gear are increasingly using lights at night, powered by small onboard generators, to increase 
their	fishing	effort	and	extend	the	available	season	for	targeting	small	pelagic	species.	Recent	interview-
based research in the Western Region of the country, for example, indicated that the number of Watsa	fishers	
using	lights	to	improve	their	fishing	success	increased	from	less	than	10	percent	in	2002	to	more	than	90	
percent in 2010.53	A	further	development	that	has	increased	fishing	effort	is	the	use	of	cell	phones,	which	
allow cooperating vessels to exchange information on the presence of schools of small pelagic species.  

52.	 Abobi	&	Alhassan,	2015.
53. Finegold et al., 2010.

Figure	26:	Migration	destinations	of	Ghanaian	fishers	(source:	redrawn	from	Chauveau,	1991)
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However,	increasing	fishing	effort	is	mirrored	by	changes	in	the	behaviour	of	the	fleet.	Finegold	et al.	(2010),	
again	reporting	the	results	of	interviews	with	artisanal	fishers	in	the	Western	Region,	showed	that	the	relative	
time	taken	by	fishers	to	reach	their	fishing	grounds	has	almost	trebled	when	compared	to	the	previous	decade	
and	this	increase	has	taken	place	against	the	backdrop	of	increased	use	of	engines	by	the	fleet.	This	adaptation	
is	not,	however,	a	win-win	situation,	given	that	stocks	continue	to	decline	and	improved	catch	efficiency	is	
only likely to hasten such declines.

Ghanaian	 fishers	 have	 also	 shown	adaptive	 capacity	 in	 the	development	of	 a	 certain	 degree	of	
occupational	diversity,	although	previous	evidence	(e.g.	see	Figure	25)	suggests	that	this	might	be	limited.	
Tietze	et al.	(2011)	reported	that	“Fishers	in	the	artisanal	and	semi-industrial	sectors	do	not	have	the	
requisite skills to move into other sectors”, in part because of low levels of literacy and other skills. 
Asiedu	and	Nunoo	(2013)	questioned	whether,	even	if	the	capacity	of	fishers	was	increased,	alternative	job	
opportunities	actually	exist	in	sufficient	numbers	in	coastal	Ghana	to	have	a	meaningful	effect,	assuming	
that	new	fisheries	entrants	(for	example	from	the	drought-affected	interior)54 could be constrained. Despite 
this,	the	willingness	of	fishers	to	change	livelihoods	was	reported	in	the	case	studies	presented	by	Asiedu	
and	Nunoo	(2013)	to	be	very	high:	100	percent	of	respondents	in	Ahwiam	and	93	percent	in	Elmina.

An	interesting	study	by	Perry	and	Sumaila	(2006)	observed	that	consumers	of	fish	protein	adapted	to	
changes in supply by “prey-switching” to “bushmeat”. However, this strategy has negative outcomes for 
wildlife, with the authors reporting declines in 41 species in nature reserves near to the coast over the 
period	of	1970	to	1999,	which	they	correlated	with	reduced	fish	supply.

5. Social-ecological vulnerability
Looking	at	the	wider	social-ecological	system	of	small	pelagic	fisheries	in	Ghana,	Asiedu	et al.	(2013)	
interviewed respondents on their perceived sources of vulnerability. The scope of vulnerabilities included 
conflict,	the	weather,	lack	of	infrastructure,	etc.	The	three	principal	vulnerabilities,	measured	as	intensity,	
at	the	two	coastal	sites	of	Ahwiam	and	
Elmina were education and capacity, 
fish	stocks	and	the	availability	of	finance	
and income streams. The results of their 
analysis are presented in Figure 27.

The results of this work are perhaps to be 
expected, pointing as they do to the array 
of factors within the social-ecological 
system	that	influence	fishers’	livelihoods,	
and ultimately the supply of fish in 
Ghanaian	markets.	Asiedu	and	colleagues	
also point out that reducing vulnerability 
in	general	requires	a	sufficiently	broad	
approach	to	address	direct	causes	of	fisher	
poverty	(status	of	fish	stocks,	etc.)	but	also	
infrastructure, health facilities, access to 
credit, etc.

Climate	change	is	likely	to	simultaneously	affect	all	these	drivers	of	poverty	in	small	pelagic	fishing	
communities	in	Ghana.	

54. Perry & Sumaila, 2006.

Figure 27: Comparative analysis of vulnerability between 
fishers	at	 two	coastal	fishing	villages	in	Ghana	(source:	
redrawn	from	Asiedu	et al., 2013)
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6. The management implications of climate change to the 
	 beach	seine	fishery	of	Ghana
When	fashioning	strategies,	proponents	should	recognize	places	where	climate	change	will	benefit	local	
fisheries	and	places	where	climate	change	will	have	a	negative	impact.55 Conservation methods such 
as	using	fishing	nets	of	approved	mesh	size,	or	designating	areas	of	no	fishing,	will	play	a	major	role	in	
adaptation	and	reduce	overfishing.56	For	instance,	the	EAF-Nansen	Project,	in	search	of	a	management	
solution	to	the	degradation	of	fish	stocks	by	beach	seine	gear,	has	concentrated	on	enforcement	of	larger	
mesh	sizes,	as	required	by	law.	This	restrictive	measure	will	have	an	immediate	negative	effect	on	the	
fishers	but	over	the	long	term,	it	will	have	a	positive	effect	on	the	fish	stocks	and	therefore	ultimately	
improve	revenue	generation	for	the	fishers.

Strategies	to	render	the	fishing	system	more	sustainable	and	economically	rewarding	will	be	fundamental	
to	the	adaptation	of	small-scale	fisheries.	Specific	adaptation	interventions	should	build	on	fishers’	current	
strategies for dealing with risk, shocks and change to avoid maladaptation. For instance, in Sakumono in 
Accra,	beach	seine	fishers	switch	to	fishing	in	the	nearby	Sakumono	lagoon,	and	become	more	involved	
in farming during bad weather periods in the rainy seasons when beach seining becomes impractical.57

The	government	of	Ghana	has	developed	management	plans	and	is	addressing	critical	socio-economic	
issues	pertaining	to	fisheries	and	fishers.	For	example,	premix	fuel	for	outboard	motors	has	been	subsidized;	
storage	facilities	for	fish	have	been	built	close	to	fishing	communities;	micro-finance	resources	have	been	
made	available,	etc.	Unfortunately,	there	is	no	documented	success	story	related	to	the	management	of	beach	
seine	fisheries	in	Ghana	and	Kraan	(2009)	reports	of	the	failure	of	the	implementation	of	an	alternative	
livelihood	programme	in	Ghana	under	the	DFID-funded	Sustainable	Fisheries	Livelihoods	Project.

Key	stakeholders	in	the	industry	have	shown	the	need	for	pragmatic	measures	to	safeguard	the	fishery	
resources exploited by the beach seine operators. There are national regulations on beach seining stipulating 
the	required	mesh	size,	dimension	of	fishing	gear	and	exclusive	zones.	The	National	Task	Group	composed	
of	individuals	from	the	fishing	industry,	the	Ministry	of	Fisheries	and	Aquaculture	Development,	fisher	
folk,	non-governmental	organizations	and	academia	has	prepared	a	management	plan	in	consultation	with	
various stakeholders. This management plan has been approved at the ministerial level and is awaiting the 
establishment	of	a	management	task	force	according	to	the	fisheries	law	(the	Fisheries	Act,	2002,	Act	625)	
to	ensure	its	implementation.	The	main	strategy	of	this	management	plan	is	to	limit	industrial	fishing	
effort	through	a	licensing	regime	and	regulate	the	mesh	size	of	beach	seine	bags.	A	project	piloted	by	the	
Fisheries	Commission	that	introduced	community-based	fisheries	management	committees	(CBFMC)	for	
the	purpose	of	ensuring	a	more	sustainable	use	of	national	fishery	resources	was	not	entirely	successful	
or sustainable on a nationwide basis.58	This	initiative	lacked	a	strong	commitment	and	zonal	approach	
to the allocation of user rights on behalf of communities. There is a need to precede such efforts with 
sensitization	of	all	relevant	stakeholders,	and	the	continuous	engagement	of	fishers,	district	assemblies	
and law enforcement agencies in the enforcement phase to ensure compliance.

Nunoo et al.	(2006)	recommended	that	the	government	of	Ghana	institutes,	in	cooperation	with	fishers,	a	
three-month	ban	on	beach-seining	(between	May	and	July).	This	would	support	the	long-term	sustainability	
of	Ghanaian	fish	stocks.	Managers	of	resources	at	the	Fisheries	Commission	should	adopt	the	ecosystem	
approach	to	fisheries	management	rather	than	the	conventional	management	approach	(where	a	single	
species is managed on its own). There is also a need for a uniform restriction and enforcement on mesh 
size	in	all	countries	along	the	Gulf	of	Guinea.	And,	in	addition	to	the	harmonization	of	management	
planning,	there	is	a	need	to	mainstream	climate	change	impacts	in	fisheries	policies	in	Ghana.	

Strategies	promoting	alternative	income	generating	activities,	such	as	fish	culture	and	the	rearing	of	
ruminants	during	fisheries	closed	seasons,	will	help	to	reduce	the	over-dependence	by	fishers	on	the	beach	

55.	 Badjeck	et al., 2010.
56.	 Grafton,	2010.
57. Nunoo et al.,	2006;	Nunoo	&	Asiedu,	2014.
58.	 MOFA,	2012.
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seine	fishery.	Another	significant	management	strategy	that	Ghana	may	adopt	is	empowering	the	youth	
through formal education. This will allow them to acquire other vocations, to enable them to operate in 
other areas of the economy and reduce dependence on small pelagic species. 

There are two key contextual problems that constrain actors and affect the ability to implement policy. 
The	first	is	that	Ghana’s	artisanal	fisheries	are	unable	to	supply	enough	products	to	meet	demand	and	
match	prices	of	imported	fish.	The	second	is	that	given	the	livelihood	options	and	low	income	levels	of	
artisanal	fishers	and	the	livelihoods	of	those	dependent	on	the	processing	and	trading	of	coastal-caught	
fish,	hundreds	of	thousands	of	mostly	poor	people	are	locked	into	a	process	that	gives	them	perverse	
incentives	to	fish	(with	many	of	them	using	subsidized	fuel)	when	stocks	are	collapsing	and	unsustainable.	
The two are clearly intertwined.

Because	of	declining	stocks	(and	lower	prices	of	imported	fish),	Ghana	is	now	importing	half	of	the	fish	
consumed	by	its	people.	The	Ministry	of	Fisheries	and	Aquaculture	Development	attributed	this	to	poor	
governance,	open	access	fisheries	and	illegal	fishing.	In	fact,	this	is	only	a	partial	explanation.	Another	
factor	is	that	imported	fish	is	cheaper.	The	Minister	is	also	reported	to	blame	imports	for	undermining	
Ghana’s	fisheries	and	has	said	that	the	government	will	support	the	expansion	of	fish	farming	in	the	
country.	Imports,	especially	of	farmed	tilapia	from	China,	Taiwan	and	other	Southeast	Asian	countries,	
are	significant	and	very	popular,	even	though	tilapia	is	not	a	native	fish.	Hence,	defending	the	livelihoods	
of	the	hundreds	of	thousands	of	inshore	artisanal	fishers,	and	those	who	depend	on	fish	processing	and	
trading,	is	a	near	impossible	task.	Support	for	artisanal	fisheries	in	the	current	context	will	perpetuate	
overfishing,	in	a	situation	where	landed	fish	prices	cannot	compete	with	imports.
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1.	 The	small	pelagic	fisheries	of	Senegal

1.1. The marine environment
Senegal	extends	from	12°	to	
17°	N	and	from	11°	to	18°	W.	
Oriented	 north−south,	 its	
coastline is approximately 
700	km	long	(Figure	1).	The	
continental shelf is about 
23	 092	 km2 and the EEZ 
approximately 158 861 km2. 
The width of the continental 
shelf off Senegal is about 
27	 nautical	 miles	 (nmi)	
adjacent	to	the	northern	city	
of Saint-Louis, but it narrows 
to 5 nmi in the central Cape 
Verde	 Peninsular	 around	
Dakar and is at its widest 
(about	 87	 nmi)	 in	 the	
Casamance coastal region 
in the south of the country. 
Around	 the	 Cape	 Verde	
Peninsular, the seabed is 
rocky, but other areas of 
the Senegalese coast are 
characterized	by	either	sandy	
or muddy seabeds. 

The key feature of this marine 
environment, as it pertains to 
fisheries,	is	the	presence	of	a	
winter upwelling and the basic parameters of this upwelling are presented in Table 1. During the summer 
period	the	area	off	Senegal	(and	southern	Mauritania)	is	characterized	by	an	active	downwelling.

Table 1: Some	parameters	of	African	upwellings (source:	Roy,	Nd.)

Location Period SST  
(Median °C)

Wind speed 
(m/s-1)

upwelling 
index  

(m3/s-1/m)

Wind mixing 
(m3/s3)

Senegal Dec−May 25.8 4.8 1.0 197
Ivory Coast & 
Ghana

Jan−Feb	 
June−Oct

27.8  
27

3.7  
3.7

1.0  
1.3

95	 
95

Namibia Permanent 15.9 6 1.1 432

1.2 The fishery
The	Senegalese	coast	is	rich	in	fisheries	resources	and	small	pelagic	fish	species	currently	constitute	more	
than	75	percent	of	total	landings.	Small	pelagic	species	are	mainly	exploited	by	artisanal	fisheries,	using	
purse	seines	and	gillnets.	Since	2010,	just	four	small	industrial	purse	seiners	have	targeted	small	pelagic	
fish	and	average	total	landings	have	amounted	to	3	500	tonnes	per	annum.	With	annual	total	landings	of	
around	450	000	tonnes	during	recent	years,	the	artisanal	fisheries	are	responsible	for	more	than	80	percent	

Figure	1:	The	coastal	zone	of	Senegal	and	Northwest	Africa
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of	total	fisheries	production	in	Senegal.1	An	estimated	50	percent	of	the	total	national	catch	is	landed	at	
the	major	coastal	fish	landing	sites	which	are	presented	in	Figure	2.2

There is a substantial degree 
of cross-border f ishing 
activity	by	Senegalese	fishers	
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 
issued	with	licences	to	fish	
in Mauritanian waters for 
a period of three months. 
Among	 the	 regulations	
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 
Faso,	Guinea	and	Mali.3

1.3 Species diversity
The	production	of	the	small	pelagic	fisheries	is	essentially	dominated	by	two	sardinella	species,	the	round	
sardinella	(Sardinella aurita)	and	Madeiran	sardinella	(Sardinella maderensis). Other exploited small 
pelagic	species	include	bonga	shad	(Ethmalosa fimbriata),	false	scad	(Caranx rhonchus), chub mackerel 
(Scomber japonicas),	horse	mackerel	(Trachurus trachurus)	and	European	pilchard	(Sardina pilchardus) 
(Figure	3).	The	Senegal	(and	Canary	Current)	ecosystem	is	unusual	when	compared	to	other	eastern	
boundary	upwelling	systems	because	anchovy	(Engraulidae)	are	not	a	significant	part	of	the	small	pelagic	
species assemblage.4 

1.	 FAO,	2013.
2.	 FAO,	2011.
3.	 FAO,	op	cit.
4.	 Arístegui	et al.,	2009.

Figure	2:	Major	coastal	landings	sites	of	Senegal	(source:	redrawn	from	
FAO,	2008)

Figure	3:	Common	small	pelagic	species	caught	in	Senegal	(source:	Fishbase)
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An	important	feature	of	the	small	pelagic	
species	caught	off	the	Northwest	African	
coast	is	their	highly	migratory	nature.	An	
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 
rates.	As	the	upwelling	ends,	the	fish	move	
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
A	time	series	(1990−2011)	of	fishing	effort	
by	the	artisanal	fleet	is	presented	in	Figure	5.	
FAO	(2013)	notes	 that	although	 the	 total	
effort	 (in	 canoe	 days)	 has	 oscillated	 by	
approximately 20 percent over the period of 
the time series, there has been an increase 
in	 the	mean	size	of	canoes	and	therefore	
effective catching effort has increased, which 
is	not	reflected	in	these	basic	data.	

In terms of total landings, 
S. aurita is the dominant 
species;	landings	for	this	species	
were	characterized	by	a	rapid	
increase	 during	 the	 1980s,	
before experiencing a downward 
trend	in	the	1990s,	with	a	lowest	
level	of	83	000	tonnes	in	1999	
(Figure	 6).	 However,	 since	
2001 a reversal of this trend is 
noted, with the highest catch 
of S. aurita	 (263	594	 tonnes)	
recorded	in	2009.6 This recent 
increase is because of a bilateral 
agreement between Senegal 
and Mauritania which annually 
grants	about	300	fishing	licenses.	
For S. maderensis, the landings 
recorded an upward trend that 

5. Zeeburg, 2008.
6.	 FAO,	2013.

Figure 4: The migration of S. aurita	(source:	Zeeburg,	2008)

Figure	5:	Fishing	effort	(days)	by	the	artisanal	sardinella	
fleet,	1990	to	2011	(source:	FAO,	2013)
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reached its highest level in 
2003	with	164	469	tonnes.	
Since then, the landings 
have generally decreased. 
The two species of S. aurita 
and S. maderensis constitute 
about 47 and 20 percent of 
the	total	artisanal	fisheries	
production respectively. E. 
fimbriata 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 signif icant 
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 
ITCZ.	During	the	winter	months,	the	wind	is	predominantly	from	the	northeast	and	drives	upwelling;	during	
the summer months the wind is predominantly from the southwest and drives downwelling processes. 
The	timing	and	extent	of	the	migration	of	the	ITCZ	is	(generally)	determined	by	cross-equatorial	SST	
gradients and atmospheric heat gradients and therefore should be sensitive to the effects of increased 
GHG	emissions	on	these	parameters.	However,	there	is	some	evidence7 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.	(2014)	presented	evidence	that	supports	the	realization	of	the	so-called	Bakun	upwelling	
intensification	hypothesis	off	Northwest	Africa.	This	hypothesis	suggests	that	global	warming	associated	
with	increased	GHG	emissions	will	cause	reduced	night	time	cooling	and	increased	daytime	heating	
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 
indices	for	the	Mauritania-Senegalese	zone	actually	showed	a	decreasing	trend	(although	it	was	significant	
for only one of the indices) during the winter upwelling period, but with an increase in downwelling-
favourable	winds	south	of	19	°N	during	the	summer.	The	IPCC	(2014,	chapter	30)	highlights	the	challenges	
of determining any sort of trend given the often contradictory nature of available data and analyses. For 
example,	the	IPCC	cites	Gómez-Gesteira	et al.	(2008)	who	found	a	20	percent	(winter)	and	45	percent	
(summer)	decrease	in	the	strength	of	upwelling	for	the	Canary	Current	as	a	whole	over	the	period	1967	to	
2006, as a result of decreasing wind speed. On the other hand, the IPCC reports the work of Barton et al. 
(2013)	which	did	not	indicate	any	clear	trend	in	wind	strength	over	the	past	60	years.

There	are	also	variable	but	non-GHG	emission	related	background	atmospheric	processes	that	can	drive	
windstress	variability.	For	example,	the	NAO,	which	is	an	atmospheric	phenomenon	driven	by	pressure	
differences	between	the	Icelandic	polar	low	pressure	zone	and	the	Azores	subtropical	high	pressure	zone.	

7.	 McGee	et al., 2014.

Figure	6:	Total	catch	of	small	pelagic	species,	1990	to	2011	(source:	FAO,	2013)
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The	NAO	index	explained	as	much	as	53	percent	of	the	variability	of	windstress	delivered	by	northeasterly	
trade winds, at least off Mauritania.8

Rainfall
In	the	tropical	and	subtropical	areas	rainfall	plays	a	significant	role	in	the	balance	of	the	seasonal	and	
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. 

Data	available	from	three	major	coastal	stations	(Ziguinchor,	Dakar	and	Saint-Louis)	indicate	a	very	high	
interannual	variability	but	a	general	decreasing	trend	of	rainfall	in	Senegal	since	1950,9 although at a single 
station	the	interannual	variation	could	be	hundreds	of	millimeters.	At	Ziguinchor	station,	for	example,	
the difference in rainfall 
between	1977	and	1978	was	
815 mm. There was a partial 
recovery	in	the	1990s.	Then,	
between	 2000	 and	 2009,	
the recovery slowed down 
and	the	2000	to	2009	mean	
remained about 15 percent 
lower	than	the	1920	to	1969	
mean. 

On	 a	 wider	 time–space	
scale, many studies are 
in agreement about high 
rainfall variability and 
a general decrease in 
precipitation in Senegal 
and the whole Sahel 
region.10	 At	 the	 same	
time, the rainfall contours 
shifted progressively from 
north to south. In the whole 
Sahelian	zone,	the	rainfall	
was	 also	 characterized	
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. 
For	 the	WAM	 itself,	 the	
IPCC	WGI	AR5	 (2013)	
stated that “There is low 
confidence	in	projections	
of a small delay in the 
West	African	rainy	season,	
with an intensification of 

8.  Meiners et al., 2010.
9.	 Thiao,	2009.
10. e.g. Malou et al,.	1999;	Niang-Diop	et al., 2002.

Figure	8:	Modelled	temperature	change	in	West	Africa	June	to	August	
(source:	IPCC,	2013a)

Figure	7:	Modelled	changes	in	precipitation	for	West	Africa,	October	to	
March	(source:	IPCC,	2013a)
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late-season	rains.	The	limited	skills	of	model	simulations	for	the	region	suggest	low	confidence	in	the	
projections”.	Figure	7	presents	IPCC	model	outputs	for	potential	change	in	precipitation	in	West	Africa.

As	far	as	atmospheric	temperatures	are	concerned,	the	projections	are	for	an	increase	across	West	Africa,	
with the actual degree being dependent on the particular climate model chosen, and a worst case scenario 
of	a	mean	increase	of	temperature	approaching	5	°C	during	the	summer	(which	is	also	the	period	of	the	
major	upwelling)	by	2100	(Figure	8)	and	a	similar	forecast	for	the	winter	period.11 

2.2 Ocean currents and thermal dynamics
The	major	currents	off	the	coast	of	Northwest	Africa	are	presented	in	Figure	9.	Among	these	coastal	
currents, the Canary Current is the 
main driver in the so-called Canary 
Current Large Marine Ecosystem 
(CCLME)	region.

Sea surface temperature
The IPCC,12 reporting the work of 
various authors, states that the Canary 
Current in its entirety has shown 
a	warming	 trend	 since	 the	 1980s	
(0.09	°C	decade-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 
(windstress)	in	the	region.	However,	
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 
variations.	For	example,	Arístegui	
et al.	(2009)	cited	the	work	of	Ould-
Dedah et al.	 (1999)	who	analysed	
International Comprehensive Ocean-
Atmosphere	Data	Set	(ICOADS)	SST	
data	for	the	period	1946	to	1988	and	
reported	that	nearshore	waters	between	20	°N	and	26	°N	were	cooling.	This	is	consistent	with	the	analysis	
of Cropper et al.	(2014)	and	the	upwelling	intensification	hypothesis.	But	Ould-Dedah	et al. also observed 
an	overall	warming	south	of	20	°N,	i.e.,	in	the	northern	sector	of	the	Mauritanian–Senegalese	subregion,	
possibly	consistent	with	increased	downwelling	in	that	area.	A	closer	look	at	specific	analyses	completed	
by	Arístegui	and	his	colleagues	−	research	that	was	cited	by	the	IPCC	as	evidence	for	a	general	warming	
trend	in	the	Canary	Current	−	reveals	distinct	regional	differences	in	SST	trend,	particularly	at	the	southern	
extreme of the current system where cooling was observed, albeit using a relatively short time series of 
AVHRR	data	from	1998	to	2007.	These	data	are	presented	in	Figure	10.	Such	variations,	not	unsurprising	
given	the	evident	transition	zone	in	climate	and	oceanography	south	of	approximately	20	°N,	highlight	
the importance of research at appropriate geographical scales and that the reporting of this research 
adequately captures those subregional variations.

11. IPCC, 2013a.
12.	 IPCC,	2014	(chapter	30).

Figure	9:	Major	ocean	currents	off	West	Africa	(source:	redrawn	
from	Arístegui	et al.,	2009)
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Upwelling
The climatology of the coastal region of Northwest 
Africa	results	in	three	zones	of	upwelling,	each	with	
their	own	particular	characteristics.	To	the	north	(from	
latitudes	26−35	°N)	a	permanent	upwelling	exists,	
but it is seasonal with increased intensity in summer 
months;	a	permanent,	year-round	upwelling	is	observed	
in	latitudes	21−26	°N;	and	finally	to	the	south	there	is	
a	winter	upwelling	from	12−19	°N,	the	Mauritania−
Senegalese	upwelling	zone.13	In	contrast	to	the	zones	
to	the	north,	the	Senegalese	zone	is	characterized	by	
downwelling	during	the	summer	months	(e.g.	Jun−Jul−
Aug)	(Figure	11).	The	cool	and	nutrient-rich	upwelled	
waters along the coastal shelf edge are a consequence 
of	longshore	wind	forcing	(Ekman	transport).	The	
strength and position of the wind depends on the 
latitudinal migration of the ITCZ and the associated 
Azores	high	pressure	area,	both	oscillating	between	
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 
GHG	emissions.	

And,	mention	has	already	been	made	of	the	apparent	
effect	of	the	NAO	on	windstress	in	Section	2.1.	 
A	positive	NAO	has	been	shown	to	explain	53	
percent	of	windstress	variability	(off	Mauritania)	and	
therefore is also likely to explain a high percentage 
of	upwelling	variability	given	the	cause–effect	

relationship between the two 
phenomena.	During	NAO+	
phases	 (e.g.	1990	 to	2000)	
upwelling is more intense 
and more widely extended 
along the coast of Northwest 
Africa.	 There	 is	 evidence	
that	 the	 NAO	 index	 has	
been increasing in recent 
decades	 (i.e.	 representing	
an increased atmospheric 
pressure differential) and that 
interdecadal variability has 
also increased, suggesting 
more	intense	NAO+	as	well	
as	more	intense	NAO-	events.	

13.	 Benazzouz	et al.,	2014;	Cropper	et al., 2014.

Figure 10: Decadal trends in SST from the period 
1998	to	2007	(with	SD	of	trends)	(source:	Arístegui	
et al.,	2009)

Figure	11:	The	monthly	climatology	(1981	to	2010)	for	the	Mauritania–
Senegalese	upwelling	zone	(source:	redrawn	from	Cropper	et al., 2014)
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The	possible	explanation	for	this	includes	natural	forcing	(e.g.	volcanic	aerosols;	changes	in	solar	activity),	
but	also	anthropogenic	forcing,	i.e.	GHG	emissions.14

Salinity
Sea	water	salinity	influences	the	seasonal	and	long-term	distribution	and	abundance	of	many	species.	
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 E. fimbriata whose biological 
cycle	is	more	dependent	on	estuarine	environments.	Therefore,	significant	modification	of	variability	of	
salinity constitutes a determinant exposure factor that could result from climate change. From the data 
collected	locally	in	four	coastal	sites	by	the	Oceanographic	Research	Center	of	Dakar-Thiaroye	(CRODT),	
until	1997	it	was	clear	that	the	salinity	had	been	increasing	since	the	1970s.	For	instance,	an	average	
increase	of	0.03	g/l	had	been	recorded	per	year	in	Mbour	which	is	one	of	the	major	small	pelagic	landing	
sites	in	Senegal.	However,	unlike	the	period	from	1970	to	1987,	during	which	the	increasing	trend	was	
considerable,	a	relatively	moderate	increase	was	noted	during	the	1990s.	This	situation	is	probably	linked	
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 
to	plankton,	is	the	first	element	of	the	aquatic	food	chain.	Phytoplankton	is	the	basic	component	of	
plankton and is generally measured as the concentration of chlorophyll. The second component that 
feeds	off	phytoplankton	is	zooplankton	and	constitutes	the	food	of	most	of	the	exploited	small	pelagic	
species in Senegal. Therefore, the level and evolution of primary production, which is also very sensitive 
to	environmental	conditions	(e.g.	mineral	salts	concentration,	sunlight,	turbidity,	etc.),	is	a	key	factor	
for the abundance of the small pelagic species. The seasonal variation in chlorophyll-a concentration is 
presented	in	Figure	12	and	13.	In	the	Mauritania/Senegalese	zone,	chlorophyll-a concentrations during 
the winter upwelling are clearly higher.

Upwelling	productivity	is	augmented	by	major	river	systems.16	There	are	several	major	river	systems	along	
the	Senegalese	coast:	the	Casamance,	the	Senegal	and	the	Gambia	rivers,	which	are	important	sources	of	
nutrients that further enhance ocean productivity. 

An	important	feature	of	the	Canary	Current	system	is	that	the	upwelling	takes	place	relatively	far	from	the	
coast owing to the width of continental shelf. The result of this is that there is relatively little movement of 
water	masses	perpendicular	to	the	coast	(cross-shore)	compared	to	other	eastern	boundary	upwelling	systems.	

14.	 Gillet	et al., 2003.
15.	 Sherman	&	Hempel,	2009.
16. Sambe, 2012.

Figure	13:	SEAWIFS	image	of	chlorophyll-a during 
boreal winter

Figure	12:	SEAWIFS	image	of	chlorophyll-a during 
boreal summer
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The	significance	of	this	for	ecosystem	production	is	
that the system has relatively high rates of nutrient 
retention	in	the	coastal	area	(e.g.	iron	delivered	to	the	
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 
(2009),	reporting	on	data	from	the	period	1998	to	2006,	
indicated chlorophyll-a concentrations were declining 
at	an	average	of	0.0139	mg/m3 per year along the Canary 
Current as a whole. However, a much more nuanced 
regional	analysis	by	Arístegui	et al.	(2009)	suggested	
important	regional	variations,	with	significant	increases	
off	coastal	Mauritania,	but	significant	decreases	off	
coastal	Senegal	(Figure	14).	The	apparent	reduction	
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.	(2014).	

An	aspect	of	climate	change	that	is	attracting	increased	attention	is	the	acidification	of	the	oceans,	with	
particular concern pertaining to the saturation rates of CaCO3 (both	aragonite	and	calcite	forms)	which	
is essential, for example, to coccolithophore and formaminerfera groups of calcereous plankton.19 The 
crucial metric in this case is the CaCO3 saturation rate, with pre-industrial rates typically being very low 
(a	few	percent	by	volume).	A	general	description	of	the	phenomenon	is	included	in	the	introduction	to	
this	document,	but	more	specifically	for	Northwest	Africa,	and	citing	the	work	of	Barton	et al.	(2012),	
the IPCC notes that the waters of eastern boundary upwelling systems, such as found off Northwest 
Africa,	are	typically	low	in	pH	and	have	relatively	high	concentrations	of	CO2, thereby increasing their 
vulnerability	to	ocean	acidification.	

However,	modelling	by	Lachkar	and	Gruber	(2012)	suggests	that	the	Canary	Current	may	be	less	sensitive	
to	acidification	than	appears	to	be	the	case	for	the	California	upwelling	system,	for	example.	They	find	that	
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 levels	(5	percent	for	the	Canary	system	versus	25	percent	for	
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 
the	particular	characteristics	of	topography	and	the	width	of	the	continental	shelf	in	Northwest	Africa	(the	
same	features	briefly	described	previously	that	appear	to	play	such	an	important	role	in	nutrient	retention).

17.	 Lachkar	&	Gruber,	2012.
18. IPCC, 2013a.
19. E.g. Doney et al.,	2009.
20.	 Lachkar	&	Gruber,	2012.	p.8.

Figure 14: Decadal trends in surface 
chlorophyll-a,	1998	to	2007	(with	SD	of	trends)	
(source:	Arístegui	et al.,	2009)
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3. The sensitivity of the small pelagic ecosystem

The	IPCC	Glossary	of	Terms	defines	sensitivity	as	“the	degree	to	which	a	system	is	affected,	either	adversely	
or	beneficially,	by	climate-related	stimuli”.21 There are a number of atmospheric, climate, oceanic and 
productivity	parameters	that	have	been	observed	to	influence	small	pelagic	fish	populations	and	these	
have	been	identified	in	broad	terms	elsewhere	in	this	document.	To	recap,	these	processes	were	neatly	
encapsulated by Bakun22 in what has been subsequently termed “Bakun’s Triad”23 and are as follows:

(1)		Enrichment	processes	(upwelling,	mixing,	etc.);

(2)		Concentration	processes	(convergence,	frontal	formation,	water	column	stability);	and,

(3)		Processes	favouring	retention	within	(or	drift	toward)	appropriate	habitat.

To this suite of processes can be added a number of other factors including, inter alia,	SST	(excluding	the	
specific	influence	of	upwelling),	prey	availability,	and	rates	of	mortality	and	predation.	The	observations	
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 
from	neighbouring	Mauritania	as	and	when	they	pertain	to	Senegal’s	small	pelagic	fishery.	

Small pelagics species are generally stenoecious, meaning that they are capable of surviving only in 
specialized	niches	or	habitats	with	specific	environmental	conditions.	Being	unable	to	tolerate	high	
temperature	and	salinity	variations,	small	pelagic	fish,	and	more	specifically	S. aurita, are stenothermic 
and stenohaline species.24	This	affinity	is	already	demonstrated	by	Cury	and	Roy	(1989)	through	the	
optimal environmental window theory. Therefore, changes in the oceanography off the Senegalese coast 
are	likely	to	affect,	for	example,	the	spawning	areas	and	seasons,	food	availability,	migration	trajectory,	
abundance, etc. of small pelagic species. 

A	reduction	in	phytoplankton	and	zooplankton	abundance,	which	together	form	the	basis	of	the	diet	of	
small	pelagic	species,	will	likely	have	some	impact	on	the	abundance	of	the	species.	Pelagic	fish	are	highly	
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	Apart	from	E. fimbriata, whose distribution 
is	more	tightly	determined	by	the	environmental	conditions	of	major	West	African	estuaries,	most	of	
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 
overall	decline,	while	subregional	analysis	(albeit	of	relatively	limited	data	sets)	points	to	important	
local variations in that trend, including declines off Senegal but increases in coastal productivity off 
Mauritania.	Although	these	changes	may	be	specifically	linked	to	climate	change	effects	(continental	
heating)	on	windstress	and	subsequent	upwelling/downwelling,	they	may	also	be	(at	least	partly)	driven	
by	background	atmospheric	processes	such	as	the	NAO.	It	has	been	noted	elsewhere	that	there	may	be	a	
northwards shift in the distribution of S. aurita,	which	may	reflect	the	local	increase	in	primary	productivity,	
perhaps	lengthening	residence	times	during	migration.	The	implications	of	this	for	Senegalese	fishers	
would not be positive.

However,	Demarcq	(2009)	observed	non-significant	relationships	between	trends	in	SST	and	trends	
in	biomass	within	upwelling	systems.	And	Arístegui	et al.	(2009)	argue	that	recent	changes	(overall	
declines) in productivity in the Canary Current ecosystem, whether or not caused by climate change, are 
not	necessarily	feeding	through	into	fisheries	production.	They	argue	that	the	distribution	of	sardinella	
species is primarily determined by thermal, rather than productivity, gradients. The two may be indirectly 
linked, of course. 

21. IPCC, 2001.
22.	 Bakun,	1996;	Bakun,	1998.
23. e.g. Checkley et al., 2013.
24.	 Binet,	1982;	Fréon	&	Misund,	2013.
25. Harley et al.,	2009.
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Thermal gradients are driven by the extent of upwelling, a phenomenon driven by atmospheric processes 
including	the	NAO,	which	is	also	mediated	by	the	particular	geomorphology	(e.g.	the	width	of	the	continental	
shelf)	off	Northwest	Africa.	Evidence	presented	in	Section	2.2	suggests	that	an	increase	in	NAO	index	is	at	
least	partly	driven	by	anthropogenic	GHG	emissions,	but	that	the	positive	direction	of	change	in	the	NAO	
may	result	in	increased	upwelling.	In	turn,	there	is	evidence	that	the	abundance	of	sardinella	(and	sardines	
further	north),	as	measured	by	catch	rate	data,	is	at	least	partly	dependent	on	the	NAO	index.	ICES	(2012)	
presented analyses that suggest S. aurita	has	quite	a	wide	tolerance	of	NAO-influenced	environments,	with	
an	environmental	window	between	-1	to	0	and	at	>2.	The	NAO	explained	32	percent	of	the	abundance	of	
S. aurita. The situation was a little different for S. maderensis,	with	optimal	NAO	values	from	0−1.7,	and	
a	declining	abundance	as	the	NAO	index	increased	beyond	that.	The	NAO	index	explained	42	percent	of	
the abundance of S. maderensis.

Population adaptation/recovery potential
Biomass estimates generated 
f rom acoust ic  su r veys 
conducted	 by	 the	 R/V	 Dr 
Fridtjof Nansen off Northwest 
Africa	are	presented	in	Figure	
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.

More	specifically,	for	the	Morocco-Senegal	subregion	a	stock	assessment	has	been	carried	out	for	S. aurita 
under	the	auspices	of	the	FAO	CECAF	working	group	and	its	most	recent	output	is	presented	in	Table	2.

Table 2: Results	of	FAO	working	group	on	small	pelagic	fish (source:	FAO,	2013)

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

S. aurita	/	CPUE	EU	fleet 53	% 58	% 228	% 323	% 359	%

Current	biomass	is	just	58	percent	of	the	estimated	biomass	that	can	yield	a	maximum	sustainable	yield	
(MSY).	Current	fishing	mortality	is	estimated	to	be	more	than	three	times	the	optimal	limit	for	MSY.	
The	assessment	also	indicated	that	the	strong	year	classes	of	2002	and	2007	were	largely	fished	out	within	
two	years,	such	is	the	level	of	fishing	effort	and	fishing	mortality.	The	clear	implication	is	that	weak	year	
classes	will	not	be	able	to	sustain	the	fishery.	

3.1 Social dimension of small pelagic fisheries in Senegal

Fish consumption in Senegal
Fisheries	resources	are	an	important	component	of	Senegal’s	economy	and	food	security,	with	fish	protein	
contributing 80 percent of total animal protein consumed by the coastal population.26 Senegal has the 
highest	level	of	fish	consumption	in	West	Africa,	with	an	estimated	330	000	tonnes	of	small	pelagic	fish	
consumed	annually	(this	represents	an	approximate	mean	figure	over	the	last	five	years).	The	mean	annual	
per	capita	consumption	is	about	25.9	kg/person/year.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
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In	the	interior	of	the	country	small	pelagic	fish	are	almost	the	only	type	of	fish	available	and	are	marketed	
fresh	(transported	by	refrigerated	trucks)	as	well	as	in	dried	and	smoked	form.	The	available	data	do	not	
separately	indicate	the	contribution	of	the	different	species	to	overall	fish	consumption.	The	majority	of	
the	fish	consumed	domestically	is	provided	by	the	artisanal	fisheries,	with	a	negligible	contribution	by	
industrial	fisheries.	Although	there	are	other	species	available,	including	demersal	species	and	cephalopods,	
these are typically more expensive and export-oriented, with close to 100 percent of the latter being 
exported.28	The	main	destination	for	exports	are	Mali,	Burkina	Faso	and	Guinea.

Availability and accessibility of small pelagic fish 
Economic realities also play a role in a country where poverty levels are high. Low purchasing power 
encourages	people	to	buy	small	pelagic	fish	because	they	are	the	cheapest	and	most	accessible	sources	of	
protein available to the population. Therefore, Senegal is very sensitive to changes in the abundance of 
these	species,	whether	climate	change	driven,	because	of	continued	overfishing,	or	as	a	result	of	natural	
variability.	The	decline	of	fish	availability	on	the	national	markets,	with	the	associated	rise	in	prices,	is	
currently	a	major	concern	that	increases	this	sensitivity.	

According	to	CRODT,	which	permanently	monitors	ex-vessel	prices	at	the	major	Senegalese	coastal	
landing	sites,	prices	of	the	two	sardinella	species	(S. aurita and S. maderensis)	that	constitute	the	majority	
of	the	small	pelagic	catch,	have	almost	doubled	from	around	30	CFA	Francs	per	kilogram	in	the	early	
1990s,	compared	to	a	decade	later.	More	recently,	ex-vessel	prices	have	increased	in	a	spectacular	way	
for	these	two	species:	90	CFA	Francs	for	S. maderensis	and	120	CFA	Francs	for	S. aurita. It is important 
to mention that the ex-vessel prices considered here are lower than the market prices, for which data are 
not	available.	This	emphasizes	that	despite	their	low	purchasing	power,	Senegalese	households	have	to	
spend	more	and	more	on	fish	for	consumption.	Increasing	demand	for	fish	in	a	context	of	insufficient	
local supply is a very worrying trend that is likely to be exacerbated by the potential negative impacts of 
climate	change	on	small	pelagic	fisheries.	

Role of small pelagic fisheries in employment 
Small	pelagic	fisheries	in	Senegal	are	extremely	important	in	terms	of	employment.	According	to	the	
most	recent	artisanal	fisheries	census,	the	highest	average	crew	(16.1	permanent	fishers/vessel)	is	noted	
aboard	artisanal	purse	seiners	that	specifically	target	small	pelagic	fish.29 It has been estimated that 
60	000	artisanal	fishers	operate	in	Senegal,	with	20	percent	(about	12	000)	being	engaged	exclusively	in	
small	pelagic	fisheries.	Because	the	crew	of	small	pelagic	vessels	often	require	physical	ability	more	than	
technical	skills,	this	occupation	is	also	suitable	for	those	who	did	not	grow	up	in	the	fisheries	sector	and	
lack	any	fisheries	experience.	Thus,	small-scale	fisheries	provide	significant	employment	opportunities	
for the poorest, and least well educated, people of Senegal, including farmers for whom agriculture may 
no	longer	profitable	(a	sector	also	threatened	by	climate	change).	In	addition	to	direct	employment,	pelagic	
fisheries	provide	an	estimated	40	000	jobs	in	the	post-harvest	industry.	There	are	believed	to	be	about	
7	000	women	working	in	fish	processing	and	trading	and	their	income	typically	plays	a	crucial	role	in	
household	budgets.	Despite	this,	women	only	constitute	about	5	percent	of	the	membership	of	fisheries-
related management institutions nationally.

3.2 Adaptive capacity of small pelagic fisheries in Senegal 

Level of education of fisher communities
Adaptive	capacity	comprises	elements	such	as	 levels	of	social	and	human	capital,	as	well	as	 the	
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 
planned	adaptation.	Therefore,	aspects	related	to,	for	example	education,	life	expectancy,	size	of	economy	
and governance should be taken into account when assessing adaptive capacity. 

28.	 Thiao	&	Laloë,	2012;	Thiao	et al., 2012.
29. Thiao et al., 2006.
30.	 Allison	et al.,	2009.
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The	level	of	education	is	generally	very	low	in	Senegalese	fishing	communities.	This	is	particularly	evident	
in	the	artisanal	fisheries	subsector	where	small	pelagic	fisheries	constitute	a	principal	component.	The	
2006	artisanal	fisheries	frame	survey	reported	that	only	34	percent	of	fishers	had	experienced	formal	
education.31	Among	those	who	attended	school,	less	than	13	percent	pursued	their	studies	beyond	primary	
school	level.	Moreover,	only	5.5	percent	of	fishers	had	attended	professional	training	to	develop	specific	
skills,	which	were	mostly	linked	to	the	Fisheries	Code	and	management.	A	lack	of	infrastructure	is	not	
necessarily	the	main	reason	for	the	fishers’	low	education	levels.	In	fact,	in	most	of	the	fishing	localities	
along	the	Senegalese	coast	there	are	sufficient	schools	and	the	major	small	pelagic	landing	sites	are	located	
in	urban	areas	(e.g.	Saint-Louis,	Dakar,	Mbour	and	Joal)	where	a	range	of	educational	opportunities	are	
available.	The	reality	is	that	fishers’	children	are	generally	involved	from	a	very	early	age	in	fisheries-
related	activities,	following	in	their	parents’	footsteps	to	become	fishers.	Given	the	fact	that	fishing	requires	
apprenticeship that starts from an early age, children are occupied in learning about the sea, vessel handling 
and	fishing	techniques	instead	of	investing	too	much	time	in	formal	education,	which	has	traditionally	
not	been	much	valued	by	fishing	communities.	By	putting	children	to	work	at	an	early	age	so	that	they	
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 
inside	or	outside	the	fishing	sector.	Consequently,	the	low	education	level	of	fishers	in	general,	and	more	
specifically	for	those	who	are	engaged	in	small	pelagic	fisheries,	implies	low	sector	mobility	and	will	
significantly	reduce	their	capacity	to	cope	with	any	additional	impacts	that	climate	change	may	have	on	
fishery	productivity	or	profitability.	

Health conditions within the fisheries sector
Health	data	specific	to	the	fisheries	sector	are	not	available.	However,	many	organizations,	such	as	the	
ILO	and	the	United	Nations	International	Children’s	Emergency	Fund	(UNICEF)	consider	that	the	
early	involvement	of	children	in	fisheries	activities	is	harmful	to	their	healthy	growth	and	psychological	
development.	While	the	fishers	do	not	differentiate	between	“acceptable	work”	and	“harmful	work”,	
the	issue	of	child	labour	is	a	real	concern	in	Senegalese	fisheries.	According	to	Senegalese	marine	law,32 
children	below	15	years	of	age	cannot	be	employed	aboard	fishing	vessels.	However	a	study	conducted	by	
the CRODT for the ILO33	showed	that	children	under	this	legal	minimum	age	comprize	approximately	one	
third	of	the	labour	force	in	capture	fisheries,	boat	building	and	repair	services,	outboard	repairworkshops,	
fish	processing	and	fish	trade.	The	ILO	study	reported	that	the	average	age	of	children	entering	the	fishing	
sector was 10.6 years.

Examining	the	worst	forms	of	child	labour	in	Senegalese	marine	fisheries,	the	results	from	this	study	
indicated	that	the	level	of	participation	of	children	was	particularly	high	aboard	small	pelagic	fishing	vessels	
(about	one	third	of	gillnet	crews	and	15	percent	of	purse	seine	crews).	Children’s	working	conditions	are	
also	particularly	rigorous	on	the	vessels.	For	instance,	they	are	engaged	in	night	fishing	and	also	in	bailing	
the	vessels.	Moreover,	the	lack	of	hygiene	that	generally	characterizes	the	living	and	working	conditions	
of	fishers	is	not	conducive	to	good	health.	It	is	common	practice	for	fishers	to	retire	very	early,	at	between	
40	to	50	years	of	age	because	they	become	unable	to	meet	the	physical	demands	of	the	job.	Such	a	situation	
seriously reduces their ability to cope with any change in economic circumstances, especially with the 
added	negative	impacts	on	small	pelagic	fisheries	brought	about	by	climate	change.

Availability of funds for climate change adaptation
The	availability	of	funds	is	generally	dependent	on	short-	and	medium-term	projects	through	international	
donors	or	bilateral	partners.	For	example,	USD1.4	million	was	granted	to	Senegal	through	the	Global	Facility	
for	Disaster	Reduction	and	Recovery	(GFDRR)	partnership	to	implement	a	disaster	risk	management	
and	climate	change	adaptation	project	(2012–2015).	The	objectives	include	strengthening	the	capacity	of	
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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early	warning,	preparedness	and	response.	In	the	specific	case	of	the	Senegalese	coastal	area,	existing	
funds	are	usually	allocated	to	fight	or	mitigate	catastrophic	coastal	erosion	impacts.	Therefore,	instead	of	
investing	in	strengthening	the	adaptation	capacity	of	fisheries,	the	priority	is	to	protect	coastal	settlements	
and	infrastructure	(houses,	hotels,	industries,	harbours,	etc.).	Moreover,	most	of	those	funds	are	generally	
allocated to the Ministry of Environment while the budget of the Ministry of Fisheries remains very low 
despite	the	considerable	importance	of	the	fisheries	sector	to	the	national	economy.	At	a	microeconomic	
level,	populations	depending	on	small	pelagic	fisheries	are	generally	very	poor.	In	a	context	of	fish	scarcity	
and a rising cost of living, their overriding priority is to satisfy the basic needs of their households and 
consequently	they	are	unable	to	significantly	invest	in	adaptation	strategies	and	opportunities.	Given	
these macro- and micro-economic considerations, the adaptive capacity of the Senegalese small pelagic 
fisheries	is	very	weak.

Governance framework of the fisheries sector 
Effective governance is essential to support effective climate change adaptation.34	Governance	includes	
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 
stable	countries	in	Africa.	Fisheries	management	is	mainly	the	responsibility	of	the	Ministry	of	Fisheries	
and	Marine	Affairs.	It	acts	through	four	major	technical	departments:	the	Directorate	of	Marine	Fisheries,	
the Directorate of Inland Fisheries, the Directorate for Protection and Surveillance of Fisheries, and 
the	Directorate	of	Fish	Processing	Industries.	The	Ministry	is	supported	scientifically	by	the	CRODT.	
However,	all	these	public	institutions	are	facing	operational	constraints	including	a	lack	of	finance,	technical	
staff	and	equipment.	Other	non-public	stakeholders	are	also	involved	in	fisheries	governance,	including	
fisheries	organizations	that	act	at	national	and	local	levels.	Unfortunately,	these	organizations	do	not	
always	have	a	clear	vision	regarding	the	challenges	facing	the	fisheries	sector,	including	those	associated	
with	climate	change.	Many	of	these	organizations	are	also	motivated	by	political	agendas,	reducing	their	
effectiveness.	To	address	this	gap	the	government	has	been	putting	in	place	local	fisheries	councils	for	
several	years.	Several	non-governmental	and	international	organizations	and	donors	are	particularly	
active	in	the	fisheries	sector	and,	in	collaboration	with	the	government	and	professional	organizations,	
have	started	incorporating	issues	related	to	climate	change	into	their	project	plans.	These	interventions	
have, however, not been well coordinated and have had limited success. 

The	legal	framework	that	currently	regulates	Senegalese	fisheries	is	the	1998	Fisheries	Code.35 It clearly 
states	that	the	management	of	fish	resources	is	the	prerogative	of	the	State,	with	a	principal	objective	of	
conserving these resources, and to ensure their sustainable use. The current Fisheries Code is, however, 
outdated	and	has	not	succeeded	in	achieving	this	objective.	For	instance,	the	overexploitation	of	most	
of	the	fish	stocks	has	occurred	as	a	result	of	overcapacity	in	the	fisheries.	The	fisheries	resources,	
especially	small	pelagic	stocks,	are	still	characterized	by	an	open	access	regime	for	the	artisanal	
subsector.	Regulations	related	to	seasonal	and	spatial	closures	and	minimum	size	at	first	capture	are	
not	adequately	defined	in	the	Code.	The	issue	of	climate	change	impacts	on	fisheries	is	not	mentioned	
in	this	law.	The	2001	Environment	Code	took	into	account	climate	change	but	did	not	stress	the	specific	
case	of	fisheries	vulnerability.	Consequently,	to	update	the	fisheries	legal	framework,	a	new	Fisheries	
Code	is	currently	under	development.	Unfortunately,	this	process	has	been	slow	and	remains	incomplete	
after	five	years.	

In	terms	of	strategic	planning	for	climate	change,	Senegal	produced	a	National	Adaptation	Programme	
of	Action	(NAPA)	in	2006,	which	details	the	country’s	priority	adaptation	responses.	However,	this	
Programme	is	very	generic,	focusing	on	reforestation,	restoration	of	mangroves,	stabilization	of	sand	
dunes,	physical	protection	against	beach	erosion	and	saline	intrusion,	irrigation	projects,	restoration	of	
soil fertility, water conservation methods, use of alternative crops and education. 

34.	 Glantz,	1992;	Allison	et al.,	2009;	Fluharty,	2011.
35. République du Sénégal,	1998.
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4. Socio-ecological vulnerability

4.1 Ecological vulnerability 
Ecosystem degradation as a constraint for ecological resilience
Climate	change	is	affecting	small	pelagic	species	against	the	backdrop	of	the	generalized	degradation	of	
the Senegalese coastal ecosystems. Several combined natural and anthropogenic stresses are responsible 
for	increasing	the	ecological	vulnerability	of	Senegalese	small	pelagic	fisheries.	For	instance,	over	the	past	
four decades, wetland areas and mangroves have been degraded and lost as a result natural factors, including 
droughts	that	have	reduced	precipitation	and	increased	the	variability	of	river	flow.	This	degradation	
has	been	exacerbated	by	human	activities	such	as	unsustainable	agricultural	practices,	urbanization,	
industrialization	and	the	exploitation	of	natural	resources	(e.g.	wood,	salt,	aquatic	resources,	etc.).	Pollution	
is	also	a	major	concern	in	many	coastal	areas,	especially	in	coastal	towns	with	high	population	densities	
and economic activities. This situation is particularly worrying in the cities of Saint-Louis, Mbour and Joal 
where	small	pelagic	fisheries	are	also	important.	Eutrophication	and	the	decay	of	organic	matter	create	
anoxia	and	subsequently	fish	mortalities	in	areas	around	major	cities,	bays	and	ports.	Moreover,	owing	to	
a lack of suitable disposal and management policies, industrial and domestic solid wastes lead to increased 
turbidity	in	the	major	rivers	and	coastal	waters.	The	degradation	of	coastal	ecosystems	potentially	reduces	
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 
coastal	ecosystem	degradation	are	therefore	a	major	constraint	for	ecological	resilience.	

Recovery potential in a context of generalized overfishing
Overfishing	is	a	key	negative	factor	that	could	seriously	undermine	the	capacity	of	small	pelagic	species	
to	recover	from	climate	change	impacts.	Although	small	pelagic	species	generate	the	most	important	
fisheries	production	in	Senegal,	they	are	fully	exploited	and	even	overexploited	(FAO,	2011).	Subregional	
stock	assessments	of	small	pelagic	fish	from	Senegal	to	Morocco	indicate	that	S. aurita is overexploited. 
For S. maderensis, despite a lack of data for modelling, current catches are considered to be unsustainable 
with	a	risk	of	stock	depletion.	All	the	other	species	are	in	a	fully	exploited	situation	and	precautionary	
measures	are	recommended	to	mitigate	the	harmful	effects	of	overfishing.	The	fishing	pressure	on	small	
pelagic	fish	populations,	which	is	obviously	too	high,	is	also	characterized	by	bad	practices	such	as	fishing	
of	juveniles	and	spawning	individuals.	

4.2 Social vulnerability 
Overall socio-economic vulnerability of the fisheries sector
Tackling	the	different	attributes	of	vulnerability	(exposure,	sensitivity	and	adaptive	capacity),	Alison	et al. 
(2009)	conducted	a	large	study	across	132	countries	and	assessed	the	vulnerability	of	national	economies	to	
potential	climate	change	impacts	on	fisheries.	This	study	enabled	the	calculation	of	a	vulnerability	index	and	a	
ranking of all the countries according to their level of vulnerability. With a relative vulnerability index of 0.72, 
Senegal	is	ranked	fifth	among	the	countries	of	the	world	whose	national	economies	are	the	most	vulnerable	
to	climate	change-driven	impacts	on	fisheries.	This	study	did	not	stress	the	specific	case	of	small	pelagic	
fisheries,	but	because	Senegalese	small	pelagic	fisheries	are	socially	and	economically	very	important	and	
ecologically	exposed	to	climate	change	and	variability,	they	have	certainly	contributed	in	a	significant	way	
to	raising	the	overall	vulnerability	of	the	national	fisheries	sector.	The	pelagic	species	account	for	enormous	
biomass	but	they	are	also	known	for	their	strong	sensitivity	to	environmental	fluctuations	that	determine	
their abundance.36	Therefore,	significant	long-term	climate	change	might	have	considerable	ramifications	
for	fish	availability	and	food	security,	job	creation	and	income	generation	in	Senegal.

36. Sambe, 2012.
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Potential increase of exploitation-related conflicts
Available	projections	and	scenarios	suggest	that	considerable	long-term	climate	change	with	strong	seasonal	
variability could occur in the Senegalese coastal areas in the future. In such a situation, Senegalese small 
pelagic	fisheries	would	face	great	disturbance,	with	potentially	increased	exploitation-related	conflicts	at	local,	
national	and	subregional	scales.	Given	the	socio-economic	importance	of	small	pelagic	fisheries,	different	
stakeholders	and,	more	specifically,	the	fishers	and	the	government	will	be	involved	in	such	conflicts.	At	
local and national levels, owing to a reduction in the abundance of, and a spatial shift in the distribution 
of	the	major	small	pelagic	fish	stocks,	conflicts	will	arise	out	of	the	use	of	incompatible	and	concurrent	
fishing	gears;	the	coexistence	and	even	high	density	of	different	local	and	migrating	fishing	communities;	
the	intensification	of	fishing	activities	in	very	limited	fishing	areas;	and	the	use	of	irresponsible	practices	
by stakeholders. In a context where climate change is likely to reduce the abundance and modify the spatial 
distribution	of	small	pelagic	stocks	(e.g.	northward	shifting),	Senegalese	fishers	that	are	historically	known	
to be very mobile along the national and subregional coast will have more incentives to migrate.37 Therefore, 
in	an	open	access	regime	where	the	sea	and	fisheries	resources	are	seen	as	“public	goods”	without	an	owner	
and	clashes	within	fishing	communities	and	between	fishers	and	governmental	officers	in	charge	of	fisheries	
regulation, which are already common, may become more frequent and more violent. 

It	is	also	important	to	note	that	over	the	past	decade	Senegalese	small	pelagic	fisheries	have	become	very	
dependent	on	Mauritania	and	this	has	created	more	frequent	bilateral	problems.	Given	the	fact	that	the	
number	of	small	pelagic	fishing	licenses	(only	about	300)	provided	annually	by	Mauritania	are	insufficient	
to	satisfy	Senegalese	fishing	capacity,	fishers	tend	to	illegally	enter	Mauritanian	waters.	Consequently,	
arrests	and	confiscation	of	vessels	and	gears	by	the	Mauritanian	coast	guard	are	common.	More	and	more	
Senegalese	fishers	who	target	small	pelagic	species	are	also	finding	ways	to	settle	in	Mauritania.	This	
situation	provokes	frequent	social	and	political	conflicts	that,	fortunately,	have	so	far	been	more	or	less	
peacefully resolved by these two neighbouring countries. It is important to note however, that Senegal 
and	Mauritania	experienced	deadly	clashes	in	1989	owing	to	the	exploitation	of	the	natural	resources	
around the Senegal River that divides the two countries.

5.	 Small	pelagic	fisheries	management	implications	in	Senegal

Fighting against the ecological threats and overfishing
In	a	context	where	small	pelagic	fisheries	will	face	the	potentially	negative	effects	of	climate	change,	
adequate management measures and strategies need to be urgently implemented at local, national and 
regional	scales.	The	first	step	is	to	address	all	activities	that	have	damaging	effects	on	coastal	ecosystems.	
For example, polluting activities must be banned or better regulated so as to ensure the environmental 
integrity	that	is	essential	for	increased	ecological	resilience.	An	integrated	coastal	management	plan	is	
required	to	develop	key	coastal	sectors	(e.g.	fisheries,	tourism,	etc.)	while	reducing	harmful	environmental	
impacts. Moreover, some ecologically sensitive areas, such as spawning areas and nurseries, should be 
protected	by	MPAs	and	seasonal	closures.	Tackling	the	issue	of	fishing	overcapacity	and	bad	practices	is	
also necessary to strengthen the resilience of small pelagic species against climate change.

Although	there	is	a	real	political	will	to	act	on	these	issues,	many	gaps	and	constraints	continue	to	undermine	
the decision-making process and the implementation of concrete and effective actions. For instance, even 
if	five	MPAs	have	been	officially	created	in	Senegal	since	November	2004,	there	is	a	fundamental	lack	
of	surveillance	and	enforcement.	Some	of	these	MPAs,	especially	the	ones	located	in	Joal-Fadjouth	and	
Saint-Louis	seem	to	be	ecologically	suitable	to	protect	sensitive	habitats	of	small	pelagic	species	(e.g.	S. 
aurita, S. maderensis and E. fimbrita)	and	reduce	fishing	pressure	on	juveniles	and	spawning	individuals.	
However,	in	addition	to	a	lack	of	surveillance	and	enforcement,	none	of	the	existing	MPAs	are	monitored	
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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limited	number	of	species,	including	octopus	(Octopus vulgaris),	shellfish	(Cymbium pepo) and coastal 
shrimp	(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 
fishing	communities	that	depend	mostly	on	marine	resources	and	have	no	alternative	livelihoods.	To	date	
no	seasonal	closures	have	been	implemented	in	the	small	pelagic	fisheries.

A	priority	is	to	eradicate	unsustainable	overcapacity	and	bad	fishing	practices,	as	recommended	by	
the	FAO	Code	of	conduct	for	responsible	fisheries.39	For	that	purpose,	fisheries	management	strategies	
should strive towards the development of management plans that take into account the dynamic balance 
between	fishing	pressure	and	the	ecological	carrying	capacity	of	small	pelagic	stocks.	Such	a	management	
system requires the establishment of catch limits and the termination of the open access regime that still 
characterizes	Senegalese	fisheries.	However,	the	Government	of	Senegal	is	required	to	overcome	serious	
socio-economic	and	managerial	constraints	if	it	is	to	reduce	fishing	pressure.	In	recent	years,	it	has	tried	to	
implement some measures to reduce overcapacity, but these measures have met with limited success. For 
example,	a	fishing	permit	system	was	established	in	2006	for	the	artisanal	fishery	subsector,	a	sector	that	
has	always	been	difficult	to	regulate.40 The principle behind this initiative was to issue a limited number 
of	fishing	permits	per	year,	taking	into	account	the	state	of	the	main	stocks.	Fishing	permits	for	vessels	
that	target	small	pelagic	fish	are	the	most	expensive	because	of	the	large	size	of	the	vessels	involved	and	
their	considerable	potential	to	impact	the	stocks.	The	fishing	permit	system	was	initially	considered	a	bold	
move	to	regulate	the	considerable	fishing	pressure	that	is	exerted	on	the	stocks,	but	it	has	been	ineffective	
because	of	resistance	from	the	fishing	communities,	in	spite	of	the	legal	sanctions	they	face.	With	respect	
to catch limitation, no concrete action has yet been taken to implement the management recommendations 
that	have	been	made	by	different	FAO/CECAF	working	groups	in	recent	years.	Other	classic	measures,	
such	as	mesh	size	and	fish	size	limits,	also	need	to	be	updated	and	enforced.	In	the	current	Fisheries	Code,41 
fish	size	limits	are	defined	for	seven	small	pelagic	species	(12	cm	for	S. aurita, S. maderensis and Scomber 
japonicas;	15	cm	for	E. fimbriata, Decapterus rhonchus, Trachurus trecae and Trachurus trachurus). 
The	mesh	size	limits	for	the	main	small	pelagic	fishing	gears	are	28	mm	for	the	purse	seine,	60	mm	for	
the	gillnet	and	50	mm	for	the	pelagic	trawl.	Unfortunately,	all	these	limits	are	ineffective	because	of	low	
levels	of	compliance	by	fishers	and	limited	capacity	for	monitoring,	control	and	surveillance.	

Given	the	different	management	experiences	mentioned	above,	it	is	apparent	that	the	main	challenge	in	
managing	small	pelagic	fisheries	is	related	to	a	lack	of	enforcement.	Although	updated	and	adapted	management	
measures are necessary, the key issue is how to ensure they are effective. In such a situation, it is absolutely 
essential	to	strengthen	the	MCS	system	by	focusing	more	specifically	on	the	main	small	pelagic	fishing	
zones	and	landing	sites.	Because	of	potential	social	and	political	pressure	from	the	fishing	communities	and	
other	lobby	groups,	the	Senegalese	government	needs	to	reaffirm	its	authority	and	commitment	to	enforcing	
the	fisheries	law	and	regulations.	The	government	may	realize	benefits	from	the	co-management	approach	
currently being promoted in the country which is raising public awareness of the need for small pelagic 
fisheries	to	be	sustainably	managed.	In	order	to	improve	ecological	resilience	and	mitigate	potential	climate	
change	impacts,	the	available	scientific	knowledge	at	national	and	international	levels	must	be	incorporated	
into	the	new	Fisheries	Code	and	the	small	pelagic	fisheries	management	plan	that	is	currently	being	developed.

Integrating the subregional dimension in the management strategies 
Small	pelagic	fish	populations	off	Northwest	Africa	are	shared	by	different	countries.	Therefore,	beyond	the	
local and national level, regional management measures and strategies are required to mitigate the negative 
impacts	of	climate	change	on	small	pelagic	fisheries.	States	that	share	these	resources	should	find	the	best	
way	to	harmonize	management	policies	and	combine	efforts	to	implement	suitable	adaptation	strategies.	
The	Sub-Regional	Fisheries	Commission	in	West	Africa	could	play	an	important	role	in	encouraging	a	
harmonized	approach.	However,	because	Morocco	and	Spain	(Canary	Islands)	are	not	members	of	this	

38. Thiao et al., 2012.
39.	 FAO,	1995.
40. Thiao et al., 2012.
41. République du Sénégal,	1998.
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Commission,	it	could	be	difficult	to	find	solutions	that	cover	the	entire	distribution	of	populations	of	small	
pelagic	fish.	For	this	reason,	this	issue	might	be	tackled	with	the	assistance	of	FAO	through	the	CECAF.	

Because	small	pelagic	fish	stocks	are	characterized	by	time–space	instability,	it	is	very	difficult	to	establish	
an	equitable	system	to	share	the	total	maximum	catch	recommend	by	the	FAO/CECAF	working	groups	
between	countries.	Strategies	at	subregional	scale	should	focus	more	on	some	specific	concrete	actions.	
For	example,	in	recent	years	the	CCLME	and	the	EAF-Nansen	projects	have	combined	efforts	to	assist	the	
countries	in	building	the	basis	of	a	subregional	management	initiative	–	in	addition	to	the	Sub-Regional	
Fisheries	Commission	project	on	small	pelagic	resources.	These	projects	rely	on	scientific	inputs	from	the	
FAO	Working	group	that	has	been	in	place	for	several	years;	they	need	to	be	maintained	and	strengthened,	
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, 
illegal,	unregulated	and	unreported	fishing	across	the	different	EEZs.	The	countries	that	share	small	pelagic	
fish	stocks	should	also	harmonize	some	of	their	fishing	regulations	and	make	sure	they	are	enforced.	
This	would	include	mesh	size	limitations	and	minimum	fish	sizes,	while	coordinated	seasonal	closures	
that	take	into	account	the	spawning	cycles	and	migration	trajectories	of	small	pelagic	species	should	be	
initiated.	Such	a	harmonized	approach	needs	to	follow	the	national	and	subregional	management	plans	
for	small	pelagic	resources	that	were	developed	under	the	subregional	small	pelagic	fisheries	project,	but	
which	are	unfortunately	not	operational	.	Moreover,	it	is	important	to	put	in	place	an	official	subregional	
framework	on	the	issue	of	fishing	agreements	and	licenses	to	DWFNs	that	target	small	pelagic	species	
off	Northwest	Africa	(e.g.	European	Union,	Russia	and	China).	

Building capacity for climate change adaptation
The	impacts	of	climate	change	on	small	pelagic	fish	abundance	and	distribution	must	be	taken	into	
consideration in Senegalese management policies and legal frameworks. Moreover, owing to the uncertainties 
that	characterize	climatic	and	ecological	systems,	and	a	lack	of	data	and	knowledge,	a	precautionary	
management	approach	is	necessary.	Climate	change	requires	fisheries	managers	to	manage	for	resilience	
in ecological and social systems.42	Hence,	managing	small	pelagic	fisheries	in	a	context	of	climate	change	
requires the building and strengthening of the capacity of national stakeholders. The staff of the Ministry 
of	Fisheries	and	Marine	Affairs,	scientists	and	professional	organizations	need	to	be	better	sensitized	
and	trained	to	be	able	to	assess	and	monitor	climate	change	impacts	and	integrate	them	into	fisheries	
management policies and adaptation strategies. 

Specific	actions	have	to	be	undertaken	for	the	coastal	communities	whose	livelihoods	are	strictly	dependent	
on	small	pelagic	fisheries.	The	basic	idea	here	is	to	create	a	favourable	context	where	coastal	communities	
have	the	opportunity	to	diversify	their	activities	outside	the	fishery	sector.	Although	this	idea	is	currently	
very popular among decision-makers and other stakeholders involved in the sector, its implementation 
has	met	with	limited	success.	A	lack	of	funds	is	obviously	a	major	constraint.	In	order	to	overcome	this	
problem,	the	WARFP	is	testing	an	alternative	livelihoods	to	fishing	and	poverty	reduction	fund	(about	
USD200	000)	called	the	“Reconversion	Fund”.	It	aims	to	provide	financial	support	to	fishers	at	12	pilot	
localities	who	want	to	leave	the	fishery	sector	and	invest	elsewhere.	The	achievements	of	this	initiative	
have not yet been evaluated. In addition, the sustainability of this initiative after the completion of the 
project	is	the	primary	consideration.	Moreover,	in	Senegal,	the	WARPF	project	targets	mainly	the	coastal	
demersal	fisheries	and	it	does	not	properly	cover	the	small	pelagic	fisheries	sector.	

In	the	case	of	small	pelagic	fisheries,	most	fishers	come	from	rural	localities.	It	would	therefore	make	
sense to develop agriculture and livestock opportunities for these communities, given that adequate and 
suitable	land	is	available.	An	issue	to	consider	is	that	some	coastal	communities	involved	in	the	small	
pelagic	fisheries	(e.g.	Niominka,	Lebou	and	Guet	Ndar	communities)	are	so	traditionally	linked	to	the	
aquatic resources that their alternative livelihoods options are very limited.43 In these cases a suitable 
adaptation	strategy	could	be	to	develop	aquaculture	activities	to	create	jobs	and	contribute	to	fish	supply	
in the country. Building community capacity, including the skills of the youth, through targeted training 
will	also	be	a	major	enabling	condition	to	help	them	to	succeed	in	new	business	in	the	long-term.

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