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Abstract 
Climate change as result of global warming remains one of the major threats to Aquaculture, fisheries and 
dependent communities worldwide. Vulnerability of Aquaculture and fisheries to climate change is a 
function of exposure, sensitivity, and adaptive capacity of the community in question. Vulnerability of fish 
farmers is largely determined by the differences in socio-economic conditions among communities. This 
study aims to determine factors influencing the vulnerability of fishers and fish farmers to climate change 
impact in Africa. The objectives are twofold: first, to develop indicators influencing vulnerability and to 
determine how they influence vulnerability, secondly, to compare the vulnerability of fishers and fish 
farmers in different regions of Africa. Using the most recent data, Twenty-six countries in Africa were 
evaluated using seventeen indicators, which are allocated into the three component of vulnerability; the 
exposure, sensitivity and adaptive capacity. Results show that vulnerability is driven by poverty and that 
the most vulnerable regions in Africa are the west, central, East and North Africa regions. The southern 
regions of Africa tend to be less vulnerable to climate change impact on fisheries and aquaculture. This is 
as a result of high exposure and high sensitivity of the vulnerable region with a very low adaptive 
capacity. Our result show that establishment of marine protected area will decrease vulnerability. The 
findings allow for formulation of policy recommendations to help strengthen the livelihoods of small-scale 
fisheries and aquaculture in Africa. 
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Introduction 
Natural climate variability has always been a challenge to human livelihoods such as fisheries and 
aquaculture. Human induced climate change has given a complex new dimension to this challenge. 
Evidences show that the natural climatic variability, compounded with climate change will adversely 
affect millions of livelihoods around the world (Weatherdon et al., 2016). The rural communities in the 
developing countries of the world are expected to be affected more due to their extensive dependence on 
climate sensitive livelihood options, and limited adaptive capacity to adapt to the changes (Badjeck, 
2009). Africa, with its fragile geography, predominantly natural resource dependent livelihoods, and low 
level of adaptive capacity due to higher rate of poverty, is placed among the most vulnerable region to 
climate change (IPCC, 2014). Within the Africa region, fishers and fish farmers are poor and marginalized 
and have the least capacity to cope with climate-related disasters. Small-scale fisheries provide food for 
millions of people along tropical coastlines and hence play an important role in the food security of a large 
number of countries (Mcclanahan et al., 2015; Pauly and Charles, 2015).  
This research conducts an in-depth analysis of the regional level vulnerabilities of fisheries and 
aquaculture to climate change impact by integrating quantitative analysis with qualitative information 
obtained from different sources.  
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Methodology 
A comprehensive vulnerability assessment methodology (CVAM) approach was used in this study to 
assess relative exposure, sensitivity, and adaptive capacity of fishers and fish farmers. This methodology 
computes vulnerability indices by aggregating data for a set of indicators. An indicator represents a 
characteristic or a parameter of a system and it is an empirical, observable measure of a concept. Several 
common principles in the climate change vulnerability literature were considered when building our 
CVAM. One principle is that loss of habitat due to warming is a major determinant of fisheries and 
aquaculture vulnerability (Hollowed et al., 2013). A second principle is that poor regions of the world are 
often the most vulnerable to environmental change due to lack of capacities to adapt (Blasiac et al, 2017). 
Thirdly, areas that are already prone to natural disaster are likely to be more impacted by climate change 
and have less capacity to adapt their fisheries and aquaculture to climate change (Planque et al., 2010). 
Lastly, we assume that vulnerability cannot be characterized by only one or two socioeconomics, 
biological or habitat-based indicators.  
 
Data 
All data were collected from secondary sources. A priority for data selection was availability for a broad a 
range of countries in Africa as possible to allow comparisons across the continent. This, in turn limits the 
range, and hence resolution of data available for use. Extreme events, climate variables and population 
were represented at various higher resolutions, while the rest of the data (social, economic and political) 
were represented at the national level. We considered an indicator as “data-limited” if no data could be 
found to obtain scores for said indicator for more than 25% of our study countries. Indicators were given a 
level of importance between 0 and 2, where 2 was applied to the most important indicator with strong 
data, 1 was applied to indicator of medium importance or highly important data-limited indicator, and 0 
was applied to the least important indicator or data-limited indicators of medium importance. This 0-2 
method applied in this context allowed us to weight our indicators relative to each other to ensure the 
effect of each indicator on the outcome of the model reflected this relative importance. The number of 
indicators for each component was limited from 4 to 8 for simplicity and to focus on the most salient 
indicators for each component in the context of climate change. 
   
Pre-selection of indicators 
We carried out an indicator selection; to do this we conducted a principal component analysis to avoid 
bias in selection of indicators. These indicators were allocated into the components of exposure, sensitivity 
and adaptive capacity. Selected countries within the Africa region were given a score for each indicator by 
using the available data and weighting. Some factors related to these common principles are also present 
in other recently developed vulnerability assessment literatures (Blasiak et al., 2016 and Gaichas et al., 
2014). Some indicators influence vulnerability more strongly than others for this reason, indicators were 
weighted by their importance as reported in the literature, as well as by data availability, so as to limit the 
impact of uncertainty on the outcomes of the model.  
 
Results and Discussion  
This study identifies regions of Africa whose fisheries and aquaculture are potentially the most vulnerable 
to future climate change impacts. Classification of indicators found that on average 30% of the indicators 
used in this methodology are socioeconomics, 29% to the Land/coastal and marine Ecosystem, 17% to the 
economics, 15% to the Fishing community, 6% to the natural environment and 3% were other indices. 
Although warming will be most prominent at high latitudes, the countries with economies most vulnerable 
to warming-related effects on fisheries are in the tropics. This is obviously because of the poor economic 
conditions of the people living in the tropics (Table 1). Low latitude fin fisheries, or small-scale fisheries, 
provide food for millions of people along tropical coastlines and hence play an important role in the food 
security of a large number of countries (Mcclanahan et al., 2015; Pauly and Charles, 2015). In many cases, 
populations are heavily dependent on fisheries as a source of protein given the lack of alternatives (Cinner 
et al., 2012, 2016; Pendleton et al., 2016). Our findings indicates that vulnerability is driven by poverty, 
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many artisanal fishers and small scale fish farmers are extremely poor and even in cases where they earn 
more than other rural people, they are habitually, socially and politically marginalized and can afford only 
limited access to health care, education and other public services (Allison et al., 2009). Corruption, 
conflict, political and social marginalization leaves many small-scale and migrant fishers with slight 
capacity to adapt, and makes them highly vulnerable to climate change impacts affecting the natural 
capital they heavily depend on for their livelihoods. Two-thirds of the most vulnerable countries are in 
tropical Africa, where fisheries and aquaculture form the means of livelihood of the poor people and 
fishery and aquaculture production are closely dependent on climate variability. Our vulnerability index in 
Central, East, West, North and Southern Africa are 0.69, 0.72, 0.56, 0.53, and 0.52 respectively. 

 
Table 1. Analysis of Vulnerability of Fisheries and Aquaculture to Climate Change Impact 

Indicator Component No. Coefficient Standard 
error 

P-value r 

Average Monthly Temperature 
(0C) 

Exposure 300 0.0885 
 

0.0586 0.1697 0.24 

CO2 Emission/Capita Exposure 300 0.0289 
 

0.1016 0.7835 -0.04 
 

Number of threatened species Sensitivity 52 0.1180 0.0671 0.1168 0.16 
 

Marine protected area (%) Adaptive 
Capacity 

52 -0.2050 
 

0.0669 
 

0.0155* 
 

-0.39 
 

Literacy rate (%) Sensitivity 52 0.0006 
 

0.0012 0.6601 -0.07 
 

Poverty line (%) 
 

Sensitivity 52 0.2891 
 

0.0593 0.0012 ** 
 

0.57 
 

Human development Index Adaptive 
Capacity 

52 -0.3329 
 

0.1500 
 

0.0458* 
 

-0.22 
 

Fish protein as percentage of 
animal protein 

Sensitivity 52 0.1165 
 

0.0435 
 

0.0281 * 
 

0.03 

**, *, Indicating significance at 0.01% and 0.05% respectively, Note: r = correlation, No. = number of observation 
Previous findings indicate that climate related stresses affecting finfish are producing a number of 
challenges for small-scale fisheries based on these species (Bell et al., 2017; Kittinger, 2013; Pauly and 
Charles, 2015). The Coast of Sahelian and sub-Saharan Africa have large coastal populations that depend 
upon exploitation of rich marine surge fisheries and landings from which are largely driven by uncertain 
climate conditions. These climatic and hydrological fluctuations are revealed by changes in fishing 
activity and catches. Recent literatures has continued to outline growing threats from the rapid shifts in the 
biogeography of key species (Burrows et al., 2014; Poloczanska et al., 2013, 2016) and the ongoing rapid 
degradation of key habitats such as coral reefs, sea grass and mangroves. As these changes have 
accelerated, so have the risks to the food and livelihoods associated with small-scale fisheries (Cheung et 
al., 2010). These risks have compounded with non-climate stresses (e.g. pollution, overfishing, 
unsustainable coastal development) to drive many small-scale fisheries well below the sustainable 
harvesting levels required to keep these resources functioning as a source of food (Mcclanahan et al., 
2015; Pendleton et al., 2016). Our results show the significance impact of fish protein intake in this 
assessment (Table 1). Regions that are highly dependent on fish protein have significantly higher 
vulnerability to climate change impact on fisheries.  As a result, projections of climate change and the 
growth in human populations increasingly predict shortages of fish protein for many regions e.g. Pacific 
(Bell et al., 2017), Indian Ocean (McClanahan et al., 2015). Mitigation of these risks involves marine 
spatial planning and marine protected area, fisheries repair, sustainable aquaculture, and the development 
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of alternative livelihoods  (Kittinger, 2013; Mcclanahan et al., 2015; Song and Chuenpagdee, 2015; 
Weatherdon et al., 2016). The lower the marine protected area the more vulnerable the more vulnerable 
the region (Table 1). 
 
Conclusion 
The high vulnerability in each of five regions in Africa reflects different combinations of climate 
exposure, sensitivity and adaptive capacity. Understanding how these various components combine to 
influence vulnerability provides a useful starting point for directing future research and climate change 
adaptation and mitigation initiatives in Africa. 
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