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Abstract 

Globally anthropogenic activities have led to the release of Greenhouse Gases(GHDs) 

resulting in global warming. Carbon dioxide (CO2) is one of the more abundant GHG, which 

is a primary agent of global warming. Water bodies have the potential of sequestering carbon 

from the atmosphere and hence may affect the biology and ecology of aquatic life.Despite the 

role of these water resources and the aquatic lives they sustain, anthropogenic activities that 

threatens their existence, quality, quantity and safety is alarming. Climate change will 

increase uncertainties and raise risks as well as opportunities in fisheries as a system.In order 

to combat these menace, adaptation and mitigation strategies is of central importance. This 

paper reviews climate change as an environmental menace, its implication on fisheries, and 

fisheries impact on climate, adaptation and mitigation strategies in order to achieve 

sustainability in line with global sustainable development goals. 
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Introduction 

Naturally occurring gases such as carbon 

dioxide (CO2), methane, nitrous oxide, 

water vapour and man-madegases such as 

the chlorofluorocarbons (CFCs), 

hydrofluorocarbons (HFCs) 

perfluorocarbons (PFCs) and sulphur 

hexafluoride (SF6) absorbs and releases 

infrared radiation in the atmosphere. Over 

the years, atmospheric concentrations of 

both the natural and man-made gases have 

been rising and have led to the global 

warming which is today an environmental 

menace.The atmospheric increase in the 

concentration of these gases can be tied to 

the heightened population increase whose 

dependence is on fossil fuel. CO2 is one of 

the more abundant Greenhouse gas (GHG) 

which is a primary agent of global 

warming. Anthropogenic activities such as 

deforestation, burning of coal, mining  

 

 

e.t.c. interferes with the carbon cycle 

moving carbon from solid state to its 

gaseous state, thereby increasing 

atmospheric concentrations.Easterlinget al. 

(2007) stated that these changes have 

decreased the quality, quantity and safety 

of food in general. 

Agricultural production and food 

security in general is influenced by 

anthropogenic climate change resulting 

from economic activity (Thornton et al., 

2009). According to Pielkeet al. (2007) 

climate change is one of the risk 

confronting agriculture and food systems. 

Climate change mitigation strategies have 

focused on reducing emissions of GHGs, 

especially CO2.Hence adjustments in the 

agricultural sector therefore play a 

significant role in climate change 
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mitigation and may consequently influence 

food security.Water bodies such as oceans, 

sea, mangroves, rivers, waterways and 

estuariescarries heat, nutrients and other 

chemicals that influence all the physical, 

chemical and biological processes 

essential in sustaining life. They are 

fundamental but delicate part of the 

Earth‘s biosphere whose role in 

sustainable development is undeniable. 

Water bodies provides a variety of services 

such as food and minerals, generate 

oxygen, absorb GHGs, mitigate climate 

change, influence weather patterns and 

temperatures and serve as highways for 

human transport and sea-borne trade. 

Fish from both the wild and 

aquaculture are the primary source of 

animal-based protein forbillions of people 

(Allison et al., 2009).  The report of Food 

and Agriculture Organization, FAO (2005) 

stated that about 200 million people 

mostly in developing countries depend on 

fishing and aquaculture. Dawet al. (2009) 

reported that people directly or indirectly 

depends on fishing and aquaculture. 

Directly, 43.5 million people are employed 

in fisheries and aquaculture while 

indirectly people are associated with 

activities generated by the supply of fish 

such as trade, processing, transport, boat 

building, net making, engine manufacture 

and repair, supply of services to fishermen 

and fuel to fishing boats, etc. Fisheries 

contributes to food security which before 

now wasn‘t a problem but it is a big 

challenge in the face of accelerating food 

demand, competition for depleting 

resources, and the failing ability of the 

environment to buffer increasing 

anthropogenic impacts. As a result of 

theimpacts caused by these environmental 

menaces, changes in total fish catch, 

composition of the catch, and the 

distribution of fish has led to the decrease 

of fisheries system in its contribution to 

food security. 

This paper reviews climate change 

as an environmental menace on fisheries 

and its implication for fish safety, 

adaptation and mitigation measures to 

achieve sustainability in line with global 

sustainable development goals. 

Climate change impact on fisheries as a 

system 

According to Badjecket al. (2010), 

globally approximately 1.5 billion 

consumers depend on fish for more than 

20% of their daily dietary animal protein 

intake. Climate change is one of the most 

critical anthropogenic environmental 

threats to aquatic life. Its impact could be 

direct or indirect.Unlike most terrestrial 

animals, all aquatic animal species for 

human consumption are poikilothermic in 

nature hence any changes in habitat 

temperatures will significantly influence 

metabolism which in turns will influence 

growth rate, total production, reproduction 

seasonality and possibly reproductive 

efficacy, and susceptibility to diseases and 

toxins (FAO, 2008). Water bodies that 

support fisheries are projected to 

experience diverse changes resulting from 

anthropogenic environmental menaces. 

Easterlinget al. (2007) outlined some of 

these projectionsranging from stress due to 

increased temperature, lower oxygen 

levels and increased water acidity. To 

uncertain future water supplies, extreme 

weather events such as floods, droughts 

and storms; increased incidence of 

diseases and toxic events; sea level rise 

and conflict of interest with coastal 

defence needs; and uncertain future supply 

of fishmeal and oils from capture fisheries. 

Over the 20
th

 century, the earth‘s 

surface temperature has increased by 

0.76°C, and it is believed by Scientists that 

the earth‘s temperature will furtherrise by 

another 1.8°C to 4.0°Cby the end of 21
st
 

century (IntergovermentalPanel on 

Climate Change, 2007; Schmidhuber and 

Tubiello, 2007). Globally it is anticipated 

that the rise in temperature resulting from 

climate changewill have impact on 

fisheries, aquaculture, and seafood 

security. Since oxygen solubility in water 
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is inversely related to temperature, 

increase temperature may affect growth, 

reproductive success and survival of fishes 

(Wu, 2009). As temperature increases, 

there is tendency for fish migration hence 

introducing parasites and diseases to their 

new environment (Marcos-Lo´pezet al., 

2010, Kibriaet al., 2016). 

Ocean sequester approximately 

30% of atmospheric CO2which dissolves 

in water, forms carbonic acid (H2CO3) and 

causes decrease in ocean pH (Meehlet al 

2007; Turley et al 2010). The report of 

Wittmann and Pörtner (2013) anticipated a 

decrease in surface ocean pH from 0.3-0.4 

pH units by 2100 relative to pre-industrial 

conditions. Generally Ocean acidification 

would adversely affect many organisms 

that use calcium carbonate for their 

skeletons and shell including krill, 

pteropod, molluscs, corals, echinoderms, 

and fish (Bednaršeket al., 2012; Albright 

et al., 2010). Nellemanet al. (2009) 

reported die-back of up to 80% of the 

world's coral reefs and disruption of 

thermohaline circulation in ocean as a 

result of acidification. An increase in CO2 

levels also has some positive impact in 

enhancing the productivity of non-

calcifying seagrasses and seaweeds due to 

their requirement of CO2 for 

photosynthesis and growth (Hendrikset al., 

2010; Roleda and Hurd, 2012). 

Climate change resulting in global 

warming causes the oceans to warm and 

expand in volume inducing a rise in the 

sea levels. Kibria and Haroon (2016) 

stated that melting of glaciers, ice caps and 

ice sheets resulting from warmer climate 

also leads to addition of water to the 

oceans. A major peril to fisheries is the 

rising sea level and is one of the most 

disastrous consequences of climate 

change. Sea level rise would cause 

salinization of freshwater ponds, dams, 

lakes, streams, creeks, rivers; it would 

affect nursery and breeding grounds of 

many estuarine fish and migratory species. 

Fisheries depending on coral habitat could 

be impacted as a result of drowning corals 

reefs and coral mortality resulting from sea 

level rise. Positively, new areas for 

brackish water fish will be created. 

IPCC (2007) predicted an increase 

in the frequency and intensity of extreme 

events such as heavy precipitation, floods, 

droughts, hot days, heat waves, dry spell, 

and forest fires because of climate change. 

These events would destroy sea grass beds 

and mangroves, which are nursery areas 

for fishes. Floods will have both negative 

and positive effects on fisheries and 

aquaculture. Drought would increase 

competition for water resources. 

 

Contribution of fisheries systems to 

climate change 

Many food system activities give rise to 

production of GHGs and other climate 

change impacts. The exceptions are some 

agricultural practices, such as certain 

agroforestry systems, that can have a net 

carbon sequestration effect, especially if 

used to restore degraded land. GHG 

emissions vary markedly across the 

different activities of the food chain at the 

global level, but there are important 

differences in this pattern among 

countries. In high-income countries, the 

postproduction stages tend to have a 

greater role, while in other countries, 

specific economic subsectors are 

important.Fisheries activities contribute to 

GHG emissions during capture operations 

and subsequently during the transport, 

processing and storage of product. 

Industrial fisheries have much greater 

emissions than small-scale fisheries, 

although most boat-based fisheries use 

motorized vessels and the subsector‘s fuel: 

CO2 emissions ratio has been estimated at 

around 3 teragrams of CO2 per million 

tonnes of fuel used. 

 
Adaptation and mitigation measures in 

fisheries and aquaculture 
 

Adaptation: Adaptation strategies are 

location and context specific and in order 

to achieve sustainability in fisheries as a 

system, it will be essential to identify 
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appropriate adaptation and mitigation 

measures that could reduce vulnerability 

and increase adaptive capacities towards 

climate changes and changes which may 

combine with them. Adaptation is an 

adjustment in natural or human systems in 

response to actual or expected climatic 

stimuli or their effects, which moderates 

harm or exploits beneficial opportunities. 

A wide range of adaptations is possible, 

either carried out in anticipation of future 

effects or in response to impacts once they 

have occurred. In other words, the 

adaptation can be considered as, tackling 

the effects of climate change (Kibriaet al., 

2016). Pullin and White (2011) stated that 

in fisheries, adaptation in response to 

climate change can be realistic by 

adjusting their operations. Other 

adaptation strategies could be to exit the 

current fisheries and diversify the 

livelihoods (e.g. move from fishing to 

aquaculture or integrated agriculture-

aquaculture farming), or shift target 

species or increase effort/ fishing power 

or access to higher value markets 

(Kibriaet al., 2013). For boom and bust 

fisheries, Stokes and Howden (2008) 

suggested to target different species in 

different years, change in fishery areas, 

change in fishing ports, and change in the 

quota allocated for harvest, and closures in 

some fisheries or fishing areas. Some 

potential adaptation measure that can be 

employed is presented in Table1. 

 

Table 1: Climate change impact and its potential adaptation measures 
Impact of climate change Potential adaptation measures 

Reduced yield Access higher value markets/shifting targeted species 

Increase effort or fishing power 

Reduce costs to increase efficiency 

Diversify livelihoods 

Exit the fishery 

Increased variability of yield Diversify livelihood portfolio 

Design insurance schemes 

Change in distribution of fisheries Migration of fishing effort/strategies and processing/distribution 

facilities 

Reduced profitability Exit the fishery 

Vulnerability of infrastructure and  

communities to flooding, sea level and 

surges 

Add new or improved physical defences 

Managed retreat/accommodation 

Rehabilitate infrastructure, design disaster response 

Integrate coastal management 

Set up early warning systems, education 

Increased dangers of fishing Set up weather warning system 

Invest in improved vessel stability/safety/communications 

Influx of new fishers Support existing local management institutions, and diversify 

livelihoods. 

(Source:  FAO, 2008). 
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Mitigation: Mitigation is tackling the 

cause of climate change such as, reducing  

 

the sources or enhancing the sinks of 

GHGs. GHG emissions from 

fisheries/fishing activities can be reduced 

by eliminating inefficient fleet structures 

and use of more efficient vessels and gears 

(FAO 2008); improving fisheries 

management; reducing post-harvest losses; 

increasing waste recycling; shifting 

towards static fishing technologies. Marine 

organisms including farmed- and capture-

fished species and many of their food 

organisms (that build calcareous skeletal 

structures), reef-building corals, marine 

micro-organisms, invertebrates, and 

finfishes contribute to calcium carbonate 

deposits and can act as oceanic carbon 

sinks (Pullin and White, 2011). It is 

therefore crucial to protect and conserve 

calcifying organism. 

Afforestation/reforestation, mangroves 

restoration can act as carbon sink thereby 

reducing carbon dioxide from the 

atmosphere. According to Kibria (2015), 

mangroves helps to reduce impacts of 

disasters to coastal fishes and the 

community acting as live seawalls, 

minimise soil erosion, enhance forest 

resources/biodiversity, and enhance water 

quality, fisheries, tourism business, and 

livelihoods. Moreover, conservation of 

marine vegetated habitats (seagrasses, 

saltmarshes, seaweeds, and mangroves) 

build large carbon deposits acting as 

important carbon sinks (Duarte et al., 

2013). Adaptation strategies that include 

the conservation, restoration or 

introduction of vegetated coastal 

ecosystems provide a cost-effective and 

environment-friendly option for addressing 

the increased risk from flooding and 

erosion under climate change in vulnerable 

areas compared to cement-based structures 

(seawalls).  

Conclusion 

Fish is an important source of animal 

protein for billions of people Africa 

however; they are most vulnerable to the 

climate change. Climate change as an 

environmental menace is a threat and risk 

fisheries system. Economic loss and 

impacts on fisheries as a system due to 

environmental menacecould be very 

significant. Appropriate adaptation and 

mitigation strategies are essential in order 

to achieve sustainability in fisheries. 
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