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Course code: FAA 407

Course title: Aquatic Environment Survey; climate change in fisheries and
aquaculture

Course credit load: 2 Units
Series 1: Aquatic Environment Survey and Resource Description
Part 1.1 Visual survey and reconnaissance
1.1.1 Purpose of aquatic environment surveys
1.1.2 Location and mapping of water bodies
1.1.3 Surveying instruments and their maintenance
Part 1.2 Water parameters and geology
1.2.1 Physical and chemical parameters of water
1.2.2 Geology and meteorology of aquatic environments
Part 1.3 Description of aquatic resources and fisheries supported
1.3.1 Visual understanding of aquatic resources in local communities

1.3.2 Differences among water resources and the fisheries they support

Introduction

Aquatic environments form the foundation of fisheries and aquaculture, providing
habitats, resources, and pathways that sustain both ecosystems and human
livelihoods. Before any meaningful management or development can take place, it
is essential to survey and describe these environments carefully. This Series
introduces you to the methods and principles of aquatic environment surveys,
helping you to appreciate the importance of accurate observation and
documentation.

The aim of this Series is to equip you with the knowledge and skills needed to
conduct basic aquatic environment surveys, interpret water parameters, and
describe the resources and fisheries supported by different water bodies.
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We shall commence this Series by exploring the purpose of visual surveys and
reconnaissance, including the use of instruments and mapping techniques. Next,
we will examine water parameters and geology, focusing on how physical and
chemical characteristics influence aquatic systems. Finally, we will conclude by,
describing aquatic resources and highlighting the differences among water bodies
and the fisheries they support.

Series Learning Outcomes
Upon completing this Series, you should be able to:
SLO 1.1 define the purpose of aquatic environment surveys,

SLO 1.2 explain how to locate and map water bodies during reconnaissance
surveys,

SLO 1.3 demonstrate the use andimainténance of basic surveying instruments,
SLO 1.4 describe key physical and chemical parameters of water,

SLO 1.5 analyse the influence.of geology and meteorology on aquatic
environments,

SLO 1.6 explain how tovisually identify aquatic resources in local
communities, and

SLO 1.7 evaluate differences among water resources and the fisheries they
support:

1.1 Visual Survey and Reconnaissance
1.1.1 Purpose of aquatic environment surveys

An aquatic environment survey is a systematic observation and documentation of
water bodies and their surrounding features. The purpose is to gather baseline
information about the physical, chemical, and biological characteristics of aquatic
systems. Such surveys help in identifying resources, assessing potential for
fisheries, and detecting challenges that may affect sustainability.
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Aquatic environment surveys provide baseline information about the physical,

chemical, and characteristics of water bodies.
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Figure 1.1 Purpose of aquatic environment surveys
Figure 1.1 Purpose of aquatic environment surveys
1.1.2 Location and mapping of water bodies

Location and mapping involve identifying the geographical position of water
bodies and representing them on maps. This process uses tools such as compasses,
GPS devices, and topographic maps. Accurate mapping ensures that fisheries
managers can plan effectively, monitor changes, and allocate resources
appropriately.

Mapping water bodies involves identifying their geographical position and
representing them-on
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Plate 1.1 Location and Mapping of Water Bodies

Advanced Riverine Survey Techniques

Source: Open Educational Resorces for Fisheries & Climate Science

Plate 1.1 Location and mapping of water bodies
1.1.3 Surveying instruments and their maintenance

Surveying instruments such as levels, compasses, and GPS devices are essential
for accurate data collection. Proper maintenance of these instruments ensures
reliability and longevity. Maintenance practices include regular calibration, safe
storage, and protection from moisture or dust.

Surveying instruments such as levels, compasses, and GPS devices require regular
to ensure reliability.
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Box 1.1 Surveying instruments and their maintenance

Instrument|Use Maintenance practice

Compass |Determines direction||Keep dry and clean

GPS device |[Maps location Regular software updates

Level Measures elevation |Calibrate periodically

Pilot questions 1.1
Define aquatic environment survey.
State one purpose of aquatic environment surveys.
Mention one tool used in mapping water bodies.
Identify one surveying instrument used in aquatic surveys.

Explain why maintenance of surveying instruments is important.

1.2 Water Parameters and Geology
1.2.1 Physical and chemical parameters of water

Water parameters are measurable characteristics that describe the condition of
aquatic environments. Physical parameters include temperature, turbidity, colour,
and flow rate. Chemical parameters include pH, dissolved oxygen, salinity, and
nutrient levels: These parameters influence the suitability of water bodies for
fisheries and aquaculture. For example, dissolved oxygen is critical for fish
survival, while turbidity affects light penetration and plant growth.

Physical parameters include temperature, turbidity, colour, and flow rate, while
chemical parameters include pH, dissolved oxygen, salinity, and levels.

-
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Figure 1.2 Physical and Chemical Parameters of Water:
Essential Metrics for Aquatic Health
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Source: Open Educational Resources for Fisheries & Climate Science

Figure 1.2 Physical and chemical parameters of water
1.2.2 Geology and meteorology of aquatic environments

Geology refers to the structure and composition of the earth materials surrounding
water bodies, such as rocks, soils, and sediments. These influence water quality by
affecting mineral content and sedimentation. Meteorology is the study of weather
and climate, including rainfall, wind, and temperature patterns. Meteorological
conditions determine water availability, seasonal flows, and potential risks such as
flooding or drought. Together, geology and meteorology shape the aquatic
environment and its capacity to support fisheries.
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Geology influences water quality through mineral content and sedimentation,
while meteorology determines water availability and seasonal

Plate 1.2 Geology and Metroroogy of Aquatic Envirorments
Interonteected Systems Shaping of Water Bodies
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Source: Open Euucational Resources for Fisheries & Climate Science

Plate 1.2 Geology and meteorology of aquatic environments
Pilot questions 1.2

Define water parameters in aquatic environments.

State one physical parameter of water.

Mention one chemical parameter of water.

Identify one way geology influences water quality.

Explain why meteorology is important in aquatic environments.
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1.3 Description of Aquatic Resources and Fisheries Supported
1.3.1 Visual understanding of aquatic resources in local communities

Aquatic resources refer to the living and non-living components found within
water bodies, including fish, shellfish, aquatic plants, and minerals. A visual
survey of local communities helps identify these resources and understand how
they are utilised. Observing rivers, lakes, and ponds provides insights into the types
of fisheries presents, the level of human activity, and the pathways through which
aquatic resources support livelihoods.

Aquatic resources include fish, shellfish, aquatic plants, and found within
water bodies.

Figure 1.3 Aquatic Resources in Local
Communities: More Than Just Fish
Sustaning Livelhoulds & Ecoystems
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Source: Open Educational Resairces for Fisheries & Climate Science

Figure 1.3 Aquatic resources in local communities
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1.3.2 Differences among water resources and the fisheries they support

Different water bodies support different types of fisheries. For example, rivers
often support migratory species, lakes provide habitats for diverse freshwater fish,
and coastal waters sustain shellfish and marine fisheries. These differences are
influenced by water parameters, geology, and human activities. Recognising these
variations helps managers design appropriate strategies for resource use and
conservation.

Rivers often support migratory species, lakes provide habitats for freshwater fish,
and coastal waters sustain fisheries.

Plate 1.3

Differences Amang Water Resources and
Supported: Diverse Ecosystems, Diverse Livelhollds
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Source: Open Educational Resources for Fisheries & Climate Science
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Pilot questions 1.3
Define aquatic resources.
State one example of an aquatic resource.
Mention one type of fishery supported by rivers.
Identify one difference between lakes and coastal waters.

Explain why recognising differences among water resources is important.

Series Summary

This Series has introduced you to the foundations of aquatic environment surveys
and the description of water resources. Its purpose was to highlight why surveys
are essential for fisheries and aquaculture, and to equip youwith practical
knowledge for observing, recording, @nd interpreting aquatic systems.

We began by examining the purpose of visual surveys and reconnaissance,
including mapping techniques and the use of instruments. Then, we explored water
parameters and geology, focusing on how physical and chemical characteristics, as
well as geological and meteorological factors, shape aquatic environments. Finally,
we described aquatic resources in local communities and considered the
differences among water bodies and the fisheries they support. By completing this
Series, you should now be able to define the purpose of surveys, explain water
parameters, demonstrate the use of instruments, analyse geological influences, and
evaluate differences among aquatic resources, as outlined in the Series Learning
Outcomes.

Glossary of Terms

Aquatic environment: Water-based habitats such as rivers, lakes, wetlands,
and coastal areas.

Biological resources: Living organisms found in aquatic environments,
including fish, plants, and invertebrates.

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Chemical characteristics: Properties of water such as pH, dissolved oxygen,
and nutrient levels.

Data collection: The process of gathering information through surveys,
measurements, or observations.

Field instruments: Tools used to measure environmental variables, such as
thermometers, pH meters, and dissolved oxygen kits.

Physical characteristics: Observable features of aquatic environments,
including depth, flow, temperature, and turbidity.

Resource description: The process of documenting and presenting information
about aquatic resources for management purposes.

Sampling methods: Techniques used to collect representative portions of
aquatic organisms or water for study.

Survey: A systematic investigation of aquatic environments to gather
information on their features and resources.

Concept Check Questions [Series 1]
Objective questions

Aquatic environments include rivers, lakes, wetlands, and areas.
(Linked to SLO 1.1)

Which of the following is a chemical characteristic of water? a) Depth b) Flow
rate ¢) Dissolved oxygen d) Turbidity (Linked to SLO 1.1)

Field instruments such as thermometers and pH meters are used for
collection. (Linked to SLO 1.3)

Which of the following is a biological resource? a) Temperature b) Fish c)
Turbidity d) pH (Linked to SLO 1.2)

Short-answer questions
Define aquatic environment. (Linked to SLO 1.1)

State one physical characteristic of aquatic environments. (Linked to SLO 1.1)

-
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Mention one biological resource found in aquatic environments. (Linked to
SLO 1.2)

Identify one sampling method used in aquatic surveys. (Linked to SLO 1.3)

Give one example of a field instrument used in aquatic surveys. (Linked to SLO
1.3)

Explain what is meant by resource description. (Linked to SLO 1.4)

Long-answer questions

Analyse the importance of surveying physical and chemical characteristics of
aquatic environments. (Linked to SLO 1.1)

Evaluate methods of surveying biological resources in aquatic. environments.
(Linked to SLO 1.2)

Discuss tools and techniques for data collection in aquatic surveys. (Linked to
SLO 1.3)

Apply knowledge of survey and resource description to explain how findings
can support fisheries management. (Linked to SLO 1.4)

Answers to Concept Check Questions [Series 1]

Objective questions

Coastal
c) Dissolved oxygen

Data

b) Fish

Short-answer questions

-
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Aquatic environment refers to water-based habitats such as rivers, lakes,
wetlands, and coastal areas.

Depth.

Aquatic plants.

Net sampling.
Dissolved oxygen kit.

Resource description is the process of documenting and presenting information
about aquatic resources for management purposes.

Long-answer questions

Basic response: Surveying physical and chemical characteristics helps identify
water quality and habitat conditions.

Value-added response: Learners may connect these surveys to broader issues
such as pollution control and ecosystem health monitoring.

Basic response: Biological resources can be surveyed using sampling methods
such as nets or traps.

Value-added response: Learners may evaluate how combining methods
improves accuracy and supports biodiversity conservation.

Basic response: Tools include thermometers, pH meters, and sampling nets.
Techniques involve systematic observation and measurement.

Value-added response: Learners may highlight the role of modern
technologies such as GIS and digital sensors.

-
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Basic response: Survey findings provide data for managing fish stocks and
aquatic ecosystems.

Value-added response: Learners may propose integrating survey results into
national fisheries policies and conservation strategies.

Answers to Pilot Questions [Series 1]

Aquatic environments are water-based habitats such as rivers,lakes, wetlands,
and coastal areas.

Depth and turbidity.

Fish and aquatic plants.

Net sampling.

Thermometers and pH meters.

Resource description is documenting and presenting information about aquatic
resources for management.

References and Attributions [Series 1]

This section compiles references and illustration attributions used or suggested in
Series 1: Aquatic Environment Survey and Resource Description. Referencing
style followssimplified APA for clarity.

Figures

Figure 1.1 Physical and chemical characteristics of aquatic environments: Al-
generated placeholder. Prompt: “Generate a diagram showing physical and
chemical characteristics of aquatic environments.” Suggested OER search
string: “physical chemical characteristics aquatic environments OER
diagram.”

Figure 1.2 Tools and techniques for aquatic surveys: Al-generated placeholder.
Prompt: “Generate a diagram showing tools and techniques for aquatic
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surveys including field instruments and sampling methods.” Suggested OER
search string: “aquatic survey tools techniques OER diagram.”

Plates

Plate 1.1 Biological resources in aquatic environments: Al-generated
placeholder. Prompt: “Generate an image showing biological resources in
aquatic environments such as fish and aquatic plants.” Suggested OER
search string: “biological resources aquatic environments fish plants OER
image.”

Boxes and Tables

Box 1.1 Examples of sampling methods in aquatic surveys: Al-generated
placeholder. Prompt: “Generate a box summarising examples of sampling
methods in aquatic surveys.” Suggested OER 'search string: “sampling
methods aquatic surveys OER table.”

Box 1.2 Resource description‘in fisheries management: Al-generated
placeholder. Prompt: “Generate a box summarising resource description in
fisheries management.” Suggested OER search string: “resource description
fisheries management OER table.”

General References

FAO. (2020). Handbook for Fisheries Resource Surveys. Rome: Food and
Agriculture Organization of the United Nations.

Boyd, C.E. (2015). Water Quality: An Introduction. Springer.

Welcomme, R. L.(2001). Inland Fisheries: Ecology and Management. Oxford:
Blackwell Science.
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Series 2: Climate Change Concepts, Drivers, and Global
Perspectives

Part 2.1 Understanding climate change concepts

2.1.1 Definition and key issues in climate change

2.1.2 Greenhouse gases and their effects

2.1.3 Mitigation, adaptation, risk, disaster, vulnerability, and resilience
Part 2.2 Climate change scenarios and perspectives

2.2.1 Past, present, and future scenarios

2.2.2 Global perspectives on climate change

2.2.3 Nigeria’s perspectives on climate change
Part 2.3 Uncertainties in climate change models

2.3.1 Sources of uncertainty in projections

2.3.2 Implications of uncertainty for fisheries and aquaculture

Introduction

Climate change.s one of the most pressing global challenges, influencing
ecosystems, economies, and communities across the world. For fisheries and
aquaculture, understanding climate change is essential because it directly affects
water resources, fish stocks, and the livelihoods of dependent populations. This
Series introduces you to the fundamental concepts and drivers of climate change,
preparing you to situate fisheries within a global environmental context.

The aim of this Series is to explain the core concepts of climate change, examine
global and Nigerian perspectives, and highlight the uncertainties that accompany
climate change projections.

We shall commence this Series by defining climate change and exploring key
i1ssues such as greenhouse gases, mitigation, adaptation, and resilience. Next, we
will examine climate change scenarios, considering past, present, and future
perspectives globally and within Nigeria. Finally, we will conclude by analysing
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uncertainties in climate change models and their implications for fisheries and
aquaculture.

Series Learning Outcomes
Upon completing this Series, you should be able to:
SLO 2.1 define climate change and explain its key issues,
SLO 2.2 describe the role of greenhouse gases and their effects,

SLO 2.3 explain concepts of mitigation, adaptation, risk, disaster, vulnerability,
and resilience,

SL.O 2.4 analyse past, present, and future climate change scenarios,
SLO 2.5 evaluate global perspectives on climate change;,

SL.O 2.6 discuss Nigeria’s perspectives on climate change,

SLO 2.7 identify sources of uncertainty in climate change models, and

SL.O 2.8 assess the implications of uncertainty for fisheries and aquaculture.

2.1 Understanding Climate Change Concepts
2.1.1 Definition and key issues in climate change

Climate change refers to long-term alterations in temperature, precipitation, wind
patterns, and other elements of the earth’s climate system. It is driven by both
natural processes and human activities, particularly the burning of fossil fuels and
deforestation. Key issues include rising global temperatures, melting ice caps, sea-
level rise, and shifts in ecosystems. These changes have direct consequences for
fisheries and aquaculture, affecting water quality, fish distribution, and
productivity.

Climate change refers to long-term alterations in temperature, precipitation, wind
patterns, and other elements of the earth’s system.

-
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Figure 2.1

Key Issues in Climate Change:
Global Environmental Transformations

Understanding the Core Impacts on Our Planet's Systems
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Source: Open Educational Resorces for Fisheries
& Climate Science

Figure 2.1 Key issues in climate change
2.1:2 Greenhouse gases and their effects

Greenhouse gases (GHGs) are gases in the atmosphere that trap heat, creating the
greenhouse effect. Major GHGs include carbon dioxide, methane, nitrous oxide,
and fluorinated gases. Their accumulation leads to global warming, which disrupts
aquatic ecosystems by altering water temperatures, oxygen levels, and species
distribution. For fisheries, increased GHGs can reduce fish stocks and shift
habitats, making management more complex.
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Major greenhouse gases include carbon dioxide, methane, nitrous oxide, and
gases.

Plate 2.1
Sources of Greenhouxe Gases:
Understanding Origins of Climate Change

Major Human Activities Driving Global Warming

1. Industry & Energy 2. Transport & Vehicles 3. Agriculture & Land Use

- Burning Fossil Fuels - Cars, Trucks, & Airplanes - Livestock (Methane)

- Power Generation - Fossil Fuel Combustion - Fertiizers (Nitrous Oxide)
- Manufacturing & Production - C0O2 & Nitrcus Oxide Emissiorls - Deforesation & Burning

- Oil & Gas Refining - Urban Smog - Rice Paddies (Methane)

Source: Open Educational Resources for Fisheries & Climate Science

Plate 2.1 Sources of greenhouse gases
2.1:3 Mitigation, adaptation, risk, disaster, vulnerability, and resilience

Mitigation refers to efforts to reduce or prevent the emission of greenhouse gases.
Adaptation involves adjusting practices and systems to minimise harm from
climate impacts. Risk is the potential for adverse outcomes, while disaster occurs
when hazards overwhelm coping capacity. Vulnerability describes the
susceptibility of communities or ecosystems to harm, and resilience is the ability
to recover and continue functioning after disturbances. These concepts are central

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



to fisheries and aquaculture, where climate change poses risks to livelihoods and
ecosystems.

Mitigation refers to reducing emissions, adaptation involves adjusting practices,
vulnerability describes susceptibility, and resilience is the ability to after
disturbances.

Box 2.1 Key concepts in climate change management

Concept Explanation

Mitigation ||[Reducing or preventing greenhouse gas emissions

Adaptation |[Adjusting practices to minimise harm

Risk Potential for adverse outcomes

Disaster Hazard overwhelming coping capacity

Vulnerability|[Susceptibility to harm

Resilience ||Ability to recover and continue functioning

Pilot questions 2.1
Define climate change.
State one key 1ssue in climate change.
Mention one greenhouse gas.
Identify one effect of greenhouse gases on fisheries.

Explain the difference between mitigation and adaptation.

2.2 Climate Change Scenarios and Perspectives

-
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2.2.1 Past, present, and future scenarios

Climate change scenarios describe how the climate has evolved over time and
how it is projected to change in the future. In the past, natural factors such as
volcanic eruptions and solar variations influenced climate patterns. In the present,
human activities like industrialisation, deforestation, and fossil fuel combustion are
the dominant drivers. Future scenarios are based on models that project possible
outcomes depending on greenhouse gas emissions, ranging from moderate
warming to severe climate disruptions.

Past scenarios were influenced by natural factors, present scenarios are driven by
human activities, and future scenarios are based on projections.

Figure 2.2 Climate Change Scenarios Over Time
Past, Present, and Future: Understanding Drivers and Projections

Pre-Indutrial 1950 2000
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Source: Open Educational Resources for Fisheries & Climate Science
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Figure 2.2 Climate change scenarios over time

2.2.2 Global perspectives on climate change
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Globally, climate change is recognised as a critical challenge affecting ecosystems,
economies, and societies. International organisations such as the Intergovernmental
Panel on Climate Change (IPCC) provide scientific assessments, while agreements
like the Paris Agreement set targets for reducing emissions. Global perspectives
emphasise the need for collective action, highlighting that climate change impacts
are interconnected and require cooperation across nations.

Global perspectives on climate change emphasise collective action and are guided
by agreements such as the Agreement.

Plate 2.2 Global Pespectives on Climate Change:

Leaders United for Climate Action
Forging a Global Response for Fisheries & Aqucclature Resilience

Source: Open Educational Resorces for Fisheries & Climate Science

Plate 2.2 Global perspectives on climate change

2.2.3 Nigeria’s perspectives on climate change
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Nigeria faces significant climate change challenges, including rising temperatures,
irregular rainfall, flooding, and desertification. These changes affect agriculture,
fisheries, and aquaculture, threatening food security and livelihoods. Nigeria’s
perspective emphasises adaptation strategies such as community-based initiatives,
ecosystem-based approaches, and national policies aligned with international
agreements. The country recognises the importance of resilience and sustainable
management of aquatic resources in addressing climate impacts.

Nigeria’s climate change challenges include rising temperatures, irregular rainfall,
flooding, and

Box 2.2 Nigeria’s perspectives on climate change

Challenge Impact Adaptation strategy
Rising : o .

Heat stress on ecosystems Climate-resilient practices
temperatures

Irregular rainfall ~ |[Reduced agricultural productivity Improved water

management
: Damage to/infrastructure and Community-based
Flooding . .
fisheries adaptation
Desertification Loss of arable land Ecosystem-based
approaches
Pilot questions 2.2

Define climate change scenarios.
State one factor influencing past climate scenarios.
Mention one international agreement guiding global climate action.

Identify one climate change challenge faced by Nigeria.
Explain one adaptation strategy Nigeria uses to address climate change.

2.3 Uncertainties in Climate Change Models

-
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2.3.1 Sources of uncertainty in projections

Uncertainty in climate change models refers to the limitations and variability in
predicting future climate conditions. These uncertainties arise from incomplete
knowledge of climate systems, differences in model structures, and assumptions
about future greenhouse gas emissions. For fisheries and aquaculture, uncertainties
make it difficult to predict exact changes in water temperature, rainfall, and fish
stock distribution.

Uncertainty in climate change models arises from incomplete knowledge,
differences in model structures, and assumptions about future

Figure 2.3
Sources of Unterunity in Climate Change
Models: Undrstaning the Limits of Prediction

Factors Affecting a the Reliability of Future Projections

2. Model Structures
- Simplfications of real-world processeg

- Resolution model
parametizations

Sources of
Unterunity
Models

®

Q 1. Knowledge Gaps 3. Emission Assumptions
Eﬁ

- Incorplete understanding
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- Future human development paths

- Lack of data from past ; 5
climates - Policy & technological changes

- Complex ecological & - Population & economic
feedback processes growth rates

Source: Open Educational Resources
for Fisheries & Climate Science

Figure 2.3 Sources of uncertainty in climate change models

2.3.2 Implications of uncertainty for fisheries and aquaculture
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Uncertainty in climate projections has significant implications for fisheries and
aquaculture. It complicates planning and management, as resource managers
cannot rely on precise predictions of future conditions. For example, uncertain
rainfall patterns may affect aquaculture water supply, while unpredictable
temperature changes may alter fish breeding cycles. Despite these challenges;
adaptive management strategies can help reduce risks and build resiliencedn
fisheries systems.

Uncertainty in climate projections complicates planning and management because
resource managers cannot rely on precise

Box 2.3 Implications of uncertainty for fisheries and aquaculture

Implication Example

Water supply Uncertain rainfall patterns affect aquaculture ponds

Breeding cycles |Temperature changes alter fish reproduction

Stock distribution||Shifts in habitats complicate resource planning

Management Difficulties in-designing long-term strategies

Pilot questions 2.3
Define uncertainty in climate change models.
State one source of uncertainty in climate projections.
Mention one implication of uncertainty for fisheries.
Identify one example of how uncertainty affects aquaculture.

Explain why adaptive management is important in uncertain climate conditions.

Series Summary

This Series has introduced you to the fundamental concepts, drivers, and
perspectives of climate change, with particular attention to its relevance to fisheries

-
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and aquaculture. We began by defining climate change and examining key issues
such as greenhouse gases, mitigation, adaptation, risk, vulnerability, and resilience.
We then explored climate change scenarios across past, present, and future
contexts, considering both global perspectives and Nigeria’s specific challenges:
Finally, we analysed uncertainties in climate change models and discussed their
implications for planning and management in fisheries and aquaculture.

By completing this Series, you should now be able to define climate change and its
key issues, describe the role of greenhouse gases, explain adaptation and mitigation
concepts, analyse scenarios across time, evaluate global and Nigerian perspectives,
and assess uncertainties in climate projections. These abilities directly align with
the Series Learning Outcomes, equipping you with the knowledge to situate
fisheries and aquaculture within the broader context of climate change.

Glossary of Terms

Adaptation: Adjustments made to reduce the negative impacts of climate
change and cope with its effects.

Carbon dioxide (CO:): A greenhouse gas produced by burning fossil fuels and
other human activities.

Climate change: Long-term shifts in temperature, precipitation, and weather
patterns caused by natural and human factors.

Deforestation: The remowval of forests, often for agriculture or development,
which reduces carbon storage and contributes to climate change.

Global perspectives: Views and approaches from different regions and
international organisations on climate change.

Greenhouse gases: Gases such as carbon dioxide, methane, and nitrous oxide
that trap heat in the atmosphere.

Industrialisation: The large-scale development of industries that often
increases greenhouse gas emissions.

International agreements: Formal commitments between countries to address
climate change, such as the Paris Agreement.

-
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Mitigation: Actions taken to reduce greenhouse gas emissions and slow the
pace of climate change.

Natural variability: Short-term changes in climate patterns caused by natural
processes such as volcanic eruptions or ocean currents.

Concept Check Questions [Series 2]
Objective questions

Climate change refers to long-term shifts in temperature, precipitation, and
patterns. (Linked to SLO 2.1)

Which of the following is a greenhouse gas? a) Oxygen b) Carbon dioxide ¢)
Nitrogen d) Argon (Linked to SLO 2.2)

Deforestation contributes to climate change by reducing storage.
(Linked to SLO 2.2)

Which of the following is an international agreement on climate change? a)
Kyoto Protocol b) World Trade Agreement ¢) Geneva Convention d)
Bretton Woods Accord (Linked to SLO 2.3)

Short-answer questions
Define climate change. (Linked to SLO 2.1)
State one example of natural variability in climate. (Linked to SLO 2.1)

Mention onedriver of climate change linked to industrialisation. (Linked to
SLO 2.2)

Identify one greenhouse gas other than carbon dioxide. (Linked to SLO 2.2)

Give one example of an international agreement addressing climate change.
(Linked to SLO 2.3)

Explain what is meant by global perspectives on climate change. (Linked to
SLO 2.3)

Long-answer questions

-
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Analyse the difference between climate change and natural variability,
providing examples. (Linked to SLO 2.1)

Evaluate the role of greenhouse gases and deforestation as drivers of climate
change. (Linked to SLO 2.2)

Discuss international agreements and global perspectives on climate change,
highlighting their importance. (Linked to SLO 2.3)

Answers to Concept Check Questions [Series 2]
Objective questions

Weather

b) Carbon dioxide

Carbon

a) Kyoto Protocol
Short-answer questions

Climate change refers to long-term shifts in temperature, precipitation, and
weather patterns caused by natural and human factors.

Volcanic eruptions.
Burning fossil fuels.
Methane.

Paris Agreement.

Global perspectives refer to the views and approaches from different regions
and organisations on climate change.

Long-answer questions

Basic response: Climate change is long-term, while natural variability is short-
term. Examples include global warming versus El Nifio.

-
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Value-added response: Learners may connect natural variability to cycles like
the North Atlantic Oscillation and explain how these interact with human-
driven climate change.

Basic response: Greenhouse gases trap heat, while deforestation reduces
carbon storage, both driving climate change.

Value-added response: Learners may evaluate how industrialisation
accelerates emissions and how reforestation could mitigate impacts.

Basic response: International agreements like the Paris Agreement provide
frameworks for cooperation. Global perspectives highlight regional roles.

Value-added response: Learners may discuss challenges in implementation,
equity between developed and developing nations, and the importance of
scientific consensus.

Answers to Pilot Questions [Series 2]

Climate change refers to long-term shifts in temperature, precipitation, and
weather patterns.

Volcanic eruptions are an example of natural variability.

Burning fossil fuels is a driver linked to industrialisation.

Methane is a greenhouse gas.

The Paris Agreement is an international climate change agreement.

Global perspectives are views and approaches from different regions and
organisations on climate change.

References and Attributions [Series 2]

-
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This section compiles references and illustration attributions used or suggested in
Series 2: Climate Change Concepts, Drivers, and Global Perspectives.
Referencing style follows simplified APA for clarity.

Figures

Figure 2.1 Climate change versus natural variability: Al-generated
placeholder. Prompt: “Generate a diagram showing the difference between
climate change and natural variability.” Suggested OER search string:
“climate change natural variability diagram OER.”

Figure 2.2 Drivers of climate change: Al-generated placeholder. Prompt:
“Generate a diagram showing drivers of climate change including
greenhouse gases, deforestation, and industrialisation.” Suggested OER
search string: “drivers of climate change greenhouse gases deforestation
industrialisation OER diagram.”

Plates

Plate 2.1 Global perspectives on climate change: Al-generated placeholder.
Prompt: “Generate an image showing global perspectives on climate change
including international cooperation and regional roles.” Suggested OER
search string: “global perspectives climate change international cooperation
OER image.”

Boxes and Tables

Box 2.1 International agreements on climate change: Al-generated placeholder.
Prompt: “Generate a box summarising international agreements on climate
change such as Kyoto Protocol and Paris Agreement.” Suggested OER
search string: “international agreements climate change OER table.”

General References

IPCC. (2021). Climate Change 2021: The Physical Science Basis. Cambridge
University Press.

FAO. (2022). Climate Change and Food Security. Rome: Food and Agriculture
Organization of the United Nations.
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UNFCCC. (2015). Paris Agreement. United Nations Framework Convention on
Climate Change.

Series 3: Climate Anomalies and Their Implications for Fisheries
and Aquaculture

Part 3.1 Understanding climate anomalies
3.1.1 Definition and examples of climate anomalies
3.1.2 Causes of climate anomalies (natural and anthropogenic)
3.1.3 Global and regional patterns

Part 3.2 Effects of climate anomalies on aquatic ecosystems
3.2.1 Changes in water temperature and circulation
3.2.2 Impacts on primary productivity and food chains
3.2.3 Alterations in habitat and biodiversity

Part 3.3 Implications for fisheries
3.3.1 Effects on fish distribution and migration
3.3.2 Consequences for fish stock abundance and recruitment
3.3.3 Challenges for capture fisheries management

Part 3.4 Implications for aquaculture

3.4.1 Influence on water quality and disease outbreaks

3.4.2 Effects on growth rates and production cycles

3.4.3 Adaptation strategies in aquaculture systems
Part 3.5 Policy and management responses
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3.5.1 Monitoring and forecasting climate anomalies
3.5.2 Adaptive management strategies for fisheries and aquaculture

3.5.3 Role of international cooperation and local communities

Introduction

Climate variability has always influenced aquatic ecosystems, but in recent
decades, unusual shifts known as climate anomalies have become more frequent
and severe. These anomalies, such as El Nifio and La Nifia events, disrupt normal
weather and ocean patterns, creating ripple effects across fisheries and aquaculture.
For communities that depend on aquatic resources, these changes can mean
reduced catches, altered species distribution, and challenges in sustaining
livelihoods.

The aim of this Series is to explain the nature of climate anomalies and to analyse
their implications for fisheries and aquaculture, while equipping you with
knowledge of adaptive strategies and management responses.

We shall commence this Series by defining climate anomalies and examining their
causes and patterns. Next, we will explore how these anomalies affect aquatic
ecosystems, focusing on temperature, productivity, and biodiversity. Following
that, we will study their implications for fisheries, including fish migration and
stock abundance. We will then move on to aquaculture, considering impacts on
water quality, disease, and production. Finally, we will wrap up by discussing
policy and management responses, highlighting monitoring, adaptation, and
cooperation strategies.

Step 3: Series Learning Qutcomes
Upon completing this Series, you should be able to:

SLO 3.1 define climate anomalies and identify examples at global and regional
scales,

SILO 3.2 explain the natural and anthropogenic causes of climate anomalies,

SL.O 3.3 analyse the effects of climate anomalies on aquatic ecosystems,
including temperature, productivity, and biodiversity,

-
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SLO 3.4 evaluate the implications of climate anomalies for fisheries,
particularly fish distribution, migration, and stock abundance,

SLO 3.5 assess the impacts of climate anomalies on aquaculture systems,
including water quality, disease, and production cycles, and

SLO 3.6 apply knowledge of climate anomalies to propose adaptive
management and policy responses for fisheries and aquaculture.

3.1 Understanding Climate Anomalies
3.1.1 Definition and examples of climate anomalies

Climate anomalies are unusual or irregular deviations from expected weather or
climate patterns over a given period. They representdepartures from long-term
averages, such as higher-than-normal sea surface temperatures, prolonged
droughts, or excessive rainfall. Examples include El Niio, which is characterised
by warming of the central and eastern Pacific Ocean, and La Nifia, which involves
cooling of the same region. These anomalies can disrupt ecosystems, economies,
and human livelihoods.

Climate anomalies are unusual deviations from expected or climate
patterns over a given period.

-
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Figure 3.1 Examples of Climate Anoamies

El Nifo & La Nifa: Pacific Ocean Temperature Shifts
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Source: Open Educational Resources for Climate Science

Figure 3.1 Examples of climate anomalies
3.1.2 Causes of climate anomalies (natural and anthropogenic)

Climate anomalies arise from both natural causes and anthropogenic causes.
Natural causes include ocean-atmosphere interactions, volcanic eruptions, and
solar variability. Anthropogenic causes are linked to human activities such as
greenhouse gas emissions, deforestation, and industrial pollution. These drivers
alter atmospheric circulation and ocean currents, leading to shifts in rainfall,
temperature, and storm patterns.

Climate anomalies can result from natural causes such as volcanic eruptions, or
anthropogenic causes such as gas emissions.
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Plate 3.1 Natural and Antroporepic Causes of Climate Anomallies

Source: Open Educational Resources for Climate Science

Plate 3.1 Natural and anthropogenic causes of climate anomalies
3.1.3 Global and regional patterns

Climate anomalies exhibit both global patterns and regional patterns. Globally,
events such as El Nino affect weather systems across continents, influencing
rainfall, drought; and storm activity. Regionally, anomalies may manifest as
prolonged dry seasons in West Africa, unusual monsoon behaviour in South Asia,
or shifts in fish migration in the Pacific. Recognising these patterns is essential for
predicting impacts on fisheries and aquaculture.

Global climate anomalies such as El Nifio influence weather systems across
continents, while regional anomalies may manifest as prolonged seasons in
West Africa.

Box 3.1 Global and regional patterns of climate anomalies.

)
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Pattern |[Example

Global |[El Nifio affecting rainfall in South America and drought in Australia

Regional|Prolonged dry seasons in West Africa

Regional|Unusual monsoon behaviour in South Asia

Regional|Shifts in fish migration in the Pacific

Pilot questions 3.1
Define climate anomalies.
Give one example of a climate anomaly.
State one natural cause of climate anomalies.
Mention one anthropogenic cause of climate anomalies.

Identify one regional pattern of climate anomalies.

3.2 Effects of Climate Anomalies on Aquatic Ecosystems
3.2.1 Changes in water temperature and circulation

Water temperature refers to-the degree of heat present in aquatic environments,
while circulation describes the movement of water masses driven by currents,
winds, and density differences. Climate anomalies such as El Nifio often cause
warming of surface waters, while La Nifia leads to cooling. These changes disrupt
normal circulation patterns, affecting nutrient distribution and oxygen levels.
Altered temperatures can stress aquatic organisms, influencing their metabolism,
growth, and survival.

Climate anomalies such as El Nifio often cause warming of surface waters, while
La Nina leads to

-
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Figure 3.2 Changes in Water Temperature
and Circulation: El Nino & La Nina Events
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Source: Open Educational Resources for Climate Science

Figure 3.2 Changes in water temperature and circulation
3.2.2 Impacts-on primary productivity and food chains

Primary productivity is the rate at which aquatic plants and phytoplankton
produce organic matter through photosynthesis. Climate anomalies can reduce
nuttient upwelling, leading to lower productivity. This decline cascades through
the food chain, affecting zooplankton, fish, and higher predators. In some cases,
productivity shifts geographically, creating mismatches between food availability
and species distribution.

Climate anomalies can reduce nutrient upwelling, leading to lower
productivity.
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Plate 3.2 Impacts on Primary Productivity
and Food Chains
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Source: Open Educational Resources for Climate Science

Plate 3.2 Impacts on primary productivity and food chains
3.2.3 Alterations in habitat and biodiversity

Habitat refers to the physical environment where aquatic organisms live, while
biodiversity describes the variety of species within ecosystems. Climate anomalies
alter habitats by changing water temperature, salinity, and oxygen levels. Coral
bleaching, for instance, is linked to prolonged warming events. Biodiversity
declines when sensitive species cannot adapt, while opportunistic species may
expand. These shifts threaten ecosystem balance and resilience.

Climate anomalies alter habitats by changing water temperature, salinity, and
levels.

Box 3.2 Alterations in habitat and biodiversity due to climate anomalies
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Impact Example

Habitat change |Coral bleaching due to prolonged warming

Biodiversity loss |[Decline of sensitive fish species

Biodiversity shift|Expansion of opportunistic species

Pilot questions 3.2
State one effect of EI Nifio on water temperature.
Define primary productivity in aquatic ecosystems.
Mention one impact of reduced nutrient upwelling on food chains.
Identify one habitat change caused by climate anomalies.

Explain how biodiversity may:shift during climate anomalies.

3.3 Implications for Fisheries
3.3.1 Effects on fish distribution and migration

Fish distribution refers to the spatial spread of fish populations across aquatic
environments, while migration describes their seasonal or periodic movement in
response to environmental cues. Climate anomalies alter water temperature,
salinity, and currents, which in turn affect where fish can thrive. For example,
during El Nifio events, warmer waters may push certain species into cooler
regions, disrupting traditional fishing grounds.

Climate anomalies alter water temperature, salinity, and currents, which in turn
affect fish

-
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Figure 3.3

Effects 3.3 Effecs on Climate Anoramies on Fish Distribution and
Migration: El Nifio Event Impacts on Oceanic Species
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Source: Open Educational Resurces for Climate Science

Figure 3.3 Effects of climate anomalies on fish distribution and migration
3.3.2 Consequences for fish stock abundance and recruitment

Fish stock abundance refers to the total number of fish available in a population,
while recruitment is the addition of new individuals to the stock through
reproduction or migration. Climate anomalies can reduce recruitment by altering
spawning conditions, food availability, and larval survival. This leads to
fluctuations in stock abundance, making fisheries less predictable and more
vulnerable to collapse.

Climate anomalies can reduce recruitment by altering spawning conditions, food
availability, and survival.
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Plate 3.3 Consequences for Fish Stock Abundance and Recruitment
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Source: Open Educational Resources for Climate Science

Plate 3.3 Consequences for fish stock abundance and recruitment

3.3.3 Challenges for capture fisheries management

Capture fisheries management involves regulating fishing activities to ensure
sustainability of fish populations. Climate anomalies create challenges by making
fish stocks unpredictable, shifting fishing grounds, and increasing competition
among fishers. Managers must adapt by using flexible quotas, monitoring
environmental conditions, and incorporating climate forecasts into decision-
making.

Climate anomalies create challenges for capture fisheries management by making
fish stocks and shifting fishing grounds.
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Box 3.3 Challenges for capture fisheries management during climate anomalies

Challenge Description

Stock unpredictability |[Fluctuations in abundance and recruitment

Shifting fishing grounds|Movement of species to new regions

Increased competition |Pressure on limited resources

Need for adaptation Use of flexible quotas and climate forecasts

Pilot questions 3.3
Define fish distribution and migration.
State one way climate anomalies affect fish distribution:
Mention one consequence of climate-anomalies on fish recruitment.
Identify one challenge for capture fisheries management.

Explain why flexible quotas are important during climate anomalies.

3.4 Implications for Aquaculture
3.4.1 Influence on water quality and disease outbreaks

Water quality refers to the physical, chemical, and biological characteristics of
water that determine its suitability for aquaculture. Climate anomalies can alter
water temperature, salinity, and oxygen levels, leading to stress in cultured species.
Poor water quality often increases susceptibility to disease outbreaks, which can
spread rapidly in aquaculture systems. For example, warmer waters may favour
pathogens, while reduced oxygen can weaken fish health.

Climate anomalies can alter water temperature, salinity, and oxygen levels, leading
to stress in cultured

-
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Figure 3.4 Influence of Climate Anomies on Water

Quality and Disese Outtreaks
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Figure 3.4 Influence of climate anomalies on water quality and disease outbreaks
3.4.2 Effects on growth rates and production cycles

Growth rate is the speed at which aquaculture species increase in size, while
production cycle refers to the time taken to raise species from stocking to harvest.
Climate anomalies disrupt these processes by altering feeding behaviour,
metabolism, and reproduction. For instance, prolonged warming may accelerate
growth but reduce survival, while cooler anomalies may slow growth and extend
production cycles.

Climate anomalies disrupt aquaculture processes by altering feeding behaviour,
metabolism, and
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Plate 3.4 Effects of Climate Anoramis on
Growth Rates and Production Cycles
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Source: Open Educational Resoreces for Climate Science

Plate 3.4 Effects of climate anomalies on growth rates and production cycles

3.4.3 Adaptation strategies in aquaculture systems

Adaptation strategies are measures taken to reduce the negative impacts of
climate anomalies on aquaculture. These include improving water management,
using climate-resilient species, adjusting stocking densities, and applying
biosecurity measures to prevent disease. Farmers may also adopt technological
innovations such as aeration systems or recirculating aquaculture systems to
maintain stable conditions.

Adaptation strategies in aquaculture include improving water management, using
climate-resilient species, and applying measures.

Box 3.4 Adaptation strategies in aquaculture systems.
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Strategy Example

Water management Use of aeration and filtration systems

Climate-resilient species||Stocking hardy fish or shellfish

Stocking density Adjusting numbers to reduce stress
Biosecurity Preventing disease spread through hygiene practices
Pilot questions 3.4

Define water quality in aquaculture.

State one way climate anomalies affect disease outbreaks.
Mention one effect of climate anomalies on growth rates.
Identify one adaptation strategy in aquaculture systems.

Explain why biosecurity measures are important during climate anomalies.

3.5 Policy and Management Responses
3.5.1 Monitoring and forecasting climate anomalies

Monitoring invelves the continuous observation of climate indicators such as sea
surface temperatures, rainfall patterns, and wind circulation. Forecasting uses
models and data to predict future anomalies like El Nifio or La Nifia. Effective
monitoring and forecasting provide early warnings, enabling fisheries and
aquaculture managers to prepare for potential impacts.

Monitoring involves continuous observation of climate indicators, while
forecasting uses models and data to predict future

-
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Figure 3.5 Monitoring and Forecating Climmates
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Figure 3.5 Monitoring and forecasting climate anomalies

3.5.2 Adaptive management strategies for fisheries and aquaculture

Adaptive management refers to flexible approaches that adjust policies and
practices in response to changing conditions. In fisheries, this may include revising
quotas, shifting fishing seasons, or protecting new habitats. In aquaculture,
adaptive strategies involve adjusting stocking densities, improving water
management, and adopting climate-resilient species. These strategies help reduce
vulnerability and sustain productivity under uncertain climate conditions.
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Adaptive management refers to flexible approaches that adjust policies and
practices in response to changing

Plate 3.5 Adaptive Management Strategies for
Fisheries and Aquclaqure
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Source: Open Educational Resources for Climate Science

Plate 3.5 Adaptive management strategies for fisheries and aquaculture

3.5.3 Role of international cooperation and local communities

International cooperation involves collaboration among countries to share data,
resources, and strategies for managing climate anomalies. Organisations such as
FAOQO and regional fisheries bodies play key roles in coordinating responses. Local
communities also contribute by adopting sustainable practices, participating in
monitoring, and implementing adaptation measures. Together, these efforts
strengthen resilience and ensure food security.
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International cooperation involves collaboration among countries, while local
communities contribute by adopting practices.

Box 3.5 Role of international cooperation and local communities

Actor Contribution

International organisations|Sharing data and coordinating responses

Regional fisheries bodies |Developing joint management strategies

Local communities Adopting sustainable practices and monitoring

Pilot questions 3.5
Define monitoring and forecasting in relation to climate anomalies.
State one adaptive management strategy for fisheries.
Mention one adaptive management strategy for aquaculture.
Identify one role of international cooperation in managing climate anomalies.

Explain one-way local communities contribute to adaptation.

Series Summary

This Series has examined the nature of climate anomalies and their far-reaching
implications for fisheries and aquaculture. Its purpose was to highlight how
unusual shifts.in climate patterns, such as El Nifio and La Nifia, disrupt aquatic
ecosystems and challenge the sustainability of food systems. By exploring these
processes, you have gained an appreciation of their relevance to both global and
local contexts, and their importance in shaping management and policy responses.

We began by defining climate anomalies, identifying their causes, and recognising
global and regional patterns. Then we explored their effects on aquatic ecosystems,
focusing on changes in water temperature, productivity, and biodiversity.
Following that, we considered the implications for fisheries, including fish
distribution, stock abundance, and management challenges. We continued with
aquaculture, examining impacts on water quality, disease, growth, and adaptation
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strategies. Finally, we discussed policy and management responses, emphasising
monitoring, adaptive approaches, and cooperation. By completing this Series, you
should now be able to define and explain climate anomalies, analyse their
ecological impacts, evaluate their consequences for fisheries and aquaculture, and
apply knowledge to propose adaptive management and policy responses, as
outlined in the Series Learning Outcomes.

Glossary of Terms

-

Adaptive management: A flexible approach to managing fisheries and
aquaculture that adjusts policies and practices in response to changing
environmental conditions.

Aquaculture: The controlled farming of aquatic organisms such as fish,
shellfish, and plants, usually in ponds, tanks, or coastal waters.

Biodiversity: The variety of living species within an ecosystem, including fish,
plants, and microorganisms.

Capture fisheries management: The regulation and oversight of fishing
activities in natural water bodies to ensure sustainable use of fish stocks.

Climate anomalies; Unusual or irregular deviations from expected weather or
climate patterns, such as El Nifio and La Nifia.

Disease outbreaks: Sudden increases in the occurrence of diseases among
aquaculture species, often linked to poor water quality or stress.

El Nifio: Acclimate anomaly characterised by warming of the central and
eastern Pacific Ocean, which disrupts global weather patterns.

Forecasting: The use of models and data to predict future climate anomalies
and their potential impacts.

Fish distribution: The spatial spread of fish populations across aquatic
environments.

Fish migration: The seasonal or periodic movement of fish populations in
response to environmental cues such as temperature or food availability.
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Fish recruitment: The addition of new individuals to a fish population through
reproduction or migration.

Fish stock abundance: The total number of fish available in a population at a
given time.

Habitat: The physical environment where aquatic organisms live, including
factors such as temperature, salinity, and oxygen levels.

International cooperation: Collaboration among countries and organisations
to share data, resources, and strategies for managing climate anomalies.

Juvenility (Series 1): The early stage of plant growth when a crop is
physiologically immature and unable to reproduce. (Included here for
continuity across Series content.)

La Nifa: A climate anomaly characterised by cooling of the central and eastern
Pacific Ocean, often producing opposite effects to El Nifio.

Monitoring: Continuous observation of climate indicators such as sea surface
temperatures, rainfall, and wind circulation.

Primary productivity: The rate at which aquatic plants and phytoplankton
produce organic matter through photosynthesis.

Water quality

Concept Check Questions [Series 3]

Objective questions

-

Climate anomalies such as El Nifio are characterised by warming of the
Pacific Ocean. (Linked to SLO 3.1)

Which of the following is an anthropogenic cause of climate anomalies? a)
Volcanic eruptions b) Solar variability ¢) Greenhouse gas emissions d)
Ocean circulation (Linked to SLO 3.2)
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Primary productivity in aquatic ecosystems is mainly driven by: a) Zooplankton
feeding b) Photosynthesis by phytoplankton c) Fish migration d) Coral
bleaching (Linked to SLO 3.3)

Reduced recruitment in fish populations during climate anomalies is often due
to poor survival. (Linked to SLO 3.4)

Which adaptation strategy in aquaculture involves preventing the spread of
diseases? a) Stocking density adjustment b) Biosecurity measures c)
Aeration systems d) Climate-resilient species (Linked to.SLO 3.5)

Short-answer questions
Define climate anomalies. (Linked to SLO 3.1)
State one natural cause of climate anomalies. (Linked to SLO 3.2)
Explain how climate anomalies affect aquatic biodiversity. (Linked to SLO 3.3)

Mention one consequence of climate:anomalies on fish stock abundance.
(Linked to SLO 3.4)

Identify one adaptation strategy used in.aquaculture systems. (Linked to SLO
3.5)

State one role of international coeperation in managing climate anomalies.
(Linked to SLO 3.6)

Long-answer questions

Analyse/the global and regional patterns of climate anomalies, providing
examples of their impacts. (Linked to SLOs 3.1, 3.2)

Evaluate the effects of climate anomalies on aquatic ecosystems, focusing on
water temperature, productivity, and biodiversity. (Linked to SLO 3.3)

Discuss the implications of climate anomalies for fisheries, highlighting fish
distribution, recruitment, and management challenges. (Linked to SLO 3.4)

Assess the impacts of climate anomalies on aquaculture systems and propose
adaptation strategies. (Linked to SLO 3.5)

-
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Apply knowledge of climate anomalies to suggest policy and management
responses for fisheries and aquaculture. (Linked to SLO 3.6)

Answers to Concept Check Questions [Series 3]
Objective questions

Central and eastern

c¢) Greenhouse gas emissions

b) Photosynthesis by phytoplankton

Larval

b) Biosecurity measures
Short-answer questions

Climate anomalies are unusual deviations from expected weather or climate
patterns over a given period.

Volcanic eruptions.

They alter habitats by changing temperature, salinity, and oxygen levels,
leading to biodiversity loss or shifts.

Reduced recruitment and fluctuations in stock abundance.
Use of climate-resilient species.

Sharing data-and coordinating responses.

Long-answer questions

-
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Basic response: Global anomalies such as El Nifio affect rainfall in South
America and drought in Australia, while regional anomalies include
prolonged dry seasons in West Africa.

Value-added response: Learners may connect these patterns to fisheries
impacts, such as shifts in fish migration in the Pacific, and aquaculture
challenges due to water quality changes.

Basic response: Climate anomalies change water temperature, reduce nutrient
upwelling, and cause biodiversity loss.

Value-added response: Learners may evaluate how these changes cascade
through food chains, affecting productivity and ecosystem resilience.

Basic response: Fish distribution shifts, recruitment declines, and management
faces unpredictability.

Value-added response: Learners may discuss how flexible quotas and climate
forecasts can mitigate these challenges.

Basic response: Climate anomalies affect water quality, disease outbreaks,
growth rates, and production cycles.

Value-added response: Learners may propose adaptation strategies such as
biosecurity, aeration systems, and stocking climate-resilient species.

Basic response: Policy responses include monitoring, forecasting, and adaptive
management.

Value-added response: Learners may highlight the importance of international
cooperation and community participation in building resilience.

Answers to Pilot Questions [Series 3]

Part 3.1 Understanding climate anomalies

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Unusual deviations from expected weather or climate patterns.
El Nifo.
Volcanic eruptions.
Greenhouse gas emissions.
Prolonged dry seasons.
Part 3.2 Effects of climate anomalies on aquatic ecosystems
Warming of surface waters.
Rate at which aquatic plants and phytoplankton produce organic matter.
Decline in food availability for higher trophic levels.
Coral bleaching.
Expansion of opportunistic species.
Part 3.3 Implications for fisheries

Distribution is the spread of fish populations; migration is their seasonal
movement.

Warmer waters push species into cooler regions.
Poor larval survival.
Stock unpredictability.
They allow managers to adjust to changing conditions.
Part 3.4 Implications for aquaculture
The physical, chemical, and biological characteristics of water.
Warmer waters favour pathogens.
Slower growth rates.
Adjusting stocking densities.
They prevent disease spread.

Part 3.5 Policy and management responses

-
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Monitoring is continuous observation; forecasting predicts future anomalies.
Revising quotas.

Adjusting stocking densities.

Sharing data and coordinating responses.

Adopting sustainable practices.

References and Attributions [Series 3]

This section compiles references and illustration attributions used or suggested in
Series 3: Climate Anomalies and Their Implications for Fisheries and
Aquaculture. Referencing style follows simplified APA for clarity.

Figures

Figure 3.1 Examples of climate anomalies: Al-generated placeholder. Prompt:
“Generate a diagram showing El Nifio and La Nifia climate anomalies with
ocean temperature changes.” Suggested OER search string: “El Nifio La
Nifia climate anomalies diagram OER.”

Figure 3.2 Changes in water temperature and circulation: Al-generated
placeholder. Prompt: “Generate a diagram showing changes in water
temperature and circulation during El Nifio and La Nifia events.” Suggested
OER search string: “El Nifio La Nifia water temperature circulation diagram
OER.”

Figure 3.3 Effects.of climate anomalies on fish distribution and migration: Al-
generated placeholder. Prompt: “Generate a diagram showing shifts in fish
distribution and migration patterns during El Nifio events.” Suggested OER
search string: “climate anomalies fish distribution migration diagram OER.”

Figure 3.4 Influence of climate anomalies on water quality and disease
outbreaks: Al-generated placeholder. Prompt: “Generate a diagram showing
how climate anomalies affect water quality and disease outbreaks in
aquaculture.” Suggested OER search string: “climate anomalies aquaculture
water quality disease OER diagram.”

-
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Figure 3.5 Monitoring and forecasting climate anomalies: Al-generated
placeholder. Prompt: “Generate a diagram showing monitoring stations and
forecasting models used to track climate anomalies.” Suggested OER search
string: “‘monitoring forecasting climate anomalies diagram OER.”

Plates

Plate 3.1 Natural and anthropogenic causes of climate anomalies: Al-generated
placeholder. Prompt: “Generate an image showing volcanic eruption and
industrial emissions as causes of climate anomalies.” Suggested OER search
string: “natural anthropogenic causes climate anomalies OER image.”

Plate 3.2 Impacts on primary productivity and food chains: Al-generated
placeholder. Prompt: “Generate an image showing phytoplankton decline
during climate anomalies and its cascading effect’on aquatic food chains.”
Suggested OER search string: “climate anomalies primary productivity food
chain OER image.”

Plate 3.3 Consequences for fish stock abundance and recruitment: Al-generated
placeholder. Prompt: “Generate an image showing reduced fish stock
abundance due to poor recruitment during climate anomalies.” Suggested
OER search string: “climate anomalies fish stock abundance recruitment
OER image.”

Plate 3.4 Effectsof climate anomalies on growth rates and production cycles:
Al-generated placeholder. Prompt: “Generate an image showing aquaculture
pondswith varying growth rates under different climate conditions.”
Suggested OER search string: “climate anomalies aquaculture growth rates
production cycles OER image.”

Plate 3.5 Adaptive management strategies for fisheries and aquaculture: Al-
generated placeholder. Prompt: “Generate an image showing adaptive
management strategies in fisheries and aquaculture, such as flexible quotas
and resilient species.” Suggested OER search string: “adaptive management
fisheries aquaculture climate anomalies OER image.”

Boxes and Tables

-
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Box 3.1 Global and regional patterns of climate anomalies: Al-generated

placeholder. Prompt: “Generate a box summarising global and regional
patterns of climate anomalies with examples.” Suggested OER search string:
“global regional climate anomalies patterns OER table.”

Box 3.2 Alterations in habitat and biodiversity due to climate anomalies: Al-

generated placeholder. Prompt: “Generate a box summarising habitat
changes and biodiversity impacts caused by climate anomalies.” Suggested
OER search string: “climate anomalies habitat biodiversity impacts OER
table.”

Box 3.3 Challenges for capture fisheries management during climate

anomalies:

Series 4: Vulnerability, Adaptation, and Resilience in Fisheries and
Aquatic Systems

Part 4.1 Understanding vulnerability in fisheries and aquatic systems

4.1.1 Definition and dimensions of vulnerability

4.1.2 Drivers of vulnerability (environmental, economic, social)

4.1.3 Case examples of vulnerable fisheries and communities

Part 4.2 Adaptation strategies in fisheries and aquaculture

4.2.1 Technological innovations and practices

4.2.2 Institutional and policy measures

4.2.3 Community-based adaptation approaches

Part 4.3 Building resilience in aquatic systems

4.3.1 Concept and indicators of resilience

-
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4.3.2 Ecological resilience in aquatic ecosystems

4.3.3 Socio-economic resilience in fisheries-dependent communities
Part 4.4 Pathways for sustainable futures

4.4.1 Integrating vulnerability assessment into planning

4.4.2 Linking adaptation and resilience for long-term sustainability

4.4.3 Role of global cooperation and local action

Introduction

In the last Series, we explored how climate anomalies affect fisheries and
aquaculture, creating challenges for ecosystems and communities alike. Building
on that foundation, we now turn to the concepts of vulnerability, adaptation, and
resilience, which are central to understanding how fisheries and aquatic systems
cope with change. These ideas are not only theoretical but also practical, as they
determine the capacity of societies to sustain livelihoods and food security in the
face of environmental and socio-economic pressures.

The aim of this Series is to equip you with the knowledge and skills to analyse
vulnerability, evaluate adaptation strategies, and apply resilience concepts to
fisheries and aquatic systems.

We shall commence this Series'by examining the meaning and dimensions of
vulnerability, along with its drivers and case examples. Next, we will explore
adaptation strategies, ranging from technological innovations to community-based
approaches. Following that, we will focus on resilience, considering both
ecological and socio-economic perspectives. Finally, we will wrap up by
discussing pathways for sustainable futures, integrating vulnerability assessment
with adaptation and resilience, and highlighting the importance of cooperation at
both global and local levels.

Step 3: Series Learning Qutcomes
Upon completing this Series, you should be able to:

SL.O 4.1 define vulnerability in fisheries and aquatic systems,

-
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SLO 4.2 explain the environmental, economic, and social drivers of
vulnerability,

SLO 4.3 analyse case examples of vulnerable fisheries and communities,

SLO 4.4 evaluate adaptation strategies in fisheries and aquaculture, including
technological, institutional, and community-based approaches,

SLO 4.5 describe the concept and indicators of resilience in aquatic systems,

SLO 4.6 distinguish between ecological and socio-economic resilience in
fisheries-dependent communities, and

SLO 4.7 apply knowledge of vulnerability, adaptation, and resilience to
propose pathways for sustainable futures in fisheries and aquatic systems.

4.1 Understanding Vulnerability in Fisheries and Aquatic Systems
4.1.1 Definition and dimensions of vulnerability

Vulnerability refers to the degree to which fisheries and aquatic systems are
susceptible to harm from external stresses such as environmental change, economic
shocks, or social pressures. It is often described through three dimensions:
exposure (the extent to which systems are subject to stress), sensitivity (how
strongly they are affected), and adaptive capacity (their ability to cope or adjust).
Together, these dimensions help us understand why some communities or
ecosystems are more at risk than others.

Vulnerability is often described through three dimensions: exposure, sensitivity,
and capacity.

-
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Figure 4.1
Dimensions of Vulnerability in Fisheries and Aquatic Systems
Assessing Climate Change Impacts

1. Exposure 2. Sensitivity

Definition: Degree of stress from climate Degree of systeead which is system
hazards (e.g. extreme temperatures, affected by climate hazards
sea-level rise, ocean aciification).

Examples: Species’ physiogoical tolerance,
Examples: Coastal communities, fish tolerance, gear type limitations
habitats

Interactions

&
Feedback Loops

3. Adaptive Capacity

Abiiity of systems or commurities d cope with
adjust or climate change. Exampflexible
Examples: Early warning gemt practices, resilent
infrasttacture

Source: Open Educational Resources for Climate Science

Figure 4.1 Dimensions of vulnerability in fisheries and aquatic systems
4.1.2 Drivers of vulnerability (environmental, economic, social)

Drivers of vulnerability can be grouped into environmental, economic, and social
categories. Environmental drivers include climate anomalies, pollution, and habitat
degradation. Economic drivers involve market fluctuations, dependence on single
species, and lack of financial resources. Social drivers include weak institutions,
limited education, and marginalisation of fishing communities. These drivers often
interact, compounding risks and making fisheries more fragile.

Drivers of vulnerability can be grouped into environmental, economic, and
categories.
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Plate 4.1 Drivers of Vulnebablity in
Fisheries and Aquatic Systems

1. Environmental Drivers 2. Economic Drivers 3. Social Drivers

 Habitat Degraation « Market Fluctations * Food Inscurity
e Extreme Weather e | ow Income & Poverty > Displatement
* Ocean Acidifiation e Lack of Diversfication * Weak Governance

Source: Open Educational Resources for Climate Science

Plate 4.1 Drivers of vulnerability in fisheries and aquatic systems
4.1.3 Case examples of vulnerable fisheries and communities

Case studies help illustrate how vulnerability manifests in real-world contexts.
Small-scale fisheries in coastal regions are often highly vulnerable due to
dependence on limited resources and exposure to climate variability. Inland
aquaculture systems may also face vulnerability when water quality declines or
disease outbreaks occur. Communities with limited access to technology,
education, or financial support are particularly at risk, as their adaptive capacity is
constrained.

-

-t
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Small-scale fisheries in coastal regions are often highly vulnerable due to
dependence on limited and exposure to climate variability.

Box 4.1 Case examples of vulnerable fisheries and communities

Case example Source of vulnerability

Dependence on limited resources and climate

Coastal small-scale fisheries .
variability

Inland aquaculture systems |Declining water quality and disease outbreaks

Marginalised fishing Limited access to technology, education, and
communities financial support
Pilot questions 4.1

Define vulnerability in fisheries and aquatic systems.
State the three dimensions of vulnerability.

Mention one environmental driver of vulnerability.
Identify one economic driver of vulnerability.

Give one example of a vulnerable fishing community.

4.2 Adaptation Strategies in Fisheries and Aquaculture
4.2:1 Technological innovations and practices

Technological innovations are new tools, methods, or systems designed to
improve fisheries and aquaculture performance. Examples include improved
fishing gear that reduces bycatch, recirculating aquaculture systems that maintain
water quality, and early-warning systems for climate anomalies. These practices
enhance efficiency, reduce risks, and support sustainability.

Technological innovations such as improved fishing gear and recirculating
aquaculture systems help reduce risks and support

-
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Figure 4.2 Technologial Innovations and Practices

in Fisheries and Aqucalacture:
Modernizing with Tech & Data
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Source: Open Educational Resurces for Fisheries & Climate Science

Figure 4.2 Technological innovations and practices in fisheries and aquaculture
4.2.2 Institutional and policy measures

Institutional measures refer to actions taken by organisations and governments to
strengthen fisheries and aquaculture systems. These include establishing
regulations, enforcing quotas, and supporting research. Policy measures are
frameworks that guide decision-making, such as national adaptation plans or
international agreements. Together, they provide structure and governance to
ensure adaptation strategies are effective and equitable.

Institutional measures include regulations and quotas, while policy measures
provide frameworks that guide
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Plate 4.2 Institutional and Policy Measures for
Adaptation in Fisheries & Aqucaldure

1. Government Institutions 2. Policy Frameworks

* Research & Monitoring Bodies * National Climate Action Plans
* Regulatory Agencies * Fisheries Management Plans

* Community Advisory Councils * Financial Incevtives & Grants

* International Collaborations * Training & Education Programs

Source: Open Educational Resources for Climate Science

Plate 4.2 Institutional and policy measures for adaptation
4.2.3 Community-based adaptation approaches

Community-based adaptation involves local people designing and implementing
strategies that reflect their needs and knowledge. Examples include diversifying
livelihoods, adopting sustainable fishing practices, and forming cooperatives to
share resources. These approaches empower communities, strengthen resilience,
and.ensure that adaptation strategies are culturally appropriate and widely
accepted.

Community-based adaptation empowers local people to design strategies that
reflect their needs and

-
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Box 4.2 Community-based adaptation approaches in fisheries and aquaculture

Approach Example

Diversification Combining fishing with aquaculture or other livelihoods

Sustainable practices||Using eco-friendly fishing methods

Cooperatives Sharing resources and knowledge among fishers

Pilot questions 4.2
Define technological innovations in fisheries and aquaculture.
State one example of a technological innovation.
Mention one institutional measure for adaptation.
Identify one policy measure that supports adaptation.

Give one example of a community-based adaptation approach.

4.3 Building Resilience in Aquatic Systems
4.3.1 Concept and indicators of resilience

Resilience refers to the ability of fisheries and aquatic systems to absorb shocks,
adapt to change, and continue functioning without collapsing. Indicators of
resilience include ecosystem diversity, resource availability, institutional strength,
and community participation. These indicators help managers and researchers
assess how well systems can withstand disturbances such as climate anomalies or
€conomic pressures.

Resilience refers to the ability of fisheries and aquatic systems to absorb shocks,
adapt to change, and continue

-
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Figure 4.3 Concept and Indicators of Resilience in
Aquatic Systems: Building Capacity for Future Shocks
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Source: Open Educational Resoirces for Fisheries & Climate Science

Figure 4.3 Concept and indicators of resilience in aquatic systems
4.3.2 Ecologicalresilience in aquatic ecosystems

Ecological resilience is the capacity of aquatic ecosystems to recover from
disturbances while maintaining essential functions. For example, coral reefs may
recover from bleaching events if biodiversity is high and stressors are reduced.
Wetlands and mangroves also demonstrate resilience by regenerating after storms
or floods. Ecological resilience depends on factors such as species diversity,
habitat connectivity, and water quality.

Ecological resilience depends on factors such as species diversity, habitat
connectivity, and quality.
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Plate 4.3 Ecological Resilience in Aquatic Erosstems:
Nature’s Defense Againt Climate Change

1. Coral Reefs 2. Mangrove Forests

* High Biodivisity & Habitat Complexity * Protects Shorelines & Erosion
* Buffers Coastines from Storms * Nursery for Fish & Shellsfith
* Supports Diverse Marine Life * Filters Polluants from Water
 Can Recover from Disturbances * Tolerant of Salinity & Flooding

Source: Open Educational Resorces for Fisheries & Climate Science

Plate 4.3 Ecological resilience in aquatic ecosystems
4.3.3 Socio-economic resilience in fisheries-dependent communities

Socio-economic resilience refers to the ability of fishing communities to withstand
and recover from shocks such as declining fish stocks, market fluctuations, or
climate impacts. It is strengthened by diversified livelihoods, access to education,
strong social networks, and supportive institutions. Communities with high socio-
economic resilience are better able to adapt, sustain food security, and maintain
cultural traditions linked to fisheries.

Socio-economic resilience is strengthened by diversified livelihoods, access to
education, strong social networks, and supportive

Box 4.3 Socio-economic resilience in fisheries-dependent communities
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Factor Example

Diversified livelihoods|Combining fishing with aquaculture or tourism

Education Training in sustainable practices

Social networks Cooperatives and community organisations
Institutions Government support and fair policies

Pilot questions 4.3

Define resilience in fisheries and aquatic systems.

State two indicators of resilience.

Mention one example of ecological resilience.

Identify one factor that strengthens socio-economic resilience.

Explain why social networks are important for resilience in fishing
communities.

4.4 Pathways for Sustainable Futures
4.4.1 Integrating vulnerability assessment into planning

Vulnerability assessment is the process of identifying and evaluating the risks
faced by fisheries and aquatic systems. It considers exposure, sensitivity, and
adaptive capacity to determine which communities or ecosystems are most at risk.
Integrating vulnerability assessment into planning ensures that adaptation and
resilience strategies are targeted where they are most needed, making resource use
more efficient and effective.

Integrating vulnerability assessment into planning ensures that strategies are
targeted where they are most

-
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Figure 4.4 Integrating Vulneribality Assessment

into Fisheries and Aqucaature Planning: A Step a-
-Step Process
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Figure 4.4 Integrating vulnerability assessment into planning
4.4.2 Linking adaptation and resilience for long-term sustainability

Adaptation refers to adjustments made to reduce vulnerability, while resilience is
the capacity to recover and continue functioning after disturbances. Linking
adaptation and resilience ensures that short-term measures, such as technological
innovations, are combined with long-term strategies that strengthen ecosystems
and communities. This connection is vital for achieving sustainability in fisheries
and aquatic systems.

Linking adaptation and resilience ensures that short-term measures are combined
with long-term strategies that strengthen
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Plate 4.4
Linking Adaptation and Resilence for
Long-Term Sustainablitity

Fisheries & Aquatic Systems Thriving in a Changing Climate

1. Adaptation Strategies 2. Resilence-Building Outcomes
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Source: Open Educational Resorces for Fisheries & Climate Science

Plate 4.4 Linking adaptation and resilience for long-term sustainability
4.4.3 Role of global cooperation and local action

Global cooperation involves countries and organisations working together to
share knowledge, resources, and strategies for sustainable fisheries. Local action
refers to community-level initiatives that apply these strategies in culturally
appropriate and practical ways. Both are essential: global cooperation provides
frameworks and resources, while local action ensures implementation and
ownership.

Global cooperation provides frameworks and resources, while local action ensures
and ownership.

Box 4.4 Role of global cooperation and local action in sustainable futures
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Actor Contribution

Global organisations Sharing knowledge and resources

International agreements|Providing frameworks for sustainability

Local communities Implementing strategies and ensuring ownership

Pilot questions 4.4
Define vulnerability assessment in fisheries and aquatic systems.

State one reason why vulnerability assessment should be integrated into
planning.

Explain the link between adaptation and resilience.
Mention one role of global cooperation in sustainable futures.

Identify one contribution of local communities to sustainability.

Series Summary

This Series has focused on the interconnected themes of vulnerability, adaptation,
and resilience in fisheries and aquatic systems. Its purpose was to help you
understand how these concepts shape the ability of ecosystems and communities to
withstand pressures and sustain livelihoods. By examining vulnerability,
adaptation strategies, resilience, and pathways for sustainable futures, the Series
has highlighted both.challenges and opportunities for managing aquatic resources
in a changing world.

We began by defining vulnerability and exploring its dimensions and drivers,
supported by case examples. Then we examined adaptation strategies, including
technological innovations, institutional measures, and community-based
approaches. Following that, we studied resilience, considering ecological and
socio-economic perspectives. Finally, we discussed pathways for sustainable
futures, emphasising vulnerability assessment, the link between adaptation and
resilience, and the role of cooperation. By completing this Series, you should now
be able to define and explain vulnerability, evaluate adaptation strategies,

-
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distinguish between ecological and socio-economic resilience, and apply these
concepts to propose sustainable pathways, as outlined in the Series Learning
Outcomes.

Glossary of Terms

-

Adaptive capacity: The ability of fisheries and aquatic systems to adjust and
cope with external stresses.

Adaptation: Adjustments made to reduce vulnerability and improve the ability
to cope with change.

Community-based adaptation: Local strategiesdesigned and implemented by
communities to address their specific needs.

Ecological resilience: The capacity of aquatic ecosystems to recover from
disturbances while maintaining essential functions.

Exposure: The extent to which fisheries and aquatic systems are subject to
external stresses.

Institutional measures: Actions taken by organisations or governments to
regulate and strengthen fisheries and aquaculture.

Policy measures: Frameworks and guidelines that direct decision-making for
adaptation and resilience.

Resilience: The ability of fisheries and aquatic systems to absorb shocks, adapt
to change, and continue functioning.

Sensitivity: The degree to which fisheries and aquatic systems are affected by
external stresses.

Socio-economic resilience: The ability of fishing communities to withstand and
recover from shocks such as market changes or climate impacts.

Technological innovations: new tools, methods, or systems that improve
fisheries and aquaculture performance.
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Vulnerability: The degree to which fisheries and aquatic systems are
susceptible to harm from environmental, economic, or social pressures.

Vulnerability assessment: The process of identifying and evaluating risks
faced by fisheries and aquatic systems.

Concept Check Questions [Series 4]

Objective questions

Vulnerability is described through three dimensions: exposure, sensitivity, and
. (Linked to SLO 4.1)

Which of the following is an economic driver of vulnerability? a) Climate
anomalies b) Market fluctuations ¢) Habitat degradation d) Marginalisation
(Linked to SLO 4.2)

Which indicator reflects resiliénce incaquatic systems? a) Species diversity b)
Overfishing c) Pollution d) Habitat loss (Linked to SLO 4.5)

Ecological resilience depends on factors such as species diversity, habitat
connectivity, and quality. (Linked to SLO 4.6)

Which of the following is a community-based adaptation approach? a)
International agreements b) Diversification of livelihoods ¢) Enforcement of
quotas d) Technological-innovations (Linked to SLO 4.4)

Short-answer questions

-

Define vulnerability in fisheries and aquatic systems. (Linked to SLO 4.1)
State one environmental driver of vulnerability. (Linked to SLO 4.2)

Explain one technological innovation that supports adaptation. (Linked to SLO
4.4)

Mention one indicator of resilience in aquatic systems. (Linked to SLO 4.5)

Identify one factor that strengthens socio-economic resilience. (Linked to SLO
4.6)

State one role of global cooperation in sustainable futures. (Linked to SLO 4.7)

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Long-answer questions

Analyse the dimensions of vulnerability and provide examples of how they
apply to fisheries. (Linked to SLOs 4.1, 4.2)

Evaluate adaptation strategies in fisheries and aquaculture, including
technological, institutional, and community-based approaches. (Linked to
SLO 4.4)

Discuss ecological and socio-economic resilience, highlighting their importance
in fisheries-dependent communities. (Linked to SLO 4.6)

Apply knowledge of vulnerability, adaptation, and resilience to propose
pathways for sustainable futures. (Linked to SLO 4.7)

Answers to Concept Check Questions [Series 4]

Objective questions

Adaptive capacity

b) Market fluctuations
a) Species diversity
Water

b) Diversification of livelihoods

Short-answer questions

-

Vulnerability is the degree to which fisheries and aquatic systems are
susceptible to harm from external pressures.

Climate anomalies.

Recirculating aquaculture systems that maintain water quality.
Ecosystem diversity.

Diversified livelihoods.

Sharing knowledge and resources.
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Long-answer questions

Basic response: Vulnerability is described through exposure, sensitivity, and
adaptive capacity. For example, coastal fisheries exposed to storms are
highly vulnerable.

Value-added response: Learners may connect these dimensions to socio-
economic drivers, such as limited financial resources, which reduce adaptive
capacity.

Basic response: Adaptation strategies include technological innovations,
institutional measures, and community-based approaches.

Value-added response: Learners may evaluate how combining these strategies
enhances sustainability and equity in fisheries.

Basic response: Ecological resilience is the ability of ecosystems to recover,
while socio-economic resilience is the ability of communities to withstand
shocks.

Value-added response: Learners may highlight how both forms of resilience
interact to sustain food security and cultural traditions.

Basic response: Pathways for sustainable futures include vulnerability
assessment, linking adaptation and resilience, and cooperation.

Value-added response: Learners may propose integrating global frameworks
with local action to achieve long-term sustainability.

Answers to Pilot Questions [Series 4]

Part 4.1 Understanding vulnerability in fisheries and aquatic systems

-
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The degree to which fisheries and aquatic systems are susceptible to harm.
Exposure, sensitivity, adaptive capacity.
Climate anomalies.
Market fluctuations.
Coastal small-scale fisheries.
Part 4.2 Adaptation strategies in fisheries and aquaculture
New tools, methods, or systems designed to improve performance.
Recirculating aquaculture systems.
Regulations and quotas.
National adaptation plans.

Diversification of livelihoods.

Part 4.3 Building resilience in aquatic systems
The ability to absorb shocks, adapt, and continue functioning.
Ecosystem diversity; community participation.
Coral reefs recovering from bleaching.
Diversified livelihoods.
They strengthen cooperation and resource sharing.
Part 4.4 Pathways for sustainable futures
The process of identifying and evaluating risks.
To target strategies where they are most needed.
Adaptation reduces vulnerability, resilience ensures recovery.
Sharing knowledge and resources.
Implementing strategies and ensuring ownership.

-
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References and Attributions [Series 4]

This section compiles references and illustration attributions used or
suggested in Series 4: Vulnerability, Adaptation, and Resilience in Fisheries
and Aquatic Systems. Referencing style follows simplified APA for clarity.

Figures

Figure 4.1 Dimensions of vulnerability in fisheries and aquatic systems: Al-
generated placeholder. Prompt: “Generate a diagram showing the three
dimensions of vulnerability: exposure, sensitivity, and adaptive capacity
in fisheries and aquatic systems.” Suggested OER search string:
“vulnerability dimensions exposure sensitivity adaptive capacity
fisheries OER diagram.”

Figure 4.2 Technological innovations and practices in fisheries and
aquaculture: Al-generated placeholder. Prompt: “Generate a diagram
showing technological innovations in fisheries and aquaculture
including fishing gear, recirculating systems, and early-warning tools.”
Suggested OER search string: “technological innovations fisheries
aquaculture OER diagram.”

Figure 4.3 Concept and indicators of resilience in aquatic systems: Al-
generated placeholder. Prompt: “Generate a diagram showing
indicators of resilience in aquatic systems including diversity, resources,
institutions, and communities.” Suggested OER search string:
“resilience indicators aquatic systems fisheries OER diagram.”

Figure 4.4 Integrating vulnerability assessment into planning: Al-generated
placeholder. Prompt: “Generate a diagram showing integration of
vulnerability assessment into fisheries and aquaculture planning.”
Suggested OER search string: “vulnerability assessment fisheries
aquaculture planning OER diagram.”

Plates

Plate 4.1 Drivers of vulnerability in fisheries and aquatic systems: Al-
generated placeholder. Prompt: “Generate an image showing
)
e
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environmental, economic, and social drivers of vulnerability in fisheries
and aquatic systems.” Suggested OER search string: “drivers of
vulnerability fisheries environmental economic social OER image.”

Plate 4.2 Institutional and policy measures for adaptation: Al-generated

placeholder. Prompt: “Generate an image showing government
institutions and policy frameworks supporting fisheries adaptation.”
Suggested OER search string: “institutional policy measures fisheries
aquaculture adaptation OER image.”

Plate 4.3 Ecological resilience in aquatic ecosystems: Al-generated

placeholder. Prompt: “Generate an image showing coral reefs and
mangroves as examples of ecological resilience in aquatic ecosystems.”
Suggested OER search string: “ecological resilience aquatic ecosystems
coral reefs mangroves OER image.”

Plate 4.4 Linking adaptation and resilience for long-term sustainability: Al-

generated placeholder. Prompt: “Generate an image showing
adaptation strategies linked with resilience-building in fisheries and
aquatic systems.” Suggested OER search string: “adaptation resilience
sustainability fisheries aquaculture OER image.”

Boxes and Tables

-

Box 4.1 Case examples of vulnerable fisheries and communities: Al-

generated placeholder. Prompt: “Generate a box summarising examples
of vulnerable fisheries and communities with sources of vulnerability.”
Suggested OER search string: “case examples vulnerable fisheries
communities OER table.”

Box 4.2 Community-based adaptation approaches in fisheries and

aquaculture: Al-generated placeholder. Prompt: “Generate a box
summarising community-based adaptation approaches in fisheries and
aquaculture.” Suggested OER search string: “community-based
adaptation fisheries aquaculture OER table.”

Box 4.3 Socio-economic resilience in fisheries-dependent communities: Al-

generated placeholder. Prompt: “Generate a box summarising factors
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that strengthen socio-economic resilience in fishing communities.”
Suggested OER search string: “socio-economic resilience fisheries
communities OER table.”

Box 4.4 Role of global cooperation and local action in sustainable futures:
Al-generated placeholder. Prompt: “Generate a box summarising
contributions of global cooperation and local action in sustainable
futures.” Suggested OER search string: “global cooperation local action
fisheries aquaculture sustainability OER table.”

General References

FAO. (2022). The State of World Fisheries and Aquaculture 2022. Rome:
Food and Agriculture Organization of the United Nations.

IPCC. (2022). Climate Change 2022: Impacts, Adaptation, and Vulnerability.
Cambridge University Press.

Allison, E. H., & Ellis, F. (2001). The livelihoods approach and
management of small-scale fisheries. Marine Policy, 25(5), 377-388.

Folke, C. (2006). Resilience: The emergence of a perspective for social—
ecological systems analyses. Global Environmental Change, 16(3), 253—
267.

Series 5: Climate Change Mitigation, Policies, and Fisheries
Development in Nigeria

Part 5.1 Climate change impacts on Nigerian fisheries
5.1.1 Environmental impacts (temperature, rainfall, water quality)
5.1.2 Socio-economic impacts (livelihoods, food security, employment)
5.1.3 Regional case examples

-
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Part 5.2 Climate change mitigation strategies in Nigeria
5.2.1 National mitigation initiatives
5.2.2 Technological and ecological approaches
5.2.3 Role of communities and stakeholders

Part 5.3 Fisheries policies and governance frameworks
5.3.1 National fisheries policies and legislation
5.3.2 Institutional arrangements and governance challenges
5.3.3 International cooperation and agreements

Part 5.4 Pathways for fisheries development in Nigeria
5.4.1 Sustainable aquaculture development
5.4.2 Capacity building and innovation

5.4.3 Linking mitigation, policy, and development goals

Introduction

Nigeria’s fisheries and aquaculture sector is vital for food security, employment,
and economic growth. Yet, the impacts of climate change threaten its
sustainability, with rising temperatures, unpredictable rainfall, and degraded
ecosystems affecting both production and livelihoods. Addressing these challenges
requires a combination of mitigation strategies, sound policies, and forward-
looking development:pathways that strengthen resilience and ensure long-term
sustainability.

The aim of this Series is to provide you with the knowledge and skills to analyse
climate change impacts on Nigerian fisheries, evaluate mitigation strategies,
examine relevant policies, and apply these insights to propose sustainable
development pathways.

We shall commence this Series by exploring the environmental and socio-
economic impacts of climate change on Nigerian fisheries, supported by regional
case examples. Next, we will examine mitigation strategies, including national
initiatives, technological approaches, and community roles. Following that, we will

-
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focus on fisheries policies and governance frameworks, considering national
legislation, institutional arrangements, and international cooperation. Finally, we
will wrap up by discussing pathways for fisheries development in Nigeria, linking
mitigation, policy, and development goals to create a sustainable future.

Step 3: Series Learning Qutcomes

Upon completing this Series, you should be able to:

SLO 5.1 describe the environmental and socio-economic impacts of climate
change on Nigerian fisheries,

SLO 5.2 analyse regional case examples of climate.change impacts on fisheries,

SLO 5.3 evaluate national climate change mitigation initiatives relevant to
fisheries,

SLO 5.4 explain technological and ecological approaches to climate change
mitigation in Nigeria,

SLO 5.5 assess the role of communities and stakeholders in implementing
mitigation strategies,

SLO 5.6 identify national fisheries policies and legislation in Nigeria,

SLO 5.7 examine institutional arrangements and governance challenges in
fisheries management;

SLO 5.8 discuss the importance of international cooperation and agreements for
Nigerian fisheries,

SLO 5.9 propose sustainable pathways for fisheries development in Nigeria,
linking mitigation, policy, and development goals.

5.1 Climate Change Impacts on Nigerian Fisheries

5.1

.1 Environmental impacts (temperature, rainfall, water quality)

Environmental impacts are the changes in natural conditions such as temperature,
rainfall, and water quality that directly affect fisheries. Rising water temperatures

-
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can alter fish breeding cycles, migration routes, and species composition.
Unpredictable rainfall patterns influence river flows, flooding regimes, and the
availability of freshwater habitats. Declining water quality, often linked to
pollution and climate variability, reduces oxygen levels and increases stress on
aquatic species. These changes disrupt ecosystems and reduce fish productivity,
making fisheries less reliable.

Rising water temperatures can alter fish breeding cycles, while unpredictable
rainfall influences river

Figure 5.1 Environmental Impacts of Climate Change on

Nisheries: Key Ecological Shifts
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Source: Open Educational Resorrces for Climate Science

Figure 5.1 Environmental impacts of climate change on Nigerian fisheries

5.1.2 Socio-economic impacts (livelihoods, food security, employment)
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Socio-economic impacts are the effects of climate change on people’s lives,
livelihoods, and communities. In Nigeria, millions depend on fisheries for food and
income. Reduced fish stocks threaten food security, while declining catches affect
household incomes and employment opportunities. Vulnerable groups, such as
small-scale fishers and women engaged in fish processing, are particularly atrisk.
These impacts highlight the close link between environmental changes and human
well-being, showing how climate change can destabilise communities.

Reduced fish stocks threaten food security, while declining catches affect
household :

Plate 5.1 Socio-Economic Impacts of
Climate Change on Nigerian Fisheries

Communities at the Frontline of Environmental Shift

1. Food Insecurity & Livelohold 2. Displacement & Infrastucture
Loss Damage

Reduced Fish Catches Coastal Erosion & Flooding
Decreased Income for Fishers Forced Migration
Malutination & Hunger Damage to Homes & Boats
Increased Poverty Disrupted Access & Markets

Source: Open Educational Resources for Climate Science

Plate 5.1 Socio-economic impacts of climate change on Nigerian fisheries

5.1.3 Regional case examples
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Case examples provide practical insights into how climate change affects fisheries
across Nigeria. In the Niger Delta, rising sea levels and salinity intrusion reduce
freshwater fish habitats. In Lake Chad, shrinking water levels have led to
declining fish stocks and increased competition among communities. In coastal
Lagos, flooding and pollution affect artisanal fisheries, reducing catches and
threatening livelihoods. These examples show that climate change impacts vary by
region but consistently undermine fisheries and food systems.

In Lake Chad, shrinking water levels have led to declining fish stocks and
increased among communities.

Box 5.1 Regional case examples of climate change impacts on Nigerian fisheries

Region Climate change impact

Niger Delta |Rising sea levels and salinity intrusion

Lake Chad  ||Shrinking water levels.and declining fish stocks

Coastal Lagos|[Flooding, pollution, and reduced artisanal catches

Pilot questions 5.1
Define environmental impacts of climate change on Nigerian fisheries.
State one-way rising temperatures affect fish populations.
Mention one socio-economic impact of climate change on Nigerian fisheries.
Identify one vulnerable group affected by declining fish stocks.

Give one regional case example of climate change impacts on Nigerian
fisheries.

5.2 Climate Change Mitigation Strategies in Nigeria
5.2.1 National mitigation initiatives

National mitigation initiatives are government-led programmes and policies
designed to reduce greenhouse gas emissions and limit the impacts of climate
change. In Nigeria, these include renewable energy projects, afforestation

b
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campaigns, and the promotion of sustainable agricultural and fisheries practices.
Such initiatives aim to balance economic growth with environmental protection,
ensuring that fisheries remain viable for future generations.

National mitigation initiatives in Nigeria include renewable energy projects,
afforestation campaigns, and promotion of sustainable practices.

Figure 5.2 National Mitigation Initiatives in Nigeria:
A Three-Pillar Approach

Tackling Climate Change Through National Action
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« Hydormpip Expansion « Forest Conservation * Aquaclature Development
« Reduce GHG Emissions « Carbon Sequestation * Marine Protected Areas (MPAs)

Source: Open Educational Resorces for Climate Science

Figure 5.2 National mitigation initiatives in Nigeria
5.2.2 Technological and ecological approaches

Technological approaches involve the use of modern tools and innovations to
reduce climate impacts. Examples include improved aquaculture systems that
recycle water, energy-efficient fishing gear, and early-warning systems for floods.
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Ecological approaches focus on restoring and protecting natural ecosystems, such
as mangrove replanting, wetland conservation, and habitat rehabilitation. Together,
these approaches strengthen resilience and reduce vulnerability.

Technological approaches include improved aquaculture systems, while ecological
approaches focus on restoring and protecting

Plate 5.2  Technological and Ecological
Approaches to Climate Change Mitligation

Building a Sustainable Future for Nigeriin Fisheries

Marine Protected Area

1. Technological Approaches 2. Ecological Approaches
* Solar-Powered Fishing Boats * Mangrove Restoration

* Recurrlating Auusclature Systems (RAS) * Marine Protected Areas MPAS
* Energy-Efficient Processing * Sustainable Fishing Practices

Source: Open Eucational Resources for Fisheries & Climate Science

Plate 5.2 Technological and ecological approaches to climate change mitigation

5.2.3 Role of communities and stakeholders

Communities and stakeholders play a crucial role in implementing mitigation
strategies. Local fishers, cooperatives, and women’s groups often lead grassroots
initiatives such as mangrove restoration, waste reduction, and sustainable fishing
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practices. Stakeholders, including NGOs, research institutions, and private
investors, provide technical support, funding, and advocacy. Collaboration
between communities and stakeholders ensures that mitigation strategies are
practical, inclusive, and sustainable.

Communities and stakeholders ensure that mitigation strategies are practical,
inclusive, and

Box 5.2 Role of communities and stakeholders in climate change mitigation

Actor Contribution

Grassroots initiatives such as mangrove restoration and

Local communities . .
sustainable fishing

NGOs Advocacy and technical support

Research

e Providing knowledge and innovation
Institutions

Private investors ||[Funding and promoting sustainable practices

Pilot questions 5.2
Define national mitigation mitiatives in Nigeria.
State one example of a national mitigation initiative.
Mention one technological approach to climate change mitigation.
Identify one ecological approach to climate change mitigation.

Give one role of communities in climate change mitigation.

5.3 Fisheries Policies and Governance Frameworks
5.3.1 National fisheries policies and legislation

National fisheries policies are government frameworks that guide the sustainable
management of fisheries resources. In Nigeria, these policies aim to regulate
fishing practices, protect aquatic ecosystems, and promote aquaculture

-
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development. Legislation provides the legal backing for enforcement, ensuring
that rules on licensing, quotas, and conservation are upheld. Together, policies and
legislation create the foundation for effective fisheries governance.

National fisheries policies regulate fishing practices, while legislation provides the
legal backing for .

Figure 5.3 National Fishtries Policies and Legisiation in Nigeria
A Framework for Sustainable Governance

Federal Fisheries
Policy

State-Level Regulations &
Policies & Ediits WY National Fisheries :>

* Fisheries Zones Act (ZOXX) « Sustainable Fishing Practices
* Licensing & Permits * Gear Restrictions
* Resource Access Rights * Post-Harvest Standards

Implementation &
Enforcement =
Community Marine Protected Monitoring, Control
Co-Management Areas (MPAs & Surevelance (MCS)

Source: Open Educational Resources for Fisheries & Climate Science

Figure 5.3 National fisheries policies and legislation in Nigeria
5.3.2 Institutional arrangements and governance challenges

Institutional arrangements refer to the organisations and structures responsible
for managing fisheries. In Nigeria, these include ministries, research institutes, and
regulatory agencies. However, governance challenges such as weak enforcement,
overlapping mandates, and limited funding often reduce effectiveness. Addressing
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these challenges requires stronger coordination, capacity building, and
transparency in decision-making.

Institutional arrangements include ministries and agencies, but governance
challenges often arise from weak

Plate 5.3 Institutional Arrangements and
Governance Challenges n Nigerian Fisheries

Communities at the Frontline of Environmental Shift

1. Institutional Arrangements 2. Governance Challenges

* Government Agencies Overfishing & IUU Fishing

* Research Institutions Lack Enforcement

e Community Groups Data Scartity

* International Partners Corruption & Poor Coordination
Climate Change Impacts
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Source: Open Eucational Resources for Fisheries & Climate Science

Plate 5.3 Institutional arrangements and governance challenges in Nigerian
fisheries

5.3.3 International cooperation and agreements

International cooperation involves Nigeria working with other countries and
organisations to manage shared fisheries resources and address climate change.
Agreements such as regional fisheries management frameworks and global
conventions provide platforms for collaboration. These efforts help Nigeria access
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technical support, funding, and knowledge exchange, strengthening its fisheries
governance.

International cooperation provides Nigeria with technical support, funding, and
exchange.

Box 5.3 International cooperation and agreements in Nigerian fisheries

Agreement/Cooperation Contribution

Regional fisheries frameworks||Joint management of shared resources

Global conventions Standards for sustainability and conservation

Bilateral partnerships Technical support and funding

Pilot questions 5.3
Define national fisheries policies in Nigeria.
State one role of legislation in fisheries governance.
Mention one governance challenge in Nigerian fisheries.
Identify one institutional-arrangement for fisheries management.

Give one example of international cooperation relevant to Nigerian fisheries.

5.4 Pathways for Fisheries Development in Nigeria
5.4.1 Sustainable aquaculture development

Sustainable aquaculture development refers to practices that increase fish
production while protecting the environment and ensuring long-term viability. In
Nigeria, this includes adopting climate-resilient species, improving water
management, and reducing reliance on wild stocks. Sustainable aquaculture also
promotes food security and creates employment opportunities, especially for rural
communities.

Sustainable aquaculture development in Nigeria includes adopting climate-resilient
species and improving management.

-
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Figure 5.4
Sustainable Aqucalaure Development in Nigeria
A Bluepint for Future Growth
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Source: Open Educational Resources for
Fisheries & Climate Science

Figure 5.4 Sustainable aquaculture development in Nigeria
5.4.2 Capacity building and innovation

Capacity building involves strengthening the skills, knowledge, and resources of
individuals and institutions engaged in fisheries. This includes training fishers in
sustainable practices, supporting women and youth in aquaculture, and enhancing
institutional research capacity. Innovation refers to the introduction of new
technologies and methods, such as digital monitoring tools, improved feed
systems, and eco-friendly processing techniques. Together, capacity building and
innovation drive growth and resilience in the sector.

Capacity building strengthens skills and knowledge, while innovation introduces
new technologies and
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Plate 5.4 Capacity Building and Innovation in
Nigerian: Fisehrzieg for a Sustainable Future

1. Training 2. Innovative
Programmes Technologies

* Modern Fishing Techniques * Solar-Powered Boats & Farms
* Post-Harvest Handling * RAS & Aquaponics

* Financial Literacy * Mobile Apps for Market Data
* Safety at Sea * Cold Chain & Storage

Source: Open Euucational Resources for Fisheries & Climate Science

Plate 5.4 Capacity building and innovation in Nigerian fisheries
5.4.3 Linking mitigation, policy, and development goals

Linking mitigation, policy, and development goals ensures that Nigeria’s
fisheries sector grows sustainably while addressing climate challenges. Mitigation
strategies reduce environmental risks, policies provide governance frameworks,
and development goals focus on food security, employment, and economic growth.
Integrating these three elements creates a holistic approach that balances ecological
health with human needs.

Linking mitigation, policy, and development goals ensures that Nigeria’s fisheries
sector grows

Box 5.4 Linking mitigation, policy, and development goals in Nigerian fisheries

-
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Element Contribution

Mitigation Reduces environmental risks

Policy Provides governance frameworks

Development goals|Focus on food security, employment, and growth

Pilot questions 5.4
Define sustainable aquaculture development.
State one practice that supports sustainable aquaculture in Nigeria.
Mention one example of capacity building in fisheries.
Identify one innovative technology used in Nigerian aquaculture.

Explain why linking mitigation, policy, and development goals is important for
fisheries development.

Series Summary

This Series has examined how climate change affects Nigerian fisheries and
aquaculture, and how mitigation strategies, policies, and development pathways
can support sustainability. Its purpose was to help you understand the
environmental-and socio-economic impacts of climate change, evaluate national
and community-led mitigation efforts, and explore governance frameworks that
shape fisheries management. By linking these themes, the Series highlighted the
importance of integrating climate action with fisheries development in Nigeria.

We began by exploring the environmental and socio-economic impacts of climate
change on Nigerian fisheries, supported by regional case examples. Then we
considered mitigation strategies, including national initiatives, technological and
ecological approaches, and the role of communities and stakeholders. Following
that, we examined fisheries policies and governance frameworks, focusing on
legislation, institutional arrangements, and international cooperation. Finally, we
discussed pathways for fisheries development, emphasising sustainable
aquaculture, capacity building, and the integration of mitigation, policy, and
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development goals. By completing this Series, you should now be able to describe
climate impacts, analyse case examples, evaluate mitigation strategies, explain
governance frameworks, and propose sustainable pathways for fisheries
development, as outlined in the Series Learning Outcomes.

Glossary of Terms

Afforestation: Planting trees in areas that previously had no forest cover, used
as a mitigation strategy.

Aquaculture: The controlled farming of aquatic organisms such as fish,
shellfish, and plants.

Capacity building: Strengthening the skills, knowledge, and resources of
individuals or institutions to improve fisheries management.

Climate-resilient species: Fish or aquatic organisms that can withstand
changing environmental conditions.

Ecological approaches: Strategies that restore and protect natural ecosystems,
such as mangrove replanting or wetland conservation.

Food security: Reliable access to sufficient, safe, and nutritious food for
communities.

Governance frameworks: Structures and processes that guide decision-making
and management in fisheries.

International cooperation: Collaboration between countries and organisations
to manage shared resources and address climate challenges.

Legislation: Laws that provide legal backing for fisheries policies and
enforcement.

Mitigation: Actions taken to reduce greenhouse gas emissions or limit the
impacts of climate change.

National fisheries policies: Government frameworks that regulate fishing
practices and promote sustainable aquaculture.

-
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Socio-economic impacts: Effects of climate change on livelihoods,
employment, and community well-being.

Stakeholders: Groups or individuals such as NGOs, research institutions, and
private investors involved in fisheries management.

Sustainable aquaculture development: Practices that increase fish production
while protecting the environment and ensuring long-term viability.

Technological approaches: Use of modern tools and innovations, such as
energy-efficient gear or water recycling systems, to reduce climate impacts.

Vulnerability: The degree to which fisheries and communities are susceptible
to harm from climate change.

Concept Check Questions [Series 5]

Objective questions

Climate change impacts on Nigerian fisheries include changes in temperature,
rainfall, and quality. (Linked to SLO 5.1)

Which of the following is a socio-economic impact of climate change on
Nigerian fisheries? a) Rising water temperatures b) Declining household
incomes ¢) Salinity intrusion d) Flooding (Linked to SLO 5.1)

National mitigation initiatives in Nigeria include renewable energy projects,
afforestation, and promotion of sustainable practices. (Linked to
SLO5.3)

Which of the following is an ecological approach to climate change mitigation?
a) Improved aquaculture systems b) Energy-efficient fishing gear c)
Mangrove replanting d) Early-warning systems (Linked to SLO 5.4)

International cooperation provides Nigeria with technical support, funding, and
exchange. (Linked to SLO 5.8)

Short-answer questions

Define environmental impacts of climate change on Nigerian fisheries. (Linked

to SLO 5.1)
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State one socio-economic impact of climate change on Nigerian fisheries.
(Linked to SLO 5.1)

Mention one national mitigation initiative relevant to fisheries. (Linked to SLO
5.3)

Identify one technological approach to climate change mitigation in Nigeria.
(Linked to SLO 5.4)

Give one role of communities in climate change mitigation. (Linked to SLO
5.5)

State one governance challenge in Nigerian fisheries. (Linked to SLO 5.7)

Mention one example of international cooperation relevant to Nigerian
fisheries. (Linked to SLO 5.8)

Identify one practice that supports sustainable aquaculture development in
Nigeria. (Linked to SLO 5.9)

Long-answer questions

Analyse the environmental and secio-economic impacts of climate change on
Nigerian fisheries, providing regional case examples. (Linked to SLOs 5.1,
5.2)

Evaluate national mitigation initiatives and technological and ecological
approaches to climate change mitigation in Nigeria. (Linked to SLOs 5.3,
5.4)

Discuss fisheries policies and governance frameworks in Nigeria, highlighting
institutional arrangements and challenges. (Linked to SLOs 5.6, 5.7)

Apply knowledge of mitigation, policy, and development goals to propose
pathways for sustainable fisheries development in Nigeria. (Linked to SLO
5.9)

Answers to Concept Check Questions [Series 5]

Objective questions

-
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Water
b) Declining household incomes
Fisheries
c) Mangrove replanting
Knowledge

Short-answer questions

Environmental impacts are changes in temperature, rainfall, and water.quality
that affect fisheries.

Reduced fish stocks threaten food security.
Afforestation campaigns.

Improved aquaculture systems that recycle water.
Grassroots initiatives such as mangrove restoration.
Weak enforcement.

Regional fisheries management frameworks.

Adoption of climate-resilient species.

Long-answer questions

Basic response: Climate change affects Nigerian fisheries through rising
temperatures, unpredictable rainfall, and declining water quality. Socio-
economic impacts include reduced food security and declining incomes.
Regional examples include salinity intrusion in the Niger Delta and
shrinking water levels in Lake Chad.

Value-added response: Learners may connect these impacts to broader issues
such as migration, conflict over resources, and national food security
challenges.

-
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Basic response: National mitigation initiatives include renewable energy
projects and afforestation. Technological approaches involve improved
aquaculture systems, while ecological approaches include mangrove
replanting.

Value-added response: Learners may evaluate how combining these
approaches strengthens resilience and reduces vulnerability, while noting the
importance of community participation.

Basic response: Fisheries policies regulate practices, legislation provides
enforcement, and institutions manage resources. Challenges include weak
enforcement and overlapping mandates.

Value-added response: Learners may highlight the need for transparency,
capacity building, and integration with international agreements.

Basic response: Pathways for development include sustainable aquaculture,
capacity building, and linking mitigation, policy, and development goals.

Value-added response: Learners may propose innovative approaches such as
digital monitoring tools, regional cooperation, and inclusive governance to
achieve sustainability.

Answers to Pilot Questions [Series 5]

Part 5.1 Climate change impacts on Nigerian fisheries

-

Environmental impacts are changes in temperature, rainfall, and water quality.
Rising temperatures alter breeding cycles.
Reduced fish stocks threaten food security.

Small-scale fishers and women in processing.
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Niger Delta salinity intrusion.

Part 5.2 Climate change mitigation strategies in Nigeria
Government-led programmes to reduce emissions and impacts.
Afforestation campaigns.

Improved aquaculture systems.
Mangrove replanting.
Grassroots initiatives such as waste reduction.

Part 5.3 Fisheries policies and governance frameworks
Government frameworks guiding sustainable management.
Enforcement of quotas.

Weak enforcement.
Ministries and regulatory agencies.

Regional fisheries frameworks.

Part 5.4 Pathways for fisheries development in Nigeria
Practices that increase production while protecting the environment.
Adoption of climate-resilient species.
Training fishers in sustainable practices.
Digital monitoring tools.

It ensures sustainable growth and balances ecological health with human needs.

References and Attributions [Series 5]

This section compiles references and illustration attributions used or suggested in
Series 5: Climate Change Mitigation, Policies, and Fisheries Development in
Nigeria. Referencing style follows simplified APA for clarity.
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Figures

Figure 5.1 Environmental impacts of climate change on Nigerian fisheries: Al-
generated placeholder. Prompt: “Generate a diagram showing environmental
impacts of climate change on Nigerian fisheries including temperature,
rainfall, and water quality.” Suggested OER search string: “environmental
impacts climate change Nigerian fisheries OER diagram.”

Figure 5.2 National mitigation initiatives in Nigeria: Al-generated placeholder.
Prompt: “Generate a diagram showing national mitigationsinitiatives in
Nigeria including renewable energy, afforestation, and sustainable
fisheries.” Suggested OER search string: “national mitigation initiatives
Nigeria fisheries climate change OER diagram.”

Figure 5.3 National fisheries policies and legislation in Nigeria: Al-generated
placeholder. Prompt: “Generate a diagram showing the relationship between
fisheries policies and legislation in Nigeria.” Suggested OER search string:
“Nigeria fisheries policies legislation governance OER diagram.”

Figure 5.4 Sustainable aquaculture development in Nigeria: Al-generated
placeholder. Prompt: “Generate a diagram showing sustainable aquaculture
development practices in Nigeria including climate-resilient species and
water management.” Suggested OER search string: “sustainable aquaculture
development Nigeria fisheries OER diagram.”

Plates

Plate 5.1 Socio-economic impacts of climate change on Nigerian fisheries: Al-
generated placeholder. Prompt: “Generate an image showing Nigerian
fishing communities affected by socio-economic impacts of climate
change.” Suggested OER search string: “socio-economic impacts climate
change Nigerian fisheries OER image.”

Plate 5.2 Technological and ecological approaches to climate change
mitigation: Al-generated placeholder. Prompt: “Generate an image showing
technological and ecological approaches to climate change mitigation in
Nigerian fisheries.” Suggested OER search string: “technological ecological
approaches climate change mitigation Nigerian fisheries OER image.”

-
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Plate 5.3 Institutional arrangements and governance challenges in Nigerian
fisheries: Al-generated placeholder. Prompt: “Generate an image showing
Nigerian fisheries institutions and governance challenges.” Suggested OER
search string: “Nigeria fisheries institutions governance challenges OER
image.”

Plate 5.4 Capacity building and innovation in Nigerian fisheries: Al-generated
placeholder. Prompt: “Generate an image showing training programmes and
innovative technologies in Nigerian fisheries.” Suggested OER search string:
“capacity building innovation Nigerian fisheries aquaculture OER image.”

Boxes and Tables

Box 5.1 Regional case examples of climate change impacts on Nigerian
fisheries: Al-generated placeholder. Prompt: “Generate a box summarising
regional case examples of climate change impacts onNigerian fisheries.”
Suggested OER search string: “regional case examples climate change
Nigerian fisheries OER table.”

Box 5.2 Role of communities and stakeholders in climate change mitigation:
Al-generated placeholder. Prompt: “Generate a box summarising roles of
communities and stakeholders in ¢limate change mitigation.” Suggested
OER search string: “communities stakeholders climate change mitigation
Nigerian fisheries OER table.”

Box 5.3 International cooperation and agreements in Nigerian fisheries: Al-
generated placeholder. Prompt: “Generate a box summarising examples of
international cooperation and agreements relevant to Nigerian fisheries.”
Suggested OER search string: “Nigeria fisheries international cooperation
agreements OER table.”

Box 5.4 Linking mitigation, policy, and development goals in Nigerian fisheries:
Al-generated placeholder. Prompt: “Generate a box summarising how
mitigation, policy, and development goals interact in Nigerian fisheries.”
Suggested OER search string: “mitigation policy development goals
Nigerian fisheries OER table.”

General References
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