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Series 1: Plant Community Dynamics
Series outline
e 1.1 Concept of Plant Communities
o Definition and characteristics
o Types of plant communities

e 1.2 Structure and Composition
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o Vertical and horizontal stratification
o Species diversity and dominance
e 1.3 Succession and Dynamics
o Ecological succession processes
o Stability and change in communities
¢ 1.4 Interactions within Communities
o Competition, mutualism, and predation

o Energy flow and nutrient cycling

Introduction

Plants rarely exist in isolation, they form communities that interact with their environment and with
one another. These communities are the foundation of ecosystems, shaping biodiversity,
productivity, and ecological balance. By studying plant community dynamics, you will gain insight
into how vegetation is organised, how it changes over time, and why these processes are essential
for ecological stability. This Series is therefore centraltoyour understanding of plant ecology as a
whole.

The aim of this Series is to equip you with the ability to define, analyse, and evaluate the
organisation and behaviour of plant communities, so that you can appreciate their role in
ecological frameworks and apply this knowledge to real-world vegetation studies.

We shall commence this Series by examining the concept of plant communities, focusing on their
definition, characteristics, and types. Next, we will explore the structure and composition of
these communities; considering aspects such as stratification, species diversity, and dominance.
Following that, we will study succession and dynamics, where you will learn how communities
change over time'and how stability is maintained. Finally, we will wrap up by discussing
interactions within.communities, including competition, mutualism, predation, and the flow of
energy and nutrients.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 1.1 define the concept of plant communities and identify their key characteristics,
e SLO 1.2 explain the structural and compositional features of plant communities,
e SLO 1.3 analyse the processes of succession and dynamics within plant communities, and
e SLO 1.4 evaluate the ecological interactions that occur within plant communities.

-

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



1.1 Concept Of Plant Communities
1.1.1 Definition and characteristics

A plant community is a collection of plant species that live together in a particular area and
interact with each other and their environment. It is characterised by the presence of dominant
species, patterns of distribution, and ecological relationships. These communities are not random
groupings but structured systems shaped by climate, soil, and biotic interactions.

Fillin the blank: A plant community is defined as a collection of
each other and their environment.

species that interact with

MAJOR TERRESTRIAL PLANT COMMUNITIES: FOREST, GRASSLAND, & DESERT

1. FOREST PLANT COMMUNITY LiGHT 2. GRASSLAND PLANT COMMUNITY
FOREST CANOPY GRADIENT

High Light
OVERSTORY

Mature tall trees z TALL GRASS
=
- E
£y
pr = e il | B 2 ' Sy PRECIPITATION
o 33 e i DOGWOO0D | ! ] | -
FERN & = e coody E i \ \ (e.g. 25-75¢cm)
AZALEA = - 4
R FOREST FLOOR '
=L Detritus o DEEP TOP LAYER
WILDFLOWERS GRASSES LITTER LOG 0 HORIZON (Organic) § H'GHSTRTGEQN'C
A HORIZON (Topsoil) 2 - i
B HORIZON (Subsoll) 2 BUNCH GRASS SOD-FORMING _ TAPROOT
C HORIZON 8 ROOT GRASS ROOT
1. FOREST PLANT COMMUNITY (Parent Material) &L ROOTSYSTEMS —— ! [,  SOIL PROFILE
3. DESERT PLANT COMMUNITY SUCCULENTS DROUGHT-TOLERANT SHRUBS EPHEMERAL PLANTS PRECIPITATION
(e.g. <25 cm)
DESERT VEGETATION S CREOSOTE MESQUIE poRuaNT ELOOM  BIOLOGICAL
WATER BUSH cggp | Aterrein  SQIL CRUST
STORAGE 0

TISSUE b Sl |

BAR’REVL‘ V N — SHALLOW
CACTUS WIDE RODTS
3. DESERT PLANT COMMUNITY SOIL PROFILE

Diagram showingdifferent plant communities such as grassland, forest, and desert. Figure 1.1:
Examples of plant communities

1.1.2 Types of plant communities

Plant communities can be broadly classified into natural communities, which develop without
human interference, and artificial communities, which are created or influenced by human
activities such as agriculture or plantations. Natural communities include forests, grasslands, and
deserts, while artificial communities include crop fields and orchards.

FilLin the blank: Communities that develop without human interference are called
communities.
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COMPARATIVE ANALYSIS: NATURAL FOREST VS. ARTIFICIAL CROP FIELD
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Photographs of natural. and artificial plant communities. Plate 1.2: Natural and artificial plant
communities

Pilot questions 1.1
1. Which term describes a collection of plant species living together in a specific area?
2.. What are the two broad categories of plant communities?
3. Name one example of a natural plant community.
4. Name one example of an artificial plant community.

5. Which factors shape the structure of plant communities?
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1.2 Structure And Composition Of Plant Communities
1.2.1 Vertical and horizontal stratification

Stratification refers to the arrangement of plants in layers within a community. Vertical
stratification is seen in forests where tall trees form the canopy, smaller trees and shrubs occupy
the middle layer, and herbs and ground vegetation cover the forest floor. Horizontal stratification,
on the other hand, describes the spatial distribution of plants across an area, such aspatches of
grasses or shrubs in a savanna. These patterns influence light availability, nutrient cycling, and
habitat diversity.

Fillin the blank: Vertical stratification in forests is characterised by the presence of a
formed by tall trees.
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Diagram showingvertical stratification in a forest (canopy, understory, ground layer). Figure 1.3:
Vertical stratification in.a forest community

1.2.2 Species diversity and dominance

Species diversity refers to the variety and abundance of species within a plant community. Itis
measured by both species richness (the number of species present) and species evenness (the
relative abundance of each species). Dominance occurs when one or a few species exert a strong
influence on the community, often controlling resources such as light, water, or nutrients. For
example, teak trees may dominate certain tropical forests, shaping the overall structure and
function of the ecosystem.

Fillin the blank: The relative abundance of each species in a community is referred to as species
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COMPARATIVE ANALYSIS: SPECIES RICHNESS AND EVENNESS IN PLANT COMMUNITIES
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*J' (Pielou's Evenness) ranges from 0 (very uneven) to 1 (perfectly even).
Table showing species richness and evenness in two sample communities. Table 71.1: Comparison
of species diversity in two plant communities

Pilot questions 1.2
1. What term describes the arrangement of plants in layers within a community?
2. Which type of stratification«efers to spatial distribution across an area?
3. What are the two components of species diversity?
4. What does species dominance imply in a plant community?

5. Give one example of a dominant species in a tropical forest.

1.3 Succession And Dynamics In Plant Communities
1.3.1 Ecological succession processes

Ecological succession is the gradual process by which plant communities change over time. It
involves the replacement of one group of species by another, leading to a more stable community.
Succession can be primary, occurring in areas where no life previously existed, such as bare rock,
or secondary, occurring in areas where a community has been disturbed but soil and some
organisms remain. These processes are driven by factors such as soil development, climate, and
species interactions.

Fillin the blank: Succession that occurs on bare rock or newly formed land is called
succession.
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STAGES OF PRIMARY ECOLOGICAL SUCCESSION: FROM BARE ROCK TO CLIMAX FOREST
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Diagram showing stages of primary succession from bare rock to forest. Figure 1.4: Stages of
primary succession

1.3.2 Stability and change in communities

Stability in plant communities refers to their ability to resist or recover from disturbances such as
fire, grazing, or storms. Communities may achieve a climax stage, where species composition
remains relatively constant under stable environmental conditions. However, change is inevitable,
as disturbances and environmental shifts continually reshape communities. The balance between
stability and change ensures resilience and adaptability in ecosystems.

Fillin the blank: Therelatively constant stage of community development under stable conditions
is called the stage.
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SUMMARY OF STABLE PLANT COMMUNITY FEATURES (OER RESOURCE)

 STABLE PLANT COMMUNITIES exhibit high RESILIENCE and ECOLOGICAL STABILITY,
maintaining species composition and function over long periods.

* KEY FEATURES:
1. HIGH SPECIES DIVERSITY & EVENNESS: Contributes to functional redundancy.
3 2. COMPLEX VERTICAL STRATIFICATION: Maximizes niche space (e.g., Canopy,
Understory, Ground layer, as seen in <IMAGET>).
3. INTACT SOIL HORIZONS & NUTRIENT CYCLES: Supports ecosystem productivity
and regeneration.
4. LONG-TERM POPULATION STABILITY: Populations of
key species (e.g., 0ak, Pine) are
self-sustaining.
5. RAPID RECOVERY FROM DISTURBANCE (RESILIENCE):
h Able to return to original state after events like fire or dlsease

BIOLOGICAL CONTEXT:

DIVERSE
UNCTIONAL  EpF|CIENT
GR

ENERGY

Box 1.1: Key features of stable plant communities

e Resistance to disturbance
o Ability to recover after disruption

e Maintenance of species composition

Pilot questions 1.3

1. What termdescribes the gradual replacement of one plant community by another?
2. Which type of succession occurs in areas where no life previously existed?

3. What is the climax stage of a plant community?

4. Name one factor'that drives ecological succession.

5. How does stability contribute to resilience in plant communities?

1.4 Interactions Within Plant Communities

-
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1.4.1 Competition, mutualism, and predation

Competition occurs when plants vie for limited resources such as light, water, or nutrients. For
example, tall trees may overshadow smaller plants, reducing their access to sunlight. Mutualism
is a positive interaction where both species benefit, such as legumes forming symbiotic
relationships with nitrogen-fixing bacteria. Predation in plant communities often involves
herbivory, where animals feed on plants, influencing their growth and distribution. These
interactions shape the balance and survival strategies within communities.

Fillin the blank: When two or more plants vie for limited resources, the interactioniis called
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Diagram showing examples of competition, mutualism, and herbivory in plant communities. Figure
1.5: Types of interactions within plant communities
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1.4.2 Energy flow and nutrient cycling

Energy flow refers to the transfer of energy through trophic levels in a community, beginning with
producers (plants) and moving to consumers and decomposers. Plants capture solar energy
through photosynthesis, which is then passed on to herbivores and carnivores. Nutrient cycling
involves the movement of essential elements such as carbon, nitrogen, and phosphorus through
the ecosystem. Decomposers play a vital role in recycling nutrients back into the soil, ensuring the
sustainability of plant communities.

Fillin the blank: The movement of essential elements like carbon and nitrogen through an
ecosystem is called nutrient
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Diagram showing energy flow from producers to consumers and decomposers. Figure 1.6: Energy
flow in plant communities

Pilot questions 1.4

1. ~What term describes the interaction where plants compete for limited resources?
2. Give one example of mutualism in plant communities.

3. Whatis the role of herbivory in shaping plant communities?

4. How is energy transferred through trophic levels in a community?

5. Which organisms recycle nutrients back into the soil?

Series Summary
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In this Series, we have explored the dynamics of plant communities, beginning with their definition
and characteristics. We examined how communities are structured both vertically and
horizontally, and how species diversity and dominance shape their composition. We then studied
ecological succession, highlighting the processes of primary and secondary succession, as well as
the balance between stability and change. Finally, we considered the interactions within
communities, including competition, mutualism, predation, energy flow, and nutrient cycling.
Altogether, this Series has provided you with a comprehensive understanding of how plant
communities are organised, how they evolve, and how they function within ecosystems.

Glossary of Terms

¢ Plant community: A collection of plant species living together in a specific area and
interacting with one another and their environment.

o Stratification: The arrangement of plants in vertical or horizontal layers within a
community.

e Species diversity: The variety and abundance of species within a community, measured by
richness and evenness.

o Dominance: The influence exerted by one ora few species that control resources in a
community.

o Ecological succession: The gradual process of change in plant communities over time.

o Primary succession: Succession occurring.in areas where no life previously existed, such
as bare rock.

e Secondary succession: Succession occurring in areas where a community has been
disturbed but soil and organisms remain.

¢ Climax stage: Arelatively stable stage of community development under constant
environmental conditions.

o Competition: An interaction where plants vie for limited resources.
o _Mutualism: A positive interaction where both species benefit.

e Predation (herbivory): An interaction where animals feed on plants, influencing their
growth and distribution.

o Energy flow: The transfer of energy through trophic levels in a community.

e - Nutrient cycling: The movement of essential elements such as carbon and nitrogen
through an ecosystem.

Concept Check Questions 1

Upon completing this Series, you should be able to:

-
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Linked to SLO 1.1

1.

2.

Define a plant community and explain its key characteristics.

Objective: Which of the following is an artificial plant community? a) Forest b) Grassland c)
Crop field d) Desert

Linked to SLO 1.2

3.

4.

Short answer: What is the difference between vertical and horizontal stratification?

Objective: Which component of species diversity refers to the relative abundance of
species? a) Richness b) Evenness c) Dominance d) Stratification

Linked to SLO 1.3

5.

Long answer: Analyse the differences between primary and secondary succession, giving
examples of each.

Objective: The climax stage of a plant community is characterised by: a) Constant change
b) Stability in composition c) Absence of species diversity d) Lack of nutrient cycling

Linked to SLO 1.4

7.

8.

Short answer: Give one example of mutualism in plant communities.

Long answer: Evaluate the importance of nutrient cycling in maintaining the sustainability
of plant communities.

Answers to Pilot Questions 1

Pilot questions 1.1

1.

2.

3.

4.

5.

Plant community

Natural and artificial communities
Forest

Crop field

Climate, soil, and biotic interactions

Pilot questions 1.2

1.
2.
3.

4.

-

Stratification
Horizontal stratification
Species richness and species evenness

Dominance of one or a few species
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5. Teaktreesintropical forests
Pilot questions 1.3
1. Ecological succession
2. Primary succession
3. Climax stage
4. Soildevelopment, climate, species interactions
5. Stability ensures resilience and adaptability
Pilot questions 1.4
1. Competition
2. Legumes and nitrogen-fixing bacteria
3. Herbivory influences plant growth and distribution
4. Energy is transferred from producers to consumers and decomposers
5. Decomposers recycle nutrients’back into the soil
References 1
e Odum, E. P. (1971). Fundamentals of Ecology. Philadelphia: Saunders.

e Begon, M., Townsend, C. R., & Harper, J. L. (2006). Ecology: From Individuals to
Ecosystems. Oxford: Blackwell Publishing.

o Ricklefs, R..E. (2008). The Economy of Nature. New York: W. H. Freeman.

o Selected open educationalresources (OER) diagrams and images on plant communities,
stratification, succession, and interactions.

Series 2: Ecological Framework Design
Series outline
e 2.1 Principles of ecological frameworks
o Definition and importance
o Core principles guiding ecological design
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e 2.2 Components of ecological frameworks

o Abiotic factors (climate, soil, water)

o Biotic factors (plants, animals, microorganisms)
e 2.3 Designing ecological frameworks

o Stepsinframework design

o Case examples of ecological frameworks
e 2.4 Applications of ecological frameworks

o Useinvegetation studies

o Rolein conservation and resource management

Introduction

Every ecosystem is held together by anunderlying framework that explains how living organisms
interact with each other and with their environment. This framework is not only theoretical but also
practical, guiding how ecologists study vegetation, manage resources, and design conservation
strategies. By learning how ecologicalframeworks are built, you will be able to see the bigger
picture of plant ecology and appreciate the connections between abiotic and biotic factors.

The aim of this Series is to enable you to define, analyse, and design ecological frameworks that
explain the organisation of ecosystems, and to apply these frameworks in vegetation studies and
conservation practices.

We shall commence this Series by.examining the principles of ecological frameworks, focusing
on their definition.and importance. Next, we will explore the components of ecological
frameworks, considering both abiotic and biotic factors. Following that, we will study the process
of designhing ecological frameworks, where you will learn the steps and see case examples.
Finally,we will conclude with the applications of ecological frameworks, highlighting their role in
vegetation studies, conservation, and resource management.

Series Learning Outcomes

Upon completing this Series, you should be able to:
e  SLO 2.1 define the principles of ecological frameworks and explain their importance,
e SLO 2.2 analyse the abiotic and biotic components of ecological frameworks,

e SLO 2.3 design ecological frameworks using appropriate steps and examples, and

-
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e SLO 2.4 evaluate the applications of ecological frameworks in vegetation studies and
conservation.

2.1 Principles Of Ecological Frameworks
2.1.1 Definition and importance

An ecological framework is a structured model that explains how living organisms interact with
each other and with their physical environment. It provides a systematic way of organising
ecological knowledge, making it easier to study vegetation, predict ecological outcomes, and
design conservation strategies. The importance of ecological frameworks lies in their ability to
connect theory with practice, helping ecologists to interpret complex ecosystems and apply
solutions to real-world problems such as habitat loss or resource management.

Fillin the blank: An ecological framework is a structured that explains interactions between
organisms and their environment.

OER ECOLOGICAL FRAMEWORK: INTEGRATING BIOTIC AND ABIOTIC COMPONENTS
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Diagram showing the concept of an ecological framework linking organisms and environment.
Figure 2.1: Concept of an ecological framework

2.,1.2 Core principles guiding ecological design

The. design of ecological frameworks is guided by several core principles. One principle is
interconnectedness, which emphasises that all components of an ecosystem are linked and
changes in one part affect the whole. Another principle is sustainability, which focuses on
maintaining ecological balance for long-term survival. A third principle is adaptability, recognising
that ecosystems are dynamic and must adjust to disturbances or environmental changes. These
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principles ensure that ecological frameworks remain relevant and effective in both scientific study
and practical application.

Fillin the blank: The principle that emphasises maintaining ecological balance for long-term
survivalis called

CORE PRINCIPLES OF ECOLOGICAL FRAMEWORKS FOR SUSTAINABILITY & ADAPTABILITY

INTERCONNECTIVITY
& SYSTEMS THINKING

DYNAMIC EQUILIBRIUM
& ADAPTABILITY

* Recognizing that all
components—biotic
§organisms) and abiotic
environment)—are linked.

* Analyzing the effects of
feedback loops (positive and
negative) on system stability.

than the sum of its parts.

« Ecosystems are not static;
they exist in a state of
dynamic change.

« Focus on the capacity of
organisms and communities to
evolve and adapt to changing
climates and disturbances.

« Emphasizing the whole is more < Resilience is key to long-term

survival.

PILLAR 3:

SUSTAINABILITY
& REGENERATION

» Meeting current needs
without compromising future
generations.

» Prioritizing resource

circularity (like nutrient cycling) « Understanding the unique

and ecosystem recovery.

* Ensuring ecological integrity
and carrying capacity are not
exceeded.

PILLAR 4:

SCALE & CONTEXT

« Operating at multiple spatial
(local to global) and
temporal (short-term to
evolutionary) scales.

biophysical and social
context of each ecosystem.

\( KEY THEMES: Biodiversity Resilience, Natural Resource Management, Social-Ecological Systems, Ecosystem Services. )/

EDUCATIONAL LEVEL: OPEN (OER)
LICENSE: CC BY-NC-SA 4.0

Box 2.1: Core principles of ecological frameworks
e Interconnectedness: All components are linked.
e Sustainability: Ecological balance must be maintained.

o Adaptability: Ecosystems adjust to change.

Pilot questions 2.1

1. Whatis an ecological framework?

2. Why are ecological frameworks important in ecological studies?

3. Which principle emphasises that all components of an ecosystem are linked?

4. What principle focuses on maintaining ecological balance for long-term survival?

5. Which principle recognises that ecosystems must adjust to disturbances or environmental
changes?
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2.2 Components Of Ecological Frameworks
2.2.1 Abiotic factors (climate, soil, water)

Abiotic factors are the non-living components of an ecosystem that influence the structure and
functioning of plant communities. Climate determines temperature and rainfall patterns, which in
turn affect vegetation types. Soil provides nutrients and physical support, while water availability
regulates plant growth and distribution. Together, these abiotic factors form the foundation upon
which ecological frameworks are built.

Fillin the blank: The non-living components of an ecosystem that influence plant communities are
called factors.

OER DIAGRAM: ABIOTIC FACTORS INFLUENCING PLANT COMMUNITIES

ABIOTIC FACTORS (NON-LIVING) PLANT COMMUNITIES
P, CLIMATE (VEGETATION)

-gemperature ﬂ /\/\/ Plant distribution, growth rates,
* Precipitation ‘
* Sunlight M

species composition,
SOIL
* Type, pH
* Nutrients
* Texture

Planitnbutlon, grthFrates,

species composition, community
structure, and adaptation J

EDUCATIONAL LEVEL: OPEN (OER)
LICENSE: CC BY-NC-SA 4.0

Diagram.showing abiotic factors such as climate, soil, and water influencing vegetation. Figure 2.2:
Abiotic factors in ecological frameworks

_ community structure,
WATER

and adaptation
* Availability

* Quality
* Flow

2.2.2 Biotic factors (plants, animals, microorganisms)

Biotic factors are the living components of an ecosystem. Plants act as producers, capturing solar
energy and forming the basis of food chains. Animals serve as consumers, influencing plant
distribution through grazing and seed dispersal. Microorganisms play a critical role as
decomposers, recycling nutrients back into the soil. These biotic interactions ensure the
sustainability and resilience of ecological frameworks.

Fillin the blank: Microorganisms act as in ecosystems, recycling nutrients back into the soil.

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



BIOTIC FACTORS: LIVING INTERACTIONS IN AN ECOSYSTEM

PLANTS
(PRODUCERS)

PRIMARY PRODUCERS
(Photosynthesis)

SECONDARY CONSUMERS\
(Predation)

(worier as death) H

Nutrient swalls-remains in
remains of nutrient cycling
. and hicloityredations

* Bacteria

S - > 31 (Nutrient conversion)
Mi CR,\? 0 RbG AN ISMS e < * Fungi (Decomposition
(Microbiome) and symbiotic networks)

SOIL MICROORGANISMS BYAZ - protoroa (Reguiation
(DECOMPOSERS) and soil health)

“(@ BIOTIC FACTORS: The Living Components, Interactions, and Processes (Energy Flow, Nutrient Cycling) within an Ecosystem. }

EDUCATIONAL LEVEL: OPEN (OER)
LICENSE: CC BY-NC-SA 4.0

Photographs showing plants, grazing animals, and soil microorganisms. Plate 2.3: Biotic factors in
ecological frameworks

Pilot questions 2.2
1. What term describes the non-living components of an ecosystem?
2. Which abiotic factor provides nutrients.and physical support for plants?
3. Whatrole do plants playin.ecological frameworks?
4. How do animals influence plant distribution?

5. Which group of organisms recycle nutrients back into the soil?

2.3 Designing Ecological Frameworks
2.3.1 Steps in framework design

Designing an ecological framework involves a systematic process that ensures all relevant
components are considered. The first step is identifying objectives, which clarifies the purpose of
the framework, such as studying vegetation or guiding conservation. The second step is data
collection, where information on abiotic and biotic factors is gathered. The third step is analysis
and integration, combining data to reveal relationships and interactions. Finally, the framework is
structured and presented, often using diagrams or models to make the ecological relationships
clear and applicable.

Fillin the blank: The first step in designing an ecological framework is identifying
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OER ECOLOGICAL FRAMEWORK DESIGN STEPS  or open eoucationa resource)

STEP 1: STEP 2:
@ OBJECTIVES METHODOLOGY
& SCOPE & PROTOCOLS

FEEDBACK FEEDBACK
LOOPS

Define study goals (e.q., biodiversity,
water quality, climate effects),
determine spatial/temporal scale New
(e.g., local wetland, 5-year study). objectives
* Input: Research Question

| * Output: Clear Plan

Select data collection methods (e.g.,
sampling, remote sensing, surveys?,
create robust data protocols,
establish quality control.

+ Input: Statistical design

+ Output: Standardized field manuals

=]

="

S 3 — -
STEP 4: STEP 5: PRESENTATION (¢

; ANALYSIS & MODELING & DECISION SUPPORT
Gather required ecological data. Implement Process collected data using appropriate Synthesize findings into accessible formats:
“Water" and “Soil” monitoring, complete statistical tools and models. Explore reports, visualizations, interactive tools, and
“Plants" and "Animals” surveys, and track connections, feedback loops, energy flow, and stakeholder dashboards. Translate results to
“Climate” variables. nutrient cycling (as seen in OER ecl models). inform conservation, policy, and manage.
* Input: Standardized sampling * Input: Field data « Input: Analysed data
» Output: Field datasets « Output: Scientific insights « Output: Actionable information

OER LICENSE: CC BY-NC-SA 4.0 EDUCATIONAL LEVEL: OPEN (OER)

Diagram showing steps in ecological framework design: objectives, data collection, analysis, and
presentation. Figure 2.4: Steps in designing ecological framewaorks

2.3.2 Case examples of ecological frameworks

Case examples help to illustrate how ecological frameworks are applied in practice. For instance, a
framework designed for a forest ecosystem may highlight the role of canopy trees, soil fertility, and
rainfall patterns in shaping vegetation. Another example is a savanna framework, which
emphasises the interaction between grasses, grazing animals, and seasonal rainfall. These
examples show that frameworks are adaptable and can be tailored to different ecosystems
depending on the objectives of the study.

Fillin the blank: A savanna ecological framework emphasises the interaction between grasses,
grazing animals, and seasonal
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OER ECOLOGICAL FRAMEWORK: INTEGRATING FOREST AND SAVANNA ECOSYSTEMS

FOREST ECOSYSTEM JNACTTLLTIT- NN SAVANNA ECOSYSTEM
PLANTS (PRODUCERS) (?;, i J PLANTS (PRODUCERS)

« Scattered trees (e.g., Acacia)
« Dominant grasses

Adapted to dry season,
fire, and herbivory.

« Tall trees, diverse species
« Dense canopy :

High leaf area index, high
water transpirations,
carbon storage.

Rain & CO, Md?e frequent

ient-Ri Often Lower = >
Nutent RIch, vs - Nutrient Sail |
(Forest) (Savanna)

OO DGICAL P RO G SES ANIMALS (cowm;
s Ll & FEEDBACK LOOPS » Large grazing herds

* Arboreal and ground-dwelling
* Herbivores & predators

(e.g., zebras, wildebeest)
« Apex predators (e.g., lions)

NUTRIENT CYCLING

DISTURBANCE - :
DECOMPOSERS 52 DECOMPOSITION

() CLIMATE ¢o,", GLOBAL

FEEDBACK CARBON
MICROCLIMATE CYCLE

\(@ KEY THEMES: Biodiversity & Resilience, Energy and Water Flows, Carbon Sequestration, Social-Ecological Interconnectivity. |-
OER EDUCATIONAL USE A NGE, CO BTN A D
Photographs showing forest and savanna ecosystems as examples of ecological frameworks. Plate

2.5: Case examples of ecological frameworks

» Often coarser texture
« Less organic matter than forest.

Limited water and nutrient storage.

« Rich organic matter
* Active decomposition UPLANTS

Efficient nutrient cycling.

Pilot questions 2.3
1. Whatis the first step in designing an ecological framework?
2. Which step involves gathering information on abiotic and biotic factors?
3. Whatis the purpose ofanalysis and integration in framework design?
4. Give one example of an ecological framework for a forest ecosystem.

5. Whatinteraction is emphasised in a savanna ecological framework?

2.4 Applications Of Ecological Frameworks
2.4.1 Use in vegetation studies

Ecological frameworks are essential tools in vegetation studies, as they provide a structured way
to analyse plant distribution, productivity, and community interactions. By applying frameworks,
ecologists can identify patterns such as stratification, succession, and dominance, and relate
them to environmental factors. This helps in predicting vegetation changes over time and in
designing strategies for sustainable land use.

Fill in the blank: Ecological frameworks provide a structured way to analyse distribution and
productivity.
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OER VEGETATION STUDIES: LINKING DISTRIBUTION AND PRODUCTIVITY WITH ECOLOGICAL FRAMEWORKS

OER (OPEN EDUCATIONAL RESOURCE)
“ = FRAMEWORK 1: FRAMEWORK 2: FRAMEWORK 3: SOIL &
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« Includes 'Competition for light,’ ®
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Inputs: Plant ty) _4 Inputs: Global climate data,
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EDUCATIONAL LEVEL: OPEN SCHOOL/UNDERGRADUATE
OER LICENSE: CC BY-NC-SA 4.0 LICENSE: CC BY-NC-SA 4.0 (OER Free for Educational Use)

Diagram showing vegetation analysis using ecological frameworks. Figure 2.6: Application of
ecological frameworks in vegetation studies

2.4.2 Role in conservation and resource management

Ecological frameworks also play a vital role in conservation and resource management. They
help identify critical habitats, assess biodiversity, and design conservation strategies that maintain
ecological balance. In resource management, frameworks guide sustainable practices such as
forestry, agriculture, and water.use, ensuring that ecosystems remain resilient. By integrating
ecological frameworks into policy and practice, societies can balance human needs with
environmental sustainability.

Fillin the blank: Ecological frameworks guide sustainable practices in areas such as forestry,
agriculture, and use.
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LICENSE: CC BY-NC-SA 4.0

Box 2.2: Applications of ecological frameworks
e Vegetation studies: analysing plant distribution and productivity
¢ Conservation: identifying critical habitats and biodiversity

o Resource management: guiding sustainable practices

Pilot questions 2.4

1. How do ecological frameworks assist in vegetation studies?

2. What patterns can be identified in vegetation using ecological frameworks?
3. How do frameworks contribute to conservation strategies?

4. Name one sustainable practice guided by ecological frameworks.

5. Why isintegrating ecological frameworks into policy important?

Series Summary

In this Series, we examined how ecological frameworks are defined, structured, and applied. We
began by discussing the principles of ecological frameworks, highlighting their definition,
importance, and guiding principles such as interconnectedness, sustainability, and adaptability.
We then explored the components of ecological frameworks, distinguishing between abiotic
factors like climate, soil, and water, and biotic factors such as plants, animals, and
microorganisms. Following that, we studied the process of designing ecological frameworks,

Do)
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outlining the steps involved and reviewing case examples from forest and savanna ecosystems.
Finally, we considered the applications of ecological frameworks, focusing on their use in
vegetation studies, conservation, and resource management. Altogether, this Series has provided
you with the knowledge and skills to design and evaluate ecological frameworks in both academic
and practical contexts.

Glossary of Terms

¢ Ecological framework: A structured model explaining interactions between organisms and
their environment.

¢ Interconnectedness: The principle that all components of an ecosystem are linked.

¢ Sustainability: The principle of maintaining ecological balance for long-term survival.

o Adaptability: The ability of ecosystems to adjust to disturbances or changes.

e Abiotic factors: Non-living components of ecosystems such as climate, soil, and water.

e Biotic factors: Living components of ecosystems including plants, animals, and
microorganisms.

e Producers: Organisms, mainly plants, that capture solar energy through photosynthesis.
e Consumers: Organisms that feed on producers or other consumers.
o Decomposers: Microorganisms that recycle nutrients back into the soil.

¢ Framework design steps: Objectives, data collection, analysis and integration, and
presentation.

o Vegetation studies: Research focusing on plant distribution, productivity, and community
interactions.

e Conservation: The protection and management of ecosystems to maintain biodiversity.

o Resource management: Sustainable use of natural resources guided by ecological
principles.

Concept Check Questions 2
Upon completing this Series, you should be able to:
Linked to SLO 2.1
1. Define an ecological framework and explain its importance.

2. Objective: Which principle of ecological frameworks emphasises maintaining ecological
balance? a) Interconnectedness b) Sustainability c) Adaptability d) Productivity

Linked to SLO 2.2

-
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3. Short answer: Distinguish between abiotic and biotic factors in ecological frameworks.

4. Objective: Which of the following is a biotic factor? a) Soil b) Water c) Climate d)
Microorganisms

Linked to SLO 2.3

5. Long answer: Describe the steps involved in designing an ecological framework, giving
examples.

6. Objective: Which step in framework design involves combining data to reveal relationships?
a) Objectives b) Data collection c) Analysis and integration d) Presentation

Linked to SLO 2.4
7. Shortanswer: How do ecological frameworks assist in vegetation studies?

8. Long answer: Evaluate the role of ecological frameworks in conservation and resource
management.

Answers to Pilot Questions 2
Pilot questions 2.1

1. Anecological framework is a structured model explaining interactions between organisms
and their environment.

2. They are important because they connect theory with practice and guide ecological
studies.

3. Interconnectedness:
4. Sustainability.
5. Adaptability.
Pilot questions 2.2
1. Abioticfactors.
2. Soil.
3. Plants act as producers.
4. Animals influence plant distribution through grazing and seed dispersal.
5. Microorganisms recycle nutrients back into the soil.
Pilot questions 2.3
1. ldentifying objectives.
2. Data collection.
P
K-
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3. Torevealrelationships and interactions between components.

4. Aframework highlighting canopy trees, soil fertility, and rainfall patterns.

5. Seasonal rainfall.
Pilot questions 2.4

1. They provide a structured way to analyse plant distribution and productivity.

2. Stratification, succession, and dominance.

3. By identifying critical habitats and biodiversity.

4. Forestry.

5. Itensures balance between human needs and environmental sustainability:
References 2

e Odum, E. P. (1971). Fundamentals of Ecology. Philadelphia: Saunders.

e Begon, M., Townsend, C. R., & Harper, J. L. (2006). Ecology: From Individuals to
Ecosystems. Oxford: Blackwell Publishing.

e Ricklefs, R. E. (2008). The Economy of Nature. New York: W. H. Freeman.

e Selected open educational resources (OER) diagrams and images on ecological
frameworks, abiotic and biotic factors, and conservation applications.

Series 3: Nigerian Vegetation Studies

Series outline

e | 3.1 Overview of Nigerian vegetation

o General distribution patterns

o Climatic and geographical influences
e 3.2 Forest vegetation zones

o Rainforest ecosystems

o Derived savanna and montane forests
e 3.3 Savanna vegetation zones

-
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o Guineasavanna
o Sudansavanna
o Sahelsavanna
e 3.4 Wetland and coastal vegetation
o Mangroves and freshwater swamps
o Coastal vegetation dynamics
¢ 3.5 Human impact and conservation
o Deforestation and land use change

o Conservation strategies and protected areas

Introduction

Nigeria is home to a remarkable diversity of vegetation, shaped by its varied climate, geography,
and human activities. From the lush rainforests of the south to the arid Sahel in the far north, these
vegetation zones provide habitats for/countless species and support livelihoods across the
country. Studying Nigerian vegetation helps us understand ecological processes in a local context
and highlights the importance of conservation in maintaining biodiversity and ecosystem services.

The aim of this Series is to introduce you to the major vegetation zones of Nigeria, explain their
ecological characteristics, and evaluate the impact of human activities and conservation efforts.

We shall commence this Series with an overview of Nigerian vegetation, focusing on distribution
patterns and climatic.influences: Next, we will explore the forest vegetation zones, including
rainforests, derivedsavanna, and montane forests. Following that, we will examine the savanna
vegetation zones, covering Guinea, Sudan, and Sahel savannas. Afterwards, we will study
wetland and coastal vegetation, such as mangroves and freshwater swamps. Finally, we will
conclude with-adiscussion of human impact and conservation, considering deforestation, land
use change, and strategies for protecting Nigeria’s vegetation.

Series Learning Outcomes

Upon completing this Series, you should be able to:
e SLO 3.1 describe the distribution patterns and climatic influences on Nigerian vegetation,
e SLO 3.2 explain the ecological characteristics of forest vegetation zones in Nigeria,
e SLO 3.3 analyse the features of savanna vegetation zones across Nigeria,

-
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e SLO 3.4 evaluate the dynamics of wetland and coastal vegetation in Nigeria, and

e SLO 3.5 assess the impact of human activities on Nigerian vegetation and propose

conservation strategies.

3.1 Overview Of Nigerian Vegetation
3.1.1 General distribution patterns

Nigeria’s vegetation is distributed across a wide range of ecological zones, reflecting variations in
climate, topography, and human activity. In the south, dense rainforests thrive under high rainfall
and humidity, while the central belt is dominated by savanna woodlands: Moving northwards,
vegetation becomes progressively sparse, with Sudan and Sahel savannas marking semi-arid and
arid conditions. This gradient from lush forests to dry savannas illustrates howvegetation responds

to climatic and geographical influences.

Fillin the blank: The vegetation zone found in the far north of Nigeria under arid conditions is the
savanna.

OER MAP OF NIGERIA: VEGETATION ZONES AND ECOLOGICAL FRAMEWORKS
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.
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Map showing vegetation distribution across Nigeria (rainforest, savanna, Sahel). Figure 3.1:
Distribution of vegetation zones in Nigeria

3.1.2 Climatic and geographical influences

Climate is the most significant factor shaping Nigerian vegetation. Rainfall decreases from south to
north, creating distinct vegetation belts. Temperature and length of dry season also influence plant
types and density. Geography plays a role too, with highlands supporting montane vegetation and
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river basins sustaining wetlands. Human activities such as agriculture, logging, and urbanisation
further modify natural vegetation patterns, often leading to fragmentation and loss of biodiversity.

Fillin the blank: Rainfall in Nigeria generally decreases from to , Shaping vegetation
zones.

CLIMATIC INFLUENCES ON NIGERIAN VEGETATION ZONES (SUMMARY)
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OER LICENSE: CC BY-NC-SA 4.0 (OFR Free for Educational Use)
EDUCATIONAL LEVEL: OPEN SCHOOL/UNDERGRADUATE

Box 3.1: Climatic influences on Nigerian vegetation
e Highrainfall in the south supports rainforests.
o Moderate rainfall in the middle belt supports Guinea savanna.
e Low rainfalliin.the north supports Sudan and Sahel savannas.
Pilot questions 3.1
1. What factor.is most significant in shaping Nigerian vegetation?
2. ~Which vegetation zone dominates the central belt of Nigeria?
3. What type of vegetation is found in the highlands?
4. How does rainfall vary across Nigeria?

5. 1 Name one human activity that modifies natural vegetation patterns.

3.2 Forest Vegetation Zones

3.2.1 Rainforest ecosystems
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Rainforests in Nigeria are located mainly in the southern region, where rainfall is high and humidity
is constant. These ecosystems are characterised by tall, broad-leaved trees forming a dense
canopy, rich biodiversity, and multiple layers of vegetation. Rainforests provide vital ecosystem
services such as carbon storage, water regulation, and habitat for countless species. They are also
important for local communities who depend on them for food, medicine, and timber.

Fillin the blank: The dense upper layer of trees in a rainforest is called the

ECOLOGICAL LINKS

Emergent f Climate &
Layer I A Water Cycle

) Plants &
Canopy Photosynthesis
Animals &

Pollinati
Understory Ol

Plantals &
Photosynthesis

Forest floor [

Forest Soil &
= P - — fioor | ESTIIRAVEMIUEESE Decomposers

OER ECOGICAL FRAMEWORK: NIGERIA AINES BIDIVERSITY & CANOPY STRUCTURE
Photograph of Nigerian rainforest showing dense canopy and biodiversity. Plate 3.2: Nigerian
rainforest ecosystem

3.2.2 Derived savanna and montane forests

The derived savanna is avegetation type that results from the clearing of rainforests for agriculture
or settlement. It is characterised by scattered trees and grasses, reflecting human influence on
natural vegetation. In contrast, montane forests occur in highland areas such as the Jos Plateau
and Mambilla Plateau. These forests are cooler and support unique plant species adapted to
higher altitudes. Both-derived savanna and montane forests illustrate how geography and human
activity shape vegetation diversity in Nigeria.

Fillin the blank: Vegetation that results from the clearing of rainforests for agriculture is called
savanna.
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OER DIAGRAM: DERIVED SAVANNA & MONTANE FOREST IN NIGERIA
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Diagram showing derived savanna and montane forest zones:in Nigeria. Figure 3.3: Derived

savanna and montane forests in Nigeria

Pilot questions 3.2
1. Where are rainforests mainly located in Nigeria?
2. Whatis the dense upper layer of trees in a rainforest called?
3. Whatvegetation type results fromthe clearing of rainforests?
4. Which regions in Nigeria support montane forests?

5. Why are rainforests important for local communities?

3.3 Savanna Vegetation Zones
3.3.1 Guinea savanna

The Guinea savanna is Nigeria’s largest vegetation zone, stretching across the middle belt. It is
characterised by tall grasses interspersed with scattered trees such as Isoberlinia and Daniellia
species. Rainfall is moderate, supporting both agriculture and livestock rearing. This zone is often
referred to as the “food basket” of Nigeria due to its fertile soils and extensive farming activities.

Fillin'the blank: The Guinea savanna is Nigeria’s largest vegetation zone, located mainly in the
belt.

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



OER ECOLOGICAL FRAMEWORK: ZONE & GUINEA SAVANNA IN NIGERIA
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Photograph showmg Gumea savanna with tall grasses and scattered trees. Plate 3.4: Guinea
savanna landscape

3.3.2 Sudan savanna

The Sudan savanna lies north of the Guinea savanna and is characterised by shorter grasses and
fewer trees. Common tree species include acacia and baobab. Rainfall is lower, and the dry
season is longer, making this zone more suitable for drought-resistant crops such as millet and
sorghum. Livestock grazing is also widespread, but overgrazing often leads to land degradation.

Fillin the blank: The Sudan savanna is characterised by shorter grasses and fewer
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OER ECOLOGICAL FRAMEWORK:
SUDAN SAVANNA IN NIGERIA
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EDUCATIONAL LEVEL: OPEN (OER)
Diagram showing vegetation features of Sudan savanna (short grasses, acacia, baobab). Figure
3.5: Sudan savanna vegetation features

3.3.3 Sahel savanna

Do)
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The Sahel savanna is found in the extreme north of Nigeria, bordering the Sahara Desert.
Vegetation is sparse, consisting mainly of thorny shrubs and drought-resistant grasses. Rainfallis
very low, and desertification is a major challenge. Human activities such as overgrazing,
deforestation, and unsustainable farming practices exacerbate land degradation, threatening
livelihoods in this fragile zone.

Fillin the blank: The Sahel savanna is located in the extreme ______ of Nigeria, bordering the Sahara
Desert.
[JZ] ECOLOGICAL FRAMEWORK: Baas
SAHEL SAVANNA (NIGERIA) pr
PR ;
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;/;_, e
: - g ie -
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| DESERTIFICATION & SOIL TRANSITION
DEGRADATION & EROSION | -

(DESERTIFICATION PROCESS) |

Source: clear savannn:r use | free educational oi in northern Nigeria

S L [PRee
Photograph showing Sahel savanna with sparse vegetation and desert-like conditions. Plate 3.6:
Sahel savanna landscape

T . e ¥ g S

Pilot questions 3.3
1. Which savanna zone is Nigeria’s largest and located in the middle belt?
2. What type of crops are commonly grown in the Sudan savanna?
3. Name two tree species found in the Sudan savanna.
4. What environmental challenge is common in the Sahel savanna?

5. Which savanna zone is often referred to as Nigeria’s “food basket”?

3.4 Wetland And Coastal Vegetation
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3.4.1 Mangroves and freshwater swamps

Mangroves are found along Nigeria’s coastal areas, especially in the Niger Delta. They are
characterised by salt-tolerant trees with stilt roots that stabilise shorelines and provide breeding
grounds for fish and other aquatic species. Freshwater swamps occur inland along river
floodplains, supporting vegetation such as raffia palms and swamp forests. These wetlands are
crucial for biodiversity, water purification, and local livelihoods.

Fillin the blank: Salt-tolerant trees with stilt roots found along Nigeria’s coast are called

\ 2 = i DY

Photographs showing mangrove forests and freshwater swamp vegetation. Plate 3.7: Mangroves
and freshwater swamps in Nigeria

3.4.2 Coastal vegetation dynamics

Nigeria’s coastal vegetation includes sandy beaches, barrier islands, and estuarine ecosystems.
These areas are shaped by tidal movements, sea-level changes, and human activities such as oil
exploration.and urban development. Coastal vegetation provides protection against erosion,
supports fisheries, and acts as a buffer against storm surges. However, pressures from pollution,
reclamation, and climate change threaten the sustainability of these fragile ecosystems.

Fillin.the blank: Coastal vegetation helps protect against shoreline caused by waves and
tides.
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NIGERIAN COASTAL VEGETATION: ECOSYSTEM SERVICES AND FUNCTIONS
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Diagram showing coastal vegetation types and their ecological functions (erosion control, fisheries
support, storm protection). Figure 3.8: Coastal vegetation dynamics in Nigeria

Pilot questions 3.4
1. Where are mangroves mainly found in Nigeria?
2. What type of vegetation occurs along river floodplains?
3. What ecological role domangroves play in coastal areas?
4. Name one function of coastal vegetation.

5. What human activities threaten Nigeria’s coastal ecosystems?

3.5 Human Impact And Conservation
3.5.1 Deforestation and land use change

Human activities have significantly altered Nigeria’s vegetation. Deforestation caused by logging,
fuelwood collection, and agricultural expansion has reduced forest cover, especially in the
rainforest zones. Land use change, including urbanisation and infrastructure development,
fragments natural habitats and reduces biodiversity. These impacts not only threaten ecological
balance but also affect livelihoods that depend on forest and savanna resources.

Fill in the blank: The removal of forest cover due to logging and agriculture is called
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IMPACTS OF DEFORESTATION & LAND USE CHANGE ON NIGERIAN VEGETATION
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CONSEQUENCES & MITIGATION STRATEGIES

Diagram showing deforestation and land use change impacts.on vegetation. Figure 3.9: Human
impacts on Nigerian vegetation

3.5.2 Conservation strategies and protected areas

To counter these impacts, Nigeria has adopted various conservation strategies. Establishing
protected areas such as national parks and forest reserves helps safeguard biodiversity.
Community-based conservation initiatives encourage sustainable resource use, while policies on
afforestation and reforestation.aim to restore degraded lands. International collaborations also
support conservation through funding and technical expertise. These strategies are vital for
maintaining ecological balance and ensuring that future generations benefit from Nigeria’s rich
vegetation.

Fillin the blank: Areas set aside to safeguard biodiversity are called areas.
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Box 3.2: Conservation strategies in Nigeria
e National parks and forest reserves
¢ Community-based conservation initiatives
o Afforestation and reforestation programmes

e International collaborations and policies

Pilot questions 3.5

1. What are the main causes of deforestation in Nigeria?
2. How does land use change affect biodiversity?

3. Name one conservation strategy adopted in Nigeria.
4. Whatis the purpose of establishing protected areas?

5. Why are international collaborations important for conservation?

Series Summary

In this Series, we explored the diverse vegetation zones of Nigeria, beginning with an overview
of Nigerian vegetation, where we examined distribution patterns and climatic influences. We
then studied the forest vegetation zones, including rainforests, derived savanna, and montane
forests. Next, we analysed the savanna vegetation zones, covering Guinea, Sudan, and Sahel
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savannas. Afterwards, we considered wetland and coastal vegetation, focusing on
mangroves, freshwater swamps, and coastal dynamics. Finally, we discussed human impact
and conservation, highlighting deforestation, land use change, and strategies to protect
Nigeria’s vegetation. Altogether, this Series provided a comprehensive understanding of
Nigeria’s vegetation diversity and the importance of conservation.

Glossary of Terms

Rainforest: Dense forest ecosystem found in southern Nigeria with high rainfall and
biodiversity.

Derived savanna: Vegetation resulting from the clearing of rainforests for agriculture or
settlement.

Montane forest: Forest vegetation found in highland areas such asthe Jos Plateau.

Guinea savanna: Nigeria’s largest vegetation zone, located.in the middle belt, with tall
grasses and scattered trees.

Sudan savanna: Vegetation zone north of the Guinea savanna, with shorter grasses and
fewer trees.

Sahel savanna: Sparse vegetation zone'in the extreme north, bordering the Sahara Desert.
Mangroves: Salt-tolerant coastal trees with stilt roots found in the Niger Delta.

Freshwater swamps: Vegetation along river floodplains, supporting raffia palms and
swamp forests.

Coastal vegetation:Plant communities along Nigeria’s beaches, estuaries, and barrier
islands.

Deforestation: Removal of forest cover due to logging, agriculture, or settlement.

Protected areas: National parks and forest reserves established to safeguard biodiversity.

Concept Check Questions 3

Upon completing this Series, you should be able to:

Linked to SLO 3.1

1.

2.

Define the distribution pattern of Nigerian vegetation.

Objective: Rainfall in Nigeria generally decreases from: a) North to south b) South to north
c) East to west d) West to east

Linked to SLO 3.2

3.

-

Short answer: What is the dense upper layer of trees in a rainforest called?

o)
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4. Objective: Vegetation resulting from rainforest clearing is called: a) Montane forest b)
Derived savanna c) Guinea savanna d) Sudan savanna

Linked to SLO 3.3

5. Long answer: Compare the vegetation characteristics of Guinea, Sudan, and Sahel
savannas.

6. Objective: Which savanna zone is Nigeria’s largest? a) Sudan savanna b) Sahel savanna c)
Guinea savanna d) Derived savanna

Linked to SLO 3.4
7. Short answer: Name one ecological role of mangroves in Nigeria.

8. Objective: Coastal vegetation helps protect against shoreline: a) Flooding b) Erosion c)
Pollution d) Desertification

Linked to SLO 3.5

9. Longanswer: Evaluate the impact of deforestation and land use'change on Nigerian
vegetation.

10. Objective: Areas set aside to safeguard biodiversity are called: a) Reserves b) Protected
areas c) Plantations d) Settlements

Answers to Pilot Questions 3

Pilot questions 3.1

1. Climate.

2. Guinea savanna:

3. Montane forests.

4. Rainfall decreases from south to north.
5. Agriculture.

Pilot questions 3.2

1. Southern Nigeria.

2. Canopy.

3: Derived savanna.

4. Jos Plateau and Mambilla Plateau.
5. Food, medicine, timber.

Pilot questions 3.3

-
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4.

5.

Guinea savanna.
Millet and sorghum.
Acacia and baobab.
Desertification.

Guinea savanna.

Pilot questions 3.4

1.

2.

3.

4.

5.

Niger Delta.

Freshwater swamps.

Stabilise shorelines and provide breeding grounds.
Erosion control.

Oil exploration and urbanisation.

Pilot questions 3.5

1.

2.

3.

4.

5.

Logging, fuelwood collection, agriculture:

It fragments habitats and reduces biodiversity.
National parks.

To safeguard biodiversity.

They provide funding and technical expertise.
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Selected open educational resources (OER) maps, diagrams, and images on Nigerian
vegetation zones, wetlands, and conservation strategies.

Series 4: Desert and Semi-Desert Productivity

Series outline

-
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e 4.1 Characteristics of desert and semi-desert ecosystems
o Climatic conditions (temperature, rainfall, aridity)
o Soil properties and limitations
e 4.2Vegetation and adaptations
o Plant species and xerophytic adaptations
o Animal adaptations to arid environments
¢ 4.3 Productivity dynamics
o Primary productivity in arid zones
o Seasonal and spatial variations
¢ 4.4 Human activities and resource use
o Pastoralism and agriculture in semi-deserts
o Overgrazing, desertification, and resource challenges
e 4.5 Conservation and sustainable management
o Strategies for combating desertification
o Sustainable land and water management practices
Introduction

Desert and semi-desert ecosystems are among the most challenging environments on Earth. They
are defined by extreme aridity, high temperatures, and soils with limited fertility. Despite these
harsh conditions, life persists through remarkable adaptations, and human communities have long
depended on these regions for pastoralism, agriculture, and trade. Studying desert and semi-
desert productivity helps us understand how ecosystems function under stress, how resources
can be sustainably. managed, and how to combat threats such as desertification.

The aim of this Series isto enable you to describe the ecological characteristics of desert and
semi-desert ecosystems, analyse vegetation and animal adaptations, evaluate productivity
dynamics, and assess human activities and conservation strategies in arid regions.

We shall commence this Series with an examination of the characteristics of desert and semi-
desert ecosystems, focusing on climate and soil properties. Next, we will explore vegetation and
adaptations, considering how plants and animals survive in arid conditions. Following that, we will
study productivity dynamics, analysing primary productivity and seasonal variations. Afterwards,
we will discuss human activities and resource use, including pastoralism, agriculture, and
desertification. Finally, we will conclude with conservation and sustainable management,
highlighting strategies to restore and protect arid ecosystems.

Series Learning Outcomes

-
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Upon completing this Series, you should be able to:

e SLO 4.1 describe the climatic and soil characteristics of desert and semi-desert
ecosystems,

e SLO 4.2 explain vegetation and animal adaptations to arid environments,
e SLO 4.3 analyse productivity dynamics in desert and semi-desert ecosystems,

e SLO 4.4 evaluate human activities and theirimpact on desert and semi-desert productivity,
and

e SLO 4.5 assess conservation strategies and sustainable managementpractices in arid
regions.

4.1 Characteristics Of Desert And Semi-Desert Ecosystems
4.1.1 Climatic conditions (temperature, rainfall, aridity)

Desert and semi-desert ecosystems are defined by extreme climatic conditions. Rainfall is very
low and highly unpredictable, often less than 250 mm annually in true deserts. Temperatures
fluctuate widely, with scorching daytime heat and.cold nights. Semi-deserts receive slightly more
rainfall, supporting limited vegetation, but prolonged dry seasons still dominate. These climatic
extremes make survival challenging for both plants and animals.

Fillin the blank: True deserts typically receive less than mm of rainfall annually.

OER MODULE - GEOGRAPHY
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Diagram showing climatic conditions in desert and semi-desert ecosystems (low rainfall, high
temperature variation). Figure 4.1: Climatic conditions in desert and semi-desert ecosystems
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4.1.2 Soil properties and limitations

Soils in desert and semi-desert regions are generally sandy, rocky, or saline, with poor water
retention and low organic matter. Nutrient availability is limited, making plant growth difficult. Wind
erosion and salinisation further degrade soil quality. In semi-deserts, soils may support sparse
grasses and shrubs, but productivity remains low compared to more humid regions. These soil
limitations are a key factor influencing ecosystem productivity.

Fillin the blank: Desert soils are often sandy or , with poor water retention.

Box 4

@ LOW ORGANIC MATTER.

‘b‘i Due to sparse vegetation, decomposition is very |
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o ts a high proportion of sand, gravel, and stone.
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LN\
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Minimal rainfall limits biological activity and
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6_99 © THIN & IMMATURE SOIL.
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s very shallow and vulnerable to wind erosion.
Plant roots must adapt deeply.
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.1: Soil characteristics in desert ecosystems

Sandy or rocky texture
Low organic matter
Poor waterretention

Susceptible to-erosion and salinisation

Pilot questions 4.1

1.
2.

3.

-

What.is the typical annual rainfall in true deserts?

How do temperatures vary between day and night in deserts?
What type of soil texture is common in desert ecosystems?
Why is nutrient availability low in desert soils?

Name one factor that further degrades desert soils.
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4.2 Vegetation And Adaptations
4.2.1 Plant species and xerophytic adaptations

Plants in desert and semi-desert ecosystems are known as xerophytes, adapted to survive with
minimal water. Common adaptations include deep root systems to access underground water,
thick cuticles to reduce water loss, and reduced or modified leaves (such as spines in cacti) to
minimise transpiration. Some plants store water in their tissues (succulents), while.others
complete their life cycles rapidly during short rainy periods. These strategies allow vegetation to
persist in environments where rainfall is scarce and unpredictable.

Fillin the blank: Plants adapted to survive in arid environments are called

Photographs showing desert plants such as cact| succulents, ahd acacia trees. Plate 4.2:
Xerophytic plant adaptations in deserts

4.2.2 Animal adaptations to arid environments

Animals.in deserts and semi-deserts also display remarkable adaptations. Many are nocturnal,
avoiding daytime heat by being active at night. Physiological adaptations include water
conservation mechanisms, such as producing concentrated urine or storing water in body tissues.
Camels, for example, can withstand long periods without water and feed on thorny vegetation.
Smaller animals like rodents and reptiles often burrow underground to escape extreme
temperatures. These adaptations ensure survival in ecosystems where resources are limited.

Fillin the blank: Animals that avoid daytime heat by being active at night are described as
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UNDERSTANDING DESERT ANIMAL ADAPTATIONS
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Diagram showing animal adaptations in deserts (camel water storage, nocturnal rodents,
burrowing reptiles). Figure 4.3: Animal adaptations in desert ecosystems
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Pilot questions 4.2
1. What term describes plants adapted to arid environments?
2. Name one structural adaptation of xerophytes.
3. Why are many desert animals nocturnal?
4. Give one example of a physiological adaptation in desert animals.

5. How do smalleranimals like rodents survive extreme desert temperatures?

4.3 Productivity Dynamics
4.3.1 Primary productivity in arid zones

Primary productivity in deserts and semi-deserts is generally low due to limited water availability
and poor soil fertility. Plant growth is restricted, and biomass production is minimal compared to
more humid ecosystems. However, productivity can increase temporarily after rainfall events,
when dormant seeds germinate and ephemeral plants complete their life cycles rapidly. These
short bursts of productivity are crucial for sustaining herbivores and maintaining ecosystem
balance.

Fillin the blank: Productivity in deserts often increases temporarily after periods of
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Diagram showing productivity cycles in deserts (low baseline productivity, short bursts after
rainfall). Figure 4.4: Primary productivity in arid zones

4.3.2 Seasonal and spatial variations

Productivity in desert ecosystems varies both seasonally and spatially. Seasonal variation is
linked to rainfall patterns, with productivity peaking during short wet seasons. Spatial variation
occurs because some areas, such as oases or river valleys, support higher productivity due to
better water availability. Semi-deserts generally show more vegetation cover and higher
productivity than true deserts, though still limited compared to tropical or temperate ecosystems.

Fillin the blank: Areas in deserts with higher productivity due to water availability are called
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Photographs showing seasonal vegetation growth in semi-deserts and oases with higher
productivity. Plate 4.5: Seasonal and spatialvariations in desert productivity

Pilot questions 4.3

1.

2.

Why is primary productivity generally lowin deserts?

What event temporarily increases productivity in arid zones?

How does productivityvary.seasonally in deserts?

What are oases, and why are they important?

Which ecosystems generally show higher productivity: deserts or semi-deserts?

4.4 Human Activities And Resource Use

4.4.1 Pastoralism and agriculture in semi-deserts

Human communities in semi-desert regions often depend on pastoralism (rearing livestock such
as goats, sheep, and camels) and small-scale agriculture. Crops like millet, sorghum, and
groundnuts are cultivated where rainfall is slightly higher or irrigation is possible. These practices
provide food and income but are highly vulnerable to droughts and climate variability.

Fillin'the blank: The main livelihood activity in semi-desert regions is
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Photographs showing pastoralists with livestock. and small-scale farming in semi-desert areas.
Plate 4.6: Pastoralism and agriculture'in semi-deserts

4.4.2 Overgrazing, desertification, and resource challenges

Overgrazing by livestock often leads to vegetation loss and soil degradation. Combined with
deforestation and unsustainable farming, this accelerates desertification, the process by which
fertile land becomes desert. Resource challenges include water scarcity, declining soil fertility, and
reduced biodiversity. These pressures threaten food security and livelihoods, making sustainable
resource management essential.in desert and semi-desert regions.

Fillin the blank: The process by which fertile land becomes desert due to human activities is called
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© OER Diagram for Arid Region Studies
Diagram showing causes and effects of desertification (overgrazing, deforestation, soil erosion,
water scarcity). Figure 4.7: Causes and effects of desertification

Pilot questions 4.4
1. Whatis the main livelihood activity in semi-desert regions?
2. Name one crop commonly grown in semi-deserts.
3. How does overgrazing affect vegetation?
4. Whatis desertification?

5. Listone resource challenge faced in desert and semi-desert regions.

Series Summary

This Series examined the ecological and human dimensions of desert and semi-desert
ecosystems. We began with the characteristics of desert and semi-desert ecosystems, focusing
on climate and soil properties. Next, we explored vegetation and adaptations, highlighting how
plants and animals survive in arid conditions. We then studied productivity dynamics, analysing
primary productivity and seasonal variations. Afterwards, we discussed human activities and
resource use, including pastoralism, agriculture, and the challenges of desertification. Finally, we
concluded with conservation and sustainable management, emphasising strategies to combat
desertification and promote sustainable land and water use.
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Together, these Parts provided a comprehensive understanding of how life persists in arid regions,
the pressures faced by human communities, and the importance of sustainable management for
long-term productivity.

Glossary of Terms
¢ Xerophytes: Plants adapted to survive in arid environments.
¢ Succulents: Plants that store water in their tissues.
¢ Nocturnal animals: Animals active at night to avoid daytime heat.
e Primary productivity: The rate at which plants produce biomass through photosynthesis.
e Oases: Fertile areas in deserts with water availability.
e Pastoralism: Livestock rearing as a livelihood in arid regions.

o Desertification: The process by which fertile land becomes desert due to human activities
and climate change.

o Afforestation: Planting trees to restore degraded land.

o Dripirrigation: Efficient irrigation system that minimises water wastage.

¢ Rotational grazing: Moving livestock between pastures to prevent overgrazing.
Concept Check Questions 4
Linked to SLO 4.1

1. Define the climatic characteristics of desert ecosystems.

2. Objective: True deserts typically receive less than: a) 100 mm b) 250 mm c¢) 500 mm d) 1000
mm

Linked to SLO4.2
3. Short answer: What term describes plants adapted to arid environments?

4./ Objective: Animals that avoid daytime heat by being active at night are: a) Diurnal b)
Nocturnal c) Arboreal d) Aquatic

Linked to SLO 4.3
5. Long answer: Explain how productivity in deserts varies seasonally and spatially.

6. Objective: Fertile areas in deserts with higher productivity are called: a) Oases b) Savannas
c) Plateaus d) Wetlands

Linked to SLO 4.4
7. Shortanswer: What is the main livelihood activity in semi-desert regions?

-
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8. Objective: The process by which fertile land becomes desert is called: a) Afforestation b)
Desertification c) Irrigation d) Salinisation

Linked to SLO 4.5
9. Long answer: Discuss two strategies for combating desertification.

10. Objective: Irrigation systems that minimise water wastage are known as: a) Flood.irrigation
b) Drip irrigation c) Canal irrigation d) Surface irrigation

Answers to Pilot Questions 4
Pilot questions 4.1
1. Lessthan 250 mm annually.
2. Hot days, cold nights.
3. Sandy texture.
4. Low organic matter.
5. Wind erosion.
Pilot questions 4.2
1. Xerophytes.
2. Deeproots, thick cuticles, spines.
3. To avoid daytime heat.
4. Producing concentrated urine.
5. Burrowing underground.
Pilot questions 4.3
1. Limited water and poor soils.
2./ Rainfall events:
3. Productivity peaks during wet seasons.
4. Fertile areas with water availability.
5. | Semi-deserts.
Pilot questions 4.4
1. Pastoralism.

2. Millet or sorghum.

-
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3. Vegetation loss and soil degradation.

4. Desertification.

5. Water scarcity.
Pilot questions 4.5

1. Planting trees to restore land.

2. Terracing or mulching.

3. Reduces water wastage.

4. Prevents overgrazing.

5. Ensures local participation and ownership.
References 4

e UNEP (1992). World Atlas of Desertification. Edward Arnold, London.

e Mortimore, M. (1989). Adapting to Drought: Farmers, Famines, and Desertification in West
Africa. Cambridge University Press.

e FAO (2015). Sustainable Land Management in Drylands. Food and Agriculture Organization
of the United Nations.

e Selected open educational resources (OER) diagrams, maps, and images on desert
ecosystems, productivity, and conservation strategies.

Series 5: Modern Concepts in Ecology
Series Outline
¢ 5.1 Systems ecology and ecosystem modelling
o. Energy flow and nutrient cycling
o Use of models to understand ecosystem dynamics
e 5.2 Landscape and global ecology
o Landscape ecology: patch dynamics and connectivity

o Global ecology: biogeochemical cycles and climate change impacts

-
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¢ 5.3 Human ecology and sustainability

o Human-environment interactions

o Sustainable development and ecological footprint
e 5.4 Emerging ecological concepts

o Resilience and adaptive capacity

o Ecosystem services and socio-ecological systems
¢ 5.5 Applied ecology and conservation

o Restoration ecology

o Conservation biology and policy frameworks

5.1 Systems Ecology And Ecosystem Modelling
5.1.1 Energy flow and nutrient cycling

Systems ecology views ecosystems as integrated units where energy and matter flow through
interconnected components. Energy enters ecosystems via photosynthesis, moves through trophic
levels (producers, consumers, decomposers), and is eventually lost as heat. Nutrient cycling
involves the continuous. movement of elements like carbon, nitrogen, and phosphorus between
living organisms and the environment. These processes maintain ecosystem stability and
productivity.

Fillin the blank: The continuous movement of elements like carbon and nitrogen between
organisms and the environment is called nutrient

-
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Diagram showing energy flow and nutrient cycling in ecosystems (producers, consumers,
decomposers). Figure 5.1: Energy flow and nutrient cycling in ecosystems

5.1.2 Use of models to understand ecosystem dynamics

Ecosystem models are tools used torepresent and analyse ecological processes. They can be
mathematical, conceptual, or computer-based. Models help ecologists predict how ecosystems
respond to changes such as climate variability, pollution, or species introduction. For example,
models of carbon cycling are used to understand climate change impacts, while population
models help inwildlife management. By simplifying complex systems, models provide insights into
ecosystem resilience and sustainability.

Fillin the blank: Simplified representations used to predict ecosystem behaviour are called

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



~————{ SUMMARY: TYPES OF ECOSYSTEM MODELS |——

\
& N
'5 1. CONCEPTUAL 2. MATHEMATICAL ;ﬂ/{ﬂ 3. COMPUTER
2269 MODELS =l MODELS ——— SIMULATIONS |
DESCRIPTIONS & EQUATIONS & FORMULAS DIGITALPROGRAMS |
VISUALIZATIONS & ALGORITHMS K
@ d_x dx.t; o ey N
SO DEemDe Devs R |
Plants — Herbivores — Carnivores ¢ Quantitative G el AN §
e Qualitative e Represent processes e Complex & Dynamic 4
« Show causal links (e.g., flow of energy) e Forecast scenarios 4
e Example: Food e Example: Lotka-Volterra * Example: Climate change |
webs/chains equations impact models

RN NS O NS N N NS NN : SONENEE A NS N N N N N == = N
1 o%Learmng Resource I

Box 5.1: Types of ecosystem models
e Conceptual models (diagrams of interactions)
¢ Mathematical models (equations describing processes)

e Computer simulations (dynamic predictions)

Pilot questions 5.1

1. Whatis systems ecology?

2. How does energy enter ecosystems?
3. Whatisnutrient cycling?

4. Name onetype of ecosystem model.

5./ Why are models important in ecology?

5.2 Landscape And Global Ecology
5.2.1 Landscape ecology: patch dynamics and connectivity

Landscape ecology studies the spatial arrangement of ecosystems and how they interact.
Landscapes are composed of patches (forest, grassland, wetland, etc.) connected by corridors.
Patch dynamics describe how these areas change over time due to disturbances, succession, or
human activities. Connectivity between patches is crucial for species movement, genetic
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exchange, and ecosystem resilience. Fragmentation reduces connectivity, leading to biodiversity
loss.

Fillin the blank: The spatial arrangement of ecosystems and their interactions is studied in
ecology.

LANDSCAPE ECOLOGY: PATCH, CORRIDOR, AND CONNECTIVITY MODEL
(. . éfs':rAeLccll(!E%unities/ecosystems (e.g., individual \ g
O '

forest patches cluster, grassland patch, wetland
patch - see <IMAGE 15).
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Diagram showing landscape ecology with patches, corridors, and connectivity. Figure 5.2: Patch
dynamics and connectivity in landscape ecology

5.2.2 Global ecology: biogeochemical cycles and climate change impacts

Global ecology examines Earth’s ecosystems as interconnected systems. Biogeochemical cycles
(carbon, nitrogen, water) operate at planetary scales, linking atmosphere, oceans, and land.
Human activities such as fossil fuel combustion and deforestation disrupt these cycles,
contributing to climate change. Rising temperatures, altered precipitation, and extreme events
affect ecosystems worldwide. Global ecology highlights the need for international cooperation to
address environmental challenges.

Filtin the blank: The continuous planetary-scale movement of carbon, nitrogen, and water is called
cycles.

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



© K @® © & © |GLOBALCARBONCYCLEL  ©® &£ @® © & ©

ﬁ GLOBAL CARhBON CYCLE IMPACTS ON GLOBAL ECOLOGY
Atmosphere
p,,o,,,s iz / L) N o /=====)> EXTREME WEATHER EVENTS
Respiration Deforestation \\ EMISSIONS DROUGHTS

Decomposition ~_Ocean
p ] Release Parche Ivestork, dying —

—=—> ECOSYSTEM SHIFTS & BIODIVERSITY LOSS

Species

OER LEARNING MODULE: KEY RELATIONSHIPS :
' Increasing CO, —>| R os | —> Altered Water Cycle —>  Extreme Events.
® € & A @ © Z © @

Photographs showing global ecological processes (carbon cycle; climate change impacts like
droughts and floods). Plate 5.3: Global ecology and climate change impacts
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Pilot questions 5.2
1. What does landscape ecology study?
2. Whatare patches in landscape ecology?
3. Why is connectivity important in ecosystems?
4. Name one biogeochemical cycle studied in global ecology.

5. How do human activities disrupt global ecological processes?

5.3 Human Ecology And Sustainability
5.3.1 Human-environment interactions

Human ecology examines the relationship between people and their environment. Humans
depend. on ecosystems for food, water, energy, and raw materials, but their activities also alter
ecological processes. Urbanisation, industrialisation, and agriculture reshape landscapes, often
leading to habitat loss and pollution. Understanding these interactions helps identify pathways for
balancing human needs with ecological integrity.

Fillin the blank: The study of relationships between humans and their environment is called human
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Diagram showing human-environment interactions (urbanisation, agriculture, pollution, resource
use). Figure 5.4: Human-environment interactions in. ecology

5.3.2 Sustainable development and ecological footprint

Sustainability emphasises/meeting present needs without compromising future generations. The
concept of the ecological footprint measures human demand on ecosystems, comparing
resource consumption with Earth’s capacity to regenerate. High footprints indicate unsustainable
lifestyles, while sustainable development seeks to reduce ecological pressure through renewable
energy, efficient resource use, and conservation. This framework guides policies for balancing
economic growth with environmental protection.

Fillin the blank: The measure of human demand on ecosystems compared to Earth’s capacity is
called the ecological
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Box 5.2: Principles of sustainability

Meet present needs responsibly
Protect resources for future generations
Reduce ecological footprint

Promote renewable energy and conservation

Pilot questions 5.3

1.
2.

3.

-

What does human ecology study?

Name one way humans alter ecological processes.
What is sustainability?

What does the ecological footprint measure?

How can sustainable development reduce ecological pressure?
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5.4 Emerging Ecological Concepts
5.4.1 Resilience and adaptive capacity

Resilience in ecology refers to the ability of ecosystems to absorb disturbances (such as droughts,
fires, or human impacts) and still maintain their essential functions. Closely related is adaptive
capacity, which is the ability of ecosystems and communities to adjust to change, reorganise, and
continue functioning. These concepts are vital in modern ecology because they highlight how
systems cope with stress and uncertainty, especially under climate change.

Fillin the blank: The ability of ecosystems to absorb disturbances and maintain function is called
ecological

ECOSYSTEM RESILIENCE AND ADAPTIVE CAPACITY AFTER DISTURBANCE
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Diagram showing resilience and adaptive capacity (ecosystem bouncing back after disturbance).
Figure 5.5: Resilience and adaptive capacity in ecosystems

5.4.2 Ecosystem services and socio-ecological systems

Ecosystem services are the benefits humans derive from ecosystems, such as food, clean water,
climate regulation, and cultural values. Modern ecology emphasises the integration of ecological
and social systems into socio-ecological systems, recognising that human well-being is
inseparable from ecosystem health. This perspective guides policies and practices that balance
ecological integrity with human development.

Fill in the blank: The benefits humans derive from ecosystems are called ecosystem

-
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Box 5.3: Categories of ecosystem services

e Provisioning services (food, water, timber)
o Regulating services (climate, flood control)
e Supporting services (nutrient cycling, soil formation)

e Cultural services (recreation, spiritual values)

Pilot questions 5.4

1. Whatis ecological resilience?

2. Define adaptive capacity in ecosystems.

3. What are ecosystem services?

4. Name one category of ecosystem services.

5. Why are socio-ecological systems important in modern ecology?

5.5 Applied Ecology And Conservation
5.5.1 Restoration ecology

Restoration ecology focuses on repairing degraded ecosystems and returning them to a
functional state. Techniques include reforestation, wetland restoration, soil rehabilitation, and
reintroduction of native species. Restoration projects aim to rebuild biodiversity, improve
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ecosystem services, and enhance resilience against future disturbances. This applied field
demonstrates how ecological knowledge can be used to heal damaged environments.

Fillin the blank: The scientific practice of repairing degraded ecosystems is called
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Diagram showing restoration ecology methods (reforestation, wetland restoration, soil
rehabilitation). Figure 5.6: Restoration ecology practices

5.5.2 Conservation biology and policy frameworks

Conservation biology is the science of protecting biodiversity. It involves identifying threatened

species, preserving habitats, and maintaining genetic

diversity. Policy frameworks such as

protected areas, biodiversity action plans, and international agreements (e.g., Convention on
Biological Diversity) provide legal and institutional support for conservation. Applied ecology
ensures that scientific findings.inform policy, guiding sustainable management of natural

resources.

Fillin the blank: The science of protecting biodiversity is called conservation
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[0ER] SUMMARY: CONSERVATION STRATEGIES AND BIODIVERSITY POLICIES (i

=
‘)ﬁ STRATEGIES FOR BIODIVERSITY CONSERVATION PROTECTED AREA MANAGEMENT
Qﬁg Types & Desigq: Focus on size, shape, and connectivity.

PROTECTED In-Situ Conservation:

NATIONAL PARK

Protecting species in their natural habitats.

Examples: Protected Areas (National
Parks, Reserves), Wildlife Corridors.

Goal: Minimize edge effects,
maximize interior habitat.

Management Key aspects include law enforcement,
community involvement, and ecological monitoring.

D Ex-Situ Conservation: KEY éf_'.;‘;& Ensuring sustainable use where appropriate.
Conserving species outside their ’
!\ natural habitats. BIODIVERSITY &[Z; |NTEGRATING CONSERVATION & SOCIETY

POLICIES &
ExampIeTGZozs, Aqgarlgfgs vs AGREEMENTS International Treaties: Sustainable Development:
Botanical Gardens, Seed Banks, Convention on Biological Balancing environmental, social,

Captive Breeding Programs. o DR EN ORI and economic goals. Ecotourism.

CITES - regulates trade in Economic Incentives:
endangered species. Payment for Ecosystem Services
National Laws: (PES). Land trusts.

Restoration Ecology:
Repairing and restoring

damaged ecosystems. Species Protection Acts, Education & Outreach:

Example: Reforestation, Environmental Protection Laws.  Engaging the public in

Wetland restoration. Example: Endangered conservation efforts and
Species Act (US). fostering stewardship.

Box 5.4: Conservation strategies and policies
e Establishing protected areas
o Biodiversity action plans
¢ International agreements (CBD, CITES)
¢ Community-based conservation initiatives
Pilot questions 5.5
1. What s restoration ecology?
2. Name one technique usedin ecosystem restoration.
3. What does conservation biology focus on?
4. _Give one example of a conservation policy framework.

5. Why is applied ecology important for conservation?

Series Summary

This Series explored contemporary frameworks in ecology that extend beyond traditional
descriptive approaches. We began with systems ecology and ecosystem modelling, examining
energy flow, nutrient cycling, and the role of models in predicting ecosystem dynamics. Next, we
studied landscape and global ecology, focusing on patch dynamics, connectivity, and planetary-
scale biogeochemical cycles. We then analysed human ecology and sustainability, highlighting
human-environment interactions and the ecological footprint. Afterwards, we discussed emerging

-
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ecological concepts, including resilience, adaptive capacity, and ecosystem services. Finally, we
concluded with applied ecology and conservation, emphasising restoration ecology,
conservation biology, and policy frameworks.

Together, these Parts provided a holistic understanding of modern ecological thought, integrating
systems, global perspectives, human dimensions, and applied solutions for sustainability.

Glossary of Terms
e Systems ecology: Study of ecosystems as integrated systems of energy and-matter flow.

¢ Nutrient cycling: Continuous movement of elements like carbon and nitrogen between
organisms and the environment.

e Landscape ecology: Study of spatial patterns and interactions among ecosystems.

¢ Patch dynamics: Changes in landscape patches over time due to disturbances or
succession.

e Biogeochemical cycles: Planetary-scale cycles of elements such as carbon, nitrogen, and
water.

¢ Human ecology: Study of relationships between humansand their environment.

¢ Ecological footprint: Measure of human demand on ecosystems compared to Earth’s
capacity.

¢ Resilience: Ability of ecosystems to absorb disturbances and maintain function.

e Adaptive capacity: Ability.of ecosystems or communities to adjust to change and
reorganise.

e Ecosystem services: Benefits humans derive from ecosystems (provisioning, regulating,
supporting, cultural).

¢ Restoration ecology: Scientific practice of repairing degraded ecosystems.
e Conservation biology: Science of protecting biodiversity.

Concept Check Questions 5

Linked to SLO 5.1
1. Define systems ecology.

2. Objective: Energy enters ecosystems primarily through: a) Respiration b) Photosynthesis c)
Decomposition d) Evaporation

Linked to SLO 5.2

3. Shortanswer: What does landscape ecology study?

-

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



4. Objective: The continuous planetary-scale movement of carbon and nitrogen is called: a)
Nutrient cycling b) Biogeochemical cycles c) Patch dynamics d) Climate regulation

Linked to SLO 5.3
5. Long answer: Explain the concept of ecological footprint and its importance.

6. Objective: The study of relationships between humans and their environment is called: a)
Human ecology b) Systems ecology c) Global ecology d) Applied ecology

Linked to SLO 5.4
7. Shortanswer: What s ecological resilience?

8. Objective: Benefits humans derive from ecosystems are called: a) Ecosystem services b)
Ecological footprints c) Adaptive capacities d) Biogeochemical cycles

Linked to SLO 5.5
9. Long answer: Discuss two techniques used in restoration.ecology.

10. Objective: The science of protecting biodiversity is called: a) Restoration ecology b)
Conservation biology c) Landscape ecology d) Global ecology

Answers to Pilot Questions 5
Pilot questions 5.1

1. Systems ecology studies ecosystems as integrated units.

N

Through photosynthesis.
3. Continuous movement of elements.
4. Conceptual, mathematical, or computer models.
5. They help predict ecosystem behaviour.
Pilot questions 5:2
1./ Spatial arrangement of ecosystems.
2. Distinct areas like forests or wetlands.
3. Enables species movement and genetic exchange.
4./ Carbon cycle.
5. Bydisrupting cycles through deforestation and fossil fuel use.
Pilot questions 5.3
1. Relationships between humans and environment.

-
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2. Urbanisation or agriculture.
3. Meeting present needs without harming future generations.
4. Human demand on ecosystems.
5. Through renewable energy and conservation.
Pilot questions 5.4
1. Ability to absorb disturbances.
2. Ability to adjust and reorganise.
3. Benefits humans derive from ecosystems.
4. Provisioning, regulating, supporting, cultural.
5. Theyintegrate human and ecological systems.
Pilot questions 5.5
1. Repairing degraded ecosystems.
2. Reforestation or wetland restoration.
3. Protecting biodiversity.
4. Convention on Biological Diversity.
5. Itapplies ecological knowledge to conservation.
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