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Series 1: Diversity Of Animal Forms, Structures, And Functions

Part 1.1 Diversity of animal forms

1.1.1 Overview of animal body plans

1.1.2 Examples of structural diversity
Part 1.2 Diversity of animal structures

1.2.1 Functional adaptations in animals

1.2.2 Comparative anatomy of selected groups
Part 1.3 Diversity of animal functions

1.3.1 Physiological processes and survival strategies
1.3.2 Behavioural diversity and ecological roles

Introduction

Animals are among the most diverse organisms on Earth, ranging from microscopic forms to
large vertebrates. Their variety in body plans, structures, and functions reflects millions of years
of evolutionary adaptation. Understanding this diversity is essential for appreciating the
complexity of life and for building a foundation in zoology.
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The aim of this Series is to introduce you to the diversity of animal forms, structures, and
functions, and to equip you with the ability to recognise and describe how animals differ in their
organisation and adaptations.

We shall commence this Series by examining the diversity of animal forms, focusing on body
plans and structural variations. Next, we will explore the diversity of animal structures,
considering functional adaptations and comparative anatomy. Finally, we will conclude with the
diversity of animal functions, highlighting physiological processes, behavioural diversity, and
ecological roles.

Series Learning QOutcomes
Upon completing this Series, you should be able to:

SLO 1.1 describe the diversity of animal body forms and body plans,

SLO 1.2 explain structural adaptations and compare anatoemical features across selected
groups,

SLO 1.3 analyse functional diversity in animals, including physiological processes and
survival strategies, and

SLO 1.4 evaluate behavioural diversity and ecological roles in animal life.

1.1 Diversity Of Animal Forms
1.1.1 Overview of animal body plans

Animals exhibit a wide range of body plans, which refers to the general structural design of an
organism, including its. symmetry, organisation of tissues, and arrangement of organs. The
concept of body plans helps zoologists to categorise animals into groups that share similar
structural features. For example, some animals display radial symmetry, where body parts are
arranged around a central axis, while others show bilateral symmetry, with distinct left and
right sides. These differences in body organisation reflect evolutionary adaptations to different
environments and lifestyles.

Short description: Diagram showing radial and bilateral symmetry in animals.
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Caption: Figure 1.1 Types of animal symmetry
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Fill in the blank: Animals with body parts arranged around a central axis are said to have
symmetry.

1.1.2 Examples of structural diversity

Structural diversity refers to the variety of physical forms and features found among animals. For
instance, sponges have a simple body organisation without true tissues, while cnidarians such as
jellyfish possess specialised stinging cells. More complex animals, such as vertebrates, have
highly developed organ systems that support advanced functions. This diversity illustrates how
animals have evolved different structures to survive and thrive in their respective habitats.

Table 1.2 Examples of structural diversity in animals

Animal Level of Key Structural
Group Organization Body Symmetry | Skeletal Support Feature
. Spicules: Choanocytes:
Sponees ge;lcl;;?il;;gvceelhs Asymmetrical: No [Microscopic glass  |Flagellated cells
(l?ori fge ra) bﬁ £ 10 frue fissues regular body plan  |or calcium that pump water
T Oreans or axis. structures, or through a system
gans. Spongin fibers. of pores (Ostia).
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Animal Level of Key Structural
Group Organization Body Symmetry | Skeletal Support Feature
Hydrostatic . Cnidocytes:
Tissue-level: Skeleton: Fluid- ¢ lized
Cnidarians ’ Radial: Body parts [filled cavity pect
Two germ layers - ] stinging cells
(Jellyfish, } e arranged around a  providing shape;
(Diploblastic); ) . used for prey
Corals) . central axis. Calcium
simple nerve net. . capture and
Carbonate (in
defense.
corals).
Organ System-  |Bilateral: Mirror- Vertebral
. Endoskeleton: Column: A bony
Vertebrates [level: Three germ [image left and o
i . ] Internal framework |or cartilaginous
(Fish, layers right halves; of bone‘or spine protectin
Mammals) (Triploblastic); distinct head . pine p g
. cartilage. the dorsal nerve
complex systems. |(Cephalization).

cord.

Fill in the blank: Sponges lack true

Pilot questions 1.1

What is meant by the term body plan?

Name one type of symmetry found in animals.
Which group of animals lacks true tissues?
Give one example of structural diversity in vertebrates.
Why are body plans important in categorising animals?

1.2 Diversity Of Animal Structures

1.2.1 Functional adaptations in animals

, making them structurally simpler than other animals.

Animals exhibit a wide range of functional adaptations, which are structural features that
enable them to survive in specific environments. For example, the streamlined bodies of fish
reduce resistance in water, while the wings of birds allow flight. In desert animals, specialised
kidneys conserve water, and thick fur in polar animals provides insulation against extreme cold.
These adaptations are closely linked to the ecological niches animals occupy, showing how
structure supports function.
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Short description: Diagram showing examples of functional adaptations (fish streamlined body,
bird wings, camel kidney, polar bear fur).
Caption: Figure 1.3 Functional adaptations in animals
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Fill in the blank: The streamlined body of fish reduces
movement.

in water, allowing efficient

1.2.2 Comparative anatomy of selected groups

Comparative anatomy is the study of similarities and differences in the structures of different
animals. It provides evidence for evolutionary relationships and helps explain how animals have
diversified. For instance, the forelimbs of mammals such as humans, bats, and whales share the
same underlying bone structure, even though they perform different functions like grasping,
flying, or swimming. This is an example of homologous structures, which are features inherited
from a common ancestor. In contrast, analogous structures such as insect wings and bird wings
perform similar functions but evolved independently.

Table 1.4 Comparative anatomy examples
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Feature Homologous Structures Analogous Structures
Ev?lfltlonary Derived from a common ancestor. Evolved 1qdependently n
Origin unrelated lineages.

Underlying Similar internal bone or tissue Often very different internal
lAnatomy structure. structures.

. May serve different functions in the  [Serve the same function (e.g.,
Function .

adult. flying).
f)l;f::)tleli't;onary Result of Divergent Evolution. Result of Convergent Evolution.

Genetic Basis

Share similar developmental genes
(Hox genes).

Different genetic pathways lead to
the trait.

Examples

Human arm, Whale flipper, Bat
wing.

Bird wing, Butterfly wing,
Pterodactyl wing.

Fill in the blank: Structures that perform similar functions but evolved independently are called

structures:

Pilot questions 1.2

What are functional adaptations in animals?
Giveone example of a functional adaptation in desert animals.
What 1s comparative anatomy?
Name one example of homologous structures in mammals.

How do analogous structures differ from homologous structures?

1.3 Diversity Of Animal Functions

1.3.1 Physiological processes and survival strategies

-

R

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




Animals rely on a variety of physiological processes, which are internal functions that sustain
life. These include respiration, circulation, digestion, and excretion. Each group of animals has
evolved unique strategies to carry out these processes depending on their environment. For
example, fish use gills for respiration in water, while mammals use lungs for respiration on land.
Survival strategies such as hibernation, migration, and camouflage also support physiological
functions by helping animals conserve energy, escape predators, or adapt to seasonal changes.

Short description: Diagram showing examples of physiological processes (respiration.in fish
gills, respiration in mammalian lungs, hibernation in bears).
Caption: Figure 1.5 Physiological processes and survival strategies in animals
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Fill in the blank: Fish use for respiration in water, while mammals use lungs for
respiration on/land.

1.3.2 Behavioural diversity and ecological roles

Animals also display behavioural diversity, which refers to the variety of actions and responses
they use to interact with their environment. Examples include hunting strategies in predators,
cooperative behaviours in social animals, and communication through sounds or signals. These
behaviours are closely linked to the ecological roles animals play in ecosystems. For instance,
herbivores regulate plant populations, carnivores control prey numbers, and decomposers recycle
nutrients. By studying behavioural diversity and ecological roles, we gain insight into how
animals contribute to the balance and sustainability of ecosystems.

Box 1.6 Behavioural diversity and ecological roles
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Behavioral Ecological Role Real-World Example

Category

. Keystone Predator: Hunting in Gray Wolves: Pack hunting
Social . LY
. groups to control populations of maintains the health of elk

Cooperation . . .

large herbivores. populations and prevents overgrazing.
. Nutrient Transporter: Moving Pacific Salmon: Dying in inland
Migratory . . . . 9
. biomass and nutrients between streams after spawning, providing

Behavior . . .
distant ecosystems. nitrogen to forest soils.

Svmbiotic Mutualist / Pollinator: Ensuring  [Honeybees: Foraging behavior

B)e,havior the reproduction of plant species in  [facilitates the fertilization of $70\%$
exchange for food. of the world's top 100 crop species.
Seed Disperser: Accidentally Eurasian Jays: Hiding thousands of

Cache/Hoarding [planting forests by burying seeds acorns, many of which germinate into
for winter. oak trees.

. Ecosystem Engineer: Physically  [North American Beavers: Building
Engineer . : .
Behavior altering the landscape to create dams that create wetlands, increasing

habitats for other species. local biodiversity.
Fill in the blank: Herbivores regulate populations, while decomposers recycle nutrients

in ecosystems.
Pilot questions 1.3

What are physiological processes in animals?

Name one survival strategy animals use.

What is behavioural diversity?

Give one example of an ecological role played by animals.
Why is behavioural diversity important in ecosystems?

Series Summary
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This Series introduced you to the diversity of animal forms, structures, and functions, which is
fundamental to understanding zoology. We began by examining animal body plans and
symmetry, then moved on to examples of structural diversity across simple and complex
organisms. Following that, we explored functional adaptations, highlighting how structures
support survival in different environments, and concluded with behavioural diversity and
ecological roles, showing how animals interact with their surroundings and contribute to
ecosystem balance.

By completing this Series, you should now be able to describe animal body forms-and body
plans, explain structural adaptations and comparative anatomy, analyse functional diversity
including physiological processes and survival strategies, and evaluate behavioural diversity and
ecological roles. These achievements align directly with the Series Learning Outcomes,
equipping you with the ability to recognise and interpret the remarkable variety of animal life.

Glossary of Terms

Analogous structures: Features that perform similar functions but evolved independently in
different organisms.

Behavioural diversity: The variety of actions and responses animals use to interact with
their environment.

Body plan: The general structural design of an organism, inecluding symmetry and
organisation of tissues.

Comparative anatomy: The study of similarities and differences in the structures of
different animals.

Ecological roles: The functions animals perform in ecosystems, such as herbivory, predation,
or decomposition.

Functional adaptations: Structural features that enable animals to survive in specific
environments.

Homologous structures: Features inherited from a common ancestor that may serve
different functions in different species.

Physiological processes: Internal functions such as respiration, circulation, digestion, and
excretion that sustain life.

Radial symmetry: A body plan where parts are arranged around a central axis.

Symmetry: The balanced arrangement of body parts in animals.

Concept Check Questions 1
Objective questions

Animals with body parts arranged around a central axis exhibit symmetry. (Linked to
SLO 1.1)

Sponges lack true . (Linked to SLO 1.2)

The streamlined body of fish reduces in water. (Linked to SLO 1.3)

Structures that perform similar functions but evolved independently are called
structures. (Linked to SLO 1.2)

Herbivores regulate populations in ecosystems. (Linked to SLO 1.4)
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Short-answer questions

6. Define a body plan in animals. (Linked to SLO 1.1)

7. Give one example of a functional adaptation in desert animals. (Linked to SLO 1.3)
8. What is comparative anatomy? (Linked to SLO 1.2)

9. Name one survival strategy animals use. (Linked to SLO 1.3)

10. Why is behavioural diversity important in ecosystems? (Linked to SLO 1.4)

Long-answer questions

11. Explain the significance of animal body plans and symmetry in classification.(Linked to
SLO 1.1)

12. Analyse the differences between homologous and analogous structures with examples.
(Linked to SLO 1.2)

13. Evaluate the role of physiological processes and behavioural diversity in animal survival.
(Linked to SLO 1.3 & 1.4)

Answers to Concept Check Questions 1
Objective questions

Radial.
Tissues.
Resistance.
Analogous.
Plant.

Short-answer questions

6. A body plan is the general structural design of an organism, including symmetry and
organisation of tissues.

7. Camels conserve water through specialised kidneys.

8. Comparative anatomy is the study of similarities and differences in the structures of different
animals.

9. Hibernation.

10. It ensures animals contribute to ecosystem balance and sustainability.

Long-answer questions

11. Basic response: Body plans and symmetry help classify animals into groups based on
structural organisation.

Value-added response: They also provide insights into evolutionary adaptations and ecological
niches.

Basic response: Homologous structures share ancestry but serve different functions, while
analogous structures serve similar functions but evolved independently.
Value-added response: Homologous structures highlight evolutionary relationships,
whereas analogous structures show convergent evolution.

Basic response: Physiological processes sustain life, and behavioural diversity supports
survival strategies.
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Value-added response: Together, they enable animals to adapt to changing
environments, maintain ecological roles, and ensure species continuity.

Answers to Pilot Questions 1
Part 1.1

The general structural design of an organism.
Radial symmetry.

Sponges.

Complex organ systems.

They help categorise animals.

Part 1.2

Structural features that enable survival.
Specialised kidneys in camels.

Study of similarities and differences in structures.
Mammalian forelimbs.

Analogous structures evolved independently.

Part 1.3

Internal functions such as respiration and digestion.

Hibernation.

Variety of actions and responses animals use.
Herbivores regulate plant populations.
It maintains €cosystem balance.

References And Attributions 1
Ilustration placeholders suggested in Series 1:

Figure 1.1 Types of animal symmetry

Table 1.2 Examples of structural diversity in animals

Figure 1.3 Functional adaptations in animals

Table 1.4 Comparative anatomy examples

Figure 1.5 Physiological processes and survival strategies in animals
Box 1.6 Behavioural diversity and ecological roles

Al prompt suggestions used for illustration placeholders:

Diagram comparing radial and bilateral symmetry.

Table listing sponges, cnidarians, vertebrates with structural features.
Diagram showing functional adaptations in animals.

Table comparing homologous and analogous structures.
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Diagram showing physiological processes and survival strategies.
Box listing behavioural diversity and ecological roles.

Open Educational Resource (OER) search strings suggested:

“animal body plans symmetry diagram OER”

“examples of structural diversity animals table OER”

“functional adaptations animals diagram OER”

“comparative anatomy homologous analogous structures table OER”
“physiological processes survival strategies animals diagram OER”
“behavioural diversity ecological roles animals OER”

General references (APA style):

Hickman, C. P., Roberts, L. S., Keen, S. L., Larson, A., Eisenhour, D:J., & I’Anson,
H. (2017). Integrated Principles of Zoology. McGraw-Hill Education.

Barnes, R. D. (1987). Invertebrate Zoology. Saunders College Publishing.

OER Commons. (n.d.). Animal diversity resources.Retrieved from
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700102 Series 2: Multicellularity, Embryonic Layers, And
Developmental Modes

Part 2.1 Emergence of multicellularity
2.1.1 Transition from unicellular to multicellular organisms
2.1.2 Advantages and challenges of multicellularity
Part 2.2 Embryonic layers and tissue organisation
2.2.1 Formation of germ layers during development
2.2.2 Diploblastic and triploblastic organisation
Part 2.3 Developmental modes in animals

2.3.1 Protostome development
2.3.2 Deuterostome development

Introduction

Animals are complex organisms, and their diversity is rooted in the evolutionary transition from
single-celled life to multicellular forms. This shift allowed for the development of specialised
tissues and organs, which in turn enabled animals to adapt to a wide range of environments.
Understanding multicellularity, embryonic layers, and developmental modes provides a
foundation for appreciating how animals are classified and how their structures and functions
evolved.

)
she-o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS


https://www.oercommons.org/

The aim of this Series is to explain the emergence of multicellularity, describe the organisation
of embryonic layers, and analyse the developmental modes that distinguish major groups of
animals.

We shall commence this Series by exploring the transition from unicellular to multicellular
organisms, considering both the advantages and challenges of multicellularity. Next, we will
examine embryonic layers and tissue organisation, focusing on how germ layers form and the
differences between diploblastic and triploblastic animals. Finally, we will conclude with
developmental modes, comparing protostome and deuterostome pathways and theirsignificance
in animal classification.

Series Learning Outcomes
Upon completing this Series, you should be able to:

SLO 2.1 explain the transition from unicellular to multicellular organisms,

SLO 2.2 analyse the advantages and challenges of multicellularity,

SLO 2.3 describe the formation of embryonic germ layers during development,
SLO 2.4 distinguish between diploblastic and triploblastic tissue organisation,
SLO 2.5 compare protostome and deutetostome developmental modes in animals.

2.1 Emergence Of Multicellularity
2.1.1 Transition from unicellular to multicellular organisms

Life began with unicellular organisms, which are single-celled entities capable of performing
all the basic functions of life..Over evolutionary time, some organisms transitioned into
multicellular organisms, which consist of many specialised cells working together. This
transition allowed for division of labour, where different cells perform distinct roles such as
movement, digestion, or reproduction. Multicellularity also enabled the development of tissues
and organs, leading to greater complexity and adaptability.

Short description: Diagram showing transition from unicellular organisms to multicellular
organisms.
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Caption: Figure 2.1 Transition from unicellular to multicellular organisms
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Fill in the blank: Organisms made up of a single cell are called organisms.
2.1.2 Advantages and challenges of multicellularity

The evolution of multicellularity brought several advantages. It allowed organisms to grow
larger, occupy new ecological niches, and develop specialised structures for survival. For
example, multicellular animals can form protective coverings, complex digestive systems, and
advanced sensory organs. However, multicellularity also introduced challenges, such as the need
for effective communication between cells, coordination of growth, and distribution of nutrients.
These challenges were overcome through the evolution of circulatory systems, signalling
pathways, and regulatory mechanisms.

Table 2.2 Advantages and challenges of multicellularity

Feature Advantage (The "Pros") Challenge (The "Cons'")
' Increased Size: Allows animals to Transport Limits: Nutrients and
Size and . .
Scale escape predation, move faster, and oxygen cannot reach deep internal cells
dominate their environment. through simple diffusion alone.

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



Feature Advantage (The "Pros") Challenge (The "Cons'")

Division of Labor: Different cells Dependency: Specialized cells lose the
Specialization [perform specific tasks (e.g., muscle ability to survive independently; if one

for movement, nerves for sensing). system fails, the whole organism dies.

Cell Turnover: The death of an Complexity of Aging:Errorsin cell
Lifespan individual cell does not mean the division can lead to senescence or

death of the organism (regeneration). funcontrolled growth (cancer).

Buffered Environment: Internal Energy Demand: Maintaining a stable
Homeostasis |cells are protected from external internal environment requires a
fluctuations in temperature or pH. significantly higher caloric intake.

Gamete Protection: Multicellularity —[Slower Cyeles: Development from a

Reproduction [allows for complex reproductive single zygote to a complex adult takes
organs and parental care. much longer than simple binary fission.
Fill in the blank: One challenge of multicellularity is the need for effective between cells.

Pilot questions 2.1

What is meant by unicellular organisms?

What is multicellularity?

Name one advantage of multicellularity.

Name one challenge of multicellularity.

Why was the transition to multicellularity important in animal evolution?

2.2 Embryonic Layers And Tissue Organisation
2.2.1 Formation of germ layers during development

During early embryonic development, animals form germ layers, which are groups of cells that
give rise to tissues and organs. The primary germ layers are the ectoderm, mesoderm, and
endoderm. The ectoderm develops into structures such as the skin and nervous system, the
mesoderm forms muscles, bones, and circulatory systems, while the endoderm gives rise to the
digestive tract and associated organs. The formation of germ layers is a critical step in
establishing the body plan of an animal.

)
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Short description: Diagram showing the three germ layers (ectoderm, mesoderm, endoderm) and
their derivatives.
Caption: Figure 2.3 Germ layers and their derivatives
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Fill in the blank: The develops into the digestive tract and associated organs.

2.2.2 Diploblastic and triploblastic oxrganisation

Animals can be classified based on the number of germ layers they possess. Diploblastic
animals have two‘germ layers, the ectoderm and endoderm, and examples include cnidarians
such as jellyfish. Triploblastic animals have three germ layers, including the mesoderm, and
examples include most bilaterians such as worms, insects, and vertebrates. The presence of the
mesoderm allows for greater complexity, as it gives rise to muscles, circulatory systems, and
other specialised structures.

Table 2.4 Diploblastic and triploblastic organisation

Feature Diploblastic Animals Triploblastic Animals
Number of
Germ Layers Two (2) Three (3)
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Feature Diploblastic Animals Triploblastic Animals

Primary Germ |Ectoderm (outer) and Endoderm |Ectoderm, Mesoderm (middle), and

Layers (inner). Endoderm.

Intermediate Mesoglea: A non-living, jelly-like |[Mesoderm: A living cellular layer that
Layer undifferentiated layer. develops into muscles and organs.
Body Symmetry [Usually Radial Symmetry. Usually Bilateral Symmetry.

Coelom (Body
Cavity)

Present (Acoelomate, Pseudocoelomate,

Absent (No true internal cavity). or Coelomate)

Organ Systems Simple; lack complex circulatorys |Complex; well-developed organs and

or respiratory systems. systems (nervous, circulatory, etc.).
Cnidarians (Jellyfish, Sea %‘latworms, Mollusks, Arthropods,

Examples Anemones, Corals) and Echinoderms, and Chordates (Fish,
Ctenophores (Comb Jellies). Birds, Humans).

Fill in the blank: Animals with three germ layers, including the mesoderm, are called
animals.

Pilot questions 2.2

What are germlayers in embryonic development?

Name the three primary germ layers.

Which germ layer forms muscles and bones?

What is the difference between diploblastic and triploblastic animals?
Give one example of a diploblastic animal.

2.3 Developmental Modes In Animals

2.3.1 Protostome development

)
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In embryology, animals can be grouped based on how the blastopore, the first opening formed
during early development, develops. In protostomes, the blastopore becomes the mouth. This
group includes animals such as annelids, molluscs, and arthropods. Protostomes typically show
spiral cleavage, where cells divide in a spiral arrangement, and determinate development,
meaning the fate of each embryonic cell is fixed early. These features ensure that protostomes
develop into highly specialised and diverse organisms.

[Insert figure here]

Short description: Diagram showing protostome development with blastopore forming the
mouth.

Caption: Figure 2.5 Protostome development
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Fill in the blank: In protostomes, the blastopore develops into the
2.3.2 Deuterostome development

In contrast, deuterostomes are animals in which the blastopore develops into the anus, with the
mouth forming later. This group includes echinoderms and chordates. Deuterostomes typically
exhibit radial cleavage, where cells divide symmetrically, and indeterminate development,
meaning embryonic cells retain the potential to form a complete organism. This flexibility is why
identical twins can occur in humans, who are deuterostomes. Deuterostome development is
associated with greater evolutionary complexity and has given rise to many advanced animal
groups.

[Insert figure here]
Short description: Diagram showing deuterostome development with blastopore forming the

anus.
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Caption: Figure 2.6 Deuterostome development
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Fill in the blank: In deuterostomes, the blastopore develops into the

Pilot questions 2.3

What is the blastopore in embryonic development?

In protostomes, what does the blastopore develop into?

Name one example of a protostome animal.

In deuterostomes, what does the blastopore develop into?

Why is indeterminate development significant in deuterostomes?

Series Summary

This Series explored the foundations of multicellularity, embryonic layers, and developmental
modes, which are central to understanding how animals evolved complexity and diversity. We
began by examining the transition from unicellular to multicellular organisms, highlighting both
the advantages and challenges of this evolutionary step. Then, we studied the formation of germ
layers during embryonic development, distinguishing between diploblastic and triploblastic
organisation. Finally, we analysed developmental modes, comparing protostomes and
deuterostomes and their significance in animal classification.

By completing this Series, you should now be able to explain the transition to multicellularity,
analyse its advantages and challenges, describe the formation of germ layers, distinguish
between diploblastic and triploblastic animals, and compare protostome and deuterostome
developmental modes. These outcomes align directly with the Series Learning Outcomes,
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equipping you with essential knowledge for interpreting animal diversity and evolutionary
relationships.

Glossary of Terms

Blastopore: The first opening formed during early embryonic development, which becomes
the mouth in protostomes and the anus in deuterostomes.

Diploblastic animals: Animals with two germ layers, the ectoderm and endoderm.

Endoderm: The innermost germ layer that forms the digestive tract and associated organs.

Ectoderm: The outer germ layer that forms the skin and nervous system.

Germ layers: Groups of cells in the embryo that give rise to tissues and organs.

Mesoderm: The middle germ layer that forms muscles, bones, and circulatory systems.

Multicellularity: The condition of being composed of many specialised cells working
together.

Protostomes: Animals in which the blastopore develops into the mouth.

Radial cleavage: Symmetrical cell division during embryonic development, typical of

deuterostomes.

Spiral cleavage: Asymmetrical cell division during embryonic development, typical of
protostomes.

Triploblastic animals: Animals with three germ layers: ectoderm, mesoderm, and
endoderm.

Concept Check Questions 2

Objective questions

Organisms made up of a single cell are called organisms. (Linked to SLO 2.1)

One challenge of multicellularity is the need for effective between cells. (Linked to
SLO 2.2)

The develops into the digestive tract and associated organs. (Linked to SLO 2.3)

Animals with three germ layers are called animals. (Linked to SLO 2.4)

In protostomes; the blastopoere develops into the . (Linked to SLO 2.5)

Short-answer questions

6. Define multicellularity. (Linked to SLO 2.1)

7. Give one advantage of multicellularity. (Linked to SLO 2.2)

8. Name the three primary germ layers. (Linked to SLO 2.3)

9. What is the difference between diploblastic and triploblastic animals? (Linked to SLO 2.4)
10. Why is indeterminate development significant in deuterostomes? (Linked to SLO 2.5)

Long-answer questions

11. Explain the evolutionary importance of the transition from unicellular to multicellular
organisms. (Linked to SLO 2.1 & 2.2)

12. Analyse the role of germ layers in animal development, giving examples of structures
formed. (Linked to SLO 2.3 & 2.4)
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13. Compare protostome and deuterostome developmental modes, highlighting their differences
and significance. (Linked to SLO 2.5)

Answers to Concept Check Questions 2
Objective questions

Unicellular.
Communication.
Endoderm.
Triploblastic.
Mouth.

Short-answer questions

6. Multicellularity is the condition of being composed of many specialised cells working
together.

7. It allows organisms to grow larger and develop specialised structures.

8. Ectoderm, mesoderm, endoderm.

9. Diploblastic animals have two germ layers, while triploblastic animals have three.

10. It allows embryonic cells to retain the potential to form a complete organism.

Long-answer questions

11. Basic response: The transition enabled division of labour and greater complexity.
Value-added response: It also allowed-animals to occupy new ecological niches and evolve
specialised systems.

Basic response: Germ layers form tissues and organs such as skin, muscles, and digestive
systems.
Value-added response: They provide the foundation for complex body plans and
evolutionary diversification.

Basic response: Protostomes form the mouth from the blastopore, while deuterostomes form
the anus first.
Value-added response: These differences reflect distinct evolutionary pathways and
explain the diversity of animal groups.

Answers to Pilot Questions 2
Part 2.1

Single-celled organisms.

Organisms made of many specialised cells.
Growth and specialisation.
Communication between cells.

It allowed complexity and adaptability.

Part 2.2
)
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Groups of cells that form tissues and organs.

Ectoderm, mesoderm, endoderm.

Mesoderm.

Diploblastic animals have two germ layers, triploblastic animals have three.
Cnidarians.

Part 2.3

The first opening formed during embryonic development.
Mouth.
Molluscs.
Anus.
It allows flexibility in development, leading to phenomena such as identical twins.

References And Attributions 2
Ilustration placeholders suggested in Series 2:

Figure 2.1 Transition from unicellular to multicellular organisms
Table 2.2 Advantages and challenges of multicellularity

Figure 2.3 Germ layers and:their derivatives

Table 2.4 Diploblastic and triploblastic organisation

Figure 2.5 Protostome development

Figure 2.6 Deuterostome development

Al prompt suggestions used for illustration placeholders:

Diagram showing unicellular to multicellular transition.
Table listing advantages and challenges of multicellularity.
Diagram showing germ layers and derivatives.

Table comparing diploblastic and triploblastic animals.
Diagram showing protostome development.

Diagram showing deuterostome development.
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“deuterostome development diagram OER”
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700102 Series 3: Principles Of Animal Classification And
Phylogenetics

Part 3.1 Basis of animal classification
3.1.1 Principles of classification
3.1.2 Terminology used in classification
Part 3.2 Comparative aspects of classification
3.2.1 Differences in classification approaches
3.2.2 Similarities across classification systems
Part 3.3 Phylogenetic principles and tree of life

3.3.1 Major features of the animal phylogenetic tree
3.3.2 Evolutionary relationships and their significance

Introduction

In the last Series, we explored multicellularity, embryonic layers, and developmental modes,
which provided a foundation for understanding how animals develop and diversify. Building on
that knowledge, this Series focuses on the principles of classification and phylogenetics, which
are essential for organising and interpreting the vast diversity of animal life. Classification
provides a systematic framework for naming and grouping animals, while phylogenetics reveals
their evolutionary relationships.

The aim of this Series is'to explain the principles and terminology of animal classification,
compare different approaches to classification, and analyse the phylogenetic tree to understand
evolutionary connections among animals.

We shall commence this Series by examining the basis of animal classification, including its
principles and terminology. Next, we will consider comparative aspects of classification,
highlighting both differences and similarities across systems. Finally, we will conclude with
phylogenetic principles, exploring the major features of the animal phylogenetic tree and the
significance of evolutionary relationships.

Series Learning QOutcomes

Upon completing this Series, you should be able to:

)
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SLO 3.1 define the principles of animal classification,

SLO 3.2 explain key terminology used in classification,

SLO 3.3 analyse differences in classification approaches,

SLO 3.4 identify similarities across classification systems,

SLO 3.5 describe the major features of the animal phylogenetic tree, and

SLO 3.6 evaluate evolutionary relationships and their significance in animal diversity.

3.1 Basis Of Animal Classification
3.1.1 Principles of classification

The study of animal diversity requires a systematic way of grouping organisms. Classification is
the scientific process of organising animals into categories based on shared characteristics. The
principles of classification include grouping by structural features, developmental patterns, and
evolutionary relationships. For example, animals may be classified according to their body
symmetry, presence of a body cavity, or mode of development. These principles ensure
consistency and allow zoologists to communicate findings clearly-across the scientific
community.

Short description: Diagram showing classification prineiples such as symmetry, body cavity, and
developmental mode.

Caption: Figure 3.1 Principles of animal classification
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Fill in the blank: The scientific process of organising animals into categories based on shared
characteristics is called

3.1.2 Terminology used in classification
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Animal classification relies on specific terminology, which provides precision and avoids
confusion. For instance, taxonomy refers to the science of naming and classifying organisms,
while systematics is the broader study of biological diversity and evolutionary relationships. The
term binomial nomenclature describes the two-part naming system introduced by Linnaeus,
where each species is given a genus name and a specific epithet. Other important terms include
order, family, and phylum, which represent different hierarchical levels in classification.

Box 3.2 Key terminology in animal classification

Term Definition Contextual Example

The science of naming,
Taxonomy describing, and classifying
organisms.

The process of officially naming a newly
discovered species of beetle.

The evolutionary history
Phylogeny and relationships of'a group
of organisms.

A "tree of life" showing how humans and
chimpanzees share a common ancestor.

The two-part naming

Binomial system (Genus + species) .
Nomenclature [introduced by Carl Canis lupus (the gray wolf).
Linnaeus.

A specific group or rank in
a biological classification "Mammalia" is a taxon at the Class level.
System.

Taxon (pl.
Taxa)

The sequence: Kingdom $\rightarrow$ Phylum
S\rightarrow$ Class $\rightarrow$ Order
S\rightarrow$ Family $\rightarrow$ Genus
$\rightarrow$ Species.

A nested system of ranking
Hierarchy where each level includes
all levels below it.

A group consisting of a
Clade common ancestor and all its
descendants.

"Dinosauria" is a clade that includes both T-
Rex and modern birds.

)
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Term Definition Contextual Example

Similarity in traits due to The bone structure in a human arm and a

Homology shared ancestry. whale's flipper.

Similarity in traits due to
lAnalogy convergent evolution (not
shared ancestry).

The wings of a butterfly and the wings of a
bird.

Fill in the blank: The two-part naming system introduced by Linnaeus is called
nomenclature.

Pilot questions 3.1

What is classification in zoology?

Name one principle used in animal classification.

What is taxonomy?

What is binomial nomenclature?

Give one example of a hierarchical level in classification.

3.2 Comparative Aspects Of Classification
3.2.1 Differences in classification approaches

Animal classification has evolved through different approaches, each with its own emphasis.
Traditional classification often relied on observable physical traits such as body structure and
symmetry. In contrast, modern classification incorporates genetic data and evolutionary
relationships. For example, phenetics groups organisms based on overall similarity, while
cladistics focuses on shared derived characteristics to establish evolutionary lineages. These
differences highlight how classification systems can vary depending on whether the emphasis is
on appearance, function, or ancestry.

Short description: Diagram comparing traditional classification (based on traits) and modern
classification (based on genetics and phylogeny).

)
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Caption: Figure 3.3 Differences in classification approaches

ANIMAL CLASSIFICATION: OER TRADITIONAL VS. MODERN APPROACHES |

" GEOLOGY RESOURCES

[z
1. TRADITIONAL CLASSIFICATION: k 1.2. ANALYSIS & INTERPRETATION 1.3. TRADITIONAL TAXONOMIC HIERARCHY
TRAIT-BASED APPROACH (PHENETICS) (Phenetic Analysis) (Repurposing <IMAGE 3> nested hierarchy, but for taxa example)
1.1. DATA COLLECTION: MORPHOLOGICAL TRAITS MEASURING SHARED ~ NUMERICAL A. RANK-BASED SYSTEM
SKELETAL REPRODUCTIVE | HOMOLOGOUS vs. CHARACTERS TAXONOMY (Example: Felidae, Carnivora, Mammalia)
AU T | e NS .S;‘&“.&m;im";:':&%ﬁ"“".’ﬁg e L) v Y
m W) corpmertite, MM" diverse species: €.0., <IMAGE 1) ,: SPECIES
NEACE= (Concep)
W =[x x = x
bl DD
EXTERNAL FEATURES - 7~ SYNERGISTIC
U S e | O TN e e [ callli

@ ‘ [[secTioN 7] ['secion sl
2. MODERN CLASSIFICATION

: s 2.2. ANALYSIS & INTERPRETATION 2.3. MODERN PHYLOGENETIC CLADOGRAM
GENETICS-BASED APPROACH (PHYLOGENETICS) b (Phylogenetic Reconstruction) (Repurposing <IMAGE > cladogram and 3D model)
2.1. DATA COLLECTION: MOI.ECULAR GENETICS RECONSTRUCTING EVOUTEITIONIZING ANIMAL TREE OF LIFE 3D INTEGRATED
rRNA, miDNA, nDNA GENETIC SEQUENCES EVOLUTIONARY HISTORY r’ TRAJECTTORSERY {based on molecular and morpholegical datz)  PHYLOGENETIC MODEL
(Sequence data) oenee?tof well Iogw 2.
chart i seonces fo S ATACTENG " | SYNTHETIC IMPRESSIONS:
PCR, cIMAGE > iverse arimals) (STNAPOUORPHES) | DATAINTEGRATION &
SE%G':EJ)M 4»"0“0”““ T TREE cfgnsmucr ON
GENOMICDATA AN ] MAJOR
‘?ﬁ“&}ﬁ?ﬂu’ﬁn‘f&ﬁfﬁﬁf EVOLUTI%N%%? EVENTS mefl?:‘iykgﬂ%“iﬂs'm T T T] o ww.Eva.SET;logmv ) : THE TREE OF |
Fill in the blank: Cladistics focuses on shared characteristics to establish evolutionary

lineages.
3.2.2 Similarities across classification systems

Despite their differences, classification systems share important similarities. All systems aim to
organise animals in a logical way, provide consistency in naming, and reflect relationships
among organisms. Whether using phenetics, cladistics, or molecular systematics, the ultimate
goal is to make sense of animal diversity and provide a framework for scientific communication.
These similarities ensure that zoologists can compare findings across different systems and still
maintain coherence in understanding animal diversity.

Box 3.4 Similarities across classification systems

Feature Description Shared Utility

IAllows for "zooming in" from broad
categories (Kingdom) to specific ones
(Species).

Hierarchical Organizing life into nested groups
Structure (sets within sets).
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Feature Description Shared Utility

Assigni isms to defi : .
ssigning organisms to defined Provides a standardized "bucket" for

Use of Taxa groups called "taxa" (singular: sorting biological diversity.
taxon).
. . Relying on specific traits Ensures that membership 1n a group.is
Diagnostic . . :
(morphological, anatomical, or based on observable evidence rather
Characters . :
genetic) to define groups. than random choiee.

Often using "Presence vs. Absence" [Forms the basis of Dichotomous Keys

Bi Logi . . . . )
tnary Logic of a trait to bifurcate groups. used for field identification.
. S . Elimi fusi
Universal Historically and modernly using . 1m1natis oosion caus”e d by
. egional."common names" (e.g.,
Language Latin or Greek roots for names. .
cougar vs. mountain lion).
. Treating the "Species" as the LProvides a consistent baseline for
The Species . . . . oL . .
Concept fundamental, irreducible unit.of counting biodiversity and enforcing
biological reality. conservation laws.
Fill in the blank: All classification systems aim to provide consistency in across
organisms.
Pilot questions 3.2

What is the main difference between traditional and modern classification approaches?
What does phenetics emphasise in classification?

What does cladistics focus on?

Name one similarity shared by all classification systems.

Why are similarities across classification systems important for zoologists?

3.3 Phylogenetic Principles And Tree Of Life

3.3.1 Major features of the animal phylogenetic tree

)
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The phylogenetic tree is a diagram that represents evolutionary relationships among organisms.
In animals, it shows how different groups diverged from common ancestors over time. Key
features include branching points, which indicate evolutionary splits, and nodes, which represent
common ancestors. The tree highlights major divisions such as protostomes and deuterostomes,
and further subdivisions into phyla like Arthropoda, Mollusca, and Chordata. Studying the
phylogenetic tree helps us trace the evolutionary pathways that led to the diversity of animal life.

Short description: Diagram of the animal phylogenetic tree showing major phyla and branching
points.
Captlon Figure 3.5 Major features of the animal phylogenetic tree

METAZOA: THE ANIMAL OER PHYLOGENETIC TREE & MAJOR BRANCHES

Y RESOURCES

SECTION 4.]
ANCESTRAL METAZOAN i 4. SYNTHETIC IMPRESSIONS:
(Muticellularity) E DATA INTEGRATION & TREE CONSTRUCTION
'SECTION 2. ‘ METAZOAN PHYLOGENY 3D INTEGRATED

A, PROTOSTOMES 1. METAZOAN CLADOGRAM & MAJOR PHYLA R
(Spiral Cleavage, Blastopore - Mouth) (based on molecular and morphological data) ; bt hers with a larger conosptual tree)

# 4
ECDYSOZOA METAZOA] (B DEUTEROSTOMES

(g,ognog?tth :‘Jlmsﬁ Jr;;{lsdeec)t L] (Radial Cleavage, Blastopore —» Anus)

N7 MAJOR EVOLUTIONARY
S % e . ) > EVENTS
g (CLOPHlO'II’BI})%(élggZOA cuonnxm Linn 2
oncept: < maring t of <IMAGE 1> lion, > 3
ARTHROPODA microfossil as representative, e.g., g%m@ebpdge:seammagmu 0 S0 100 150 20 25 consmﬁgnwgﬂml‘rg&nnﬂ
Bear, Toucan, Elephant,

(concept of <IMAGE 1> Mollusk, Annelid, Brachmpodj

insect) NEMATODA = Lizard - concepts repurposed
f as representatives)
) GENOMICS
Repurposing <IMAGE for detall) MOSC A MORPHOLOGY = (Molecular data) » GEULOGV
PROTOSTOME DEVELOPMENT feoncstl snely v sie?e'&'é'z'ﬁfifuﬁe’) ach ReCH oFgosriltps

/ i Tie panl\!“e:ggsotzsrl 2 g ECHINODERMATA DDEEUVTEEPD?’SJgP:qu diverse animals) it “&fé?@ffsf’
] ¥ - @“‘

= g MAJOR

BLASTOPORE - ANEELEA % =3 & EVOLUTIONARY

CLEAVAGE MOUTH 0P EVENTS

A.1. KEY TRAITS & TRAJECTORY PLATYHELMINTHES |5 B.1. KEY TRAITS & TRAJECTORY

Fill in the blank: Branching points in a phylogenetic tree indicate evolutionary
3.3.2 Evolutionary relationships and their significance

Evolutionary relationships explain how animals are connected through ancestry and adaptation.
By comparing genetic, structural, and developmental features, zoologists can determine how
closely related different groups are. For example, vertebrates share a common ancestor that gave
rise to fish, amphibians, reptiles, birds, and mammals. These relationships are significant because
they provide insights into how traits evolved, how species adapted to environments, and how
biodiversity developed over time. Phylogenetics also supports conservation efforts by identifying
evolutionary distinct species that may require protection.

Box 3.6 Significance of evolutionary relationships
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Significance

Core Impact Real-World Application
Area P PP
. Allows scientists to apply Using Fruit Flies (Drosophila) or
Comparative . . . .
. findings from one species to its Z.ebrafish to understand human genetic
Biology . .
close relatives. diseases.

Understanding that a bat's wing and a

Distinguishes between Homology human's arm share.the same bone

Tracing Trait (shared ancestry) and Analogy

Evolution . structure, while a bird's wing evolved
(convergent evolution). .
differently.
. [dentifies "Evolutionarily Prioritizing the Platypus or Aardvark
Conservation e . ;
Priorit Distinct" species that have no for protection to prevent the loss of
y close living relatives. unique evolutionary lineages.
. . Predicts the presence of bioactive  (Identifying relatives of the Horseshoe
Biomedical . . .
compounds or physiological Crab to find alternative sources for
Research . .
responses. medical testing agents.
Explains the development of Mapping how specialized pollinators
Ecological Role |[specialized.nichesand co- (like certain bats) evolved alongside
evolutionary patterns. specific flowering plants.

Fill in the blank:-Vertebrates share a common ancestor that gave rise to fish, amphibians,
reptiles, birds, and

Pilot questions 3.3

What is a phylogenetic tree?

What do nodes in a phylogenetic tree represent?

Name one major division shown in the animal phylogenetic tree.
What are evolutionary relationships?

Why are evolutionary relationships significant in conservation?

Series Summary

)
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This Series focused on the principles of animal classification and phylogenetics, which are
essential for organising and interpreting the diversity of animal life. We began by exploring the
basis of classification, including its principles and the terminology used. Then, we examined
comparative aspects of classification, highlighting both differences and similarities across
systems. Finally, we studied phylogenetic principles, looking at the major features of the animal
phylogenetic tree and the significance of evolutionary relationships.

By completing this Series, you should now be able to define the principles of classification,
explain key terminology, analyse differences in classification approaches, identify similarities
across systems, describe the features of the phylogenetic tree, and evaluate evolutionary
relationships. These achievements align directly with the Series Learning Outcomes, equipping
you with the skills to interpret animal diversity within a scientific and evolutionary framework.

Glossary of Terms

Binomial nomenclature: The two-part naming system introduced by Linnaeus, consisting of
genus and species names.

Cladistics: A classification approach that groups organisms based on shared derived
characteristics.

Classification: The scientific process of organising animals into categories based on shared
features.

Nodes: Points in a phylogenetic tree that represent common ancestors.

Phenetics: A classification approach that groups organisms based on overall similarity.

Phylogenetic tree: A diagram showing evolutionary relationships among organisms.

Systematics: The study of biological diversity and evolutionary relationships.

Taxonomy: The science of naming and classifying organisms.

Concept Check Questions 3
Objective questions

The scientific process of organising animals into categories based on shared features is called
. (Linked to SLO 3.1)

The two-part naming system introduced by Linnaeus is called nomenclature. (Linked
to SLO 3.2)
Phenetics groups organisms based on overall . (Linked to SLO 3.3)

Nodes in a phylogenetic tree represent common . (Linked to SLO 3.5)
Vertebrates share a common ancestor that gave rise to fish, amphibians, reptiles, birds, and
. (Linked to SLO 3.6)

Short-answer questions

6. Define taxonomy. (Linked to SLO 3.2)

7. What is the main difference between traditional and modern classification approaches?
(Linked to SLO 3.3)

8. Name one similarity shared by all classification systems. (Linked to SLO 3.4)
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9. What is a phylogenetic tree? (Linked to SLO 3.5)
10. Why are evolutionary relationships significant in conservation? (Linked to SLO 3.6)

Long-answer questions

11. Explain the principles of animal classification and why they are important. (Linked to SLO
3.1)

12. Analyse the differences and similarities between phenetics and cladistics. (Linked to SLO 3.3
& 3.4)

13. Evaluate the significance of evolutionary relationships in understanding biodiversity. (Linked
to SLO 3.6)

Answers to Concept Check Questions 3
Objective questions

Classification.
Binomial.
Similarity.
Ancestors.
Mammals.

Short-answer questions

6. Taxonomy is the science of naming and classifying organisms.

7. Traditional approaches rely on physieal traits, while modern approaches use genetic and
evolutionary data.

8. All systems aim to organise diversity logically and provide consistency in naming.

9. A phylogenetic tree is a diagram showing evolutionary relationships among organisms.
10. They help identify species that are evolutionarily distinct and may need protection.

Long-answer questions

11. Basic response: Classification groups animals based on shared features, making study and
communication easier.

Value-added response: It also provides a framework for understanding evolutionary history and
ecological roles.

Basic response: Phenetics groups organisms by overall similarity, while cladistics uses
shared derived traits.
Value-added response: Both approaches aim to organise diversity, but cladistics better
reflects evolutionary pathways.

Basic response: Evolutionary relationships show how animals are connected through
ancestry and adaptation.
Value-added response: They also explain biodiversity patterns, support conservation,
and highlight evolutionary distinct species.

Answers to Pilot Questions 3
)
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Part 3.1

Classification.
Symmetry.

Taxonomy.

Binomial nomenclature.
Phylum.

Part 3.2

Traditional uses traits, modern uses genetics.

Overall similarity.

Shared derived characteristics.

Consistency in naming.

They allow zoologists to compare findings coherently.

Part 3.3

A diagram showing evolutionary relationships.

Common ancestors.

Protostomes and deuterostomes.
Connections through ancestry and adaptation.
They help identify species that need protection.

References And Attributions 3
Ilustration placeholders suggested in Series 3:

Figure 3.1 Principles of animal classification

Box 3.2 Key terminology in animal classification

Figure 3.3 Differences in classification approaches
Box3:4 Similarities across classification systems

Figure 3.5 Major features of the animal phylogenetic tree
Box 3:6 Significance of evolutionary relationships

Al prompt suggestions used for illustration placeholders:

Diagram showing classification principles.

Box listing key terminology.

Diagram comparing traditional and modern classification.
Box listing similarities across systems.

Diagram of the phylogenetic tree.

Box listing significance of evolutionary relationships.

Open Educational Resource (OER) search strings suggested:
P
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“principles of animal classification diagram OER”

“animal classification terminology taxonomy binomial nomenclature OER”
“traditional vs modern animal classification diagram OER”

“similarities in animal classification systems OER”

“animal phylogenetic tree diagram OER”

“importance of evolutionary relationships animals OER”

General references (APA style):

Hickman, C. P., Roberts, L. S., Keen, S. L., Larson, A., Eisenhour, D. J., & I’Anson,
H. (2017). Integrated Principles of Zoology. McGraw-Hill Education.

Barnes, R. D. (1987). Invertebrate Zoology. Saunders College Publishing.

OER Commons. (n.d.). Animal classification and phylogenetics resources. Retrieved
from https://www.oercommons.org

700102 Series 4: Animal Systematics, Nomenclature; And Taxonomic
Trends

Part 4.1 Principles of animal systematics

4.1.1 Definition and scope of systematics

4.1.2 Role of systematics/in zoology
Part 4.2 Rules and practices of nomenclature

4.2.1 Binomial nomenclature and its application

4.2.2 International Code of Zoological Nomenclature (ICZN)
Part 4.3 Taxonomic trends and modern approaches

4.3.1 Historical.trends in taxonomy
4.3.2 Molecular systematics and current developments

Introduction

In the previous Series, we explored the principles of classification and phylogenetics, which
provided a framework for understanding evolutionary relationships among animals. Building on
that foundation, this Series focuses on animal systematics, nomenclature, and taxonomic trends.
These areas are crucial because they provide the rules and methods by which zoologists name,
classify, and organise the vast diversity of animal life.

The aim of this Series is to introduce you to the principles of systematics, explain the rules of
zoological nomenclature, and analyse taxonomic trends, including modern approaches such as
molecular systematics.

)
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We shall commence this Series by examining the principles of animal systematics, including its
definition, scope, and role in zoology. Next, we will explore the rules and practices of
nomenclature, focusing on binomial nomenclature and the International Code of Zoological
Nomenclature. Finally, we will conclude with taxonomic trends, tracing historical developments
and considering modern approaches such as molecular systematics.

Series Learning Outcomes
Upon completing this Series, you should be able to:

SLO 4.1 define animal systematics and explain its scope,

SLO 4.2 describe the role of systematics in zoology,

SLO 4.3 explain the principles of binomial nomenclature and its application,

SLO 4.4 outline the rules of the International Code of Zoological Nomenclature (ICZN),
SLO 4.5 analyse historical trends in taxonomy, and

SLO 4.6 evaluate modern approaches such as molecular systematics in animal taxonomy.

4.1 Principles Of Animal Systematics
4.1.1 Definition and scope of systematics

Systematics is the scientific study of the diversity of organisms and their relationships. It goes
beyond simple classification by incorporating evolutionary history, genetic data, and ecological
information to provide a comprehensive understanding of animals. The scope of systematics
includes identifying species, deseribing their characteristics, and determining their evolutionary
connections. This makes systematics a cornerstone of zoology, as it provides the framework for
organising and interpreting animal diversity.

Short description: Diagram showing the scope of systematics (identification, description,
classification, evolutionary relationships).

-

Do)

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



Caption: Figure 4.1 Scope of animal systematics

SCOPE OF SYSTEMATICS: OER CORE PRACTICES & INTERCONNECTIONS

[one 1] Mooe: |
1. IDENTIFICATION AMMAL STSTEMANICS 4. EVOLUTIONARY RELATIONSHIPS
(DETERMINING IDENTITY) (Defining the Study) (PHYLOGENETIC RECONSTRUCTION)
Key Name: TAXONOMIST NODE2.| i 4.1D CLADOGRAM

: 2. DESCRIPTION 3. CLASSIFICATION (Simplified from <IMAGE 1> microfossis,
GEOLOGIST:  KEY MORFHOLOGICAL | - | (CHARACTERIZING NEW & KNOWN SPECIES) [*] (NESTING & NAMING HIERARCHIES) ]:"> for nanesfor diverse species)

< peclogist
(e, TEsT svape, SKELETALSTRUCTURE) | [ mICROFOSSIL Repurposing of <IMAGE 3 BEAR TOUCAN )  ELEPHANT LIZARD
- (Biostratigraphy application) (& section cross-sections - inspired for taxa grouping)
AD)
& Scale B y
Microfossil == MORPHOMETRIC " PARSIMONY
B. VERTEBRATE DA ot ) CLADES .
{Example: Pathera feo) (Monophyletic SHARED DERIVED
KEY MORPHOLOGICAL i Groups) Cl TERS
CHARACTERS ‘ (SYNAPOMORPHIES)
(e.g., TEST SHAPE, 3
SKELETAL STRUCTURE) = M(gggﬂm%ggv 4.2 PHY{%&E&T@E&EL
NEW CHARACTER ':5?:555%9%8 RANK-BASED Bezr GIIN (transparent layers and data network)
USING TAXONOMIC £ TRAITS (2.0, 108E0 po et HIERARCHY Toucan
KEYS (conceptual) > LEA, BARK PATTERN for a inspired — inspired for ,{EXample: Chordata, Elephant Eem
7 ) or conceptual similar) ‘taxa grouping} .m_nmaha, Carnivora, Bear
LA C. INVERTEBRATE Felidae, Panthiera fac) Lizard EEm
w(i%:‘:aﬂ)sr%s DIAGNOSTIC (Example: Insect) @ KINGDOM RULE-BASED SYSTEM &
TRAITS p — “PHYLUM {Binomial Nomencizture - GENOMICS
am® H @) | e
» Bear CoEEEED
GENUS Jm Ty Tousan CoxmE
SPECIES MUSEUM BINOMIAL - ‘- Elephant
IDENTIFIED: DIAGNOSIS ~ SPECIMENS uomsum(mgg SPECIES s ) ;'f’ndsmf-
o e wmm
Pﬂ'mg’;) leo ETHOLOGICAL DATA  ciomabs Vs Covainete PHYLOGENETIC ALIGNMENT | & BAVESIAN SYNTHETIC IMPACT:
(Behavior, vocalization - concepts) intermedia) (Integrating evolutionary data) INFERENCE | CONSTRUCTING THE TREE OF LIFE

GEOLOSY RESOURCES

Fill in the blank: The scientific study of the diversity of erganisms and their relationships is
called .

4.1.2 Role of systematics in zoology

Systematics plays a vital role in zoology by providing a structured way to study animals. It helps
zoologists identify new species, trace evolutionary pathways, and understand ecological
interactions. For example, systematics allows scientists to place newly discovered species within
the broader tree of life; ensuring they are correctly classified and named. It also supports
conservation efforts by identifying species that are rare or endangered, and by clarifying their
evolutionary significance.

Box 4.2 Role of systematics in zoology

Role Description Real-World Example

Distinguishing the African Bush
Elephant (Loxodonta africana) from the
African Forest Elephant (Loxodonta
cyclotis).

Providing a universal language
(Scientific Names) to distinguish
between similar animals.

Species
TIdentification
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Role Description Real-World Example
. Reconstructing the Phylogeny Using DNA and fossils to prove that
Evolutionary . . .
Mapbin (ancestral history) to see how Birds are the direct descendants of
ppiig different groups evolved. Theropod dinosaurs.
Biodiversit Cataloging the Earth's fauna to Discovering "cryptic species" of giraffes
y identify "Hotspots" that need that look identical but have not interbred
Inventory . o1
urgent protection. for a million years.
. L. Allowing scientists to predict the |[[f a new species of Cone Snail is found,
Predictive . . . . -
traits of an unknown species systematists predict it will have
'Value . . . .
based on its relatives. venomous harpoons.like its cousins.
Biosecurity & Identlfylng invasive species or Corrfactly identifying which .spec1ﬁ(.:
disease vectors that threaten species.of Anopheles mosquito carries
Health . . .
ecosystems or humans. Malaria in a particular region.
Fill in the blank: Systematics supports efforts by identifying species that are rare or
endangered.

Pilot questions 4.1

What is systematics?

What is the scope of systematics?

Name one role of systematics in zoology.

How does systematics support conservation?

Why is systematics considered a cornerstone of zoology?

4.2 Rules And Practices Of Nomenclature
4.2.1 Binomial nomenclature and its application

Binomial nomenclature is the formal system of naming species using two Latinised names. The
first name represents the genus, while the second is the specific epithet, together forming the
scientific name of an organism. For example, Homo sapiens refers to humans, where Homo is the
genus and sapiens is the specific epithet. This system, introduced by Carl Linnaeus, ensures that
each species has a unique and universally recognised name. Binomial nomenclature avoids

)
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confusion caused by local or common names and provides consistency across languages and
regions.

Short description: Diagram showing the structure of binomial nomenclature with examples
(Homo sapiens, Panthera leo).
Captlon Figure 4.3 Binomial nomenclature structure and examples

BINOMIAL NOMENCLATURE: OER UNIVERSAL TWO-NAME SYSTEM

‘secrion s, MEREEEN scrions. I
A. GENUS & SPECIFIC EPITHET FORMAL STRUCTURE: l’::> B. GENUS & SPECIFIC EPITHET
EXAMPLE 1: ANIMAL GENUS & SPECIFIC EPITHET , EXAMPLE 2: PLANT
GENUS SPECIFIC EPITHET GENUS SPECIFIC EPITHET
(e.g., Panthera) (e.g., leo) 1. HIERARCHICAL STRUCTURE (e.g., Quercus) (e.g., alba)

(Repurposed from <IMAGE 0>, now showing examples)

ACORN LOBED
FRUIT 0L~ | EAF
LOBED 3\
LEAF ~~ BARK
0 (White) PATTERN

B.2. RELATED SPECIES IN

= | R
Quercus alba .

(WHITE OAK) Quercus rubra Quercus suber

(REDOAK)  (CORK OAK)
C. GENUS & SPECIFIC EPITHET

EXAMPLE 3: MICROFOSSIL
(Biostratigraphy application)

.. 8
MORPHOLOGY KEY TRATS VOCALIZATION

A.2. RELATED SPECIES IN Panthera
GENUS SPECIFIC EPITHET C.1. GENUS KEY TRAITS | C.2. RELATED SPECIES
28 T"s € concplualy) (e.g., Gavelinella) (90 intermedia) " (Gavelinella) "IN Gavelinelia
) : | TEST SHAPE Q. ?’é @
Pantherapardus Panrhera Ilgns Panthera onca -4 o Mﬁm}?ﬁ’ém ' 4& ) =" | Gavelinella Gavelinella
(LEOPARD) (TIGER) (JAGUAR) Gavelinella intermedia|| Gavelinella intermedia ammonoides  pertusa
Key unique traits Key unique traits Key unique traits APERTURE (FORAMINIFERA) (FORAMINIFERA) Unique traits ~ Unique traits
Fill in the blank: In binomial nomenclature, the first name represents the of the
organism.

4.2.2 International Code of Zoological Nomenclature (ICZN)

The International Code of Zoological Nomenclature (ICZN) provides the rules and guidelines
for naming animals. It ensures that names are applied consistently and that each species has only
one valid scientific name. The ICZN covers aspects such as priority (the earliest valid name takes
precedence), publication requirements, and the correct formation of names. For example, if two
scientists independently name the same species, the name published first is considered valid. The
ICZN 1s essential for maintaining order in zoological naming and preventing duplication or
ambiguity.

Box 4.4 Key rules of the ICZN
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Principle

Core Rule

Objective

Principle of
Priority

The oldest validly published name for a
taxon (starting from 1758) is the correct
one.

Prevents multiple names for the
same animal; the "first" name
wins.

Principle of
Binomial
Nomenclature

Every species name must consist of two
parts: a Genus and a Specific Epithet.

Ensures a standardized, two-
part naming structure (e.g.,
\Panthera-eo).

Principle of
Homonymy

The same name cannot be used for two
different taxa.

IAvoids confusion; the junior
homonym must be replaced or
renamed.

Principle of
Typification

Every nominal taxon must be tied to a
physical Type Specimen (Holotype).

Provides an objective point of
reference to define what the
name represents.

Principle of
Coordination

A name established within a "group"”
(e.g., Family or Species) is
automatically established for all ranks
in that group.

Simplifies the naming of
subgenera, subspecies, or
subfamilies.

Principle of
Publication

IFor a name to be valid, it must be
published in'a permanent, widely
accessible medium.

Ensures that new names are
formally shared and archived
for the scientific community.

Fill in the blank: According to the ICZN, the earliest validly published name of a species has
over later names.

Pilot questions 4.2

What is binomial nomenclature?

Who introduced binomial nomenclature?

What does the ICZN regulate?

What rule ensures that the earliest valid name of a species is accepted?
Why is the ICZN important in zoology?

)
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4.3 Taxonomic Trends And Modern Approaches
4.3.1 Historical trends in taxonomy

Taxonomy has a long history, beginning with early attempts to classify animals based on
observable traits. Aristotle, for example, grouped animals according to whether they had blood or
not. Later, Carl Linnaeus introduced a more systematic approach with binomial nomenclature,
which gave each species a unique two-part name. Over time, taxonomy evolved to include
comparative anatomy, embryology, and fossil records. These historical trends show how
taxonomy gradually shifted from simple descriptive groupings to more scientific and evidence-
based systems.

Short description: Timeline diagram showing historical trends in taxonomy (Aristotle, Linnaeus,
comparative anatomy, fossil records).
Captlon Figure 4.5 Historical trends in taxonomy

HISTORICAL TRENDS IN TAXONOMY: OER FROM ARISTOTLE TO MODERN APPROACHES

GEOLOGY RESOURCES

TION
1. ANCIENT CLASSICAL TAXONOMY 3. LINNAEAN SYSTEM 4. EVOLUTIONARY & NATURAL SYSTEMS
(c. 384-322 BC) (1735, 1753) (19th Cent)
KEY N.AME: Amsron.smmLs 2 PRELINNAEAN ERA KEY NAME: CAROLUS LINNAEUS KEY NAME: CHARLES DARWIN, ERNST HAECKEL
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Fill i the blank: Carl Linnaeus introduced a systematic approach to taxonomy using
nomenclature.

4.3.2 Molecular systematics and current developments

Modern taxonomy increasingly relies on molecular systematics, which uses DNA, RNA, and
protein data to determine evolutionary relationships. This approach provides greater accuracy
than traditional methods, as genetic evidence can reveal connections not obvious from physical
traits alone. For example, molecular studies have clarified relationships among vertebrates and
reshaped our understanding of invertebrate groups. Current developments also include
computational tools and bioinformatics, which allow scientists to analyse large datasets and
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construct detailed phylogenetic trees. These advances ensure taxonomy remains dynamic and
responsive to new discoveries.

Box 4.6 Modern approaches in taxonomy

Approach Core Methodology Primary Application
Analyzing DNA, RNA, and Building Phylogenetic Trees that
Molecular . . .
. protein sequences to determine reflect true genetic ancestry rather than
Systematics . . . . ! N, .
evolutionary relationships. just physical similarity.
Using a short, standardized gene  [Rapidly identifying unknown
DNA Barcoding sequence (e.g., CO1 in animals)  |specimens, larvae, or fragmented
as a unique "ID card." biological samples.
Using specialized softwate and IAligning thousands of gene sequences
Bioinformatics algorithms to process massive to find mutations and evolutionary
biological datasets. "branching points."
Clgss1f§{1ng organisms R on Common in botany and microbiology
their unique chemical . .
Chemotaxonomy . to distinguish between chemically
consififients RQEor gy distinct plant or fungal species
metabolites). p £a15P ’
Compasifie the number, shape, [dentifying "cryptic species" that have
. the same appearance but cannot
Cytotaxonomy and size of chromosomes .
(kabyotypes) interbreed due to chromosomal
Tyotypes). differences.

Fill in the blank: Modern taxonomy increasingly relies on

and protein data.

Pilot questions 4.3

systematics, which uses DNA

Who introduced binomial nomenclature in taxonomy?
Name one historical trend in taxonomy.
What is molecular systematics?

-

Do)
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Give one example of a modern tool used in taxonomy.
Why is molecular systematics considered more accurate than traditional methods?

Series Summary

This Series examined animal systematics, nomenclature, and taxonomic trends, which are
essential for organising and naming the vast diversity of animal life. We began by defining
systematics and exploring its scope, followed by a discussion of its role in zoology, including
species identification, evolutionary tracing, and conservation. Then, we studied the rules and
practices of nomenclature, focusing on binomial nomenclature and the International Code of
Zoological Nomenclature. Finally, we traced historical taxonomic trends and considered modern
approaches such as molecular systematics and bioinformatics.

By completing this Series, you should now be able to define systematics, describe its role in
zoology, explain binomial nomenclature, outline the rules of the ICZN, analyse historical
taxonomic trends, and evaluate modern approaches. These outcomes align directly with the
Series Learning Outcomes, equipping you with the skills to apply systematic and taxonomic
principles in zoological study.

Glossary of Terms

Binomial nomenclature: A two-part naming system for species, consisting of genus and
specific epithet.

ICZN (International Code of Zoological Nomenclature): The set of rules governing the
naming of animals.

Molecular systematics: The use of DNA, RNA, and protein data to study evolutionary
relationships.

Nomenclature: The system of naming organisms in a structured and consistent way.

Specific epithet: The second part of a species’ scientific name, identifying the species within
a genuss

Systematics: The scientific study of the diversity of organisms and their evolutionary
relationships.

Taxonomy: The science of classifying organisms into hierarchical groups.

Concept Check Questions 4
Objective questions

The scientific study of the diversity of organisms and their relationships is called
(Linked to SLO 4.1)

Systematics supports efforts by identifying rare or endangered species. (Linked to
SLO 4.2)
In binomial nomenclature, the first name represents the . (Linked to SLO 4.3)

)
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According to the ICZN, the earliest validly published name of a species has . (Linked
to SLO 4.4)
Modern taxonomy increasingly relies on systematics. (Linked to SLO 4.6)

Short-answer questions

6. Define systematics. (Linked to SLO 4.1)

7. Name one role of systematics in zoology. (Linked to SLO 4.2)
8. What is binomial nomenclature? (Linked to SLO 4.3)

9. What does the ICZN regulate? (Linked to SLO 4.4)

10. Name one modern tool used in taxonomy. (Linked to SLO 4.6)

Long-answer questions

11. Explain the scope of systematics and why it is important in zoology. (Linked to SLO 4.1 &
4.2)

12. Analyse the rules of binomial nomenclature and the ICZN, giving examples.(Linked to SLO
43 & 4.4)

13. Evaluate historical taxonomic trends and modern approaches such as molecular systematics.
(Linked to SLO 4.5 & 4.6)

Answers to Concept Check Questions 4
Objective questions

Systematics.
Conservation.
Genus.
Priority.
Molecular.

Short-answer questions

6. Systematics is the scientific study of the diversity of organisms and their evolutionary
relationships.

7. It helps identify new species.

8. A two-part naming system for species using genus and specific epithet.

9. It regulates the naming of animals to ensure consistency and uniqueness.

10. Bioinformatics.

Long-answer questions

11. Basic response: Systematics identifies, describes, and classifies animals, making zoological
study organised.

Value-added response: It also integrates evolutionary and ecological data, supporting
conservation and biodiversity research.

Basic response: Binomial nomenclature gives each species a unique name, while the ICZN
ensures rules are followed.

)
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Value-added response: Together, they provide global consistency, prevent duplication,
and maintain scientific clarity.

Basic response: Taxonomy evolved from descriptive groupings to scientific systems, and
molecular methods now provide accuracy.
Value-added response: Modern approaches, including computational tools, allow deeper
insights into evolutionary relationships and biodiversity.

Answers to Pilot Questions 4

Part 4.1

Systematics.

Identification, description, classification, evolutionary relationships.
Species identification.

By identifying rare or endangered species.

It provides the framework for zoology.

Part 4.2

A two-part naming system for species.

Carl Linnaeus.

Naming of animals.

Priority.

It ensures consistency and prevents duplication.

Part 4.3

Carl Linnaeus.
Comparative anatomy.
The use of DNA and protein data.
Bioinformatics.
Because genetic evidence reveals connections not obvious from traits alone.
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In the previous Series, we explored the principles of classification and phylogenetics, which
provided a framework for understanding evolutionary relationships among animals. Building on
that foundation, this Series focuses on animal systematics, nomenclature, and taxonomic trends.
These areas are crucial because they provide the rules and methods by which zoologists name,
classify, and organise the vast diversity of animal life.

The aim of this Series is to introduce you to the principles of systematics, explain the rules of
zoological nomenclature, and analyse taxonomic trends, including modern approaches such as
molecular systematics.

We shall commence this Series by examining the principles of animal systematics, including its
definition, scope, and role in zoology. Next, we will explore the rules and practices of
nomenclature, focusing on binomial nomenclature and the International Code of Zoological
Nomenclature. Finally, we will conclude with taxonomic trends, tracing historical developments
and considering modern approaches such as molecular systematics.

Series Learning QOutcomes
Upon completing this Series, you should be able to:

SLO 4.1 define animal systematics:and explain its scope,

SLO 4.2 describe the role of systematics in zoology,

SLO 4.3 explain the principles of binomial nomenclature and its application,

SLO 4.4 outline the rules of the International Code of Zoological Nomenclature (ICZN),
SLO 4.5 analyse historical trends in taxenomy, and

SLO 4.6 evaluate modern approaches such as molecular systematics in animal taxonomy.

4.1 Principles Of Animal Systematics
4.1.1 Definition and scope of systematics

Systematics is the scientific study of the diversity of organisms and their relationships. It goes
beyond simple classification by incorporating evolutionary history, genetic data, and ecological
information to provide a comprehensive understanding of animals. The scope of systematics
includes identifying species, describing their characteristics, and determining their evolutionary
connections. This makes systematics a cornerstone of zoology, as it provides the framework for
organising and interpreting animal diversity.

Short description: Diagram showing the scope of systematics (identification, description,
classification, evolutionary relationships).

-

Do)
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Caption: Figure 4.1 Scope of animal systematics

SCOPE OF SYSTEMATICS: OER CORE PRACTICES & INTERCONNECTIONS
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GEOLOSY RESOURCES

Fill in the blank: The scientific study of the diversity of erganisms and their relationships is
called .

4.1.2 Role of systematics in zoology

Systematics plays a vital role in zoology by providing a structured way to study animals. It helps
zoologists identify new species, trace evolutionary pathways, and understand ecological
interactions. For example, systematics allows scientists to place newly discovered species within
the broader tree of life; ensuring they are correctly classified and named. It also supports
conservation efforts by identifying species that are rare or endangered, and by clarifying their
evolutionary significance.

Box 4.2 Role of systematics in zoology

Role Description Real-World Example

Distinguishing the African Bush
Elephant (Loxodonta africana) from the
African Forest Elephant (Loxodonta
cyclotis).

Providing a universal language
(Scientific Names) to distinguish
between similar animals.

Species
TIdentification
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Role Description Real-World Example
. Reconstructing the Phylogeny Using DNA and fossils to prove that
Evolutionary . . .
Mapbin (ancestral history) to see how Birds are the direct descendants of
ppiig different groups evolved. Theropod dinosaurs.
Biodiversit Cataloging the Earth's fauna to Discovering "cryptic species" of giraffes
y identify "Hotspots" that need that look identical but have not interbred
Inventory . o1
urgent protection. for a million years.
. L. Allowing scientists to predict the |[[f a new species of Cone Snail is found,
Predictive . . . . -
traits of an unknown species systematists predict it will have
'Value . . . .
based on its relatives. venomous harpoons.like its cousins.
Biosecurity & Identlfylng invasive species or Corrfactly identifying which .spec1ﬁ(.:
disease vectors that threaten species.of Anopheles mosquito carries
Health . . .
ecosystems or humans. Malaria in a particular region.
Fill in the blank: Systematics supports efforts by identifying species that are rare or
endangered.

Pilot questions 4.1

What is systematics?

What is the scope of systematics?

Name one role of systematics in zoology.

How does systematics support conservation?

Why is systematics considered a cornerstone of zoology?

4.2 Rules And Practices Of Nomenclature
4.2.1 Binomial nomenclature and its application

Binomial nomenclature is the formal system of naming species using two Latinised names. The
first name represents the genus, while the second is the specific epithet, together forming the
scientific name of an organism. For example, Homo sapiens refers to humans, where Homo is the
genus and sapiens is the specific epithet. This system, introduced by Carl Linnaeus, ensures that
each species has a unique and universally recognised name. Binomial nomenclature avoids

)
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confusion caused by local or common names and provides consistency across languages and
regions.

Short description: Diagram showing the structure of binomial nomenclature with examples
(Homo sapiens, Panthera leo).
Captlon Figure 4.3 Binomial nomenclature structure and examples

BINOMIAL NOMENCLATURE: OER UNIVERSAL TWO-NAME SYSTEM

‘secrion s, MEREEEN scrions. I
A. GENUS & SPECIFIC EPITHET FORMAL STRUCTURE: l’::> B. GENUS & SPECIFIC EPITHET
EXAMPLE 1: ANIMAL GENUS & SPECIFIC EPITHET , EXAMPLE 2: PLANT
GENUS SPECIFIC EPITHET GENUS SPECIFIC EPITHET
(e.g., Panthera) (e.g., leo) 1. HIERARCHICAL STRUCTURE (e.g., Quercus) (e.g., alba)

(Repurposed from <IMAGE 0>, now showing examples)

ACORN LOBED
FRUIT 0L~ | EAF
LOBED 3\
LEAF ~~ BARK
0 (White) PATTERN

B.2. RELATED SPECIES IN

= | R
Quercus alba .

(WHITE OAK) Quercus rubra Quercus suber

(REDOAK)  (CORK OAK)
C. GENUS & SPECIFIC EPITHET

EXAMPLE 3: MICROFOSSIL
(Biostratigraphy application)

.. 8
MORPHOLOGY KEY TRATS VOCALIZATION

A.2. RELATED SPECIES IN Panthera
GENUS SPECIFIC EPITHET C.1. GENUS KEY TRAITS | C.2. RELATED SPECIES
28 T"s € concplualy) (e.g., Gavelinella) (90 intermedia) " (Gavelinella) "IN Gavelinelia
) : | TEST SHAPE Q. ?’é @
Pantherapardus Panrhera Ilgns Panthera onca -4 o Mﬁm}?ﬁ’ém ' 4& ) =" | Gavelinella Gavelinella
(LEOPARD) (TIGER) (JAGUAR) Gavelinella intermedia|| Gavelinella intermedia ammonoides  pertusa
Key unique traits Key unique traits Key unique traits APERTURE (FORAMINIFERA) (FORAMINIFERA) Unique traits ~ Unique traits
Fill in the blank: In binomial nomenclature, the first name represents the of the
organism.

4.2.2 International Code of Zoological Nomenclature (ICZN)

The International Code of Zoological Nomenclature (ICZN) provides the rules and guidelines
for naming animals. It ensures that names are applied consistently and that each species has only
one valid scientific name. The ICZN covers aspects such as priority (the earliest valid name takes
precedence), publication requirements, and the correct formation of names. For example, if two
scientists independently name the same species, the name published first is considered valid. The
ICZN 1s essential for maintaining order in zoological naming and preventing duplication or
ambiguity.

Box 4.4 Key rules of the ICZN
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Principle

Core Rule

Objective

Principle of
Priority

The oldest validly published name for a
taxon (starting from 1758) is the correct
one.

Prevents multiple names for the
same animal; the "first" name
wins.

Principle of
Binomial
Nomenclature

Every species name must consist of two
parts: a Genus and a Specific Epithet.

Ensures a standardized, two-
part naming structure (e.g.,
\Panthera-eo).

Principle of
Homonymy

The same name cannot be used for two
different taxa.

IAvoids confusion; the junior
homonym must be replaced or
renamed.

Principle of
Typification

Every nominal taxon must be tied to a
physical Type Specimen (Holotype).

Provides an objective point of
reference to define what the
name represents.

Principle of
Coordination

A name established within a "group"”
(e.g., Family or Species) is
automatically established for all ranks
in that group.

Simplifies the naming of
subgenera, subspecies, or
subfamilies.

Principle of
Publication

IFor a name to be valid, it must be
published in'a permanent, widely
accessible medium.

Ensures that new names are
formally shared and archived
for the scientific community.

Fill in the blank: According to the ICZN, the earliest validly published name of a species has
over later names.

Pilot questions 4.2

What is binomial nomenclature?

Who introduced binomial nomenclature?

What does the ICZN regulate?

What rule ensures that the earliest valid name of a species is accepted?
Why is the ICZN important in zoology?
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4.3 Taxonomic Trends And Modern Approaches
4.3.1 Historical trends in taxonomy

Taxonomy has a long history, beginning with early attempts to classify animals based on
observable traits. Aristotle, for example, grouped animals according to whether they had blood or
not. Later, Carl Linnaeus introduced a more systematic approach with binomial nomenclature,
which gave each species a unique two-part name. Over time, taxonomy evolved to include
comparative anatomy, embryology, and fossil records. These historical trends show how
taxonomy gradually shifted from simple descriptive groupings to more scientific and evidence-
based systems.

Short description: Timeline diagram showing historical trends in taxonomy (Aristotle, Linnaeus,
comparative anatomy, fossil records).
Captlon Figure 4.5 Historical trends in taxonomy

HISTORICAL TRENDS IN TAXONOMY: OER FROM ARISTOTLE TO MODERN APPROACHES

GEOLOGY RESOURCES
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(c. 384-322 BC) (1735, 1753) (19th Cent)
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Fill i the blank: Carl Linnaeus introduced a systematic approach to taxonomy using
nomenclature.

4.3.2 Molecular systematics and current developments

Modern taxonomy increasingly relies on molecular systematics, which uses DNA, RNA, and
protein data to determine evolutionary relationships. This approach provides greater accuracy
than traditional methods, as genetic evidence can reveal connections not obvious from physical
traits alone. For example, molecular studies have clarified relationships among vertebrates and
reshaped our understanding of invertebrate groups. Current developments also include
computational tools and bioinformatics, which allow scientists to analyse large datasets and
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construct detailed phylogenetic trees. These advances ensure taxonomy remains dynamic and
responsive to new discoveries.

Box 4.6 Modern approaches in taxonomy

Approach Core Methodology Primary Application
Analyzing DNA, RNA, and Building Phylogenetic Trees that
Molecular . . .
. protein sequences to determine reflect true genetic ancestry rather than
Systematics . . . . ! N, .
evolutionary relationships. just physical similarity.
Using a short, standardized gene  [Rapidly identifying unknown
DNA Barcoding sequence (e.g., CO1 in animals)  |specimens, larvae, or fragmented
as a unique "ID card." biological samples.
Using specialized softwate and IAligning thousands of gene sequences
Bioinformatics algorithms to process massive to find mutations and evolutionary
biological datasets. "branching points."
Clgss1f§{1ng organisms R on Common in botany and microbiology
their unique chemical . .
Chemotaxonomy . to distinguish between chemically
consififients RQEor gy distinct plant or fungal species
metabolites). p £a15P ’
Compasifie the number, shape, [dentifying "cryptic species" that have
. the same appearance but cannot
Cytotaxonomy and size of chromosomes .
(kabyotypes) interbreed due to chromosomal
Tyotypes). differences.

Fill in the blank: Modern taxonomy increasingly relies on

and protein data.

Pilot questions 4.3

systematics, which uses DNA

Who introduced binomial nomenclature in taxonomy?
Name one historical trend in taxonomy.
What is molecular systematics?

-
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Give one example of a modern tool used in taxonomy.
Why is molecular systematics considered more accurate than traditional methods?

Series Summary

This Series examined animal systematics, nomenclature, and taxonomic trends, which are
essential for organising and naming the vast diversity of animal life. We began by defining
systematics and exploring its scope, followed by a discussion of its role in zoology, including
species identification, evolutionary tracing, and conservation. Then, we studied the rules and
practices of nomenclature, focusing on binomial nomenclature and the International Code of
Zoological Nomenclature. Finally, we traced historical taxonomic trends and considered modern
approaches such as molecular systematics and bioinformatics.

By completing this Series, you should now be able to define systematics, describe its role in
zoology, explain binomial nomenclature, outline the rules of the ICZN, analyse historical
taxonomic trends, and evaluate modern approaches. These outcomes align directly with the
Series Learning Outcomes, equipping you with the skills to apply systematic and taxonomic
principles in zoological study.

Glossary of Terms

Binomial nomenclature: A two-part naming system for species, consisting of genus and
specific epithet.

ICZN (International Code of Zoological Nomenclature): The set of rules governing the
naming of animals.

Molecular systematics: The use of DNA, RNA, and protein data to study evolutionary
relationships.

Nomenclature: The system of naming organisms in a structured and consistent way.

Specific epithet: The second part of a species’ scientific name, identifying the species within
a genuss

Systematics: The scientific study of the diversity of organisms and their evolutionary
relationships.

Taxonomy: The science of classifying organisms into hierarchical groups.

Concept Check Questions 4
Objective questions

The scientific study of the diversity of organisms and their relationships is called
(Linked to SLO 4.1)

Systematics supports efforts by identifying rare or endangered species. (Linked to
SLO 4.2)
In binomial nomenclature, the first name represents the . (Linked to SLO 4.3)
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According to the ICZN, the earliest validly published name of a species has . (Linked
to SLO 4.4)
Modern taxonomy increasingly relies on systematics. (Linked to SLO 4.6)

Short-answer questions

6. Define systematics. (Linked to SLO 4.1)

7. Name one role of systematics in zoology. (Linked to SLO 4.2)
8. What is binomial nomenclature? (Linked to SLO 4.3)

9. What does the ICZN regulate? (Linked to SLO 4.4)

10. Name one modern tool used in taxonomy. (Linked to SLO 4.6)

Long-answer questions

11. Explain the scope of systematics and why it is important in zoology. (Linked to SLO 4.1 &
4.2)

12. Analyse the rules of binomial nomenclature and the ICZN, giving examples.(Linked to SLO
43 & 4.4)

13. Evaluate historical taxonomic trends and modern approaches such as molecular systematics.
(Linked to SLO 4.5 & 4.6)

Answers to Concept Check Questions 4
Objective questions

Systematics.
Conservation.
Genus.
Priority.
Molecular.

Short-answer questions

6. Systematics is the scientific study of the diversity of organisms and their evolutionary
relationships.

7. It helps identify new species.

8. A two-part naming system for species using genus and specific epithet.

9. It regulates the naming of animals to ensure consistency and uniqueness.

10. Bioinformatics.

Long-answer questions

11. Basic response: Systematics identifies, describes, and classifies animals, making zoological
study organised.

Value-added response: It also integrates evolutionary and ecological data, supporting
conservation and biodiversity research.

Basic response: Binomial nomenclature gives each species a unique name, while the ICZN
ensures rules are followed.

)
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Value-added response: Together, they provide global consistency, prevent duplication,
and maintain scientific clarity.

Basic response: Taxonomy evolved from descriptive groupings to scientific systems, and
molecular methods now provide accuracy.
Value-added response: Modern approaches, including computational tools, allow deeper
insights into evolutionary relationships and biodiversity.

Answers to Pilot Questions 4

Part 4.1

Systematics.

Identification, description, classification, evolutionary relationships.
Species identification.

By identifying rare or endangered species.

It provides the framework for zoology.

Part 4.2

A two-part naming system for species.

Carl Linnaeus.

Naming of animals.

Priority.

It ensures consistency and prevents duplication.

Part 4.3

Carl Linnaeus.
Comparative anatomy.
The use of DNA and protein data.
Bioinformatics.
Because genetic evidence reveals connections not obvious from traits alone.

References And Attributions 4
Ilustration placeholders suggested in Series 4:

Figure 4.1 Scope of animal systematics

Box 4.2 Role of systematics in zoology

Figure 4.3 Binomial nomenclature structure and examples
Box 4.4 Key rules of the ICZN

Figure 4.5 Historical trends in taxonomy

Box 4.6 Modern approaches in taxonomy

Al prompt suggestions used for illustration placeholders:
-
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Diagram showing scope of systematics.

Box listing roles of systematics.

Diagram showing binomial nomenclature examples.
Box listing ICZN rules.

Timeline diagram of taxonomy history.

Box listing modern approaches in taxonomy.

Open Educational Resource (OER) search strings suggested:

“scope of animal systematics diagram OER”

“role of systematics in zoology OER”

“binomial nomenclature examples diagram OER”

“ICZN rules animal nomenclature OER”

“history of taxonomy timeline diagram OER”

“modern approaches molecular systematics taxonomy OER”

General references (APA style):

Hickman, C. P., Roberts, L. S., Keen, S. L., Larson, A., Eisenhour, D. J., & I’Anson,
H. (2017). Integrated Principles of Zoology. McGraw-Hill Education.

Barnes, R. D. (1987). Invertebrate Zoology. Saunders College Publishing.

OER Commons. (n.d.). Animal systematics and taxonomy resources. Retrieved from
https://www.oercommons.org

700102 Series 5: Geographical Distribution And Conservation Of
Animal Biodiversity

Part 5.1 Patterns of animal distribution
5.1.1 Factors influencing geographical distribution
5.1.2 Major biogeographical regions

Part 5.2 Conservation principles and strategies
5.2.1 Importance of biodiversity conservation
5.2.2 Conservation methods and approaches

Part 5.3 Threats to biodiversity and global initiatives

5.3.1 Human-induced threats to biodiversity
5.3.2 International conventions and conservation programmes

Introduction

)
she-o) LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS


https://www.oercommons.org/

Animals are not evenly distributed across the globe; instead, their presence is shaped by
environmental factors, evolutionary history, and human activity. Understanding geographical
distribution helps us appreciate why certain species are found in specific regions and why
biodiversity hotspots are critical for global ecological balance. At the same time, conservation
has become increasingly important as human activities threaten ecosystems and species survival.

The aim of this Series is to explain the patterns of animal distribution, highlight the principles
and strategies of biodiversity conservation, and evaluate the threats and global initiatives aimed
at protecting animal life.

We shall commence this Series by examining the factors influencing animal distribution and
identifying major biogeographical regions. Next, we will explore conseryation principles,
focusing on the importance of biodiversity and the methods used to protect it. Finally, we will
conclude by analysing threats to biodiversity and reviewing international conventions and
programmes that promote global conservation efforts.

Series Learning QOutcomes
Upon completing this Series, you should be able to:

SLO 5.1 explain the factors influencing geographical distribution of animals,

SLO 5.2 identify major biogeographical regions of the world,

SLO 5.3 describe the importance of biodiversity conservation,

SLO 5.4 analyse conservation methods and approaches,

SLO 5.5 evaluate human-induced threats to biodiversity, and

SLO 5.6 outline international conventions and programmes for biodiversity conservation.

5.1 Patterns Of Animal Distribution
5.1.1 Factors influencing geographical distribution

Animals are distributed across the globe according to a variety of factors, which include climate,
availability of food, habitat type, and evolutionary history. For instance, polar bears are restricted
to Arctic regions due to their adaptation to cold climates, while camels thrive in deserts because
of their ability to conserve water. Human activities such as deforestation and urbanisation also
influence distribution by altering natural habitats. These factors interact to determine where
animals can survive and reproduce, shaping the overall biodiversity of regions.

Short description: Diagram showing factors influencing animal distribution (climate, food,
habitat, human activity).

)
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Caption: Figure 5.1 Factors influencing geographical distribution of animals
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Fill in the blank: Animals are distributed across the globe according to factors such as climate,
food, habitat, and activity.

5.1.2 Major biogeographical regions

The world is divided into biogeographical regions, which are large areas characterised by
distinct animal and plant life. These regions include the Palearctic, Nearctic, Neotropical,
Ethiopian, Oriental, and Australasian. Each region has unique species shaped by its climate,
geography, and evolutionary history. For example, the Ethiopian region is home to giraffes and
lions, while the Australasian region-includes kangaroos and platypuses. Studying these regions
helps zoologists understand patterns of biodiversity and the evolutionary processes that led to
them.

Table 5.2 Major biogeographical regions and examples of animals

Bloge;)eg;'lamphlcal Geographic Coverage Characteristic & Endemic Animals
Palearctic Europe, North Africa, and Asia Red Panda, Giant Panda, Wolf, Brown
(north of the Himalayas). Bear, Przewalski’s Horse.

-
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Blog;)eg:lan[:hlcal Geographic Coverage Characteristic & Endemic Animals
Nearctic Most of North America and Bison, Bald Eagle, Pronghorn
Greenland. IAntelope, Grizzly Bear, Cougar.
Afrotronic Sub-Saharan Africa and Southern [African Elephant, Gorilla, Lion,
P Arabia. Giraffe, Hippopotamus, Zebra.
Neotrobic South & Central America, Jaguar, Giant Anteater, Sloth, Toucan,
P Caribbean, and South Florida. Capybara, Llama:
Indomalava Indian Subcontinent, SE Asia, Tiger, Orangutan, Asian Elephant,
y and Southern China. King Cobra, Gibbon.
Australasia Australia, New Guinea, New Kangaroo, Koala, Platypus, Emu,
Zealand, and nearby islands. ﬁ(iwi, Tasmanian Devil.
Oceania Polynesia (except NZ), Hawaiian Honeycreepers, Kagu, Tree
Micronesia; and Fiji Islands. Kangaroos (in New Guinea).
Antarctic Antarctica and surrounding Emperor Penguin, Leopard Seal,
Southern Ocean islands. IAlbatross, Antarctic Krill.

Fill in the blank: The Australasian region is home to animals such as kangaroos and
Pilot questions 5.1

Name one factor that influences animal distribution.
What are biogeographical regions?

Give one example of a biogeographical region.

Name one animal found in the Ethiopian region.

Why is the study of biogeographical regions important?

5.2 Conservation Principles And Strategies

)
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5.2.1 Importance of biodiversity conservation

Biodiversity conservation refers to the protection and management of the variety of life forms
on Earth. It is important because biodiversity supports ecosystem stability, provides food and
medicine, and maintains ecological processes such as pollination and nutrient cycling. Without
conservation, ecosystems may collapse, leading to the loss of species and resources vital to
human survival. Conservation also ensures that future generations inherit a planet rich in natural
diversity.

Short description: Diagram showing the importance of biodiversity conservation (ecosystem
stability, food, medicine, ecological processes).
Caption: Figure 5.3 Importance of biodiversity conservation
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Fill in the blank: Biodiversity conservation helps maintain ecological processes such as
pollination and cycling.

5.2.2 Conservation methods and approaches

Conservation methods can be broadly divided into in-situ conservation and ex-situ
conservation. In-situ conservation involves protecting species in their natural habitats, such as
through national parks, wildlife reserves, and protected areas. Ex-situ conservation refers to
preserving species outside their natural habitats, for example in zoos, botanical gardens, and seed
banks. Both approaches are complementary, with in-situ conservation maintaining ecosystems
and ex-situ conservation safeguarding species that are critically endangered. Modern strategies
also include community-based conservation, where local people are actively involved in
protecting biodiversity.
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Box 5.4 Conservation methods and approaches

Method Definition Key Examples Primary Advantage
Protecting species . Preserves the
. otecting sp INational Parks, .
In-situ within their natural o g1 . evolutionary process
. . 'Wildlife Sanctuaries, . )
Conservation habitats and . and the entire ecological
Biosphere Reserves. \

ecosystems. community.

Protecting species IActs.as a"backup" for

Botanical Gardens,

Ex-situ outside their natural species whose wild
. . . 7.00s, Seed Banks, .
Conservation habitats in man-made habitats are completely
. Gene Banks.
settings. destroyed.
Community- Conservation manage ' High success rates due
ty . 48 > Indigenous Protected & " -
Based by or in partnership to local "ownership" and
. : Areas, Sacred Groves, .. )
Conservation with local CommunitvForests traditional ecological
(CBC) communities. ty ’ knowledge.
. Actively repairing or Reforestation, wetland Reverses previous
Restoration I damage and expands
re-naturalizing a renewal, coral reef . : .
Ecology . available habitat for in-
degraded ecosystem. outplanting.

isitu growth.

Fill in the blank: Preserving species outside their natural habitats, such as in zoos, is called
conservation.

Pilot questions 5.2

What is biodiversity conservation?

Why is biodiversity conservation important?

What is in-situ conservation?

Give one example of ex-situ conservation.

How does community-based conservation contribute to biodiversity protection?

5.3 Threats To Biodiversity And Global Initiatives
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5.3.1 Human-induced threats to biodiversity

Biodiversity faces numerous threats, many of which are caused by human activities. Habitat
destruction through deforestation, urbanisation, and agriculture reduces the living space available
for animals. Pollution, including plastics, chemicals, and oil spills, contaminates ecosystems and
harms species. Overexploitation, such as overfishing and hunting, depletes populations faster
than they can recover. Climate change is another major threat, altering habitats and forcing
species to adapt or face extinction. These human-induced pressures collectively contribute to the
rapid decline of biodiversity worldwide.

Short description: Diagram showing human-induced threats to biodiversity (deforestation,
pollution, overexploitation, climate change).
Captlon Figure 5.5 Human-induced threats to biodiversity
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Fill in the blank: Overfishing and hunting are examples of that reduce animal
populations faster than they can recover.

5.3.2 International conventions and conservation programmes

Global efforts have been established to address biodiversity loss through international
conventions and programmes. The Convention on Biological Diversity (CBD) promotes
sustainable use of biodiversity and fair sharing of genetic resources. The CITES agreement
regulates international trade in endangered species to prevent exploitation. Other initiatives
include UNESCO’s World Heritage Sites, which protect areas of outstanding ecological value,
and the [UCN Red List, which monitors species at risk of extinction. These programmes
highlight the importance of international cooperation in safeguarding biodiversity for present and
future generations.

)
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Box 5.6 International conventions and programmes for biodiversity conservation

Organlzat-l on/ Full Name Primary Focus Key Mechanism
Convention
. Global strategy for  [Aichi Targets / Kunming-
Convention on .
CBD Biological Diversity sustainable Montreal Framework: Goals
(1992) development and to protect 30% of Earth’s land
habitat protection. and sea by 2030.
Convent'lon on Regulating the rAppencllges LI, ‘and III:
International Trade ¢ Categorizing species based on
CITES . global trade of wild .
in Endangered . the level of protection needed
. animals and plants. o
Species from over-exploitation.
United Nations 'World Heritage Sites &
Educational, Conserving sites of  |Biosphere Reserves:
UNESCO Scientific and outstanding Protecting unique ecosystems
Cultural universal value. while promoting sustainable
Organization human integration.
. . Providing the The Red List: The global
International Union S .
. scientific data and standard for assessing the
TUCN for Conservation of |, o o
Red List" status for |extinction risk of every known
Nature . . ;
species. plant and animal species.
. List of Wetlands of
The conservation .
. . International Importance:
RAMSAR Rgglention on and wise use of Protecting marshes, swamps
Wetlands (1971) wetlands and their & . Ps,
esources and coral reefs as vital water
’ filters and habitats.

Fill'in the blank: The CITES agreement regulates international

in endangered species to

prevent exploitation.
Pilot questions 5.3
o
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Name one human-induced threat to biodiversity.

What is the Convention on Biological Diversity (CBD)?

What does the CITES agreement regulate?

Give one example of a global conservation initiative.

Why is international cooperation important in biodiversity conservation?

Series Summary

This Series explored the geographical distribution and conservation of animal biodiversity,
highlighting how animals are spread across the globe and the importance of protecting them. We
began by examining the factors that influence distribution, such as climate, food availability, and
human activity, before identifying the major biogeographical regions and their characteristic
species. Then, we discussed conservation principles, emphasising the importance of biodiversity
and the methods used to protect it, including in-situ and ex-sitt approaches. Finally, we analysed
human-induced threats to biodiversity and reviewed international eonventions and programmes
designed to safeguard species and ecosystems.

By completing this Series, you should now:be able'to explain the factors influencing animal
distribution, identify biogeographical regions, describe the importance of conservation, analyse
conservation methods, evaluate threats to biodiversity, and outline global initiatives. These
achievements align directly with the Series Learning Outcomes, equipping you with the
knowledge to interpret biodiversity patterns and apply conservation principles in zoological
contexts.

Glossary of Terms

Biogeographical regions: Large areas of the world characterised by distinct animal and plant
life.

Biodiversity conservation: The protection and management of the variety of life forms on
Earth.

CITES (Convention on International Trade in Endangered Species): An international
agreement regulating trade in endangered species.

Convention on Biological Diversity (CBD): A global treaty promoting sustainable use of
biodiversity and fair sharing of genetic resources.

Ex-situ conservation: Protecting species outside their natural habitats, such as in zoos or
seed banks.

In-situ conservation: Protecting species within their natural habitats, such as in national
parks.

IUCN Red List: A global inventory that monitors species at risk of extinction.

Pollution: Contamination of ecosystems by harmful substances such as plastics, chemicals,
or oil.

Threats to biodiversity: Human-induced pressures such as habitat destruction,
overexploitation, and climate change.

-
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Concept Check Questions 5
Objective questions

Animals are distributed across the globe according to factors such as climate, food, habitat,
and activity. (Linked to SLO 5.1)

The Australasian region is home to kangaroos and . (Linked to SLO 5.2)

Biodiversity conservation helps maintain ecological processes such as pollination and

cycling. (Linked to SLO 5.3)

Preserving species outside their natural habitats, such as in zoos, is called
conservation. (Linked to SLO 5.4)

Overfishing and hunting are examples of that reduce populations faster than they can
recover. (Linked to SLO 5.5)

Short-answer questions

6. Define biogeographical regions. (Linked to SLO 5.2)

7. Why is biodiversity conservation important? (Linked to SLO 5.3)

8. What is in-situ conservation? (Linked to SLO 5.4)

9. Name one human-induced threat to biodiversity. (Linked to SLO 5.5)
10. What does the CITES agreement regulate? (Linked to SLO 5.6)

Long-answer questions

11. Explain the factors influencing animal distribution and give examples. (Linked to SLO 5.1)
12. Analyse the importance of biodiversity conservation and compare in-situ and ex-situ
approaches. (Linked to SLO 5.3 & 5.4)

13. Evaluate human-induced threats to biodiversity and discuss international conventions
addressing them. (Linked to SLO 5.5 & 5.6)

Answers to Concept Check Questions 5
Objective questions

Human.
Platypuses.
Nutrient.

Ex-situ.
Overexploitation.

Short-answer questions

6. Large areas characterised by distinct animal and plant life.

7. It supports ecosystem stability, provides resources, and ensures ecological balance.
8. Protecting species in their natural habitats.

9. Deforestation.

10. International trade in endangered species.
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Long-answer questions

11. Basic response: Factors include climate, food, habitat, and human activity.

Value-added response: These factors interact, shaping biodiversity hotspots and influencing
species survival globally.

Basic response: Conservation maintains biodiversity; in-situ protects habitats, ex-situ
preserves species outside them.
Value-added response: Combining both approaches ensures ecosystem stability and
safeguards critically endangered species.

Basic response: Threats include habitat destruction, pollution, overexploitation, and climate
change; conventions like CBD and CITES address them.
Value-added response: Global initiatives, including UNESCO and TUCN, highlight
international cooperation and long-term sustainability.

Answers to Pilot Questions 5
Part 5.1

Climate.

Large areas with distinct animal'and plant life.
Palearctic.

Giraffe.

It helps understand biodiversity patterns.

Part 5.2

Protection and management of biodiversity.

It supports ecosystems and human survival.
Protecting species in natural habitats.

Z00s.

It involves local communities in conservation.

Part 5.3

Deforestation.
A global treaty promoting sustainable biodiversity use.
Trade in endangered species.
UNESCO World Heritage Sites.
It ensures collective action to protect biodiversity.

References And Attributions 5
Ilustration placeholders suggested in Series 5:

Figure 5.1 Factors influencing geographical distribution of animals
Table 5.2 Major biogeographical regions and examples of animals
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Figure 5.3 Importance of biodiversity conservation

Box 5.4 Conservation methods and approaches

Figure 5.5 Human-induced threats to biodiversity

Box 5.6 International conventions and programmes for biodiversity conservation

Al prompt suggestions used for illustration placeholders:

Diagram showing factors influencing distribution.

Table listing biogeographical regions and animals.
Diagram showing importance of biodiversity conservation.
Box listing conservation methods.

Diagram showing human-induced threats.

Box listing international conventions.

Open Educational Resource (OER) search strings suggested:

“factors influencing animal distribution diagram OER”’
“biogeographical regions animals table OER”

“importance of biodiversity conservation diagram OER”
“conservation methods in-situ ex=situ biediversity OER”
“human threats to biodiversity diagram OER”
“international conventions biodiversity conservation OER”
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