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Series 1: Adaptive Radiation And Body Appendages In Arthropods

Part 1.1 Adaptive radiation in arthropods

1.1.1 Concept of adaptive radiation

1.1.2 Examples of adaptive radiation in arthropod groups
Part 1.2 Structure and functions of body appendages

1.2.1 General types of arthropod appendages

1.2.2 Functional modifications of appendages
Part 1.3 Biological success of arthropods

1.3.1 Key features contributing to success
1.3.2 Ecological and evolutionary significance

Introduction

Arthropods are the most diverse group of animals on Earth, occupying nearly every habitat and
playing vital roles in ecosystems. Their success is largely due to adaptive radiation, which has
allowed them to evolve specialised structures and behaviours suited to different environments.
Understanding these adaptations provides insight into why arthropods dominate in terms of
numbers, diversity, and ecological importance.
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The aim of this Series is to introduce you to the concept of adaptive radiation in arthropods, to
explain the structure and functions of their body appendages, and to highlight the features that
underpin their biological success.

We shall commence this Series by examining the concept of adaptive radiation and exploring
examples across different arthropod groups. Next, we will study the structure and functions-of
body appendages, considering how they are modified for feeding, locomotion, and other roles.
Finally, we will conclude by analysing the biological success of arthropods, focusing on the
features that make them one of the most successful animal groups in evolutionary-history.

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

SLO 1.1 define the concept of adaptive radiation in arthropods,

SLO 1.2 explain examples of adaptive radiation across arthroped groups,

SLO 1.3 describe the general types of arthropod appendages,

SLO 1.4 analyse the functional modifications of body appendages, and

SLO 1.5 evaluate the key features that contribute to the biological success of arthropods.

1.1 Adaptive Radiation In Arthropods
1.1.1 Concept of adaptive radiation

Adaptive radiation refers to the evolutionary process by which organisms diversify rapidly into a
wide range of forms, particularly when new ecological opportunities arise. In arthropods, this
concept explains how a single ancestral group gave rise to the vast diversity we see today,
including insects, arachnids, crustaceans, and myriapods. Each group has evolved specialised
structures and behaviours that allow them to exploit different habitats and resources.

Adaptive radiation 1s defined as the diversification of a lineage into multiple forms adapted to
distinct ecological niches. This process is central to understanding arthropod diversity and
success.

Short description: Diagram showing adaptive radiation branching into insects, arachnids,
crustaceans, and myriapods.

-
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Caption: Figure 1.1 Adaptive radiation in arthropods
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THIS OER DIAGRAM DEFINES THE ADAPTIVE RADIATION & DIVERSIFICATION of the Phylum Artinoda, showcasing the progressive change in segmented bady, appendage function, and ecological roles from 2 common ancestor (image_? pig).
IT HIGHLIGHTS key innovations like Wings (C, image_2.png), Chelicerae (A, image 2png), of new environments and diversification over (image_3.png context). The rigid LITHOSPHERE (from <IMAGE 0> content) provides the stage.

Fill in the blank: The diversification of a lineage into multiple forms adapted to distinct
ecological niches is called

1.1.2 Examples of adaptive radiation in arthropod groups

Arthropods provide numerous examples of adaptive radiation. Insects have evolved wings,
enabling them to colonise aetial environments and exploit resources unavailable to other groups.
Crustaceans show adaptations to aquatic life, with gills and specialised appendages for
swimming and feeding: Arachnids, such as spiders, have developed silk-producing glands that
allow them to build webs for capturing prey. Myriapods, including centipedes and millipedes,
exhibit elongated bodies with numerous legs, adapted for burrowing and feeding on decaying
matter.

These examples demonstrate how arthropods have radiated into diverse ecological roles,
ensuring their dominance in terrestrial, aquatic, and aerial habitats.

Box 1.2 Examples of adaptive radiation in arthropods
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maxillae, or chelicerae.

i:ll;ll;)cttzllltf(?rll ( Clazsa/)g)::)up) Biological Function Evolutionary Significance
Outgrowths of the Allowed for the ﬁrst.widespr'ead
. . colonization of the air, enabling
Insect Wings [Insecta thoracic exoskeleton . )
used for flight. efﬁmept predatqr avoidance and
long-distance dispersal.
Branching, vascularized [Enabled dominance in aquatic
Crustacean Crustacea appendages (biramous) niches ranging from the.deep sea
Gills modified for gas to freshwater and even damp
exchange. terrestrial environments.
Abdominal glands that | |[Revolutionized predation (webs),
Silk Glands Arachnida extrude liquid protein protection (burrows), and travel
(Spiders) through spinnerets to (ballooning), allowing spiders to
form solid threads. occupy unique predatory niches.
Repetitive, numerous Ideal for navigating the complex
Elongated Mvriapoda segments resultingina 3D environments of soil, leaf litter,
Bodies yriap flexible, many-legged and rock crevices; facilitates
trunk. powerful pushing or rapid winding.
Modification of the first |Allowed radiation into every
Specialized All few pairs of appendages [possible feeding niche: chewing,
Mouthparts |[Arthropods into mandibles, piercing/sucking, sponging, and

filter-feeding.

FilLin the blank: The silk-producing glands in spiders are an example of adaptive radiation in the

group known as

Pilot questions 1.1

What is adaptive radiation?
Name two arthropod groups that illustrate adaptive radiation.

Which adaptation allows insects to exploit aerial environments?

What specialised structures do crustaceans use for aquatic respiration?

Which arthropod group has elongated bodies with numerous legs adapted for burrowing?
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1.2 Structure And Functions Of Body Appendages
1.2.1 General types of arthropod appendages

Arthropods are characterised by their segmented bodies and paired appendages, which are
external structures attached to body segments. Appendages are highly versatile and include
antennae for sensing, mandibles for chewing, maxillae for manipulating food, legs for
locomotion, and specialised mouthparts for piercing or sucking. These structures are jointed,
giving arthropods flexibility and mobility. The arrangement and type of appendages vary across
groups, reflecting their adaptation to different ecological roles.

Short description: Diagram showing general types of arthropod appendages (antennae,
mandibles, maxillae, legs).
Caption: Figure 1.3 General types of arthropod appendages
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THIS OER DIAGRAM DEFINES THE ADAPTIVE RADIATION & DIVERSIFICATION of the Phylum Artinoda, showcasing the progressive change in segmented body, appendage function, and ecological roles from a common ancestor (image_2 pog).
IT HIGHLIGHTS key innovations llke Wings (C, image_2.png), Chelicerae (A, image_2png), of new environments and diversification over (image 3 png context). The rigid LITHOSPHERE (from <\MAGE 0> contert) provides the stage.

Fill in the blank: The external structures attached to arthropod body segments that aid in
movement and feeding are called

1.2.2 Functional modifications of appendages

Arthropod appendages are often modified to perform specialised functions. In crustaceans, some
legs are adapted into chelae, or pincers, used for defence and capturing prey. Insects may have
mouthparts modified into proboscises for sucking nectar or blood. Arachnids possess chelicerae,
which are adapted for piercing and injecting venom. Even antennae can be modified to detect

-
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chemical signals, vibrations, or temperature changes. These modifications illustrate how
arthropods have diversified their appendages to exploit a wide range of ecological niches.

Box 1.4 Functional modifications of arthropod appendages

Modified Primary Taxon |Original Structure Functional Adaptation
Appendage
Crustaceans Walking leg (distal MOdlf?led into a powerful pincer for
Chelae (Claws) crushing prey, defense, and
(Crabs, Lobsters) [segments) c 1o .
social signaling.
Proboscis [nsects .abium/Maxillae sii?l?fﬁifé llllli(c)tzlt'l (e))r(llg)ilet:rzlilrl:; o
(Butterflies, Bees) |(mouthparts) iSsUSS to reach fluids.
Chelicerates . : Modified into venomous fangs in
. . First pair of ) . . .
Chelicerae (Spiders, e s spiders or scissor-like tearing tools
Scorpions) PP & in other arachnids.
Elongated and highly innervated
Sensory Insects, -
Head appendages for chemoreception (smell) and
Antennae Crustaceans . .
tactile navigation.

. Crustaceans . Flattened, paddle-like structures
Swimmerets . IAbdominal . . .
(Pleopods) (Shrimp, onendaces used for swimming and carrying

P Crayfish) PP & eggs (brooding).
Arachnids . Modified for prey manipulation
. . Second pair of o .
Pedipalps (Spiders, opendaces in spiders or large, defensive
Scorpions) pp & pincers in scorpions.

Fill in the blank: The pincers found in crustaceans that are used for defence and capturing prey
are called

Pilot questions 1.2

-
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What are arthropod appendages?

Name two general types of arthropod appendages.

Which appendages in crustaceans are modified into pincers?

What specialised mouthpart do insects use for sucking nectar or blood?
Which appendages in arachnids are adapted for piercing and injecting venom?

1.3 Biological Success Of Arthropods
1.3.1 Key features contributing to success

Arthropods are considered the most biologically successful group of animals due to several
distinctive features. Their exoskeleton, a hard external covering made of chitin, provides
protection, prevents water loss, and offers structural support. Jointed appendages give them
remarkable mobility and versatility, allowing them to walk, swim, fly, or grasp objects.
Segmentation of the body enables specialisation of regions for different functions, such as
feeding, locomotion, and reproduction. In addition, arthropods exhibit high reproductive
potential, producing large numbers of offspring that ensure survival.across generations.

Short description: Diagram showing key features of arthropods (exoskeleton, segmentation,
jointed appendages).
Caption: Figure 1.5 Key features contributing to arthropod success
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THIS OER DIAGRAM DEFINES THE ADAPTIVE RADIATION & DIVERSIFICATION of the Phylum Arthropoda, showcasing the progressive change in segmented body, pardage function, and ecological roles from a common ancestor (image_2 pog).
IT HIGHLIGHTS key innovations llke Wings (C, image_2.png), Chelicerae (A, image_2png), of new environments and diversification over (image 3 png context). The rigid LITHOSPHERE (from <|MAGE 0> contert) provides the stage.

Fill in the blank: The hard external covering made of chitin that protects arthropods is called the
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1.3.2 Ecological and evolutionary significance

The success of arthropods is also evident in their ecological and evolutionary roles. They occupy
nearly every habitat, from deserts to oceans, and play essential roles as pollinators, decomposers,
predators, and prey. Their ability to adapt to changing environments has allowed them to persist
through major evolutionary events. Arthropods also show co-evolution with plants and animals,
influencing ecosystems in profound ways. For example, insects and flowering plants have
evolved together, resulting in complex pollination systems. Their evolutionary flexibility ensures

that arthropods remain dominant in terms of diversity and abundance.

Box 1.6 Ecological and evolutionary significance of arthropods

Ecological/Evolutionary
Role

Primary Taxon

Biological
Mechanism

Systemic Impact

Insecta (Bees,

Transfer of pollen

Co-evolution: Drives the
diversity of flowering

Keystone Pollinators Butterflies, between flowers plants (Angiosperms) and
Beetles) during feeding. ensures global food
security.
Myriapoda Consumption and Nutrient Cycling:
e . |Accelerates the return of
. (Millipedes), fragmentation of .
Primary Decomposers . nitrogen and carbon to the
Crustacea detritus and leaf . . :
(Woodlice) litter soil, supporting primary
' plant production.
Trophic Link: Provides
. Crustacea Conversion of the essential energy source
f’:’):l:ls SRR O (Krill), Insecta plant/algal energy  |[for fish, birds,
(Larvae/Flies) into animal protein. [amphibians, and mammals
worldwide.
Population Regulation:
. . . Prevents herbivore
Biological Control Argchnlda H1gh-§fﬁ01ency "outbreaks" that would
(Spiders), Insecta |predation of other .
(Predators) : . otherwise devastate
(Dragonflies) invertebrates.

forests and agricultural
crops.

-
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Biological
Mechanism

Ecological/Evolutionary

Role Systemic Impact

Primary Taxon

Selective Pressure:
Predation pressure  |Drives the evolution of
All Arthropoda [and herbivory on plant toxins, vertebrate
plants/animals. camouflage, and complex
animal sensory systems:

Evolutionary " Arms
Race"

Fill in the blank: The mutual evolutionary relationship between insects and flowering plants is an
example of

Pilot questions 1.3

What material makes up the arthropod exoskeleton?

How does segmentation contribute to arthropod success?

Name two ecological roles played by arthropods.

What evolutionary relationship exists between insects and flowering plants?
Why are arthropods considered biologically suceessful?

Series Summary

This Series introduced the concept of adaptive radiation in arthropods and explained how it has
contributed to their remarkable diversity. We began by defining adaptive radiation and
examining examples across insects; crustaceans, arachnids, and myriapods. We then explored the
structure and functions of body appendages, considering both their general types and their
functional modifications. Finally, we analysed the biological success of arthropods, highlighting
the features that underpin their dominance and ecological importance.

By completing this Series, you should now be able to define adaptive radiation, explain examples
across arthropod groups, describe the general types of appendages, analyse their functional
modifications, and evaluate the key features that contribute to arthropod success. These
achievements align directly with the Series Learning Outcomes and provide a strong foundation
for understanding arthropod diversity.

Glossary of Terms

Adaptive radiation: The diversification of a lineage into multiple forms adapted to distinct
ecological niches.

Appendages: External structures attached to arthropod body segments, used for movement,
feeding, or sensing.

-
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Chelae: Pincers found in crustaceans, adapted for defence and capturing prey.

Chelicerae: Appendages in arachnids adapted for piercing and injecting venom.

Exoskeleton: A hard external covering made of chitin that protects arthropods and prevents
water loss.

Mandibles: Jaw-like appendages in arthropods used for chewing food.

Proboscis: An elongated mouthpart in insects adapted for sucking nectar or blood.

Segmentation: Division of the arthropod body into repeated units, allowing specialisation of
functions.

Concept Check Questions 1
Objective questions

The diversification of a lineage into multiple forms adapted to distinct ecological niches is

called . (Linked to SLO 1.1)

Which adaptation allows insects to exploit aerial environments? (Linked to SLO 1.2)

The external structures attached to arthropod body segments are known as . (Linked
to SLO 1.3)

The pincers found in crustaceans are called .(Linked to SLO 1.4)

The hard external covering made of chitin in arthropods is the . (Linked to SLO 1.5)

Short-answer questions

6. Explain the concept of adaptive radiation in arthropods. (Linked to SLO 1.1)

7. Give one example of adaptive radiation in arachnids. (Linked to SLO 1.2)

8. List two general types of arthropod appendages. (Linked to SLO 1.3)

9. Describe one functional modification of arthropod appendages. (Linked to SLO 1.4)
10. State two ecological roles played by arthropods. (Linked to SLO 1.5)

Long-answer questions

11. Analyse the importance of adaptive radiation in explaining arthropod diversity. (Linked to
SLO 1.1, 1.2)

12. Evaluate the structure and functions of arthropod appendages, highlighting their
modifications. (Linked to SLO 1.3, 1.4)

13. Assess the key features that contribute to the biological success of arthropods. (Linked to
SLO L)

Answers to Concept Check Questions 1
Objective questions

Adaptive radiation.

Wings.

Appendages.

Chelae.
Exoskeleton.
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Short-answer questions

6. Adaptive radiation is the diversification of a lineage into multiple forms adapted to different
niches.

7. Silk-producing glands in spiders.

8. Antennae and mandibles.

9. Proboscis in insects for sucking nectar or blood.

10. Pollinators and decomposers.

Long-answer questions

11. Basic response: Adaptive radiation explains how arthropods diversified into insects,
arachnids, crustaceans, and myriapods.

Value-added response: It highlights ecological opportunities and evolutionary pressures that
shaped arthropod diversity.

Basic response: Arthropod appendages include antennae, mandibles, and legs, with
modifications such as chelae and proboscises.
Value-added response: These modifications illustrate ecological specialisation and
evolutionary success across habitats.

Basic response: Features such as exoskeleton, segmentation, jointed appendages, and high
reproduction contribute to success.
Value-added response: Their ecological roles and co-evolution with plants and animals
further explain their dominance.

Answers to Pilot Questions 1
Part 1.1

Adaptive radiation.
Insects and crustaceans.
Wings.

Gills.

Myriapods.

Part 1.2

External structures attached to body segments.
Antennae and mandibles.

Chelae.

Proboscis.

Chelicerae.

Part 1.3

Chitin.
It allows specialisation of functions.
Pollinators and decomposers.

-
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Co-evolution.
Their diversity, adaptability, and ecological roles.
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700313 Series 2 General Biology Of Selected Arthropod Classes

Part 2.1 Biology of insects
2.1.1 General characteristics of insects
2.1.2 Ecological roles of insects

Part 2.2 Biology of arachnids
2.2.1 General characteristics of arachnids
2.2.2 Ecological roles of arachnids

Part 2.3 Biology of crustaceans
2.3.1 General characteristics of crustaceans
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2.4.1 General characteristics of myriapods
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2.4.2 Ecological roles of myriapods

Introduction

Arthropods are the most diverse group of animals, and their classes exhibit remarkable
differences in structure, physiology, and ecological importance. Each class has evolved unique
features that allow them to thrive in specific environments, making them central to-the study of
biodiversity. By examining their general biology, we gain a clearer understanding of how
arthropods contribute to ecosystems and human life.

The aim of this Series is to provide you with a structured overview of the biology of selected
arthropod classes, focusing on their characteristics and ecological roles.

We shall commence this Series by exploring the biology of insects; considering their general
features and ecological importance. Next, we will move on to arachnids, examining their
distinctive traits and roles in ecosystems. Following that, we will study/crustaceans, highlighting
their adaptations to aquatic environments and their ecological contributions. Finally, we will
conclude with myriapods, analysing their géneral characteristics and their roles in soil ecology
and decomposition.

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

SLO 2.1 describe the general characteristics of insects,

SLO 2.2 explain the ecological roles of insects,

SLO 2.3 describe the general characteristics of arachnids,
SLO 2.4 analyse the ecological roles of arachnids,

SLO 2.5 describe the general characteristics of crustaceans,
SLO 2.6 explain the ecological roles of crustaceans,

SLO 2.7 describe the general characteristics of myriapods, and
SLO 2.8 evaluate the ecological roles of myriapods.

2.1 Biology Of Insects
2.1.1 General characteristics of insects

Insects are the largest and most diverse group within the phylum Arthropoda. They are
characterised by a three-part body plan consisting of the head, thorax, and abdomen. The head
bears sensory organs such as antennae and compound eyes, as well as mouthparts adapted for
chewing, sucking, or piercing. The thorax carries three pairs of legs and usually two pairs of

-
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wings, which enable insects to exploit terrestrial and aerial habitats. The abdomen contains the
digestive and reproductive organs.

Insects possess an exoskeleton, a hard outer covering made of chitin that provides protection and
prevents water loss. They also undergo metamorphosis, a developmental process that may be
complete (egg, larva, pupa, adult) or incomplete (egg, nymph, adult). This adaptation allows
them to occupy different ecological niches during their life cycle.

Short description: Diagram showing insect body plan (head, thorax, abdomen) with labelled
appendages.
Caption: Figure 2.1 General body plan of insects

GENERALISED INSECT BODY PLAN: AN OER EDUCATIONAL GUIDE TO MORPHOLOGY
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Fill in the blank: The three main body regions of insects are the head, , and abdomen.
2.1.2 Ecological roles of insects

Insects play crueial roles in ecosystems and human life. Many act as pollinators, transferring
pollen between flowers and enabling plant reproduction. Others serve as decomposers, breaking
down organic matter and recycling nutrients. Insects also form a vital part of food chains, serving
as prey for birds, amphibians, reptiles, and mammals. Some insects are predators or parasites,
helping to regulate populations of other organisms.

In addition to their ecological importance, insects have significant economic impacts. Beneficial
insects such as bees contribute to agriculture, while harmful ones such as locusts and mosquitoes
act as pests or disease vectors. Their diversity and abundance make them indispensable to the
functioning of ecosystems.
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Box 2.2 Ecological roles of insects

Decomposers &

Carrion Beetles,

plant matter, animal

. Biological
Ecological Role | Key Insect Groups Mechanism Ecosystem Impact
Transfer of pollen Facilitates feproduction for
Primary Bees, Butterflies, grains from anthers to [75% of flowering plants
Pollinators Moths, Beetles, Flies |stigmas during and the'majority of human
foraging. food crops.
Dung Beetles, Breakdown of dead Nutrient Cycling: Rapidly

returns nitrogen, carbon,

structures.

Scavengers Termites, Fly Larvae |carcasses, and waste. ang miherals to the soil for
plant uptake.
Conversion of plant Trophic Base: Serves as
. Grasshoppers, . . . .
Foundational . cellulose into high- the primary protein source
Mayflies, Moths, . . : o
Prey Crickets protein animal for birds, bats, amphibians,
biomass. and freshwater fish.
Dragopfiieh _ ' Population Regulatlon:
Active hunting and Prevents herbivore
Natural Ladybugs, Ground . N i
. consumption of other ['outbreaks" that would
Predators Beetles, Praying ) .
. invertebrates. otherwise devastate local
Mantids .
vegetation.
. Biological Control:
. Larvae develop inside . . .
o Braconid Wasps, Provides a highly specific
Parasitoids P or on a host, .
Tachinid Flies e check on the populations of
eventually killing it. : .
other insect species.
Consumption of Selective Pressure: Drives
Structural/Agri  |Locusts, Weevils, living plant tissue or  [the evolution of plant
Pests Termites, Aphids stored wooden chemical defenses and

influences forest succession.
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Fill in the blank: Insects that transfer pollen between flowers and enable plant reproduction are
called .

Pilot questions 2.1

What are the three main body regions of insects?

How many pairs of legs are found in insects?

What is the hard outer covering of insects made of?

Name one ecological role of insects.

Which developmental process allows insects to occupy different niches during their life
cycle?

2.2 Biology Of Arachnids

2.2.1 General characteristics of arachnids

Arachnids are a diverse class of arthropods that include spiders, scorpions, ticks, and mites. They
are characterised by having two main body regions: the cephalothorax, which combines the
head and thorax, and the abdomen. Unlike insects, arachnids do not possess antennae or wings.
Instead, they have specialised appendages such as chelicerae, which are mouthparts adapted for
piercing or injecting venom, and pedipalps, which may function in feeding, sensing, or
reproduction.

Arachnids typically have four pairs of legs, giving them eight legs in total. Their exoskeleton
provides protection and prevents desicecation, enabling them to thrive in terrestrial environments.
Many arachnids are carnivorous, feeding on other invertebrates, and they often use silk or venom
to capture and subdue prey.

Short description: Diagram showing general body plan of arachnids (cephalothorax, abdomen,
chelicerae, pedipalps, legs).
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Caption: Figure 2.3 General body plan of arachnids

GENERALISED ARACHNID BODY PLAN: AN OER EDUCATIONAL GUIDE TO MORPHOLOGY
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Fill in the blank: Arachnids have two main body regions, the cephalothorax and the .

2.2.2 Ecological roles of arachnids

Arachnids play important ecological roles in maintaining balance

within ecosystems. Many are

predators, controlling populations of insects and other small animals. Spiders, for example, use
silk webs to trap prey, while seorpions rely on their pincers and venomous stingers. Ticks and
mites, on the other hand, act as parasites, feeding on the blood or tissues of their hosts and

sometimes transmitting diseases.

Arachnids also contribute indirectly to agriculture and human health. By preying on insect pests,
spiders and other predatory arachnids reduce crop damage. However, parasitic arachnids such as
ticks can negatively impact livestock and human populations by spreading pathogens. Their dual
roles as.beneficial predators and harmful parasites highlight their ecological significance.

Box 2.4 Ecological roles of arachnids
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micro-invertebrates.

Ecological Key Arachnid . . .
Role Groups Biological Mechanism Ecosystem Impact
Population Control:
Apex Sniders Spiders consume an
P p1Cers, Capture prey using venom, [estimated 400—800 million
Invertebrate Scorpions, . . s
. silk, or powerful pedipalps. [tons of insects annually,
Predators Pseudoscorpions . :
preventing herbivore
outbreaks.
Host Regulation:
Ectoparasites that feed on Influence host health and
Specialized Ticks. Mites the blood or skin of act as major vectors for
Parasites ’ vertebrate/invertebrate diseases (e.g., Lyme
hosts. disease), shifting
population dynamics.
Pedogenesis (Soil
Soil Oribatid Mites Consume fllngl, baqterla, Form;ttwn): Essent1z}1 for
Decomposers  |(Bectle Mites) and decaying organic matter [breaking down organic
in leaf litter. debris and cycling
nutrients in the topsoil.
Integrated Pest
Biological . Targeted predation of Management (IPM):
Predatory Mites, ; . . . [Reduces the need for
Control . agricultural pests like aphids . .
Garden Spiders . . chemical pesticides by
Agents and spider mites. .
naturally protecting crop
yields.
Microbial Balance:
oty Woavating [ nertndes el enlats e poniins
Predators Mites pring ’ & P

soil nutrients, ensuring a
steady flow of energy.

Fill in the blank: Arachnids such as ticks and mites act as

of hosts.
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Pilot questions 2.2

What are the two main body regions of arachnids?

How many pairs of legs do arachnids possess?

Which appendages in arachnids are adapted for piercing or injecting venom?
Name one ecological role of spiders.

Which arachnids act as parasites and can transmit diseases?

2.3 Biology Of Crustaceans
2.3.1 General characteristics of crustaceans

Crustaceans are a diverse group of arthropods that include crabs, lobsters, shrimps, and
barnacles. They are primarily aquatic, with most species living in marine or freshwater
environments. Their bodies are divided into three main regions: the cephalothorax, which
combines the head and thorax, the abdomen, and in some species, a tail fan. Crustaceans
typically possess two pairs of antennae, compound eyes, and a variety of mouthparts adapted for
feeding.

A distinctive feature of crustaceans is their biramous appendages, meaning that each limb
branches into two parts. These appendages may be modified for swimming, walking, feeding, or
defence. Crustaceans also have gills for respiration, which are often located under the carapace.
Their exoskeleton is periodically shed through moulting, allowing growth and renewal.

Short description: Diagram showing general body plan of crustaceans (cephalothorax, abdomen,
antennae, biramous appendages).

-

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



Caption: Figure 2.5 General body plan of crustaceans

GENERALISED CRUSTACEAN BODY PLAN: AN OER EDUCATIONAL GUIDE TO MORPHOLOGY
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Fill in the blank: Crustaceans possess limbs that branch into two parts, known as
appendages.

2.3.2 Ecological roles of crustaceans

Crustaceans play vital roles in aquatic ecosystems. Many species, such as shrimps and crabs, act
as scavengers, feeding on dead organic matter and recycling nutrients. Others, like copepods and
krill, form the basis of aquatic food chains, serving as primary consumers that support fish,
whales, and other marine animals. Some crustaceans are predators, while others are filter feeders,
helping to maintain-water quality.

Economically, crustaceans are important as a source of food for humans, with species such as
lobsters, crabs, and prawns forming a significant part of global fisheries. However, certain
crustaceans can also be pests, damaging crops or acting as intermediate hosts for parasites. Their
ecological and economic significance makes them one of the most studied groups of arthropods.

Box 2.6 Ecological roles of crustaceans
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Key

Ecological Crustacean BlOlOgl?al Ecosystem/Economic Impact
Role Mechanism
Groups
Primary Copepods, Grazing directly on Tr'opl;I;Base: Represe}rllj[ the lar'gi:st
Consumers  [Krill phytoplank!:on animal biomass on Earth; essentia
(microscopic algae).  [food for whales, seals, and fish.
Crabs, Con'sumptlor‘l of Benthic Cleaning: Prevents waste
detritus, carrion, and .
Scavengers  |Lobsters, Jecavine oreanic accumulation on the seafloor and
Crayfish YIng org recycles nutrients into the food web.
matter.
. Mantis Active hunting using Population Regulation: Controls the
Benthic . 1 T numbers of mollusks and other
Shrimp, Blue [specialized striking/or . .
Predators . invertebrates in reefs and seagrass
Crabs crushing.appendages.
beds.
. Barnacles, Straining plankt(_)n Water Quality: Improves water
Filter and.organic particles .
Water Fleas clarity and transfers energy from open
Feeders . from the water .
(Daphnia) water to the solid substrate.
column.
Shrimp, Large-scale Global Food Security: Supports
Economic Prawns, harvesting and multi-billion dollar industries and
Importance |Lobsters, aquaculture for provides a primary protein source for
Crabs human consumption. |coastal populations.

Fill.in the blank: Small crustaceans such as copepods and krill form the basis of aquatic

chains.

Pilot questions 2.3

What are the three main body regions of crustaceans?
How many pairs of antennae do crustaceans possess?

What type of appendages are characteristic of crustaceans?
Name one ecological role of shrimps and crabs.
Which small crustaceans form the basis of aquatic food chains?
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2.4 Biology Of Myriapods
2.4.1 General characteristics of myriapods

Myriapods are a group of arthropods that include centipedes and millipedes. They are
characterised by elongated bodies divided into many segments, with each segment bearing one or
two pairs of legs. Centipedes typically have one pair of legs per segment and are fast=moving
carnivores, while millipedes have two pairs of legs per segment and are slow-moving
detritivores.

Myriapods possess simple eyes or ocelli, antennae for sensing their environment, and mandibles
for chewing food. Their exoskeleton provides protection and prevents water loss, although they

are generally restricted to moist habitats to avoid desiccation. They breathe through a system of
tracheae, which deliver oxygen directly to body tissues.

Short description: Diagram showing general body plan of centipedes and millipedes, highlighting
segmented bodies and legs.
Caption: Figure 2.7 General body plan of myriapods
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Fill'in the blank: Centipedes have one pair of legs per segment, while millipedes have
pairs.

2.4.2 Ecological roles of myriapods
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Myriapods play important roles in soil ecosystems. Millipedes act as decomposers, feeding on
decaying plant material and recycling nutrients back into the soil. This activity improves soil
fertility and supports plant growth. Centipedes, on the other hand, are predators that feed on
insects and other small invertebrates, helping to regulate their populations.

Although generally beneficial, some myriapods can become pests when they invade homes-or
damage crops. Nevertheless, their contributions to nutrient cycling and population control make
them ecologically significant.

Box 2.8 Ecological roles of myriapods

and spiders.

Ecological Key
Ro%e Myriapod Biological Mechanism Ecosystem Impact
Group
s Consumption and Humus Formation: Breaks down
. Millipedes . k .. .
Primary (Class fragmentation of ough cellulose/lignin, increasing
Decomposers Diplopoda) decaying leaves and surface area for microbial
piop rotting wood. decomposition and soil fertility.
. Active hunting using Population Regulation: Acts as a
. Centipedes . . : :
Litter forcipules (poison top invertebrate predator in the
(Class . . . )
Predators . claws) to subdue insects [soil, preventing herbivore and
Chilopoda)

scavenger outbreaks.

Soil Aerators

Both Groups

Persistent burrowing and
tunneling through the
upper soil horizons.

Mechanical Engineering: Creates
micro-channels that improve water
infiltration and oxygen flow to
plant roots.

Production of nutrient-

Mineral Return: Rapidly converts

e Millipedes rich waste (frass) after dgad organic matter into
Cyclers . . bioavailable nitrogen and carbon
consuming detritus.
for plants.
Chemical Millivedes Secretion of defensive Selective Pressure: Influences the
Interaction P toxins (cyanide, feeding habits and evolution of
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Ecological Key
Ro%e Myriapod Biological Mechanism Ecosystem Impact
Group
quinones) to deter ground-dwelling birds, mammals,
predators. and reptiles.
Fill in the blank: Millipedes feed on decaying plant material and act as n soil
ecosystems.

Pilot questions 2.4

What are the two main groups of myriapods?

How many pairs of legs per segment do millipedes have?
What type of eyes do myriapods possess?

Name one ecological role of millipedes.

What ecological role do centipedes play in soil ecosystems?

Series Summary

This Series examined the general biology of selected arthropod classes, highlighting their unique
structures and ecological importance. We began with insects, focusing on their three-part body
plan, metamorphosis, and roles as pollinators and decomposers. Then we explored arachnids,
noting their cephalothorax and abdomen, specialised appendages, and dual roles as predators and
parasites. Following that, we studied crustaceans, recognising their biramous appendages,
aquatic adaptations, and significance as scavengers and primary consumers. Finally, we
considered myriapods, distinguishing between centipedes and millipedes and their contributions
to soil ecosystems:

By completing this Series, you should now be able to describe the general characteristics of
insects, arachnids, crustaceans, and myriapods, explain their ecological roles, and evaluate their
significance in ecosystems. These achievements align directly with the Series Learning
Outcomes and provide you with a comprehensive understanding of arthropod diversity across
major classes.

Glossary of Terms

Abdomen: The posterior body region of arthropods containing digestive and reproductive
organs.

Antennae: Sensory appendages found on the heads of insects and crustaceans.

Biramous appendages: Limbs that branch into two parts, characteristic of crustaceans.
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Cephalothorax: The fused head and thorax region found in arachnids and crustaceans.
Chelicerae: Mouthparts in arachnids adapted for piercing or injecting venom.
Decomposers: Organisms that break down dead organic matter and recycle nutrients.
Exoskeleton: A hard external covering made of chitin that protects arthropods.
Metamorphosis: Developmental process in insects involving distinct life stages.
Myriapods: Arthropods with elongated bodies and many legs, including centipedes and
millipedes.
Pedipalps: Appendages in arachnids used for feeding, sensing, or reproduction.
Pollinators: Organisms that transfer pollen between flowers, enabling plant reproduction.

Concept Check Questions 2
Objective questions

The three main body regions of insects are the head, thorax, and . (kinked to SLO
2.1)

Arachnids possess how many pairs of legs? (Linked to SLO 2.3)

Crustaceans are characterised by appendages. (Linked to SLO 2.5)

Centipedes have one pair of legs per segment, while millipedes have pairs. (Linked
to SLO 2.7)

Insects that transfer pollen between flowers.are called . (Linked to SLO 2.2)

Short-answer questions

6. Describe one ecological role of insects. (Linked to SLO 2.2)

7. Explain the function of chelicerae in arachnids. (Linked to SLO 2.3)

8. State one ecological role of crustaceans. (Linked to SLO 2.6)

9. Give one ecological role of millipedes. (Linked to SLO 2.8)

10. What adaptation allows crustaceans to respire in aquatic environments? (Linked to SLO 2.5)

Long-answer questions

11. Analyse the ecological importance of insects in ecosystems. (Linked to SLO 2.2)

12. Evaluate the dual roles of arachnids as predators and parasites. (Linked to SLO 2.4)
13. Assess the ecological and economic significance of crustaceans. (Linked to SLO 2.6)
14. Discuss the contributions of myriapods to soil ecosystems. (Linked to SLO 2.8)

Answers to Concept Check Questions 2
Objective questions

Abdomen.
Four pairs.
Biramous.
Two.
Pollinators.

-
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Short-answer questions

6. Insects act as pollinators, enabling plant reproduction.

7. Chelicerae are mouthparts adapted for piercing or injecting venom.
8. Crustaceans act as scavengers, recycling nutrients.

9. Millipedes act as decomposers, feeding on decaying plant material.
10. Gills.

Long-answer questions

11. Basic response: Insects are pollinators, decomposers, prey, and predators.

Value-added response: They also influence agriculture, human health, and biodiversity through
their abundance and diversity.

Basic response: Arachnids control insect populations as predators and act as parasites such
as ticks.
Value-added response: Their dual roles highlight both ecological benefits and health
risks, influencing ecosystems and human activity.

Basic response: Crustaceans recycle nutrients, form food chains, and provide food for
humans.
Value-added response: They are economically vital in fisheries but can also act as pests
or parasite hosts.

Basic response: Myriapods contribute to nutrient cycling and population control in soil
ecosystems.
Value-added response: Their roles in decomposition and predation enhance soil fertility
and ecological balance.

Answers to Pilot Questions 2
Part 2.1

Head, thorax, abdomen.
Three pairs.

Exoskeleton made of chitin.
Pollinators.
Metamorphosis.

Part 2.2

Cephalothorax and abdomen.
Four pairs.

Chelicerae.

Predation using webs.

Ticks and mites.

Part 2.3
Cephalothorax, abdomen, tail fan (in some species).

-
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Two pairs.

Biramous appendages.
Scavengers.
Copepods and krill.

Part 2.4

Centipedes and millipedes.

Two pairs.

Simple eyes or ocelli.
Decomposers.
Predators.

References And Attributions 2

-
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Figures and Boxes suggested in Series 2:
Figure 2.1 General body plan of insects
Box 2.2 Ecological roles of insects
Figure 2.3 General body plan of arachnids
Box 2.4 Ecological roles of arachnids
Figure 2.5 General body plan of crustaceans
Box 2.6 Ecological roles of crustaceans
Figure 2.7 General body plan of myriapods
Box 2.8 Ecological roles of myriapods
Al prompt suggestions used for illustration placeholders:
Diagrams showing insect, arachnid, crustacean, and myriapod body plans.
Boxes summarising ecological roles of each arthropod class.
Open Educational Resource (OER) search strings suggested:
“general insect body plan diagram OER”
“ecological roles of insects OER”
“general arachnid body plan diagram OER”
“ecological roles of arachnids OER”
“general crustacean body plan diagram OER”
“ecological roles of crustaceans OER”
“general body plan myriapods diagram OER”
“ecological roles of myriapods OER”
General references (APA style):

Chapman, R. F. (2013). The Insects: Structure and Function. Cambridge University

Press.

Brusca, R. C., Moore, W., & Shuster, S. M. (2016). Invertebrates. Sinauer
Associates.

OER Commons. (n.d.). Arthropod biology resources. Retrieved from
https://www.oercommons.org
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700313 Series 3 Insect Morphology And Physiology

Part 3.1 External morphology of insects
3.1.1 General body regions (head, thorax, abdomen)
3.1.2 Appendages and their modifications
Part 3.2 Internal anatomy of insects
3.2.1 Digestive and circulatory systems
3.2.2 Nervous and sensory systems
Part 3.3 Physiology of insects

3.3.1 Respiration and excretion
3.3.2 Reproduction and development

Introduction

Insects are the most abundant and diverse group of arthropods, and their success is closely tied to
their unique morphology and physiology. Their external structures, such as wings and antennae,
and their internal systems, including specialised organs for respiration and reproduction, have
enabled them to adapt to almost every environment on Earth. Studying these features provides
essential insight into how insects function and thrive.

The aim of this Series is to introduceyou to the external and internal structures of insects and to
explain the physiological processes that sustain their survival and reproduction.

We shall commence this Series by examining the external morphology of insects, focusing on
their body regions and appendages. Next, we will explore their internal anatomy, considering the
digestive, circulatory, nervous, and sensory systems. Finally, we will conclude by analysing
insect physiology, including respiration, excretion, reproduction, and development.

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

SLO 3.1 describe the general body regions of insects,

SLO 3.2 explain the structure and modifications of insect appendages,

SLO 3.3 analyse the digestive and circulatory systems of insects,

SLO 3.4 explain the organisation of the nervous and sensory systems in insects,
SLO 3.5 describe the processes of respiration and excretion in insects, and
SLO 3.6 evaluate insect reproduction and development.

3.1 External Morphology Of Insects

-
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3.1.1 General body regions (head, thorax, abdomen)

Insects are characterised by a distinct three-part body plan consisting of the head, thorax, and
abdomen. The head bears sensory organs such as antennae and compound eyes, as well as
mouthparts adapted for chewing, sucking, or piercing. The thorax is the centre of locomotion;
carrying three pairs of legs and usually two pairs of wings. The abdomen contains the digestive
and reproductive organs, and in some species, structures such as cerci or ovipositors.

This division of the body into specialised regions allows insects to perform multiple functions
efficiently, contributing to their evolutionary success.

Short description: Diagram showing insect body regions (head, thorax, abdomen) with labelled
appendages.
Caption: Figure 3.1 General body regions of insects

GENERALISED INSECT BODY PLAN: AN OER EDUCATIONAL GUIDE TO BODY REGIONS & DIVERSIFICATION
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Fill in the blank: The three main body regions of insects are the head, thorax, and
3.1.2 Appendages and their modifications

Insects possess a variety of appendages, which are external structures attached to body
segments. These include antennae for sensing, mandibles for chewing, maxillae for manipulating
food, and legs for locomotion. Wings, when present, are also considered appendages and are
crucial for dispersal and survival in diverse habitats.

Appendages are often modified to suit specific ecological roles. For example, the mouthparts of
butterflies are adapted into a proboscis for sucking nectar, while those of mosquitoes are
modified for piercing and sucking blood. Similarly, the forelegs of praying mantises are adapted
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for grasping prey, and the hind legs of grasshoppers are modified for jumping. These
modifications illustrate the adaptability of insects to different environments and feeding

strategies.

Box 3.2 Functional modifications of insect appendages

Modified Ancestral . .
Appendage Insect Example Structure Functional Adaptation

Butterfly Lepidoptera Maxillae gﬁi%steg’f{:;i}lzcﬁ ];1 eg f%arleae
Proboscis (Butterflies/Moths) (Mouthparts) . £

siphoning nectar.

Six needle-like structures
Mosquito Labru, specialized for piercing skin

q Diptera (Mosquitoes) Mandibles, P . P 8
Stylets ) and sucking blood or plant
Maxillae .

juices.

Raptorial Mantodea (Praying First pair of Flongated. femu{r and tibia Wlth
} : interlocking spines for rapid

Forelegs Mantids) walking legs .

prey capture and restraint.
Saltatorial Orthoptera Third pair of r?qzesizlsleenriﬁlgc%lz(: gzﬁlﬁlill;?sglg
Hind Legs (Grasshoppers/Crickets) walking legs and predator escape.
Fossorial Gryllotalpidae (Mole First pair of Broad,‘shovel-hl.(e, 2 nd heavily
Forelegs Crickets) walking legs sclerotized for digging and

& £1c8 tunneling through soil.
Natatorial Coleoptera (Diving . Flgttened and fringed with long
Hind legs hairs to act as oars for

Legs Beetles) R

swimming.

Fill in the blank: The elongated mouthpart in butterflies used for sucking nectar is called a

-

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



Pilot questions 3.1

What are the three main body regions of insects?

How many pairs of legs are found in insects?

Which body region of insects carries the wings?

Name one sensory appendage found on the insect head.

Give one example of a functional modification of insect appendages.

3.2 Internal Anatomy Of Insects
3.2.1 Digestive and circulatory systems

The insect digestive system is adapted to process a wide variety of foods, ranging from plant
material to animal tissue. It is divided into three main regions: the foregut, midgut, and hindgut.
The foregut includes the mouth, pharynx, oesophagus, and crop, which stores food temporarily.
The midgut is the primary site of digestion and absorption, while the hindgut reabsorbs water and
forms faeces.

Insects possess an open circulatory system, meaning that blood, or haemolymph, is not
confined to vessels but flows freely within the body cavity. The dorsal vessel acts as the main
pumping organ, with the posterior heart pushing haemolymph forward into the body.
Haemolymph transports nutrients, hormones, and waste products but does not carry oxygen, as
insects rely on their tracheal system for respiration.

Short description: Diagram showing insect digestive system (foregut, midgut, hindgut) and
circulatory system (dorsal vessel, haemolymph flow).
Caption: Figure 3.3 Digestive and circulatory systems of insects

Fill in the blank: Insects have an open circulatory system where blood, called , flows
freely within the body cavity.

3.2.2 Nervous and sensory systems

The insect nervous system consists of a brain, ventral nerve cord, and segmental ganglia. The
brain controls sensory input and behaviour, while the ganglia coordinate localised functions such
asimovement of legs or wings. This decentralised organisation allows insects to react quickly to
stimuli.

Insects also possess highly developed sensory systems. Their compound eyes provide a wide
field of vision and detect movement effectively, while simple eyes (ocelli) detect changes in light
intensity. Antennae serve as sensory organs for detecting chemical signals, vibrations, and
temperature. Some insects also have tympanal organs for detecting sound. These sensory
adaptations enable insects to locate food, avoid predators, and communicate with one another.

-

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



Box 3.4 Nervous and sensory systems of insects

the legs (crickets) or

or substrate.

System Anatomical Structure Primary Function Biological Significance
Component
. Three-lobed mass Main cen ter for visual Integrates sensory input
Brain processing and
(Protocerebrum, o from the eyes and
(Cerebral coordinating complex .
. Deutocerebrum, ) ; . antcnnae to direct the
Ganglion) . behaviors like social | . ..
Tritocerebrum). . . insect's overall activity.
Interaction.
A double nerve cord IDecentralized control: Al fqr autonomous
. . . reflex actions (e.g.,
Ventral with segmental ganglia [Each ganglion manages . . .
. . walking or wing beating)
Nerve Cord  [running along the the movement of its . :
"belly" side. specific’body segment. even if the head is
damaged.
[ arce structures Essential for aerial
£ Provides a wide field of predators (dragonflies)
Compound  [composed of thousands | .. . .o )
. s view andexceptional and for navigating using
Eyes of individual units . . . :
< 1 motion detection. polarized sunlight or UV
called ommatidia.
patterns.
. . . . Acts as a "horizon
Ocelli Three small, single<lens [Detection of light " o
. . . . . sensor" to help maintain
(Simple structures typically intensity and rapid . : .
Eyes) located on the forehead. [changes in the horizon stability and orientation
¥ ' ' during high-speed flight.
Primary oreans for [Used to locate food,
Multi-segmented head 1y organ detect pheromones for
. chemoreception .
lAntennae appendages covered in mating, and sense
. . (smell/taste) and . iy
sensory hairs (sensilla). . changes in humidity or
mechanoreception (touch). | .
wind speed.
Pvmpanal A thin, drum-like Detection of sound Critical for predator
O)l"gal:ls membrane located on vibrations through the air javoidance (detecting bat

sonar) and

FW

D
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System Anatomical Structure Primary Function Biological Significance
Component
abdomen communicating with
(grasshoppers). mates via "songs."

Fill in the blank: The large visual organs in insects that provide a wide field of vision are called
eyes.

Pilot questions 3.2

What are the three main regions of the insect digestive system?
What type of circulatory system do insects possess?

What is the name of the insect blood?

Which organs provide insects with a wide field of vision?
Name one sensory function of insect antennae.

3.3 Physiology Of Insects
3.3.1 Respiration and excretion

Insects breathe through a specialised system of tracheae, which are tiny tubes that deliver
oxygen directly to body tissues. Air enters the tracheae through openings called spiracles,
located along the sides of the body. This system bypasses the need for haemolymph to transport
oxygen, making respiration highly efficient.

Excretion in insects is carried out by Malpighian tubules, which remove nitrogenous waste
from the haemolymph and release it into the hindgut for elimination. This adaptation helps
insects.conserve water, an important feature for survival in terrestrial environments.

Short deseription: Diagram showing insect tracheal system with spiracles and Malpighian
tubules connected to the hindgut.
Caption: Figure 3.5 Respiration and excretion in insects

Fill in the blank: The openings along the insect body that allow air into the tracheae are called

3.3.2 Reproduction and development

-
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Insects exhibit diverse reproductive strategies, but most reproduce sexually, with males
transferring sperm to females during mating. Fertilised eggs are laid in environments suitable for
the survival of offspring. Some insects, such as aphids, can reproduce asexually through

parthenogenesis.

Development in insects occurs through metamorphosis, which may be complete or incomplete.
Complete metamorphosis involves four stages: egg, larva, pupa, and adult. Incomplete
metamorphosis involves three stages: egg, nymph, and adult. These developmental processes
allow insects to exploit different ecological niches during their life cycle, reducing eompetition
between immature and adult stages.

Box 3.6 Types of insect metamorphosis

Type of Developmental Physical Biological Common
Metamorphosis Stages Characteristics Significance Examples
Niche
Egg Partitioning:
$S\rightarrow$ Larva looks Larvae and
Complete Larva entirely different |adults eat Butterflies,
P S\rightarrow$ from the adult different foods, [Beetles, Flies,
(Holometabolous) . o
Pupa (e.g:, caterpillar  |eliminating Bees, Ants.
S\rightarrow$ vs. butterfly). competition
Adult between
generations.
Early Utility:
Egg INymphs are Nymphs can Grasshoppers,
$S\rightarrow$ . immediately .
Incomplete miniature, .. Dragonflies,
. Nymph . . utilize the same
(Hemimetabolous) . wingless versions Cockroaches,
$\rightarrow$ of the adult food sources and True Bues
Adult ' habitats as the i
adults.
Egg Young are Fﬁ‘;ﬂi’z
$S\rightarrow$ identical to adults | " .
None . wingless insects; [Silverfish,
Young except for size . o .
(Ametabolous) . requires minimal |Firebrats.
$S\rightarrow$ and sexual hvsiological
Adult maturity. Py g
restructuring.
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Fill in the blank: The developmental process in insects that includes egg, larva, pupa, and adult
stages is called metamorphosis.

Pilot questions 3.3

What structures deliver oxygen directly to insect tissues?

What are the openings along the insect body that allow air into the tracheae?
Which organs remove nitrogenous waste in insects?

Name one reproductive strategy used by insects.

What are the stages of complete metamorphosis?

Series Summary

This Series explored the morphology and physiology of insects; providing a detailed
understanding of their external and internal structures as well as their functional processes. We
began by examining the external morphology, focusing on the three body regions and the
modifications of appendages. We thenimoved on to the internal anatomy, considering the
digestive, circulatory, nervous, and sensory systems. Finally, we analysed insect physiology,
including respiration, excretion, reproduction, and development.

By completing this Series, you should now be able to describe insect body regions, explain
appendage modifications, analyse internal systems, and evaluate physiological processes such as
respiration, excretion, and metamorphosis. These outcomes align directly with the Series
Learning Outcomes and equip you with a comprehensive foundation for understanding how
insects function and thrive.

Glossary of Terms

Abdomen: The posterior body region of insects containing digestive and reproductive
organs.,

Antennae: Sensory appendages on the insect head used for detecting chemical signals,
vibrations, and temperature.

Appendages: External structures attached to insect body segments, including legs, wings,
and mouthparts.

Compound eyes: Large visual organs in insects that provide a wide field of vision and detect
movement.

Foregut: The anterior region of the insect digestive system, including mouth, pharynx,
oesophagus, and crop.

Haemolymph: The insect blood that circulates freely in the body cavity, transporting
nutrients and waste.

Malpighian tubules: Excretory organs in insects that remove nitrogenous waste and
conserve water.
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Metamorphosis: Developmental process in insects involving distinct life stages, either
complete or incomplete.

Spiracles: Openings along the insect body that allow air into the tracheal system.

Tracheae: Tubes that deliver oxygen directly to insect tissues.

Concept Check Questions 3
Objective questions

The three main body regions of insects are the head, thorax, and . (Linked to SLO
3.1)

The elongated mouthpart in butterflies used for sucking nectar is called a . (Linked to
SLO 3.2)

Insects possess an circulatory system. (Linked to SLO 3.3)

The insect blood is known as . (Linked to SLO 3.3)

The openings along the insect body that allow air into the tracheae are called
(Linked to SLO 3.5)

Short-answer questions

6. Describe the three regions of the insect digestive system. (Linked to SLO 3.3)

7. Explain the function of compound eyes in insects. (Linked to SLO 3.4)

8. State one modification of insect appendages and its function. (Linked to SLO 3.2)
9. What organs remove nitrogenous waste in insects? (Linked to SLO 3.5)

10. List the stages of complete metamorphosis. (Linked to SLO 3.6)

Long-answer questions

11. Analyse how the external merphology of insects contributes to their survival. (Linked to SLO
3.1,3.2)

12. Evaluate the importance of the insect nervous and sensory systems in ecological adaptation.
(Linked to SLO 3.4)

13. Discuss the physiological processes of respiration and excretion in insects. (Linked to SLO
3.5)

14. Assess the significance of metamorphosis in insect development and ecological success.
(Linked to SLO 3:6)

Answers to Concept Check Questions 3
Objective questions

Abdomen.
Proboscis.
Open.
Haemolymph.
Spiracles.

-
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Short-answer questions

6. Foregut (storage), midgut (digestion and absorption), hindgut (water reabsorption and faeces
formation).

7. Compound eyes provide a wide field of vision and detect movement.

8. Grasshopper hind legs are modified for jumping.

9. Malpighian tubules.

10. Egg, larva, pupa, adult.

Long-answer questions

11. Basic response: External morphology includes body regions and appendages adapted for
feeding, locomotion, and sensing.

Value-added response: These adaptations allow insects to exploit diverse habitats.and
ecological roles, enhancing survival.

Basic response: Nervous and sensory systems help insects detect stimuli and respond
quickly.
Value-added response: They enable ecological adaptation through communication,
predator avoidance, and resource location.

Basic response: Respiration occurs through tracheae and spiracles, while excretion is
managed by Malpighian tubules.
Value-added response: These processes conserve water.and deliver oxygen efficiently,
supporting terrestrial survival.

Basic response: Metamorphosis allows insects to occupy different niches during their life
cycle.
Value-added response: It reduces competition between immature and adult stages and
enhances ecological success.

Answers to Pilot Questions 3
Part 3.1

Head; thorax, abdomen.
Three pairs.

Thorax.

Antennae.

Butterfly proboscis.

Part 3.2

Foregut, midgut, hindgut.
Open circulatory system.
Haemolymph.
Compound eyes.

Detect chemical signals.

Part 3.3

-
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Tracheae.

Spiracles.

Malpighian tubules.
Sexual reproduction or parthenogenesis.
Egg, larva, pupa, adult.

References And Attributions 3

Figures and Boxes suggested in Series 3:
Figure 3.1 General body regions of insects
Box 3.2 Functional modifications of insect appendages
Figure 3.3 Digestive and circulatory systems of insects
Box 3.4 Nervous and sensory systems of insects
Figure 3.5 Respiration and excretion in insects
Box 3.6 Types of insect metamorphosis
Al prompt suggestions used for illustration placeholders:
Diagrams showing insect body regions, digestive and circulatory systems,
tracheal system, and metamorphosis.
Boxes summarising appendage modifications, nervous and sensory systems,
and metamorphosis types.
Open Educational Resource (OER) search strings suggested:
“insect body regions diagram OER”
“functional modifications insect appendages OER”
“insect digestive cireculatory system diagram OER”
“insect nervous sensory systems OER”
“insect respiration excretion diagram OER”
“types of insect metamorphosis OER”
General references (APA style):
Chapman, R. F.(2013). The Insects: Structure and Function. Cambridge University
Press.
Gullan, P. J.; & Cranston, P. S. (2014). The Insects: An Outline of Entomology.
Wiley-Blackwell.
OER Commons. (n.d.). Insect morphology and physiology resources. Retrieved from
https://www.oercommons.org

-

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


https://www.oercommons.org/

700313 Series 4 Arthropods In Food, Agriculture, Medicine, And
As Disease Vectors

Part 4.1 Arthropods in food and nutrition
4.1.1 Edible insects and their nutritional value
4.1.2 Cultural and economic importance of edible arthropods
Part 4.2 Arthropods in agriculture
4.2.1 Beneficial arthropods (pollinators, natural enemies of pests)
4.2.2 Harmful arthropods (crop pests and their impacts)
Part 4.3 Arthropods in medicine
4.3.1 Medicinal uses of arthropods and their products
4.3.2 Arthropods in biomedical research
Part 4.4 Arthropods as disease vectors

4.4.1 Insects transmitting human diseases
4.4.2 Arthropods transmitting animal diseases

Introduction

In the last Series, we explored insect morphology and physiology, gaining insight into how their
structures and processes support survival. Building on that foundation, this Series shifts focus to
the practical and applied aspects of arthropods in human life. Arthropods are not only abundant
in nature but also deeply intertwined with food, agriculture, medicine, and public health. Their
roles can be beneficial, neutral, or harmful, making them a subject of great importance in applied
biology.

The aim of this Series s to examine the diverse ways arthropods interact with humans, from
serving as food and agricultural allies to acting as vectors of disease.

We shall commence this Series by considering arthropods in food and nutrition, looking at edible
insects and their cultural significance. Next, we will move on to agriculture, exploring both
beneficial.and harmful arthropods. Following that, we will study arthropods in medicine,
including their use in treatments and research. Finally, we will conclude by analysing arthropods
as disease vectors, focusing on their role in transmitting illnesses to humans and animals.

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

SLO 4.1 describe the nutritional value and cultural importance of edible arthropods,
SLO 4.2 explain the roles of beneficial arthropods in agriculture,

SLO 4.3 analyse the impacts of harmful arthropods on crops,

SLO 4.4 evaluate the medicinal uses of arthropods and their products,

SLO 4.5 explain the role of arthropods in biomedical research,

-
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SLO 4.6 describe the major human diseases transmitted by arthropods, and
SLO 4.7 assess the significance of arthropods in transmitting animal diseases.

4.1 Arthropods In Food And Nutrition
4.1.1 Edible insects and their nutritional value

Across many cultures, insects are consumed as a valuable source of food. These edible insects
provide high levels of protein, vitamins, minerals, and healthy fats, often comparable to or
exceeding those found in traditional livestock. For example, crickets and grasshoppers are rich in
protein and iron, while termites and caterpillars provide essential fatty acids. Their small
ecological footprint also makes them a sustainable alternative to conventional meat production.

Insects are particularly important in regions where food security is a challenge, offering
affordable and accessible nutrition. Their consumption is increasingly promoted as part of global
strategies to address malnutrition and environmental sustainability.

Short description: Diagram showing examples.of edible insects and their nutritional composition
(protein, fat, vitamins, minerals).
Caption: Figure 4.1 Nutritional value of edible insects

NUTRITIONAL COMPOSITION OF SELECT EDIBLE INSECTS: AN OER EDUCATIONAL WORKFLOW
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Fill in the blank: Insects such as crickets and grasshoppers are rich in protein and
4.1.2 Cultural and economic importance of edible arthropods
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The consumption of insects is deeply rooted in cultural traditions across Africa, Asia, and Latin
America. In many communities, edible insects are considered delicacies and are prepared in

diverse ways, such as roasting, frying, or boiling. Their availability during certain seasons often
makes them an important part of local diets.

Economically, edible insects contribute to livelihoods through harvesting, farming, and trade.
The growing global interest in insect-based foods has created new markets, with insect flour and
protein powders being used in snacks and supplements. This demonstrates how arthropods can

play a role not only in nutrition but also in economic development.

Box 4.2 Cultural and economic importance of edible insects

'Weevil Larvae

or tree falls).

Catesor Key Insects Cultural/Economic Global & Environmental
gory involved Mechanism Impact
N Mopane Deefly rooféd culinary Food Sovereignty: ‘PI'OVldGS
Traditional Worms, . . . ; a culturally appropriate and
. heritageiin Africa, Asia, ; )
Staples Chapulines, . s locally accessible protein
. and Latin America.
Termites source.
Winged Harvesting tied to natural Nlltl'lFlOIlal Safety Net.:
Seasonal . . Supplies essential fats, iron,
L Termites; Palm [cycles (e.g., rainy seasons . .
Delicacies and zinc when conventional

crops may be out of season.

Insect Farming

Crickets, Black

Controlled rearing in

Resource Efficiency:
Produces significantly lower

Insect Pasta

e Soldier Flies, vertical farms using e
(Minilivestock) .. greenhouse gas emissions
Mealworms minimal land and water. .
compared to cattle or swine.
Bioconversion of organic Waste Management:
Circular Black Soldier . Ore Diverts organic waste from
food waste into high-value . .
Economy Fly Larvae . . landfills while creating
insect protein. . :
sustainable animal feed.
. Cricket Flour, . . Market Expansion:
Emerging . Processing insects into . .
Protein Bars, A Projected to be a multi-
Markets invisible" powders and

billion dollar global industry
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Key Insects Cultural/Economic Global & Environmental
Category

involved Mechanism Impact
value-added consumer by 2030, driven by "eco-
goods. conscious" consumers.

Fill in the blank: The practice of consuming insects as food is deeply rooted in many
traditions.

Pilot questions 4.1

Name two examples of edible insects.

What nutrient is particularly abundant in crickets and grasshoppers?
How are edible insects commonly prepared in local diets?

What economic activity is associated with edible insect production?
Why are edible insects considered a sustainable food source?

4.2 Arthropods In Agriculture
4.2.1 Beneficial arthropods (pollinators, natural enemies of pests)

Arthropods play vital roles in agriculture, particularly as beneficial organisms. Insects such as
bees, butterflies, and certain beetles act as pollinators, transferring pollen between flowers and
enabling crop reproduction. Without them, many fruits, vegetables, and grains would fail to
produce seeds or edible parts.

Other arthropods serve as natural enemies of pests, helping to regulate populations of harmful
species. Ladybird beetles feed on aphids, while parasitic wasps lay their eggs inside pest larvae,
reducing their numbers: These natural controls reduce the need for chemical pesticides and
promote sustainable farming practices.

Short description: Diagram showing beneficial arthropods in agriculture (bee pollinating flower,
ladybird feeding on aphids).

-
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Caption: Figure 4.3 Beneficial arthropods in agriculture

BENEFICIAL ARTHROPODS IN AGRICULTURE: AN OER EDUCATIONAL WORKFLOW
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Fill in the blank: Insects such as bees and butterflies act as , enabling crop reproduction.
4.2.2 Harmful arthropods (crop pests and their impacts)

While many arthropods are beneficial, others are harmful as crop pests. Locusts, for example,
can devastate entire fields by consuming vegetation rapidly. Weevils damage stored grains, while
caterpillars feed on leaves and fruits, reducing crop yields. These pests cause significant
economic losses and threaten food security.

Farmers often rely on integrated pest management strategies to control harmful arthropods. This
involves combining biological control, cultural practices, and limited use of pesticides to
minimise damage while protecting beneficial species. Understanding the dual roles of arthropods
in agriculture is essential for balancing productivity and sustainability.

Box 4.4 Harmful arthropods in agriculture
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Pest Key Examples Feeding Mechanism Agricultural & Economic
Category Impact
Chewing c e
Desert Locust (Mandibulate): Total Defoliation: Can destroy
. . enough food to feed 35,000
Locusts (Schistocerca Gregarious swarms . .
. people in a single day; leads to
gregaria) consume all green . .
. localized famine:
vegetation.
Storage Loss: Larvaedevelop
. Granary Weevil, Boring/Chewing: inside grains, maklpg them
Weevils Boll Weevil Elongated snouts used to  unfit for consumption or sale;
drill into seeds and stems.{destroys up to 20% of global
grain stores.
Chewing: High- Structural D.amage:' Reduces
. Fall Armyworm, . . photosynthetic capacity and
Caterpillars efficiency consumption of . !
Corn Borer . . bores into high-value products
leaf tissue and fruit. s
like cotton bolls or corn ears.
Viral Vectors: Acts as the
Green Peach Piercing-Sucking: rimary transporter of plant
Aphids & Aphid, Brown cns &: primary ransp ' b
: Drains phloem sap and diseases/viruses, which can
True Bugs Marmorated Stink . |.”. . . . .
injects toxic saliva. wipe out entire orchards or
Bug
potato fields.
Chlorosis: Causes leaf
. . Two-spotted Plerglng: Punctures yellgwmg and preme}tur§ drop,
Spider Mites . . individual plant cells to particularly devastating in
Spider Mite )
feed on chloroplasts. greenhouse and fruit
production.

Fill in the blank: Locusts are considered harmful arthropods because they consume large

amounts of rapidly.

Pilot questions 4.2

Name two examples of beneficial arthropods in agriculture.
What role do ladybird beetles play in farming?
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Give one example of a harmful arthropod pest.
What is the purpose of integrated pest management?
Why are pollinators essential for crop reproduction?

4.3 Arthropods In Medicine
4.3.1 Medicinal uses of arthropods and their products

Arthropods have long been used in traditional and modern medicine. For example, bee venom
has been applied in therapies for arthritis and other inflammatory conditions, while maggot
therapy uses fly larvae to clean wounds by consuming dead tissue and promoting healing.
Certain arthropod products, such as honey, propolis, and silk, also have medicinal properties,
ranging from antimicrobial activity to wound dressing applications.

These uses highlight the potential of arthropods as natural sources of bioactive compounds.
Modern research continues to explore arthropod-derived substances for developing new drugs
and treatments.

Short description: Diagram showing medicinal uses of arthropods (bee venom therapy, maggot
therapy, honey, silk).
Caption: Figure 4.5 Medicinal uses of arthropods
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Fill in the blank: The use of fly larvae to clean wounds by consuming dead tissue is called
therapy.
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4.3.2 Arthropods in biomedical research

Arthropods also play a significant role in biomedical research. Fruit flies (Drosophila
melanogaster) are widely used as model organisms to study genetics, development, and disease
processes due to their short life cycles and well-mapped genome. Mosquitoes are studied to
understand disease transmission, while ticks and mites provide insights into parasitology and
host-pathogen interactions.

These research applications make arthropods indispensable in advancing scientific knowledge
and medical innovation. Their diversity and adaptability allow scientists to investigate a wide
range of biological questions relevant to human health.

Box 4.6 Arthropods in biomedical research

Arthropod Key Species Research Foecus Biomedical Contribution
Group
Genetics & Human Disease Homology:
S \Drosophila Development: Rapid Shares 75% of human disease-
Fruit Flies . .
melanogaster life cycle.and mapped  [causing genes; used to study
genome. cancer, Parkinson’s, and aging.
. Disease Eradication: Essential
Vector Biology: for developing vaccines and
. Anopheles, Aedes IMechanisms of blood- "p g vac "
Mosquitoes S ocdine and pathoeen CRISPR "gene drive
pp- . g and pathog technologies for Malaria and
incubation. :
Zika.
Hematology: Study of [Immunology: Informs the
. . anticoagulants and development of new anti-
Ticly [xodes (Hard Ticks) anesthetics in tick inflammatory drugs and Lyme
saliva. disease treatments.
Dermatology & Allergy Treatment: Foundation
Mites \Demodex, Allergens: Host- for managing asthma (dust
\Dermatophagoides  |parasite interactions on |mites) and chronic skin
human skin. conditions like rosacea.

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




Arthropod Key Species Research Focus Biomedical Contribution
Group
. . Safety Testing: The LAL test is
Endotoxin Detection: y g .
Horseshoe . . the global standard for ensuring
Limulus polyphemus |Unique copper-based . .
Crabs vaccines and medical tools are
blue blood. . . .
free of bacterial contamination.

Fill in the blank: The fruit fly Drosophila melanogaster is widely used as a model organism in
studies.

Pilot questions 4.3

Name one arthropod product used in medicine.

What therapy uses fly larvae to clean wounds?

Which arthropod is commonly used in genetic research?

Why are fruit flies valuable in biomedical studies?

Give one example of how arthropods contribute to modern medical innovation.

4.4 Arthropods As Disease Vectors
4.4.1 Insects transmitting human diseases

Certain insects act as vectors, meaning they carry and transmit pathogens that cause diseases in
humans. Mosquitoes are among the most notorious, transmitting malaria, dengue fever, yellow
fever, and Zika virus. Tsetse flies spread trypanosomiasis (sleeping sickness), while sandflies
transmit leishmaniasis. These insects do not cause the diseases themselves but serve as carriers,
transferring pathogens from one host to another.

Understanding the biology and behaviour of these vectors is crucial for designing effective
control measures. Strategies such as insecticide-treated nets, environmental management, and
biological control are widely used to reduce transmission.

Short description: Diagram showing common insect vectors (mosquito, tsetse fly, sandfly) and
the diseases they transmit.

-
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Caption: Figure 4.7 Insect vectors of human diseases

INSECT VECTORS OF HUMAN DISEASES: AN OER EDUCATIONAL GUIDE TO FORM & FUNCTION
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Fill in the blank: Mosquitoes are vectors of malaria, dengue fever, and virus.
4.4.2 Arthropods transmitting animal diseases

Arthropods also transmit diseases that affect livestock and wildlife. Ticks are major vectors of
diseases such as babesiosis and anaplasmosis in cattle. Mites can spread mange among animals,
while biting flies transmit trypanosomiasis in livestock. These diseases reduce productivity,
cause economic losses, and threaten food security.

Control measures often involve integrated approaches, including acaricides, improved animal
husbandry, and vaccination where available. By managing arthropod vectors, farmers can protect

animal health.and sustain agricultural productivity.

Box 4.8 Arthropods transmitting animal diseases

¢ Key Species Disease/Condition Impact on Animal Health
Category
Rhipicephalus, Bovine Babesiosis L
. . . . [Causes severe anemia, high
Ticks Ixodes, (Redwater), Theileriosis, o
fever, and mortality in cattle;
Amblyomma Heartwater
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Vector

Key Species Disease/Condition Impact on Animal Health
Category
"tick worry" leads to weight
loss and damaged hides.
Intense itching (pruritus), hair|
. Sarcoptes scabiei, [Sarcoptic & Psoroptic loss, and skin thickening;
Mites . . severely reduces wool and
[Psoroptes ovis Mange (Scabies) o
meat quality in sheep and
cattle.
Animal Causes.chronic wasting,
Tsetse Fly - fever, and lethargy; Nagana
Trypanosomiasis

Biting Flies (Glossina), Stable
Fly, Horse Fly

is a'major barrier to cattle
farming across sub-Saharan
Africa.

(Nagana), Equine
Infectious Anemia

High mortality rates in sheep
Bluetongue Virus, and horses; causes swelling
African Horse Sickness  [of the head/tongue and
respiratory distress.

Midges/Gnats |Culicoides spp.

Affects a wide range of
livestock and domestic pets,
often leading to abortions in
ruminants or fatal cardiac
failure in canines.

Rift Valley Fever, West

Mosquitoes Culex, Aedes spp. Nile Virus. Heartworm

Fill in the blank: Ticks are vectors of cattle diseases such as babesiosis and
Pilot questions 4.4

Name two human diseases transmitted by mosquitoes.

Which insect transmits sleeping sickness?

What disease is spread by sandflies?

Name one arthropod vector of cattle diseases.

Why is controlling arthropod vectors important in agriculture?
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Series Summary

This Series examined the diverse roles of arthropods in food, agriculture, medicine, and as
disease vectors, highlighting both their benefits and challenges to human society. We began by
considering edible insects, their nutritional value, and their cultural and economic importance.
We then moved on to agriculture, where arthropods act as both allies, through pollination and
pest control, and adversaries, as crop pests. Following that, we explored their contributions to
medicine, including therapeutic uses and their role in biomedical research. Finally, we analysed
arthropods as disease vectors, focusing on their transmission of illnesses to humans-and animals.

By completing this Series, you should now be able to describe the nutritional and cultural
significance of edible arthropods, explain their beneficial and harmful roles in agriculture,
evaluate their medicinal uses, and assess their importance in disease transmission. These
outcomes align directly with the Series Learning Outcomes, equipping you with applied
knowledge of arthropods in human health, food security, and sustainable development.

Glossary of Terms

Acaricides: Chemicals used to control ticks and mites:

Beneficial arthropods: Arthropods that suppott agriculture, such as pollinators and natural
enemies of pests.

Disease vectors: Arthropods that carry and transmit pathogens causing diseases in humans or
animals.

Edible insects: Insects consumed as.food, valued for their nutritional content.

Integrated pest management: A strategy combining biological, cultural, and chemical
methods to control pests sustainably.

Maggot therapy: Medical use of fly larvae to clean wounds by consuming dead tissue.

Pollinators: Arthropods that transfer pollen between flowers, enabling plant reproduction.

Propolis: A resinous substance produced by bees, used for its antimicrobial properties.

Trypanosomiasis: A disease transmitted by tsetse flies in humans and biting flies in animals.

Concept Check Questions 4
Objective questions

Insects such as crickets and grasshoppers are rich in protein and . (Linked to SLO 4.1)

Bees and butterflies act as in agriculture. (Linked to SLO 4.2)

Locusts are harmful arthropods because they consume large amounts of rapidly.
(Linked to SLO 4.3)

The use of fly larvae to clean wounds is called therapy. (Linked to SLO 4.4)

The fruit fly Drosophila melanogaster is widely used in studies. (Linked to SLO 4.5)

Short-answer questions

6. Describe one cultural importance of edible insects. (Linked to SLO 4.1)
7. Explain the role of ladybird beetles in agriculture. (Linked to SLO 4.2)
8. State one example of a harmful arthropod pest. (Linked to SLO 4.3)

-
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9. Name one arthropod product used in medicine. (Linked to SLO 4.4)
10. Give one example of an arthropod vector of human disease. (Linked to SLO 4.6)

Long-answer questions

11. Analyse the nutritional and economic importance of edible insects. (Linked to SLO 4.1)

12. Evaluate the dual roles of arthropods in agriculture as beneficial and harmful organisms:
(Linked to SLO 4.2, 4.3)

13. Discuss the contributions of arthropods to medicine and biomedical research. (Linked to SLO
4.4,4.5)

14. Assess the significance of arthropods as vectors of human and animal diseases. (Linked to
SLO 4.6, 4.7)

Answers to Concept Check Questions 4
Objective questions

Iron.
Pollinators.
Vegetation.
Maggot therapy.
Genetic.

Short-answer questions

6. Insects are consumed as delicacies in-many cultures and are prepared in traditional ways.
7. Ladybird beetles feed on aphids, reducing pest populations.

8. Locusts.

9. Honey.

10. Mosquito.

Long-answer questions

11. Basic response: Edible insects provide protein, vitamins, and minerals, and are part of
cultural diets.

Value-added response: They also support livelihoods through farming and trade, and contribute
to sustainable food systems.

Basic response: Arthropods act as pollinators and pest controllers, but some damage crops.
Value-added response: Their dual roles highlight the need for integrated pest
management to balance productivity and sustainability.

Basic response: Arthropods provide medicinal products and are used in genetic and disease
research.

Value-added response: Their role in biomedical innovation makes them indispensable
for advancing treatments and scientific knowledge.

Basic response: Arthropods transmit diseases such as malaria, trypanosomiasis, and
babesiosis.

Value-added response: Their impact on human health and livestock productivity
underscores the importance of vector control in public health and agriculture.

-
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Answers to Pilot Questions 4
Part 4.1

Crickets, grasshoppers.

Protein.

Roasting, frying, boiling.

Farming and trade.

They have a small ecological footprint.

Part 4.2

Bees, ladybird beetles.

They feed on aphids.

Locusts.

To minimise pest damage sustainably.
They enable crop reproduction.

Part 4.3

Honey.

Maggot therapy.

Fruit fly (Drosophila melanogaster).

Short life cycle and mapped genome.
Development of new drugs and treatments.

Part 4.4

Malaria, dengue fever.
Tsetse fly.
Leishmaniasis.
Tick.
To protect animal health and food security.

References And Attributions 4

Figures and Boxes suggested in Series 4:
Figure 4.1 Nutritional value of edible insects
Box 4.2 Cultural and economic importance of edible insects
Figure 4.3 Beneficial arthropods in agriculture
Box 4.4 Harmful arthropods in agriculture
Figure 4.5 Medicinal uses of arthropods
Box 4.6 Arthropods in biomedical research
Figure 4.7 Insect vectors of human diseases
Box 4.8 Arthropods transmitting animal diseases
Al prompt suggestions used for illustration placeholders:

-
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Diagrams showing edible insects, beneficial and harmful arthropods,
medicinal uses, and disease vectors.
Boxes summarising cultural importance, agricultural impacts, biomedical
research, and animal disease transmission.
Open Educational Resource (OER) search strings suggested:
“nutritional value edible insects diagram OER”
“cultural economic importance edible insects OER”
“beneficial arthropods agriculture diagram OER”
“harmful arthropods crop pests OER”
“medicinal uses arthropods diagram OER”
“arthropods biomedical research OER”
“insect vectors human diseases diagram OER”
“arthropods animal disease vectors OER”
General references (APA style):
Gullan, P. J., & Cranston, P. S. (2014). The Insects: An Outline of Entomology.
Wiley-Blackwell.
Chapman, R. F. (2013). The Insects: Structure and Function. Cambridge University
Press.
OER Commons. (n.d.). Arthropods in agriculture and medicine resources. Retrieved
from https://www.oercommons.org

700313 Series 5 Practical Collection, Identification, And
Preservation Of Local Arthropods

Part 5.1 Collection methods of local arthropods
5.1.1 Field techniques (nets, traps, hand collection)
5.1.2 Safety.and ethical considerations

Part 5.2 Identification of local arthropods
5.2.1 Morphological features used in identification
5.2:2 Use of simplekeys and guides

Part 5.3 Preservation of local arthropods

5.3.1 Dry preservation (pinning, spreading, storage)
5.3.2 Wet preservation (alcohol, glycerine, vials)

Introduction

In the last Series, we examined the applied roles of arthropods in food, agriculture, medicine, and
disease transmission. To build on that knowledge, this Series focuses on practical skills that
allow us to study arthropods directly in our local environment. Collecting, identifying, and
preserving specimens are essential techniques in entomology and related fields, enabling learners
to connect theory with hands-on practice.

-
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The aim of this Series is to equip you with practical methods for collecting arthropods,
identifying them using morphological features and simple keys, and preserving them for study or
reference.

We shall commence this Series by exploring collection methods, including field techniques and
safety considerations. Next, we will move on to identification, focusing on morphological
features and the use of simple keys. Finally, we will conclude with preservation techniques,
examining both dry and wet methods to ensure specimens remain useful for long-term study.

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

SLO 5.1 demonstrate practical methods for collecting local arthropods,

SLO 5.2 explain safety and ethical considerations in arthropod collection,

SLO 5.3 describe morphological features used in arthroped identification,

SLO 5.4 apply simple keys and guides to identify local arthropods,

SLO 5.5 demonstrate dry preservation techniques such as pinning and spreading, and
SLO 5.6 explain wet preservation methods usingalcohol or glycerine.

5.1 Collection Methods Of Local Arthropods
5.1.1 Field techniques (nets, traps, hand collection)

Collecting arthropods in the field requires practical tools and methods that suit different habitats
and species. Sweep nets are commonly used to capture insects from vegetation by sweeping
through grasses and shrubs. Pitfall traps, which are small containers sunk into the ground, are
effective for catching crawling arthropods such as beetles and ants. Light traps attract nocturnal
insects like moths using a light source, while bait traps lure arthropods with food or chemical
attractants.

Hand collection is another simple but effective method, especially for larger arthropods such as
grasshoppets, spiders, Or beetles. This technique requires patience and careful observation, often
using forceps or jars to safely capture specimens without injury.

Short description: Diagram showing common arthropod collection methods (sweep net, pitfall
trap, light trap, hand collection).

-
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Caption: Figure 5.1 Field techniques for collecting arthropods

ARTHROPOD COLLECTION METHODS: AN OER EDUCATIONAL WORKFLOW & DATA INTEGRATION GUIDE
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Fill in the blank: Containers sunk into the ground to catch crawling arthropods are called
traps.

5.1.2 Safety and ethical considerations

When collecting arthropods, it is important to follow safety guidelines to protect both the
collector and the environment. Collectors should wear protective clothing, especially when

working in areas with biting or stinging insects. Handling specimens with forceps or jars reduces
the risk of injury.

Equally important are ethical considerations. Collecting should be done responsibly, avoiding
unnecessary harm to populations or habitats. Only the number of specimens required for study
should be taken, and endangered species should not be collected without proper authorisation.
These practices ensure that arthropod collection contributes to science and education without
damaging biodiversity.

Box 5.2 Safety and ethical considerations in arthropod collection
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Consideration | Key Pr.actlces & Biological/Ethical Rationale Impact on Research &
Category Equipment Environment
Long sleeves, Risk Mitigation: Prevents Reduces the likelihood
Personal Safet tucked-in trousers, [|bites from disease vectors of field-acquired
y DEET, and sturdy  |(ticks/mosquitoes) or illnesses or allergic
boots. venomous stings. reactions.
Use of forceps, Physical Protection: Avoids [Maintains the physical
Specimen pooters direct skin contact with integrity of the specimen
Handling (aspirators), and irritants (urticating hairs) or  |for accurate
padded containers. [venom. identification.
Ethyl acetate Welfare Standards: Ensures Adheres to cthical
Humane . . : : . /standards for the
killing jars or rapid [rapid and painless euthanasia .
Treatment ; . treatment of living
freezing. for permanent collections. : .
organisms in science.
Replacing .
overturned Niche Preservation: Protects Pf)e?lell;:isofzillsz}fi and
Habitat Ethics |logs/rocks and the microhabitats of non- poputa’
... Y . . maintains ecosystem
minimizing target species and juveniles. -
. stability.
trampling.
Collecting only the |[Biodiversity Conservation: |Ensures that local
Sampling minimum number |Prevents over-collection of  [populations remain
Logic of specimens rare or slow-reproducing viable for future study
required. species. and ecological health.
Obtaining permits; [Regulatory Adherence: Protects the researcher
Legal checking CITES  [Prevents "biopiracy" and the |[from legal action and
Compliance and local protected [illegal trade of endangered supports international
lists. species. conservation efforts.

when

Fill in the blank: Collectors should avoid unnecessary harm to populations or
gathering arthropods.

Pilot questions 5.1
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Name two common tools used for collecting arthropods in the field.

What type of trap is used to catch nocturnal insects?

Which method is most suitable for collecting larger arthropods such as grasshoppers?
Why should protective clothing be worn during arthropod collection?

What ethical principle should guide the number of specimens collected?

5.2 Identification Of Local Arthropods
5.2.1 Morphological features used in identification

The identification of arthropods relies heavily on recognising morphological features, which
are the observable physical characteristics of an organism. For insects, these include the number
and arrangement of wings, the type of mouthparts, and the segmentation of the body. Arachnids
can be identified by their cephalothorax and abdomen, as well as the presence of chelicerae and
pedipalps. Crustaceans are distinguished by biramous appendages and gills, while myriapods are
recognised by their elongated bodies and numerous legs.

Careful observation of these features allows learners to classify specimens into their correct
groups. Using magnifying lenses or microscopes can help reveal finer details such as antennae
structure or leg modifications, which are often crueial for accurate identification.

Short description: Diagram showing key morphological features used to identify insects,
arachnids, crustaceans, and myriapods.
Caption: Figure 5.3 Morphological features of arthropods

ARTHROPOD MORPHOLOGICAL FEATURES: AN OER EDUCATIONAL WORKFLOW & DATA INTEGRATION GUIDE
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Fill in the blank: The observable physical characteristics of an organism used for identification
are called features.

5.2.2 Use of simple keys and guides

To aid identification, learners often use simple keys, which are step-by-step tools that guide the
user through a series of choices based on morphological features. A common type is the
dichotomous key, where each step presents two contrasting options, leading the user closer to the
correct identification.

Field guides and illustrated manuals also provide valuable support, offering pictures and
descriptions of local species. These resources help learners confirm their.observations and avoid
misidentification. By combining direct observation with keys and guides, accurate identification

of local arthropods becomes achievable even for beginners.

Box 5.4 Tools for arthropod identification

Identification Format & p
Tool Structure Primary Methodology Best Use Case
Text-based; paired, h. ¥ ) Precise taxonomic
. . Elimination: Following a . . .
Dichotomous  [contrasting . - identification to the
specific path of anatomical .
Key statements 1y es/no" choices level of Family or
(couplets). y ' Genus in a lab.
Portable book'or |Visual Matching: Comparing Rapid 1dent1ﬁcat.10n O.f
. . ) . " common or charismatic
Field Guide app; photos and the specimen's "gestalt . o
. species while in the
distribution maps.  |(general appearance/color). feld
Technical Diagnostic Character Confirming identity
Hlustrated drawings and Analysis: Focusing on specific [when photographic
Manual anatomical structures like wing veins or details are too blurry or
diagrams. genitalia. hidden.
Matrix Computer software [Multi-Access: Entering any idzgﬂfl}élr?sg ((;amaged
(Interactive) (e.g., Lucid, known traits in any order to pect &
4 missing a leg or
Key Delta). narrow down the list.
antenna).
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Identification Format & .

Tool Structure Primary Methodology Best Use Case
Citizen Science [Mobile platforms [mage Recog.nlt.lon & . Gener.a1 blOleGrSH.:y
Aops (iNaturalist, Seek) Crowdsourcing: Al-assisted  |mapping and learning

PP ’ " |ID confirmed by experts. common local species.

Fill in the blank: A step-by-step tool that guides users through contrasting choices for
identification is called a key.

Pilot questions 5.2

What are morphological features in arthropod identification?

Name one morphological feature used to identify insects,

Which arthropod group is identified by biramous appendages?

What type of key presents two contrasting options at each step?

Give one example of a resource that supports arthropod identification.

5.3 Preservation Of Local Arthropods
5.3.1 Dry preservation (pinning, spreading, storage)

Dry preservation is one of the most common methods used for maintaining insect specimens.
Pinning involves inserting a special entomological pin through the thorax of the insect, allowing
it to be mounted for study. Spreading is used for insects with wings, such as butterflies and
moths, where the-wings are carefully arranged on a spreading board to display their patterns and
structures. Once pinned or spread, specimens are stored in insect boxes or drawers lined with
foam or cork, ensuring they remain intact for long-term observation.

This. method is particularly useful for teaching and research, as it allows detailed examination of
external morphology. However, care must be taken to protect specimens from pests such as
dermestid beetles, which can damage collections.

Short description: Diagram showing dry preservation techniques (pinning through thorax,
spreading butterfly wings, storage in insect box).

-
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Caption: Figure 5.5 Dry preservation of arthropods

DRY PRESERVATION OF INSECTS: AN OER EDUCATIONAL WORKFLOW & DATA INTEGRATION GUIDE
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Fill in the blank: Insects with wings, such as butterflies, are preserved by carefully arranging
them on a board.

5.3.2 Wet preservation (alcohol, glycerine, vials)

Wet preservation is used for arthropods that are soft-bodied or too small to be pinned effectively.
Specimens are placed in vials containing alcohol (usually 70% ethanol) or glycerine, which
prevents decay and maintains their structure. This method is ideal for preserving larvae, mites,
and other delicate arthropods.

Specimens should be labelled clearly with collection details such as date, location, and
collector’s name. Proper labelling ensures that preserved specimens remain scientifically
valuable for future reference. Wet preservation is particularly important in ecological and
medical studies, where accurate identification of delicate species is required.

Box 5.6 Wet preservation of arthropods
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Preservation Typical Primary Biological/Technical
Component Material/Concentration Function Rationale
Primary 70%-80% Ethanol (Ethyl Fixation and  |Dehydrates tissues shghﬂy to
. long-term stop decay while preventing
Preservative  |[Alcohol) . .
storage. microbial and fungal ‘growth.
Genetic Minimizes water content to
lS)E)I ;ﬁa-(irade 95%—100% Ethanol material prevent the hydrelysis
g stabilization.  |[(breakdown) of DNA.strands.
Prevents specimens from
Humectant Glycerine (a few drops per  [Softening and PRgominggritle; allows .
Additive vial) flexibility appendages to be moved during
’ later identification without
snapping.
Borosilicate elass or heavs Prevents the slow evaporation
Collection quty plastic v%i th Pol conz Airtight of alcohol, which would leave
Vials ea };p ¥ containment.  [the specimen "mummified" and
ps- ruined.
Standard ink and wood-pulp
Internal 100% Rag paper; Pigma Data paper will dissolve or turn into
Labels Mieron ink or pencil. permanence.  ['mush" when submerged in
alcohol for years.
Fill in the blank: Soft-bodied arthropods are best preserved in vials containing or
glycerine.

Pilot questions 5.3

What is the purpose of pinning in dry preservation?
Which insects require spreading during preservation?
Name one pest that can damage dry insect collections.
What chemical is commonly used in wet preservation?
Why is labelling important in specimen preservation?
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Series Summary

This Series focused on the practical aspects of studying local arthropods, equipping you with
essential skills for collection, identification, and preservation. We began by exploring field
techniques such as nets, traps, and hand collection, alongside safety and ethical considerations.
We then moved on to identification, where we examined morphological features and the use.of
simple keys and guides. Finally, we concluded with preservation methods, covering both dry
techniques like pinning and spreading, and wet techniques using alcohol or glycerine.

By completing this Series, you should now be able to demonstrate collection methods, explain
safety principles, describe morphological features, apply identification keys, and preserve
specimens using appropriate techniques. These outcomes align directly with the Series Learning
Outcomes, ensuring you are prepared to carry out practical entomological work responsibly and
effectively.

Glossary of Terms

Alcohol preservation: The use of ethanol to store soft-bodied arthropods in vials.

Biramous appendages: Branched limbs found in crustaceans; used for locomotion and
respiration.

Dichotomous key: A step-by-step ddentification tool that presents two contrasting choices at
each stage.

Dry preservation: Methods such as pinning and spreading used to maintain insect specimens
without liquid.

Ethical considerations: Principles guiding responsible collection, ensuring minimal harm to
populations and habitats.

Hand collection: Direct capture of arthropods using forceps, jars, or by hand.

Morphological features: Observable physical characteristics used to identify arthropods.

Pinning: Inserting an entomological pin through an insect’s thorax for display and study.

Spreading board: A tool used to arrange insect wings, especially butterflies and moths, for
preservation.

Wet preservation: Storing.specimens in liquids such as alcohol or glycerine to prevent
decay.

Concept Check Questions 5

Objective questions

Containers sunk into the ground to catch crawling arthropods are called traps.
(Linked to SLO 5.1)
Collectors should avoid unnecessary harm to populations or when gathering

arthropods. (Linked to SLO 5.2)
The observable physical characteristics of an organism used for identification are called
features. (Linked to SLO 5.3)
A step-by-step tool that guides users through contrasting choices for identification is called a
key. (Linked to SLO 5.4)
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Insects with wings, such as butterflies, are preserved by carefully arranging them on a
board. (Linked to SLO 5.5)

Short-answer questions

6. Name two common tools used for collecting arthropods in the field. (Linked to SLO 5.1)
7. Why should protective clothing be worn during arthropod collection? (Linked to SLO 5.2)
8. Give one example of a morphological feature used to identify insects. (Linked to SLO 5.3)
9. What type of key presents two contrasting options at each step? (Linked to SLO 5.4)

10. Name one chemical commonly used in wet preservation. (Linked to SLO 5.6)

Long-answer questions

11. Analyse the importance of safety and ethical considerations in arthropod collection. (Linked
to SLO 5.2)

12. Evaluate the role of morphological features and identification keys in classifying local
arthropods. (Linked to SLO 5.3, 5.4)

13. Discuss the advantages and limitations of dry preservation methods. (Linked to SLO 5.5)
14. Assess the significance of wet preservation in maintaining delicate arthropod specimens.
(Linked to SLO 5.6)

Answers to Concept Check Questions 5
Objective questions

Pitfall.
Habitats.
Morphological.
Dichotomous.
Spreading.

Short-answer questions

6. Sweep nets and pitfall traps.

7. To protect collectors from bites, stings, or injuries.
8. Wing number and arrangement.

9. Dichotomous key.

10. Ethanol.

Long-answer questions

11. Basic response: Safety prevents injury, while ethics protect biodiversity.

Value-added response: They also ensure scientific integrity and sustainability of collections for
future research.

Basic response: Morphological features and keys help classify arthropods accurately.
Value-added response: They also support ecological studies and biodiversity
monitoring, making identification more reliable.
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Basic response: Dry preservation allows detailed study of external morphology.
Value-added response: However, it is unsuitable for soft-bodied specimens and requires
protection against pests.

Basic response: Wet preservation maintains delicate specimens like larvae and mites.
Value-added response: It ensures long-term scientific value, especially in ecological and
medical research.

Answers to Pilot Questions 5
Part 5.1

Sweep nets, pitfall traps.

Light trap.

Hand collection.

To prevent bites or stings.

Only the required number should be collected.

Part 5.2

Observable physical characteristics.
Wing arrangement.

Crustaceans.

Dichotomous key.

Field guides.

Part 5.3

To mount insects for study:
Butterflies and moths.
Dermestid beetles.
Ethanol.
To record collection details for scientific use.

References And /Attributions 5

Figures and Boxes suggested in Series 5:
Figure 5.1 Field techniques for collecting arthropods
Box 5.2 Safety and ethical considerations in arthropod collection
Figure 5.3 Morphological features of arthropods
Box 5.4 Tools for arthropod identification
Figure 5.5 Dry preservation of arthropods
Box 5.6 Wet preservation of arthropods
Al prompt suggestions used for illustration placeholders:
Diagrams showing collection methods, morphological features, and
preservation techniques.
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Boxes summarising safety, ethical considerations, identification tools, and wet
preservation methods.
Open Educational Resource (OER) search strings suggested:
“arthropod collection methods diagram OER”
“ethical considerations arthropod collection OER”
“arthropod morphological features diagram OER”
“arthropod identification keys guides OER”
“dry preservation insect pinning spreading diagram OER”
“wet preservation arthropods alcohol glycerine OER”
General references (APA style):
Chapman, R. F. (2013). The Insects: Structure and Function. Cambridge University
Press.
Gullan, P. J., & Cranston, P. S. (2014). The Insects: An Outline of Entomology.
Wiley-Blackwell.
OER Commons. (n.d.). Arthropod collection and preservation resources. Retrieved
from https://www.oercommons.org
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