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ZOO 412: Parasitology (2 Units C: LH 15; PH 45) 

Course Code: ZOO 412 

Course Title: Parasitology 

Course Unit: 2 Units C 

 

Series 1: Evolution Of The Parasitic Mode Of Life 

Series 2: Animal Associations And Host-Parasite Relationships 

Series 3: Epidemiology And Control Of Parasitic Diseases 

Series 4: Transmission Routes And The Role Of Vectors 

Series 5: Diseases Of Parasitic Origin And Measures Of Outcomes 

 

Series 1 Evolution Of The Parasitic Mode Of Life 

Part 1.1 Origins and evolution of parasitism 

1.1.1 Emergence of parasitic lifestyles 

1.1.2 Adaptations for survival and reproduction 

Part 1.2 Nature of parasitism in relation to other animal associations 

1.2.1 Distinguishing parasitism from commensalism and mutualism 

1.2.2 Ecological and evolutionary significance 

Part 1.3 Economic and biological importance of parasitism 

1.3.1 Impact on hosts and ecosystems 

1.3.2 Relevance to human and animal health 

 

Introduction 

Parasites are among the most fascinating yet challenging organisms studied in zoology. Their 

ability to adapt and thrive within hosts has shaped ecosystems, influenced human health, and 

impacted agriculture and animal production. Understanding how parasitism evolved provides a 

foundation for appreciating its complexity and significance in biology. 
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The aim of this Series is to introduce you to the evolutionary origins of parasitism, highlight its 

distinguishing features compared with other animal associations, and explain its importance in 

both ecological and economic contexts. 

We shall commence this Series by exploring the origins and evolution of parasitism, focusing on 

how parasitic lifestyles emerged and the adaptations that support survival. Next, we will examine 

the nature of parasitism in relation to other animal associations such as commensalism and 

mutualism, considering its ecological and evolutionary significance. Finally, we will conclude by 

analysing the economic and biological importance of parasitism, including its impact on hosts, 

ecosystems, and human and animal health. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 1.1 define the concept of parasitism and describe its evolutionary origins, 

SLO 1.2 explain adaptations that enable parasites to survive and reproduce within hosts, 

SLO 1.3 distinguish parasitism from other forms of animal associations such as 

commensalism and mutualism, 

SLO 1.4 analyse the ecological and evolutionary significance of parasitism, and 

SLO 1.5 evaluate the economic and biological importance of parasitism in human and animal 

health. 

 

1.1 Origins And Evolution Of Parasitism 

1.1.1 Emergence of parasitic lifestyles 

Parasitism is a type of animal association in which one organism, the parasite, lives on or inside 

another organism, the host, deriving benefits at the host’s expense. The parasitic mode of life is 

believed to have evolved multiple times across different groups of organisms. Early parasites 

likely began as free-living species that gradually adapted to exploit hosts for food and shelter. 

Over time, these organisms developed specialised structures and behaviours that enabled them to 

invade, survive, and reproduce within host environments. This evolutionary transition highlights 

the adaptability of life forms in response to ecological pressures. 

 

Short description: Diagram showing the evolutionary transition from free-living organisms to 

parasitic lifestyles. 
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Caption: Figure 1.1 Emergence of parasitic lifestyles 

 

Fill in the blank: A parasite derives benefits from its host at the host’s ______. 

1.1.2 Adaptations for survival and reproduction 

Parasites exhibit a wide range of adaptations, which are features that enhance their ability to 

survive and reproduce within hosts. These include morphological adaptations such as hooks, 

suckers, and specialised mouthparts, physiological adaptations like resistance to host immune 

responses, and behavioural adaptations such as complex life cycles involving multiple hosts. 

For example, tapeworms possess hooks and suckers to attach firmly to the intestinal wall of their 

host, while malaria parasites have evolved mechanisms to evade the immune system. These 

adaptations ensure that parasites can exploit their hosts effectively and maintain their populations 

across generations. 

Box 1.2 Examples of parasitic adaptations 
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Adaptation 

Category 

Specific 

Mechanism 

Parasite 

Example 
Biological Purpose 

Morphological 
Specialized 

Attachment 

Tapeworm 

(Taenia spp.) 

Use of a scolex (hooks and suckers) to 

anchor to the intestinal wall against 

peristalsis. 

Morphological 
Reduction of 

Organs 
Fleas / Lice 

Loss of wings and simplified digestive 

tracts to streamline the body for life 

on/in a host. 

Morphological 
Tegumental 

Absorption 
Flatworms 

Lack of a mouth; they absorb pre-

digested nutrients directly through 

their specialized skin. 

Physiological 
Antigenic 

Masking 
Schistosoma 

Coating themselves in host blood 

proteins to "disguise" themselves from 

the immune system. 

Physiological 
Anaerobic 

Metabolism 
Giardia lamblia 

Ability to generate energy without 

oxygen, essential for surviving in the 

low-oxygen gut environment. 

Physiological 
Anti-Enzyme 

Secretion 
Ascaris 

Producing chemicals that neutralize 

the host's digestive juices to prevent 

being "eaten" by the host. 

Behavioural 
Host 

Manipulation 

Toxoplasma 

gondii 

Altering a rodent's brain to remove its 

fear of cats, ensuring the parasite 

reaches its feline definitive host. 

Behavioural 
Taxis (Guided 

Movement) 
Hookworm 

Larvae exhibit thermotaxis (moving 

toward heat) to find and penetrate 

warm human skin. 
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Adaptation 

Category 

Specific 

Mechanism 

Parasite 

Example 
Biological Purpose 

Behavioural Hyper-fecundity 
Ascaris 

lumbricoides 

Laying up to 200,000 eggs per day to 

overcome the high statistical 

probability of offspring death. 

 

Fill in the blank: Tapeworms use hooks and ______ to attach to the intestinal wall of their host. 

Pilot questions 1.1 

Define parasitism. 

How did parasitic lifestyles likely evolve? 

Name one morphological adaptation of parasites. 

Give one physiological adaptation that helps parasites survive in hosts. 

Why are behavioural adaptations important for parasites? 

 

1.2 Nature Of Parasitism In Relation To Other Animal Associations 

1.2.1 Distinguishing parasitism from commensalism and mutualism 

Animal associations describe the different ways organisms interact with one another. Parasitism 

is unique because one organism benefits while the other is harmed. In contrast, commensalism is 

an association where one organism benefits and the other is neither harmed nor helped, while 

mutualism is a relationship where both organisms benefit. 

For example, ticks feeding on mammals represent parasitism, barnacles attached to whales 

illustrate commensalism, and bees pollinating flowers demonstrate mutualism. Recognising these 

distinctions helps us appreciate the complexity of ecological interactions. 

 

Short description: Diagram comparing parasitism, commensalism, and mutualism with examples. 
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Caption: Figure 1.3 Distinguishing parasitism from commensalism and mutualism 

 

Fill in the blank: In mutualism, both organisms ______ from the association. 

1.2.2 Ecological and evolutionary significance 

Parasitism plays a significant role in shaping ecosystems and influencing evolutionary processes. 

Parasites regulate host populations, contribute to natural selection, and maintain ecological 

balance. By exerting pressure on hosts, parasites drive adaptations such as immune responses 

and behavioural changes. 

From an evolutionary perspective, parasitism demonstrates how organisms can exploit niches 

and develop complex life cycles. It also highlights the interconnectedness of species, showing 

that survival often depends on intricate relationships within ecosystems. 

Box 1.4 Ecological and evolutionary significance of parasitism 

 

 

Impact 

Category 
Specific Role Mechanism of Influence Ecological/Evolutionary Result 

Ecological 
Population 

Regulation 

Parasites act as a "natural 

brake" on dominant 

Increased Biodiversity: Prevents 

a single species from 

monopolizing resources. 
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Impact 

Category 
Specific Role Mechanism of Influence Ecological/Evolutionary Result 

species, preventing 

overpopulation. 

Ecological Energy Flow 

Parasites constitute a 

massive amount of 

"hidden biomass" in food 

webs. 

Food Web Complexity: Provides 

a significant energy source for 

predators that eat infected hosts. 

Ecological 
Ecosystem 

Engineering 

Parasites can change host 

behavior or physical state 

(e.g., killing trees). 

Habitat Creation: Creates new 

niches (like dead wood or coral 

skeletons) for other organisms. 

Evolutionary 
Red Queen 

Dynamics 

Constant "arms race" 

where hosts evolve 

defenses and parasites 

evolve counter-defenses. 

Biological Innovation: Rapid 

evolution of complex immune 

systems and survival strategies. 

Evolutionary 
Sexual 

Reproduction 

The "Red Queen 

Hypothesis" for sex 

suggests it evolved to 

shuffle genes. 

Genetic Diversity: Creates unique 

offspring that parasites cannot 

easily "predict" or infect. 

Evolutionary Gene Transfer 

Parasites (especially 

viruses/bacteria) move 

DNA between different 

species. 

Horizontal Gene Transfer: 

Introduces new genetic material 

into host lineages over deep time. 

 

Fill in the blank: Parasites drive host adaptations such as improved ______ responses. 

Pilot questions 1.2 

What is the main difference between parasitism and commensalism? 

Give one example of mutualism. 

How do parasites influence host populations? 

Why is parasitism important in evolutionary processes? 

What ecological role do parasites play in ecosystems? 
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1.3 Economic And Biological Importance Of Parasitism 

1.3.1 Impact on hosts and ecosystems 

Parasites exert significant effects on their hosts and the ecosystems they inhabit. They can 

weaken hosts by consuming nutrients, damaging tissues, or triggering immune responses. This 

often results in reduced growth, reproduction, or survival rates. In ecosystems, parasites regulate 

host populations, thereby maintaining balance and preventing any single species from becoming 

overly dominant. 

For instance, parasites of herbivores can indirectly influence plant communities by limiting 

grazing pressure. In this way, parasitism contributes to biodiversity and ecological stability. 

 

Short description: Diagram showing how parasites affect hosts and regulate ecosystems. 

Caption: Figure 1.5 Impact of parasites on hosts and ecosystems 

 

Fill in the blank: Parasites can reduce host growth, reproduction, or ______ rates. 

1.3.2 Relevance to human and animal health 

Parasitism has profound implications for human and animal health. Many parasites are 

responsible for diseases such as malaria, schistosomiasis, and tapeworm infections in humans, as 

well as trypanosomiasis and helminth infestations in livestock. These conditions can lead to 

economic losses through reduced productivity, increased healthcare costs, and mortality. 
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Understanding parasitism is therefore crucial for designing effective control measures, 

improving public health, and safeguarding food security. By studying parasites, scientists and 

health professionals can develop strategies to minimise their impact on both humans and 

animals. 

Box 1.6 Examples of parasitic diseases in humans and animals 

 

 

Disease Name 
Causative 

Agent 
Primary Host(s) 

Vector / 

Transmission 

Key Clinical 

Signs 

Malaria 
Plasmodium 

spp. 
Humans 

Anopheles 

mosquito 

Periodic fevers, 

anemia, 

splenomegaly. 

African Sleeping 

Sickness 

Trypanosoma 

brucei 

Humans & Cattle 

(Nagana) 
Tsetse fly 

Neurological 

decline, lethargy, 

fever. 

Giardiasis 
Giardia 

lamblia 

Humans, Dogs, 

Cats 

Fecal-oral 

(Contaminated 

water) 

Chronic diarrhea, 

bloating, weight 

loss. 

Schistosomiasis 
Schistosoma 

spp. 

Humans & 

Livestock 

Freshwater snails 

(Cercariae) 

Liver/bladder 

damage, blood in 

urine. 

Ascariasis Ascaris spp. Humans & Pigs 

Ingestion of 

embryonated 

eggs 

Malnutrition, 

intestinal 

obstruction. 

Hydatid Disease 
Echinococcus 

spp. 

Dogs (Definitive), 

Sheep/Humans 

(Intermediate) 

Ingestion of eggs 

from canine feces 

Slow-growing 

cysts in liver and 

lungs. 

Heartworm 
Dirofilaria 

immitis 
Dogs & Cats Mosquitoes 

Coughing, 

exercise 
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Disease Name 
Causative 

Agent 
Primary Host(s) 

Vector / 

Transmission 

Key Clinical 

Signs 

intolerance, heart 

failure. 

Scabies / Mange 
Sarcoptes 

scabiei 

Humans, Dogs, 

Pigs 

Direct contact / 

Mites 

Intense itching, 

skin crusting, hair 

loss. 

Babesiosis Babesia spp. 
Cattle, Dogs, 

Humans 

Ticks (Ixodes / 

Rhipicephalus) 

Hemolytic 

anemia, 

"Redwater" in 

cattle. 

 

Fill in the blank: Malaria and schistosomiasis are examples of parasitic diseases affecting 

______. 

Pilot questions 1.3 

How do parasites affect host survival and reproduction? 

What ecological role do parasites play in ecosystems? 

Give one example of a parasitic disease in humans. 

Mention one parasitic disease that affects livestock. 

Why is studying parasitism important for public health? 

 

Series Summary 

This Series introduced the evolution of the parasitic mode of life, setting the foundation for 

understanding parasitology. We began by examining how parasitic lifestyles emerged from free-

living organisms and the adaptations that enable parasites to survive and reproduce within hosts. 

Then, we distinguished parasitism from other animal associations such as commensalism and 

mutualism, highlighting its ecological and evolutionary significance. Finally, we explored the 

economic and biological importance of parasitism, focusing on its impact on hosts, ecosystems, 

and human and animal health. 

By completing this Series, you should now be able to define parasitism and describe its origins, 

explain adaptations for survival, distinguish parasitism from other associations, analyse its 

ecological and evolutionary roles, and evaluate its importance in health and economic contexts. 
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These achievements align with the Series Learning Outcomes and provide a strong basis for 

subsequent study in parasitology. 

Glossary Of Terms 

Adaptations: Features that enhance the survival and reproduction of organisms in specific 

environments. 

Commensalism: An association where one organism benefits while the other is neither 

harmed nor helped. 

Mutualism: A relationship where both organisms benefit from the association. 

Parasitism: An association in which one organism (the parasite) benefits at the expense of 

another (the host). 

Parasite: An organism that lives on or inside another organism, deriving benefits at the 

host’s expense. 

Host: The organism that provides food and shelter for a parasite. 

Concept Check Questions 1 

Objective questions 

A parasite benefits at the expense of its ______. (Linked to SLO 1.1) 

Tapeworms use hooks and ______ to attach to the intestinal wall. (Linked to SLO 1.2) 

In commensalism, one organism benefits while the other is ______. (Linked to SLO 1.3) 

Parasites drive host adaptations such as improved ______ responses. (Linked to SLO 1.4) 

Malaria is an example of a parasitic disease affecting ______. (Linked to SLO 1.5) 

Short-answer questions 

6. Define parasitism. (Linked to SLO 1.1) 

7. Name one morphological adaptation of parasites. (Linked to SLO 1.2) 

8. Give one example of mutualism. (Linked to SLO 1.3) 

9. How do parasites influence host populations? (Linked to SLO 1.4) 

10. Mention one parasitic disease that affects livestock. (Linked to SLO 1.5) 

Long-answer questions 

11. Describe the evolutionary origins of parasitism. (Linked to SLO 1.1) 

12. Explain adaptations that enable parasites to survive and reproduce within hosts. (Linked to 

SLO 1.2) 

13. Distinguish parasitism from commensalism and mutualism with examples. (Linked to SLO 

1.3) 

14. Analyse the ecological and evolutionary significance of parasitism. (Linked to SLO 1.4) 

15. Evaluate the economic and biological importance of parasitism in human and animal health. 

(Linked to SLO 1.5) 

Answers To Concept Check Questions 1 

Objective questions 
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Host. 

Suckers. 

Unaffected. 

Immune. 

Humans. 

Short-answer questions 

6. Parasitism is an association where one organism benefits at the expense of another. 

7. Hooks or suckers. 

8. Bees pollinating flowers. 

9. By regulating populations and exerting selective pressure. 

10. Trypanosomiasis. 

Long-answer questions 

11. Basic response: Parasitism evolved from free-living organisms adapting to exploit hosts. 

Value-added response: It emerged multiple times across taxa, showing convergent evolution 

driven by ecological pressures. 

Basic response: Adaptations include hooks, suckers, and immune evasion. 

Value-added response: Complex life cycles and behavioural strategies further enhance 

survival and reproduction. 

Basic response: Parasitism harms the host, commensalism leaves the host unaffected, 

mutualism benefits both. 

Value-added response: Examples include ticks (parasitism), barnacles on whales 

(commensalism), and bees with flowers (mutualism). 

Basic response: Parasites regulate host populations and drive adaptations. 

Value-added response: They maintain ecological balance and influence evolutionary 

pathways across ecosystems. 

Basic response: Parasites cause diseases in humans and animals, affecting health and 

productivity. 

Value-added response: They impose economic costs, influence food security, and 

necessitate control measures in public health. 

Answers To Pilot Questions 1 

Part 1.1 

Parasitism is an association where one organism benefits at the expense of another. 

From free-living organisms adapting to exploit hosts. 

Hooks. 

Resistance to host immune responses. 

They ensure transmission and survival across generations. 

Part 1.2 

In parasitism the host is harmed, in commensalism it is unaffected. 
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Bees and flowers. 

By regulating their numbers. 

They drive host adaptations. 

They maintain ecological balance. 

Part 1.3 

By consuming nutrients and reducing survival or reproduction. 

They regulate populations and influence biodiversity. 

Malaria. 

Trypanosomiasis. 

To design effective control measures and improve health. 
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ZOO411 Series 2 Taxonomy And Biology Of Selected Insect Groups 

Part 2.1 Principles of insect taxonomy 

2.1.1 Basis of classification and nomenclature 

2.1.2 Major taxonomic ranks in insects 

Part 2.2 Biology of agricultural insect groups 

2.2.1 Insects affecting crops 

2.2.2 Insects affecting stored products 

Part 2.3 Biology of medical and veterinary insect groups 

2.3.1 Insects as disease vectors 

2.3.2 Insects affecting domestic animals 

Part 2.4 Ecological and economic importance of insect groups 

2.4.1 Beneficial roles of insects 

2.4.2 Harmful roles of insects 

 

Introduction 

In the last Series, we explored the origin and phylogeny of insects, which provided us with a 

foundation for understanding their evolutionary history. Building on that knowledge, this Series 

focuses on the taxonomy and biology of selected insect groups, particularly those of economic 

importance. Taxonomy helps us organise insects into meaningful categories, while studying their 

biology reveals how they interact with crops, stored products, humans, and domestic animals. 

The aim of this Series is to explain the principles of insect taxonomy and to describe the biology 

of selected insect groups, highlighting their ecological and economic significance. 

We shall commence this Series by examining the principles of insect taxonomy, including 

classification and nomenclature. Next, we will explore the biology of agricultural insect groups, 

focusing on those affecting crops and stored products. Following that, we will consider the 

biology of medical and veterinary insect groups, particularly those acting as disease vectors or 

affecting domestic animals. Finally, we will conclude by analysing the ecological and economic 

importance of insect groups, considering both their beneficial and harmful roles. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 2.1 define the basis of insect classification and nomenclature, 

SLO 2.2 describe the major taxonomic ranks in insects, 

SLO 2.3 explain the biology of insect groups affecting crops, 

SLO 2.4 analyse the biology of insect groups affecting stored products, 

SLO 2.5 describe the biology of insect groups acting as disease vectors, 

SLO 2.6 explain the biology of insect groups affecting domestic animals, 
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SLO 2.7 evaluate the ecological and economic importance of insect groups, including both 

beneficial and harmful roles. 

 

2.1 Principles Of Insect Taxonomy 

2.1.1 Basis of classification and nomenclature 

Taxonomy is the science of naming, describing, and classifying organisms. In insects, taxonomy 

provides a systematic way to organise the vast diversity of species into meaningful categories. 

The basis of classification often includes morphological features such as wing structure, 

mouthparts, antennae, and reproductive organs. Behavioural traits and ecological roles may also 

be considered. 

Nomenclature refers to the rules and conventions used to assign names to organisms. The 

binomial system, introduced by Carl Linnaeus, is widely used. Each insect species is given a 

two-part name: the genus and the species. For example, Anopheles gambiae is the name of a 

mosquito species that transmits malaria. 

 

Short description: Diagram showing binomial nomenclature with examples of insect names. 

Caption: Figure 2.1 Basis of classification and nomenclature in insects 

 

Fill in the blank: The binomial system gives each species a two-part name consisting of the 

______ and the species. 

2.1.2 Major taxonomic ranks in insects 
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Insects are classified into hierarchical ranks that reflect their evolutionary relationships. The 

major ranks include Kingdom, Phylum, Class, Order, Family, Genus, and Species. Insects 

belong to the Kingdom Animalia, Phylum Arthropoda, and Class Insecta. 

Within Class Insecta, there are numerous orders such as Coleoptera (beetles), Lepidoptera 

(butterflies and moths), Diptera (flies), and Hymenoptera (ants, bees, and wasps). Each order 

contains families, which are further divided into genera and species. This hierarchical system 

helps entomologists organise insects and study their biology more effectively. 

Box 2.2 Major taxonomic ranks of insects 

 

 

Taxonomic 

Rank 

Example: 

Honeybee 
Defining Characteristics / Notes 

Kingdom Animalia Multicellular, eukaryotic, heterotrophic (must ingest food). 

Phylum Arthropoda 
Segmented bodies, chitinous exoskeleton, and jointed 

appendages. 

Class Insecta 
The "Rule of Threes": Three body segments (head, 

thorax, abdomen) and three pairs of legs. 

Order Hymenoptera 
"Membrane wings." Includes bees, wasps, and ants. Many 

exhibit social behavior. 

Family Apidae 
Includes "corbiculate" bees (those with pollen baskets on 

their hind legs). 

Genus Apis The specific group of "true" honeybees. 

Species Apis mellifera 
The Western Honeybee. Individuals that can interbreed and 

produce fertile offspring. 

 

Fill in the blank: Insects belong to the Kingdom Animalia, Phylum Arthropoda, and Class 

______. 
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Pilot questions 2.1 

What is taxonomy? 

What system is used to name insect species? 

Give an example of a mosquito species named using binomial nomenclature. 

List the major taxonomic ranks in order. 

Name one insect order and give an example of an insect belonging to it. 

 

2.2 Biology Of Agricultural Insect Groups 

2.2.1 Insects affecting crops 

Many insects are directly associated with crop damage, reducing yield and quality. These include 

chewing insects, such as caterpillars and beetles, which consume leaves, stems, and roots, and 

sucking insects, such as aphids and whiteflies, which pierce plant tissues and extract sap. Both 

groups weaken plants, stunt growth, and may transmit plant diseases. 

Crop-damaging insects are often seasonal, with outbreaks linked to favourable environmental 

conditions. Farmers and researchers monitor these populations to predict infestations and plan 

control measures. 

 

Short description: Diagram showing examples of crop-damaging insects (caterpillars, beetles, 

aphids). 

Caption: Figure 2.3 Insects affecting crops 
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Fill in the blank: Aphids and whiteflies are examples of ______ insects that pierce plant tissues 

and extract sap. 

2.2.2 Insects affecting stored products 

Stored products such as grains, flour, and dried fish are vulnerable to insect infestation. Stored 

product pests include weevils, flour beetles, and moths. These insects feed on stored food, 

causing contamination, weight loss, and reduced nutritional value. 

Infestation often begins in the field but becomes more severe during storage, especially under 

poor storage conditions. Effective management requires proper sanitation, airtight storage, and 

monitoring of pest populations. 

Box 2.4 Common stored product pests 

 

 

Pest 

Category 

Common 

Name 
Scientific Name 

Primary Food 

Source 
Diagnostic Feature / Sign 

Internal 

Feeder 
Rice Weevil 

Sitophilus 

oryzae 

Whole grains 

(Rice, Wheat, 

Corn) 

Distinctive "snout" 

(rostrum) and four light 

spots on wing covers. 

Internal 

Feeder 

Lesser Grain 

Borer 

Rhyzopertha 

dominica 

Wheat, Corn, 

Wood 

Head is tucked under the 

thorax; creates a large 

amount of fine 

powder/frass. 

External 

Feeder 

Indian Meal 

Moth 

Plodia 

interpunctella 

Flour, Cereals, 

Dried Fruit, 

Nuts 

Larvae produce thick silken 

webbing that clumps food 

together. 

External 

Feeder 

Saw-toothed 

Grain Beetle 

Oryzaephilus 

surinamensis 

Cereals, 

Macaroni, 

Candy 

Six saw-like "teeth" on the 

sides of the thorax; very flat 

body. 

Secondary 

Feeder 

Confused 

Flour Beetle 

Tribolium 

confusum 

Processed 

flour, Cracked 

grain 

Often found in flour mills; 

gives flour a "pinkish" tint 

and unpleasant odor. 
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Pest 

Category 

Common 

Name 
Scientific Name 

Primary Food 

Source 
Diagnostic Feature / Sign 

Secondary 

Feeder 

Drugstore 

Beetle 

Stegobium 

paniceum 

Spices, Dried 

herbs, Books 

Hump-backed appearance; 

can penetrate aluminum foil 

and lead sheets. 

 

Fill in the blank: Weevils, flour beetles, and moths are examples of ______ product pests. 

Pilot questions 2.2 

Name one chewing insect that damages crops. 

What type of insects pierce plant tissues and extract sap? 

Give one example of a stored product pest. 

Why do infestations often become more severe during storage? 

Mention one method of managing stored product pests. 

 

2.3 Biology Of Medical And Veterinary Insect Groups 

2.3.1 Insects as disease vectors 

Certain insects act as vectors, meaning they transmit pathogens that cause diseases in humans. 

Mosquitoes are among the most important vectors, spreading malaria, dengue, and yellow fever. 

Tsetse flies transmit trypanosomiasis, while sandflies spread leishmaniasis. These insects are not 

harmful because of their feeding alone, but because they carry and transfer disease-causing 

organisms. 

The biology of vector insects is closely linked to their ability to transmit diseases. For example, 

mosquitoes require blood meals for egg development, which brings them into contact with 

humans and animals. Their life cycle and breeding habits influence the spread of diseases, 

making them a major focus of medical entomology. 

 

Short description: Diagram showing examples of insect vectors (mosquito, tsetse fly, sandfly). 
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Caption: Figure 2.5 Insects as disease vectors 

 

Fill in the blank: Mosquitoes are important vectors because they transmit diseases such as 

______ and dengue. 

2.3.2 Insects affecting domestic animals 

Insects also play a significant role in veterinary health by affecting domestic animals. Biting flies 

such as stable flies and horseflies cause irritation, blood loss, and reduced productivity in 

livestock. Lice and mites infest animals, leading to discomfort, anaemia, and sometimes 

secondary infections. 

Ticks, although not insects but arachnids, are often studied alongside them because of their 

veterinary importance. They transmit diseases such as babesiosis and anaplasmosis in cattle. 

Understanding the biology of these pests helps veterinarians and farmers design effective control 

measures to protect animal health and productivity. 

Box 2.6 Insects affecting domestic animals 
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Arthropod 

Group 

Specific 

Example 

Primary 

Host(s) 
Mode of Action Veterinary Impact 

Sucking 

Lice 

Haematopinus 

spp. 

Cattle, 

Pigs, 

Horses 

Piercing-sucking 

mouthparts to 

feed on blood. 

Anemia, unthriftiness, and 

skin lesions from 

rubbing/scratching. 

Chewing 

Lice 
Bovicola bovis 

Cattle, 

Sheep 

Mandibles to feed 

on skin scales, 

hair, and debris. 

Intense irritation and "wool 

break" in sheep, reducing 

fleece value. 

Biting Flies 
Stable Fly 

(Stomoxys) 

Horses, 

Cattle, 

Dogs 

Painful blood-

feeding, usually 

on the lower legs. 

Fly Worry: Animals stop 

grazing to "bunch" or stomp, 

leading to weight loss. 

Myiasis 

Flies 

Cattle Grub 

(Hypoderma) 
Cattle 

Larvae migrate 

through internal 

tissues to the 

back. 

Warbles: Lumps on the 

back that ruin the hide for 

leather production. 

Nasal Bots Oestrus ovis 
Sheep, 

Goats 

Female flies 

"dart" at nostrils 

to deposit larvae. 

Snotty Nose: Chronic nasal 

discharge, head-shaking, and 

secondary pneumonia. 

Hard Ticks 
Rhipicephalus 

spp. 

Cattle, 

Dogs 

Attachment for 

multi-day blood 

meals. 

Vectoring: Transmission of 

Babesiosis and 

Anaplasmosis (Cattle 

Fever). 

Mange 

Mites 
Psoroptes ovis 

Sheep, 

Cattle 

Microscopic mites 

living on the skin 

surface. 

Sheep Scab: Highly 

contagious; causes crusting, 

fluid oozing, and wool loss. 

Fleas 
Ctenocephalides 

felis 

Dogs, 

Cats 

Blood-feeding 

adults; larvae live 

in the bedding. 

Flea Allergy Dermatitis 

(FAD): Hypersensitivity to 

flea saliva. 
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Fill in the blank: Stable flies and horseflies affect livestock by causing irritation, blood loss, and 

reduced ______. 

Pilot questions 2.3 

What is a vector in medical entomology? 

Name one disease transmitted by mosquitoes. 

Which insect transmits trypanosomiasis? 

Give one example of an insect that affects domestic animals. 

Why are ticks often studied alongside insects in veterinary entomology? 

 

2.4 Ecological And Economic Importance Of Insect Groups 

2.4.1 Beneficial roles of insects 

Insects play many beneficial roles in ecosystems and human activities. They act as pollinators, 

transferring pollen between flowers and enabling fruit and seed production. Bees, butterflies, and 

certain flies are vital for agriculture and biodiversity. Insects also serve as decomposers, 

breaking down organic matter and recycling nutrients back into the soil. 

Some insects are used in biological control, where predators or parasites help regulate pest 

populations. For example, ladybird beetles feed on aphids, reducing crop damage. Insects also 

contribute to products such as honey, silk, and dyes, which have economic value. 

 

Short description: Diagram showing beneficial roles of insects (pollination, decomposition, 

biological control). 
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Caption: Figure 2.7 Beneficial roles of insects 

 

 

AI prompt suggestion: “Generate a labelled diagram showing beneficial roles of insects such as 

pollination, decomposition, and biological control.” 

Search string: “beneficial roles of insects diagram OER” 

Fill in the blank: Bees and butterflies are important insect ______ because they transfer pollen 

between flowers. 

2.4.2 Harmful roles of insects 
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Insects can also have harmful roles, particularly when they damage crops, stored products, or 

transmit diseases. Locusts, for instance, cause devastating losses by consuming large amounts of 

vegetation. Termites destroy wooden structures, while mosquitoes and tsetse flies spread 

diseases that affect humans and animals. 

Economically, harmful insects reduce agricultural productivity, increase food storage losses, and 

raise costs of healthcare and pest control. Their impact highlights the need for effective 

management strategies that balance ecological roles with economic concerns. 

Box 2.8 Harmful roles of insects 

 

 

Category of 

Harm 
Key Example 

Scientific 

Group 

Primary 

Mechanism of 

Damage 

Global Impact 

Agricultural Desert Locust 
Schistocerca 

gregaria 

Mass Defoliation: 

Swarms consume 

their own body 

weight in vegetation 

daily. 

Food Insecurity: 

Can trigger 

widespread famine 

and destroy the 

livelihoods of 

millions. 

Medical Mosquito 
Anopheles, 

Aedes 

Vector 

Transmission: 

Injects pathogens 

(Malaria, Zika, 

Dengue) during 

blood-feeding. 

Human Mortality: 

Responsible for more 

human deaths 

annually than any 

other animal. 

Structural 
Subterranean 

Termite 
Isoptera 

Cellulose Digestion: 

Specialized gut 

microbes allow them 

to eat wood and 

paper. 

Infrastructure Loss: 

Causes billions in 

damage to homes and 

wooden structures 

every year. 

Veterinary Tsetse Fly Glossina spp. 

Blood-feeding: 

Transmits 

Trypanosoma 

parasites to livestock. 

Economic Decline: 

Prevents cattle 

farming across vast 
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Category of 

Harm 
Key Example 

Scientific 

Group 

Primary 

Mechanism of 

Damage 

Global Impact 

areas of Africa 

(Nagana disease). 

Stored 

Product 
Rice Weevil 

Sitophilus 

oryzae 

Internal Feeding: 

Larvae hollow out 

grains from the 

inside, leaving only 

husks. 

Post-Harvest Loss: 

Significant reduction 

in the quality and 

quantity of stored 

food supplies. 

Direct 

Injury 
Harvester Ant Pogonomyrmex 

Venom Injection: 

Defensive stings that 

cause intense pain 

and allergic 

reactions. 

Public Safety: Can 

cause anaphylactic 

shock in sensitive 

individuals or disrupt 

labor. 

 

Fill in the blank: Locusts are harmful because they consume large amounts of ______, leading to 

crop losses. 

Pilot questions 2.4 

Name one beneficial role of insects in agriculture. 

Give an example of an insect used in biological control. 

What product is obtained from bees that has economic value? 

Name one harmful insect that damages crops. 

Why do harmful insects increase healthcare costs? 

 

Series Summary 

This Series focused on the taxonomy and biology of selected insect groups, emphasising their 

classification, ecological roles, and economic importance. We began by examining the principles 

of insect taxonomy, including the basis of classification and nomenclature, followed by the 

hierarchical ranks used to organise insects. Then, we explored the biology of agricultural insect 

groups, considering those that damage crops and stored products. Subsequently, we studied 

medical and veterinary insect groups, highlighting their roles as disease vectors and their impact 
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on domestic animals. Finally, we analysed the ecological and economic importance of insects, 

discussing both their beneficial and harmful roles. 

By completing this Series, you should now be able to define the basis of insect classification, 

describe taxonomic ranks, explain the biology of insect groups affecting crops and stored 

products, analyse their role as disease vectors and in veterinary contexts, and evaluate their 

ecological and economic importance. These outcomes align with the Series Learning Outcomes 

and provide you with a comprehensive understanding of insect diversity and its relevance to 

agriculture, health, and ecosystems. 

Glossary of Terms 

Binomial nomenclature: A system of naming species using two parts, the genus and 

species. 

Chewing insects: Insects that feed by consuming plant tissues directly, such as caterpillars 

and beetles. 

Decomposers: Organisms that break down organic matter and recycle nutrients into the soil. 

Family: A taxonomic rank below order and above genus. 

Genus: A taxonomic rank below family and above species, grouping closely related 

organisms. 

Nomenclature: The system of naming organisms according to agreed rules. 

Order: A taxonomic rank within Class Insecta, grouping families with shared characteristics. 

Pollinators: Insects that transfer pollen between flowers, enabling fertilisation and seed 

production. 

Species: The basic unit of classification, representing a group of organisms capable of 

interbreeding. 

Stored product pests: Insects that infest stored food items such as grains, flour, and dried 

fish. 

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

Vectors: Insects that transmit pathogens causing diseases in humans or animals. 

Concept Check Questions 2 

Objective questions 

The binomial system gives each species a two-part name consisting of the ______ and the 

species. (Linked to SLO 2.1) 

Insects belong to the Kingdom Animalia, Phylum Arthropoda, and Class ______. (Linked to 

SLO 2.2) 

Aphids and whiteflies are examples of ______ insects that pierce plant tissues. (Linked to 

SLO 2.3) 

Weevils, flour beetles, and moths are examples of ______ product pests. (Linked to SLO 2.4) 

Mosquitoes are important vectors because they transmit diseases such as malaria and ______. 

(Linked to SLO 2.5) 
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Short-answer questions 

6. Define taxonomy. (Linked to SLO 2.1) 

7. List the major taxonomic ranks in order. (Linked to SLO 2.2) 

8. Name one chewing insect that damages crops. (Linked to SLO 2.3) 

9. Give one example of a stored product pest. (Linked to SLO 2.4) 

10. Why are ticks often studied alongside insects in veterinary entomology? (Linked to SLO 2.6) 

Long-answer questions 

11. Explain the basis of insect classification and nomenclature. (Linked to SLO 2.1) 

12. Describe the biology of insect groups affecting crops and stored products. (Linked to SLO 

2.3, 2.4) 

13. Analyse the biology of insect groups acting as disease vectors and affecting domestic 

animals. (Linked to SLO 2.5, 2.6) 

14. Evaluate the ecological and economic importance of insect groups, considering both 

beneficial and harmful roles. (Linked to SLO 2.7) 

Answers to Concept Check Questions 2 

Objective questions 

Genus. 

Insecta. 

Sucking. 

Stored. 

Dengue. 

Short-answer questions 

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

7. Kingdom, Phylum, Class, Order, Family, Genus, Species. 

8. Caterpillar. 

9. Weevil. 

10. Because they transmit diseases and affect livestock health, similar to insect pests. 

Long-answer questions 

11. Basic response: Insects are classified based on morphology, behaviour, and ecological roles, 

and named using binomial nomenclature. 

Value-added response: Classification also reflects evolutionary relationships, while 

nomenclature ensures consistency and avoids confusion across scientific communities. 

Basic response: Crop pests include chewing and sucking insects, while stored product pests 

infest grains and flour. 

Value-added response: Their biology explains seasonal outbreaks and storage 

contamination, guiding effective management strategies. 

Basic response: Mosquitoes, tsetse flies, and sandflies act as vectors, while lice and flies 

affect domestic animals. 
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Value-added response: Their feeding habits, life cycles, and ecological roles influence 

disease transmission and livestock productivity. 

Basic response: Insects are beneficial as pollinators, decomposers, and biological control 

agents, but harmful as pests and vectors. 

Value-added response: Their ecological and economic roles highlight the need for 

balanced management strategies that maximise benefits while reducing harm. 

Answers to Pilot Questions 2 

Part 2.1 

The science of naming, describing, and classifying organisms. 

Binomial nomenclature. 

Anopheles gambiae. 

Kingdom, Phylum, Class, Order, Family, Genus, Species. 

Order Lepidoptera, butterflies. 

Part 2.2 

Caterpillar. 

Sucking insects. 

Weevil. 

Poor storage conditions. 

Airtight storage. 

Part 2.3 

An organism that transmits pathogens. 

Malaria. 

Tsetse fly. 

Stable fly. 

Because they transmit diseases affecting livestock. 

Part 2.4 

Pollination. 

Ladybird beetle. 

Honey. 

Locust. 

Because they transmit diseases that require treatment. 

References And Attributions 2 

Figures and Boxes suggested in Series 2: 

Figure 2.1 Basis of classification and nomenclature in insects 

Box 2.2 Major taxonomic ranks of insects 
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Figure 2.3 Insects affecting crops 

Box 2.4 Common stored product pests 

Figure 2.5 Insects as disease vectors 

Box 2.6 Insects affecting domestic animals 

Figure 2.7 Beneficial roles of insects 

Box 2.8 Harmful roles of insects 

AI prompt suggestions used for illustration placeholders: 

Diagrams showing binomial nomenclature, crop pests, insect vectors, and 

beneficial roles. 

Boxes summarising taxonomic ranks, stored product pests, veterinary pests, 

and harmful roles. 

Open Educational Resource (OER) search strings suggested: 

“binomial nomenclature insect classification diagram OER” 

“insect taxonomy ranks hierarchy OER” 

“crop insect pests diagram OER” 

“stored product insect pests OER” 

“insect disease vectors diagram OER” 

“veterinary insect pests livestock OER” 

“beneficial roles of insects diagram OER” 

“harmful roles of insects OER” 

General references (APA style): 

Gullan, P. J., & Cranston, P. S. (2014). The Insects: An Outline of Entomology. Wiley 

Blackwell. 

Pedigo, L. P., & Rice, M. E. (2014). Entomology and Pest Management. Waveland 

Press. 

OER Commons. (n.d.). Entomology resources. Retrieved from 

https://www.oercommons.org 
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ZOO411 Series 3 Control Of Insect Pests Of Crops And Stored Products 

Part 3.1 Principles of insect pest control 

3.1.1 Definition and importance of pest control 

3.1.2 Factors influencing pest outbreaks 

Part 3.2 Methods of controlling crop pests 

3.2.1 Cultural methods 

3.2.2 Biological methods 

3.2.3 Chemical methods 

Part 3.3 Methods of controlling stored product pests 

3.3.1 Preventive measures in storage 

3.3.2 Physical and mechanical methods 

3.3.3 Chemical and biological methods 

Part 3.4 Integrated pest management (IPM) 

3.4.1 Concept and principles of IPM 

3.4.2 Advantages of IPM in agriculture and storage 

 

Introduction 

In the last Series, we examined the taxonomy and biology of selected insect groups, focusing on 

their roles in agriculture, health, and ecosystems. Building on that knowledge, this Series 

addresses the practical challenge of controlling insect pests that affect crops and stored products. 

Pest control is essential for safeguarding food security, reducing economic losses, and ensuring 

sustainable agricultural practices. 

The aim of this Series is to explain the principles and methods of insect pest control in crops and 

stored products, and to evaluate integrated pest management as a sustainable approach. 

We shall commence this Series by introducing the principles of insect pest control and the 

factors that influence pest outbreaks. Next, we will explore methods of controlling crop pests, 

including cultural, biological, and chemical approaches. Following that, we will consider 

methods of controlling stored product pests, focusing on preventive, physical, mechanical, 

chemical, and biological measures. Finally, we will conclude by analysing integrated pest 

management, highlighting its principles and advantages in agriculture and storage systems. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 3.1 define the principles of insect pest control and explain their importance, 

SLO 3.2 analyse the factors influencing pest outbreaks, 

SLO 3.3 describe cultural methods of controlling crop pests, 

SLO 3.4 explain biological methods of controlling crop pests, 
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SLO 3.5 evaluate chemical methods of controlling crop pests, 

SLO 3.6 describe preventive measures for controlling stored product pests, 

SLO 3.7 explain physical and mechanical methods of controlling stored product pests, 

SLO 3.8 evaluate chemical and biological methods of controlling stored product pests, 

SLO 3.9 analyse the concept and principles of integrated pest management, and 

SLO 3.10 evaluate the advantages of integrated pest management in agriculture and storage. 

 

3.1 Principles Of Insect Pest Control 

3.1.1 Definition and importance of pest control 

Pest control refers to the management of insect populations that cause damage to crops or stored 

products. It is important because pests reduce agricultural yield, contaminate food, and increase 

economic losses. Effective pest control ensures food security, protects farmers’ livelihoods, and 

supports sustainable agricultural practices. 

The importance of pest control extends beyond agriculture. By reducing pest populations, we 

also minimise the spread of diseases and improve the quality of stored products. This makes pest 

control a critical component of both farming and food storage systems. 

 

Short description: Diagram showing the importance of pest control in agriculture and storage. 

Caption: Figure 3.1 Importance of insect pest control 
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Fill in the blank: Pest control is important because it reduces agricultural losses and ensures 

______ security. 

3.1.2 Factors influencing pest outbreaks 

Several factors influence the occurrence of pest outbreaks, which are sudden increases in pest 

populations that cause significant damage. These factors include favourable environmental 

conditions such as temperature and humidity, availability of food sources, and absence of natural 

enemies. 

Human activities also play a role. Practices such as monocropping, poor storage conditions, and 

excessive use of pesticides can create environments that encourage pest outbreaks. 

Understanding these factors helps farmers and researchers design effective control strategies. 

Box 3.2 Factors influencing pest outbreaks 

 

 

Category Specific Factor Mechanism of Action Impact on Pest Population 

Environmental 
Temperature 

Shifts 

Increases metabolic rate and 

shortens the life cycle. 

Rapid Turnover: Allows 

for more generations per 

year (polyvoltine). 

Environmental 
Climate 

Change 

Warmer winters reduce 

"overwintering" mortality. 

Range Expansion: Pests 

survive in regions previously 

too cold for them. 

Biological 
Loss of Natural 

Enemies 

Absence of predators, 

parasitoids, or pathogens. 

Unchecked Growth: No 

biological "brakes" to keep 

the population stable. 

Biological 
Host 

Abundance 

Sudden availability of high-

quality food (e.g., a 

blooming crop). 

Nutritional Surge: 

Increases the number of eggs 

laid per female (fecundity). 

Human-

Induced 
Monoculture 

Large areas planted with a 

single, genetically uniform 

crop. 

High Connectivity: Pests 

move effortlessly from plant 

to plant without barriers. 
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Category Specific Factor Mechanism of Action Impact on Pest Population 

Human-

Induced 

Invasive 

Introduction 

Accidental transport of pests 

to new continents/regions. 

Founder Effect: The pest 

arrives without its evolved 

predators from home. 

Human-

Induced 

Pesticide 

Overuse 

Selection pressure favors 

individuals with resistant 

genes. 

The Pesticide Treadmill: 

Survivors breed a new, 

"immune" population. 

 

Fill in the blank: Monocropping and poor storage conditions are examples of ______ activities 

that encourage pest outbreaks. 

Pilot questions 3.1 

What is pest control? 

Why is pest control important in agriculture? 

Define a pest outbreak. 

Name one environmental factor that influences pest outbreaks. 

Give one human activity that can encourage pest outbreaks. 

 

3.2 Methods Of Controlling Crop Pests 

3.2.1 Cultural methods 

Cultural methods are farming practices designed to reduce pest populations by altering the 

environment. Examples include crop rotation, intercropping, timely planting, and proper field 

sanitation. These practices disrupt pest life cycles, reduce food availability, and make the 

environment less favourable for pests. 

For instance, rotating maize with legumes can reduce stem borer infestations, while removing 

crop residues prevents pests from breeding in leftover plant material. 

 

Short description: Diagram showing crop rotation and intercropping as cultural pest control 

methods. 
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Caption: Figure 3.3 Cultural methods of controlling crop pests 

 

Fill in the blank: Crop rotation helps reduce pest populations by disrupting their ______ cycles. 

3.2.2 Biological methods 

Biological methods involve using natural enemies of pests to regulate their populations. These 

include predators, parasites, and pathogens. Ladybird beetles feed on aphids, parasitoid wasps 

lay eggs inside caterpillars, and fungi such as Beauveria bassiana infect and kill insect pests. 

Biological control is environmentally friendly and sustainable, but it requires careful monitoring 

to ensure that beneficial organisms are effective and do not harm non-target species. 

Box 3.4 Examples of biological control agents 

 

 

Category Agent Type Key Mechanism 
Representative 

Example 
Target Pests 

Predator Ladybird Beetles 

Both adults and larvae 

actively hunt and 

consume entire prey. 

Harmonia 

axyridis 

Aphids, Scale 

insects, 

Mealybugs. 
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Category Agent Type Key Mechanism 
Representative 

Example 
Target Pests 

Predator Green Lacewings 

Larvae (Aphid Lions) 

use curved mandibles 

to suck fluids from 

prey. 

Chrysoperla spp. 

Soft-bodied 

insects, Thrips, 

Mites. 

Parasitoid Braconid Wasps 

Adults lay eggs inside 

the host; larvae 

consume it from 

within. 

Cotesia 

congregata 

Tomato 

Hornworms, 

Caterpillars. 

Parasitoid Egg Wasps 

Tiny wasps that 

parasitize the eggs of 

the pest. 

Trichogramma 

spp. 

Cabbage 

Loopers, 

Codling Moths. 

Pathogen 
Entomopathogenic 

Fungi 

Spores penetrate the 

cuticle and grow 

through the insect's 

body. 

Beauveria 

bassiana 

Whiteflies, 

Aphids, Beetles. 

Pathogen Bacteria (Bt) 

Produces a crystalline 

protein that destroys 

the insect's gut. 

Bacillus 

thuringiensis 

Mosquito 

larvae, Gypsy 

moths. 

Pathogen Viruses (NPV) 

Highly specific 

viruses that liquefy 

the internal tissues of 

larvae. 

Nuclear 

Polyhedrosis 

Virus 

High-density 

caterpillar 

outbreaks. 

 

Fill in the blank: Ladybird beetles are biological control agents because they feed on ______. 

3.2.3 Chemical methods 

Chemical methods involve the use of pesticides to kill or repel pests. These include insecticides, 

fumigants, and repellents. Chemical control is often effective and fast, but it must be applied 

carefully to avoid environmental pollution, resistance development, and harm to beneficial 

organisms. 
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Farmers are encouraged to follow recommended dosages, apply chemicals at the right time, and 

combine chemical methods with other approaches for sustainable pest management. 

 

Short description: Diagram showing spraying of insecticides on crops. 

Caption: Figure 3.5 Chemical methods of controlling crop pests 

 

Fill in the blank: Excessive use of pesticides can lead to pest ______, making them harder to 

control. 

Pilot questions 3.2 

What are cultural methods of pest control? 

Give one example of a cultural method used in farming. 

Name one predator used in biological pest control. 

What type of organism is Beauveria bassiana? 

Why must chemical methods be applied carefully? 

 

3.3 Methods Of Controlling Stored Product Pests 

3.3.1 Preventive measures in storage 

Preventive measures are practices designed to stop pests from infesting stored products in the 

first place. These include cleaning storage facilities, using airtight containers, drying grains 

properly before storage, and maintaining low humidity. Preventive measures are cost-effective 

and reduce the likelihood of pest outbreaks. 
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For example, thorough cleaning of silos before storing new grain prevents carry-over 

infestations, while drying grains to safe moisture levels reduces the risk of mould and insect 

attack. 

 

Short description: Diagram showing preventive measures such as cleaning silos and drying 

grains. 

Caption: Figure 3.6 Preventive measures in storage 

 

Fill in the blank: Drying grains properly before storage reduces the risk of ______ and insect 

attack. 

3.3.2 Physical and mechanical methods 

Physical and mechanical methods involve using non-chemical techniques to control pests. 

Examples include sieving to remove infested grains, heating or cooling to kill insects, and using 

traps. These methods are safe, environmentally friendly, and suitable for small-scale storage 

systems. 
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Heating grains to specific temperatures can kill insects at all life stages, while cooling slows 

down their development. Mechanical traps are also effective for monitoring and reducing pest 

populations. 

Box 3.7 Physical and mechanical methods of controlling stored product pests 

 

 

Method Technique Primary Mechanism Practical Application 

Thermal 
Heat 

Treatment 

Denatures proteins and causes rapid 

desiccation (drying out). 

Heating storage bins to 

50–60°C for 24 hours to 

kill all life stages. 

Thermal Cold Storage 

Arrests development and kills 

through ice crystal formation in 

cells. 

Maintaining grain below 

10°C to stop breeding; 

freezing at -18°C for 48 

hours. 

Atmospheric 
Hermetic 

Storage 

Hypoxia/Hypercarbia: Insects 

suffocate as $O_2$ is depleted and 

$CO_2$ rises. 

Using air-tight PICS 

(Perennial Intensive Crop 

Systems) bags or sealed 

silos. 

Mechanical 
Inert Dusts 

(DE) 

Diatomaceous earth abrades the 

waxy cuticle, causing death by 

dehydration. 

Mixing food-grade silica 

dust into grain mass as a 

long-term protectant. 

Mechanical 
Sieving / 

Cleaning 

Physically removes insects, eggs, 

and "dockage" (breeding debris). 

Passing grain through 

vibrating screens and 

aspirators before final 

bagging. 

Mechanical 
Impact 

(Entoleters) 

High-speed centrifugal force 

shatters insects and eggs upon 

impact. 

Used in flour mills to 

ensure "clean" flour 

before it reaches the 

consumer. 
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Method Technique Primary Mechanism Practical Application 

Barrier Packaging 

Physical exclusion using insect-

proof materials (foil, glass, thick 

poly). 

Vacuum-sealing or using 

multi-layered laminate 

bags to prevent "borers." 

 

Fill in the blank: Heating grains to specific temperatures can kill insects at all ______ stages. 

3.3.3 Chemical and biological methods 

Chemical methods for stored product pests include fumigation and the use of insecticides. 

Fumigation with gases such as phosphine is effective in killing insects inside stored grains. 

However, it requires careful handling to avoid health risks. 

Biological methods involve using natural enemies or microbial agents to control pests. For 

example, certain parasitoids target moth larvae, while microbial agents such as bacteria and fungi 

can reduce pest populations. Combining chemical and biological methods often improves 

effectiveness and sustainability. 

 

Short description: Diagram showing fumigation of stored grains. 

Caption: Figure 3.8 Chemical and biological methods of controlling stored product pests 
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Fill in the blank: Fumigation with gases such as ______ is effective in killing insects inside 

stored grains. 

Pilot questions 3.3 

What are preventive measures in storage? 

Give one example of a preventive measure for stored products. 

Name one physical method of controlling stored product pests. 

What gas is commonly used in fumigation? 

Give one example of a biological method used against stored product pests. 

 

3.4 Integrated Pest Management (IPM) 

3.4.1 Concept and principles of IPM 

Integrated Pest Management (IPM) is a sustainable approach to pest control that combines 

different methods to manage pest populations effectively while minimising harm to the 

environment, humans, and beneficial organisms. The principles of IPM include prevention, 

monitoring, and the use of multiple control strategies such as cultural, biological, and chemical 

methods in a balanced way. 

IPM emphasises decision-making based on pest population thresholds. Instead of applying 

pesticides routinely, farmers monitor pest levels and act only when populations exceed the 

economic threshold, meaning the point at which damage would cause significant economic loss. 

 

Short description: Diagram showing the concept of IPM with cultural, biological, and chemical 

methods integrated. 
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Caption: Figure 3.9 Concept and principles of IPM 

 

Fill in the blank: IPM emphasises action only when pest populations exceed the ______ 

threshold. 

3.4.2 Advantages of IPM in agriculture and storage 

IPM offers several advantages over conventional pest control. It reduces reliance on chemical 

pesticides, thereby lowering risks of resistance, environmental pollution, and harm to beneficial 

organisms. It also promotes long-term sustainability by encouraging preventive measures and 

biological control. 

In agriculture, IPM helps maintain crop yields while protecting biodiversity. In storage systems, 

it ensures food safety and reduces contamination. By integrating different methods, IPM 

provides a holistic and cost-effective solution to pest management. 

Box 3.10 Advantages of integrated pest management 

 

 

Category 
Primary 

Advantage 
Mechanical/Biological Basis Long-Term Outcome 

Environmental 
Biodiversity 

Protection 

Minimizes "off-target" effects on 

pollinators and natural predators. 

Stable ecosystems with 

natural "checks and 
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Category 
Primary 

Advantage 
Mechanical/Biological Basis Long-Term Outcome 

balances" on pest 

populations. 

Economic 
Cost-

Effectiveness 

Reduces the need for expensive 

synthetic inputs by using "free" 

biological services. 

Higher profit margins 

for farmers and lower 

food prices for 

consumers. 

Biological 
Resistance 

Management 

Uses chemicals only as a last 

resort, preventing pests from 

evolving "immunity." 

Extends the useful life of 

existing pesticides and 

reduces the "pesticide 

treadmill." 

Human Health 
Reduced 

Toxicity 

Lowers the chemical residue on 

food and reduces worker 

exposure to toxins. 

Safer food supplies and 

improved occupational 

health for agricultural 

laborers. 

Storage 
Quality 

Preservation 

Prevents contamination from silk, 

frass, and odors in stored grains. 

Higher market value for 

exported goods and 

reduced post-harvest 

waste. 

Regulatory Market Access 

Ensures compliance with 

international Maximum Residue 

Limits (MRLs). 

Facilitates global trade 

and meets the growing 

demand for 

organic/clean produce. 

 

Fill in the blank: One advantage of IPM is that it reduces reliance on ______ pesticides. 

Pilot questions 3.4 

What does IPM stand for? 

What are the main principles of IPM? 

Define the term economic threshold in pest management. 

Mention one advantage of IPM in agriculture. 
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Why is IPM considered a sustainable approach? 

 

Series Summary 

This Series addressed the control of insect pests of crops and stored products, highlighting 

practical strategies for safeguarding food security and ensuring sustainable agricultural practices. 

We began by examining the principles of pest control and the factors influencing pest outbreaks. 

Then, we explored methods of controlling crop pests, including cultural, biological, and chemical 

approaches. Following that, we considered methods of controlling stored product pests, focusing 

on preventive, physical, mechanical, chemical, and biological measures. Finally, we analysed 

integrated pest management (IPM), emphasising its principles and advantages in agriculture and 

storage systems. 

By completing this Series, you should now be able to define the principles of pest control, 

analyse factors influencing pest outbreaks, describe and evaluate methods of controlling crop and 

stored product pests, and explain the concept and advantages of IPM. These achievements align 

with the Series Learning Outcomes and equip you with practical knowledge for managing insect 

pests in both field and storage contexts. 

Glossary of Terms 

Biological control: The use of natural enemies such as predators, parasites, or pathogens to 

manage pest populations. 

Chemical methods: The use of pesticides, fumigants, or repellents to kill or repel pests. 

Cultural methods: Farming practices such as crop rotation, intercropping, and sanitation 

that reduce pest populations. 

Economic threshold: The pest population level at which control measures must be applied 

to prevent economic loss. 

Fumigation: The use of gases such as phosphine to kill pests in stored products. 

Integrated Pest Management (IPM): A sustainable approach combining multiple pest 

control methods to minimise harm and maximise effectiveness. 

Pest outbreak: A sudden increase in pest populations that causes significant damage. 

Preventive measures: Practices such as cleaning, drying, and airtight storage that prevent 

pest infestations. 

Physical methods: Non-chemical techniques such as heating, cooling, sieving, or trapping to 

control pests. 

Concept Check Questions 3 

Objective questions 

Pest control is important because it reduces agricultural losses and ensures ______ security. 

(Linked to SLO 3.1) 
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Monocropping and poor storage conditions are examples of ______ activities that encourage 

pest outbreaks. (Linked to SLO 3.2) 

Crop rotation helps reduce pest populations by disrupting their ______ cycles. (Linked to 

SLO 3.3) 

Ladybird beetles are biological control agents because they feed on ______. (Linked to SLO 

3.4) 

Excessive use of pesticides can lead to pest ______. (Linked to SLO 3.5) 

Drying grains properly before storage reduces the risk of ______ and insect attack. (Linked 

to SLO 3.6) 

Heating grains to specific temperatures can kill insects at all ______ stages. (Linked to SLO 

3.7) 

Fumigation with gases such as ______ is effective in killing insects inside stored grains. 

(Linked to SLO 3.8) 

IPM emphasises action only when pest populations exceed the ______ threshold. (Linked to 

SLO 3.9) 

One advantage of IPM is that it reduces reliance on ______ pesticides. (Linked to SLO 3.10) 

Short-answer questions 

11. Define pest control. (Linked to SLO 3.1) 

12. Name one environmental factor that influences pest outbreaks. (Linked to SLO 3.2) 

13. Give one example of a cultural method of pest control. (Linked to SLO 3.3) 

14. Name one predator used in biological pest control. (Linked to SLO 3.4) 

15. Why must chemical methods be applied carefully? (Linked to SLO 3.5) 

16. Give one preventive measure for stored products. (Linked to SLO 3.6) 

17. Name one physical method of controlling stored product pests. (Linked to SLO 3.7) 

18. Give one example of a biological method used against stored product pests. (Linked to SLO 

3.8) 

19. What does IPM stand for? (Linked to SLO 3.9) 

20. Mention one advantage of IPM in agriculture. (Linked to SLO 3.10) 

Long-answer questions 

21. Explain the principles of pest control and why they are important. (Linked to SLO 3.1) 

22. Analyse the factors influencing pest outbreaks. (Linked to SLO 3.2) 

23. Describe cultural, biological, and chemical methods of controlling crop pests. (Linked to 

SLO 3.3, 3.4, 3.5) 

24. Explain preventive, physical, mechanical, chemical, and biological methods of controlling 

stored product pests. (Linked to SLO 3.6, 3.7, 3.8) 

25. Evaluate the concept and advantages of integrated pest management. (Linked to SLO 3.9, 

3.10) 

Answers to Concept Check Questions 3 

Objective questions 

Food. 

Human. 
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Life. 

Aphids. 

Resistance. 

Mould. 

Life. 

Phosphine. 

Economic. 

Chemical. 

Short-answer questions 

11. The management of insect populations that cause damage to crops or stored products. 

12. Temperature or humidity. 

13. Crop rotation. 

14. Ladybird beetle. 

15. To avoid pollution, resistance, and harm to beneficial organisms. 

16. Cleaning storage facilities. 

17. Heating or cooling. 

18. Parasitoids or microbial agents. 

19. Integrated Pest Management. 

20. Reduced pesticide use. 

Long-answer questions 

21. Basic response: Pest control involves managing insect populations to reduce damage and 

ensure food security. 

Value-added response: It also protects livelihoods, reduces disease spread, and supports 

sustainable agriculture. 

Basic response: Pest outbreaks are influenced by environmental conditions and human 

activities. 

Value-added response: Factors such as monocropping, pesticide misuse, and climate 

change can intensify outbreaks. 

Basic response: Cultural methods include crop rotation, biological methods use natural 

enemies, and chemical methods involve pesticides. 

Value-added response: Combining these methods enhances effectiveness and 

sustainability. 

Basic response: Preventive measures include cleaning and drying, physical methods involve 

heating or cooling, chemical methods use fumigation, and biological methods employ 

natural enemies. 

Value-added response: Integrating these approaches ensures food safety and reduces 

contamination. 

Basic response: IPM combines multiple methods to manage pests sustainably. 

Value-added response: It reduces pesticide reliance, prevents resistance, protects 

biodiversity, and ensures long-term sustainability. 

Answers to Pilot Questions 3 
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Part 3.1 

The management of insect populations that cause damage. 

It reduces losses and ensures food security. 

A sudden increase in pest populations causing damage. 

Temperature. 

Monocropping. 

Part 3.2 

Farming practices that reduce pest populations. 

Crop rotation. 

Ladybird beetle. 

Fungus. 

To avoid pollution and resistance. 

Part 3.3 

Practices to prevent pest infestations in storage. 

Drying grains. 

Heating. 

Phosphine. 

Parasitoids. 

Part 3.4 

Integrated Pest Management. 

Prevention, monitoring, and combining methods. 

The pest population level at which control is needed. 

Maintains crop yields. 

It reduces pesticide use and promotes sustainability. 

References And Attributions 3 

Figures and Boxes suggested in Series 3: 

Figure 3.1 Importance of insect pest control 

Box 3.2 Factors influencing pest outbreaks 

Figure 3.3 Cultural methods of controlling crop pests 

Box 3.4 Examples of biological control agents 

Figure 3.5 Chemical methods of controlling crop pests 

Figure 3.6 Preventive measures in storage 

Box 3.7 Physical and mechanical methods of controlling stored product pests 

Figure 3.8 Chemical and biological methods of controlling stored product pests 

Figure 3.9 Concept and principles of IPM 

Box 3.10 Advantages of integrated pest management 

AI prompt suggestions used for illustration placeholders: 
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Diagrams showing pest control importance, crop rotation, fumigation, and IPM. 

Boxes summarising outbreak factors, biological agents, physical methods, and IPM 

advantages. 

Open Educational Resource (OER) search strings suggested: 

“importance of insect pest control diagram OER” 

“factors influencing insect pest outbreaks OER” 

“cultural methods crop pest control OER” 

“biological control agents insect pests OER” 

“chemical methods crop pest control diagram OER” 

“preventive measures stored product pests OER” 

“physical mechanical methods stored product pest control OER” 

“chemical biological methods stored product pest control OER” 

“integrated pest management concept diagram OER” 

“advantages of integrated pest management OER” 

General references (APA style): 

Pedigo, L. P., & Rice, M. E. (2014). Entomology and Pest Management. Waveland Press. 

Gullan, P. J., & Cranston, P. S. (2014). The Insects: An Outline of Entomology. Wiley 

Blackwell. 

Dent, D. (2000). Insect Pest Management. CABI Publishing. 
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Introduction 
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Invertebrate zoology is enriched by two highly diverse and ecologically important phyla: 

Annelida and Mollusca. Annelids, with their segmented bodies, and molluscs, with their 

remarkable variety of shells and body forms, illustrate the adaptability and success of coelomate 

animals. Their study provides insights into structural diversity, ecological contributions, and 

evolutionary pathways. 

The aim of this Series is to introduce you to the structural diversity and ecological roles of 

Annelida and Mollusca, enabling you to classify them, describe their organisation, and evaluate 

their ecological and evolutionary importance. 

We shall commence this Series by examining the general features and classification of both 

phyla. Next, we will explore their morphological diversity and organisation, focusing on 

segmentation, shell structure, and internal systems. Finally, we will conclude by analysing their 

ecological roles in soil, aquatic, and marine ecosystems, as well as their evolutionary 

significance in demonstrating structural diversity among invertebrates. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 4.1 define Annelida and Mollusca and explain their scope, 

SLO 4.2 describe the general features and classification of both phyla, 

SLO 4.3 analyse the morphological diversity and organisation of Annelida and Mollusca, 

SLO 4.4 explain the nervous and circulatory systems of both phyla, 

SLO 4.5 evaluate the ecological roles of Annelida and Mollusca in different environments, 

and 

SLO 4.6 assess the evolutionary importance of structural diversity in these phyla. 

 

4.1 General Features And Classification Of Annelida And Mollusca 

4.1.1 Definition and scope of Annelida 

Annelida are segmented worms characterised by their elongated, cylindrical bodies divided into 

repeated segments called metameres. Each segment typically contains repeated structures such 

as muscles, nerves, and excretory organs, which contribute to their adaptability. Annelids include 

earthworms, leeches, and polychaetes, inhabiting terrestrial, freshwater, and marine 

environments. Their scope covers structural organisation, ecological roles in soil fertility and 

aquatic ecosystems, and evolutionary significance as coelomate invertebrates. 

 

Short description: Diagram showing the segmented body plan of an annelid worm. 
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Caption: Figure 4.1 General features of Annelida 

 

Fill in the blank: The repeated body segments of Annelida are called ______. 

4.1.2 Definition and scope of Mollusca 

Mollusca are a diverse phylum of invertebrates characterised by a soft, unsegmented body often 

protected by a calcareous shell. Their body is typically divided into three regions: the head-foot 

(used for locomotion and sensory functions), the visceral mass (containing internal organs), and 

the mantle (which secretes the shell). Molluscs include snails, clams, squids, and octopuses, 

inhabiting both aquatic and terrestrial environments. Their scope encompasses structural 

diversity, ecological roles in food chains, and evolutionary importance as one of the largest 

invertebrate phyla. 

 

Short description: Diagram showing the generalised body plan of a mollusc with head-foot, 

visceral mass, and mantle. 
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Caption: Figure 4.2 General features of Mollusca 

 

Fill in the blank: The body region of Mollusca that secretes the shell is called the ______. 

4.1.3 Major classes and representative examples 

Both Annelida and Mollusca are divided into major classes based on structural and ecological 

differences. 

Classes of Annelida: 

Polychaeta: Marine worms with parapodia, e.g., Nereis. 

Oligochaeta: Terrestrial and freshwater worms, e.g., Lumbricus (earthworm). 

Hirudinea: Leeches, mostly freshwater, e.g., Hirudo. 

Classes of Mollusca: 

Gastropoda: Snails and slugs, e.g., Helix. 

Bivalvia: Clams and mussels, e.g., Mytilus. 

Cephalopoda: Squids and octopuses, e.g., Octopus. 

Polyplacophora: Chitons, e.g., Chiton. 

Table 4.3 Major classes of Annelida and Mollusca with examples 
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Phylum Major Class Key Features 
Representative 

Examples 

Annelida 
Polychaeta 

(Bristle Worms) 

Mostly marine; well-developed head; 

paired lateral appendages (parapodia) 

for locomotion and respiration. 

Nereis (Sandworm), 

Arenicola 

(Lugworm) 

 Oligochaeta 

Mostly terrestrial or freshwater; lack 

parapodia; few setae; distinct clitellum 

for reproduction. 

Lumbricus terrestris 

(Earthworm), 

Tubifex 

 Hirudinea 

(Leeches) 

Primarily freshwater; body flattened; 

fixed number of segments; possess 

anterior and posterior suckers; lack 

setae. 

Hirudo medicinalis 

(Medicinal Leech) 

Mollusca Gastropoda 

Asymmetrical body due to torsion; 

usually have a single, spirally coiled 

shell (or none); muscular foot for 

crawling. 

Snails, Slugs, 

Limpets, 

Nudibranchs 

 Bivalvia 

Body enclosed in a two-part shell 

hinged dorsally; lack a distinct head and 

radula; wedge-shaped foot for 

burrowing. 

Clams, Oysters, 

Mussels, Scallops 

 Cephalopoda 

Large head with conspicuous eyes; foot 

modified into tentacles/arms with 

suckers; highly developed nervous 

system; closed circulatory system. 

Octopus, Squid, 

Nautilus, Cuttlefish 

 Polyplacophora 

Oval body with a dorsal shell composed 

of eight overlapping plates; large flat 

foot for adhering to rocks. 

Chitons 

 

Fill in the blank: Marine worms with parapodia belong to the class ______ of Annelida. 

Pilot questions 4.1 
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What are the repeated body segments of Annelida called? 

Name the three main body regions of Mollusca. 

Which class of Annelida includes earthworms? 

Which class of Mollusca includes squids and octopuses? 

Give one representative example of Polychaeta and one of Bivalvia. 

 

4.2 Morphological Diversity And Organisation 

4.2.1 Body segmentation and organisation in Annelida 

Annelids are distinguished by their segmented body plan, where the body is divided into 

repeated units called metameres. Each segment contains muscles, nerves, and excretory organs, 

which allow for efficient locomotion and flexibility. This segmentation also provides 

redundancy, meaning if one segment is damaged, others can continue functioning. The presence 

of a true coelom supports organ development and circulation, making annelids structurally 

advanced compared to simpler worms. 

 

Short description: Diagram showing segmented body plan of an annelid with repeated structures 

in each segment. 

Caption: Figure 4.4 Body segmentation and organisation in Annelida 

 

Fill in the blank: The repeated body units of Annelida are called ______. 

4.2.2 Shell structure and body plan in Mollusca 
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Molluscs exhibit remarkable structural diversity, but their general body plan consists of three 

regions: the head-foot, the visceral mass, and the mantle. The mantle secretes the shell, which 

may be external (as in snails and clams) or internal (as in squids). The head-foot is muscular and 

used for locomotion, while the visceral mass contains organs such as the heart, digestive glands, 

and gonads. This organisation allows molluscs to adapt to a wide range of environments, from 

terrestrial habitats to deep oceans. 

 

Short description: Diagram showing the generalised body plan of a mollusc with shell, head-foot, 

visceral mass, and mantle. 

Caption: Figure 4.5 Shell structure and body plan in Mollusca 

 

Fill in the blank: The body region of Mollusca that secretes the shell is called the ______. 

4.2.3 Nervous and circulatory systems in both phyla 

Annelids possess a well-developed nervous system, consisting of a ventral nerve cord and 

paired ganglia in each segment. This arrangement coordinates movement and sensory responses. 

Their circulatory system is closed, with blood confined to vessels, ensuring efficient transport of 

oxygen and nutrients. 

Molluscs, on the other hand, show variation in their nervous and circulatory systems depending 

on the class. Cephalopods such as squids and octopuses have highly developed brains and 

complex eyes, making them among the most advanced invertebrates. Their circulatory system is 

closed, supporting active lifestyles. In contrast, bivalves and gastropods often have simpler 

nervous systems and an open circulatory system, where blood flows freely through body cavities. 
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Short description: Comparative diagram showing nervous and circulatory systems of Annelida 

and Mollusca. 

Caption: Figure 4.6 Nervous and circulatory systems in Annelida and Mollusca 

 

Fill in the blank: Cephalopods such as squids possess a ______ circulatory system, unlike 

bivalves which have an open one. 

Pilot questions 4.2 

What are the repeated body units of Annelida called? 

Name the three main body regions of Mollusca. 

Which body region of Mollusca secretes the shell? 

What type of circulatory system do annelids possess? 

Which class of Mollusca has a highly developed brain and closed circulatory system? 

 

4.3 Ecological Roles And Evolutionary Significance 

4.3.1 Role of Annelida in soil and aquatic ecosystems 

Annelids, particularly earthworms, play a crucial role in maintaining soil fertility. By burrowing 

and feeding on organic matter, they aerate the soil and enhance nutrient cycling, which supports 

plant growth. In aquatic ecosystems, polychaetes contribute to sediment turnover and serve as 

prey for fish and other marine organisms. Their ecological roles highlight their importance in 

sustaining both terrestrial and aquatic food chains. 
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Short description: Diagram showing earthworms aerating soil and polychaetes in marine 

sediments. 

Caption: Figure 4.7 Ecological roles of Annelida 

 

Fill in the blank: Earthworms improve soil fertility by ______ the soil and recycling organic 

matter. 

4.3.2 Role of Mollusca in marine and terrestrial ecosystems 

Molluscs are highly diverse and occupy a wide range of ecological niches. Bivalves such as 

clams and mussels act as filter feeders, improving water quality in aquatic environments. 

Gastropods like snails contribute to nutrient cycling in both terrestrial and aquatic habitats. 

Cephalopods, including squids and octopuses, are active predators that regulate populations of 

other marine organisms. Collectively, molluscs play vital roles in food chains, ecosystem 

balance, and even human economies through fisheries and aquaculture. 

 

Short description: Diagram showing bivalves filtering water, gastropods recycling nutrients, and 

cephalopods as predators. 
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Caption: Figure 4.8 Ecological roles of Mollusca 

 

Fill in the blank: Bivalves such as clams act as ______ feeders, helping to improve water quality. 

4.3.3 Evolutionary importance of structural diversity 

The structural diversity of Annelida and Mollusca demonstrates the evolutionary success of 

coelomate invertebrates. Segmentation in annelids allowed for specialisation of body regions, 

while the varied body plans of molluscs enabled adaptation to terrestrial, freshwater, and marine 

environments. Cephalopods, with their advanced nervous systems and closed circulatory 

systems, represent one of the highest levels of invertebrate evolution. These evolutionary 

innovations highlight how structural diversity contributes to ecological resilience and long-term 

survival. 

Box 4.9 Evolutionary importance of Annelida and Mollusca 

 

 

Evolutionary 

Milestone 
Impact in Phylum Annelida Impact in Phylum Mollusca 

Body 

Organization 

Metamerism (Segmentation): 

Division of the body into repetitive 

segments allowed for independent 

movement and organ redundancy. 

Modular Body Plan: A three-part body 

(Mantle, Foot, Visceral Mass) that 

could be radically reshaped for 

crawling, swimming, or burrowing. 
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Evolutionary 

Milestone 
Impact in Phylum Annelida Impact in Phylum Mollusca 

Locomotion 

Hydrostatic Skeleton: Used fluid 

pressure within the coelom for 

powerful peristaltic crawling and 

burrowing. 

Muscular Foot: Specialized for diverse 

movement, from the slow "glide" of a 

snail to the jet propulsion of a squid. 

Coelom 

Development 

True Coelom: Large and well-

developed; provides a space for 

complex organ systems and acts as a 

circulatory medium. 

Reduced Coelom: Mostly limited to 

the area around the heart (hemocoel); 

allowed for the evolution of a highly 

efficient open (and later closed) 

circulatory system. 

Nervous 

System 

Segmental Ganglia: A "ladder-

like" nervous system that 

coordinates movement across 

segments. 

Cephalization: Reached its peak in 

Cephalopods, leading to the most 

complex brains and eyes among all 

invertebrates. 

Shared 

Ancestry 

Trochophore Larva: Provides 

evidence of a common ancestor with 

mollusks and other protostomes. 

Trochophore Larva: Shared 

developmental stage that links these 

seemingly different groups. 

 

Fill in the blank: Cephalopods represent one of the highest levels of invertebrate evolution due to 

their advanced ______ systems. 

Pilot questions 4.3 

How do earthworms contribute to soil fertility? 

What ecological role do bivalves play in aquatic ecosystems? 

Which class of Mollusca includes active marine predators? 

What evolutionary advantage does segmentation provide in Annelida? 

Why are cephalopods considered highly evolved among invertebrates? 

 

Series Summary 

This Series focused on the structural diversity and ecological roles of Annelida and Mollusca, 

two highly significant phyla of invertebrates. We began by examining their general features and 
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classification, highlighting segmentation in annelids and the tripartite body plan of molluscs. We 

then explored their morphological diversity and organisation, considering body segmentation, 

shell structure, and the variations in nervous and circulatory systems. Finally, we analysed their 

ecological roles in soil, aquatic, and marine ecosystems, as well as their evolutionary importance 

in demonstrating structural diversity among coelomates. 

By completing this Series, you should now be able to define Annelida and Mollusca, describe 

their general features and classification, analyse their structural organisation, explain their 

nervous and circulatory systems, and evaluate their ecological and evolutionary significance. 

These outcomes align directly with the Series Learning Outcomes, equipping you with a clear 

understanding of how structural diversity supports ecological resilience and evolutionary 

success. 

Glossary of Terms 

Annelida: Phylum of segmented worms with repeated body units called metameres. 

Bivalvia: Class of molluscs including clams and mussels, characterised by two shells. 

Cephalopoda: Class of molluscs including squids and octopuses, known for advanced 

nervous systems. 

Gastropoda: Class of molluscs including snails and slugs, with a coiled shell in many 

species. 

Mantle: Body region of molluscs that secretes the shell. 

Metameres: Repeated body segments in annelids. 

Mollusca: Phylum of invertebrates with soft bodies, often protected by shells. 

Polychaeta: Class of annelids with parapodia, mostly marine worms. 

Visceral mass: Central body region of molluscs containing internal organs. 

Concept Check Questions 4 

Objective questions 

The repeated body segments of Annelida are called ______. (Linked to SLO 4.1) 

The body region of Mollusca that secretes the shell is the ______. (Linked to SLO 4.2) 

Which class of Annelida includes earthworms? (Linked to SLO 4.2) 

Cephalopods such as squids possess a ______ circulatory system. (Linked to SLO 4.4) 

Bivalves act as ______ feeders in aquatic ecosystems. (Linked to SLO 4.5) 

Short-answer questions 

6. Define Annelida. (Linked to SLO 4.1) 

7. Describe the general body plan of Mollusca. (Linked to SLO 4.2) 

8. Name three major classes of Mollusca with examples. (Linked to SLO 4.2) 

9. Explain the ecological role of earthworms in soil ecosystems. (Linked to SLO 4.5) 

10. Why are cephalopods considered highly evolved among invertebrates? (Linked to SLO 4.6) 

Long-answer questions 

11. Analyse the structural organisation of Annelida, focusing on segmentation. (Linked to SLO 
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4.3) 

12. Explain the nervous and circulatory systems of Annelida and Mollusca. (Linked to SLO 4.4) 

13. Evaluate the ecological and evolutionary significance of Annelida and Mollusca. (Linked to 

SLO 4.6) 

Answers to Concept Check Questions 4 

Objective questions 

Metameres. 

Mantle. 

Oligochaeta. 

Closed. 

Filter. 

Short-answer questions 

6. Segmented worms with repeated body units and a true coelom. 

7. Divided into head-foot, visceral mass, and mantle. 

8. Gastropoda (Helix), Bivalvia (Mytilus), Cephalopoda (Octopus). 

9. They aerate soil and recycle organic matter, improving fertility. 

10. They have advanced brains, complex eyes, and closed circulatory systems. 

Long-answer questions 

11. Basic response: Annelids have segmented bodies with repeated structures in each segment. 

Value-added response: Segmentation allows specialisation and redundancy, enhancing 

adaptability and survival. 

Basic response: Annelids have a ventral nerve cord and closed circulation; molluscs vary by 

class. 

Value-added response: Cephalopods show advanced nervous systems and closed 

circulation, while bivalves have simpler systems and open circulation. 

Basic response: Annelids improve soil fertility and molluscs act as filter feeders and 

predators. 

Value-added response: Their structural diversity demonstrates evolutionary success, 

ecological resilience, and adaptation to varied environments. 

Answers to Pilot Questions 4 

Part 4.1 

Metameres. 

Head-foot, visceral mass, mantle. 

Oligochaeta. 

Cephalopoda. 

Nereis and Mytilus. 
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Part 4.2 

Metameres. 

Head-foot, visceral mass, mantle. 

Mantle. 

Closed circulatory system. 

Cephalopoda. 

Part 4.3 

By burrowing and recycling organic matter. 

They act as filter feeders. 

Cephalopoda. 

It allows specialisation and redundancy. 

Due to advanced nervous and circulatory systems. 

References And Attributions 4 

Illustration placeholders suggested in Series 4: 

Figure 4.1 General features of Annelida 

Figure 4.2 General features of Mollusca 

Table 4.3 Major classes of Annelida and Mollusca with examples 

Figure 4.4 Body segmentation and organisation in Annelida 

Figure 4.5 Shell structure and body plan in Mollusca 

Figure 4.6 Nervous and circulatory systems in Annelida and Mollusca 

Figure 4.7 Ecological roles of Annelida 

Figure 4.8 Ecological roles of Mollusca 

Box 4.9 Evolutionary importance of Annelida and Mollusca 

AI prompt suggestions used for illustration placeholders: 

Diagrams showing segmentation, body plans, nervous and circulatory systems. 

Table listing major classes with examples. 

Box summarising evolutionary importance. 

Open Educational Resource (OER) search strings suggested: 

“annelida general features diagram OER” 

“mollusca general body plan diagram OER” 

“classification of annelida and mollusca table OER” 

“annelida body segmentation diagram OER” 

“mollusca body plan diagram OER” 

“annelida mollusca nervous circulatory systems diagram OER” 

“annelida ecological roles diagram OER” 

“mollusca ecological roles diagram OER” 
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“evolutionary importance of annelida and mollusca OER” 

General references (APA style): 

Hickman, C. P., Roberts, L. S., Keen, S. L., Larson, A., Eisenhour, D. J., & I’Anson, 

H. (2017). Integrated Principles of Zoology. McGraw-Hill Education. 

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

OER Commons. (n.d.). Annelida and Mollusca resources. Retrieved from 

https://www.oercommons.org 

 

ZOO312 Series 5 Adaptations To Parasitic Life – External And 

Internal Modification 

Part 5.1 External modifications of parasites 

5.1.1 Protective coverings and attachment structures 

5.1.2 Morphological adaptations for feeding and survival 

Part 5.2 Internal modifications of parasites 

5.2.1 Digestive and excretory adaptations 

5.2.2 Nervous and reproductive adaptations 

Part 5.3 Case studies of parasitic adaptations 

5.3.1 Helminth adaptations 

5.3.2 Arthropod and protozoan adaptations 

Part 5.4 Implications of parasitic modifications 

5.4.1 Effects on host health 

5.4.2 Significance for disease transmission and control 

 

Introduction 

In the last Series, we examined parasitic arthropods and their role as vectors of disease. We now 

turn to a broader theme that cuts across all parasite groups: the adaptations that enable them to 

survive, reproduce, and exploit their hosts. These modifications, both external and internal, are 

central to understanding how parasites persist in diverse environments and why they are so 

difficult to control. 

The aim of this Series is to explore the external and internal modifications of parasites, 

highlighting structural, behavioural, and physiological traits that support parasitism. 

We shall commence this Series by examining external modifications, including protective 

coverings and attachment structures. Next, we will explore internal modifications, focusing on 

digestive, excretory, nervous, and reproductive adaptations. Following that, we will analyse case 

studies of helminths, arthropods, and protozoa to illustrate these adaptations in practice. Finally, 

https://www.oercommons.org/
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we will conclude by considering the implications of parasitic modifications, particularly their 

effects on host health and their significance for disease transmission and control. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 5.1 describe external modifications of parasites that support survival and feeding, 

SLO 5.2 explain internal modifications of parasites in relation to digestive, excretory, 

nervous, and reproductive systems, 

SLO 5.3 analyse case studies of helminths, arthropods, and protozoa to illustrate parasitic 

adaptations, and 

SLO 5.4 evaluate the implications of parasitic modifications for host health and disease 

transmission. 

 

5.1 External Modifications Of Parasites 

5.1.1 Protective coverings and attachment structures 

Parasites often develop specialised protective coverings that shield them from host defences. 

For example, helminths such as cestodes possess a tegument, which is a living outer layer that 

resists digestive enzymes and allows direct absorption of nutrients. Protozoa may form cysts, 

which are resistant stages that protect them from harsh environmental conditions and aid 

transmission. In addition to coverings, parasites also evolve attachment structures. Trematodes 

have suckers, cestodes have hooks and a scolex, while arthropods such as lice and fleas possess 

claws or spines for clinging to hair or feathers. These features ensure that parasites remain 

securely attached to their hosts and can feed effectively. 

 

Short description: Diagram showing protective coverings (tegument, cyst wall) and attachment 

structures (suckers, hooks, claws). 

Caption: Figure 5.1 Protective coverings and attachment structures of parasites 

 

Fill in the blank: The living outer covering of cestodes that resists host digestive enzymes is 

called the ______. 

5.1.2 Morphological adaptations for feeding and survival 

Parasites also exhibit morphological adaptations that enhance feeding and survival. 

Hookworms, for instance, have teeth or cutting plates that allow them to feed on host blood. 

Mosquitoes possess elongated proboscises, which are specialised mouthparts for piercing skin 

and sucking blood. Protozoa such as Entamoeba histolytica use pseudopodia, extensions of their 

cell membrane, to engulf food particles. These adaptations are not only essential for nutrition but 
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also for persistence within host environments. By modifying their morphology, parasites reduce 

energy expenditure and maximise efficiency in exploiting host resources. 

Box 5.2 Morphological adaptations for feeding and survival 

 

 

System Adaptation Evolutionary Reason 

Digestive Reduced or absent. 
Nutrients are already broken down by the 

host. 

Locomotory Loss of cilia, legs, or wings. No need to "hunt" once the host is found. 

Sensory 
Loss of eyes/ears; high 

chemosensitivity. 

Chemical "smell" is more useful than sight 

in the dark gut. 

Reproductive 
Massive expansion 

(Hermaphroditism). 

Overcomes the low odds of offspring 

finding a new host. 

 

Fill in the blank: The elongated mouthpart used by mosquitoes to pierce skin and feed on blood 

is called the ______. 

Pilot questions 5.1 

What protective covering helps cestodes resist host digestive enzymes? 

Name one resistant stage formed by protozoa. 

Which attachment structures do trematodes use to cling to host tissues? 

What specialised mouthpart do mosquitoes use for feeding? 

How do protozoa such as Entamoeba histolytica engulf food particles? 

 

5.2 Internal Modifications Of Parasites 

5.2.1 Digestive and excretory adaptations 

Parasites often exhibit specialised digestive adaptations that allow them to exploit host 

resources efficiently. Some helminths, such as cestodes, lack a digestive system entirely and 

instead absorb nutrients directly through their tegument. Others, like hookworms, have 
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specialised mouthparts and digestive tracts adapted for feeding on blood. Protozoan parasites 

may rely on phagocytosis, engulfing host cells or fluids for nutrition. Alongside these, parasites 

also develop excretory adaptations. Flame cells in platyhelminths, for example, help regulate 

water balance and remove waste, while protozoa use contractile vacuoles for osmoregulation. 

These modifications ensure that parasites can maintain internal stability while living in diverse 

host environments. 

 

Short description: Diagram showing digestive and excretory adaptations in parasites (tegument 

absorption, hookworm mouthparts, flame cells, contractile vacuoles). 

Caption: Figure 5.3 Digestive and excretory adaptations of parasites 

 

Fill in the blank: Parasites such as cestodes absorb nutrients directly through their ______ instead 

of using a digestive tract. 

5.2.2 Nervous and reproductive adaptations 

Parasites also display significant nervous adaptations that allow them to respond to host 

environments. Many have reduced nervous systems, conserving energy by limiting complex 

sensory functions, while retaining essential structures for detecting host cues such as 

temperature, chemicals, or vibrations. Arthropods like mosquitoes, however, maintain advanced 

sensory organs to locate hosts effectively. In addition, parasites exhibit highly developed 

reproductive adaptations. Most helminths produce vast numbers of eggs to increase the 

chances of transmission, while protozoa often reproduce rapidly through binary fission or 

multiple fission. Some parasites also synchronise reproduction with host behaviour, ensuring 

maximum survival of offspring. These adaptations highlight the balance between simplicity and 

efficiency in parasitic life. 

Box 5.4 Nervous and reproductive adaptations of parasites 

 

 

Adaptation Mechanism Evolutionary Advantage 

Tegumental 

Absorption 

Losing the gut to absorb food 

via skin. 
Saves energy for egg production. 

Proglottid 

Shedding 

Breaking off egg-filled 

segments. 

Constant dispersal into the environment 

via host feces. 
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Adaptation Mechanism Evolutionary Advantage 

Cystic Dormancy Shutting down metabolism. 
Waiting out years of drought or cold until 

a host arrives. 

 

Fill in the blank: Protozoa often reproduce rapidly through ______ fission, increasing their 

chances of survival. 

Pilot questions 5.2 

How do cestodes obtain nutrients without a digestive system? 

What excretory structures help platyhelminths regulate water balance? 

Name one method protozoa use to maintain osmoregulation. 

Why do many parasites have reduced nervous systems? 

What reproductive strategy do helminths use to maximise transmission? 

 

5.3 Case Studies Of Parasitic Adaptations 

5.3.1 Helminth adaptations 

Helminths, including trematodes, cestodes, and nematodes, provide clear examples of parasitic 

adaptations. Trematodes such as Schistosoma species possess suckers that enable them to cling to 

host tissues while feeding. Cestodes like Taenia species lack a digestive system and instead 

absorb nutrients directly through their tegument. Nematodes such as hookworms have 

specialised mouthparts with teeth or cutting plates that allow them to feed on blood. These 

adaptations illustrate how helminths modify their structures to exploit host environments and 

ensure survival. 

 

Short description: Diagram showing helminth adaptations including trematode suckers, cestode 

tegument, and hookworm mouthparts. 

Caption: Figure 5.5 Helminth adaptations to parasitism 

 

Fill in the blank: Cestodes absorb nutrients directly through their ______ instead of using a 

digestive system. 

5.3.2 Arthropod and protozoan adaptations 
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Arthropods and protozoa also demonstrate remarkable parasitic modifications. Mosquitoes, for 

instance, have elongated proboscises for piercing skin and feeding on blood, while ticks possess 

barbed hypostomes that anchor them securely to host tissues. Protozoa such as Plasmodium 

species exhibit complex life cycles involving both vertebrate hosts and arthropod vectors, 

ensuring transmission and survival. Others, like Entamoeba histolytica, form resistant cysts that 

allow them to survive outside the host until ingestion. These adaptations highlight the diversity 

of strategies parasites employ to persist and reproduce across different environments. 

Box 5.6 Arthropod and protozoan adaptations to parasitism 

 

 

Parasite 

Group 

Adaptation 

Type 
Primary Benefit Human Impact / Disease 

Arthropods 
Mechanical / 

Chemical 

Efficient blood-feeding and 

firm attachment. 

Vector for Malaria, Lyme 

Disease, Dengue. 

Protozoa 
Biological / 

Structural 

Rapid multiplication and 

environmental survival. 

Malaria, Amoebic 

Dysentery, Toxoplasmosis. 

 

Fill in the blank: The resistant stage formed by Entamoeba histolytica to survive outside the host 

is called a ______. 

Pilot questions 5.3 

What structures do trematodes use to cling to host tissues? 

How do cestodes obtain nutrients without a digestive system? 

What specialised mouthparts do hookworms use for feeding? 

Which arthropod has a barbed hypostome for anchoring to host tissues? 

What resistant stage allows Entamoeba histolytica to survive outside the host? 

 

5.4 Implications Of Parasitic Modifications 

5.4.1 Effects on host health 

Parasitic modifications often have significant consequences for host health. For instance, the 

production of anticoagulants in arthropod saliva prevents blood clotting but can lead to 

prolonged bleeding and increased risk of secondary infections. Helminths with specialised 

feeding structures may cause tissue damage, anaemia, or intestinal blockage. Protozoan cysts, 
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while aiding parasite survival, contribute to recurrent infections when ingested by new hosts. 

These effects highlight how adaptations that benefit parasites can simultaneously weaken host 

defences and compromise overall health. 

 

Short description: Diagram showing effects of parasitic modifications on host health (anaemia, 

tissue damage, prolonged bleeding). 

Caption: Figure 5.7 Effects of parasitic modifications on host health 

 

Fill in the blank: The production of ______ in arthropod saliva prevents blood clotting but 

prolongs bleeding. 

5.4.2 Significance for disease transmission and control 

Parasitic modifications also influence the spread and control of diseases. Structural features such 

as mosquito proboscises and tick hypostomes ensure efficient feeding and pathogen 

transmission. Resistant stages like protozoan cysts and helminth eggs allow parasites to survive 

outside hosts, making eradication difficult. High reproductive output increases the likelihood of 

transmission, while behavioural adaptations such as nocturnal feeding enhance contact with 

hosts. These traits complicate disease control strategies, requiring integrated approaches that 

combine vector management, drug treatment, and public health interventions. 

Box 5.8 Significance of parasitic modifications for transmission and control 

 

 

Modification Type Biological Purpose Control Intervention 

Resistant 

Cysts/Eggs 
Survival in harsh soil/water. 

Improved sanitation and UV water 

treatment. 

Vector Dependence Dispersal via biting insects. 
Insecticide-treated nets and stagnant water 

management. 

Intracellular Entry Protection from antibodies. 
Development of vaccines that trigger 

"Cell-Mediated" immunity. 

Hermaphroditism 
Guaranteed reproduction in 

a single host. 

Mass Drug Administration (MDA) to clear 

entire populations. 
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Fill in the blank: Resistant stages such as cysts and eggs make parasite ______ difficult. 

Pilot questions 5.4 

What chemical substance in arthropod saliva prevents blood clotting? 

How can helminth feeding structures affect host health? 

Why are protozoan cysts important for transmission? 

Which structural features of arthropods enhance pathogen transmission? 

Why do parasitic modifications complicate disease control strategies? 

 

Series Summary 

This Series examined the external and internal modifications that enable parasites to survive, 

reproduce, and exploit their hosts. We began by exploring external adaptations such as protective 

coverings, resistant cysts, and attachment structures that secure parasites to host tissues. We then 

moved on to internal modifications, highlighting digestive, excretory, nervous, and reproductive 

systems that are streamlined for efficiency and survival. Following that, we analysed case studies 

of helminths, arthropods, and protozoa, showing how these adaptations manifest in real 

examples. Finally, we considered the implications of parasitic modifications, focusing on their 

effects on host health and their significance for disease transmission and control. 

By completing this Series, you should now be able to describe external modifications of 

parasites, explain internal adaptations, analyse case studies across different parasite groups, and 

evaluate the broader implications of these traits for host health and disease transmission. These 

achievements align with the Series Learning Outcomes and provide a strong foundation for 

understanding the biology of parasitic survival. 

Glossary of Terms 

Anticoagulants: Chemicals produced by arthropods in saliva to prevent blood clotting 

during feeding. 

Attachment structures: Specialised organs such as suckers, hooks, or claws that allow 

parasites to cling to hosts. 

Cyst: A resistant stage formed by protozoa to survive outside the host until transmission. 

Excretory adaptations: Structures such as flame cells or contractile vacuoles that regulate 

water balance and remove waste. 

Hypostome: A barbed mouthpart in ticks that anchors them to host tissues. 

Morphological adaptations: Structural modifications such as teeth, proboscises, or 

pseudopodia that aid feeding and survival. 

Proboscis: An elongated mouthpart in insects like mosquitoes, adapted for piercing skin and 

sucking blood. 

Reproductive adaptations: Strategies such as high egg production or rapid fission that 

increase transmission success. 
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Tegument: The living outer covering of cestodes that resists host digestive enzymes and 

absorbs nutrients. 

Concept Check Questions 5 

Objective questions 

The living outer covering of cestodes is called the ______. (Linked to SLO 5.1) 

Protozoa form resistant stages known as ______. (Linked to SLO 5.1) 

Parasites such as cestodes absorb nutrients directly through their ______. (Linked to SLO 

5.2) 

Protozoa often reproduce rapidly through ______ fission. (Linked to SLO 5.2) 

The barbed mouthpart that anchors ticks to host tissues is the ______. (Linked to SLO 5.3) 

Short-answer questions 

6. List two attachment structures used by parasites. (Linked to SLO 5.1) 

7. Explain one excretory adaptation found in parasites. (Linked to SLO 5.2) 

8. Name one helminth adaptation that supports survival in hosts. (Linked to SLO 5.3) 

9. State one implication of protozoan cyst formation for disease transmission. (Linked to SLO 

5.4) 

10. Why do parasitic modifications complicate disease control strategies? (Linked to SLO 5.4) 

Long-answer questions 

11. Analyse the external modifications of parasites and explain how they support feeding and 

survival. (Linked to SLO 5.1) 

12. Evaluate the internal modifications of parasites, focusing on digestive, excretory, nervous, 

and reproductive systems. (Linked to SLO 5.2) 

13. Discuss case studies of helminths, arthropods, and protozoa to illustrate parasitic adaptations. 

(Linked to SLO 5.3) 

14. Assess the implications of parasitic modifications for host health and disease transmission. 

(Linked to SLO 5.4) 

Answers to Concept Check Questions 5 

Objective questions 

Tegument. 

Cysts. 

Tegument. 

Binary. 

Hypostome. 

Short-answer questions 

6. Suckers, hooks, claws. 

7. Flame cells in platyhelminths regulate water balance and remove waste. 

8. Trematode suckers or cestode tegument. 
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9. Cysts allow parasites to survive outside the host, increasing transmission opportunities. 

10. Resistant stages, high reproduction, and structural features make eradication difficult. 

Long-answer questions 

11. Basic response: External modifications include protective coverings, resistant cysts, and 

attachment structures. 

Value-added response: These adaptations reduce vulnerability to host defences and maximise 

feeding efficiency. 

Basic response: Internal modifications include tegument absorption, flame cells, reduced 

nervous systems, and high egg production. 

Value-added response: These traits balance simplicity with efficiency, ensuring survival 

in diverse host environments. 

Basic response: Helminths use suckers and teguments, arthropods use proboscises and 

hypostomes, protozoa form cysts. 

Value-added response: These case studies show how different parasite groups adapt 

uniquely to ensure persistence and transmission. 

Basic response: Modifications can cause anaemia, tissue damage, and recurrent infections, 

while aiding transmission. 

Value-added response: They complicate control strategies, requiring integrated 

approaches combining treatment, vector control, and public health measures. 

Answers to Pilot Questions 5 

Part 5.1 

Tegument. 

Cyst. 

Suckers. 

Proboscis. 

Pseudopodia. 

Part 5.2 

Through their tegument. 

Flame cells. 

Contractile vacuoles. 

To conserve energy while retaining essential sensory functions. 

High egg production. 

Part 5.3 

Suckers. 

Tegument. 

Teeth or cutting plates. 

Tick. 
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Cyst. 

Part 5.4 

Anticoagulants. 

They cause tissue damage, anaemia, or blockage. 

They allow survival outside the host. 

Proboscis and hypostome. 

Resistant stages and high reproduction make eradication difficult. 

References And Attributions 5 

Illustration placeholders suggested in Series 5: 

Figure 5.1 Protective coverings and attachment structures of parasites 

Box 5.2 Morphological adaptations for feeding and survival 

Figure 5.3 Digestive and excretory adaptations of parasites 

Box 5.4 Nervous and reproductive adaptations of parasites 

Figure 5.5 Helminth adaptations to parasitism 

Box 5.6 Arthropod and protozoan adaptations to parasitism 

Figure 5.7 Effects of parasitic modifications on host health 

Box 5.8 Significance of parasitic modifications for transmission and control 

AI prompt suggestions used for illustration placeholders: 

Diagrams showing protective coverings, digestive adaptations, helminth structures, 

and effects on host health. 

Boxes summarising morphological, nervous, reproductive, and transmission 

adaptations. 

Open Educational Resource (OER) search strings suggested: 

“protective coverings attachment structures parasites diagram OER” 

“morphological adaptations feeding survival parasites OER” 

“digestive excretory adaptations parasites diagram OER” 

“nervous reproductive adaptations parasites OER” 

“helminth adaptations parasitism diagram OER” 

“arthropod protozoan adaptations parasitism OER” 

“effects parasitic modifications host health diagram OER” 

“significance parasitic modifications transmission control OER” 

General references (APA style): 

Roberts, L. S., & Janovy, J. (2009). Foundations of Parasitology. McGraw-Hill. 

Smyth, J. D. (1994). Introduction to Animal Parasitology. Cambridge University 

Press. 
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