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Series 1: Homeostasis, Osmoregulation And Excretion In Animals

Part 1.1 Homeostasis as a central concept in physiology
1.1.1 Definition and importance of homeostasis
1.1.2 Mechanisms of maintaining internal balance

Part 1.2 Osmoregulation among animal groups
1.2.1-Osmoregulation in aquatic animals
1.2.2 Osmoregulation in terrestrial animals

Part 1.3 Excretion and waste management in animals

1.3.1 Exeretory products and their significance
1.3.2 Comparative excretory systems in vertebrates

Introduction

Animals live in environments that constantly challenge their internal stability. Whether it is a
fish in fresh water or a mammal in a hot savannah, each must regulate its internal conditions to
survive. This regulation, known as homeostasis, is a central concept in physiology and is closely
linked to osmoregulation and excretion.
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The aim of this Series is to explain how animals maintain internal balance through homeostasis,
explore the mechanisms of osmoregulation in different habitats, and analyse the processes of
excretion across vertebrate groups.

We shall commence this Series by examining homeostasis as a central concept in physiology;,
focusing on its definition and mechanisms. Next, we will explore osmoregulation, considering
how aquatic and terrestrial animals regulate water and salts. Finally, we will conclude with
excretion, looking at the types of waste products and comparative excretory systems in
vertebrates.

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

SLO 1.1 define homeostasis and explain its importance in animal physiology,

SLO 1.2 analyse mechanisms by which animals maintaininternal balance,

SLO 1.3 describe osmoregulatory strategies in aquatic animals,

SLO 1.4 explain osmoregulatory adaptations in terrestrial animals,

SLO 1.5 identify major excretory products and evaluate their physiological significance, and
SLO 1.6 compare excretory systems across vertebrate groups.

1.1 Homeostasis As A Central Concept In Physiology
1.1.1 Definition and importance of homeostasis

Homeostasis is the ability of an organism to maintain a stable internal environment despite
changes in the external environment. This stability is essential for survival, as physiological
processes such as enzyme activity, nerve conduction, and muscle contraction depend on specific
internal conditions. For example, mammals maintain a constant body temperature, while fish
regulate salt and water balance'in aquatic environments. Without homeostasis, cells and organs
would fail to function properly, leading to disease or death.

Short description: Diagram showing homeostatic regulation of body temperature in mammals.

-
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Caption: Figure 1.1 Homeostatic regulation of body temperature
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Fill in the blank: The ability of an organism to 'maintain a stable internal environment is called

1.1.2 Mechanisms of maintaining internal balance

Homeostasis is maintained through feedback mechanisms, which are processes that detect
changes and initiate responses. The most common is negative feedback, where a change triggers
a response that counteracts the disturbance. For instance, when blood glucose rises after a meal,
insulin is releasedto lower it back to normal. Positive feedback also occurs, though less
frequently, such as during childbirth when contractions stimulate further contractions. These
mechanisms involve sensors, control centres, and effectors working together to restore balance.

Box 1.2 Examples of feedback mechanisms in animals

Me;l;z;)r:sm Primary Function Key Process Biological Example
. A stimulus triggers .
. Homeostasis: Blood Glucose Regulation:
Negative o a response that . >
Minimizes the High blood sugar triggers
Feedback . counteracts the . . .
difference between a . insulin release to lower it; low
initial change.
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Mechani . . . .
ercryz;l::sm Primary Function Key Process Biological Example
physiological state and blood sugar triggers glucagon to
a set point. raise it.
. : Childbirth (Parturition):
. . A stimulus triggers .
Amplification: Moves Pressure on the cervix triggers
oo . a response that . .
Positive a system away fromits |, oxytocin release, which causes
e increases the . .
Feedback equilibrium state to tensity of the stronger contractions,leading to
complete a process. prensity more pressure and more
initial change. .
oxytocin.

Fill in the blank: The most common type of feedback mechanism in homeostasis is
feedback.

Pilot questions 1.1

Define homeostasis.

Why is homeostasis important for survival?

What type of feedback mechanism regulates blood glucose levels?
Give one example of positive feedback in animals.

What three components are involved in maintaining homeostasis?

1.2 Osmoregulation Among Animal Groups
1.2.1 Osmoregulation in aquatic animals

Osmoregulation is the process by which animals regulate the balance of water and salts in their
bodies. Aquatic animals face unique challenges depending on whether they live in freshwater or
marine environments. Freshwater fish, for example, live in a hypotonic environment where water
tends to enter their bodies. To counter this, they excrete large volumes of dilute urine and
actively absorb salts through their gills. Marine fish, on the other hand, live in a hypertonic
environment where water tends to leave their bodies. They drink seawater and excrete excess
salts through specialised cells in their gills.

Short description: Diagram comparing osmoregulation in freshwater and marine fish.

-
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Caption: Figure 1.3 Osmoregulation in freshwater and marine fish
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Fill in the blank: Freshwater fish excrete large volumes of urine to maintain water
balance.

1.2.2 Osmoregulation in terrestrial animals

Terrestrial animals must conserve water due to the risk of dehydration. Mammals achieve this
through kidneys that produce concentrated urine, reducing water loss. Reptiles and birds excrete
uric acid, which conserves water compared to urea. Amphibians, although terrestrial, remain
closely tied to moist environments because of their permeable skin. Adaptations such as
nocturnal behaviour, burrowing, and specialised excretory products help terrestrial vertebrates
survive in dry habitats.

Box 1.4 Osmoregulatory adaptations in terrestrial vertebrates

Vertebrate . Primary Nitrogenous
Shuup Key Osmoregulatory Adaptations Waste
* Permeable Skin: Highly dependent on moist Urea (less toxic than
Amphibians |environments for water absorption. ammonia, requires some
water for excretion).
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Vertebrate . Primary Nitrogenous
Group Key Osmoregulatory Adaptations Waste

» Behavioral: Nocturnal activity and burrowing to
avoid evaporation.

* Bladder Storage: Use the urinary bladder as a
water reservoir during dry periods.

* Integument: Thick, keratinized scales or scutes
that provide a nearly waterproof barrier.

» Salt Glands: Many (especially marine reptiles) .
possess specialized glands to excrete excess salt  [Uric Acid (insoluble,

Reptil i
eptiles IR o5 M atcl extremely water-efficient).

* Uric Acid: Excrete waste as a semi-solid paste
to conserve maximum water.

» Efficient Kidneys: Capable of producing
concentrated urine, though less concentrated than
mammals.

Uric Acid (lightweight and
water-saving, ideal for
flight).

Birds
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Vertebrate . Primary Nitrogenous
Group Key Osmoregulatory Adaptations Waste

» Salt Glands: Located above the eyes in marine
birds to "sneeze" out excess salt.

» Cloacal Reabsorption: Water is reabsorbed
from feces and urine in the cloaca before
excretion.

» Loop of Henle: A specialized structure in the
kidney (nephron) that creates.a concentration
gradient to produce highly concentrated urine.

» Metabolic Water: Some (like kangaroo rats)
Mammals survive solely on water produced during cellular
respiration:

Urea (concentrated
efficiently by the kidneys).

» Sweat Glands: Used for thermoregulation,
though it represents a calculated water loss.

Fill in the blank: Reptiles and birds excrete acid to conserve water.

Pilot questions 1.2
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Define osmoregulation.
How do freshwater fish maintain salt balance?

What strategy do marine fish use to replace lost water?

Which excretory product helps reptiles and birds conserve water?
Why are amphibians closely tied to moist environments?

1.3 Excretion And Waste Management In Animals

1.3.1 Excretory products and their significance

Excretion is the process by which animals remove metabolic waste products from their bodies.
These waste products include ammonia, urea, and uric acid, each with different levels of
toxicity and water requirements for elimination. Ammonia is highly toxic and requires large
amounts of water for dilution, so it is commonly excreted by-aquatic animals such as fish. Urea
is less toxic and requires moderate water, making it the main excretory product of mammals.
Uric acid is relatively non-toxic and conserves water, which is why reptiles and birds excrete it.
The type of excretory product reflects an animal’s habitat and evolutionary adaptations.

Table 1.5 Comparative features of excretory products

Feature Ammonia Urea Uric Acid
High: Ext%'en.lely toxic; Moderate: Roughly 100,000 Low: Nog—tox1c; can
must be eliminated . . . [be stored in large

. . 2 . times less toxic than ammonia; .. .
Toxicity quickly or heavily . quantities within
. can be stored safely in the .
diluted to.prevent cell . eggs or tissues
body for short periods. .
damage. without harm.
Very Low:
Very High: Requires  [Moderate: Requires some Insoluble in water;
Water 'vast amounts of water  [water for excretion, but allows |excreted as a semi-
Requirement [to keep concentrations  [for significant water solid paste or
at non-toxic levels. conservation. precipitate with
minimal water loss.
Low: Produced : . High: The most
. Moderate: R fi
Energy Cost (directly as a byproduct oderate: Requires a fair complex to
of . . lamount of energy (ATP) to . .
protein metabolism; synthesize; requires

-
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Feature Ammonia Urea Uric Acid

requires little to no convert ammonia into urea via |[a significant

ATP to create. the Urea Cycle. investment of
metabolic energy
(ATP).

Arid/Egg-laying:

Aquatic: Where water : i i
quatic: Where water  1p, o ¢rial/Marine: Where _«Whete water i

Primary is abundant and easily . .
. . water is available but must be  [extremely scarce or

Environment [accessible for constant i A

flushing conserved. restricted (like inside
' a shelled egg).

Most bqny fishes, Mammals, most adult Birds, reptlles

Example aquatic invertebrates, o (snakes, lizards),

. o amphibians, sharks, and some D
Animals and amphibian larvae terrestrial insects,
bony fishes. i

(tadpoles). and land snails.

Fill in the blank: Mammals primarily.-eXcrete as their main nitrogenous waste product.

1.3.2 Comparative excretory systems in vertebrates

Animals have evolved specialised excretory systems to remove waste and regulate water and
salts. In fish, the kidneys and gills play central roles in excretion and osmoregulation.
Amphibians use kidneys and their permeable skin to eliminate waste. Reptiles and birds possess
kidneys adapted to conserve water, producing uric acid as a paste or crystals. Mammals have
highly efficient kidneys with néphrons that concentrate urine, allowing them to survive in diverse
environments. These systems illustrate how vertebrates adapt their physiology to ecological
conditions.

Short description: Diagram showing comparative excretory systems in fish, amphibians, reptiles,
birds, and mammals.
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Caption: Figure 1.6 Comparative excretory systems in vertebrates
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Fill in the blank: Birds and reptiles excrete nitrogenous waste mainly as acid to conserve
water.

Pilot questions 1.3

Name the three main nitrogenous waste products in animals.
Which excretory product requires the most water for elimination?
What is the main nitrogenous waste product in mammals?

How do amphibians eliminate waste apart from their kidneys?
Why do reptiles and birds excrete uric acid instead of urea?

Series Summary

This Series introduced the fundamental concepts of homeostasis, osmoregulation, and excretion
in animals, emphasising their importance in maintaining internal stability and survival. We began
by defining homeostasis and examining its mechanisms, then explored osmoregulation in aquatic
and terrestrial animals, and finally considered excretion and waste management across vertebrate
groups. Each Part built progressively to show how animals adapt their physiology to different
environments and ecological pressures.

By completing this Series, you should now be able to define homeostasis and explain its
importance, analyse feedback mechanisms, describe osmoregulatory strategies in aquatic and
terrestrial animals, identify major excretory products, and compare excretory systems across
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vertebrates. These achievements align with the Series Learning Outcomes and provide a strong
foundation for understanding comparative animal physiology.

Glossary of Terms

Ammonia: A highly toxic nitrogenous waste product excreted mainly by aquatic animals.

Excretion: The process of removing metabolic waste products from the body.

Homeostasis: The ability of an organism to maintain a stable internal environment despite
external changes.

Negative feedback: A mechanism where a change triggers a response that counteracts the
disturbance.

Osmoregulation: The regulation of water and salt balance in the body.

Positive feedback: A mechanism where a change triggers a response that amplifies the
disturbance.

Urea: A less toxic nitrogenous waste product excreted by mammals.

Uric acid: A nitrogenous waste product excreted by reptiles and birds, conserving water.

Concept Check Questions 1
Objective questions

The ability of an organism to maintain a stable internal environment is called
(Linked to SLO 1.1)

The most common type of feedback-mechanism in homeostasis is feedback. (Linked
to SLO 1.2)

Freshwater fish excrete large volumes of urine. (Linked to SLO 1.3)

Reptiles and birds excrete acid to conserve water. (Linked to SLO 1.4)

Mammals primarily excrete as their main nitrogenous waste product. (Linked to SLO
1.5)

Short-answer questions

6. Explain why homeostasis is important for survival. (Linked to SLO 1.1)

7. Describe one example of negative feedback in animals. (Linked to SLO 1.2)

8. How do marine fish maintain water balance? (Linked to SLO 1.3)

9. Give one osmoregulatory adaptation in terrestrial vertebrates. (Linked to SLO 1.4)

10. Compare ammonia and urea in terms of toxicity and water requirement. (Linked to SLO 1.5)

Long-answer questions

11. Analyse the mechanisms of homeostasis in animals, with examples. (Linked to SLO 1.2)

12. Evaluate osmoregulatory strategies in aquatic and terrestrial animals. (Linked to SLO 1.3,
SLO 1.4)

13. Compare excretory systems in fish, amphibians, reptiles, birds, and mammals. (Linked to
SLO 1.6)

Answers to Concept Check Questions 1

-
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Objective questions

Homeostasis.
Negative.
Dilute.

Uric.

Urea.

Short-answer questions

6. It ensures stable conditions for processes such as enzyme activity and nerve function.

7. Blood glucose regulation by insulin.

8. They drink seawater and excrete excess salts through gills.

9. Mammals produce concentrated urine to conserve water.

10. Ammonia is highly toxic and requires much water, while urea is less toxic and requires
moderate water.

Long-answer questions

11. Basic response: Homeostasis involves feedback mechanisms that maintain stability, such as
temperature and glucose regulation.

Value-added response: It includes sensors; control centres, and effectors working together, with
examples like thermoregulation in mammals and osmoregulation in fish.

Basic response: Freshwater fish excrete dilute urine, marine fish drink seawater, terrestrial
animals conserve water.
Value-added response: Strategies reflect environmental pressures, with amphibians tied
to moist habitats, reptiles and birds excreting uric acid, and mammals producing
concentrated urine.

Basic response: Fish use kidneys and gills, amphibians use kidneys and skin, reptiles and
birds conserve water with uric acid, mammals concentrate urine.
Value-added response: Comparative systems show evolutionary adaptations to habitats,
highlighting efficiency in mammals and water conservation in reptiles and birds.

Answers to Pilot Questions 1
Part 1.1

Homeostasis.

It maintains stable conditions for survival.
Negative feedback.

Childbirth contractions.

Sensors, control centres, effectors.

Part 1.2

Osmoregulation.
Absorb salts through gills.

-
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Drink seawater.
Uric acid.
Permeable skin.

Part 1.3

Ammonia, urea, uric acid.
Ammonia.
Urea.
Through their skin.
To conserve water.
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700311 Series 2: Nutrition And Physiology Of Digestion

Part 2.1 Nutritional requirements of animals
2.1.1 Classes of nutrients and their functions
2.1.2 Variations in nutritional needs among animal groups
Part 2.2 Structure and function of digestive systems
2.2.1 Digestive systems in invertebrates and vertebrates
2.2.2 Specialised adaptations in digestion
Part 2.3 Physiology of digestion

2.3.1 Mechanical and chemical processes of digestion
2.3.2 Absorption and assimilation of nutrients

Introduction

Food is essential for life, providing the energy and raw materials needed for growth, repair, and
reproduction. Animals have evolved diverse strategies to obtain, process, and utilise nutrients,
reflecting their ecological roles and habitats. The study of nutrition and digestion is therefore
central to comparative physiology, as it reveals both common principles and unique adaptations
across species.

The aim of this Series is to explain the nutritional requirements of animals, describe the structure
and function of digestive systems,.and analyse the physiological processes involved in digestion
and nutrient assimilation.

We shall commence this Series by examining the nutritional requirements of animals, focusing
on the classes of nutrients and their functions. Next, we will explore the structure and function of
digestive systems, considering both general patterns and specialised adaptations. Finally, we will
conclude with the physiology of digestion, analysing mechanical and chemical processes as well
as absorption and assimilation of nutrients.

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

SLO 2.1 define the classes of nutrients and explain their functions in animals,

SLO 2.2 analyse variations in nutritional requirements among different animal groups,

SLO 2.3 describe the structure and function of digestive systems in invertebrates and
vertebrates,

SLO 2.4 explain specialised adaptations in digestion across species,

SLO 2.5 demonstrate knowledge of mechanical and chemical processes of digestion, and

SLO 2.6 evaluate how nutrients are absorbed and assimilated in animals.

-
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2.1 Nutritional Requirements Of Animals
2.1.1 Classes of nutrients and their functions

Animals require different nutrients, which are chemical substances obtained from food and used
for growth, energy, and maintenance of body functions. The main classes of nutrients are
carbohydrates, which provide energy; proteins, which supply amino acids for growth.and
repair; lipids, which serve as energy reserves and structural components of cell membranes;
vitamins, which act as co-enzymes in metabolic processes; minerals, which are essential for
structural and regulatory functions; and water, which is vital for transport, temperature
regulation, and biochemical reactions. Each nutrient plays a distinct role, and a deficiency can
lead to physiological disorders.

Table 2.1 Classes of nutrients and their functions

Nutrient Class Primary Functions Key Sources in Diet

Energy Source: The primary fuel for cellular
respiration (glucose).

Grains, fruits, vegetation
Carbohydrates (cellulose for herbivores),
and tubers.

Storage: Stored as glycogen in the liver and
muscles for quick access.

Structure & Repair: Building blocks for
muscles, skin, and connective tissue.

Proteins Mea't, fish, eggs, legumes,
and insects.
Functional: Form enzymes, hormones, and
antibodies.

-
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Nutrient Class Primary Functions Key Sources in Diet

Energy Storage: Most concentrated energy
source.

Insulation: Provides thermal regulation and

. . Oils,animal fats, nuts, and
Lipids (Fats)  |protects vital organs.

seeds.

Cell Membranes: Essential component of the
phospholipid bilayer.

Coenzymes: Facilitate chemical reactions
within the body.

Fruits, vegetables, liver, and
Vitamins sunlight (for Vit D
synthesis).

Health Maintenance: Support vision (Vit A),
bone health (Vit D), and immune function (Vit
C).

Structural: Calcium and phosphorus for
bones/teeth.

Mineral licks, green leafy

Mineral
inerals vegetables, and water.

Physiological: Iron for oxygen transport
(hemoglobin); Sodium/Potassium for nerve
impulses.

-
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Nutrient Class Primary Functions Key Sources in Diet

Solvent: The medium for all metabolic
reactions.

Transport: Main component of blood and

Water lymph, Drinking water and moisture-

rich foods.
Thermoregulation: Vital for cooling through
evaporation (sweating/panting).
Fill in the blank: Proteins supply acids that are essential for growth and repair.

2.1.2 Variations in nutritional needs among animal groups

Nutritional requirements vary among animal groups depending on their physiology and
ecological roles. Herbivores rely on plant material, which is rich in carbohydrates but often low
in protein, so they have specialised digestive systems to extract nutrients. Carnivores consume
animal tissue, which is protein-rich and easily digested. Omnivores eat both plant and animal
matter, givingthem flexibility in nutrient intake. Invertebrates such as insects may have specific
dietary needs, while vertebrates like ruminants possess complex stomachs to digest cellulose.
These variations highlight the link between diet, digestive adaptations, and survival strategies.

Short description: Diagram showing examples of herbivores, carnivores, and omnivores with
their typical diets.
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Caption: Figure 2.2 Variations in nutritional needs among animal groups
CLASSIFICATION OF ANIMALS BY DIET: HERBIVORES, CARNIVORES, & OMNIVORES ~ OER
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OER - Created by [siversiy Name/Urganizatio] | Sc0iagrams <o

Fill in the blank: Animals that consume both plant and animal matter are called
Pilot questions 2.1

List the six main classes of nuttients required by animals.

Which nutrient acts as a co-enzyme in metabolic processes?

What nutrient is vital for transport and temperature regulation?

How do herbivores compensate for the low protein content in plants?
What type of animals consume both plant and animal matter?

2.2 Structure And Function Of Digestive Systems
2.2.1 Digestive systems in invertebrates and vertebrates

Animals possess diverse digestive systems, which are specialised structures for breaking down
food and absorbing nutrients. Invertebrates such as hydra and flatworms often have simple
gastrovascular cavities where food is digested and distributed. More complex invertebrates, like
insects, have specialised regions including foregut, midgut, and hindgut. Vertebrates, on the
other hand, possess more advanced systems with organs such as the mouth, oesophagus,
stomach, intestines, liver, and pancreas. These organs work together to ensure efficient digestion
and nutrient absorption. The complexity of the digestive system reflects the dietary habits and
ecological roles of the animal.
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Short description: Diagram comparing simple digestive systems in invertebrates with complex
systems in vertebrates.
Caption: Figure 2.3 Digestive systems in invertebrates and vertebrates

COMPARATIVE DIGESTIVE SYSTEMS INVERTEBRATES vs VERTEBRATES

D . VERTEBRATE DIGESTIVE SYSTEMS
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S lands that secrete digestive
SVERI GAILBUADDER Produces enzymes fluids into the alimentary canal
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MOUTH (inereases surface SYSTEM TYPE INVERTEBRATE INVERTEBRATE VERTEBRATE
area in intestine) ANUS OPENINGS O ® (]
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OER - Created by (University Name/Organization] | Sciisgrams.co A
Fill in the blank: Insects possess a digestive tract divided into the foregut, , and hindgut.

2.2.2 Specialised adaptations in digestion

Digestive systems often show adaptations that reflect the diet of the animal. Herbivorous
mammals such as tuminants have multi-chambered stomachs that allow microbial fermentation
of cellulose. Carnivores possess short, simple intestines suited for digesting protein-rich diets.
Birds have a crop for food storage and a gizzard for grinding food. Fish may have pyloric caeca
to increase digestive surface area. These adaptations illustrate how digestive physiology is
closely linked to ecological niches and feeding strategies.

Box 2.4 Specialised digestive adaptations in animals

Animal Group Key Digestive Adaptations Biological Function
Ruminants Four-Chambered Stomach: Facilitates microbial fermentation to break
(e.g., Cows, Rumen, reticulum, omasum, and |down cellulose; "chewing the cud"

Sheep) abomasum. increases surface area for bacterial action.
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Animal Group Key Digestive Adaptations Biological Function

Optimized for the rapid digestion and

Carnivores Shor? Digestive Tract': . absorption of high-protein, high-fat diets
(e.g., Cats, Relatively short small intestine . . :
which are easier to chemically break down
Wolves) and a reduced or absent cecum.
than plant matter.
Crop, Gizzard, and The crop stores food; the proventriculus
. Proventriculus: Specialized secretes enzymes; the gizzard uses
Birds . 4
compartments for storage and swallowed stones (gastroliths) te.grind food
mechanical grinding. in the absence of teeth.

Pyloric/caeca increase surface area for
Pyloric Caeca & Short/Long secretion and absorption. Herbivorous fish

Fish Gut: Finger-like projections have longer, coiled intestines, while
(caeca) and variable gut length.  |earniverous fish have shorter, straighter
tracts.
Fill in the blank: Ruminants rely on microbial fermentation in their stomachs to digest
cellulose.

Pilot questions 2.2

What is the main difference between invertebrate and vertebrate digestive systems?
Name the three regions of the insect digestive tract.

Which organ in birds grinds food mechanically?

What type-of stomach do ruminants possess?

Why do carnivores have short intestines compared to herbivores?

2.3 Physiology Of Digestion
2.3.1 Mechanical and chemical processes of digestion

Digestion is the process by which food is broken down into smaller molecules that can be
absorbed and utilised by the body. It involves both mechanical digestion, which refers to the
physical breakdown of food through chewing, grinding, and churning, and chemical digestion,
which involves enzymes and other secretions breaking food into simpler molecules. For
example, in mammals, teeth and stomach muscles perform mechanical digestion, while enzymes

-
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such as amylase, protease, and lipase carry out chemical digestion. These processes ensure that
complex food substances are converted into absorbable forms.

Short description: Diagram showing mechanical digestion (chewing, churning) and chemical
digestion (enzymes breaking down food).
Caption: Figure 2.5 Mechanical and chemical processes of digestion

MECHANICAL vs CHEMICAL DIGESTION: A FUNCTIONAL COMPARISON
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OER - Created by [University Name/Organization] | SciDiagrams.co

Fill in the blank: Enzymes such as amylase, protease, and lipase are involved in
digestion.

2.3.2 Absorption and assimilation of nutrients

Once food is digested, the next stage is absorption, which is the process of moving digested
molecules into the bloodstream or body fluids. In mammals, absorption mainly occurs in the
small intestine, where structures called villi and microvilli increase the surface area for nutrient
uptake. Assimilation follows absorption and refers to the incorporation of absorbed nutrients into
body tissues for growth, repair, and energy production. For example, glucose is assimilated into
cells for respiration, while amino acids are used to build proteins. Efficient absorption and
assimilation are critical for maintaining health and supporting physiological functions.

Box 2.6 Absorption and assimilation of nutrients
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Primary

Process Definition .
Location

Key Mechanisms

* Passive Diffusion:
Movement of lipids/water.

» Facilitated Diffusion:

The movement of digested food [Small - 5
Fructose via carrier

Absorption molecules through the wall of Intestine {
P the digestive tract into the blood |(Jeunem and ~ [PFOteINs.
or lymph. [lleum)

* Active Transport:
Glucose and amino acids
(requires ATP).

* Energy Production:
Glucose used in respiration.

» Structural Growth:

The movement of digested food All Body Cells Amino acids built into new
Assimilation |molecules into the cells of the (via the Liver) proteins.

body where they are used.

* Storage: Excess glucose
stored as glycogen; lipids
stored as adipose tissue.
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Fill in the blank: Structures called villi and microvilli increase the surface area for in the
small intestine.

Pilot questions 2.3

What is the difference between mechanical and chemical digestion?

Name three enzymes involved in chemical digestion.

Where does most absorption of nutrients occur in mammals?

What structures increase the surface area for absorption in the small intestine?
Define assimilation in the context of digestion.

Series Summary

This Series explored the nutrition and physiology of digestion in animals, highlighting how food
provides the energy and raw materials necessary for growth, repair, and survival. We began by
examining the classes of nutrients and their functions, then moved on to the structure and
function of digestive systems in both invertebrates and vertebrates, and finally analysed the
physiology of digestion, including mechanical and chemical processes as well as absorption and
assimilation. Each Part built progressively to show how diet, anatomy, and physiology are
interconnected.

By completing this Series, you should now be able to define the classes of nutrients and explain
their functions, analyse variations in nutritional requirements among animal groups, describe
digestive systems and their specialised adaptations, demonstrate knowledge of mechanical and
chemical digestion, and evaluate how nutrients are absorbed and assimilated. These
achievements align with the Series Learning Outcomes and provide you with a solid foundation
in comparative digestive physiology.

Glossary of Terms

Absorption: The process of moving digested molecules into the bloodstream or body fluids.

Assimilation: The incorporation of absorbed nutrients into body tissues for growth, repair,
and energy.

Carbohydrates: Nutrients that provide energy for body functions.

Chemical digestion: Breakdown of food using enzymes and secretions.

Digestion: The process of breaking down food into smaller, absorbable molecules.

Lipids: Nutrients that serve as energy reserves and structural components of cell membranes.

Mechanical digestion: Physical breakdown of food through chewing, grinding, and
churning.

Minerals: Inorganic nutrients essential for structural and regulatory functions.

Proteins: Nutrients that supply amino acids for growth and repair.

Villi: Finger-like projections in the small intestine that increase surface area for absorption.

Vitamins: Organic compounds that act as co-enzymes in metabolic processes.

-
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Concept Check Questions 2

Objective questions

Proteins supply acids essential for growth and repair. (Linked to SLO 2.1)

Animals that consume both plant and animal matter are called . (Linked to SLO 2.2)

Insects possess a digestive tract divided into the foregut, , and hindgut. (Linked to
SLO 2.3)

Ruminants rely on microbial fermentation in their stomachs. (Linked to SLO 2.4)

Structures called villi and microvilli increase the surface area for in'the small

intestine. (Linked to SLO 2.6)

Short-answer questions

6. List the six main classes of nutrients required by animals. (Linked to SLO 2.1)

7. Explain one difference between herbivore and carnivore digestive systems. (Linked to SLO
2.2,SLO 2.4)

8. Describe the function of the gizzard in birds. (Linked to SLO 2.4)

9. Name three enzymes involved in chemical digestion. (Linked to SLO 2.5)

10. Define assimilation in the context of digestion. (Linked to SLO 2.6)

Long-answer questions

11. Analyse the variations in nutritional requirements among herbivores, carnivores, and
omnivores. (Linked to SLO 2.2)

12. Evaluate specialised digestive adaptations in ruminants, birds, and fish. (Linked to SLO 2.4)
13. Compare mechanical and chemical digestion, and explain how absorption and assimilation
complete the process. (Linked to SLO 2.5, SLO 2.6)

Answers to Concept Check Questions 2
Objective questions

Amino.
Omnivores.
Midgut.
Multi-chambered.
Absorption.

Short-answer questions

6. Carbohydrates, proteins, lipids, vitamins, minerals, water.

7. Herbivores have long intestines and fermentation chambers, carnivores have short intestines
for protein digestion.

8. It grinds food mechanically to aid digestion.

9. Amylase, protease, lipase.

10. Incorporation of absorbed nutrients into body tissues for growth, repair, and energy.
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Long-answer questions

11. Basic response: Herbivores rely on carbohydrates, carnivores on protein, omnivores on both.
Value-added response: These differences reflect ecological roles, digestive adaptations, and
nutrient availability in habitats.

Basic response: Ruminants ferment cellulose, birds grind food in gizzards, fish use pyloric
caeca.

Value-added response: These adaptations maximise nutrient extraction, reflecting
evolutionary responses to diet and environment.

Basic response: Mechanical digestion breaks food physically, chemical digestion uses
enzymes, absorption takes nutrients into blood, assimilation incorporates them into
tissues.

Value-added response: Together, these processes ensure efficient nutrient utilisation,
supporting growth, repair, and energy production across species.

Answers to Pilot Questions 2
Part 2.1

Carbohydrates, proteins, lipids, ¥itamins, minerals, water.
Vitamins.

Water.

By specialised digestive systems such as ruminant stomachs.
Omnivores.

Part 2.2

Invertebrates have simple systems, vertebrates have complex organs.
Foregut, midgut, hindgut.

Gizzard.

Multi-chambered stomach.

Because proteinis easier to digest than cellulose.

Part 2.3

Mechanical digestion is physical breakdown, chemical digestion uses enzymes.
Amylase, protease, lipase.
Small intestine.

Villi and microvilli.

Incorporation of absorbed nutrients into tissues.

References And Attributions 2
Ilustration placeholders suggested in Series 2:
Table 2.1 Classes of nutrients and their functions
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Figure 2.2 Variations in nutritional needs among animal groups
Figure 2.3 Digestive systems in invertebrates and vertebrates
Box 2.4 Specialised digestive adaptations in animals

Figure 2.5 Mechanical and chemical processes of digestion
Box 2.6 Absorption and assimilation of nutrients

Al prompt suggestions used for illustration placeholders:

Tables listing nutrients and functions.
Diagrams comparing digestive systems and diets.
Boxes summarising specialised adaptations and absorption processes.

Open Educational Resource (OER) search strings suggested:

“animal nutrition classes of nutrients table OER”
“herbivores carnivores omnivores diet diagram OER”
“digestive system invertebrates vs vertebrates diagram OER”
“specialised digestive adaptations animals OER”
“mechanical vs chemical digestion diagram OER”
“absorption assimilation nutrients physiology OER”

General references (APA style):

Schmidt-Nielsen, K. (1997).Animal Physiology: Adaptation and Environment.
Cambridge University Press.

Hill, R. W., Wyse, G. A., & Anderson, M. (2016). Animal Physiology. Sinauer
Associates.

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

700311 Series 3: Respiration, Blood And Circulation In Animals

Part 3.1 Respiratory structures and mechanisms
3.1.1 Respiratory organs in invertebrates and vertebrates
3.1.2 Mechanisms of gas exchange
Part 3.2 Physiology of respiration
3.2.1 Transport of oxygen and carbon dioxide
3.2.2 Regulation of breathing
Part 3.3 Blood and circulation in animals

3.3.1 Composition and functions of blood
3.3.2 Circulatory systems in invertebrates and vertebrates
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Introduction

Breathing and circulation are fundamental to life, ensuring that oxygen reaches tissues and
carbon dioxide is removed. Without these processes, cells would be unable to produce energy,
and organisms would quickly fail. Animals have evolved diverse respiratory structures and
circulatory systems to meet their metabolic demands, ranging from simple diffusion in small
invertebrates to complex lungs and closed circulatory systems in vertebrates.

The aim of this Series is to describe the structures and mechanisms of respiration,explain the
physiology of breathing and gas transport, and analyse the composition and circulation of blood
in animals.

We shall commence this Series by examining respiratory structures and mechanisms, focusing
on organs and gas exchange. Next, we will explore the physiology of respiration, including
oxygen and carbon dioxide transport and the regulation of breathing. Finally, we will conclude
with blood and circulation, considering its composition, functions; and the differences between
invertebrate and vertebrate circulatory systems.

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

SLO 3.1 describe respiratory organs in invertebrates and vertebrates,

SLO 3.2 explain mechanisms of gas exchange in animals,

SLO 3.3 analyse how oxygen and carbon dioxide are transported in the body,
SLO 3.4 evaluate the regulation of breathing in animals,

SLO 3.5 identify the compesition and functions of blood, and

SLO 3.6 compare circulatory systems in invertebrates and vertebrates.

3.1 Respiratory Structures And Mechanisms
3.1.1 Respiratory organs in invertebrates and vertebrates

Animals have evolved different respiratory organs, which are specialised structures that enable
the exchange of gases between the body and the environment. In small invertebrates such as
flatworms, gas exchange occurs directly across the body surface by diffusion. Insects possess a
tracheal system, consisting of tubes that deliver oxygen directly to tissues. Aquatic invertebrates
like crustaceans use gills, while terrestrial vertebrates such as mammals rely on lungs. Fish also
use gills, which are highly efficient at extracting oxygen from water. Amphibians combine lungs
with cutaneous respiration through their moist skin. These variations reflect adaptations to
diverse habitats and metabolic demands.

Short description: Diagram comparing respiratory organs in invertebrates (tracheae, gills) and
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vertebrates (lungs, gills, skin).
Caption: Figure 3.1 Respiratory organs in invertebrates and vertebrates
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OER - Created for [University Nama/Organization] | Scibiagrams.co
Fill in the blank: Insects use a specialised system of tubes called the system for

respiration.
3.1.2 Mechanisms of gas exchange

Gas exchange is the process by which oxygen enters the body and carbon dioxide is removed. In
aquatic animals, gills provide a large surface area and thin membranes for diffusion, often aided
by counter-current flow to maximise oxygen uptake. In terrestrial vertebrates, lungs are the
primary organs, with alveoli providing extensive surface area for diffusion into blood capillaries.
Amphibians may use both lungs and skin, while insects rely on direct diffusion through their
tracheal system. The efficiency of gas exchange depends on surface area, diffusion distance, and
the concentration gradient of gases.

Box 3.2 Mechanisms of gas exchange in animals

< Respiratory Mechanism of Exchange Key Structural Adaptation
Group Surface
Fish Gills Counter-current Filaments and Lamellae:
Exchange: Blood flows in  [Increase surface area; counter-
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of tubes (tracheae) directly
to cells.

Animal Respiratory Mechanism of Exchange Key Structural Adaptation
Group Surface
the opposite direction to current flow maintains a steep
water. diffusion gradient.
Tidal Ventilation: IAlveolar Sacs: Extremely thin-
. Negative pressure breathing |walled (one cell thick) and
Mammals Alveoli (Lungs) via the diaphragm and surrounded by a dense capillary
intercostal muscles. network for rapid diffusion.
. Diffusion & PO.S 1t1vg IHighly Vascularized Skin:
Skin Pressure: Gulping air : .
_ NN Must remain moist to allow
Amphibians |(Cutaneous) & ((buccal pumping) into lungs . }
Simple Lungs |and gas exchange across gases tg dissolve and diffuse
. . directly into the bloodstream.
moist skin.
Direct Diffusion: Air Tracheoles: Tiny, fluid-filled
enters through spiracles and |ends of the tubes that reach
Tracheal s
Insects System travels.through a network individual muscle fibers,

bypassing the need for a
circulatory transport system.

Fill in the blank: In fish gills, oxygen uptake is maximised by a process known as

Pilot questions 3.1

flow.

Name one invertebrate that uses diffusion across its body surface for respiration.
What respiratory system do insects use?
Which organ do fish use for respiration?
How do amphibians supplement lung respiration?
What mechanism in fish gills increases the efficiency of oxygen uptake?

3.2 Physiology Of Respiration

3.2.1 Transport of oxygen and carbon dioxide
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Respiration involves not only the intake of oxygen but also its transport to tissues and the
removal of carbon dioxide. In vertebrates, haemoglobin is the protein in red blood cells that
binds oxygen and carries it through the bloodstream. Oxygen is released to tissues where it is
needed for cellular respiration. Carbon dioxide, a waste product, is transported back to the lungs
in three forms: dissolved in plasma, bound to haemoglobin, or converted to bicarbonate ions.
This efficient transport system ensures that cells receive oxygen and that carbon dioxide is
removed to maintain homeostasis.

Short description: Diagram showing oxygen transport by haemoglobin and carbon dioxide
transport in three forms.
Caption: Figure 3.3 Transport of oxygen and carbon dioxide in vertebrates
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Fill in the blank: The proteinin red blood cells that binds oxygen is called .
3.2.2 Regulation of breathing

The regulation of breathing ensures that oxygen intake and carbon dioxide removal match the
body’s metabolic needs. In mammals, breathing is controlled by centres in the brainstem,
particularly the medulla oblongata and pons. These centres respond to changes in blood carbon
dioxide levels, pH, and oxygen concentration. For example, an increase in carbon dioxide lowers
blood pH, stimulating faster breathing to expel the excess gas. In addition, chemoreceptors in the
carotid arteries and aorta monitor blood chemistry and send signals to adjust breathing rate. This

Box 3.4 Regulation of breathing in mammals
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Component Location Primary Function
Medulla [ ower Contains the Yentral Respiratory Group (VRG) gnd
. Dorsal Respiratory Group (DRG). It sets the basic
Oblongata Brainstem . . L
rhythm of breathing and triggers inspiration.
Contains the Pontine Respiratory Group (including the
Pons Upper Pneumotaxic center). It "smooths" the transition between
Brainstem inhalation and exhalation and prevents over-inflation of
the lungs.
Monitor the $pHS$ of Cerebrospinal Fluid (CSF). They
Central ) . : i
Chemorecentors Medulla are highly sensitive to changes in $CO 28 levels (via
P SH"+$ ions).
Peripheral Aortic Arch & Monitor $O. 28, $C0O..28, and $pHS in the Ar;erlal
Chemoreceptors Carotid Bodics Bl‘ood..They serve as the secondary line of d? ense,
primarily reacting.-when $O_2§ levels drop significantly.
Fill in the blank: Breathing is primarily controlled by centres in the oblongata and pons.

Pilot questions 3.2

What protein carries oxygen in red blood cells?

Name the three forms in which carbon dioxide is transported in the blood.
Which part-of the brain controls breathing?

How does increased carbon dioxide affect blood pH?

What receptors monitor blood chemistry to regulate breathing?

3.3 Blood And Circulation In Animals

3.3.1 Composition and functions of blood

Blood is a specialised fluid that transports nutrients, gases, hormones, and waste products
throughout the body. It consists of plasma, which is the liquid portion carrying dissolved
substances, and cells such as red blood cells, white blood cells, and platelets. Red blood cells
contain haemoglobin for oxygen transport, white blood cells provide defence against pathogens,

-
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and platelets are essential for clotting. Together, these components maintain homeostasis,
support immunity, and ensure efficient distribution of materials.

Table 3.5 Composition and functions of blood

Percentage of

Blood Volume Key Functions

Component

Transport & Regulation: A straw-colored liquid (90%
water) that carries dissolved proteins (albumin, globulins,
Plasma ~55% fibrinogen), glucose, mineral ions, hormones, carbon
dioxide, and waste produets. It also helps distribute heat
throughout the body:

Gas Exchange: Contain the iron-rich protein
hemoglobin, which binds to oxygen in the lungs and
~44% delivers it to tissues. They also transport a portion of
carbon dioxide back to the lungs. Their biconcave shape
maximizes surface area for diffusion.

Red Blood Cells
(Erythrocytes)

Immune Defense: Protect the body against infectious
discases and foreign invaders. They include various types
<1% such as neutrophils (phagocytosis), lymphocytes
(antibody production), and monocytes (scavenging
debris).

White Blood Cells
(Leukocytes)

Blood Clotting (Hemostasis): Small, cell fragments that
Platelets (o, adhere to the site of a blood vessel injury. They release
(Thrombocytes) ° chemicals that trigger the coagulation cascade, forming a

fibrin clot to prevent excessive bleeding.

Fill in the blank: The protein in red blood cells that carries oxygen is called
3.3.2 Circulatory systems in invertebrates and vertebrates

Animals have evolved different circulatory systems to transport blood and nutrients.
Invertebrates such as arthropods and molluscs often possess an open circulatory system, where
blood is not always confined to vessels and directly bathes tissues. Vertebrates, however, have a

-
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closed circulatory system, where blood flows entirely within vessels, allowing more efficient
transport. Fish have a single-circuit system with a two-chambered heart, while amphibians and
reptiles have three-chambered hearts that partially separate oxygenated and deoxygenated blood.
Birds and mammals possess four-chambered hearts, ensuring complete separation and efficient
oxygen delivery to tissues.

Short description: Diagram comparing open and closed circulatory systems, with examples from
invertebrates and vertebrates.
Caption: Figure 3.6 Circulatory systems in invertebrates and vertebrates

COMPARATIVE ANATOMY: OPEN vs CLOSED CIRCULATORY SYSTEMS
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HEMOCOEL DETAL
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exchange
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VENTRAL
BLOOD VESSEL

ANNELD
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returns via Ostia

returns via Ostia <*

sinuses)
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HEMOLYMPH

OPEN SYSTEM:
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Fill in the blank: Arthropods possess an circulatory system where blood directly bathes

tissues.
Pilot questions 3.3

Name the main components of blood.

What is the function of platelets?

Which type of circulatory system do vertebrates possess?

How many chambers does a mammalian heart have?

What is the main difference between open and closed circulatory systems?

Series Summary

This Series examined respiration, blood, and circulation in animals, emphasising their
importance in sustaining life by ensuring oxygen delivery and carbon dioxide removal. We
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began by exploring respiratory structures and mechanisms, highlighting the diversity of organs
such as tracheae, gills, lungs, and skin, and the processes of gas exchange. We then considered
the physiology of respiration, focusing on oxygen and carbon dioxide transport and the
regulation of breathing. Finally, we analysed blood and circulation, looking at the composition
and functions of blood and comparing open and closed circulatory systems across animal groups.

By completing this Series, you should now be able to describe respiratory organs, explain gas
exchange mechanisms, analyse oxygen and carbon dioxide transport, evaluate breathing
regulation, identify blood components and their functions, and compare circulatory systems in
invertebrates and vertebrates. These achievements align with the Series Learning Outcomes and
provide a comprehensive understanding of how animals sustain their metabolic needs.

Glossary of Terms

Alveoli: Tiny air sacs in the lungs where gas exchange occurs.

Blood: A specialised fluid that transports nutrients, gases; hormones, and waste products.

Carbon dioxide: A waste gas produced during cellular respiration, transported back to the
lungs for removal.

Circulatory system: The system responsible for transporting blood, nutrients, and gases
throughout the body.

Diffusion: The passive movement of molecules from an area of higher concentration to
lower concentration.

Haemoglobin: A protein in red blood cells that binds and transports oxygen.

Open circulatory system: A system where blood is not confined to vessels and directly
bathes tissues.

Plasma: The liquid portion of blood that carries dissolved substances.

Respiration: The physiological process of oxygen intake and carbon dioxide removal.

Tracheal system: A network of tubes in insects that delivers oxygen directly to tissues.

Concept Check Questions 3
Objective questions

Insects use a specialised system for respiration. (Linked to SLO 3.1)

Fish use for respiration. (Linked to SLO 3.1)

Oxygen 1s carried in red blood cells by . (Linked to SLO 3.3)

Breathing is controlled by centres in the oblongata and pons. (Linked to SLO 3.4)
Vertebrates possess a circulatory system. (Linked to SLO 3.6)

Short-answer questions

6. Explain how counter-current flow increases oxygen uptake in fish gills. (Linked to SLO 3.2)
7. Name the three forms in which carbon dioxide is transported in the blood. (Linked to SLO 3.3)
8. What role do chemoreceptors play in regulating breathing? (Linked to SLO 3.4)

9. List the main components of blood. (Linked to SLO 3.5)

10. State one difference between open and closed circulatory systems. (Linked to SLO 3.6)

-
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Long-answer questions

11. Analyse the diversity of respiratory organs in invertebrates and vertebrates. (Linked to SLO
3.1)

12. Evaluate the regulation of breathing in mammals, including the role of brain centres and
chemoreceptors. (Linked to SLO 3.4)

13. Compare circulatory systems in fish, amphibians, reptiles, birds, and mammals. (Linked to
SLO 3.6)

Answers to Concept Check Questions 3
Objective questions

Tracheal.
Gills.
Haemoglobin.
Medulla.
Closed.

Short-answer questions

6. Counter-current flow maintains a gradient; allowing continuous diffusion of oxygen into
blood.

7. Dissolved in plasma, bound to haemoglobin, converted to bicarbonate ions.

8. They detect changes in blood chemistry and send signals to adjust breathing rate.

9. Plasma, red blood cells, white blood eells, platelets.

10. Open systems bathe tissues directly, closed systems confine blood to vessels.

Long-answer questions

11. Basic response: Invertebrates use diffusion, tracheae, or gills, vertebrates use lungs, gills, or
skin.

Value-added response: These organs reflect evolutionary adaptations to habitats, with lungs
suited for terrestrial life and gills for aquatic environments.

Basic response: Breathing 1s controlled by the medulla and pons, responding to carbon
dioxide levels.
Value-added response: Chemoreceptors in arteries monitor blood chemistry, ensuring
precise regulation of breathing to maintain homeostasis.

Basic response: Fish have two-chambered hearts, amphibians and reptiles three-chambered,
birds and mammals four-chambered.
Value-added response: These differences reflect increasing efficiency in separating
oxygenated and deoxygenated blood, supporting higher metabolic rates in birds and
mammals.

Answers to Pilot Questions 3
Part 3.1

-
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Flatworms.

Tracheal system.

Gills.

Through their moist skin.
Counter-current flow.

Part 3.2

Haemoglobin.

Dissolved in plasma, bound to haemoglobin, bicarbonate ions.
Medulla oblongata.

It lowers pH.

Chemoreceptors.

Part 3.3

Plasma, red blood cells, white blood cells, platelets.
Clotting.
Closed circulatory system.
Four.
Open systems bathe tissues directly, closed systems confine blood to vessels.

References And Attributions 3
Ilustration placeholders suggested in Series 3:

Figure 3.1 Respiratory organs in invertebrates and vertebrates
Box 3.2 Mechanisms of gas exchange in animals

Figure 3.3 Transport of oxygen and carbon dioxide in vertebrates
Box 3.4 Regulation of breathing in mammals

Table 3.5 Composition and functions of blood

Figure 3.6 Circulatory systems in invertebrates and vertebrates

Al prompt suggestions used for illustration placeholders:

Diagrams comparing respiratory organs, gas exchange, and circulatory systems.
Boxes summarising mechanisms and regulation of breathing.
Tables showing blood composition and functions.

Open Educational Resource (OER) search strings suggested:

“respiratory organs invertebrates vertebrates diagram OER”
“gas exchange mechanisms animals OER”

“oxygen carbon dioxide transport physiology diagram OER”
“regulation of breathing physiology mammals OER”
“composition and functions of blood table OER”
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“open vs closed circulatory system diagram OER”
General references (APA style):

Schmidt-Nielsen, K. (1997). Animal Physiology: Adaptation and Environment.
Cambridge University Press.

Hill, R. W., Wyse, G. A., & Anderson, M. (2016). Animal Physiology. Sinauer
Associates.

OER Commons. (n.d.). Respiration and circulation resources. Retrieved from
https://www.oercommons.org

700311 Series 4: Integrating Systems Of Physiology (Nervous
Coordination, Sense Organs And Endocrine System)

Part 4.1 Nervous coordination in animals
4.1.1 Structure and function of neurons
4.1.2 Organisation of the nervous system
Part 4.2 Sense organs and sensory physiology
4.2.1 Major sense organs and their roles
4.2.2 Mechanisms of sensory perception
Part 4.3 Endocrine system and hormonal regulation

4.3.1 Endocrine glands and hormones
4.3.2 Integration of endocrine and nervous control

Introduction

In the last Series, we explored respiration, blood, and circulation, which highlighted how oxygen
and nutrients are transported to sustain life. Yet, for animals to function effectively, their bodies
must also coordinate responses, perceive their environment, and regulate internal processes. This
is achieved through the nervous system, sense organs, and endocrine system, which together
integrate physiological functions.

The aim of this Series is to explain how animals coordinate activities through the nervous
system, describe the roles of sense organs in perception, and analyse the endocrine system’s role
in regulating and integrating body functions.

We shall commence this Series by examining nervous coordination, focusing on the structure of
neurons and the organisation of the nervous system. Next, we will explore sense organs and
sensory physiology, considering how animals perceive and respond to stimuli. Finally, we will
conclude with the endocrine system, analysing the glands, hormones, and their integration with
nervous control to maintain homeostasis.

-
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Series Learning Outcomes

Upon completing this Series, you should be able to:

SLO 4.1 describe the structure and function of neurons,
SLO 4.2 explain the organisation of the nervous system in animals,

SLO 4.3 identify major sense organs and analyse their roles in perception,
SLO 4.4 evaluate mechanisms of sensory physiology,
SLO 4.5 define endocrine glands and explain the functions of their hormones,-and

SLO 4.6 analyse how the nervous and endocrine systems integrate to regulate physiological

processes.

4.1 Nervous Coordination In Animals

4.1.1 Structure and function of neurons

The basic unit of the nervous system is the neuron, which is a specialised cell designed to
transmit electrical signals. A neuron consists of three main parts: the cell body, which contains
the nucleus and organelles; dendrites, which receive signals from other neurons; and the axon,
which carries impulses away from the cell body to other neurons or effectors. Neurons
communicate through synapses, where'chemical messengers called neurotransmitters bridge the
gap between cells. This structure allows rapid and precise transmission of information, enabling
animals to respond to stimuli effectively.

Short description: Diagram showing the structure of a neuron with labelled parts (cell body,

dendrites, axon, synapse).

Caption: Figure 4.1 Structure of a neuron
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Fill in the blank: The part of the neuron that carries impulses away from the cell body is the

4.1.2 Organisation of the nervous system

The nervous system is organised into two main divisions: the central nervous system (CNS)
and the peripheral nervous system (PNS). The CNS, made up of the brain and spinal cord, acts
as the control centre, processing information and coordinating responses. The PNS consists of
nerves that connect the CNS to the rest of the body, including sensory nerves that carry
information to the CNS and motor nerves that transmit commands to muscles and glands. In
vertebrates, the nervous system is highly specialised, with divisions such as the autonomic
nervous system that regulate involuntary functions like heartbeat and digestion.

Box 4.2 Organisation of the nervous system

Division Components Primary Functions

Integration & Control: Acts as the command center. It
processes incoming sensory information, stores
memories, and initiates outgoing motor commands.

Central Nervous [Brain and
System (CNS) Spinal Cord

Peripheral Communication: Connects the CNS to the rest of the

Nervous System Cr.a nial g body (limbs, organs, and skin). It consists of nerve fibers
Spinal Nerves

(PNS) that carry signals to and from the brain/cord.
Fill in the blank: The brain and spinal cord together form the nervous system.
Pilot questions 4.1

What are the three main parts of a neuron?

Which chemical messengers transmit signals across synapses?

Name the two main divisions of the nervous system.

What is the role of the central nervous system?

Which division of the nervous system regulates involuntary functions such as heartbeat?

4.2 Sense Organs And Sensory Physiology

4.2.1 Major sense organs and their roles

-
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Animals rely on sense organs, which are specialised structures that detect changes in the
environment and send information to the nervous system. The five traditional sense organs are
the eyes for vision, ears for hearing and balance, nose for smell, tongue for taste, and skin for
touch. Each organ contains specialised receptors that respond to specific stimuli. For example,
photoreceptors in the eyes detect light, while mechanoreceptors in the skin respond to pressure.
These organs enable animals to interact with their surroundings, find food, avoid danger, and
communicate.

Short description: Diagram showing the five major sense organs with their functions.
Caption: Figure 4.3 Major sense organs and their roles

THE FIVE MAJOR SENSE ORGANS:
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AND PERCEPTION
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Fill in the blank: Photoreceptors in the detect light for vision.

4.2.2 Mechanisms of sensory perception

Sensory perception refers to the process by which stimuli are detected, converted into electrical
signals, and interpreted by the brain. Each sense organ has specialised receptors that transduce
stimuli into nerve impulses. For instance, in the ear, sound waves are converted into electrical
signals by hair cells in the cochlea. In the nose, olfactory receptors detect chemical molecules,
while taste buds on the tongue identify sweet, sour, salty, bitter, and umami flavours. The skin
contains receptors for touch, temperature, and pain. These signals are transmitted to the brain,
where they are processed to create meaningful experiences of the environment.

Box 4.4 Mechanisms of sensory perception

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



Sense Receptor Type Stimulus Mechanism of Transduction
Light strikes pigments (rthodopsin) in the
Vision Photoreceptors Light retina, triggering a chemical change that
(Rods & Cones) (Photons) closes ion channels and alters
neurotransmitter release.
Sound vibrates the tympanic membrane and
Hearin Mechanoreceptors Sound Waves  [ossicles, moving fluid-in the cochlea. This
g (Hair Cells) (Pressure) bends hair cell cilia, opening mechanical
ion channels.
Volatile molecules bind to specific G-
Smell Chemoreceptors Odorants protein coupled receptors on cilia in the
(Olfactory) (Chemicals) nasal cavity, triggering a second messenger
cascade.
Dissolved chemicals bind to receptors on
Chemoreceptors Tastants oo
Taste (Gustatory) (Chemicall) taste buds (sweet, umami, bitter) or enter
vy directly via ion channels (salty, sour).
Physical deformation of the skin stretches
Pressure, :
Mechanoreceptors N the cell membranes of receptors like
Touch . 'Vibration, gy . ..
(various) Pacinian corpuscles, directly opening ion
Stretch
channels.

Fill in the blank: Hair cells in the convert sound waves into electrical signals.

Pilot questions 4.2

Name the five traditional sense organs.

Which receptors in the eyes detect light?

What type of receptors in the skin respond to pressure?

Which part of the ear converts sound waves into electrical signals?
List the five basic tastes detected by taste buds.

4.3 Endocrine System And Hormonal Regulation

-
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4.3.1 Endocrine glands and hormones

The endocrine system is a network of glands that secrete hormones, which are chemical
messengers that regulate body functions. Unlike the nervous system, which uses electrical
impulses for rapid communication, the endocrine system works more slowly but has longer-
lasting effects. Major endocrine glands include the pituitary gland, often called the “master
gland” because it controls other glands; the thyroid gland, which regulates metabolism; the
adrenal glands, which help the body respond to stress; and the pancreas, which regulates blood
sugar through insulin and glucagon. Each hormone has a specific target and function; ensuring
precise regulation of growth, reproduction, and homeostasis.

Table 4.5 Major endocrine glands and their hormones

Gland Primary Hormones Principal Functions
. o The Master Controller: Regulates the
Hypothalamus Releasing/Inhibiting anterior pituitary gland; links the nervous
yp Hormones (e.g., TRH, CRH) P Ty g1and,
system to the endocrine system.
piatary fGrowth Homond(Ggsih (16 Mister Gland: St ot
(Anterior) ACTH, FSH, LH, Prolactin y o1, por ’
and reproductive gonad activity.
Pituitary IAntidiuretic Hormone (ADH), Water &'Soc.lal Balance:‘Regulates'water
(Posterior) Oxytocin retention in kidneys and triggers uterine
contractions/milk let-down.
Thyroxine ($T 489), Metabolism & Calcium: Increases
Thyroid Triiodothyronine ($T 3$), metabolic rate and oxygen consumption;
Calcitonin Calcitonin lowers blood calcium.
Calcium Regulation: Increases blood
Parathyroid Parathyroid Hormone (PTH)  [calcium levels by stimulating release from
bones and reabsorption in kidneys.
Stress & Salt: Cortisol manages long-term
Adrenal Cortex |Cortisol, Aldosterone stress and glucose; Aldosterone regulates

sodium/potassium balance.

-
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Gland Primary Hormones Principal Functions
Adrenal Epinephrine (Adrenaline), Fight or Flight: Increases heart' rate, blood
. . pressure, and blood glucose during acute
Medulla INorepinephrine
stress.
Blood Sugar Control: Insulin lowers blood
Pancreas . .
Insulin, Glucagon glucose (storage); Glucagon raises blood
(Islets)
glucose (release).
Female Reproduction: Regulates the
Gonads -
. Estrogen, Progesterone menstrual cycle and maintains secondary sex
(Ovaries) y
characteristics.
Male Reproduction: Stimulates sperm
Gonads (Testes) [Testosterone roduction and maintains secondary sex
characteristics.
Sleep Cycles: Regulates biological rhythms
Pineal Gland Melatonin and the sleep-wake cycle based on light
input.
Fill in the blank: The gland often referred to as the “master gland” is the gland.

4.3.2 Integration of endocrine and nervous control

The endocrine and nervous systems work together to maintain internal stability and coordinate
responses. This integration is known as neuroendocrine control. For example, the
hypeothalamus in the brain links the nervous and endocrine systems by controlling the pituitary
gland. In stressful situations, the nervous system triggers the adrenal glands to release adrenaline,
preparing the body for rapid action. Similarly, the pancreas adjusts blood sugar levels in response
to signals from both systems. This cooperation ensures that animals can respond quickly to
external stimuli while also maintaining long-term regulation of internal processes.

Box 4.6 Integration of endocrine and nervous control

-
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Component Role in Integration Key Mechanisms
The Integration Center: Produces Releasing Hormones (e.g.,
Hvpothalamus Receives neural input from the  [CRH) to control the Pituitary and sends
yp brain and responds by secreting  |direct neural signals to the Adrenal
neurohormones. Medulla.
The Relay Station: Responds to [The Anterior Pituitary secretes ACTH
Pituitary Gland hypothalamlc S}gnals by ' in response to CRHywhile the Posterior
releasing trophic hormones into  [Pituitary stores and releases
the blood. oxytocin/ADH made in the hypothalamus.
Adrenal Gland Acute Stress (Nervous): ‘ Releas.es Eplqephrlne anq
Responds to direct sympathetic  [Norepinephrine (Adrenaline) for the
(Medulla) . . : \ 4V, . o
nerve stimulation. immediate "Fight or Flight" response.
Adrenal Gland Chronic Stress (Endocrme): Releases COl'tlSO.l,.Wh.lCh manages long-
(Cortex) Responds to hormonal signals term energy mobilization and suppresses
(ACTH) from the Pituitary. non-essential functions.
Fill in the blank: The hypothalamus controls the pituitary gland, linking the and

endocrine systems.
Pilot questions 4.3

Name fourmajor endocrine glands.

Which gland regulates metabolism?

What hormone does the pancreas secrete to lower blood sugar?
What is neuroendocrine control?

Which brain structure links the nervous and endocrine systems?

Series Summary

This Series focused on the integration of physiological systems, showing how animals coordinate
activities, perceive their environment, and regulate internal processes. We began with nervous
coordination, examining the structure and function of neurons and the organisation of the
nervous system. Then we explored sense organs and sensory physiology, highlighting the major
sense organs and the mechanisms of sensory perception. Finally, we studied the endocrine

-
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system and hormonal regulation, considering the roles of endocrine glands, their hormones, and
the integration of nervous and endocrine control.

By completing this Series, you should now be able to describe neurons and the organisation of
the nervous system, identify and analyse the functions of sense organs, evaluate mechanisms of
sensory physiology, define endocrine glands and explain their hormones, and analyse how
nervous and endocrine systems integrate to regulate physiological processes. These
achievements align with the Series Learning Outcomes and provide a comprehensive
understanding of how animals maintain coordination and homeostasis.

Glossary of Terms

Adrenal glands: Endocrine glands that release hormones such as adrenaline to help the body
respond to stress.

Autonomic nervous system: A division of the nervous system that controls involuntary
functions such as heartbeat and digestion.

Endocrine system: A network of glands that secrete hormones to regulate body functions.

Hormones: Chemical messengers secreted by endocrine glands that regulate physiological
processes.

Hypothalamus: A brain structure that links the nervous and endocrine systems by
controlling the pituitary gland.

Neuroendocrine control: The integration of nervous and endocrine systems to regulate body
functions.

Neuron: A specialised cell that transmits electrical signals in the nervous system.

Peripheral nervous system (PNS): Nerves outside the brain and spinal cord that connect the
central nervous system to the body.

Pituitary gland: The “master gland” that controls other endocrine glands.

Sense organs: Specialised structures such as eyes, ears, nose, tongue, and skin that detect
stimuli.

Synapse: The junction between two neurons where neurotransmitters transmit signals.

Concept Check Questions 4
Objective questions

The part of the neuron that carries impulses away from the cell body is the . (Linked
to SLO4.1)

The brain and spinal cord together form the nervous system. (Linked to SLO 4.2)

Photoreceptors in the detect light for vision. (Linked to SLO 4.3)

Hair cells in the convert sound waves into electrical signals. (Linked to SLO 4.4)

The gland often referred to as the “master gland” is the gland. (Linked to SLO 4.5)

Short-answer questions

6. List the three main parts of a neuron. (Linked to SLO 4.1)

7. What is the role of the central nervous system? (Linked to SLO 4.2)
8. Name the five traditional sense organs. (Linked to SLO 4.3)

-
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9. What hormone does the pancreas secrete to lower blood sugar? (Linked to SLO 4.5)
10. Which brain structure links the nervous and endocrine systems? (Linked to SLO 4.6)

Long-answer questions

11. Analyse the organisation of the nervous system, including its central and peripheral divisions.
(Linked to SLO 4.2)

12. Evaluate the mechanisms of sensory perception in vision, hearing, smell, taste, and touch.
(Linked to SLO 4.4)

13. Explain how the nervous and endocrine systems integrate to regulate physiological processes.
(Linked to SLO 4.6)

Answers to Concept Check Questions 4
Objective questions

Axon.
Central.
Eyes.
Cochlea.
Pituitary.

Short-answer questions

6. Cell body, dendrites, axon.

7. It processes information and coordinates responses.
8. Eyes, ears, nose, tongue, skin.

9. Insulin.

10. Hypothalamus.

Long-answer questions

11. Basic response: The nervous system is divided into the central nervous system (brain and
spinal cord) and the peripheral nervous system (nerves).

Value-added response: The PNS includes sensory and motor nerves, with the autonomic
division regulating involuntary functions such as heartbeat and digestion.

Basic response: Vision uses photoreceptors, hearing uses hair cells, smell uses olfactory
receptors, taste uses taste buds, and touch uses mechanoreceptors.
Value-added response: Each sense organ converts stimuli into electrical signals, which
are processed by the brain to create meaningful perceptions.

Basic response: The hypothalamus links the nervous and endocrine systems, controlling the
pituitary gland.
Value-added response: Neuroendocrine integration allows rapid responses to stimuli
and long-term regulation, such as adrenal release of adrenaline during stress and
pancreatic regulation of blood sugar.

Answers to Pilot Questions 4

-
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Part 4.1

Cell body, dendrites, axon.

Neurotransmitters.

Central and peripheral nervous systems.

To process information and coordinate responses.
Autonomic nervous system.

Part 4.2

Eyes, ears, nose, tongue, skin.
Photoreceptors.
Mechanoreceptors.

Cochlea.

Sweet, sour, salty, bitter, umami.

Part 4.3

Pituitary, thyroid, adrenal glands, pancreas.

Thyroid gland.

Insulin.
Integration of nervous and endocrine systems.
Hypothalamus.

References And Attributions 4
Ilustration placeholders suggested in Series 4:

Figure 4.1 Structure of a neuron

Box 4.2 Organisation of the nervous system

Figure 4.3 Major sense organs and their roles

Box 4.4 Mechanisms of sensory perception

Table 4.5 Major endocrine glands and their hormones
Box 4:6 Integration of endocrine and nervous control

Al prompt suggestions used for illustration placeholders:
Diagrams showing neuron structure, sense organs, and endocrine glands.
Boxes summarising nervous system organisation, sensory perception, and
neuroendocrine control.
Tables listing endocrine glands and hormones.

Open Educational Resource (OER) search strings suggested:

“neuron structure labelled diagram OER”
“organisation of nervous system CNS PNS OER”
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“major sense organs animals diagram OER”

“mechanisms of sensory perception physiology OER”
“endocrine glands hormones functions table OER”
“neuroendocrine control hypothalamus pituitary adrenal OER”

General references (APA style):

Schmidt-Nielsen, K. (1997). Animal Physiology: Adaptation and Environment.
Cambridge University Press.

Hill, R. W., Wyse, G. A., & Anderson, M. (2016). Animal Physiology. Sinauer
Associates.

OER Commons. (n.d.). Nervous, sensory, and endocrine physiology resources.
Retrieved from https://www.oercommons.org

700311 Series 5: Physiology Of Movement And Musculature

Part 5.1 Structure of muscles and types of muscle tissue

5.1.1 Skeletal muscle structure and properties

5.1.2 Smooth and cardiac muscle characteristics
Part 5.2 Mechanisms of muscle contraction

5.2.1 Sliding filament theory

5.2.2 Neuromuscular junction and role of calcium
Part 5.3 Physiology of movement in animals

5.3.1 Locomotion in invertebrates and vertebrates
5.3.2 Energy supply and fatigue in muscles

Introduction

Movement is one of the most visible signs of life, allowing animals to search for food, escape
predators, and interact with their environment. Behind every movement lies a complex interplay
of muscles, nerves, and energy systems that work together to produce coordinated action.
Understanding the physiology of movement and musculature is therefore central to appreciating
how animals survive and thrive in diverse habitats.

The aim of this Series is to describe the structure and types of muscle tissue, explain the
mechanisms of muscle contraction, and analyse how animals achieve movement through
muscular and energetic processes.

We shall commence this Series by examining the structure of muscles and the types of muscle
tissue, including skeletal, smooth, and cardiac muscles. Next, we will explore the mechanisms of
muscle contraction, focusing on the sliding filament theory and the role of the neuromuscular
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junction. Finally, we will conclude with the physiology of movement, considering locomotion in
different animal groups and the energy supply that sustains muscular activity.

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

SLO 5.1 describe the structure of skeletal muscle and its properties,

SLO 5.2 explain the characteristics of smooth and cardiac muscle tissue,

SLO 5.3 demonstrate knowledge of the sliding filament theory of muscle contraction,
SLO 5.4 analyse the role of the neuromuscular junction and calcium in contraction,
SLO 5.5 compare locomotion strategies in invertebrates and vertebrates, and

SLO 5.6 evaluate how energy supply and fatigue affect muscular performance.

5.1 Structure Of Muscles And Types Of Muscle Tissue

5.1.1 Skeletal muscle structure and properties

Skeletal muscle is a type of muscle tissue attached to bones and responsible for voluntary
movement. It is composed of long cylindrical cells called muscle fibres, which are
multinucleated and contain specialised contractile proteins known as actin and myosin. These
proteins are arranged in repeating units called sarcomeres, giving skeletal muscle its striated
appearance. Skeletal muscle fibres.are capable of rapid contraction but can fatigue quickly. They
are controlled by the somatic nervous system, allowing precise and coordinated movements.

Short description: Diagram showing the structure of skeletal muscle fibres with sarcomeres
labelled.

-
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Caption: Figure 5.1 Structure of skeletal muscle fibres
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Fill in the blank: The repeating contractile units in skeletal muscle fibres are called

5.1.2 Smooth and cardiac muscle characteristics

Smooth muscle is found in the walls of internal organs such as the stomach, intestines, and
blood vessels. Unlike skeletal muscle, it is involuntary and non-striated, meaning it lacks the
banded appearance of sarcomeres. Smooth muscle contracts slowly but can sustain contractions
for long periods, making it ideal for regulating processes such as digestion and blood flow.

Cardiac muscle is found only in the heart. It is striated like skeletal muscle but involuntary like
smooth muscle. Cardiac muscle cells are connected by specialised junctions called intercalated
discs, which allow coordinated contraction across the heart. This ensures rhythmic pumping of
blood throughout the body. Cardiac muscle is highly resistant to fatigue, enabling the heart to

function.continuously throughout life.

Table 5.2 Comparison of skeletal, smooth, and cardiac muscle

Feature Skeletal Muscle Smooth Muscle Cardiac Muscle
Cell Striated: Long, Non-striated: Spindle- [Striated: Branched cells
Structure cylindrical, and shaped (tapered ends) connected by specialized
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Feature Skeletal Muscle Smooth Muscle Cardiac Muscle
unbranched. Contains with a single, central intercalated discs.
multiple nuclei per cell nucleus. [Usually one nucleus.
(multinucleated).

Voluntary: Controlled by Involuntary: Involuntary: antrolled
4 Controlled by the by the Autonomic
the Somatic Nervous .
Control . IAutonomic Nervous INervous System and
System (conscious .~ .
System, hormones, and [intrinsic pacemaker
thought). .
local chemicals. cells.
Speed of Fast and powerful: tires Slowest% sus.tal.ned Intermechate; rl.lyt.hm1c
Contraction easily (fatigable) contractions; hlghly anq continuous; highly
' resistant to fatigue. resistant to fatigue.
. Attached to the skeleton Rl Y hf)llow. FEANS Ik ound exclusively in the
Location ia tendons (stomach, intestines, heart (myocardium)
' blood vessels, bladder). Y '
IMoving substances
. Body movement, through internal Pumping blood
Primary SO . .
. maintaining posture, and passages (peristalsis) throughout the
Function . . .
heat production. and regulating blood circulatory system.
flow.

Fill in the blank: Cardiac muscle cells are connected by specialised junctions called

discs.

Pilot questions 5.1

What proteins form the contractile units in skeletal muscle?
What are the repeating units in skeletal muscle fibres called?
Where is smooth muscle found in the body?

What is the main function of intercalated discs in cardiac muscle?

Which type of muscle is voluntary and striated?
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5.2 Mechanisms Of Muscle Contraction
5.2.1 Sliding filament theory

The sliding filament theory explains how muscles contract at the microscopic level. Within
each sarcomere, the contractile proteins actin (thin filaments) and myosin (thick filaments)
interact. When a muscle is stimulated, myosin heads attach to actin filaments and pull them
inward, causing the sarcomere to shorten. This shortening of many sarcomeres in sequence
produces overall muscle contraction. ATP provides the energy for myosin to detach and reattach,
ensuring continuous sliding until the muscle relaxes. This theory highlights how microscoepic
interactions translate into visible movement.

Short description: Diagram showing actin and myosin filaments sliding past each other during
contraction.
Caption: Figure 5.3 Sliding filament theory of muscle contraction
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LEVEL 2: FILAMENT ARRANGEMENT & SLIDING MECHANISM
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e N\ fonymyosin) 4" e e — W
Tioscin_ 1~ pSp————g 7 - o =
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(Light Blue) | —L L A-BAND: ~ Filaments are pulled towards M- Lme I
I-Band -BAND I-B Includes entire length Actin & Myosin overlap increases.
(only actin)  (one Shwme tuniit)  (only “Ct'“) STk Hamen Thin filaments (actin) slide past thick filaments (myosin). SARCOMERE SHORTENS
m Thin r\ﬂmm NO CHANGE IN INDIVIDUAL FILAMENT LENGTH. Total sarcomere length reduced
LEVEL 3: MOLECULAR INTERACTION (CROSS-BRIDGE CYCLE)
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MYOSIN
Ca® BINDING 's“ngls'éa\ HERD o AW oound 3?.?."23'&':;?5:&'%5(?&?&
Ca? binds to Troponin,
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OER
Fill in the blank: The sliding filament theory involves the interaction of and myosin

filaments.
5:2.2 Neuromuscular junction and role of calcium

Musecle contraction begins at the neuromuscular junction, which is the site where a motor
neuron communicates with a muscle fibre. When a nerve impulse reaches the junction, it triggers
the release of a neurotransmitter called acetylcholine, which binds to receptors on the muscle
fibre membrane. This initiates an electrical signal that travels along the fibre, leading to the
release of calcium ions from storage sites within the muscle. Calcium binds to proteins on actin,

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



exposing binding sites for myosin. This allows the sliding filament process to occur. Without
calcium, contraction cannot take place, making it a critical regulator of muscular activity.

Box 5.4 Neuromuscular junction and calcium in contraction

Step Event Description
1 Action IAn electrical impulse travels down the motor neuron to the axon
Potential terminal.

Voltage-gated calcium channels open.in the neuron; $Ca”{2+}$ enters,
2 ACh Release triggering the release of the neurotransmitter Acetylcholine (ACh) into
the synaptic cleft.

IACh diffuses across the gap and binds to receptors on the muscle's

3 Binding motor end plate.
. lon channels-open, allowing Sodium ($Na”+$) to rush into the muscle
4 Depolarization . \ © . :
cell, creating a new electrical impulse (muscle action potential).
5 Termination The enzyme Acetylcholinesterase (AChE) breaks down ACh to

prevent continuous, unwanted contraction.

Fill in the blank: The neurotransmitter released at the neuromuscular junction is
Pilot questions 5.2

What two proteins interact in the sliding filament theory?

What energy molecule is required for muscle contraction?
What 1s the role of acetylcholine at the neuromuscular junction?
Which ion is essential for exposing binding sites on actin?
Where are calcium ions stored within the muscle fibre?

5.3 Physiology Of Movement In Animals
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5.3.1 Locomotion in invertebrates and vertebrates

Locomotion refers to the ability of animals to move from one place to another, and it varies
greatly between invertebrates and vertebrates. Invertebrates such as earthworms move using
peristaltic contractions, while insects rely on jointed appendages powered by muscles attached
to their exoskeleton. Fish use muscular contractions along their bodies to propel themselves
through water, while amphibians combine swimming with jumping. Birds achieve flight through
powerful wing muscles, and mammals use skeletal muscles to walk, run, or climb. These diverse
strategies highlight how muscle structure and arrangement are adapted to different environments
and lifestyles.

Short description: Diagram comparing locomotion in invertebrates (worms, insects) and
vertebrates (fish, birds, mammals).
Caption: Figure 5.5 Locomotion in invertebrates and vertebrates

COMPARATIVE ANATOMY & PHYSIOLOGY: ANIMAL LOCOMOTION (OER DIAGRAM)

CC8Y License [ 02 Commons

INVERTEBRATE LOCOMOTION VERTEBRATE LOCOMOTION
1. WORM (Earthworm): HYDROSTATIC SKELETON 3. FISH (Perch): AQUATIC SKELETON (ENDOSKELETON) INTERNAL ANATOMY
Earthworm . Cuticle Perca flavescens) il skeleton DORSAL & ANAL FINS Wiz
(Lumbricus terrestris) PERISTALTIC MOVEMENT Epidermis (Vertebea Columa)~, (i _ (prevent yawing)
Circular 7 99 e 7 /-

muscle layer

Longitudinal muscles  Circular muscl ,, 2 Lateral Muscles —@08 §
9 ehorten) (elongate) 3 ;‘ Longtudinal (MYOMERES, W-shaped o
3 (L4 muscle layer Eegmems] .
~~~~ R Do — S I AL Pl
A e Direction of body X {primary propulsion) Mechanism: Antagonistic muscle
4 - VT urdulation ~ PECTORALFINS PELVIC FINS | SWIM BLADDER segments flex flexible backbane to
Ventral nerve cord (steering) (stability)  (buoyancy control) | generate propulsive force in water.
Fluid-filled SETAE Contract-Anchor- oy - - - ———
COELOM {for anchoring) Extend sequence | ;‘ﬁ?&ﬂ;ﬁ"{:%fe"ﬁﬁi;“ﬁﬁ"“ 4. BIRD (Pigeon): AERIAL SKELETON recrorauss muscLe FLIGHT MUSCLE ACTION
PERISTALTIC MOVEMENT | and movement. ) Columba livia) Lightwelght, B (downstroke) Supracoracoideus
< - Hollow Bones &2 SUPRACORACOIDEUS
& MUSCLE (upstroke)
2. INSECT (Grasshopper): EXOSKELETON INSECT GAIT FUSED VERTEBRAE — SRCHADS, R
Chorthippus brunneus) Diect ERGAE Muacios (Synsacrum) =
PP FLIGHT {connect to wings) KEEL i WING surface
i (large Stemum for % N
Exoskeleton TRIPOD GAIT ) flight muscle attachment) Sg ~
(ﬂcsnmu) & (ELISH) v m PECTORALIS % ) (Mechanism: Lavge flight muscles on )
1 2 MUSCLE ) TAILFINS | @ specialized endoskeleton convert

5 a {dawnstroke) = | metabolic energy to lift and thrust.

.
Thorax deformation 3
Theoe pairs of LEGS 5 during flight 7 ,\ 7 ,\ 5. MAMMAL (Human): TERRESTRIAL SKELETON MUSCLE-BONE UNIT
(A, B C; tripad \ & ————' Homo sapiens) Endoskeleton Origin () Insertion
Q&'a?;’c;i‘;hf' d J Mechanism: Muscles attach to the (BONES & CARTILAGE) N
Left-C move together) Torst pairs OL, Grasslvinpe(’ 53‘333'&%%3&:{""‘1 outer shell Vertebral Column e
s J
ly
Tendon
COMPARATIVE LOCOMOTION SUMMARY CENTER OF SKELETAL MUSCLES
WORM INSECT FiSH BIRD MAMMAL MASS (2.9, Quadriceps, Bone
ANIMAL GROUP Earthworm Grasshopper Pectors Colunmoste | Human Gastrocnemius)
HABITAT habitat habitat | aquatic mapartiro | land o ————
SKELETAL SYSTEM Skeletal Skeletal Skeletal Kerlen Skeletal s-:"m‘sw _ ¢ m";y'm;'e‘:mﬁ":‘:m
MUSCLE ATTACHMENT & = | = IN | - Bal l—‘ar“’d«Scckél) STRIDE LENGTH | internal bones around joints for
PRIMARY MODES e W o o A - ®4 | P ’, | efficient, varied movement co | "y
EFFICIENCY [ ] ©ul | gee cr | v foRomfoRon

Fill in the blank: Earthworms move using a series of muscular contractions known as
contractions.

5.3.2 Energy supply and fatigue in muscles

Muscle activity requires a constant supply of energy, primarily in the form of ATP (adenosine
triphosphate). During short bursts of activity, ATP is generated through anaerobic pathways
such as glycolysis, while prolonged activity depends on aerobic respiration in mitochondria.
When energy demand exceeds supply, muscles experience fatigue, characterised by reduced
force and slower contraction. Fatigue occurs due to factors such as lactic acid accumulation,
depletion of energy reserves, and impaired calcium handling. Recovery involves replenishing
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ATP, removing waste products, and restoring ion balance. Understanding energy supply and
fatigue is essential for appreciating the limits of muscular performance.

Box 5.6 Energy supply and muscle fatigue

Feature Description Energy Source Duration

Immediate Phosphagen System: Uses storqd ATP and Creating 210
Creatine Phosphate (CP) to provide instant

Energy Phosphate seconds
power.

Short-term Apaeroblc Glycolysis: Breaks down glugose 12
without oxygen, producing ATP and lactic Glycogen/Glucose .

Energy . iminutes
acid.

Long-term Aerobic Respiration: .Uses oXygen to b‘real‘< Glucose/Fatty
down glucose, fatty acids, and amino acids in . Hours

Energy . . Acids
mitochondria.

Fill in the blank: The main energy molecule required for muscle contraction is

Pilot questions 5.3

How do earthworms achieve locomotion?
What type of muscular contractions do fish use for swimming?
Which muscles-allow birds to achieve flight?

What molecule provides energy for muscle contraction?
Name one cause of muscle fatigue.

Series Summary

This Series explored the physiology of movement and musculature, emphasising how muscles
enable animals to perform essential activities such as locomotion, feeding, and interaction with
their environment. We began by examining the structure of muscles and the types of muscle
tissue, distinguishing between skeletal, smooth, and cardiac muscles. Then we studied the
mechanisms of muscle contraction, focusing on the sliding filament theory and the role of the
neuromuscular junction and calcium. Finally, we analysed the physiology of movement in
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animals, considering locomotion strategies across invertebrates and vertebrates, as well as the
energy supply and fatigue that influence muscular performance.

By completing this Series, you should now be able to describe the structure and properties of
skeletal muscle, explain the characteristics of smooth and cardiac muscle, demonstrate
knowledge of the sliding filament theory, analyse the role of calcium and neuromuscular
junctions in contraction, compare locomotion strategies in different animal groups, and evaluate
how energy supply and fatigue affect muscular activity. These achievements align with the
Series Learning Outcomes and provide a solid foundation for understanding how muscles sustain
movement and performance.

Glossary of Terms

Actin: A thin protein filament in muscle fibres that interacts with myosin during contraction.

ATP (adenosine triphosphate): The main energy molecule required for muscle contraction.

Cardiac muscle: Striated, involuntary muscle found only in the heart, resistant to fatigue.

Intercalated discs: Specialised junctions connecting cardiac muscle cells for coordinated
contraction.

Locomotion: The ability of animals to move from one place to another.

Muscle fibre: A long cylindrical cell that makes up skeletal muscle tissue.

Myosin: A thick protein filament inmuscle fibres that binds to actin during contraction.

Neuromuscular junction: The site where a motor neuron communicates with a muscle fibre.

Sarcomere: The repeating contractile unit in skeletal muscle fibres.

Sliding filament theory: The explanation of muscle contraction based on actin and myosin
interaction.

Smooth muscle: Non-striated, involuntary muscle found in internal organs.

Concept Check Questions 5

Objective questions

The repeating contractile units in skeletal muscle fibres are called . (Linked to SLO
5.1)

Cardiac muscle cells:are connected by discs. (Linked to SLO 5.2)

The sliding filament theory involves the interaction of actin and filaments. (Linked to
SLO'5.3)

The neurotransmitter released at the neuromuscular junction is . (Linked to SLO 5.4)

The main energy molecule required for muscle contraction is . (Linked to SLO 5.6)

Short-answer questions

6. List the three types of muscle tissue. (Linked to SLO 5.2)

7. Explain the role of ATP in muscle contraction. (Linked to SLO 5.3)

8. What is the function of calcium ions in muscle contraction? (Linked to SLO 5.4)
9. Name one locomotion strategy used by invertebrates. (Linked to SLO 5.5)

10. State one cause of muscle fatigue. (Linked to SLO 5.6)

-
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Long-answer questions

11. Analyse the differences between skeletal, smooth, and cardiac muscle in terms of structure
and function. (Linked to SLO 5.1, SLO 5.2)

12. Evaluate the sliding filament theory and explain how ATP and calcium contribute to
contraction. (Linked to SLO 5.3, SLO 5.4)

13. Compare locomotion strategies in invertebrates and vertebrates, and discuss how energy
supply influences performance. (Linked to SLO 5.5, SLO 5.6)

Answers to Concept Check Questions 5
Objective questions

Sarcomeres.
Intercalated.
Myosin.
Acetylcholine.
ATP.

Short-answer questions

6. Skeletal, smooth, cardiac.

7. ATP provides energy for myosin to detach and reattach during contraction.
8. Calcium exposes binding sites on actin, allowing myosin to bind.

9. Peristaltic contractions in earthworms.

10. Lactic acid accumulation.

Long-answer questions

11. Basic response: Skeletal muscle s voluntary and striated, smooth muscle is involuntary and
non-striated, cardiac muscle is striated and involuntary.

Value-added response: These differences reflect adaptations to specific roles, with skeletal
muscle enabling rapid movement, smooth muscle regulating internal processes, and cardiac
muscle ensuring continuous pumping of blood.

Basic response: The sliding filament theory describes actin and myosin interaction, powered
by ATP and regulated by calcium.
Value-added response: ATP ensures continuous cycling of myosin heads, while calcium
precisely controls contraction, making the process efficient and adaptable.

Basic response: Invertebrates use peristalsis or jointed appendages, vertebrates use muscles
for swimming, flying, or walking.
Value-added response: Energy supply determines endurance, with aerobic pathways
supporting sustained activity and anaerobic pathways enabling short bursts of power.

Answers to Pilot Questions 5
Part 5.1

Actin and myosin.

-
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Sarcomeres.

Internal organs such as stomach and blood vessels.
Coordinated contraction of cardiac muscle cells.
Skeletal muscle.

Part 5.2

Actin and myosin.

ATP.

It binds to receptors on muscle fibres to initiate contraction.
Calcium.

Sarcoplasmic reticulum.

Part 5.3

Peristaltic contractions.
Muscular contractions along the body.
Wing muscles.

ATP.

Lactic acid accumulation.

References And Attributions 5
Ilustration placeholders suggested in Series S:

Figure 5.1 Structure of skeletal muscle fibres

Table 5.2 Comparison of skeletal, smooth, and cardiac muscle
Figure 5.3 Sliding filament theory of muscle contraction

Box 5.4 Neuromuscular junction and calcium in contraction
Figure 5.5 Locomotion in invertebrates and vertebrates

Box 5.6 Energy supply and muscle fatigue

Al prompt suggestions used for illustration placeholders:

Diagrams showing skeletal muscle fibres, sliding filament theory, and locomotion
strategies.

Tables comparing muscle types.

Boxes summarising neuromuscular junction and energy supply.

Open Educational Resource (OER) search strings suggested:

“skeletal muscle fibre sarcomere diagram OER”

“skeletal smooth cardiac muscle comparison table OER”
“sliding filament theory muscle contraction diagram OER”
“neuromuscular junction calcium role muscle contraction OER”
“locomotion invertebrates vertebrates diagram OER”
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“muscle energy supply fatigue physiology OER”
General references (APA style):

Schmidt-Nielsen, K. (1997). Animal Physiology: Adaptation and Environment.
Cambridge University Press.

Hill, R. W., Wyse, G. A., & Anderson, M. (2016). Animal Physiology. Sinauer
Associates.

OER Commons. (n.d.). Muscle physiology and movement resources. Retrieved from
https://www.oercommons.org
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