
 

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

 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 
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Series 1: Anatomy And External Features Of Mammals 

Series 2: Skeletal, Muscular, And Digestive Systems 

Series 3: Circulatory, Respiratory, And Excretory Functions 

Series 4: Nervous And Chemical Coordination In Mammals 

  

 

Series 1: Anatomy And External Features Of Mammals 

Part 1.1 External features of mammals 

1.1.1 General body plan and symmetry 

1.1.2 Skin and associated structures 

1.1.3 Adaptations of external features to environment 

Part 1.2 Anatomy of the mammalian body 

1.2.1 Basic internal organisation 

1.2.2 Organs and their positioning 

1.2.3 Relationship between anatomy and physiology 

Part 1.3 Adaptation and relevance of anatomy 

1.3.1 Structural adaptations to ecological niches 

1.3.2 Comparative anatomy in mammals 

1.3.3 Importance of anatomy in zoology and human development 

 

Introduction 

Mammals are among the most diverse and adaptable groups of animals, occupying environments 

that range from deserts to oceans. Their anatomy and external features provide the foundation for 

understanding how they survive, reproduce, and interact with their surroundings. This Series 
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introduces you to the basic organisation of the mammalian body and highlights how external 

features and internal anatomy are adapted to different environments. 

The aim of this Series is to provide you with a clear understanding of the external features and 

anatomical organisation of mammals, and to show how these structures relate to their physiology 

and ecological roles. 

We shall commence this Series by exploring the external features of mammals, including their 

body plan, skin, and environmental adaptations. Next, we will examine the anatomy of the 

mammalian body, focusing on internal organisation and the relationship between structure and 

function. Finally, we will conclude by considering how anatomical adaptations support 

ecological niches and human development, emphasising the relevance of zoology in broader 

contexts. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 1.1 define the general external features of mammals, 

SLO 1.2 describe the structure and functions of mammalian skin and associated features, 

SLO 1.3 explain how external features are adapted to different environments, 

SLO 1.4 outline the basic internal organisation of the mammalian body, 

SLO 1.5 identify the positioning of major organs in mammals, 

SLO 1.6 analyse the relationship between anatomy and physiology in mammals, 

SLO 1.7 evaluate structural adaptations of mammals to ecological niches, 

SLO 1.8 compare anatomical features across different mammalian groups, and 

SLO 1.9 assess the importance of mammalian anatomy in zoology and human development. 

 

1.1 External Features Of Mammals 

1.1.1 General body plan and symmetry 

Mammals exhibit a bilateral symmetry, meaning their bodies can be divided into two equal 

halves along a central axis. This body plan allows for streamlined movement and coordination of 

paired structures such as limbs, eyes, and ears. The general mammalian body plan includes a 

head, trunk, and limbs, with variations depending on habitat and lifestyle. 

 

Short description: Diagram showing the general body plan of a mammal with labelled head, 

trunk, and limbs. 

Caption: Figure 1.1 General body plan and symmetry of mammals 
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Fill in the blank: Mammals exhibit ______ symmetry, meaning their bodies can be divided into 

two equal halves. 

1.1.2 Skin and associated structures 

The skin is the largest organ of the mammalian body, serving as a protective covering. It consists 

of two main layers: the epidermis, which is the outer protective layer, and the dermis, which 

contains blood vessels, nerves, and connective tissue. Associated structures include hair, which 

provides insulation, sweat glands, which regulate temperature, and sebaceous glands, which 

secrete oils to maintain skin health. 

 

Short description: Image showing mammalian skin layers and associated structures such as hair 

follicles and glands. 



 

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

Caption: Plate 1.2 Mammalian skin and associated structures 

 

Fill in the blank: The outer protective layer of the skin is called the ______. 

1.1.3 Adaptations of external features to environment 

Mammals display a wide range of adaptations in their external features to suit different 

environments. For example, thick fur in polar bears provides insulation in cold climates, while 

reduced hair and sweat glands in desert mammals aid in heat regulation. Aquatic mammals such 

as whales have streamlined bodies and blubber for buoyancy and warmth. 

These adaptations highlight the close relationship between external features and survival in 

diverse ecological niches. 

Box 1.3 Examples of mammalian external adaptations 

 

 

Adaptation 
Mammal 

Example 
Primary Function Mechanism 

Dense, 

Translucent 

Fur 

Polar Bear Thermoregulation 

Hollow guard hairs trap heat and 

channel sunlight to black skin, while 

a thick undercoat provides insulation 

against Arctic air and water. 
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Adaptation 
Mammal 

Example 
Primary Function Mechanism 

Streamlined, 

Fusiform Body 

Whale / 

Dolphin 
Locomotion 

A "torpedo" shape reduces 

hydrodynamic drag, allowing 

efficient movement through dense 

water with minimal energy 

expenditure. 

Specialized 

Sweat Glands 

Desert 

Mammals (e.g., 

Horses, 

Camels) 

Evaporative 

Cooling 

High densities of sudoriferous glands 

allow for controlled moisture release, 

dissipating internal heat in high-

temperature environments. 

Large, 

Vascularized 

Ears 

Fennec Fox / 

African 

Elephant 

Heat Dissipation 

Extensive networks of blood vessels 

in large surface-area ears allow heat 

to radiate away from the body to 

prevent overheating. 

Waterproof 

Guard Hairs 

Sea Otter / 

Beaver 
Moisture Barrier 

Oily, interlocking hairs prevent water 

from reaching the skin, maintaining a 

dry insulating layer of air next to the 

body. 

 

Fill in the blank: Thick fur in polar bears is an adaptation for surviving in ______ climates. 

Pilot questions 1.1 

What type of symmetry do mammals exhibit? 

Name the two main layers of mammalian skin. 

State one function of hair in mammals. 

Give one example of an external adaptation in aquatic mammals. 

Why are external features important for mammalian survival? 

 

1.2 Anatomy Of The Mammalian Body 

1.2.1 Basic internal organisation 
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The anatomy of mammals refers to the structural arrangement of organs and tissues within the 

body. Mammals share a common internal organisation that includes major systems such as the 

digestive, circulatory, respiratory, excretory, and reproductive systems. These systems are 

housed within the trunk region, protected by the skeletal framework. 

This internal organisation ensures that physiological processes such as food digestion, blood 

circulation, and waste removal occur efficiently. 

 

Short description: Diagram showing the internal organisation of a mammal with labelled organ 

systems. 

Caption: Figure 1.4 Basic internal organisation of mammals 

 

Fill in the blank: The structural arrangement of organs and tissues within the body is called 

______. 

1.2.2 Organs and their positioning 

Mammalian organs are positioned in specific regions to optimise their functions. For example, 

the heart is located in the thoracic cavity between the lungs, while the stomach and intestines 

occupy the abdominal cavity. The kidneys lie towards the back of the abdominal cavity, and the 

brain is enclosed within the skull. 

This positioning allows organs to work together efficiently, with protective structures such as the 

rib cage and skull safeguarding vital organs. 

 

Short description: Image showing the positioning of major mammalian organs in the thoracic and 
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abdominal cavities. 

Caption: Plate 1.5 Positioning of major mammalian organs 

 

Fill in the blank: The heart is located in the ______ cavity between the lungs. 

1.2.3 Relationship between anatomy and physiology 

Physiology refers to the functions of organs and systems, while anatomy describes their 

structure. The two are closely related: the structure of an organ determines how it performs its 

function. For instance, the lungs have a large surface area to facilitate gas exchange, and the 

heart’s muscular walls enable it to pump blood effectively. 

Understanding this relationship helps explain how mammals adapt to different environments and 

maintain homeostasis. 

Box 1.6 Examples of structure–function relationships in mammals 

 

 

Organ 
Key Structural 

Feature 

Biological 

Function 
Relationship Explanation 

Lungs 
Alveolar 

Microstructure 
Gas Exchange 

Millions of tiny, grape-like sacs (alveoli) 

create a massive surface area for $O_2$ 
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Organ 
Key Structural 

Feature 

Biological 

Function 
Relationship Explanation 

and $CO_2$ to diffuse rapidly across thin 

epithelial membranes. 

Heart 
Four-Chambered 

Muscular Pump 

Double 

Circulation 

Complete separation of the left and right 

sides prevents the mixing of oxygenated 

and deoxygenated blood, ensuring high-

pressure delivery to tissues. 

Kidneys 
Nephron/Loop of 

Henle 
Osmoregulation 

The elongated, U-shaped tubules allow 

for a counter-current multiplier system 

that concentrates urine and conserves 

water effectively. 

Small 

Intestine 
Villi and Microvilli 

Nutrient 

Absorption 

Finger-like projections of the intestinal 

lining increase the internal surface area 

by over 60-fold, maximizing the uptake 

of digested food. 

 

Fill in the blank: The study of the functions of organs and systems is called ______. 

Pilot questions 1.2 

What does mammalian anatomy refer to? 

Name one organ located in the abdominal cavity. 

Where is the heart positioned in mammals? 

State one example of a structure–function relationship in mammals. 

Why is understanding anatomy important for physiology? 

 

1.3 Adaptation And Relevance Of Anatomy 

1.3.1 Structural adaptations to ecological niches 

Mammals exhibit structural adaptations, which are physical features that enable them to 

survive in specific environments. For instance, camels have long eyelashes and humps that help 

them withstand desert conditions, while dolphins possess streamlined bodies and fins suited for 
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aquatic life. These adaptations are closely linked to the ecological niches that mammals occupy, 

ensuring they can feed, reproduce, and protect themselves effectively. 

Short description: Diagram showing examples of mammalian adaptations to desert and aquatic 

environments. 

Caption: Figure 1.7 Structural adaptations of mammals to ecological niches 

 

Fill in the blank: Physical features that enable mammals to survive in specific environments are 

called structural ______. 

1.3.2 Comparative anatomy in mammals 

Comparative anatomy is the study of similarities and differences in the anatomical structures of 

different species. In mammals, comparative anatomy reveals both shared features, such as the 

presence of hair and mammary glands, and differences, such as variations in limb structures 

adapted for running, climbing, or swimming. 

This approach helps zoologists trace evolutionary relationships and understand how anatomy 

supports diverse lifestyles. 

Table 1.8 Comparative anatomical features in mammals 
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Feature Running (Cursorial) Climbing (Arboreal) Swimming (Aquatic) 

Body Shape 
Slender, deep-chested 

for lung capacity. 

Flexible, often with a low 

center of gravity. 

Fusiform (torpedo-

shaped) to reduce drag. 

Limbs 

Elongated distal 

segments (longer 

shins/feet). 

Often proportional; highly 

mobile at the shoulder/hip. 

Modified into flippers or 

paddles; shortened 

humerus. 

Foot Posture 

Digitigrade (on toes) 

or Unguligrade (on 

hooves). 

Plantigrade (flat-footed) 

for stability and grip. 

Broadened surface area; 

may be webbed or fluke-

like. 

Joint 

Mobility 

Restricted to a single 

plane (fore-aft) for 

efficiency. 

Highly rotational (ball-

and-socket) for 

multidirectional reach. 

Highly restricted/fused in 

the "neck" and distal 

limbs. 

Specialized 

Structures 

Strong ligaments to 

store elastic energy 

(e.g., Achilles). 

Prehensile tails, opposable 

digits, or sharp claws. 

Dorsal fins for stability; 

horizontal tail flukes for 

propulsion. 

Mammal 

Examples 

Horse, Cheetah, 

Greyhound. 
Gibbon, Squirrel, Sloth. Whale, Seal, Manatee. 

 

Fill in the blank: The study of similarities and differences in anatomical structures of species is 

called comparative ______. 

1.3.3 Importance of anatomy in zoology and human development 

The study of mammalian anatomy is important not only for zoology but also for human 

development. In zoology, anatomy provides insights into classification, adaptation, and 

ecological roles. For humans, understanding mammalian anatomy supports advances in 

medicine, agriculture, and conservation. For example, research on mammalian physiology has 

contributed to medical treatments and improved livestock management. 

Box 1.9 Importance of mammalian anatomy in zoology and human development 
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Pillar Significance and Application 

Classification 

(Taxonomy) 

Anatomy provides the physical evidence needed to group animals. 

Features like middle ear bones, specialized teeth, and skeletal structures 

allow zoologists to identify evolutionary relationships and organize the 

tree of life. 

Adaptation & 

Evolution 

Studying how structures (like limbs or fur) change across different 

environments helps scientists understand natural selection. It reveals how 

mammals "solved" challenges like flight, deep-sea diving, or desert 

survival. 

Medicine & 

Research 

Because of the high degree of anatomical homology (similarity) between 

humans and other mammals, species like mice or pigs are essential in 

biomedical research to develop surgeries, vaccines, and treatments for 

human diseases. 

Agriculture & 

Veterinary Science 

Knowledge of digestive and reproductive anatomy is vital for the efficient 

care and breeding of livestock. Understanding the "ruminant" stomach, for 

example, is key to optimizing nutrition and milk production in cattle. 

Conservation 

Biology 

Anatomy helps conservationists assess the health of endangered species. 

Necropsies (animal autopsies) on stranded whales or deceased rhinos 

provide critical data on pollution, diet, and disease threats to help prevent 

extinction. 

 

Fill in the blank: Research on mammalian physiology has contributed to medical treatments and 

improved ______ management. 

Pilot questions 1.3 

What are structural adaptations? 

Give one example of a mammalian adaptation to desert life. 

What does comparative anatomy study? 

State one shared anatomical feature of mammals. 

Mention one importance of mammalian anatomy to human development. 
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Series Summary 

This Series introduced the anatomy and external features of mammals, highlighting their 

importance in zoology and human development. We began by examining the general body plan 

and symmetry, then explored the structure and functions of the skin and its associated features, 

before considering how external features are adapted to different environments. We continued 

with the internal organisation of the mammalian body, the positioning of organs, and the close 

relationship between anatomy and physiology. Finally, we looked at structural adaptations to 

ecological niches, comparative anatomy across mammalian groups, and the relevance of 

anatomy to both zoology and human progress. 

By completing this Series, you should now be able to define external features, describe the skin 

and its structures, explain environmental adaptations, outline internal organisation, identify organ 

positioning, analyse structure–function relationships, evaluate adaptations to ecological niches, 

compare anatomical features across mammals, and assess the importance of anatomy in zoology 

and human development. These abilities align directly with the Series Learning Outcomes, 

equipping you with foundational knowledge of mammalian anatomy and its wider relevance. 

Glossary of Terms 

Adaptations: Physical or behavioural changes that help organisms survive in specific 

environments. 

Anatomy: The structural arrangement of organs and tissues within the body. 

Comparative anatomy: The study of similarities and differences in anatomical structures 

across species. 

Dermis: The inner layer of the skin containing blood vessels, nerves, and connective tissue. 

Epidermis: The outer protective layer of the skin. 

External features: Visible structures of mammals such as body plan, skin, and hair. 

Physiology: The study of the functions of organs and systems. 

Structural adaptations: Physical features that enable mammals to survive in specific 

ecological niches. 

Symmetry: The balanced arrangement of body parts; mammals exhibit bilateral symmetry. 

Concept Check Questions 1 

Objective questions 

Mammals exhibit ______ symmetry. (Linked to SLO 1.1) 

The outer protective layer of the skin is called the ______. (Linked to SLO 1.2) 

Thick fur in polar bears is an adaptation for surviving in ______ climates. (Linked to SLO 

1.3) 

The heart is located in the ______ cavity between the lungs. (Linked to SLO 1.5) 

The study of similarities and differences in anatomical structures of species is called 

comparative ______. (Linked to SLO 1.8) 
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Short-answer questions 

6. Define anatomy. (Linked to SLO 1.4) 

7. Name one associated structure of mammalian skin. (Linked to SLO 1.2) 

8. State one example of a structure–function relationship in mammals. (Linked to SLO 1.6) 

9. Mention one shared anatomical feature of mammals. (Linked to SLO 1.8) 

10. Why is mammalian anatomy important in zoology? (Linked to SLO 1.9) 

Long-answer questions 

11. Explain how external features of mammals are adapted to different environments. (Linked to 

SLO 1.3, 1.7) 

12. Analyse the relationship between anatomy and physiology in mammals, giving examples. 

(Linked to SLO 1.6) 

Answers to Concept Check Questions 1 

Objective questions 

Bilateral. 

Epidermis. 

Cold. 

Thoracic. 

Anatomy. 

Short-answer questions 

6. Anatomy is the structural arrangement of organs and tissues within the body. 

7. Hair follicle. 

8. Lungs have a large surface area for gas exchange. 

9. Presence of mammary glands. 

10. It helps in classification, adaptation studies, and understanding ecological roles. 

Long-answer questions 

11. Basic response: Mammals adapt through features such as fur for insulation, streamlined 

bodies for swimming, and sweat glands for heat regulation. 

Value-added response: These adaptations are linked to ecological niches, enabling mammals to 

thrive in deserts, polar regions, or aquatic environments. They demonstrate the relationship 

between external features and survival strategies. 

Basic response: Anatomy describes structure, while physiology explains function. For 

example, the heart’s muscular walls enable blood circulation. 

Value-added response: The lungs’ alveoli structure supports efficient gas exchange, and 

kidney positioning aids waste removal. This relationship shows how structure determines 

function and supports homeostasis. 

Answers to Pilot Questions 1 

Part 1.1 
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Bilateral symmetry. 

Epidermis and dermis. 

Insulation. 

Streamlined body in whales. 

They support survival in diverse environments. 

Part 1.2 

The structural arrangement of organs and tissues. 

Stomach. 

Thoracic cavity between the lungs. 

Lungs for gas exchange. 

It explains how organs function. 

Part 1.3 

Physical features that enable survival. 

Camel’s hump. 

Comparative anatomy. 

Hair. 

Medical research. 
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ZOO 101 Series 2 Skeletal, Muscular, And Digestive Systems 

Part 2.1 Skeletal system of mammals 

2.1.1 Structure and functions of the skeleton 

2.1.2 Types of bones and joints 

2.1.3 Adaptations of the skeletal system 

Part 2.2 Muscular system of mammals 

2.2.1 Types of muscles and their characteristics 

2.2.2 Functions of the muscular system 

2.2.3 Coordination between muscles and skeleton 

Part 2.3 Digestive system of mammals 

2.3.1 Structure of the digestive tract 

2.3.2 Digestion and absorption of food 

2.3.3 Nutritional adaptations in mammals 

 

Introduction 

In the last Series, we explored the anatomy and external features of mammals, focusing on their 

body plan, skin, and adaptations to different environments. Building on that foundation, this 

Series turns inward to examine the skeletal, muscular, and digestive systems, which together 

provide support, movement, and nourishment for survival. These systems are central to 

understanding how mammals function and adapt to their ecological niches. 

The aim of this Series is to equip you with knowledge of the skeletal, muscular, and digestive 

systems of mammals, highlighting their structures, functions, and adaptations. 

We shall commence this Series by studying the skeletal system, looking at its structure, 

functions, and adaptations. Next, we will move on to the muscular system, considering the types 

of muscles, their roles, and how they coordinate with the skeleton. Finally, we will conclude with 

https://www.oercommons.org/
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the digestive system, examining the structure of the digestive tract, the processes of digestion and 

absorption, and nutritional adaptations in mammals. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 2.1 describe the structure and functions of the mammalian skeletal system, 

SLO 2.2 classify types of bones and joints in mammals, 

SLO 2.3 explain adaptations of the skeletal system to different environments, 

SLO 2.4 identify types of muscles and their characteristics, 

SLO 2.5 explain the functions of the muscular system, 

SLO 2.6 analyse how muscles and skeletons coordinate to produce movement, 

SLO 2.7 outline the structure of the mammalian digestive tract, 

SLO 2.8 explain the processes of digestion and absorption of food, and 

SLO 2.9 evaluate nutritional adaptations in mammals. 

 

2.1 Skeletal System Of Mammals 

2.1.1 Structure and functions of the skeleton 

The skeleton is the internal framework of the mammalian body, composed of bones and 

cartilage. It provides support, protects vital organs, and allows movement in coordination with 

muscles. The skeleton also serves as a reservoir for minerals such as calcium and produces blood 

cells within the bone marrow. 

 

Short description: Diagram showing the mammalian skeleton with labelled major bones. 
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Caption: Figure 2.1 Structure of the mammalian skeleton 

 

Fill in the blank: The internal framework of the mammalian body composed of bones and 

cartilage is called the ______. 

2.1.2 Types of bones and joints 

Mammalian bones can be classified into four main types: long bones (such as the femur), short 

bones (such as the carpals), flat bones (such as the skull), and irregular bones (such as the 

vertebrae). Each type is adapted to specific functions, including support, protection, and 

movement. 

Joints are the points where two bones meet, allowing varying degrees of movement. They can be 

classified as fixed joints (immovable, such as in the skull), slightly movable joints (such as 

between vertebrae), and freely movable joints (such as the knee and shoulder). 

Table 2.2 Types of bones and joints in mammals 
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Bone 

Type 
Structural Characteristics Primary Function Mammalian Examples 

Long 

Bones 

Longer than they are wide; 

consist of a shaft (diaphysis) 

and two ends (epiphyses). 

Act as levers to enhance 

the speed and distance 

of movement. 

Humerus 

(arm/forelimb), Femur 

(thigh), Phalanges 

(fingers/toes). 

Short 

Bones 

Roughly cube-shaped; contain 

mostly spongy bone covered 

by a thin layer of compact 

bone. 

Provide stability and 

support with limited 

motion. 

Carpals (wrist), Tarsals 

(ankle). 

Flat 

Bones 

Thin, flattened, and usually 

curved; consist of two layers 

of compact bone sandwiching 

spongy bone. 

Provide broad surfaces 

for muscle attachment 

and protect internal 

organs. 

Scapula (shoulder 

blade), Sternum 

(breastbone), Cranial 

bones (skull). 

Irregular 

Bones 

Complex shapes that do not fit 

into other categories. 

Specialized functions 

such as protecting the 

spinal cord or providing 

attachment points. 

Vertebrae, Pelvis 

(innominate bone), 

Mandible (lower jaw). 

 

Fill in the blank: The femur is an example of a ______ bone. 

2.1.3 Adaptations of the skeletal system 

The mammalian skeleton shows adaptations that reflect lifestyle and environment. For example, 

the lightweight skeleton of birds (though not mammals, useful for comparison) aids flight, while 

aquatic mammals such as whales have modified limb bones forming flippers. Running mammals 

like horses have elongated limb bones for speed, while burrowing mammals have strong 

forelimbs for digging. 

These adaptations demonstrate how skeletal structures evolve to support survival in different 

ecological niches. 

Box 2.3 Adaptations of the mammalian skeletal system 
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Adaptation 
Mammal 

Example 
Structural Modification Functional Benefit 

Elongated 

Distal Limbs 

Horse 

(Equine) 

Extreme lengthening of the 

metacarpals/metatarsals (cannon 

bones) and reduction of digits to 

a single functional toe (the 

hoof). 

Speed & Efficiency: 

Increases stride length and 

reduces the weight of the 

lower limb, allowing for 

rapid, energy-efficient 

oscillation during running. 

Modified 

Pectoral 

Flippers 

Whale 

(Cetacean) 

Shortened, flattened humerus, 

radius, and ulna with extreme 

hyperphalangy (increased 

number of finger bones). 

Hydrodynamic Steering: 

Transforms the forelimb 

into a rigid, paddle-like 

surface for stability and 

steering in a dense fluid 

medium. 

Robust, 

Spatulate 

Forelimbs 

Mole (Talpid) 

Short, thick humerus with 

massive muscle attachment 

sites; broad, shovel-like paws 

with an extra "pre-hallux" bone. 

Power & Excavation: 

Provides the mechanical 

leverage and surface area 

required to displace heavy 

soil while resisting high 

compressive forces. 

Pneumatized / 

Lightened 

Bones 

Bat 

(Chiropteran) 

Elongation of the second 

through fifth digits to support a 

skin membrane (patagium); 

bones are thin and lightly 

mineralized. 

Powered Flight: Reduces 

the overall body mass and 

wing loading, enabling the 

lift and maneuverability 

required for true flight. 

 

Fill in the blank: Elongated limb bones in horses are an adaptation for increased ______. 

Pilot questions 2.1 

What is the skeleton composed of? 

Name one function of the skeleton. 

Give one example of a long bone. 

State one type of joint found in mammals. 

Mention one skeletal adaptation in aquatic mammals. 
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2.2 Muscular System Of Mammals 

2.2.1 Types of muscles and their characteristics 

Mammals possess three main types of muscles, which are specialised tissues that contract to 

produce movement. These are skeletal muscles, which are attached to bones and enable 

voluntary movement, smooth muscles, which are found in internal organs and control 

involuntary actions such as digestion, and cardiac muscle, which is found only in the heart and 

is responsible for pumping blood. 

Each muscle type has distinct characteristics. Skeletal muscles are striated and under conscious 

control, smooth muscles are non-striated and involuntary, while cardiac muscle is striated but 

involuntary, with unique properties such as rhythmic contractions. 

 

Short description: Diagram showing skeletal, smooth, and cardiac muscle tissues with labelled 

characteristics. 

Caption: Figure 2.4 Types of muscles in mammals 

 

Fill in the blank: The muscle type found only in the heart is called ______ muscle. 

2.2.2 Functions of the muscular system 

The muscular system enables movement, maintains posture, and generates heat. Skeletal 

muscles contract to move bones, smooth muscles regulate processes such as digestion and blood 

vessel diameter, and cardiac muscle ensures continuous blood circulation. 
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Muscles also play a role in stabilising joints and protecting internal organs. Without the muscular 

system, mammals would not be able to perform essential activities such as walking, breathing, or 

pumping blood. 

Table 2.5 Functions of the muscular system 

 

 

Function Primary Mechanism Biological Significance 

Movement 

(Locomotion) 

Contraction of skeletal 

muscles pulling on bones 

via tendons. 

Enables essential behaviors such as 

foraging, escaping predators, and social 

interaction. Includes both voluntary 

(walking) and involuntary (heartbeat) 

movement. 

Maintenance of 

Posture 

Continuous, low-level 

"tonic" contractions of core 

and spinal muscles. 

Counteracts the force of gravity to maintain 

a stable body configuration, whether 

standing, sitting, or balanced (e.g., a horse 

sleeping while standing). 

Heat Generation 

(Thermogenesis) 

Muscle contraction releases 

heat as a metabolic 

byproduct ($ATP$ 

hydrolysis). 

Critical for endothermy; mammals use 

shivering and general muscle activity to 

maintain a constant internal body 

temperature in cold climates. 

Organ Protection 

Layers of broad, flat 

muscles (especially in the 

abdominal wall) shield 

internal viscera. 

Provides a flexible but strong physical 

barrier for soft organs (like the intestines 

and liver) that lack the protection of a bony 

cage like the ribs. 

Circulation & 

Digestion 

Contraction of cardiac 

muscle (heart) and smooth 

muscle (vessels/gut). 

Facilitates the movement of blood through 

the vascular system and the passage of food 

through the digestive tract via peristalsis. 

 

Fill in the blank: Muscles generate ______ to help maintain body temperature. 

2.2.3 Coordination between muscles and skeleton 
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Movement in mammals results from the close coordination between muscles and the skeleton. 

Skeletal muscles attach to bones via tendons, which are strong connective tissues. When 

muscles contract, they pull on bones, producing movement at joints. 

This coordination allows mammals to perform complex actions such as running, climbing, and 

grasping. The efficiency of movement depends on the strength of muscles, the structure of bones, 

and the type of joint involved. 

Box 2.6 Coordination between muscles and skeleton 

 

 

Component 
Role in 

Coordination 
Functional Mechanism 

Tendons The Connectors 

Tough, inelastic bands of fibrous connective tissue 

(collagen) that anchor muscle to bone. They transmit the 

mechanical force of a contraction directly to the skeletal 

lever. 

Muscle 

Contraction 

The Power 

Source 

Triggered by nervous system impulses, muscle fibers slide 

past one another (Sliding Filament Theory), shortening the 

muscle and generating tension. 

Antagonistic 

Pairs 

The Directional 

Control 

Muscles can only pull, not push. Therefore, they work in 

pairs: a flexor (e.g., biceps) contracts to bend a joint, while 

an extensor (e.g., triceps) contracts to straighten it. 

Joint 

Articulation 
The Fulcrum 

The point where two bones meet. The type of joint (hinge, 

ball-and-socket, etc.) determines the direction and range of 

the resulting movement. 

 

Fill in the blank: Strong connective tissues that attach muscles to bones are called ______. 

Pilot questions 2.2 

Name the three types of muscles in mammals. 

Which muscle type is voluntary? 

State one function of the muscular system. 

What tissue connects muscles to bones? 
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Why is coordination between muscles and skeleton important? 

 

2.3 Digestive System Of Mammals 

2.3.1 Structure of the digestive tract 

The digestive system is responsible for breaking down food into simpler substances that can be 

absorbed and utilised by the body. In mammals, the digestive tract begins at the mouth, continues 

through the oesophagus, stomach, small intestine, and large intestine, and ends at the anus. 

Accessory organs such as the liver and pancreas play vital roles in producing enzymes and bile 

that aid digestion. 

 

Short description: Diagram showing the mammalian digestive tract with labelled organs. 

Caption: Figure 2.7 Structure of the mammalian digestive tract 

 

Fill in the blank: The digestive tract begins at the ______ and ends at the anus. 

2.3.2 Digestion and absorption of food 

Digestion is the process of breaking down food into smaller molecules, while absorption refers 

to the uptake of these molecules into the bloodstream. Mechanical digestion occurs in the mouth 

through chewing, while chemical digestion involves enzymes and acids in the stomach and 

intestines. 
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Absorption mainly takes place in the small intestine, where nutrients such as glucose, amino 

acids, and fatty acids pass into the blood or lymph. The large intestine absorbs water and forms 

faeces. 

Table 2.8 Processes of digestion and absorption in mammals 

 

 

Process Primary Mechanism Location(s) Biological Function 

Mechanical 

Digestion 

Physical breakdown of food 

into smaller pieces via 

mastication (chewing) and 

peristalsis (muscle 

contractions). 

Mouth, Stomach. 

Increases the surface area 

of food, allowing digestive 

enzymes to work more 

efficiently. 

Chemical 

Digestion 

Enzymatic hydrolysis where 

complex macromolecules 

(carbs, proteins, fats) are 

broken into monomers. 

Mouth (saliva), 

Stomach (gastric 

juice), Small 

Intestine. 

Chemically simplifies 

nutrients into molecules 

small enough to cross cell 

membranes (e.g., glucose, 

amino acids). 

Absorption 

Active and passive transport 

of nutrients from the intestinal 

lumen into the bloodstream or 

lymphatic system. 

Small Intestine 

(primary), Large 

Intestine 

(water/ions). 

Delivers essential nutrients 

to the body's cells for 

energy, growth, and repair. 

Elimination 

Compaction and removal of 

undigested waste (fiber, 

bacteria, sloughed cells). 

Large Intestine, 

Rectum, Anus. 

Removes indigestible 

material and maintains 

fluid balance by 

reabsorbing water. 

 

Fill in the blank: Nutrient absorption mainly occurs in the ______ intestine. 

2.3.3 Nutritional adaptations in mammals 

Mammals exhibit diverse nutritional adaptations depending on their diets. Herbivores such as 

cows have complex stomachs with specialised chambers for fermenting plant material. 

Carnivores like lions have shorter digestive tracts suited for protein digestion. Omnivores such as 

humans possess versatile digestive systems capable of processing both plant and animal matter. 
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These adaptations reflect ecological roles and ensure efficient utilisation of available food 

resources. 

Box 2.9 Nutritional adaptations in mammals 

 

 

Fill in the blank: Lions have shorter digestive tracts because they are primarily ______. 

Pilot questions 2.3 

What is the function of the digestive system? 

Name one accessory organ of digestion. 

Where does nutrient absorption mainly occur? 

Give one example of a nutritional adaptation in herbivores. 

Why do carnivores have shorter digestive tracts? 

 

Series Summary 

This Series examined the skeletal, muscular, and digestive systems of mammals, which together 

provide support, movement, and nourishment. We began with the skeletal system, considering its 

structure, functions, types of bones and joints, and adaptations to different environments. We 

then moved on to the muscular system, exploring the types of muscles, their functions, and how 

they coordinate with the skeleton to produce movement. Finally, we studied the digestive system, 

focusing on the structure of the digestive tract, the processes of digestion and absorption, and 

nutritional adaptations in herbivores, carnivores, and omnivores. 

By completing this Series, you should now be able to describe the skeletal system, classify bones 

and joints, explain skeletal adaptations, identify muscle types, analyse muscle functions and 

coordination, outline the digestive tract, explain digestion and absorption, and evaluate 

nutritional adaptations. These abilities align directly with the Series Learning Outcomes, 

equipping you with a clear understanding of how mammals maintain support, movement, and 

nutrition. 

Glossary of Terms 

Absorption: The process by which digested nutrients pass into the bloodstream or lymph. 

Bones: Hard structures that form the skeleton and provide support and protection. 

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

Cartilage: Flexible connective tissue that supports and cushions joints. 

Digestion: The breakdown of food into simpler molecules that can be absorbed. 

Digestive tract: The continuous tube from mouth to anus where food is processed. 

Joints: Points where two bones meet, allowing varying degrees of movement. 

Muscles: Specialised tissues that contract to produce movement. 
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Skeletal muscle: Striated, voluntary muscle attached to bones. 

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

Tendons: Strong connective tissues that attach muscles to bones. 

Concept Check Questions 2 

Objective questions 

The internal framework of the mammalian body is called the ______. (Linked to SLO 2.1) 

The femur is an example of a ______ bone. (Linked to SLO 2.2) 

Elongated limb bones in horses are an adaptation for increased ______. (Linked to SLO 2.3) 

The muscle type found only in the heart is called ______ muscle. (Linked to SLO 2.4) 

Nutrient absorption mainly occurs in the ______ intestine. (Linked to SLO 2.8) 

Short-answer questions 

6. State one function of the skeletal system. (Linked to SLO 2.1) 

7. Name one type of joint in mammals. (Linked to SLO 2.2) 

8. Give one function of the muscular system. (Linked to SLO 2.5) 

9. What tissue connects muscles to bones? (Linked to SLO 2.6) 

10. Mention one nutritional adaptation in herbivores. (Linked to SLO 2.9) 

Long-answer questions 

11. Explain how the skeletal system is adapted to different environments. (Linked to SLO 2.3) 

12. Analyse the coordination between muscles and skeleton in producing movement. (Linked to 

SLO 2.6) 

13. Evaluate nutritional adaptations in mammals, giving examples of herbivores, carnivores, and 

omnivores. (Linked to SLO 2.9) 

Answers to Concept Check Questions 2 

Objective questions 

Skeleton. 

Long. 

Speed. 

Cardiac. 

Small. 

Short-answer questions 

6. Protection of vital organs. 

7. Freely movable joint. 

8. Movement. 

9. Tendons. 

10. Complex stomach with fermentation chambers. 
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Long-answer questions 

11. Basic response: The skeleton adapts through features such as elongated limbs in horses and 

flippers in whales. 

Value-added response: These adaptations reflect ecological niches, enabling mammals to run 

swiftly, swim efficiently, or dig effectively. 

Basic response: Muscles contract and pull on bones via tendons, producing movement at 

joints. 

Value-added response: Coordination allows complex actions such as climbing, 

grasping, and running, depending on muscle strength and joint type. 

Basic response: Herbivores have complex stomachs, carnivores have short digestive tracts, 

and omnivores have versatile systems. 

Value-added response: These adaptations reflect ecological roles, ensuring efficient 

utilisation of food resources and supporting survival in diverse environments. 

Answers to Pilot Questions 2 

Part 2.1 

Bones and cartilage. 

Support. 

Femur. 

Fixed joint. 

Flippers in whales. 

Part 2.2 

Skeletal, smooth, cardiac. 

Skeletal muscle. 

Movement. 

Tendons. 

It enables complex actions. 

Part 2.3 

Breaking down food for absorption. 

Liver. 

Small intestine. 

Multi-chambered stomach. 

Because protein is easier to digest. 
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3.3.1 Structure of the kidney and urinary tract 

3.3.2 Functions of the excretory system and homeostasis 

3.3.3 Adaptations of the excretory system 

 

Introduction 

In the previous Series, we explored the skeletal, muscular, and digestive systems, which provide 

support, movement, and nourishment. In this Series, we turn our attention to the circulatory, 

respiratory, and excretory systems, which are essential for maintaining life by transporting 

nutrients, exchanging gases, and removing waste products. These systems work together to 

sustain homeostasis and ensure the survival of mammals in diverse environments. 

The aim of this Series is to provide you with a clear understanding of the circulatory, respiratory, 

and excretory systems of mammals, focusing on their structures, functions, and adaptations. 

We shall commence this Series by examining the circulatory system, beginning with the 

structure of the heart and blood vessels, followed by the functions of blood and circulation, and 

adaptations to different lifestyles. Next, we will move on to the respiratory system, considering 

the structure of respiratory organs, the mechanism of breathing and gas exchange, and 

respiratory adaptations. Finally, we will conclude with the excretory system, studying the 

structure of the kidney and urinary tract, the role of excretion in homeostasis, and adaptations 

that enable mammals to survive in varied environments. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 3.1 describe the structure of the mammalian heart and blood vessels, 

SLO 3.2 explain the functions of blood and circulation, 

SLO 3.3 evaluate adaptations of the circulatory system in mammals, 

SLO 3.4 outline the structure of mammalian respiratory organs, 

SLO 3.5 explain the mechanism of breathing and gas exchange, 

SLO 3.6 analyse respiratory adaptations in mammals, 

SLO 3.7 describe the structure of the kidney and urinary tract, 

SLO 3.8 explain the functions of the excretory system in maintaining homeostasis, and 

SLO 3.9 assess adaptations of the excretory system to different environments. 

 

3.1 Circulatory System Of Mammals 

3.1.1 Structure of the heart and blood vessels 
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The heart is a muscular organ that pumps blood throughout the body. In mammals, it is four-

chambered, consisting of two atria and two ventricles, which ensures separation of oxygenated 

and deoxygenated blood. This structure supports efficient double circulation, vital for 

maintaining high metabolic activity. 

Blood vessels are tubular structures that transport blood. They include arteries, which carry 

blood away from the heart, veins, which return blood to the heart, and capillaries, which are tiny 

vessels where exchange of gases and nutrients occurs. 

 

Short description: Diagram showing the mammalian heart with labelled chambers and major 

blood vessels. 

Caption: Figure 3.1 Structure of the mammalian heart and blood vessels 

 

Fill in the blank: Mammals have a ______-chambered heart that supports double circulation. 

3.1.2 Functions of blood and circulation 

Blood is a specialised fluid that transports oxygen, nutrients, hormones, and waste products. It 

also plays roles in immunity and temperature regulation. Circulation ensures that tissues receive 

oxygen and nutrients while waste products are removed. 

Mammals exhibit double circulation, meaning blood passes through the heart twice in one 

complete cycle: once to the lungs for oxygenation and once to the rest of the body. This system 

supports efficient delivery of oxygen to tissues. 
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Table 3.2 Functions of blood and circulation in mammals 

 

 

Function Primary Mechanism Biological Significance 

Transport 

Red blood cells 

(erythrocytes) and plasma 

carry molecules. 

Delivers $O_2$ from lungs to tissues and 

nutrients from the gut to cells. Removes 

$CO_2$ and metabolic wastes (like urea) for 

excretion. 

Immunity & 

Defense 

White blood cells 

(leukocytes) and 

antibodies circulate in the 

blood. 

Identifies and destroys pathogens (bacteria, 

viruses). Platelets and clotting factors prevent 

blood loss via hemostasis after injury. 

Regulation 

(Homeostasis) 

Distribution of heat and 

chemical signals 

(hormones). 

Maintains uniform body temperature by 

shunting blood to or from the skin. Regulates 

$pH$ and water balance within tissues using 

buffers and osmotic pressure. 

 

Fill in the blank: In mammals, blood passes through the heart twice in one complete cycle, a 

process called ______ circulation. 

3.1.3 Adaptations of the circulatory system 

The mammalian circulatory system shows adaptations to different lifestyles. For example, diving 

mammals such as seals can slow their heart rate to conserve oxygen, while active mammals like 

horses have strong hearts to support endurance. Small mammals often have faster heart rates to 

meet high metabolic demands. 

These adaptations highlight how circulation supports survival in varied ecological niches. 

Box 3.3 Adaptations of the mammalian circulatory system 
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Adaptation 

Group 

Mammal 

Example 

Key Physiological 

Modification 
Functional Benefit 

Diving 

Specialists 

Weddell Seal / 

Sperm Whale 

Bradycardia (slowing heart 

rate) and massive blood volume 

with high 

hemoglobin/myoglobin levels. 

Oxygen Conservation: 

Shunts blood only to the 

brain and heart during 

deep dives, while muscles 

rely on locally stored 

oxygen. 

High-Output 

Athletes 

Thoroughbred 

Horse 

Splenic Contraction: The 

spleen acts as a reservoir, 

injecting up to 12 liters of 

oxygen-rich red blood cells into 

circulation during exertion. 

Natural Blood Doping: 

Increases the blood's 

oxygen-carrying capacity 

by up to 50% 

instantaneously to meet 

the massive aerobic 

demands of sprinting. 

High-

Metabolic 

Small 

Mammals 

Shrew / 

Hummingbird 

Hawkmoth 

Extremely high resting heart 

rates (up to 1,200 bpm) and 

relatively large heart-to-body 

mass ratios. 

Rapid Nutrient Delivery: 

Necessary to sustain the 

intense cellular respiration 

required for endothermy in 

animals with high surface-

area-to-volume ratios. 

 

Fill in the blank: Seals conserve oxygen while diving by slowing their ______ rate. 

Pilot questions 3.1 

How many chambers does the mammalian heart have? 

Name one type of blood vessel. 

What is the main function of blood? 

What type of circulation do mammals exhibit? 

Give one example of a circulatory adaptation in mammals. 

 

3.2 Respiratory System Of Mammals 

3.2.1 Structure of the respiratory organs 
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The respiratory system in mammals is designed to facilitate the exchange of gases. The main 

organs include the nasal cavity, which filters and warms air, the trachea, which serves as the 

airway, the lungs, which house millions of tiny air sacs called alveoli, and the diaphragm, a 

muscular sheet that aids breathing. The alveoli provide a large surface area for efficient gas 

exchange. 

 

Short description: Diagram showing mammalian respiratory organs with labelled nasal cavity, 

trachea, lungs, alveoli, and diaphragm. 

Caption: Figure 3.4 Structure of mammalian respiratory organs 

 

Fill in the blank: Tiny air sacs in the lungs that provide a large surface area for gas exchange are 

called ______. 

3.2.2 Mechanism of breathing and gas exchange 

Breathing involves two phases: inhalation and exhalation. During inhalation, the diaphragm 

contracts and moves downward, while the rib cage expands, allowing air to enter the lungs. 

During exhalation, the diaphragm relaxes and moves upward, pushing air out of the lungs. 

Gas exchange occurs in the alveoli, where oxygen diffuses into the blood and carbon dioxide 

diffuses out. This process is driven by differences in concentration gradients between the alveoli 

and the blood. 

Table 3.5 Mechanism of breathing and gas exchange 
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Process 
Primary 

Mechanism 
Muscle Action Pressure Change Result 

Inhalation 

(Inspiration) 

Active Process: 

Expansion of the 

thoracic cavity. 

Diaphragm 

contracts (moves 

down); External 

intercostals 

contract (ribs move 

up/out). 

Thoracic pressure 

becomes lower 

than atmospheric 

pressure (negative 

pressure). 

Air is pulled 

into the lungs to 

equalize 

pressure. 

Exhalation 

(Expiration) 

Passive Process: 

Elastic recoil of 

the lungs and 

chest wall. 

Diaphragm relaxes 

(moves up); 

External 

intercostals relax 

(ribs move 

down/in). 

Thoracic pressure 

becomes higher 

than atmospheric 

pressure. 

Air is pushed 

out of the lungs. 

Gas 

Exchange 

(External) 

Passive 

Diffusion: 

Movement across 

the respiratory 

membrane. 

Alveolar-capillary 

interface. 

Partial pressure 

gradients ($PO_2$ 

and $PCO_2$). 

$O_2$ moves 

from alveoli 

into blood; 

$CO_2$ moves 

from blood into 

alveoli. 

 

Fill in the blank: Oxygen diffuses into the blood at the ______. 

3.2.3 Respiratory adaptations in mammals 

Mammals exhibit respiratory adaptations that enable survival in different environments. For 

example, aquatic mammals such as whales and dolphins can hold their breath for extended 

periods due to efficient oxygen storage in muscles. High-altitude mammals like yaks have larger 

lungs and more haemoglobin to cope with low oxygen levels. Small mammals often have rapid 

breathing rates to meet high metabolic demands. 

These adaptations highlight the versatility of the mammalian respiratory system. 

Box 3.6 Respiratory adaptations in mammals 

 

 



 

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

Adaptation 

Group 

Mammal 

Example 

Key Physiological / 

Structural Modification 
Functional Benefit 

Deep-Sea 

Divers 

Whales 

(Cetaceans) 

Rapid Alveolar Collapse: 

Flexible ribcages allow lungs 

to collapse safely under 

pressure, pushing air into 

non-absorptive passages. 

Prevents "The Bends": Stops 

nitrogen from dissolving into 

the blood at high pressure and 

minimizes gas exchange during 

the dive to conserve oxygen. 

High-Altitude 

Residents 

Yaks / Snow 

Leopards 

Increased Alveolar Surface 

Area: Larger lungs relative 

to body size and a higher 

density of capillaries 

surrounding the alveoli. 

Hypoxia Tolerance: 

Maximizes the extraction of 

oxygen from "thin" air where 

the partial pressure of oxygen 

($PO_2$) is significantly lower 

than at sea level. 

High-

Metabolic 

Small 

Mammals 

Shrews / 

Bats 

Thin Blood-Air Barrier: An 

exceptionally thin respiratory 

membrane and high 

mitochondrial density in the 

diaphragm. 

Rapid Diffusion: Supports the 

massive aerobic demands of 

flight or a high-surface-area 

metabolism by accelerating the 

rate of gas exchange. 

 

Fill in the blank: Whales store oxygen efficiently in their ______ to survive long dives. 

Pilot questions 3.2 

Name one organ of the mammalian respiratory system. 

What are alveoli and what is their function? 

State one difference between inhalation and exhalation. 

Where does gas exchange occur in mammals? 

Give one example of a respiratory adaptation in high-altitude mammals. 

 

3.3 Excretory System Of Mammals 

3.3.1 Structure of the kidney and urinary tract 

The excretory system in mammals is responsible for removing waste products and maintaining 

internal balance. The primary organs are the kidneys, which filter blood to remove excess water, 
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salts, and nitrogenous wastes. Each kidney contains millions of tiny units called nephrons, 

which are the functional units of filtration. 

The urinary tract includes the ureters, which carry urine from the kidneys to the bladder, the 

bladder itself, which stores urine, and the urethra, which expels urine from the body. 

 

Short description: Diagram showing the mammalian kidney and urinary tract with labelled 

nephrons, ureters, bladder, and urethra. 

Caption: Figure 3.7 Structure of the mammalian kidney and urinary tract 

 

Fill in the blank: The functional units of filtration in the kidney are called ______. 

3.3.2 Functions of the excretory system and homeostasis 

The excretory system performs several vital functions. It removes metabolic wastes such as urea, 

regulates water and salt balance, and maintains homeostasis, which is the stable internal 

environment necessary for survival. 

By controlling the composition of blood, the kidneys help regulate blood pressure and maintain 

the correct pH balance. This ensures that cells function optimally. 

Table 3.8 Functions of the excretory system in mammals 
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Function Primary Mechanism Biological Significance 

Waste Removal 

Filtration of blood in the 

glomerulus and secretion in 

the tubules. 

Eliminates metabolic byproducts like 

urea (from protein breakdown), uric 

acid, and creatinine, preventing toxic 

buildup in tissues. 

Water Balance 

(Osmoregulation) 

Concentration of urine via the 

Loop of Henle and the action 

of ADH (Antidiuretic 

Hormone). 

Maintains the correct hydration levels 

by reabsorbing water into the blood or 

excreting excess to prevent cellular 

swelling or dehydration. 

Blood Pressure 

Regulation 

Release of the enzyme renin 

and control of sodium 

($Na^+$) reabsorption. 

Adjusts blood volume; by retaining or 

releasing salt and water, the kidneys 

directly influence the pressure within 

the circulatory system. 

pH Control (Acid-

Base Balance) 

Selective secretion of 

hydrogen ions ($H^+$) and 

reabsorption of bicarbonate 

($HCO_3^-$). 

Keeps the blood $pH$ within a narrow, 

life-sustaining range (approx. 7.4) to 

ensure enzymes and proteins function 

correctly. 

 

Fill in the blank: The stable internal environment maintained by the excretory system is called 

______. 

3.3.3 Adaptations of the excretory system 

Mammals show excretory adaptations that reflect their environments. Desert mammals such as 

kangaroo rats produce highly concentrated urine to conserve water. Aquatic mammals excrete 

dilute urine because water is abundant. Larger mammals often have kidneys adapted to filter 

large volumes of blood efficiently. 

These adaptations demonstrate how the excretory system supports survival in diverse ecological 

niches. 

Box 3.9 Adaptations of the mammalian excretory system 
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Adaptation 

Group 

Mammal 

Example 

Key Structural / 

Physiological Modification 
Functional Benefit 

Arid-Land 

Specialists 

Kangaroo 

Rat / 

Camel 

Extra-Long Loops of Henle: 

A significantly thickened 

renal medulla allows for a 

massive osmotic gradient. 

Water Conservation: Produces 

"hyper-concentrated" urine (up to 

20 times the concentration of 

blood), allowing the animal to 

survive with little to no drinking 

water. 

Marine / 

Aquatic 

Specialists 

Whales / 

Seals 

Reniculated (Lobulated) 

Kidneys: The kidney is 

divided into hundreds of 

small, independent "reniculi," 

each acting like a miniature 

kidney. 

High-Solute Processing: 

Increases the total surface area for 

filtration and reabsorption, 

allowing the animal to process the 

high salt intake from seawater and 

prey. 

Large-

Bodied 

Mammals 

Elephants / 

Rhinos 

High Glomerular Filtration 

Rate (GFR): Massive renal 

blood flow and a high density 

of nephrons. 

Efficient Toxin Clearance: 

Allows for the rapid processing of 

large volumes of blood to clear 

metabolic wastes and maintain 

$pH$ balance in a high-mass 

organism. 

 

Fill in the blank: Kangaroo rats conserve water by producing highly ______ urine. 

Pilot questions 3.3 

What are the functional units of the kidney? 

Name one organ in the urinary tract. 

State one function of the excretory system. 

What is homeostasis? 

Give one example of an excretory adaptation in desert mammals. 

 

Series Summary 

This Series focused on the circulatory, respiratory, and excretory systems of mammals, which 

together sustain life by transporting nutrients, exchanging gases, and removing waste products. 

We began with the circulatory system, examining the structure of the heart and blood vessels, the 
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functions of blood and circulation, and adaptations to different lifestyles. We then moved on to 

the respiratory system, considering the structure of respiratory organs, the mechanism of 

breathing and gas exchange, and respiratory adaptations. Finally, we studied the excretory 

system, looking at the structure of the kidney and urinary tract, the functions of excretion in 

maintaining homeostasis, and adaptations to varied environments. 

By completing this Series, you should now be able to describe the structure of the heart, blood 

vessels, respiratory organs, and kidneys, explain the functions of circulation, breathing, and 

excretion, analyse adaptations of these systems to ecological niches, and evaluate their roles in 

maintaining homeostasis. These abilities align directly with the Series Learning Outcomes, 

giving you a comprehensive understanding of how mammals sustain vital processes. 

Glossary of Terms 

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

Arteries: Blood vessels that carry blood away from the heart. 

Capillaries: Small blood vessels where exchange of gases and nutrients takes place. 

Circulation: The movement of blood through the heart, lungs, and body. 

Diaphragm: A muscular sheet that aids breathing by contracting and relaxing. 

Double circulation: A system in mammals where blood passes through the heart twice in 

one complete cycle. 

Homeostasis: The stable internal environment maintained by the body. 

Kidneys: Organs that filter blood to remove waste and regulate water balance. 

Nephrons: Functional units of the kidney responsible for filtration. 

Ureters: Tubes that carry urine from the kidneys to the bladder. 

Veins: Blood vessels that return blood to the heart. 

Concept Check Questions 3 

Objective questions 

Mammals have a ______-chambered heart. (Linked to SLO 3.1) 

Blood passes through the heart twice in one complete cycle, a process called ______ 

circulation. (Linked to SLO 3.2) 

Tiny air sacs in the lungs where gas exchange occurs are called ______. (Linked to SLO 3.4) 

Oxygen diffuses into the blood at the ______. (Linked to SLO 3.5) 

The functional units of the kidney are called ______. (Linked to SLO 3.7) 

Short-answer questions 

6. State one function of blood. (Linked to SLO 3.2) 

7. Name one respiratory organ in mammals. (Linked to SLO 3.4) 

8. What is homeostasis? (Linked to SLO 3.8) 

9. Give one example of a circulatory adaptation in mammals. (Linked to SLO 3.3) 

10. Mention one excretory adaptation in desert mammals. (Linked to SLO 3.9) 



 

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

Long-answer questions 

11. Explain how the circulatory system supports survival in different environments. (Linked to 

SLO 3.3) 

12. Analyse the mechanism of breathing and gas exchange in mammals. (Linked to SLO 3.5) 

13. Evaluate the role of the excretory system in maintaining homeostasis, giving examples of 

adaptations. (Linked to SLO 3.8, 3.9) 

Answers to Concept Check Questions 3 

Objective questions 

Four. 

Double. 

Alveoli. 

Alveoli. 

Nephrons. 

Short-answer questions 

6. Transport of oxygen and nutrients. 

7. Lungs. 

8. The stable internal environment maintained by the body. 

9. Seals slowing heart rate while diving. 

10. Producing concentrated urine. 

Long-answer questions 

11. Basic response: The circulatory system adapts through features such as strong hearts in 

active mammals and slower heart rates in diving mammals. 

Value-added response: These adaptations reflect ecological niches, enabling mammals to 

conserve oxygen, sustain endurance, or meet high metabolic demands. 

Basic response: Breathing involves inhalation and exhalation, with gas exchange occurring 

in alveoli. 

Value-added response: Oxygen diffuses into blood while carbon dioxide diffuses out, 

driven by concentration gradients, ensuring efficient respiration. 

Basic response: The excretory system removes waste and regulates water balance to 

maintain homeostasis. 

Value-added response: Adaptations such as concentrated urine in desert mammals and 

dilute urine in aquatic mammals demonstrate how excretion supports survival in diverse 

environments. 

Answers to Pilot Questions 3 

Part 3.1 

Four. 

Artery. 
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Transport of oxygen. 

Double circulation. 

Seals slowing heart rate. 

Part 3.2 

Lungs. 

Tiny air sacs for gas exchange. 

Inhalation involves diaphragm contraction, exhalation involves relaxation. 

Alveoli. 

Larger lungs in yaks. 

Part 3.3 

Nephrons. 

Bladder. 

Removal of waste. 

Stable internal environment. 

Concentrated urine. 

References And Attributions 3 

Open Educational Resource (OER) search strings suggested for illustrations: 

“mammalian heart blood vessels labelled diagram OER” 

“functions of blood circulation mammals OER” 

“mammal circulatory adaptations diving horse small mammals OER” 

“mammalian respiratory system labelled diagram OER” 

“mechanism of breathing gas exchange mammals OER” 

“respiratory adaptations mammals whales yaks small mammals OER” 

“mammalian kidney urinary tract labelled diagram OER” 

“functions of excretory system mammals OER” 

“mammal excretory adaptations desert aquatic large mammals OER” 

AI prompt suggestions used for illustration placeholders: 

Diagram of mammalian heart and blood vessels. 

Table of blood functions. 

Box of circulatory adaptations. 

Diagram of respiratory organs. 

Table of breathing and gas exchange. 

Box of respiratory adaptations. 

Diagram of kidney and urinary tract. 

Table of excretory functions. 

Box of excretory adaptations. 



 

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

General references consulted for Series content (APA style): 

Kardong, K. V. (2018). Vertebrates: Comparative anatomy, function, evolution. 

McGraw-Hill. 

Kent, G. C., & Carr, R. K. (2001). Comparative anatomy of the vertebrates. McGraw-

Hill. 

OER Commons. (n.d.). Zoology and anatomy resources. Retrieved from 

https://www.oercommons.org 

 

ZOO 101 Series 4 Nervous And Chemical Coordination In 

Mammals 

Part 4.1 Nervous system of mammals 

4.1.1 Structure of the central and peripheral nervous systems 

4.1.2 Functions of neurons and nerve impulses 

4.1.3 Adaptations of the nervous system 

Part 4.2 Sense organs and responses 

4.2.1 Structure and functions of major sense organs 

4.2.2 Reflex actions and voluntary responses 

4.2.3 Adaptations of sense organs 

Part 4.3 Chemical coordination in mammals 

4.3.1 Structure and role of endocrine glands 

4.3.2 Functions of hormones in regulation 

4.3.3 Adaptations of chemical coordination mechanisms 

 

Introduction 

In the last Series, we explored the circulatory, respiratory, and excretory systems, which sustain 

life by transporting nutrients, exchanging gases, and removing waste. In this Series, we shift our 

focus to nervous and chemical coordination, which are essential for communication within the 

body and for responding to changes in the environment. These systems ensure that mammals can 

detect stimuli, process information, and regulate internal processes effectively. 

The aim of this Series is to provide you with knowledge of how mammals coordinate their 

activities through the nervous system, sense organs, and chemical messengers, highlighting their 

structures, functions, and adaptations. 

We shall commence this Series by examining the nervous system, beginning with the structure of 

the central and peripheral systems, followed by the functions of neurons and nerve impulses, and 

adaptations for survival. Next, we will move on to sense organs, considering their structures, 

functions, and roles in reflex and voluntary responses. Finally, we will conclude with chemical 

https://www.oercommons.org/


 

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

coordination, studying endocrine glands, the functions of hormones, and adaptations that enable 

mammals to regulate their internal environment. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 4.1 describe the structure of the central and peripheral nervous systems in mammals, 

SLO 4.2 explain the functions of neurons and the transmission of nerve impulses, 

SLO 4.3 evaluate adaptations of the nervous system to different environments, 

SLO 4.4 outline the structure and functions of major mammalian sense organs, 

SLO 4.5 distinguish between reflex actions and voluntary responses, 

SLO 4.6 analyse adaptations of sense organs in mammals, 

SLO 4.7 describe the structure and role of endocrine glands, 

SLO 4.8 explain the functions of hormones in regulating body processes, and 

SLO 4.9 assess adaptations of chemical coordination mechanisms in mammals. 

 

4.1 Nervous System Of Mammals 

4.1.1 Structure of the central and peripheral nervous systems 

The nervous system is the body’s communication network, responsible for detecting stimuli, 

transmitting signals, and coordinating responses. It is divided into the central nervous system 

(CNS), which consists of the brain and spinal cord, and the peripheral nervous system (PNS), 

which includes all nerves outside the CNS. The CNS processes information, while the PNS 

carries signals to and from the rest of the body. 

 

Short description: Diagram showing the mammalian nervous system with labelled brain, spinal 

cord, and peripheral nerves. 
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Caption: Figure 4.1 Structure of the mammalian nervous system 

 

Fill in the blank: The brain and spinal cord together form the ______ nervous system. 

4.1.2 Functions of neurons and nerve impulses 

Neurons are specialised cells that transmit information through electrical and chemical signals. 

Each neuron has a cell body, dendrites that receive signals, and an axon that carries impulses 

away. The transmission of signals along neurons is called a nerve impulse, which allows rapid 

communication across the body. 

Nerve impulses travel in one direction and are transmitted across gaps between neurons called 

synapses, using chemical messengers known as neurotransmitters. This system ensures precise 

and coordinated responses. 

Table 4.2 Structure and functions of neurons 

 

 

Neuron 

Part 
Structural Characteristics Primary Function 

Cell Body 

(Soma) 

Contains the nucleus, 

mitochondria, and ribosomes. 

The metabolic center of the cell; it integrates 

incoming signals and maintains the neuron's 

survival and growth. 
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Neuron 

Part 
Structural Characteristics Primary Function 

Dendrites 
Branch-like extensions protruding 

from the cell body. 

Input Zone: Receives chemical signals 

(neurotransmitters) from other neurons and 

converts them into electrical impulses. 

Axon 
A long, slender projection 

extending away from the soma. 

Conduction Zone: Transmits electrical 

impulses (action potentials) over long 

distances to other neurons, muscles, or glands. 

Synapse 

The microscopic gap between the 

axon terminal of one neuron and 

the dendrite of the next. 

Output Zone: The site where electrical 

signals are converted into chemical messages 

to cross the junction and trigger the next cell. 

 

Fill in the blank: The gaps between neurons where signals are transmitted are called ______. 

4.1.3 Adaptations of the nervous system 

The mammalian nervous system shows adaptations that support survival in different 

environments. For example, nocturnal mammals such as bats have highly developed auditory 

systems, while predators like lions have fast reflexes for hunting. Aquatic mammals such as 

dolphins use echolocation, an advanced sensory adaptation linked to their nervous system. 

These adaptations highlight the versatility of the nervous system in enabling mammals to detect, 

process, and respond to stimuli effectively. 

Box 4.3 Adaptations of the mammalian nervous system 

 

 

Adaptation 

Group 

Mammal 

Example 

Key Neural/Sensory 

Modification 
Functional Benefit 

Acoustic 

Imaging 
Microbats 

Enlarged inferior colliculus 

(auditory processing center) 

and specialized cochlear 

structures. 

Echolocation: Allows the bat to 

create a high-resolution "sound 

map" of its environment to hunt 

tiny insects in total darkness. 
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Adaptation 

Group 

Mammal 

Example 

Key Neural/Sensory 

Modification 
Functional Benefit 

High-Speed 

Motor 

Response 

Lions / 

Leopards 

High density of fast-

conducting motor neurons 

and an enlarged cerebellum 

for balance. 

Predatory Reflexes: Enables 

explosive acceleration and 

precise limb coordination during 

a hunt, allowing the brain to 

adjust movements mid-leap. 

Sonar 

Navigation 

Dolphins 

(Cetaceans) 

Melon (fatty forehead 

organ) for focusing sound 

and an auditory cortex up to 

7x larger than a human's. 

Biosonar: Provides the ability to 

"see" through murky water and 

detect the size, shape, and even 

internal density of objects miles 

away. 

 

Fill in the blank: Dolphins use ______ as a sensory adaptation linked to their nervous system. 

Pilot questions 4.1 

What are the two main divisions of the mammalian nervous system? 

Name one part of a neuron. 

What is the transmission of signals along neurons called? 

What are synapses? 

Give one example of a nervous system adaptation in mammals. 

 

4.2 Sense Organs And Responses 

4.2.1 Structure and functions of major sense organs 

Mammals rely on sense organs to detect changes in their environment. The five main 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 convert stimuli into 

nerve impulses, which are then transmitted to the brain for interpretation. 

 

Short description: Diagram showing the five mammalian sense organs with labelled structures. 
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Caption: Figure 4.4 Major mammalian sense organs 

 

Fill in the blank: The organ responsible for detecting smell in mammals is the ______. 

4.2.2 Reflex actions and voluntary responses 

A reflex action is an automatic, rapid response to a stimulus, such as withdrawing your hand 

from a hot object. Reflexes are controlled by the spinal cord and do not require conscious 

thought. In contrast, voluntary responses involve conscious control by the brain, such as 

deciding to pick up a book. 

Reflexes protect the body from harm, while voluntary responses allow for deliberate and 

complex actions. 

Table 4.5 Differences between reflex actions and voluntary responses 

 

 

Feature Reflex Action Voluntary Response 

Speed 
Instantaneous: Extremely rapid as it 

bypasses the conscious brain. 

Slower: Requires time for the brain to 

process information and "decide." 
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Feature Reflex Action Voluntary Response 

Pathivity 
Involuntary: Occurs automatically 

without conscious thought. 

Conscious: Initiated by the 

organism’s "will" or intent. 

Neural 

Pathway 

Reflex Arc: Usually involves only the 

spinal cord or brainstem. 

Complex Circuit: Involves the 

cerebral cortex (higher brain centers). 

Control 
Fixed: The same stimulus almost always 

produces the same result. 

Flexible: The response can be 

modified based on past experience or 

context. 

Examples 
Pulling a hand away from a hot stove; 

blinking when an object nears the eye. 

Reaching for a glass of water; 

deciding to run toward a target. 

 

Fill in the blank: Reflex actions are controlled by the ______ cord and do not require conscious 

thought. 

4.2.3 Adaptations of sense organs 

Mammals show adaptations in their sense organs to suit their environments. For example, 

nocturnal mammals such as owls have large eyes adapted for low-light vision. Aquatic mammals 

like seals have sensitive whiskers to detect movement in water. Predatory mammals such as cats 

have sharp vision and hearing to aid hunting. 

These adaptations ensure that mammals can detect stimuli effectively and respond appropriately 

to survive. 

Box 4.6 Adaptations of mammalian sense organs 

 

 

Adaptation 

Group 

Animal 

Example 

Key Anatomical / 

Physiological 

Modification 

Functional Benefit 

Nocturnal 

Visuals 
Cats (Felids) 

Tapetum Lucidum: A 

reflective layer behind the 

Low-Light Mastery: Increases 

light sensitivity by 40%, 
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Adaptation 

Group 

Animal 

Example 

Key Anatomical / 

Physiological 

Modification 

Functional Benefit 

retina that bounces light 

back through the 

photoreceptors. 

allowing the cat to see in 

conditions that appear as total 

darkness to humans. 

Tactile 

Hydrodynamics 

Seals 

(Pinnipeds) 

Vibrissae (Whiskers): 

Highly innervated, 

"beaded" whiskers that 

are sensitive to minute 

water vibrations. 

Hydrodynamic Sensing: 

Allows the seal to track the 

"wake" of a fish even in murky 

or pitch-black water without 

using sight or sound. 

Hyper-Acute 

Hearing 

Cats / Small 

Predators 

Large, Mobile Pinnae 

(Ears): Controlled by 

over 30 muscles, 

allowing for independent 

rotation. 

3D Sound Localization: Can 

detect ultrasonic frequencies 

(up to 64,000 Hz) and pinpoint 

the exact location of a rustling 

rodent. 

Fixed Tubular 

Vision 

Owls 

(Strigiforms) 

Tubular Eye Shape: 

Large, elongated eyes 

held in place by bony 

structures called sclerotic 

rings. 

Telephoto Clarity: Provides 

massive light-gathering power 

and magnification, though it 

requires the bird to rotate its 

neck up to 270° to see 

sideways. 

 

Fill in the blank: Seals use sensitive ______ to detect movement in water. 

Pilot questions 4.2 

Name the five main mammalian sense organs. 

What is a reflex action? 

Give one example of a voluntary response. 

Which part of the nervous system controls reflex actions? 

Mention one adaptation of sense organs in nocturnal mammals. 

 

4.3 Chemical Coordination In Mammals 
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4.3.1 Structure and role of endocrine glands 

The endocrine system is made up of glands that secrete chemical messengers called hormones 

directly into the bloodstream. These hormones regulate various processes such as growth, 

metabolism, and reproduction. Key endocrine glands in mammals include the pituitary gland, 

often referred to as the “master gland” because it controls other glands, the thyroid gland, which 

regulates metabolism, and the adrenal glands, which help the body respond to stress. 

 

Short description: Diagram showing major mammalian endocrine glands with labels (pituitary, 

thyroid, adrenal, pancreas). 

Caption: Figure 4.7 Major endocrine glands in mammals 

 

Fill in the blank: The gland often called the “master gland” because it controls other glands is the 

______ gland. 

4.3.2 Functions of hormones in regulation 

Hormones are chemical messengers that travel through the bloodstream to target organs. They 

regulate essential processes such as growth, reproduction, metabolism, and stress responses. For 

example, insulin from the pancreas regulates blood sugar levels, while adrenaline from the 

adrenal glands prepares the body for “fight or flight” responses. 

Hormones act slowly compared to nerve impulses, but their effects are longer lasting, ensuring 

stable regulation of body functions. 
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Table 4.8 Functions of selected mammalian hormones 

 

 

Hormone 
Gland of 

Origin 
Primary Function Physiological Effect 

Insulin 

Pancreas 

(Islets of 

Langerhans) 

Glucose Regulation: 

Lowers blood sugar levels 

by signaling cells to take 

up glucose. 

Promotes the storage of glucose 

as glycogen in the liver and 

muscles; prevents 

hyperglycemia. 

Adrenaline 

(Epinephrine) 

Adrenal 

Glands 

(Medulla) 

Stress Response: Triggers 

the "fight-or-flight" 

mechanism during 

perceived threats. 

Increases heart rate, dilates air 

passages, and redirects blood 

flow to muscles for explosive 

energy. 

Thyroxine 

($T_4$) 

Thyroid 

Gland 

Metabolic Control: 

Regulates the rate at which 

the body consumes energy 

(basal metabolic rate). 

Stimulates protein synthesis and 

increases the use of oxygen in 

cells; essential for normal 

growth and development. 

 

Fill in the blank: Insulin regulates the level of ______ in the blood. 

4.3.3 Adaptations of chemical coordination mechanisms 

Mammals show adaptations in chemical coordination that support survival in different 

environments. For example, desert mammals produce hormones that help conserve water, while 

hibernating mammals adjust hormone levels to lower metabolism during winter. Stress-related 

hormones such as adrenaline are adapted to prepare mammals for sudden challenges in their 

environment. 

These adaptations demonstrate how chemical coordination ensures mammals can regulate 

internal processes effectively under varying conditions. 

Box 4.9 Adaptations of chemical coordination in mammals 
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Adaptation 

Group 

Mammal 

Example 

Key Hormonal / Chemical 

Modification 
Functional Benefit 

Water 

Conservation 

Camel / 

Kangaroo 

Rat 

Hyper-secretion of ADH 

(Antidiuretic Hormone) and high 

sensitivity in the collecting ducts. 

Zero-Waste Excretion: 

Signals the kidneys to 

reabsorb nearly all water 

from the urine back into 

the blood, preventing 

dehydration in arid 

climates. 

Metabolic 

Suppression 

Bears / 

Ground 

Squirrels 

Suppression of Thyroxine ($T_4$) 

and targeted release of specialized 

"hibernation induction" triggers. 

Energy Conservation: 

Drops the basal metabolic 

rate to a fraction of 

normal, lowering body 

temperature and heart rate 

to survive winter on stored 

fat. 

Acute Stress 

Response 

Gazelle / 

Cheetah 

Adrenal Medulla Overdrive: 

Instantaneous release of 

catecholamines 

(Adrenaline/Noradrenaline). 

Burst Performance: 

Floods the muscles with 

glucose and oxygen, 

providing the "explosive" 

power required for a high-

stakes predator-prey chase. 

 

Fill in the blank: Hibernating mammals lower their ______ during winter through hormonal 

adjustments. 

Pilot questions 4.3 

What are hormones? 

Name one endocrine gland in mammals. 

State one function of insulin. 

Which hormone prepares the body for “fight or flight”? 

Give one example of a chemical coordination adaptation in mammals. 

 

Series Summary 
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This Series explored how mammals coordinate their activities through the nervous system, sense 

organs, and chemical messengers. We began with the nervous system, examining the structure of 

the central and peripheral divisions, the functions of neurons and nerve impulses, and adaptations 

that support survival. We then moved on to sense organs, considering their structures and 

functions, the differences between reflex actions and voluntary responses, and adaptations that 

enhance sensory perception. Finally, we studied chemical coordination, focusing on the structure 

and role of endocrine glands, the functions of hormones, and adaptations of chemical regulation 

in varied environments. 

By completing this Series, you should now be able to describe the nervous system and its 

divisions, explain how neurons transmit impulses, evaluate nervous system adaptations, outline 

the structure and functions of sense organs, distinguish between reflex and voluntary responses, 

analyse sensory adaptations, describe endocrine glands, explain hormonal regulation, and assess 

adaptations of chemical coordination. These abilities align directly with the Series Learning 

Outcomes, equipping you with a clear understanding of how mammals maintain communication 

and regulation within their bodies. 

Glossary of Terms 

Adrenal glands: Endocrine glands that help the body respond to stress by releasing 

hormones such as adrenaline. 

Axon: The part of a neuron that carries impulses away from the cell body. 

Central nervous system (CNS): The brain and spinal cord, responsible for processing 

information. 

Dendrites: Branch-like structures of a neuron that receive signals. 

Endocrine glands: Glands that secrete hormones directly into the bloodstream. 

Hormones: Chemical messengers that regulate body processes such as growth, metabolism, 

and reproduction. 

Neurons: Specialised cells that transmit information through electrical and chemical signals. 

Peripheral nervous system (PNS): Nerves outside the CNS that carry signals to and from 

the body. 

Reflex action: An automatic, rapid response to a stimulus controlled by the spinal cord. 

Synapse: The gap between neurons where signals are transmitted using neurotransmitters. 

Concept Check Questions 4 

Objective questions 

The brain and spinal cord together form the ______ nervous system. (Linked to SLO 4.1) 

The gaps between neurons where signals are transmitted are called ______. (Linked to SLO 

4.2) 

Reflex actions are controlled by the ______ cord. (Linked to SLO 4.5) 

The gland often called the “master gland” is the ______. (Linked to SLO 4.7) 

Insulin regulates the level of ______ in the blood. (Linked to SLO 4.8) 
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Short-answer questions 

6. Name one part of a neuron. (Linked to SLO 4.2) 

7. State one difference between reflex actions and voluntary responses. (Linked to SLO 4.5) 

8. Mention one adaptation of sense organs in nocturnal mammals. (Linked to SLO 4.6) 

9. Give one example of a hormone and its function. (Linked to SLO 4.8) 

10. What is the role of the endocrine system? (Linked to SLO 4.7) 

Long-answer questions 

11. Explain how the nervous system is adapted to different environments. (Linked to SLO 4.3) 

12. Analyse the differences between reflex actions and voluntary responses, giving examples. 

(Linked to SLO 4.5) 

13. Evaluate the role of chemical coordination in mammals, with examples of adaptations. 

(Linked to SLO 4.9) 

Answers to Concept Check Questions 4 

Objective questions 

Central. 

Synapses. 

Spinal. 

Pituitary. 

Glucose. 

Short-answer questions 

6. Axon. 

7. Reflexes are automatic and rapid, voluntary responses are conscious and slower. 

8. Large eyes for low-light vision. 

9. Adrenaline prepares the body for “fight or flight”. 

10. To regulate body processes through hormones. 

Long-answer questions 

11. Basic response: Nervous system adaptations include fast reflexes in predators and 

echolocation in dolphins. 

Value-added response: These adaptations reflect ecological niches, enabling mammals to hunt, 

avoid danger, or navigate effectively. 

Basic response: Reflex actions are automatic, while voluntary responses involve conscious 

control. 

Value-added response: Reflexes protect the body from harm, while voluntary responses 

allow complex behaviours such as problem-solving and decision-making. 

Basic response: Chemical coordination regulates growth, metabolism, and reproduction. 

Value-added response: Adaptations such as water conservation in desert mammals and 

lowered metabolism in hibernating mammals show how hormones support survival in 

diverse environments. 
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Answers to Pilot Questions 4 

Part 4.1 

Central and peripheral nervous systems. 

Dendrites. 

Nerve impulse. 

Gaps between neurons. 

Echolocation in dolphins. 

Part 4.2 

Eyes, ears, nose, tongue, skin. 

An automatic, rapid response to a stimulus. 

Picking up a book. 

Spinal cord. 

Large eyes for low-light vision. 

Part 4.3 

Chemical messengers. 

Thyroid gland. 

Regulates blood sugar. 

Adrenaline. 

Hormonal adjustments during hibernation. 

References And Attributions 4 

Open Educational Resource (OER) search strings suggested for illustrations: 

“mammalian nervous system labelled diagram OER” 

“neuron structure and function table OER” 

“mammal nervous system adaptations bats lions dolphins OER” 

“mammalian sense organs labelled diagram OER” 

“reflex actions vs voluntary responses mammals OER” 

“mammal sense organ adaptations owls seals cats OER” 

“mammalian endocrine glands labelled diagram OER” 

“functions of hormones mammals OER” 

“mammal chemical coordination adaptations desert hibernation stress OER” 

AI prompt suggestions used for illustration placeholders: 

Diagram of nervous system. 

Table of neuron structure and functions. 

Box of nervous system adaptations. 

Diagram of sense organs. 
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Table comparing reflex and voluntary responses. 

Box of sense organ adaptations. 

Diagram of endocrine glands. 

Table of hormone functions. 

Box of chemical coordination adaptations. 

General references consulted for Series content (APA style): 

Kardong, K. V. (2018). Vertebrates: Comparative anatomy, function, evolution. 

McGraw-Hill. 

Kent, G. C., & Carr, R. K. (2001). Comparative anatomy of the vertebrates. McGraw-

Hill. 

OER Commons. (n.d.). Zoology and anatomy resources. Retrieved from 
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Part 5.1 Reproductive system and processes in mammals 

5.1.1 Structure of male and female reproductive systems 

5.1.2 Fertilisation and development of the embryo 

5.1.3 Adaptations of reproductive strategies 
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5.3.3 Human impact on mammalian ecology 

 

Introduction 

In the previous Series, we examined how mammals coordinate their activities through nervous 

and chemical systems. In this Series, we turn our attention to reproduction, evolution, and 

ecology, which together explain how mammals sustain their species, adapt over time, and 

interact with their environments. These topics are central to understanding both the continuity of 

life and the challenges faced by mammals in changing ecosystems. 

https://www.oercommons.org/
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The aim of this Series is to provide you with knowledge of mammalian reproduction, 

evolutionary principles, and ecological interactions, highlighting their structures, processes, and 

adaptations. 

We shall commence this Series by exploring the reproductive system, beginning with the 

structure of male and female organs, followed by fertilisation, embryo development, and 

reproductive adaptations. Next, we will move on to evolution, considering the principles of 

natural selection, evidence of mammalian evolution, and evolutionary trends. Finally, we will 

conclude with ecology, examining the role of mammals in ecosystems, population dynamics, and 

the impact of human activities on ecological balance. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 5.1 describe the structure of male and female reproductive systems in mammals, 

SLO 5.2 explain the processes of fertilisation and embryo development, 

SLO 5.3 evaluate adaptations of reproductive strategies in mammals, 

SLO 5.4 define the principles of evolution and natural selection, 

SLO 5.5 identify evidence supporting mammalian evolution, 

SLO 5.6 analyse adaptations and evolutionary trends in mammals, 

SLO 5.7 outline the role of mammals in ecosystems and food chains, 

SLO 5.8 explain population dynamics and ecological balance, and 

SLO 5.9 assess the impact of human activities on mammalian ecology. 

 

5.1 Reproductive System And Processes In Mammals 

5.1.1 Structure of male and female reproductive systems 

The reproductive system in mammals ensures the continuation of the species. The male 

reproductive system includes organs such as the testes, which produce sperm, and associated 

structures like the epididymis, vas deferens, and penis, which transport and deliver sperm. The 

female reproductive system consists of the ovaries, which produce eggs, the oviducts (or 

fallopian tubes), the uterus where the embryo develops, and the vagina, which serves as the birth 

canal. 

 

Short description: Diagram showing male and female mammalian reproductive systems with 

labelled organs. 
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Caption: Figure 5.1 Male and female reproductive systems in mammals 
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Fill in the blank: The organ where the embryo develops in mammals is the ______. 

5.1.2 Fertilisation and development of the embryo 

Fertilisation is the fusion of a sperm cell and an egg cell to form a zygote. In mammals, 

fertilisation usually occurs in the oviduct. The zygote undergoes cell division and forms an 

embryo, which implants in the uterus. 

Embryonic development in mammals is supported by the placenta, a specialised structure that 

facilitates the exchange of nutrients, gases, and wastes between the mother and the developing 

embryo. This ensures proper growth and survival of the offspring before birth. 

Table 5.2 Stages of fertilisation and embryonic development in mammals 
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Stage Process Name Key Biological Events Location 

1. Fertilization Syngamy 

A sperm penetrates the zona pellucida; the 

nuclei of the sperm and egg fuse to form a 

diploid zygote. 

Oviduct 

(Ampulla) 

2. Cleavage 
Blastomere 

Formation 

Rapid mitotic divisions occur ($2 

\rightarrow 4 \rightarrow 8 \rightarrow 16$ 

cells). The embryo does not grow in size but 

increases in cell count. 

Oviduct 

3. Morula Compaction 
The embryo becomes a solid, raspberry-like 

cluster of 16–32 cells. 

Oviduct to 

Uterus 

4. Blastulation 
Blastocyst 

Formation 

A fluid-filled cavity (blastocoel) forms. 

Cells differentiate into the Inner Cell Mass 

(becomes the embryo) and Trophoblast 

(becomes the placenta). 

Uterus 

5. 

Implantation 
Nidation 

The blastocyst adheres to and embeds itself 

within the vascularized lining of the uterine 

wall (endometrium). 

Uterine 

Wall 

6. Gastrulation 
Germ Layer 

Formation 

The inner cell mass reorganizes into three 

primary germ layers: Ectoderm, 

Mesoderm, and Endoderm. 

Uterus 

7. 

Organogenesis 
Differentiation 

The germ layers begin to develop into 

specific organs and organ systems (e.g., the 

nervous system from the ectoderm). 

Uterus 

 

Fill in the blank: Fertilisation in mammals usually occurs in the ______. 

5.1.3 Adaptations of reproductive strategies 

Mammals exhibit diverse reproductive adaptations to enhance survival. For example, placental 

mammals such as humans and elephants nourish their young through a placenta, ensuring 

prolonged development inside the mother. Marsupials like kangaroos give birth to 
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underdeveloped young that continue growing in a pouch. Monotremes such as the platypus lay 

eggs, an adaptation that differs from most mammals. 

These strategies reflect evolutionary solutions to environmental challenges and ensure the 

survival of offspring in different habitats. 

Box 5.3 Reproductive adaptations in mammals 

 

 

Feature Monotremes Marsupials Placentals (Eutherians) 

Birth Method 
Oviparous (Egg-

laying) 
Viviparous (Live birth) Viviparous (Live birth) 

Gestation 

Period 

Very Short (10–14 

days in egg) 

Extremely Short (8–40 

days) 

Long (Weeks to nearly 2 

years) 

Placenta Type None (Yolk sac only) 
Rudimentary (Yolk-sac 

placenta) 

Complex 

(Chorioallantoic) 

Offspring at 

Birth 
Embryonic (Hatchling) 

Altricial (Tiny, "larval" 

state) 

Precocial or Altricial 

(Developed) 

Primary 

Investment 
Incubation 

Lactation (in the 

pouch) 
Gestation (in the uterus) 

Nipples Absent (Milk patches) Present (Inside pouch) Present 

 

Fill in the blank: Kangaroos are ______ mammals that carry their young in a pouch. 

Pilot questions 5.1 

Name one organ in the male reproductive system. 

Where does fertilisation usually occur in mammals? 

What structure supports the embryo during development? 

Give one example of a reproductive adaptation in marsupials. 

Which group of mammals lay eggs? 
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5.2 Evolution In Mammals 

5.2.1 Principles of evolution and natural selection 

Evolution refers to the gradual change in organisms over generations, leading to the diversity of 

life forms we see today. In mammals, evolution explains how species adapt to their environments 

and survive over time. A key mechanism of evolution is natural selection, which occurs when 

individuals with advantageous traits are more likely to survive and reproduce, passing those traits 

to their offspring. 

 

Short description: Diagram illustrating natural selection with examples of trait variation and 

survival. 
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Caption: Figure 5.4 Principles of natural selection in mammals 
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Fill in the blank: The gradual change in organisms over generations is called ______. 

5.2.2 Evidence of mammalian evolution 

Evidence for mammalian evolution comes from several sources. Fossil records show transitional 

forms that link ancient species to modern mammals. Comparative anatomy reveals similarities 

in bone structures across different mammals, suggesting common ancestry. Embryology 

demonstrates that early stages of development are similar among mammals, while molecular 

biology provides genetic evidence of evolutionary relationships. 

[Insert table here] 

Caption: Table 5.5 Evidence supporting mammalian evolution 

Short description: Table listing fossil records, comparative anatomy, embryology, and molecular 

biology as evidence. 

AI prompt suggestion: “Generate a table listing evidence of mammalian evolution: fossils, 

anatomy, embryology, molecular biology.” 

Search string: “evidence of mammalian evolution OER” 

Fill in the blank: Similarities in bone structures across mammals are explained by ______ 

anatomy. 

5.2.3 Adaptations and evolutionary trends 

Mammals have evolved a wide range of adaptations to survive in diverse environments. For 

example, aquatic mammals such as whales evolved streamlined bodies and modified limbs for 

swimming. Desert mammals like camels developed water-conserving mechanisms. Arboreal 

mammals such as monkeys evolved grasping limbs and tails for climbing. 

Evolutionary trends in mammals include the development of larger brains, specialised teeth, and 

complex social behaviours, all of which enhance survival and reproduction. 

Box 5.6 Adaptations and evolutionary trends in mammals 

 

 

Adaptation 

Category 
Whales (Aquatic) Camels (Desert) Monkeys (Arboreal) 

Locomotion 

Tail flukes for 

propulsion; 

forelimbs modified 

into flippers. 

Large, padded feet to 

prevent sinking into 

soft sand. 

Opposable digits and 

flexible shoulder joints for 

swinging/climbing. 
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Adaptation 

Category 
Whales (Aquatic) Camels (Desert) Monkeys (Arboreal) 

Thermoregulation 

Thick layer of 

blubber for 

insulation in cold 

water. 

Ability to fluctuate 

body temperature to 

reduce sweating. 

Use of shade and 

grooming to manage heat 

in canopy layers. 

Respiration/Water 

Blowhole on top of 

head; high 

myoglobin levels for 

deep diving. 

Reabsorbs water from 

nasal passages; 

concentrated urine to 

conserve water. 

Water primarily obtained 

through fruit and 

vegetation in the diet. 

Sensory Focus 

Echolocation (in 

toothed whales) for 

navigating dark 

water. 

Long eyelashes and 

closable nostrils to 

block blowing sand. 

Stereoscopic vision for 

depth perception when 

leaping between branches. 

 

Fill in the blank: Whales evolved streamlined bodies and modified limbs for ______. 

Pilot questions 5.2 

What is natural selection? 

Name one source of evidence for mammalian evolution. 

What does comparative anatomy reveal about mammals? 

Give one adaptation of desert mammals. 

Mention one evolutionary trend in mammals. 

 

5.3 Ecology And Interactions Of Mammals 

5.3.1 Mammals in ecosystems and food chains 

Mammals play vital roles in ecosystems as producers, consumers, and decomposers. Most 

mammals are consumers, feeding on plants or other animals. Herbivores such as antelopes feed 

on vegetation, carnivores like lions prey on herbivores, and omnivores such as bears eat both 

plants and animals. These feeding relationships form food chains and food webs, which 

illustrate how energy flows through ecosystems. 
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[Insert figure here] 

Short description: Diagram showing a simple food chain with herbivores, carnivores, and 

omnivores. 

Caption: Figure 5.7 Mammals in food chains 

 

Fill in the blank: Lions are ______ that feed on herbivores in food chains. 

5.3.2 Population dynamics and ecological balance 

Population dynamics refers to changes in the size and structure of mammal populations over 

time. Factors such as birth rates, death rates, immigration, and emigration influence population 

size. Predation, disease, and availability of resources also play important roles. 

Ecological balance is maintained when populations remain stable and resources are used 

sustainably. If one population grows too large, it may disrupt the balance, leading to overgrazing, 

food shortages, or decline of other species. 

Table 5.8 Factors influencing mammalian population dynamics 
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Factor Category 
Impact on 

Population Size 
Ecological Context 

Birth Rate 

(Natality) 
Internal Increase (+) 

Influenced by gestation period, litter size, and 

the age of sexual maturity (e.g., rodents vs. 

elephants). 

Death Rate 

(Mortality) 
Internal Decrease (-) 

Driven by lifespan, infant mortality, and 

senescence (aging). 

Immigration Movement Increase (+) 

Individuals moving into a population from 

another area, often seeking better resources or 

mates. 

Emigration Movement Decrease (-) 
Individuals moving out of a population, often 

due to overcrowding or habitat degradation. 

Predation External Decrease (-) 

A "density-dependent" factor where higher 

prey density can lead to higher predator 

success, stabilizing the population. 

Disease External Decrease (-) 

Pathogens can spread rapidly in dense 

mammalian populations (e.g., rabies in 

canines or sylvatic plague in prairie dogs). 

Resources External Variable 

The availability of food, water, and nesting 

sites determines the Carrying Capacity 

($K$) of the environment. 

 

Fill in the blank: Changes in the size and structure of mammal populations over time are called 

population ______. 

5.3.3 Human impact on mammalian ecology 

Humans have a significant impact on mammalian ecology. Activities such as deforestation, 

pollution, hunting, and urbanisation alter habitats and reduce biodiversity. Climate change also 

affects mammal populations by shifting food availability and altering migration patterns. 
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Conservation efforts, including protected areas, wildlife laws, and sustainable practices, aim to 

reduce human impact and preserve ecological balance. 

Box 5.9 Human impacts on mammalian ecology 

 

 

Impact Type Primary Driver Ecological Consequence Conservation Strategy 

Deforestation 

Agriculture, 

logging, and 

mining. 

Habitat Loss: Total 

destruction of specialized 

niches. 

Reforestation: Planting 

native species to restore 

canopy. 

Urbanization 

Infrastructure 

and road 

expansion. 

Fragmentation: Genetic 

isolation and vehicle-strike 

mortality. 

Wildlife Corridors: 

Green bridges allowing 

safe migration. 

Pollution 

Chemical runoff 

and plastic 

waste. 

Bioaccumulation: Toxins 

building up in the food chain 

(top predators). 

Legislation: Bans on 

harmful pesticides and 

plastic reduction. 

Hunting/Poaching 
Illegal trade and 

trophy hunting. 

Population Collapse: Rapid 

decline of keystone species. 

Anti-Poaching Units: 

Increased surveillance 

and legal protection. 

Climate Change 
Greenhouse gas 

emissions. 

Range Shifting: Mammals 

must move to find suitable 

temperatures. 

Protected Areas: 

Expanding reserves to 

include climate refugia. 

 

Fill in the blank: Cutting down forests for human use is called ______. 

Pilot questions 5.3 

What role do lions play in food chains? 

Name one factor that influences mammalian population dynamics. 

What is ecological balance? 

Give one example of human activity that affects mammalian ecology. 

Mention one conservation effort aimed at protecting mammals. 
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Series Summary 

This Series examined reproduction, evolution, and ecology in mammals, three interconnected 

themes that explain how species continue, adapt, and interact with their environments. We began 

with reproduction, studying the structure of male and female systems, the processes of 

fertilisation and embryo development, and the diverse reproductive strategies found among 

mammals. We then moved on to evolution, considering the principles of natural selection, the 

evidence supporting mammalian evolution, and the adaptations and trends that have shaped their 

survival. Finally, we explored ecology, focusing on the role of mammals in ecosystems and food 

chains, the dynamics of populations, and the impact of human activities on ecological balance. 

By completing this Series, you should now be able to describe mammalian reproductive systems, 

explain fertilisation and embryo development, evaluate reproductive adaptations, define and 

apply principles of evolution, identify evidence of mammalian evolution, analyse evolutionary 

trends, outline ecological roles, explain population dynamics, and assess human impacts on 

ecology. These abilities align directly with the Series Learning Outcomes, equipping you with a 

holistic understanding of how mammals sustain life, adapt over time, and interact with their 

environments. 

Glossary of Terms 

Comparative anatomy: The study of similarities and differences in body structures across 

species. 

Ecological balance: A stable state in ecosystems where populations and resources remain in 

harmony. 

Embryo: The early stage of development formed after fertilisation. 

Endangered species: Mammals at risk of extinction due to environmental or human factors. 

Evolution: The gradual change in organisms over generations. 

Fertilisation: The fusion of sperm and egg to form a zygote. 

Food chain: A sequence showing how energy flows from one organism to another. 

Marsupials: Mammals that give birth to underdeveloped young which continue growing in a 

pouch. 

Monotremes: Egg-laying mammals such as the platypus. 

Natural selection: The process where individuals with advantageous traits survive and 

reproduce. 

Placenta: A structure that supports the embryo by exchanging nutrients, gases, and wastes 

with the mother. 

Population dynamics: Changes in the size and structure of populations over time. 

Concept Check Questions 5 

Objective questions 

Fertilisation in mammals usually occurs in the ______. (Linked to SLO 5.2) 
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Kangaroos are ______ mammals that carry their young in a pouch. (Linked to SLO 5.3) 

The gradual change in organisms over generations is called ______. (Linked to SLO 5.4) 

Similarities in bone structures across mammals are explained by ______ anatomy. (Linked to 

SLO 5.5) 

Lions are ______ that feed on herbivores in food chains. (Linked to SLO 5.7) 

Short-answer questions 

6. Name one organ in the male reproductive system. (Linked to SLO 5.1) 

7. What structure supports the embryo during development? (Linked to SLO 5.2) 

8. Give one adaptation of desert mammals. (Linked to SLO 5.6) 

9. State one factor that influences mammalian population dynamics. (Linked to SLO 5.8) 

10. Mention one human activity that affects mammalian ecology. (Linked to SLO 5.9) 

Long-answer questions 

11. Explain the reproductive strategies of placental mammals, marsupials, and monotremes. 

(Linked to SLO 5.3) 

12. Analyse the evidence supporting mammalian evolution. (Linked to SLO 5.5) 

13. Evaluate the impact of human activities on mammalian ecology, giving examples of 

conservation efforts. (Linked to SLO 5.9) 

Answers to Concept Check Questions 5 

Objective questions 

Oviduct. 

Marsupial. 

Evolution. 

Comparative. 

Carnivores. 

Short-answer questions 

6. Testes. 

7. Placenta. 

8. Water-conserving mechanisms in camels. 

9. Birth rates. 

10. Deforestation. 

Long-answer questions 

11. Basic response: Placental mammals nourish their young through a placenta, marsupials carry 

underdeveloped young in a pouch, and monotremes lay eggs. 

Value-added response: These strategies reflect evolutionary adaptations to different 

environments, ensuring survival of offspring under varied ecological conditions. 

Basic response: Evidence includes fossil records, comparative anatomy, embryology, and 

molecular biology. 

Value-added response: Together, these sources demonstrate common ancestry, 
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transitional forms, and genetic links, providing a comprehensive picture of mammalian 

evolution. 

Basic response: Human activities such as deforestation, pollution, and hunting disrupt 

mammalian ecology. 

Value-added response: Conservation efforts like protected areas, wildlife laws, and 

sustainable practices aim to restore ecological balance and preserve biodiversity. 

Answers to Pilot Questions 5 

Part 5.1 

Testes. 

Oviduct. 

Placenta. 

Carrying young in a pouch. 

Monotremes. 

Part 5.2 

A process where advantageous traits are passed on. 

Fossil records. 

Common ancestry. 

Water conservation in camels. 

Larger brains. 

Part 5.3 

Carnivores. 

Birth rates. 

A stable state in ecosystems. 

Deforestation. 

Protected areas. 
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