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ZOO 301: Vertebrate Zoology (2 Units C: LH 15; PH 45) 

Course Code: ZOO 301 

Course Title: Vertebrate Zoology 

Course Unit: 2 Units C 

 

Series 1: Origin And Systematic Inter-Relations Of Chordates 

Series 2: Organisation And Evolutionary Links Of Protochordates And 

Hemichordates 

Series 3: Basic Organisation And Comparative Anatomy Of Vertebrates 

Series 4: Evolutionary History, Systematics And Geographical 

Distribution Of Vertebrates 

Series 5: Ecology, Behaviour And Diversity Of Nigerian Vertebrate 

Fauna 

 

Series 1 Origin And Systematic Inter-Relations Of Chordates 

Part 1.1 Origin of chordates and ostracoderms 

1.1.1 Fossil evidence and significance of ostracoderms 

1.1.2 Evolutionary implications for chordate ancestry 

Part 1.2 Systematic inter-relations of chordate groups 

1.2.1 Overview of chordate phylum and defining features 

1.2.2 Relationships among protochordates, hemichordates, and vertebrates 

Part 1.3 Genetic ties between protochordates and vertebrates 

1.3.1 Ammocoete larva as a model of evolutionary connection 

1.3.2 Comparative insights into developmental links 

 

Introduction 

The study of vertebrate zoology begins with an exploration of the origins of chordates, a group 

that includes all animals with a notochord at some stage of their development. Understanding 

how chordates emerged and diversified provides the foundation for appreciating the complexity 
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of vertebrates. Fossil evidence, such as ostracoderms, offers important clues about early chordate 

evolution and helps us trace the lineage of modern vertebrates. 

The aim of this Series is to introduce you to the origin and systematic inter-relations of 

chordates, enabling you to identify their defining features, trace their evolutionary connections, 

and appreciate the genetic ties between protochordates and vertebrates. 

We shall commence this Series by examining the origin of chordates and the fossil record of 

ostracoderms. Next, we will explore the systematic inter-relations of chordate groups, focusing 

on protochordates, hemichordates, and vertebrates. Finally, we will conclude by analysing the 

genetic ties between protochordates and vertebrates, with particular emphasis on the ammocoete 

larva as a model of evolutionary connection. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 1.1 define chordates and explain the significance of ostracoderms in tracing their origin, 

SLO 1.2 describe the systematic inter-relations among chordate groups, 

SLO 1.3 analyse the evolutionary connections between protochordates and vertebrates, and 

SLO 1.4 evaluate the role of the ammocoete larva in demonstrating genetic ties between 

protochordates and vertebrates. 

 

1.1 Origin Of Chordates And Ostracoderms 

1.1.1 Fossil evidence and significance of ostracoderms 

Ostracoderms were early jawless vertebrates that lived during the Palaeozoic era. They are 

recognised as some of the earliest known vertebrates, characterised by their bony armour and 

lack of jaws. Fossil evidence of ostracoderms provides important insights into the origin of 

chordates, as they represent a transitional stage between primitive protochordates and more 

advanced vertebrates. Their presence in the fossil record demonstrates the gradual development 

of vertebrate features such as a cranium, paired sensory organs, and protective skeletal structures. 

 

Short description: Diagram showing fossil reconstruction of ostracoderms with bony armour. 
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Caption: Figure 1.1 Fossil evidence of ostracoderms 

 

Fill in the blank: Ostracoderms were early vertebrates characterised by their ______ armour and 

lack of jaws. 

1.1.2 Evolutionary implications for chordate ancestry 

The study of ostracoderms highlights the evolutionary steps that led to the rise of vertebrates. 

Their features, such as a primitive backbone and protective armour, suggest adaptations to 

aquatic environments where defence against predators was crucial. Ostracoderms also provide 

evidence of the gradual shift from simple filter-feeding protochordates to more complex 

vertebrates capable of active movement and specialised feeding. This evolutionary link helps us 

understand how chordates diversified and laid the foundation for the vertebrate lineage. 

Box 1.2 Evolutionary implications of ostracoderms 

 

 

Evolutionary 

Milestone 
Description and Significance 

First Bone 

Tissue 

Dermal Armor: Ostracoderms were among the first animals to develop true 

bone. This was "dermal bone" (formed in the skin), which provided 

protection from predators like giant sea scorpions (eurypterids). 
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Evolutionary 

Milestone 
Description and Significance 

Mineral 

Homeostasis 

Calcium Storage: Beyond protection, the evolution of a bony exoskeleton 

provided a metabolic reservoir for calcium and phosphate, essential for 

nerve and muscle function in fluctuating environments. 

Sensory 

Advancement 

Complex Cranium: They possessed a well-developed head with a 

protective braincase, paired eyes, and a lateral line system to detect water 

pressure changes—fundamental features of all later vertebrates. 

Internal 

Skeleton 

Rudimentary Vertebrae: While their exterior was heavily armored, they 

possessed a notochord and, in some species, cartilaginous precursors to a 

vertebral column, providing a central axis for muscle attachment. 

Paving the Way 

for Jaws 

Pharyngeal Arches: Though jawless (agnathans), their complex gill arch 

structures provided the anatomical "raw material" that evolution would later 

modify into the jaws of Gnathostomes. 

 

Fill in the blank: Ostracoderms provide evidence of the gradual shift from filter-feeding 

protochordates to ______ vertebrates. 

Pilot questions 1.1 

What were ostracoderms characterised by? 

Why are ostracoderms important in the study of chordate origins? 

What protective feature did ostracoderms possess? 

How did ostracoderms adapt to aquatic environments? 

What evolutionary transition do ostracoderms represent? 

 

1.2 Systematic Inter-Relations Of Chordate Groups 

1.2.1 Overview of chordate phylum and defining features 

The Chordata is a phylum of animals characterised by the presence of a notochord, a flexible 

rod that provides support, at some stage in their life cycle. Other defining features include a 

dorsal hollow nerve cord, pharyngeal slits, and a post-anal tail. These structures may be 

present only during embryonic development in some groups, but they are critical markers of 
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chordate identity. The phylum is divided into three subphyla: Urochordata (tunicates), 

Cephalochordata (amphioxus), and Vertebrata (animals with a backbone). 

 

Short description: Diagram showing the defining features of chordates (notochord, dorsal nerve 

cord, pharyngeal slits, post-anal tail). 

Caption: Figure 1.2 Defining features of chordates 

 

Fill in the blank: The flexible rod that provides support in chordates is called the ______. 

1.2.2 Relationships among protochordates, hemichordates, and vertebrates 

The systematic inter-relations of chordate groups reveal evolutionary connections between 

simpler forms and more complex vertebrates. Protochordates such as urochordates and 

cephalochordates exhibit basic chordate features but lack the advanced specialisations of 

vertebrates. Hemichordates, although not true chordates, share some similarities such as 

pharyngeal slits, which suggest a close evolutionary relationship. Vertebrates represent the most 

advanced group, with a backbone, complex organ systems, and highly developed sensory 

structures. Studying these relationships helps us trace the evolutionary pathway from simple 

filter-feeding organisms to complex vertebrates capable of diverse ecological roles. 

Table 1.3 Comparative features of protochordates, hemichordates, and vertebrates 
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Feature 
Hemichordates (e.g., 

Acorn Worms) 

Protochordates (e.g., 

Amphioxus, Tunicates) 

Vertebrates (e.g., 

Fish, Mammals) 

Body Division 
Proboscis, collar, and 

trunk. 

Head (limited), trunk, and 

tail. 

Head, neck (often), 

trunk, and tail. 

Notochord 

Absent: Possess a 

"stomochord" (buccal 

diverticulum) once 

thought to be a 

notochord. 

Present: Persists 

throughout life 

(Cephalochordates) or only 

in the larval tail 

(Urochordates). 

Modified: Present in 

embryos; largely 

replaced by the 

vertebral column 

(backbone) in adults. 

Nervous 

System 

Both dorsal and ventral 

nerve cords; mostly 

intraepidermal. 

Dorsal hollow nerve cord 

present; no true brain. 

Dorsal hollow nerve 

cord expands 

anteriorly into a 

complex brain 

protected by a 

cranium. 

Pharyngeal 

Slits 

Present; used primarily 

for filter feeding and 

some gas exchange. 

Present and numerous; used 

for filter feeding (ciliary-

mucoid feeding). 

Present in embryos; 

modified into gills, 

jaw structures, or 

inner ear components 

in adults. 

Circulatory 

System 

Open system; heart is a 

simple dorsal vesicle. 

Closed (Cephalochordates) 

or Open (Urochordates); 

usually lacks a centralized 

heart. 

Closed system: 

Features a ventral, 

multi-chambered 

muscular heart (2, 3, 

or 4 chambers). 

Exoskeleton / 

Endoskeleton 
Absent. 

Generally absent; Tunicates 

have a "tunic" made of 

cellulose-like tunicin. 

Present: Living 

endoskeleton of 

cartilage or bone that 

grows with the 

animal. 



 

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

Feature 
Hemichordates (e.g., 

Acorn Worms) 

Protochordates (e.g., 

Amphioxus, Tunicates) 

Vertebrates (e.g., 

Fish, Mammals) 

Symmetry & 

Coelom 

Bilateral; enterocoelous 

coelom divided into 

three parts. 

Bilateral; coelom is reduced 

or restricted (atrium 

present). 

Bilateral; well-

developed coelom 

containing specialized 

organ systems. 

 

Fill in the blank: Hemichordates are not true chordates but share similarities such as ______ slits. 

Pilot questions 1.2 

What are the four defining features of chordates? 

Name the three subphyla of chordates. 

Which protochordate is commonly known as amphioxus? 

What structural feature distinguishes vertebrates from protochordates? 

Why are hemichordates considered closely related to chordates? 

 

1.3 Genetic Ties Between Protochordates And Vertebrates 

1.3.1 Ammocoete larva as a model of evolutionary connection 

The ammocoete larva of the lamprey is often studied as a living model that demonstrates 

genetic and developmental ties between protochordates and vertebrates. This larva possesses 

features such as a notochord, pharyngeal slits, and a dorsal nerve cord, which are also found in 

protochordates like amphioxus. These similarities suggest that vertebrates share a common 

ancestry with protochordates, and that the ammocoete larva retains ancestral traits that provide 

clues about early vertebrate evolution. 

 

Short description: Diagram showing the ammocoete larva with labelled chordate features. 
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Caption: Figure 1.4 Ammocoete larva as a model of evolutionary connection 

 

Fill in the blank: The ammocoete larva of the lamprey retains ancestral traits such as a ______ 

and pharyngeal slits. 

1.3.2 Comparative insights into developmental links 

Comparisons between protochordates and vertebrates reveal important developmental links. For 

example, amphioxus exhibits a simple body plan with a persistent notochord, while vertebrates 

develop a backbone that replaces the notochord in adulthood. The ammocoete larva bridges this 

gap by showing both primitive and advanced features. Its filter-feeding mechanism resembles 

that of protochordates, while its nervous system and sensory structures are more advanced, 

reflecting vertebrate characteristics. These comparative insights strengthen the argument that 

vertebrates evolved from protochordate-like ancestors. 

Table 1.5 Comparative features of protochordates, ammocoete larva, and vertebrates 

 

 

Feature 
Protochordates (e.g., 

Amphioxus) 

Ammocoete Larva 

(Lamprey Larva) 

Adult Vertebrates 

(Gnathostomes) 

Notochord 

Persistent throughout 

life; extends to the tip 

of the "snout." 

Persistent; provides the 

primary axial support for 

the larval body. 

Present in embryo; largely 

replaced by a vertebral 

column (bone/cartilage). 
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Feature 
Protochordates (e.g., 

Amphioxus) 

Ammocoete Larva 

(Lamprey Larva) 

Adult Vertebrates 

(Gnathostomes) 

Brain & 

Sensory 

Simple "cerebral 

vesicle"; no true brain 

or specialized sense 

organs. 

Rudimentary Brain: 

Three-part brain (fore, 

mid, hind) and simple 

eyes/ears. 

Complex Brain: Highly 

developed with specialized 

lobes and advanced cranial 

nerves. 

Feeding 

Mechanism 

Ciliary-mucoid: Uses 

cilia to move water and 

mucus to trap food. 

Muscular Pumping: 

Uses a velum (muscular 

flap) to pump water, 

though still filter-

feeding. 

Predatory/Active: Most 

use jaws and specialized 

digestive enzymes to 

process food. 

Endostyle / 

Thyroid 

Endostyle: A ciliated 

groove that produces 

mucus for filter 

feeding. 

Endostyle: Functions 

exactly like the 

protochordate version 

during larval life. 

Thyroid Gland: The 

endostyle metamorphoses 

into the endocrine thyroid 

gland. 

Circulatory 

System 

Closed, but lacks a 

heart; blood is moved 

by contractile vessels. 

Simple Heart: A two-

chambered ventral heart 

(atrium and ventricle). 

Complex Heart: 2, 3, or 4-

chambered muscular heart 

with high-pressure flow. 

Pharyngeal 

Slits 

Numerous (up to 180 

pairs); used for filter-

feeding and 

respiration. 

Fewer (7 pairs); used for 

both filter-feeding and 

gill-based respiration. 

Modified into gills (fish) or 

various head/neck structures 

(tetrapods). 

 

Fill in the blank: Amphioxus exhibits a persistent ______, while vertebrates develop a backbone 

that replaces it in adulthood. 

Pilot questions 1.3 

What organism’s larva is used as a model for evolutionary connection between 

protochordates and vertebrates? 

Which chordate features are present in the ammocoete larva? 

How does amphioxus differ from vertebrates in terms of the notochord? 

What feeding mechanism in the ammocoete larva resembles that of protochordates? 

Why is the ammocoete larva considered a bridge between protochordates and vertebrates? 
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Series Summary 

This Series introduced the origin and systematic inter-relations of chordates, laying the 

foundation for understanding vertebrate zoology. We began by examining ostracoderms as early 

jawless vertebrates, highlighting their fossil evidence and evolutionary significance. Then, we 

explored the defining features of chordates and the relationships among protochordates, 

hemichordates, and vertebrates. Finally, we analysed the genetic ties between protochordates and 

vertebrates, with the ammocoete larva serving as a living model of evolutionary connection. 

By completing this Series, you should now be able to define chordates and explain the role of 

ostracoderms in tracing their origin, describe the systematic inter-relations among chordate 

groups, analyse the evolutionary connections between protochordates and vertebrates, and 

evaluate the importance of the ammocoete larva in demonstrating genetic ties. These outcomes 

align directly with the Series Learning Outcomes, ensuring you have a clear grasp of the 

evolutionary foundations of vertebrates. 

Glossary of Terms 

Ammocoete larva: Larval stage of the lamprey that retains ancestral chordate traits. 

Cephalochordata: Subphylum of chordates including amphioxus, with a simple body plan 

and persistent notochord. 

Chordata: Phylum of animals characterised by a notochord, dorsal nerve cord, pharyngeal 

slits, and post-anal tail. 

Hemichordata: Marine organisms closely related to chordates, sharing features such as 

pharyngeal slits. 

Notochord: Flexible rod providing support in chordates. 

Ostracoderms: Early jawless vertebrates with bony armour, important in tracing chordate 

origins. 

Protochordates: Primitive chordates including urochordates and cephalochordates. 

Urochordata: Subphylum of chordates including tunicates, which show chordate features 

during their larval stage. 

Vertebrata: Subphylum of chordates with a backbone and advanced organ systems. 

Concept Check Questions 1 

Objective questions 

Ostracoderms were early vertebrates characterised by their ______ armour. (Linked to SLO 

1.1) 

The flexible rod that provides support in chordates is called the ______. (Linked to SLO 1.2) 

Hemichordates share similarities with chordates such as ______ slits. (Linked to SLO 1.2) 

The ammocoete larva of the lamprey retains ancestral traits such as a ______. (Linked to 

SLO 1.4) 

Amphioxus belongs to the subphylum ______. (Linked to SLO 1.2) 



 

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

Short-answer questions 

6. Define ostracoderms and explain their significance. (Linked to SLO 1.1) 

7. List the four defining features of chordates. (Linked to SLO 1.2) 

8. Name the three subphyla of chordates. (Linked to SLO 1.2) 

9. Describe how the ammocoete larva demonstrates evolutionary ties between protochordates 

and vertebrates. (Linked to SLO 1.4) 

10. Explain why hemichordates are considered closely related to chordates. (Linked to SLO 1.2) 

Long-answer questions 

11. Analyse the evolutionary implications of ostracoderms for chordate ancestry. (Linked to SLO 

1.1) 

12. Compare the structural features of protochordates, hemichordates, and vertebrates. (Linked to 

SLO 1.2) 

13. Evaluate the role of the ammocoete larva in bridging the gap between protochordates and 

vertebrates. (Linked to SLO 1.4) 

Answers to Concept Check Questions 1 

Objective questions 

Bony. 

Notochord. 

Pharyngeal. 

Notochord. 

Cephalochordata. 

Short-answer questions 

6. Ostracoderms were jawless vertebrates with bony armour, significant as early vertebrate 

fossils. 

7. Notochord, dorsal hollow nerve cord, pharyngeal slits, post-anal tail. 

8. Urochordata, Cephalochordata, Vertebrata. 

9. The ammocoete larva retains primitive chordate traits such as filter-feeding and a notochord, 

linking protochordates to vertebrates. 

10. Hemichordates share features like pharyngeal slits, suggesting evolutionary proximity to 

chordates. 

Long-answer questions 

11. Basic response: Ostracoderms show early vertebrate features such as armour and primitive 

backbones. 

Value-added response: They highlight evolutionary adaptations to aquatic environments and the 

gradual rise of vertebrate complexity. 

Basic response: Protochordates have simple chordate features, hemichordates share 

similarities, and vertebrates are more advanced. 

Value-added response: Comparative analysis shows evolutionary progression from 

filter-feeding organisms to vertebrates with complex organ systems. 
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Basic response: The ammocoete larva demonstrates ancestral traits linking protochordates to 

vertebrates. 

Value-added response: It bridges evolutionary gaps by combining primitive feeding 

mechanisms with advanced nervous and sensory structures. 

Answers to Pilot Questions 1 

Part 1.1 

Bony armour and lack of jaws. 

They provide fossil evidence of early vertebrates. 

Bony armour. 

By developing protective skeletal features. 

Transition between protochordates and vertebrates. 

Part 1.2 

Notochord, dorsal hollow nerve cord, pharyngeal slits, post-anal tail. 

Urochordata, Cephalochordata, Vertebrata. 

Cephalochordata. 

Backbone. 

Because they share features such as pharyngeal slits. 

Part 1.3 

Lamprey. 

Notochord, pharyngeal slits, dorsal nerve cord. 

Amphioxus retains a persistent notochord, vertebrates replace it with a backbone. 

Filter-feeding. 

It shows both primitive and advanced features. 

References And Attributions 1 

Illustration placeholders suggested in Series 1: 

Figure 1.1 Fossil evidence of ostracoderms 

Box 1.2 Evolutionary implications of ostracoderms 

Figure 1.2 Defining features of chordates 

Table 1.3 Comparative features of protochordates, hemichordates, and vertebrates 

Figure 1.4 Ammocoete larva as a model of evolutionary connection 

Table 1.5 Comparative features of protochordates, ammocoete larva, and vertebrates 

AI prompt suggestions used for illustration placeholders: 

Diagrams showing ostracoderms, chordate features, ammocoete larva. 

Tables comparing protochordates, hemichordates, and vertebrates. 
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Box summarising evolutionary implications. 

Open Educational Resource (OER) search strings suggested: 

“ostracoderms fossil diagram OER” 

“ostracoderms evolutionary importance OER” 

“chordata defining features diagram OER” 

“protochordates hemichordates vertebrates comparison table OER” 

“ammocoete larva chordate features diagram OER” 

“protochordates ammocoete vertebrates comparison table OER” 

General references (APA style): 

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

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

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

OER Commons. (n.d.). Chordates and vertebrate evolution resources. Retrieved from 

https://www.oercommons.org 

 

ZOO301 Series 2 Organisation And Evolutionary Links Of 

Protochordates And Hemichordates 

Part 2.1 Organisation of protochordates 

2.1.1 General features of urochordates (tunicates) 

2.1.2 General features of cephalochordates (amphioxus) 

Part 2.2 Organisation of hemichordates 

2.2.1 General features of hemichordates 

2.2.2 Structural similarities and differences with chordates 

Part 2.3 Evolutionary links between protochordates and vertebrates 

2.3.1 Developmental and anatomical connections 

2.3.2 Significance of protochordates and hemichordates in vertebrate ancestry 

 

Introduction 

In the last Series, we explored the origin and systematic inter-relations of chordates, focusing on 

ostracoderms and the genetic ties between protochordates and vertebrates. Building on that 

foundation, this Series turns our attention to the organisation and evolutionary links of 

protochordates and hemichordates. These groups are crucial for understanding how vertebrates 

evolved, as they exhibit both primitive and transitional features that connect them to more 

advanced chordates. 

https://www.oercommons.org/
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The aim of this Series is to examine the organisation of protochordates and hemichordates, and 

to evaluate their evolutionary significance in relation to vertebrate ancestry. 

We shall commence this Series by studying the organisation of protochordates, beginning with 

urochordates and cephalochordates. Next, we will explore the organisation of hemichordates, 

noting their similarities and differences with chordates. Finally, we will conclude by analysing 

the evolutionary links between protochordates and vertebrates, highlighting their developmental 

and anatomical connections. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 2.1 define protochordates and describe the organisation of urochordates and 

cephalochordates, 

SLO 2.2 explain the organisation and general features of hemichordates, 

SLO 2.3 analyse the structural similarities and differences between hemichordates and 

chordates, and 

SLO 2.4 evaluate the evolutionary links between protochordates, hemichordates, and 

vertebrates. 

2.1 Organisation Of Protochordates 

2.1.1 General features of urochordates (tunicates) 

Urochordates, also known as tunicates, are marine organisms that exhibit chordate features 

during their larval stage. The larva possesses a notochord (a flexible rod for support), a dorsal 

nerve cord, and a post-anal tail, which are typical chordate characteristics. However, in the 

adult stage, these features are lost, and the organism becomes sessile, enclosed in a tough outer 

covering called a tunic. Tunicates are filter feeders, drawing water through an incurrent siphon 

and expelling it through an excurrent siphon. 

 

Short description: Diagram showing the larval and adult stages of a tunicate. 
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Caption: Figure 2.1 Larval and adult stages of urochordates 

 

Fill in the blank: The tough outer covering of adult tunicates is called the ______. 

2.1.2 General features of cephalochordates (amphioxus) 

Cephalochordates, represented by amphioxus (Branchiostoma), are small, fish-like marine 

animals that retain chordate features throughout their life. Amphioxus has a persistent 

notochord, a dorsal nerve cord, pharyngeal slits used for filter feeding, and a post-anal tail. 

Unlike tunicates, amphioxus remains free-living and exhibits a simple but organised body plan. 

Its circulatory system lacks a true heart, but blood is circulated by contractile vessels. 

Amphioxus is significant because it provides a living example of a primitive chordate, bridging 

the gap between protochordates and vertebrates. 

 

Short description: Diagram showing the body structure of amphioxus with labelled chordate 

features. 
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Caption: Figure 2.2 Body structure of amphioxus (cephalochordate) 

 

Fill in the blank: Amphioxus retains a persistent ______ throughout its life. 

Pilot questions 2.1 

What chordate features are present in the larval stage of tunicates? 

What is the tough outer covering of adult tunicates called? 

Which organism represents cephalochordates? 

What circulatory feature distinguishes amphioxus from vertebrates? 

Why is amphioxus considered important in chordate studies? 

 

2.2 Organisation Of Hemichordates 

2.2.1 General features of hemichordates 

Hemichordates are marine organisms that share some similarities with chordates but are 

classified separately. They are worm-like in appearance and are divided into two main groups: 

enteropneusts (acorn worms) and pterobranchs. Hemichordates possess pharyngeal slits, which 

are openings in the pharynx used for filter feeding and respiration. They also have a body 

divided into three regions: the proboscis, collar, and trunk. Although they lack a true notochord, 

their structural organisation provides important clues about chordate evolution. 

 

Short description: Diagram showing the body regions of a hemichordate (proboscis, collar, 

trunk). 



 

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

Caption: Figure 2.3 Body regions of hemichordates 

 

Fill in the blank: Hemichordates possess openings in the pharynx called ______ slits. 

2.2.2 Structural similarities and differences with chordates 

Hemichordates share certain features with chordates, such as pharyngeal slits and a dorsal nerve 

cord in some species. However, they differ in lacking a true notochord, which is a defining 

feature of chordates. Their nervous system is relatively simple, and their circulatory system is 

open, unlike the more advanced systems seen in vertebrates. These similarities and differences 

highlight their transitional position in evolutionary studies, making them important for 

understanding how chordates may have evolved from simpler ancestors. 

Table 2.4 Comparative features of hemichordates and chordates 

 

 

Feature Hemichordates Chordates 

Body 

Organization 

Divided into three regions: 

Proboscis, Collar, and Trunk. 

Generally divided into Head, Trunk, 

and Post-anal Tail. 
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Feature Hemichordates Chordates 

Notochord 

Absent. Possess a Stomochord (an 

anterior outpocketing of the gut) in 

the collar. 

Present. A dorsal, flexible rod that 

provides axial support (at least in 

embryonic stages). 

Nervous 

System 

Decentralized; features both a dorsal 

and a ventral nerve cord connected 

by a nerve net. 

Centralized; features a single, dorsal 

hollow nerve cord. 

Pharyngeal 

Slits 

Present. Numerous pairs used for 

filter feeding and respiration. 

Present. Used for feeding/respiration 

in lower chordates; modified in higher 

vertebrates. 

Circulatory 

System 

Open system. Features a dorsal heart 

and a simple network of blood 

sinuses. 

Closed system. Features a ventral, 

muscular heart and a continuous loop 

of vessels. 

Post-anal Tail 
Absent. The anus is typically located 

at the posterior tip of the body. 

Present. A muscular extension that 

extends beyond the anal opening. 

Symmetry Bilateral symmetry. Bilateral symmetry. 

Cleavage & 

Coelom 

Radial cleavage; Enterocoelous 

coelom (forms from gut 

outpocketing). 

Radial cleavage; Enterocoelous 

coelom (though modified in higher 

groups). 

 

Fill in the blank: Hemichordates lack a true ______, which is a defining feature of chordates. 

Pilot questions 2.2 

What are the two main groups of hemichordates? 

Name the three body regions of hemichordates. 

Which structural feature do hemichordates share with chordates? 

What important feature do hemichordates lack compared to chordates? 

Why are hemichordates considered significant in evolutionary studies? 
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2.3 Evolutionary Links Between Protochordates And Vertebrates 

2.3.1 Developmental and anatomical connections 

Protochordates such as tunicates and amphioxus provide important clues about vertebrate 

ancestry. Their developmental patterns reveal similarities with vertebrates, including the 

presence of a notochord, pharyngeal slits, and a dorsal nerve cord. Amphioxus, for example, 

retains these features throughout its life, while tunicates display them only in the larval stage. 

These anatomical connections suggest that vertebrates evolved from protochordate-like 

ancestors, gradually acquiring more complex structures such as a backbone and advanced organ 

systems. 

 

Short description: Diagram showing developmental similarities between protochordates and 

vertebrates. 

Caption: Figure 2.5 Developmental and anatomical connections between protochordates 

and vertebrates 

 

Fill in the blank: Amphioxus retains chordate features such as the ______ throughout its life. 

2.3.2 Significance of protochordates and hemichordates in vertebrate ancestry 

The study of protochordates and hemichordates is significant because they represent transitional 

forms in the evolutionary pathway leading to vertebrates. Protochordates demonstrate the basic 

chordate plan, while hemichordates highlight structural similarities such as pharyngeal slits, even 

though they lack a true notochord. Together, these groups provide evidence of gradual 

evolutionary changes that culminated in the emergence of vertebrates. Their importance lies not 
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only in their anatomy but also in their ecological roles, which shaped the selective pressures 

driving vertebrate evolution. 

Box 2.6 Significance of protochordates and hemichordates in vertebrate ancestry 

 

 

Group 
Key Evolutionary 

Contribution 
Significance to Vertebrate Ancestry 

Hemichordates (e.g., 

Acorn Worms) 

Deuterostome 

Development 

Established the "second mouth" embryonic 

pattern, where the blastopore becomes the anus—a 

fundamental trait of all vertebrates. 

 Pharyngeal Slits 

The first appearance of lateral openings in the 

pharynx, originally for filter-feeding, which later 

evolved into vertebrate gills and jaw structures. 

Protochordates (e.g., 

Amphioxus) 
The Notochord 

Developed the first longitudinal, flexible 

supporting rod. This served as the precursor to the 

vertebral column (backbone). 

 Dorsal Hollow 

Nerve Cord 

Transitioned the nervous system from a ventral or 

diffuse net to a single, dorsal tube, which 

eventually expanded into the vertebrate brain and 

spinal cord. 

 Post-Anal Tail 

Provided a muscular extension beyond the 

digestive tract, essential for the undulating 

swimming motion that characterizes early fish. 

 The Endostyle 

A ciliated, mucus-secreting groove used for 

feeding that is homologous to the vertebrate 

thyroid gland. 

 

Fill in the blank: Hemichordates lack a true ______ but share features such as pharyngeal slits 

with chordates. 

Pilot questions 2.3 
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Which chordate features are shared between protochordates and vertebrates? 

What feature does amphioxus retain throughout its life? 

Why are hemichordates considered significant in vertebrate ancestry? 

What structural feature do hemichordates lack compared to chordates? 

How do protochordates and hemichordates provide evidence of vertebrate evolution? 

 

Series Summary 

This Series focused on the organisation and evolutionary links of protochordates and 

hemichordates, groups that are central to understanding vertebrate ancestry. We began by 

examining the organisation of protochordates, looking at urochordates and cephalochordates, and 

noting their distinctive features such as the tunic in tunicates and the persistent notochord in 

amphioxus. We then explored the organisation of hemichordates, highlighting their body regions 

and structural similarities with chordates, while also pointing out their differences such as the 

absence of a true notochord. Finally, we analysed the evolutionary links between protochordates 

and vertebrates, emphasising developmental and anatomical connections and the significance of 

these groups in vertebrate ancestry. 

By completing this Series, you should now be able to define protochordates and describe their 

organisation, explain the organisation of hemichordates, analyse similarities and differences 

between hemichordates and chordates, and evaluate the evolutionary links between 

protochordates, hemichordates, and vertebrates. These achievements align directly with the 

Series Learning Outcomes, equipping you with a clear understanding of how these groups 

illuminate the evolutionary pathway to vertebrates. 

Glossary of Terms 

Amphioxus: A small marine cephalochordate that retains chordate features throughout its 

life. 

Cephalochordata: Subphylum of chordates including amphioxus, with a simple but 

organised body plan. 

Hemichordates: Marine organisms related to chordates, divided into acorn worms and 

pterobranchs, with pharyngeal slits but no true notochord. 

Notochord: A flexible rod that provides support in chordates. 

Pharyngeal slits: Openings in the pharynx used for filter feeding and respiration. 

Protochordates: Primitive chordates including urochordates and cephalochordates. 

Tunicates: Marine urochordates that show chordate features in the larval stage but lose them 

in adulthood. 

Tunic: Tough outer covering of adult tunicates. 

Concept Check Questions 2 

Objective questions 
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The tough outer covering of adult tunicates is called the ______. (Linked to SLO 2.1) 

Amphioxus retains a persistent ______ throughout its life. (Linked to SLO 2.1) 

Hemichordates possess openings in the pharynx called ______ slits. (Linked to SLO 2.2) 

Hemichordates lack a true ______. (Linked to SLO 2.3) 

Protochordates and vertebrates share features such as a ______ and pharyngeal slits. (Linked 

to SLO 2.4) 

Short-answer questions 

6. Define protochordates and give two examples. (Linked to SLO 2.1) 

7. Describe the general features of amphioxus. (Linked to SLO 2.1) 

8. Name the two main groups of hemichordates. (Linked to SLO 2.2) 

9. Explain one structural similarity between hemichordates and chordates. (Linked to SLO 2.3) 

10. Why are protochordates considered significant in vertebrate ancestry? (Linked to SLO 2.4) 

Long-answer questions 

11. Analyse the organisation of urochordates and cephalochordates, highlighting their chordate 

features. (Linked to SLO 2.1) 

12. Compare the structural similarities and differences between hemichordates and chordates. 

(Linked to SLO 2.3) 

13. Evaluate the evolutionary links between protochordates, hemichordates, and vertebrates. 

(Linked to SLO 2.4) 

Answers to Concept Check Questions 2 

Objective questions 

Tunic. 

Notochord. 

Pharyngeal. 

Notochord. 

Dorsal nerve cord. 

Short-answer questions 

6. Protochordates are primitive chordates; examples include tunicates and amphioxus. 

7. Amphioxus is a small marine organism with a persistent notochord, dorsal nerve cord, 

pharyngeal slits, and post-anal tail. 

8. Enteropneusts (acorn worms) and pterobranchs. 

9. Both hemichordates and chordates possess pharyngeal slits. 

10. They demonstrate basic chordate features and provide evidence of vertebrate ancestry. 

Long-answer questions 

11. Basic response: Urochordates show chordate features in the larval stage, while 

cephalochordates retain them throughout life. 

Value-added response: Tunicates illustrate the loss of chordate traits in adulthood, while 

amphioxus demonstrates a persistent primitive body plan that bridges protochordates and 

vertebrates. 
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Basic response: Hemichordates share pharyngeal slits with chordates but lack a notochord. 

Value-added response: Their body organisation into proboscis, collar, and trunk 

contrasts with chordates, yet their similarities highlight evolutionary connections. 

Basic response: Protochordates and hemichordates provide evidence of vertebrate evolution 

through shared features. 

Value-added response: They represent transitional forms, showing how vertebrates 

evolved from simpler ancestors under selective pressures in aquatic environments. 

Answers to Pilot Questions 2 

Part 2.1 

Notochord, dorsal nerve cord, post-anal tail. 

Tunic. 

Amphioxus. 

Lack of a true heart. 

It bridges the gap between protochordates and vertebrates. 

Part 2.2 

Enteropneusts and pterobranchs. 

Proboscis, collar, trunk. 

Pharyngeal slits. 

Notochord. 

They show transitional features linking chordates to simpler ancestors. 

Part 2.3 

Notochord, pharyngeal slits, dorsal nerve cord. 

Notochord. 

They highlight evolutionary connections despite lacking a true notochord. 

Notochord. 

They provide developmental and anatomical evidence of vertebrate ancestry. 

References And Attributions 2 
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Box 2.6 Significance of protochordates and hemichordates in vertebrate ancestry 
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In the last Series, we examined the organisation and evolutionary links of protochordates and 

hemichordates, which provided important insights into vertebrate ancestry. Building on that 

foundation, this Series introduces the basic organisation and comparative anatomy of vertebrates. 

Vertebrates are distinguished by their complex organ systems, which enable them to adapt to 

diverse environments and ecological roles. Studying these systems helps us appreciate both their 

functional significance and their evolutionary modifications across different vertebrate groups. 

The aim of this Series is to describe the organisation of major vertebrate systems and to compare 

their anatomical features, highlighting similarities and differences that reflect evolutionary 

adaptations. 

We shall commence this Series by exploring germ layers and extraembryonic membranes, which 

form the basis of vertebrate development. Next, we will examine the integumentary and skeletal 

systems, followed by the muscular and digestive systems. Finally, we will conclude with the 

respiratory, circulatory, and urinogenital systems, rounding off our study of vertebrate 

organisation and comparative anatomy. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 3.1 describe the formation of germ layers and explain the functions of extraembryonic 

membranes, 

SLO 3.2 explain the organisation and functions of vertebrate skin and compare skeletal 

structures across vertebrates, 

SLO 3.3 analyse the organisation of vertebrate muscles and compare digestive systems 

among vertebrate groups, 

SLO 3.4 evaluate the organisation of respiratory, circulatory, and urinogenital systems in 

vertebrates. 

 

3.1 Germ Layers And Extraembryonic Membranes 

3.1.1 Formation of germ layers in vertebrates 

During embryonic development, vertebrates form three primary germ layers: the ectoderm, 

mesoderm, and endoderm. The ectoderm gives rise to structures such as the skin and nervous 

system, the mesoderm develops into muscles, bones, and the circulatory system, while the 

endoderm forms the lining of the digestive tract and associated organs. These germ layers are 

established during the process of gastrulation, which transforms the simple blastula into a more 

complex structure with distinct tissue layers. 

 

Short description: Diagram showing the three germ layers in vertebrate embryonic development. 
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Caption: Figure 3.1 Germ layers in vertebrate embryos 

 

Fill in the blank: The ______ layer gives rise to muscles, bones, and the circulatory system. 

3.1.2 Functions of extraembryonic membranes 

Extraembryonic membranes are structures that support the developing embryo but do not form 

part of the body itself. In vertebrates such as reptiles, birds, and mammals, these membranes 

include the amnion, chorion, yolk sac, and allantois. The amnion encloses the embryo in a 

fluid-filled cavity, providing protection against mechanical shock. The chorion facilitates gas 

exchange, the yolk sac stores nutrients, and the allantois handles waste storage and contributes to 

respiration. These membranes are crucial for successful reproduction in terrestrial environments, 

allowing vertebrates to reproduce away from water. 

Box 3.2 Functions of extraembryonic membranes 

 

 

Membrane 
Primary 

Function 
Description 

Amnion 
Protection & 

Hydration 

A fluid-filled sac that surrounds the embryo. The amniotic fluid 

acts as a shock absorber against mechanical physical trauma and 

prevents the embryo from drying out (desiccation). 
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Membrane 
Primary 

Function 
Description 

Yolk Sac 
Nutrient 

Supply 

Encloses the yolk in birds and reptiles, providing the primary 

energy source for growth. In most mammals, it is reduced but 

serves as the initial site of blood cell formation. 

Allantois 
Waste & 

Respiration 

Acts as a disposal sac for metabolic nitrogenous wastes (like 

uric acid). It also functions in gas exchange, bringing oxygen to 

the embryo and removing carbon dioxide. 

Chorion Gas Exchange 

The outermost membrane that lies just beneath the eggshell (in 

birds/reptiles) or forms the fetal portion of the placenta (in 

mammals). It regulates the overall diffusion of gases. 

 

Fill in the blank: The ______ encloses the embryo in a fluid-filled cavity, protecting it from 

mechanical shock. 

Pilot questions 3.1 

Name the three primary germ layers in vertebrates. 

Which germ layer gives rise to the nervous system? 

What process establishes the germ layers during embryonic development? 

List the four extraembryonic membranes found in vertebrates. 

Which extraembryonic membrane stores nutrients for the embryo? 

 

3.2 Integumentary And Skeletal Systems 

3.2.1 Organisation and functions of vertebrate skin 

The integumentary system in vertebrates consists of the skin and its derivatives such as scales, 

feathers, hair, and glands. The skin is composed of two main layers: the epidermis, which is the 

outer protective layer, and the dermis, which lies beneath and contains blood vessels, nerves, 

and connective tissues. The skin serves multiple functions including protection against injury and 

pathogens, regulation of body temperature, sensory perception, and in some groups, camouflage 

or communication. For example, fish scales provide protection and reduce friction in water, 

while mammalian hair aids in insulation. 
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Short description: Diagram showing the structure of vertebrate skin with epidermis and dermis 

layers. 

Caption: Figure 3.3 Structure of vertebrate skin 

 

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

3.2.2 Comparative anatomy of vertebrate skeletons 

The skeletal system provides support, protection, and a framework for movement in vertebrates. 

It consists of bones, cartilage, and associated connective tissues. Vertebrate skeletons can be 

divided into two main parts: the axial skeleton, which includes the skull, vertebral column, and 

rib cage, and the appendicular skeleton, which includes the limbs and girdles. Comparative 

anatomy reveals adaptations across vertebrate groups. For instance, fish have lightweight 

skeletons suited for buoyancy, birds possess hollow bones that reduce weight for flight, and 

mammals have robust skeletons adapted for diverse modes of locomotion. 

Table 3.4 Comparative features of vertebrate skeletons 

 

 

Feature Fish (Actinopterygii) Birds (Aves) Mammals (Mammalia) 

Bone Density 

High (in teleosts) but 

supported by water 

buoyancy. 

Pneumatized: Hollow, 

air-filled bones with 

internal struts for 

strength without weight. 

Dense, marrow-filled 

bones designed for high 

weight-bearing and 

mineral storage. 

Skull Features 

Highly kinetic; many 

small, overlapping bones 

for suction feeding. 

Lightweight; toothless 

beak; large orbits; 

braincase and upper jaw 

often fused. 

Synapsid skull: Fixed 

upper jaw; specialized 

teeth (heterodont); 

differentiated middle ear 

bones. 

Vertebral 

Column 

Simple, undifferentiated 

vertebrae; serves as an 

attachment for lateral 

muscles. 

Highly fused 

(Synsacrum) to provide 

a rigid airframe; 

flexible "S-shaped" 

neck. 

Differentiated into 

Cervical, Thoracic, 

Lumbar, Sacral, and 

Caudal regions for 

varied movement. 
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Feature Fish (Actinopterygii) Birds (Aves) Mammals (Mammalia) 

Appendicular 

Skeleton 

Fins (pectoral/pelvic) 

used for stability and 

steering, not weight-

bearing. 

Forelimbs modified into 

wings; large keeled 

sternum for flight 

muscle attachment. 

Limbs positioned 

underneath the body 

(erect gait) for efficient 

terrestrial locomotion. 

Ribs & 

Sternum 

Numerous long, thin 

ribs; no true sternum 

(usually). 

Ribs with uncinate 

processes for cage 

rigidity; massive keel 

(carina) for pectorals. 

Ribs form a flexible 

cage; sternum is a flat 

bone for protection and 

muscle attachment. 

 

Fill in the blank: The skeleton is divided into the axial skeleton and the ______ skeleton. 

Pilot questions 3.2 

What are the two main layers of vertebrate skin? 

Name two functions of the integumentary system. 

What are the two main divisions of the vertebrate skeleton? 

Which vertebrate group has hollow bones adapted for flight? 

Why is the skeletal system important for vertebrate movement? 

 

3.3 Muscular And Digestive Systems 

3.3.1 Organisation of vertebrate muscles 

The muscular system in vertebrates is responsible for movement, posture, and support. Muscles 

are classified into three types: 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 specialised for continuous 

contraction in the heart. Skeletal muscles work in pairs, known as antagonistic pairs, where one 

contracts while the other relaxes, allowing controlled movement. 

 

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

Caption: Figure 3.5 Types of vertebrate muscles 

 

Fill in the blank: Muscles that enable voluntary movement by attaching to bones are called 

______ muscles. 
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3.3.2 Comparative features of vertebrate digestive systems 

The digestive system in vertebrates is adapted to process food and absorb nutrients, with 

variations reflecting dietary habits. In fish, the digestive tract is relatively simple, suited for 

aquatic feeding. Birds possess a specialised structure called the gizzard, which grinds food 

mechanically, compensating for the absence of teeth. Mammals have complex digestive systems, 

with herbivores such as ruminants possessing multi-chambered stomachs for cellulose digestion, 

while carnivores have shorter intestines adapted for protein digestion. These differences illustrate 

how digestive anatomy reflects ecological roles and feeding strategies. 

Table 3.6 Comparative features of vertebrate digestive systems 

 

 

Feature Fish (Teleosts) Birds (Aves) 
Mammals 

(Mammalia) 

Mouth & 

Teeth 

Simple, homodont 

(uniform) teeth for 

gripping; lack of salivary 

glands. 

Toothless beak: 

Lightweight for flight; 

minimal oral processing. 

Heterodont teeth: 

Specialized for 

clipping, tearing, or 

grinding; well-

developed salivary 

glands. 

Esophagus 
Short and wide; primarily a 

transport tube. 

Often features a Crop: An 

expanded sac for temporary 

food storage and softening. 

Specialized for 

transport; highly 

muscular to facilitate 

swallowing 

(peristalsis). 

Stomach 

Varies; many have a simple 

"J-shaped" stomach. Some 

(like cyprinids) lack a 

stomach entirely. 

Two-part: Proventriculus 

(chemical) and Gizzard 

(mechanical/grinding with 

stones). 

Ranges from simple 

(monogastric) to 

highly complex four-

chambered ruminant 

stomachs. 

Small 

Intestine 

Features Pyloric Caeca 

(finger-like pouches) to 

increase surface area for 

secretion and absorption. 

Relatively long; primary 

site of chemical digestion 

and nutrient absorption. 

Highly coiled; length 

correlates with diet 

(longer in herbivores, 

shorter in carnivores). 
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Feature Fish (Teleosts) Birds (Aves) 
Mammals 

(Mammalia) 

Large 

Intestine 

Very short; primarily 

involved in water 

absorption and waste 

expulsion. 

Often features paired 

Caeca: Site of bacterial 

fermentation of fibrous 

material. 

Well-developed; 

includes a Caecum 

and Colon for water 

recovery and 

microbial 

fermentation. 

Cloaca / 

Anus 

Features a Cloaca (common 

exit for waste/reproduction) 

in most, though some have 

a separate anus. 

Cloaca: A single chamber 

for digestive, urinary, and 

reproductive tracts. 

Separate Anus: 

Distinct exit from the 

urogenital openings 

(except in 

monotremes). 

 

Fill in the blank: Birds use a specialised structure called the ______ to grind food mechanically. 

Pilot questions 3.3 

Name the three types of vertebrate muscles. 

What is the function of skeletal muscles? 

Which muscle type is specialised for continuous contraction in the heart? 

What digestive structure in birds compensates for the absence of teeth? 

Why do ruminant mammals have multi-chambered stomachs? 

 

3.4 Respiratory, Circulatory, And Urinogenital Systems 

3.4.1 Comparative organisation of respiratory systems 

The respiratory system in vertebrates is adapted to meet the oxygen demands of different 

environments. Fish use gills, which extract oxygen from water through counter-current 

exchange. Amphibians rely on both lungs and cutaneous respiration, meaning they can breathe 

through their skin. Birds possess highly efficient lungs with air sacs that allow continuous 

airflow, supporting the high metabolic demands of flight. Mammals have lungs with alveoli, 

which provide a large surface area for gas exchange. These variations illustrate how respiratory 

systems have evolved to suit ecological niches. 

 

Short description: Diagram comparing respiratory systems in fish, amphibians, birds, and 
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mammals. 

Caption: Figure 3.7 Comparative organisation of vertebrate respiratory systems 

 

Fill in the blank: Birds possess highly efficient lungs with ______ that allow continuous airflow. 

3.4.2 Circulatory adaptations in vertebrates 

The circulatory system transports oxygen, nutrients, and waste products throughout the body. 

Fish have a two-chambered heart with a single circulation system, while amphibians possess a 

three-chambered heart that partially separates oxygenated and deoxygenated blood. Reptiles also 

have three chambers, but with a partial septum that improves separation. Birds and mammals 

have a four-chambered heart, which ensures complete separation of oxygenated and 

deoxygenated blood, supporting high metabolic activity. These adaptations reflect increasing 

efficiency in oxygen delivery across vertebrate evolution. 

Table 3.8 Comparative features of vertebrate circulatory systems 

 

 

Animal 

Group 

Heart 

Chambers 

Circulation 

Type 
Path of Blood Flow 

Fish 

2 Chambers (1 

Atrium, 1 

Ventricle) 

Single 

Circulation 

Heart $\rightarrow$ Gills $\rightarrow$ 

Body $\rightarrow$ Heart. Blood passes 

through the heart only once per complete 

circuit. 

Amphibians 

3 Chambers (2 

Atria, 1 

Ventricle) 

Double 

Circulation 

(Incomplete) 

Heart $\rightarrow$ Lungs/Skin 

$\rightarrow$ Heart $\rightarrow$ Body. 

Some mixing of oxygenated and 

deoxygenated blood occurs in the single 

ventricle. 

Reptiles* 

3 Chambers 

(Partially 

Septated 

Ventricle) 

Double 

Circulation 

(Incomplete) 

Similar to amphibians, but a partial 

septum reduces mixing. *Crocodilians 

have a 4-chambered heart. 
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Animal 

Group 

Heart 

Chambers 

Circulation 

Type 
Path of Blood Flow 

Birds & 

Mammals 

4 Chambers (2 

Atria, 2 

Ventricles) 

Double 

Circulation 

(Complete) 

Pulmonary and Systemic circuits are 

totally separate. No mixing of blood, 

ensuring high-pressure delivery of $O_2$ 

to tissues. 

 

Fill in the blank: Mammals have a ______-chambered heart that ensures complete separation of 

oxygenated and deoxygenated blood. 

3.4.3 Organisation of the urinogenital system 

The urinogenital system combines excretory and reproductive functions in vertebrates. The 

excretory organs, primarily the kidneys, remove nitrogenous waste and regulate water balance. 

In fish and amphibians, kidneys are relatively simple, while in birds and mammals they are more 

advanced, with nephrons adapted for efficient filtration and water conservation. The reproductive 

organs vary widely, with external fertilisation common in fish and amphibians, and internal 

fertilisation in reptiles, birds, and mammals. In mammals, the system is highly specialised, 

supporting live birth and complex parental care. 

Box 3.9 Organisation of the vertebrate urinogenital system 

 

 

Feature 
Fish & Amphibians 

(Anamniotes) 

Reptiles & Birds 

(Amniotes) 
Mammals (Placental) 

Kidney Type 

Opisthonephros: A 

functional adult kidney 

derived from the middle 

and posterior parts of the 

embryonic nephric ridge. 

Metanephros: A highly 

compact, specialized 

kidney that develops 

from the most posterior 

part of the nephric ridge. 

Metanephros: 

Featuring millions of 

nephrons with elongated 

Loops of Henle for 

maximum water 

conservation. 

Nitrogenous 

Waste 

Ammonia or Urea: 

Ammonia (toxic, requires 

much water) in fish; Urea 

in adult amphibians. 

Uric Acid: Excreted as 

a semi-solid paste to 

conserve water; essential 

Urea: Less toxic than 

ammonia; concentrated 

by the kidneys to 

minimize water loss. 
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Feature 
Fish & Amphibians 

(Anamniotes) 

Reptiles & Birds 

(Amniotes) 
Mammals (Placental) 

for embryos inside 

shells. 

Duct System 

Archinephric (Wolffian) 

Duct: Serves both sperm 

transport and urine 

drainage in males. 

Ureter: A specialized 

duct solely for urine. 

The Wolffian duct is 

repurposed strictly for 

sperm (epididymis/vas 

deferens). 

Complete Separation: 

Distinct pathways for 

urine (ureters/urethra) 

and gametes (except in 

the male urethra). 

Reproductive 

Exit 

Cloaca: A common 

chamber for digestive, 

urinary, and reproductive 

discharge. 

Cloaca: Similar to 

anamniotes; often 

features a reversible 

phallus in some reptiles 

for internal fertilization. 

Separate Openings: 

Most mammals have 

distinct exits for the 

digestive tract (anus) 

and urinogenital 

systems. 

 

Fill in the blank: The primary excretory organs in vertebrates are the ______. 

Pilot questions 3.4 

What respiratory structure do fish use to extract oxygen from water? 

Which vertebrate group uses both lungs and cutaneous respiration? 

How many chambers are found in the mammalian heart? 

What is the primary excretory organ in vertebrates? 

Why are birds’ respiratory systems considered highly efficient? 

Series Summary 

This Series examined the basic organisation and comparative anatomy of vertebrates, 

highlighting the complexity and diversity of their organ systems. We began with the germ layers 

and extraembryonic membranes, which form the foundation of vertebrate development. Then, we 

explored the integumentary and skeletal systems, noting their protective and supportive roles. 

Following that, we studied the muscular and digestive systems, focusing on how they enable 

movement and food processing. Finally, we analysed the respiratory, circulatory, and 

urinogenital systems, emphasising their adaptations across different vertebrate groups. 
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By completing this Series, you should now be able to describe the formation of germ layers and 

extraembryonic membranes, explain the organisation of vertebrate skin and skeletons, analyse 

muscular and digestive systems, and evaluate respiratory, circulatory, and urinogenital systems. 

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

understanding of vertebrate organisation and comparative anatomy. 

Glossary of Terms 

Alveoli: Tiny air sacs in mammalian lungs that provide a large surface area for gas exchange. 

Amnion: Extraembryonic membrane that encloses the embryo in a fluid-filled cavity. 

Appendicular skeleton: Part of the skeleton consisting of limbs and girdles. 

Cardiac muscle: Specialised muscle found in the heart, capable of continuous contraction. 

Dermis: Inner layer of vertebrate skin containing blood vessels, nerves, and connective 

tissue. 

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

Endoderm: Inner germ layer that forms the lining of the digestive tract and associated 

organs. 

Epidermis: Outer protective layer of vertebrate skin. 

Gizzard: Specialised muscular organ in birds that grinds food mechanically. 

Mesoderm: Middle germ layer that forms muscles, bones, and the circulatory system. 

Notochord: Flexible rod providing support in chordates and vertebrate embryos. 

Pharyngeal slits: Openings in the pharynx used for filter feeding and respiration. 

Skeletal muscle: Muscle attached to bones, enabling voluntary movement. 

Smooth muscle: Muscle found in internal organs, controlling involuntary actions. 

Tunic: Tough outer covering of adult tunicates. 

Concept Check Questions 3 

Objective questions 

The outer protective layer of vertebrate skin is called the ______. (Linked to SLO 3.2) 

Birds use a specialised structure called the ______ to grind food mechanically. (Linked to 

SLO 3.3) 

Mammals have a ______-chambered heart. (Linked to SLO 3.4) 

The middle germ layer that forms muscles and bones is the ______. (Linked to SLO 3.1) 

The primary excretory organs in vertebrates are the ______. (Linked to SLO 3.4) 

Short-answer questions 

6. Define the three germ layers in vertebrates. (Linked to SLO 3.1) 

7. List two functions of the integumentary system. (Linked to SLO 3.2) 

8. Name the two main divisions of the vertebrate skeleton. (Linked to SLO 3.2) 

9. Describe the three types of vertebrate muscles. (Linked to SLO 3.3) 

10. Explain why birds’ respiratory systems are considered highly efficient. (Linked to SLO 3.4) 

Long-answer questions 

11. Analyse the functions of extraembryonic membranes in vertebrates. (Linked to SLO 3.1) 
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12. Compare skeletal adaptations in fish, birds, and mammals. (Linked to SLO 3.2) 

13. Evaluate the organisation of vertebrate circulatory systems across different groups. (Linked 

to SLO 3.4) 

Answers to Concept Check Questions 3 

Objective questions 

Epidermis. 

Gizzard. 

Four. 

Mesoderm. 

Kidneys. 

Short-answer questions 

6. Ectoderm forms skin and nervous system, mesoderm forms muscles and bones, endoderm 

forms digestive lining. 

7. Protection and regulation of body temperature. 

8. Axial skeleton and appendicular skeleton. 

9. Skeletal muscles enable voluntary movement, smooth muscles control involuntary actions, 

cardiac muscle contracts continuously in the heart. 

10. Birds have air sacs that allow continuous airflow through the lungs, supporting high 

metabolic demands. 

Long-answer questions 

11. Basic response: Extraembryonic membranes protect the embryo, store nutrients, and manage 

waste. 

Value-added response: They also enable vertebrates to reproduce away from water, supporting 

terrestrial adaptation. 

Basic response: Fish have lightweight skeletons, birds have hollow bones, mammals have 

robust skeletons. 

Value-added response: These adaptations reflect ecological roles such as buoyancy in 

fish, flight in birds, and diverse locomotion in mammals. 

Basic response: Fish have two chambers, amphibians and reptiles three, birds and mammals 

four. 

Value-added response: The progression shows increasing efficiency in oxygen delivery, 

supporting higher metabolic activity. 

Answers to Pilot Questions 3 

Part 3.1 

Ectoderm, mesoderm, endoderm. 

Ectoderm. 

Gastrulation. 
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Amnion, chorion, yolk sac, allantois. 

Yolk sac. 

Part 3.2 

Epidermis and dermis. 

Protection and sensory perception. 

Axial skeleton and appendicular skeleton. 

Birds. 

It provides support and framework for movement. 

Part 3.3 

Skeletal, smooth, cardiac. 

Voluntary movement. 

Cardiac muscle. 

Gizzard. 

To digest cellulose efficiently. 

Part 3.4 

Gills. 

Amphibians. 

Four. 

Kidneys. 

Because they allow continuous airflow through lungs. 

References And Attributions 3 

Illustration placeholders suggested in Series 3: 

Figure 3.1 Germ layers in vertebrate embryos 

Box 3.2 Functions of extraembryonic membranes 

Figure 3.3 Structure of vertebrate skin 

Table 3.4 Comparative features of vertebrate skeletons 

Figure 3.5 Types of vertebrate muscles 

Table 3.6 Comparative features of vertebrate digestive systems 

Figure 3.7 Comparative organisation of vertebrate respiratory systems 

Table 3.8 Comparative features of vertebrate circulatory systems 

Box 3.9 Organisation of the vertebrate urinogenital system 

AI prompt suggestions used for illustration placeholders: 

Diagrams showing germ layers, skin, muscles, respiratory systems. 

Tables comparing skeletons, digestive systems, circulatory systems. 
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Boxes summarising functions of extraembryonic membranes and urinogenital 

systems. 

Open Educational Resource (OER) search strings suggested: 

“vertebrate embryo germ layers diagram OER” 

“extraembryonic membranes functions vertebrates OER” 

“vertebrate skin structure diagram OER” 

“vertebrate skeleton comparative anatomy table OER” 

“vertebrate muscle tissue types diagram OER” 

“vertebrate digestive system comparative table OER” 

“vertebrate respiratory systems comparison diagram OER” 

“vertebrate circulatory systems comparison table OER” 

“vertebrate urinogenital system organisation OER” 

General references (APA style): 

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

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

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

OER Commons. (n.d.). Vertebrate anatomy and physiology resources. Retrieved 

from https://www.oercommons.org 

 

ZOO301 Series 4 Evolutionary History, Systematics And 

Geographical Distribution Of Vertebrates 

Part 4.1 Evolutionary history of vertebrates 

4.1.1 Fossil evidence and major transitions 

4.1.2 Adaptive radiation and diversification 

Part 4.2 Systematics of vertebrates 

4.2.1 Principles of vertebrate classification 

4.2.2 Major vertebrate groups and their relationships 

Part 4.3 Geographical distribution of vertebrates 

4.3.1 Biogeographical patterns and ecological factors 

4.3.2 Case studies of vertebrate distribution across continents 

 

Introduction 

In the last Series, we explored the basic organisation and comparative anatomy of vertebrates, 

focusing on their structural and functional systems. Building on that foundation, this Series shifts 

attention to the evolutionary history, systematics, and geographical distribution of vertebrates. 

https://www.oercommons.org/
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These aspects are essential for understanding how vertebrates originated, diversified, and 

adapted to different environments across the globe. 

The aim of this Series is to trace the evolutionary history of vertebrates, explain their 

classification and systematics, and evaluate their geographical distribution in relation to 

ecological and evolutionary factors. 

We shall commence this Series by examining the evolutionary history of vertebrates, beginning 

with fossil evidence and major transitions, followed by adaptive radiation and diversification. 

Next, we will explore vertebrate systematics, focusing on classification principles and 

relationships among major groups. Finally, we will conclude with geographical distribution, 

considering biogeographical patterns and case studies across continents. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 4.1 describe the evolutionary history of vertebrates using fossil evidence and major 

transitions, 

SLO 4.2 explain adaptive radiation and diversification in vertebrate evolution, 

SLO 4.3 define the principles of vertebrate classification and analyse relationships among 

major vertebrate groups, 

SLO 4.4 evaluate biogeographical patterns and ecological factors influencing vertebrate 

distribution, and 

SLO 4.5 assess case studies of vertebrate distribution across continents. 

4.1 Evolutionary History Of Vertebrates 

4.1.1 Fossil evidence and major transitions 

The evolutionary history of vertebrates is traced largely through the study of fossils, which 

provide direct evidence of ancient life forms. Fossils of early jawless vertebrates, such as 

ostracoderms, reveal primitive skeletal structures and mark the beginning of vertebrate evolution. 

The transition from jawless to jawed vertebrates was a major evolutionary step, allowing more 

efficient feeding and diversification. Later fossils show the emergence of amphibians from fish, 

reptiles from amphibians, and eventually birds and mammals. Each transition reflects adaptations 

to new environments and ecological opportunities. 

 

Short description: Diagram showing major evolutionary transitions in vertebrates (fish → 

amphibians → reptiles → birds/mammals). 
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Caption: Figure 4.1 Major evolutionary transitions in vertebrates 

 

Fill in the blank: Fossils of early jawless vertebrates such as ______ mark the beginning of 

vertebrate evolution. 

4.1.2 Adaptive radiation and diversification 

Adaptive radiation refers to the rapid diversification of a group of organisms into different 

ecological niches. In vertebrates, this process is evident in the diversification of fish into 

cartilaginous and bony forms, reptiles into dinosaurs and modern lizards, and mammals into 

diverse groups ranging from rodents to primates. Adaptive radiation is driven by environmental 

changes, availability of resources, and evolutionary innovations such as jaws, limbs, and 

feathers. This diversification explains the wide variety of vertebrate forms and functions we see 

today. 

Box 4.2 Examples of adaptive radiation in vertebrates 

 

 

Vertebrate 

Group 
Iconic Example Key Evolutionary Driver Specific Adaptations 

Fish 
Cichlids of East 

African Lakes 

Ecological Opportunity: 

New volcanic lakes 

Diversification of pharyngeal 

jaws specialized for eating 
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Vertebrate 

Group 
Iconic Example Key Evolutionary Driver Specific Adaptations 

(Victoria, 

Malawi) 

provided thousands of 

empty niches. 

algae, scales of other fish, or 

mollusks. 

Reptiles 
Anole Lizards of 

the Caribbean 

Microhabitat 

Specialization: Different 

species evolved to live on 

twigs, tree trunks, or grass. 

Variation in limb length (for 

running vs. clinging) and toe 

pad size for vertical climbing. 

Birds 

Darwin’s 

Finches 

(Galápagos 

Islands) 

Resource Partitioning: 

Limited food sources on 

isolated islands. 

Radical changes in beak 

shape and size to specialized 

for cracking seeds, sipping 

nectar, or catching insects. 

Mammals 
Marsupials in 

Australia 

Competitive Release: Lack 

of placental mammals 

allowed marsupials to fill all 

major roles. 

Evolution of forms that mirror 

placentals: marsupial 

"wolves," "moles," "gliders," 

and "lions." 

 

Fill in the blank: The rapid diversification of organisms into different ecological niches is called 

______ radiation. 

Pilot questions 4.1 

What type of evidence provides direct insight into vertebrate evolutionary history? 

Name one early jawless vertebrate group. 

What major evolutionary step allowed vertebrates to feed more efficiently? 

Define adaptive radiation. 

Give one example of adaptive radiation in vertebrates. 

 

4.2 Systematics Of Vertebrates 

4.2.1 Principles of vertebrate classification 

Systematics is the scientific study of the diversity of organisms and their evolutionary 

relationships. In vertebrates, classification is based on shared characteristics and evolutionary 
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lineage. The principles of vertebrate classification involve grouping organisms into hierarchical 

categories such as class, order, family, genus, and species. Modern systematics also 

incorporates phylogenetics, which uses evolutionary trees to show relationships based on genetic 

and morphological evidence. This approach helps to clarify how vertebrates are related and how 

they have diverged over time. 

 

Short description: Diagram showing hierarchical classification of vertebrates (class → order → 

family → genus → species). 

Caption: Figure 4.3 Hierarchical classification of vertebrates 

 

Fill in the blank: The scientific study of diversity and evolutionary relationships is called 

______. 

4.2.2 Major vertebrate groups and their relationships 

Vertebrates are divided into several major groups, each with distinctive features. These include 

fishes (jawless, cartilaginous, and bony), amphibians, reptiles, birds, and mammals. Fishes 

represent the earliest vertebrates, while amphibians mark the transition to life on land. Reptiles 

evolved adaptations such as amniotic eggs, enabling them to thrive in terrestrial environments. 

Birds are specialised reptiles with feathers and adaptations for flight, and mammals are 

characterised by hair and mammary glands. Phylogenetic studies show that birds share a close 

evolutionary relationship with reptiles, while mammals diverged separately but share common 

ancestry with earlier vertebrates. 

Table 4.4 Major vertebrate groups and their evolutionary relationships 
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Group 
Common 

Name 

Key Evolutionary 

Innovation 

Heart 

Chambers 
Thermoregulation 

Agnatha 

Jawless Fish 

(Lampreys, 

Hagfish) 

Cranium: Protective 

skull around a brain; 

lack of scales or paired 

fins. 

2 Ectothermic 

Chondrichthyes 

Cartilaginous 

Fish (Sharks, 

Rays) 

Jaws & Paired Fins: 

Derived from gill 

arches; skeleton made 

of flexible cartilage. 

2 Ectothermic 

Osteichthyes 

Bony Fish 

(Salmon, 

Lungfish) 

Bony Skeleton & Swim 

Bladder: Mineralized 

bone; lung precursors 

for buoyancy or 

breathing. 

2 Ectothermic 

Amphibia 

Amphibians 

(Frogs, 

Salamanders) 

Tetrapod Limbs: Four 

limbs for terrestrial 

locomotion; still 

dependent on water for 

eggs. 

3 Ectothermic 

Reptilia 

Reptiles 

(Lizards, 

Crocodiles) 

Amniotic Egg: Shelled 

egg with membranes 

that prevent drying; 

allows life fully on land. 

3* Ectothermic 

Aves Birds 

Endothermy & 

Feathers: Modified 

scales for flight and 

insulation; high 

metabolic rate. 

4 Endothermic 

Mammalia Mammals 
Mammary Glands & 

Hair: Milk production 
4 Endothermic 
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Group 
Common 

Name 

Key Evolutionary 

Innovation 

Heart 

Chambers 
Thermoregulation 

for young; neocortex in 

brain; specialized teeth. 

 

Fill in the blank: Birds are specialised ______ with feathers and adaptations for flight. 

Pilot questions 4.2 

What is systematics concerned with? 

Name the hierarchical categories used in vertebrate classification. 

Which vertebrate group marks the transition to life on land? 

What adaptation allowed reptiles to thrive in terrestrial environments? 

Which vertebrate group shares a close evolutionary relationship with reptiles? 

 

4.3 Geographical Distribution Of Vertebrates 

4.3.1 Biogeographical patterns and ecological factors 

The geographical distribution of vertebrates is influenced by both historical and ecological 

factors. Biogeography is the study of how species are distributed across the Earth, taking into 

account past events such as continental drift and present-day ecological conditions. Vertebrates 

are found in nearly all habitats, from deep oceans to high mountains, but their distribution 

depends on climate, food availability, and competition. For example, amphibians are largely 

restricted to moist environments due to their reliance on cutaneous respiration, while reptiles 

thrive in arid regions thanks to adaptations such as amniotic eggs. 

 

Short description: World map showing distribution of major vertebrate groups (fish, amphibians, 

reptiles, birds, mammals). 
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Caption: Figure 4.5 Global distribution of vertebrate groups 

 

Fill in the blank: The study of how species are distributed across the Earth is called ______. 

4.3.2 Case studies of vertebrate distribution across continents 

Case studies provide specific examples of how vertebrates are distributed globally. In Australia, 

marsupials such as kangaroos dominate due to isolation and unique evolutionary pathways. 

Africa is home to diverse large mammals including elephants and lions, shaped by savannah 

ecosystems. South America hosts rich amphibian diversity in the Amazon rainforest, while North 

America supports varied vertebrate fauna ranging from bears to migratory birds. These examples 

highlight how geographical isolation, climate, and ecological niches determine vertebrate 

distribution patterns. 

Box 4.6 Case studies of vertebrate distribution across continents 

 

 

Continent / 

Realm 

Unique Vertebrate 

Characteristics 
Key Case Study 

Australia 

(Australasian) 

High degree of endemism; 

dominated by marsupials and 

monotremes (egg-laying 

mammals). 

The Marsupial Radiation: Due to 50 

million years of isolation, marsupials filled 

niches occupied by placentals elsewhere 

(e.g., Kangaroo as the "large grazer"). 
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Continent / 

Realm 

Unique Vertebrate 

Characteristics 
Key Case Study 

South America 

(Neotropical) 

High biodiversity; unique 

lineages of "New World" 

monkeys and xenarthrans 

(sloths, armadillos). 

The Great American Biotic Interchange 

(GABI): When the Isthmus of Panama 

formed, North American fauna (cats, bears) 

moved south, and South American fauna 

(opossums, armadillos) moved north. 

Africa 

(Afrotropical) 

Diverse megafauna; home to 

the most diverse array of 

large ungulates and primates. 

Lake Victoria Cichlids: A classic case of 

rapid speciation within a single water body, 

creating hundreds of species from a few 

ancestors in just 15,000 years. 

Madagascar 

(Island 

Isolation) 

Extreme endemism; roughly 

90% of all vertebrate species 

are found nowhere else. 

Lemur Evolution: In the absence of large 

monkeys and apes, lemurs radiated into 

dozens of forms, from the tiny mouse lemur 

to the specialized Aye-aye. 

Antarctica 

High specialization for 

extreme cold; dominated by 

marine-dependent 

vertebrates. 

Penguin Adaptations: Flightless birds that 

"fly" through water; they utilize counter-

current heat exchange in their legs to prevent 

freezing on the ice. 

 

Fill in the blank: Marsupials such as kangaroos dominate vertebrate fauna in ______ due to 

isolation. 

Pilot questions 4.3 

What factors influence the geographical distribution of vertebrates? 

Why are amphibians largely restricted to moist environments? 

Which adaptation allows reptiles to thrive in arid regions? 

Name one vertebrate group that dominates in Australia. 

Give an example of vertebrate diversity in South America. 

 

Series Summary 
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This Series explored the evolutionary history, systematics, and geographical distribution of 

vertebrates, providing a broad perspective on how these animals originated, diversified, and 

spread across the globe. We began with fossil evidence and major transitions, tracing the journey 

from jawless vertebrates to more advanced forms, and then considered adaptive radiation as a 

driver of diversification. Following that, we examined vertebrate systematics, focusing on 

classification principles and the relationships among major groups. Finally, we studied 

geographical distribution, looking at biogeographical patterns and case studies across continents. 

By completing this Series, you should now be able to describe vertebrate evolutionary history, 

explain adaptive radiation, define classification principles, analyse relationships among 

vertebrate groups, and evaluate distribution patterns across different regions. These achievements 

align directly with the Series Learning Outcomes, equipping you with a comprehensive 

understanding of vertebrate diversity and its global context. 

Glossary of Terms 

Adaptive radiation: Rapid diversification of organisms into different ecological niches. 

Amniotic egg: A type of egg with protective membranes that allows reptiles, birds, and 

mammals to reproduce on land. 

Biogeography: The study of how species are distributed across the Earth. 

Classification: The grouping of organisms into hierarchical categories such as class, order, 

family, genus, and species. 

Fossil: Preserved remains or impressions of ancient organisms that provide evidence of 

evolutionary history. 

Phylogenetics: The study of evolutionary relationships using genetic and morphological 

evidence. 

Systematics: The scientific study of diversity and evolutionary relationships among 

organisms. 

Concept Check Questions 4 

Objective questions 

Fossils of early jawless vertebrates such as ______ mark the beginning of vertebrate 

evolution. (Linked to SLO 4.1) 

The rapid diversification of organisms into different ecological niches is called ______ 

radiation. (Linked to SLO 4.2) 

The scientific study of diversity and evolutionary relationships is called ______. (Linked to 

SLO 4.3) 

Birds are specialised ______ with feathers and adaptations for flight. (Linked to SLO 4.3) 

The study of how species are distributed across the Earth is called ______. (Linked to SLO 

4.4) 

Short-answer questions 

6. Explain the importance of fossil evidence in tracing vertebrate evolutionary history. (Linked to 

SLO 4.1) 
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7. Give one example of adaptive radiation in vertebrates. (Linked to SLO 4.2) 

8. List the hierarchical categories used in vertebrate classification. (Linked to SLO 4.3) 

9. What adaptation allowed reptiles to thrive in terrestrial environments? (Linked to SLO 4.3) 

10. Name one vertebrate group that dominates in Australia and explain why. (Linked to SLO 4.5) 

Long-answer questions 

11. Analyse the major evolutionary transitions in vertebrates from fish to mammals. (Linked to 

SLO 4.1) 

12. Compare the evolutionary relationships among fishes, amphibians, reptiles, birds, and 

mammals. (Linked to SLO 4.3) 

13. Evaluate biogeographical patterns and ecological factors influencing vertebrate distribution. 

(Linked to SLO 4.4) 

Answers to Concept Check Questions 4 

Objective questions 

Ostracoderms. 

Adaptive. 

Systematics. 

Reptiles. 

Biogeography. 

Short-answer questions 

6. Fossils provide direct evidence of ancient vertebrates and show major evolutionary transitions. 

7. Diversification of mammals into rodents, primates, and carnivores. 

8. Class, order, family, genus, species. 

9. Amniotic egg. 

10. Marsupials such as kangaroos dominate due to isolation and unique evolutionary pathways. 

Long-answer questions 

11. Basic response: Vertebrates evolved from jawless fish to jawed fish, amphibians, reptiles, 

birds, and mammals. 

Value-added response: Each transition reflects adaptations such as jaws for feeding, limbs for 

land movement, feathers for flight, and mammary glands for nurturing young. 

Basic response: Fishes are the earliest vertebrates, amphibians mark the transition to land, 

reptiles evolved adaptations for terrestrial life, birds are specialised reptiles, and 

mammals diverged with unique features. 

Value-added response: Phylogenetic studies show birds are closely related to reptiles, 

while mammals share ancestry with earlier vertebrates but developed distinct traits. 

Basic response: Vertebrate distribution is influenced by climate, food availability, and 

competition. 

Value-added response: Historical events such as continental drift and ecological niches 

explain why marsupials dominate in Australia, large mammals in Africa, and amphibians 

in South America. 
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Answers to Pilot Questions 4 

Part 4.1 

Fossils. 

Ostracoderms. 

Evolution of jaws. 

Adaptive radiation. 

Diversification of mammals. 

Part 4.2 

Diversity and evolutionary relationships. 

Class, order, family, genus, species. 

Amphibians. 

Amniotic egg. 

Birds. 

Part 4.3 

Historical and ecological factors. 

They rely on cutaneous respiration. 

Amniotic egg. 

Marsupials. 

Amphibians in the Amazon rainforest. 

References And Attributions 4 

Illustration placeholders suggested in Series 4: 

Figure 4.1 Major evolutionary transitions in vertebrates 

Box 4.2 Examples of adaptive radiation in vertebrates 

Figure 4.3 Hierarchical classification of vertebrates 

Table 4.4 Major vertebrate groups and their evolutionary relationships 

Figure 4.5 Global distribution of vertebrate groups 

Box 4.6 Case studies of vertebrate distribution across continents 

AI prompt suggestions used for illustration placeholders: 

Diagrams showing vertebrate evolutionary transitions, classification hierarchy, and 

global distribution. 

Tables comparing vertebrate groups and relationships. 

Boxes summarising adaptive radiation and case studies of distribution. 

Open Educational Resource (OER) search strings suggested: 
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“vertebrate evolutionary transitions fossil diagram OER” 

“adaptive radiation vertebrates examples OER” 

“vertebrate classification hierarchy diagram OER” 

“vertebrate groups evolutionary relationships table OER” 

“global vertebrate distribution map OER” 

“vertebrate distribution case studies continents OER” 

General references (APA style): 

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

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

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

OER Commons. (n.d.). Vertebrate evolution and distribution resources. Retrieved 

from https://www.oercommons.org 

 

ZOO301 Series 5 Ecology, Behaviour And Diversity Of Nigerian 

Vertebrate Fauna 

Part 5.1 Ecological roles of Nigerian vertebrates 

5.1.1 Habitat preferences and adaptations 

5.1.2 Trophic interactions and ecosystem balance 

Part 5.2 Behavioural patterns of Nigerian vertebrates 

5.2.1 Social behaviour and communication 

5.2.2 Reproductive strategies and parental care 

Part 5.3 Diversity of Nigerian vertebrate fauna 

5.3.1 Overview of major vertebrate groups in Nigeria 

5.3.2 Case studies of notable Nigerian vertebrates 

 

Introduction 

Nigeria is home to a rich variety of vertebrate fauna, ranging from fish in its rivers and coastal 

waters to mammals in its savannahs and forests. These animals play vital roles in ecosystems, 

influence human livelihoods, and contribute to the country’s biodiversity heritage. 

Understanding their ecology, behaviour, and diversity provides insights into how they interact 

with their environment and how conservation efforts can be directed. 

The aim of this Series is to examine the ecological roles, behavioural patterns, and diversity of 

Nigerian vertebrate fauna, equipping you with knowledge of their adaptations, interactions, and 

significance. 

https://www.oercommons.org/


 

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

We shall commence this Series by exploring the ecological roles of Nigerian vertebrates, 

focusing on their habitat preferences and trophic interactions. Next, we will study behavioural 

patterns, including social behaviour, communication, and reproductive strategies. Finally, we 

will conclude with an overview of vertebrate diversity in Nigeria, supported by case studies of 

notable species. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 5.1 describe habitat preferences and ecological adaptations of Nigerian vertebrates, 

SLO 5.2 explain trophic interactions and evaluate their role in ecosystem balance, 

SLO 5.3 analyse social behaviour and communication patterns in Nigerian vertebrates, 

SLO 5.4 explain reproductive strategies and parental care among Nigerian vertebrates, and 

SLO 5.5 identify major vertebrate groups in Nigeria and assess case studies of notable 

species. 

5.1 Ecological Roles Of Nigerian Vertebrates 

5.1.1 Habitat preferences and adaptations 

Nigerian vertebrates occupy a wide range of habitats, including forests, savannahs, wetlands, 

rivers, and coastal zones. Each group has developed specific adaptations that enable survival in 

these environments. For instance, fish in the Niger Delta have gills adapted for oxygen extraction 

in water, amphibians thrive in moist habitats due to their permeable skin, reptiles such as lizards 

are well suited to arid savannahs, and mammals like antelopes are adapted for grazing in open 

grasslands. Birds show remarkable diversity, with species ranging from forest hornbills to 

migratory waterfowl. These habitat preferences illustrate how vertebrates contribute to 

ecological balance by occupying distinct niches. 

 

Short description: Map of Nigeria showing major vertebrate habitats (forests, savannahs, 

wetlands, coastal areas). 
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Caption: Figure 5.1 Major vertebrate habitats in Nigeria 

 

Fill in the blank: Amphibians thrive in moist habitats due to their ______ skin. 

5.1.2 Trophic interactions and ecosystem balance 

Vertebrates play crucial roles in trophic interactions, which are feeding relationships within 

ecosystems. Herbivorous mammals such as antelopes and rodents consume plants, while 

carnivores like lions and crocodiles regulate herbivore populations. Birds contribute by 

controlling insect numbers, and fish maintain aquatic food chains. These interactions sustain 

ecosystem balance, ensuring that energy flows and nutrient cycles remain stable. Disruption of 

these roles, such as through overhunting or habitat loss, can destabilise ecosystems and reduce 

biodiversity. 

Box 5.2 Trophic roles of Nigerian vertebrates 

 

 

Trophic Role Ecological Function Notable Nigerian Examples 

Herbivores (Primary 

Consumers) 

Convert plant energy into 

animal biomass; essential for 

seed dispersal and grass 

regulation. 

Mammals: African Elephant, West 

African Manatee, Hartebeest. 

Reptiles: African Spurred Tortoise. 
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Trophic Role Ecological Function Notable Nigerian Examples 

Carnivores 

(Secondary/Tertiary 

Consumers) 

Regulate herbivore 

populations; act as "top-

down" stabilizers of the 

ecosystem. 

Mammals: Lion (Yankari), Leopard, 

Spotted Hyena. Reptiles: Nile 

Crocodile, West African Dwarf 

Crocodile. 

Omnivores 

Generalists that adapt to 

seasonal food availability; 

provide flexibility to the food 

web. 

Mammals: Olive Baboon, Common 

Warthog. Birds: Laughing Dove, 

Village Weaver. 

Insectivores 

Control insect populations; 

vital for agricultural pest 

management and disease 

vector control. 

Mammals: Various Bat species (e.g., 

Straw-colored Fruit Bat). 

Amphibians: African Common Toad 

(Amietophrynus regularis). 

Scavengers 

The "Clean-up Crew"; 

accelerate the decomposition 

process and prevent the 

spread of disease. 

Birds: Hooded Vulture, Lappet-faced 

Vulture. Mammals: Side-striped 

Jackal. 

 

Fill in the blank: Feeding relationships within ecosystems are known as ______ interactions. 

Pilot questions 5.1 

Name two habitats where Nigerian vertebrates are commonly found. 

What adaptation allows amphibians to thrive in moist environments? 

Give one example of a herbivorous mammal in Nigeria. 

Which vertebrate group helps regulate insect populations? 

Why are trophic interactions important for ecosystem balance? 

 

5.2 Behavioural Patterns Of Nigerian Vertebrates 

5.2.1 Social behaviour and communication 

Nigerian vertebrates display diverse forms of social behaviour, which refers to interactions 

among members of the same species. For example, primates such as baboons live in troops 
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where cooperation and hierarchy are important. Birds like weaverbirds exhibit colonial nesting, 

while fish such as tilapia show schooling behaviour for protection. Communication is equally 

vital, involving visual signals, sounds, and chemical cues. Frogs use vocal calls to attract mates, 

while antelopes employ body postures to signal alarm. These behaviours enhance survival by 

promoting cooperation, reproduction, and defence. 

 

Short description: Illustration showing examples of social behaviour in Nigerian vertebrates 

(troops of baboons, schooling fish, colonial nesting birds). 

Caption: Figure 5.3 Social behaviour in Nigerian vertebrates 

 

Fill in the blank: Frogs use ______ calls to attract mates and establish territories. 

5.2.2 Reproductive strategies and parental care 

Vertebrates in Nigeria employ varied reproductive strategies to ensure survival of their species. 

Fish often lay numerous eggs with little parental care, relying on numbers to ensure survival. 

Amphibians may lay eggs in water, with some species showing limited care. Reptiles such as 

crocodiles guard their nests, while birds demonstrate extensive parental care by incubating eggs 

and feeding chicks. Mammals, including antelopes and primates, invest heavily in parental care, 

nurturing their young until independence. These strategies reflect adaptations to environmental 

pressures and the need to maximise offspring survival. 

Box 5.4 Reproductive strategies and parental care in Nigerian vertebrates 
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Group Reproductive Strategy Examples of Parental Care 

Fish 

External/Internal: Many 

tropical fish (e.g., Tilapia) use 

specialized nesting. 

Mouthbrooding: Many Nigerian Cichlids 

(e.g., Oreochromis niloticus) carry eggs and 

fry in their mouths to protect them from 

predators. 

Amphibians 

Water-dependent: Most lay 

eggs in seasonal pools (e.g., 

African Common Toad). 

Foam Nesting: Some tree frogs create foam 

nests over water to keep eggs moist and 

hidden until they hatch as tadpoles. 

Reptiles 

Oviparous (Egg-laying): Utilize 

soil or sand for incubation (e.g., 

Nile Monitor). 

Nest Guarding: The Nile Crocodile is a rare 

reptilian example of high care; the mother 

guards the nest and carries hatchlings to the 

water in her jaws. 

Birds 

Altricial & Precocial: High 

energy investment in nest 

building and feeding. 

Cooperative Breeding: In some Nigerian bird 

species, "helpers" (older offspring) assist the 

parents in feeding the new brood. 

Mammals 
Placental: Long gestation and 

extended post-natal care. 

Social Learning: Primates like the Cross 

River Gorilla or Chimpanzee provide years 

of care, teaching young how to forage and 

navigate the forest. 

 

Fill in the blank: Crocodiles guard their ______ to protect developing offspring. 

Pilot questions 5.2 

What is social behaviour in vertebrates? 

Give one example of social behaviour in Nigerian primates. 

How do frogs communicate during mating season? 

Which vertebrate group in Nigeria shows extensive parental care by incubating eggs? 

Why do fish lay numerous eggs with little parental care? 

 

5.3 Diversity Of Nigerian Vertebrate Fauna 
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5.3.1 Overview of major vertebrate groups in Nigeria 

Nigeria hosts a wide range of vertebrate groups, including fish, amphibians, reptiles, birds, and 

mammals. Fish are abundant in rivers, lakes, and coastal waters, with species such as tilapia and 

catfish being important both ecologically and economically. Amphibians, including frogs and 

toads, are common in moist environments and play vital roles in insect control. Reptiles such as 

crocodiles, lizards, and snakes are widespread, particularly in savannah and wetland regions. 

Birds are highly diverse, ranging from forest hornbills to migratory storks. Mammals include 

antelopes, primates, elephants, and carnivores such as lions, reflecting the richness of Nigeria’s 

savannah and forest ecosystems. 

Table 5.5 Major vertebrate groups in Nigeria 

 

 

Vertebrate 

Class 

Representative Nigerian 

Examples 

Key Habitats in 

Nigeria 
Ecological Note 

Pisces 

(Fish) 

Tilapia (Oreochromis 

niloticus), African Catfish, 

Tigerfish. 

River Niger, Lake 

Chad, Kainji Lake. 

Tilapia is a staple in 

Nigerian aquaculture and 

inland fisheries. 

Amphibia 

African Common Toad 

(Amietophrynus regularis), 

Guttural Toad, Tree Frogs. 

Rainforests, wetlands, 

and urban gardens 

across the south. 

Often emerge in massive 

numbers during the first 

rains of the season. 

Reptilia 

Nile Crocodile, West 

African Dwarf Crocodile, 

African Rock Python, Nile 

Monitor. 

Niger Delta, Yankari 

(Gaji River), Cross 

River National Park. 

The Nile Crocodile is an 

apex predator in Nigeria's 

major river systems. 

Aves 

(Birds) 

Hornbills (e.g., Grey 

Hornbill), Black-crowned 

Crane, African Fish Eagle. 

Hadejia-Nguru 

Wetlands, Omo 

Forest, Northern 

Savannas. 

The Black-crowned 

Crane is a national 

symbol and inhabitant of 

northern wetlands. 

Mammalia 

Antelopes (e.g., Roan 

Antelope, Bushbuck), 

African Elephant, Olive 

Baboon. 

Yankari Game 

Reserve, Gashaka-

Gumti, Old Oyo 

National Park. 

Nigeria is home to the 

critically endangered 

Cross River Gorilla in the 

southeast. 
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Fill in the blank: Amphibians such as frogs and toads play vital roles in controlling ______ 

populations. 

5.3.2 Case studies of notable Nigerian vertebrates 

Several Nigerian vertebrates are notable for their ecological, cultural, or conservation 

significance. The Nigerian manatee, found in rivers and coastal waters, is a vulnerable species 

threatened by habitat loss and hunting. The African grey parrot, native to Nigerian forests, is 

renowned for its intelligence but faces pressure from illegal trade. The West African lion, once 

widespread, is now restricted to a few protected areas due to habitat fragmentation. Other 

examples include the Nile crocodile, which plays a key role in wetland ecosystems, and the 

pangolin, which is critically endangered due to poaching. These case studies highlight the 

importance of conservation efforts to protect Nigeria’s vertebrate diversity. 

Box 5.6 Case studies of notable Nigerian vertebrates 

 

 

Species 
Primary Habitat in 

Nigeria 
Conservation Status & Case Study 

West African 

Manatee 

(Trichechus 

senegalensis) 

Rivers and Coastal 

Lagoons: Found in the 

Benue and Niger Rivers 

and the Lekki Lagoon. 

The "Water Spirit": Often hunted for meat 

or trapped in fishing nets. In Nigeria, they 

are elusive "ecosystem engineers" that 

control aquatic vegetation in freshwater 

systems. 

African Grey 

Parrot (Psittacus 

erithacus) 

Southern Rainforests: 

High concentrations in the 

Cross River and Omo 

Forest Reserves. 

The Intelligence Crisis: Nigeria was a 

major hub for the wild-caught bird trade. 

Current efforts focus on protecting nesting 

"community forests" to prevent local 

extinction due to pet-trade poaching. 

West African 

Lion (Panthera leo 

leo) 

Guinea Savanna: 

Primarily restricted to 

Yankari Game Reserve 

and Kainji Lake National 

Park. 

The Last Stand: Genetically distinct from 

East African lions, the Nigerian population is 

critically small (fewer than 50 individuals in 

Yankari), requiring intensive anti-poaching 

patrols. 
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Species 
Primary Habitat in 

Nigeria 
Conservation Status & Case Study 

Nile Crocodile 

(Crocodylus 

niloticus) 

Major River Systems: 

Found in the Niger, Benue, 

and Hadejia-Nguru 

wetlands. 

Apex Predator Resilience: While 

threatened by habitat loss, they remain a top 

predator in Nigerian inland waters, 

regulating fish populations and maintaining 

aquatic balance. 

White-bellied 

Pangolin 

(Phataginus 

tricuspis) 

Lowland Rainforests: 

Particularly in the South-

South and South-West 

zones. 

The Most Trafficked Mammal: Nigeria is 

a key transit point for pangolin scales. Local 

case studies focus on "Pangolin Scouts" who 

monitor populations to curb illegal poaching 

for traditional medicine. 

 

Fill in the blank: The African grey parrot is threatened by illegal ______ in Nigerian forests. 

Pilot questions 5.3 

Name the five major vertebrate groups found in Nigeria. 

Give one example of a fish species common in Nigerian rivers. 

Which vertebrate group includes crocodiles and snakes? 

Name one bird species native to Nigerian forests. 

Mention one conservation challenge facing the Nigerian manatee. 

 

Series Summary 

This Series focused on the ecology, behaviour, and diversity of Nigerian vertebrate fauna, 

highlighting their roles in ecosystems and their importance to biodiversity. We began by 

examining ecological roles, including habitat preferences and trophic interactions, which showed 

how vertebrates adapt to different environments and maintain ecosystem balance. Then, we 

explored behavioural patterns, looking at social behaviour, communication, reproductive 

strategies, and parental care. Finally, we studied the diversity of Nigerian vertebrates, providing 

an overview of major groups and case studies of notable species with ecological and 

conservation significance. 

By completing this Series, you should now be able to describe habitat preferences and 

adaptations, explain trophic interactions, analyse social behaviour and communication, explain 

reproductive strategies and parental care, and identify major vertebrate groups in Nigeria while 

assessing case studies of notable species. These outcomes align with the Series Learning 
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Outcomes and provide a comprehensive understanding of Nigerian vertebrate fauna in ecological 

and conservation contexts. 

Glossary of Terms 

Adaptation: A structural or behavioural trait that helps an organism survive in its 

environment. 

Behaviour: Actions or responses of animals to internal or external stimuli. 

Communication: The transfer of information between animals using signals such as sounds, 

visuals, or chemicals. 

Diversity: The variety of species within a particular region or ecosystem. 

Ecology: The study of how organisms interact with each other and their environment. 

Habitat: The natural environment where an organism lives and thrives. 

Parental care: Behaviour by parents to protect and nurture their offspring. 

Reproductive strategy: The method by which species reproduce and ensure survival of their 

young. 

Social behaviour: Interactions among members of the same species that influence survival 

and reproduction. 

Trophic interaction: Feeding relationships among organisms in an ecosystem. 

Concept Check Questions 5 

Objective questions 

Amphibians thrive in moist habitats due to their ______ skin. (Linked to SLO 5.1) 

Feeding relationships within ecosystems are known as ______ interactions. (Linked to SLO 

5.2) 

Frogs use ______ calls to attract mates. (Linked to SLO 5.3) 

Crocodiles guard their ______ to protect developing offspring. (Linked to SLO 5.4) 

The African grey parrot is threatened by illegal ______ in Nigerian forests. (Linked to SLO 

5.5) 

Short-answer questions 

6. Describe one ecological role of Nigerian vertebrates. (Linked to SLO 5.1) 

7. Explain why trophic interactions are important for ecosystem balance. (Linked to SLO 5.2) 

8. Give one example of social behaviour in Nigerian vertebrates. (Linked to SLO 5.3) 

9. Name one vertebrate group in Nigeria that shows extensive parental care. (Linked to SLO 5.4) 

10. Mention one notable Nigerian vertebrate species and its conservation challenge. (Linked to 

SLO 5.5) 

Long-answer questions 

11. Analyse habitat preferences and adaptations of Nigerian vertebrates across different 

ecosystems. (Linked to SLO 5.1) 

12. Compare reproductive strategies of fish, reptiles, birds, and mammals in Nigeria. (Linked to 

SLO 5.4) 
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13. Evaluate the diversity of Nigerian vertebrate fauna with reference to case studies. (Linked to 

SLO 5.5) 

Answers to Concept Check Questions 5 

Objective questions 

Permeable. 

Trophic. 

Vocal. 

Nests. 

Trade. 

Short-answer questions 

6. Birds control insect populations, maintaining ecological balance. 

7. They ensure energy flow and nutrient cycling, preventing ecosystem collapse. 

8. Schooling behaviour in fish such as tilapia. 

9. Birds incubate eggs and feed chicks. 

10. Nigerian manatee, threatened by habitat loss and hunting. 

Long-answer questions 

11. Basic response: Fish adapt to aquatic habitats, amphibians to moist areas, reptiles to 

savannahs, birds to forests, and mammals to grasslands. 

Value-added response: These adaptations include gills in fish, permeable skin in amphibians, 

amniotic eggs in reptiles, feathers in birds, and grazing adaptations in mammals, reflecting 

ecological niches. 

Basic response: Fish lay many eggs with little care, reptiles guard nests, birds incubate eggs, 

mammals nurture young. 

Value-added response: These strategies reflect environmental pressures, with mammals 

investing heavily in offspring survival, while fish rely on numbers to offset predation. 

Basic response: Nigeria hosts diverse vertebrates including fish, amphibians, reptiles, birds, 

and mammals. 

Value-added response: Case studies such as the Nigerian manatee, African grey parrot, 

and West African lion highlight conservation challenges and the need for protective 

measures. 

Answers to Pilot Questions 5 

Part 5.1 

Forests and savannahs. 

Permeable skin. 

Antelope. 

Birds. 

They maintain energy flow and ecosystem stability. 



 

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

Part 5.2 

Interactions among members of the same species. 

Living in troops with hierarchy. 

Vocal calls. 

Birds. 

To increase chances of survival through numbers. 

Part 5.3 

Fish, amphibians, reptiles, birds, mammals. 

Tilapia. 

Reptiles. 

Hornbill. 

Habitat loss and hunting. 
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