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Course code: FAA 303
Course title: Ichthyology (Systematics of Fish)
Course credit load: 2 units
Series 1: Diversity of Fishes and Principles of Systematics
Part 1.1 Diversity of Fishes
Sub-Part 1.1.1 Definition and scope of fish diversity
Sub-Part 1.1.2 Major groups of fishes (jawless, cartilaginous, bony)
Sub-Part 1.1.3 Ecological and evolutionary significance of fish diversity
Part 1.2 Principles of Systematics
Sub-Part 1.2.1 Definition of systematics and taxonomy
Sub-Part 1.2.2 Historical development of fish systematics

Sub-Part 1.2.3 Modern approaches to classification (morphological, molecular,
phylogenetic)

Part 1.3 Importance of Systematics in Ichthyology
Sub-Part 1.3.1 Role in-species identification and conservation
Sub-Part 1.3.2 Application in fisheries biology and management

Sub-Part 1.3.3 Contribution to evolutionary studies

Introduction

Fishes represent the most diverse group of vertebrates, inhabiting nearly every
aquatic environment on Earth. Their diversity in form, function, and habitat makes
them central to both ecological balance and human livelihoods. To study fishes
effectively, it is essential to understand not only their diversity but also the
principles of systematics that allow us to classify and organise them scientifically.

The aim of this Series is to introduce you to the diversity of fishes and the
principles of systematics, equipping you with the foundational knowledge needed

-
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to recognise major fish groups and appreciate the role of classification in
ichthyology.

We shall commence this Series by examining the concept of fish diversity,
including definitions, scope, and major groups. Next, we will explore the principles
of systematics, tracing its historical development and modern approaches to
classification. Finally, we will conclude by considering the importance of
systematics in ichthyology, focusing on its applications in species identification,
fisheries management, and evolutionary studies.

Series Learning Outcomes

Upon completing this Series, you should be able to:

SLO 1.1 define the concept of fish diversity,

SLO 1.2 describe the major groups. of fishes and their distinguishing features,

SLO 1.3 explain the ecological and evolutionary significance of fish diversity,

SLO 1.4 define systematics and taxonomy in the context of ichthyology,

SLO 1.5 trace the historical development of fish systematics,

SL.O 1.6 analyse modern approaches to fish classification, including

morphological and molecular methods,

SLO 1.7 evaluate the importance of systematics in species identification and

conservation,

SLO 1.8 apply principles of systematics to fisheries biology and management,

SLO 1.9 discuss the contribution of systematics to evolutionary studies of

fishes.

1.1 Diversity of Fishes

1.1.1

-

Definition and scope of fish diversity
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Fish diversity refers to the variety of fish species, forms, and adaptations found
across aquatic environments. It encompasses differences in morphology,
physiology, behaviour, and ecological roles. Fishes are the most numerous group
of vertebrates, with over 34,000 recognised species worldwide. This diversity
reflects millions of years of evolution and adaptation to different habitats such as
rivers, lakes, estuaries, and oceans.

Fill in the blank: Fish diversity includes differences in morphology, physiology,
behaviour, and roles.

Figure 1.1 Scope of Fish Diversity Acress
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Figure 1.1 Scope of fish diversity across aquatic environments
1.1.2 Major groups of fishes

Fishes are broadly classified into three major groups:

-
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Jawless fishes (Agnatha): Primitive fishes without jaws, such as lampreys and
hagfishes.

Cartilaginous fishes (Chondrichthyes): Fishes with skeletons made of
cartilage, including sharks, rays, and skates.

Bony fishes (Osteichthyes): The largest group, with skeletons made of bone,
including most familiar species like tilapia, cod, and salmon.

These groups differ in skeletal structure, feeding adaptations, and evolutionary
history.

Fill in the blank: Sharks and rays belong to the group of fishes.

/

Plate 1.1 Major Groups of Fishes -
Classification by Skeletal Structure

Evolurtioanry Diversity of Vertevates
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Source: OER Taxtbook
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Plate 1.1 Major groups of fishes: jawless, cartilaginous, and bony
1.1.3 Ecological and evolutionary significance of fish diversity
Fish diversity plays a vital role in ecosystems and evolutionary studies:

-
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Ecological significance: Fishes occupy different trophic levels, from herbivores
to top predators, contributing to energy transfer and nutrient cycling.

Evolutionary significance: Diversity reflects adaptive radiation, speciation,
and evolutionary innovations such as jaws and swim bladders.

Human relevance: Fish diversity supports food security, cultural practices, and
scientific research.

Fill in the blank: The presence of fishes at different trophic levels contributes to
energy transfer and cycling.

Box 1.1 Ecological and evolutionary significance of fish diversity

P

Box 1.1: Ecological and

Evoluutonany Significance of Fish Diversity
Diverse Contributions to Ecoystems & Verterate History

1. Ecological Significance 2. Evolutionay Significance
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fertilizing aquatic
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« Adaptations for controled
movement and buayancy.

3. Human Relevane

1. Food Security: Global protein source.
Research: Insights into genetics,
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Significance Example
Ecological Energy transfer in food webs
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Evolutionary Development of jaws and swim bladders

Human relevance Food security and research

Pilot questions 1.1
Define fish diversity.
Name the three major groups of fishes.
Give one example of a jawless fish.
State one ecological significance of fish diversity.

Which group of fishes has skeletons made of cartilage?

1.2 Principles of Systematics
1.2.1 Definition of systematics and taxonomy

Systematics is the scientific study of the diversity of organisms and their
evolutionary relationships. It involves describing, naming, and classifying species
based on shared characteristics. Taxonomy, a branch of systematics, focuses
specifically on naming and classifying organisms into hierarchical categories such
as species, genus; family, and order.

Systematics provides the framework for understanding how fishes are related,
while taxonomy ensures that these relationships are communicated clearly and
consistently.

Fill.in the blank: The branch of systematics that deals with naming and classifying
organisms is called

-
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Xo Figure 1.2: Relationship between Systemmics and Taxonomy
in Fish Classification
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Figure 1.2 Relationship between systematics and taxonomy

1.2.2 Historical development of fish systematics
The study of fish systematics has evolved over centuries:

Early classifications: Ancient scholars grouped fishes based on external
features such as shape and habitat.

Linnaean taxonomy: Carl Linnaeus introduced binomial nomenclature in the
18th century, standardising species naming.

Morphological approaches: Later scientists classified fishes based on
anatomical structures.

Modern developments: Advances in genetics and molecular biology have
transformed systematics, allowing classification based on DNA sequences.

Fill in the blank: The scientist who introduced binomial nomenclature was
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Plate 1.2: Historical Milstones in Fish Systematics
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Plate 1.2 Historical milestones in fish systematics
1.2.3 Modern approaches to classification
Modern systematics integrates multiple methods to classify fishes:

Morphological methods: Use physical traits such as fins, scales, and skeletal
structures.

Molecular methods: Employ DNA sequencing to reveal genetic relationships.

Phylogenetic methods: Construct evolutionary trees to show how species are
related.

These approaches provide a more accurate and comprehensive understanding of
fish diversity.

Fill in the blank: DNA sequencing is a tool used in methods of

classification.

-
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Box 1.2 Modern approaches to fish classification

Approach Basis Example
Morphological Physical traits Fin structure
Molecular DNA sequences Genetic markers
Phylogenetic Evolutionary trees Cladograms

Pilot questions 1.2
Define systematics.
What is taxonomy?
Who introduced binomial nomenclature?
Name one morphological feature used in fish classification.

Which modern method uses DNA sequencing?

1.3 Importance of Systematics in Ichthyology
1.3.1 Role in species identification and conservation

Systematics playsa crucial role in identifying fish species accurately. Correct
identification ensures that species are not confused, which is vital for ecological
studies, conservation planning, and fisheries management. By recognising distinct
species, systematics helps protect endangered fishes and maintain biodiversity.

Fill in the blank: Accurate species identification is essential for effective
planning.

-
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Figure 1.3: Role of Systematics in Species Identifiation and
= Conservation - From Discovery to Protection
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Figure 1.3 Role of systematics in species identification and conservation

1.3.2 Application in fisheries biology and management

Systematics provides the foundation for fisheries biology by clarifying which
species are being exploited and how they are related. This knowledge supports
stock assessment, sustainable harvesting, and regulation of fishing practices.
Without systematics, fisheries management would lack the scientific basis for
distinguishing between species and populations.

Fill in the blank: Systematics provides the foundation for biology and
management.

-
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Plate 1.3: Application in Systematics in Fisheries Biology and Management -

Scientific Approaches for Sustainable Explouation

Source: OER Textbook
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Plate 1.3 Application of systematics in fisheries biology and management
1.3.3/Contribution to evolutionary studies

Systematics contributes to understanding the evolutionary history of fishes. By
analysing relationships among species, scientists can reconstruct phylogenetic trees
that reveal how fishes have diversified over time. This helps explain evolutionary
imnovations such as jaws, swim bladders, and specialised feeding structures.

Fill in the blank: Phylogenetic trees reveal how fishes have over time.

Box 1.3 Contribution of systematics to evolutionary studies
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»¢® Box 1.3: Contribution of Systematics to Evolutuany
- Unravelng the Tree of Fish Life
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Contribution Example

Phylogenetic trees Show diversification of species
Evolutionary innovations Development of jaws and swim bladders
Historical insights Timing of fish evolution

Pilot questions 1.3
Why is accurate species identification important?
How does systematics support fisheries management?
What tool is used to show evolutionary relationships among fishes?
Mention one evolutionary innovation revealed by systematics.

Which aspect of biology relies on systematics for stock assessment?
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Series Summary

This Series introduced the diversity of fishes and the principles of systematics,
providing the foundation for the study of ichthyology. We began by defining fish
diversity, examining the three major groups of fishes, and considering their
ecological and evolutionary significance. We then explored the principles of
systematics, including its definition, historical development, and modern
approaches such as morphological, molecular, and phylogenetic methods. Finally,
we discussed the importance of systematics in ichthyology, focusing on its role in
species identification, conservation, fisheries management, and evolutionary
studies.

By completing this Series, you should now be able to define fish divetsity, describe
the major groups of fishes, explain their ecological and evolutionary roles, and
evaluate the importance of systematics in classification.and management. These
abilities directly align with the Series Learning Outcomes, equipping you with the
essential skills to recognise, classify,and analyse fish diversity and its relevance to
ichthyology.

Concept Check Questions [Series 1]
Objective questions

Fish diversity includes differences in morphology, physiology, behaviour, and
roles. (Linked to.SLO 1.1) a. Ecological b. Genetic c. Social d.
Cultural

Sharks and rays belong to the group of fishes. (Linked to SLO 1.2) a.
Jawless b. Cartilaginous c¢. Bony d. Primitive

The scientist who introduced binomial nomenclature was . (Linked to
SLO 1.5) a. Darwin b. Linnaeus c. Aristotle d. Wallace

DNA sequencing is a tool used in methods of classification. (Linked to
SLO 1.6) a. Morphological b. Molecular c. Phylogenetic d. Traditional

Phylogenetic trees reveal how fishes have over time. (Linked to SLO
1.9) a. Disappeared b. Diversified c. Migrated d. Adapted

Short-answer questions

-
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Define fish diversity. (Linked to SLO 1.1)

Name the three major groups of fishes. (Linked to SLO 1.2)

State one ecological significance of fish diversity. (Linked to SLO 1.3)

What is taxonomy? (Linked to SLO 1.4)

Mention one modern approach to fish classification. (Linked to SLO 1.6)
Long-answer questions

Explain the ecological and evolutionary significance of fish diversity. (Linked
to SLO 1.3)

Trace the historical development of fish systematies: (Linked to SLO 1.5)

Analyse the importance of systematics in fisheries biology and management.
(Linked to SLO 1.8)

Answers to Concept Check Questions [Series 1]
Objective questions
a. Ecological
b. Cartilaginous
b. Linnaeus
b. Molecular
b. Diversified
Short-answer questions
The variety of fish species, forms, and adaptations across aquatic environments.
Jawless, cartilaginous, and bony fishes.
They contribute to energy transfer and nutrient cycling in ecosystems.

Taxonomy is the branch of systematics concerned with naming and classifying
organisms.

-
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Molecular methods using DNA sequencing.

Long-answer questions

Basic response: Fish diversity is ecologically significant because fishes occupy
different trophic levels, contributing to energy transfer and nutrient cycling.
Evolutionarily, it reflects adaptive radiation and innovations such as jaws

and swim bladders.

Value-added response: Outstanding learners may also discuss how fish
diversity supports ecosystem stability, human food security, and scientific
research into evolutionary processes.

Basic response: Early classifications grouped fishes by external features.
Linnaeus introduced binomial nomenclature in the 18th century. Later,
morphological approaches were used, and modern systematics now includes
molecular methods.

Value-added response: Outstanding learners may further explain how advances
in genetics and phylogenetics have transformed systematics, providing
deeper insights into evolutionary relationships.

Basic response: Systematics supports fisheries biology by clarifying species
identity, enabling stock assessment, and guiding sustainable management.

Value-added response: Outstanding learners may also evaluate how systematics
helps prevent overexploitation, supports conservation policies, and informs
global fisheries governance.

Answers to Pilot Questions [Series 1]

Pilot questions 1.1
Variety of fish species, forms, and adaptations.

-
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Jawless, cartilaginous, and bony fishes.
Lamprey.
Energy transfer in food webs.
Cartilaginous fishes.
Pilot questions 1.2
Scientific study of diversity and relationships of organisms.
Naming and classifying organisms.
Carl Linnaeus.
Fin structure.
Molecular methods.
Pilot questions 1.3
For effective conservation planning.
By clarifying exploited species.and supporting stock assessment.
Phylogenetic tree.
Development of jaws.

Fisheries biology.

Series 2: Taxonomy and Classification of Nigerian Commercial Fish
Species

Part 2.1 Principles of Taxonomy in Ichthyology
Sub-Part 2.1.1 Definition and scope of taxonomy
Sub-Part 2.1.2 Hierarchical categories in fish classification

-
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Sub-Part 2.1.3 Importance of taxonomy in fisheries science

Part 2.2 Nigerian Freshwater and Inland Commercial Species
Sub-Part 2.2.1 Major freshwater species (e.g., tilapia, catfish, carp)
Sub-Part 2.2.2 Identification features of inland species
Sub-Part 2.2.3 Economic importance of freshwater fishes

Part 2.3 Nigerian Estuarine and Marine Commercial Species
Sub-Part 2.3.1 Major estuarine species (e.g., mullets, croakers)
Sub-Part 2.3.2 Major marine species (e.g., sardines, mackerel, tuna)
Sub-Part 2.3.3 Economic importance of estuarine and marine. fishes

Part 2.4 Challenges in Taxonomy and Classification of Nigerian Species
Sub-Part 2.4.1 Difficulties in species identification
Sub-Part 2.4.2 Overlapping morphological features

Sub-Part 2.4.3 Need for modern tools and approaches

Introduction

Nigeria’s waters, ranging from inland rivers and lakes to estuaries and marine
environments, host a wide variety of commercially important fish species. These
species are central to food security, employment, and trade. To manage them
effectively, it is€ssential to understand their taxonomy and classification, which
provide the scientific framework for identifying and organising them.

The aim of this Series is to familiarise you with the taxonomy and classification of
Nigerian commercial fish species, equipping you with the knowledge to recognise
key species and appreciate their economic importance.

We shall commence this Series by examining the principles of taxonomy in
ichthyology, including definitions, hierarchical categories, and its importance in
fisheries science. Next, we will explore Nigerian freshwater and inland commercial
species, focusing on their identification features and economic roles. Following
that, we will consider Nigerian estuarine and marine commercial species,

-
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highlighting their diversity and significance. Finally, we will conclude by
discussing challenges in taxonomy and classification, including identification
difficulties and the need for modern approaches.

Series Learning Outcomes

Upon completing this Series, you should be able to:
SLO 2.1 define taxonomy and explain its scope in ichthyology,
SLO 2.2 describe hierarchical categories used in fish classification,
SLO 2.3 explain the importance of taxonomy in fisheries science;

SLO 2.4 identify major Nigerian freshwater and inland commercial fish
species,

SLO 2.5 describe distinguishing features of inland species,

SLO 2.6 evaluate the economic importance of freshwater fishes,

SLO 2.7 identify major Nigerian estuarine and marine commercial fish species,
SLO 2.8 describe distinguishing features of estuarine and marine species,

SLO 2.9 evaluate the economic importance of estuarine and marine fishes,

SLO 2.10 analyse challenges in taxonomy and classification of Nigerian
species,

SLO 2.11 assess the need for modern tools and approaches in fish taxonomy.

2.1 Principles of Taxonomy in Ichthyology
2.1.1 Definition and scope of taxonomy

Taxonomy is the branch of systematics concerned with naming, describing, and
classifying organisms into hierarchical categories such as species, genus, family,
and order. In ichthyology, taxonomy provides the framework for distinguishing
fish species, ensuring accurate identification and communication among scientists,
fishers, and managers. Its scope extends from recognising species diversity to
organising them into meaningful groups that reflect evolutionary relationships.

-
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Fill in the blank: The branch of systematics that deals with naming and classifying
organisms is called

)@ Figure 2.1 Scope of Taxonomy in Ichthyology -
The Hierachical Classification of Fishes
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¢ Goal: Organize diversity into a
hizaracical system

- Source: OER Texbook

Figure 2.1 Scope of taxonomy in ichthyology

2.1.2 Hierarchical categories in fish classification
Taxonomy uses a hierarchical system to classify fishes:

Species: The basic unit, defined as a group of organisms capable of
interbreeding.

Genus: Groups related species together.
Family: Groups related genera.

Order: Groups related families.
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Class: Groups related orders.
Phylum: Groups related classes.
Kingdom: The broadest category, grouping all animals together.

This hierarchy ensures that fishes are organised systematically, making it easier to
study their diversity and relationships.

Fill in the blank: The basic unit of classification in taxonomy is the

=

Plate 2.1: Hieratarichal Categories in Fish Classification -
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Source: OER Textbook

Plate 2.1 Hierarchical categories in fish classification
2.1.3 Importance of taxonomy in fisheries science
Taxonomy is vital in fisheries science for several reasons:
Accurate identification: Prevents confusion between similar species.

Resource management: Helps in stock assessment and regulation of fishing

practices.

Conservation: Identifies endangered species and supports biodiversity

protection.
Trade and commerce: Ensures correct labelling of fish products in markets.

-
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Fill in the blank: Taxonomy supports fisheries science by enabling accurate species

Box 2.1 Importance of taxonomy in fisheries science

Importance Example

Accurate identification Distinguishing catfish species
Resource management Stock assessment

Conservation Protecting endangered species
Trade and commerce Correct labelling of fish products

Pilot questions 2.1
Define taxonomy.
What is the basic unit of classification in taxonomy?
Name three hierarchical categories usediin fish classification.
State one importance of taxonomy in fisheries science.

Which branch of systematics deals with naming and classifying organisms?

2.2 Nigerian Freshwater and Inland Commercial Species
2.2.1 Major freshwater species

Nigeria’s inland waters, including rivers, lakes, and reservoirs, are home to several
commercially important fish species. Among the most notable are:

Tilapia (Oreochromis spp.): Widely farmed and consumed, tilapia are hardy
fishes that thrive in diverse freshwater habitats.

Catfish (Clarias spp.): Highly valued for their taste and adaptability, catfish
are a staple in aquaculture and capture fisheries.

-
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Carp (Cyprinus spp.): Introduced species that contribute to inland fisheries,
known for their rapid growth and large size.

These species form the backbone of Nigeria’s freshwater fisheries, supporting both
subsistence and commercial activities.

Fill in the blank: Tilapia, catfish, and carp are examples of Nigeria’s
species.

Dﬁ} Plate 2.2: Major Fraestwaur Fish Specis - Identifation Guide

1. Tilapia *Orechrroims nilotius*
nilotius*

Lateral Line Scales

Cycloid Scales No Scales

Method: Small, compressed body, long dorral fin. Long, Dorsal body, lack of scales,
Distinigutting Feature: Often has ta dark tbreahing organ.
spot the base the dosral fin rays.

2. African Sharptooth catffish 3. Common Carp
(Cyprnis carrio) Large, Cycloid
Scales

Long, Dosal Fin
Fin (Rayed)

Scales

Dorsal Spine Oral Barbels

Method: Elangated body, lack of scales, Method: Stout body, large scales, fleshy lips,
Distiniguting Feature: Ofte:n: Eight bark- Distiniguting: Two is paris twe barbes,
oof barbes, air-breathing organ. barbels, serrated dosral fin spine.

Source: OER Texbbok

Plate 2.2 Major freshwater fish species in Nigeria
2.2.2 Identification features of inland species
Each freshwater species can be identified by distinct morphological traits:
Tilapia: Laterally compressed body, long dorsal fin, and small mouth.

Catfish: Elongated body, smooth scaleless skin, and prominent barbels around
the mouth.

Carp: Deep-bodied fish with large scales and a downturned mouth adapted for
bottom feeding.
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Accurate identification is essential for fisheries management and aquaculture
practices.

Fill in the blank: Catfish are easily recognised by their prominent around
the mouth.

Figure 2.2: Identification Features of Nigerian Frazsewaur Fish Species -
A Morphalogical Comparison

1. Tilapia 2. African Sharptooth catfish 3. Common Carp
*Orechooum nilotius* (Claris gariepins) (Cyprins carrio)
Lateral Line Large Cyeioid oo Pairs
N " Eight Barbels & Cyciol WO Eair.
Long Dorsal Fin Siicicts 8! S Sitais

N

No Scales

Two Pairs Dorsal

No Scales

* Dark Spot at Dorsal Fin Base

Fin Spiiels
Accessory
Breathing Fin
* Body Shape: Laterally * Body Shape: * Body Shape:
* Lateraly compressed * Elongated * Deep: Robust
¢ Mouth: Prostusible * Mouth: Wide, Terminal * Mouth: Prostciue, Fleshy Lips
* Distingubing FeCenoid/Cyclc * Distingubing Feature: * Distingubing Feabels: Large
Scales, Dosral Spot Barbels, No Sales, Air-Breathing Scales, Dosral Spine

Organ

Source: OER Texbbok

Figure 2.2 Identification features of Nigerian freshwater species

2.2.3 Economic importance of freshwater fishes
Freshwater fishes are economically significant in Nigeria:
Food security: They provide affordable protein for millions of households.

Employment: Capture fisheries and aquaculture create jobs in rural and urban
communities.

Trade: Freshwater species are sold in local and regional markets, contributing
to livelihoods.
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Aquaculture potential: Tilapia and catfish are especially important in fish
farming, supporting Nigeria’s growing aquaculture industry.

Fill in the blank: Freshwater fishes contribute to Nigeria’s food security by
providing affordable sources of

Box 2.2 Economic importance of Nigerian freshwater fishes

Importance Example

Food security Tilapia and catfish as staple protein
Jobs in aquaculture and capture

Employment fisheries

Trade Local and regional fish. markets

Aquaculture Tilapia and-catfish farming

Pilot questions 2.2
Name three major Nigerian freshwater fish species.
Which freshwater species has a laterally compressed body and long dorsal fin?
What feature distinguishes catfish from other freshwater fishes?
State one economic importance of freshwater fishes in Nigeria.

Which freshwater species 1s especially important in aquaculture?

2.3 Nigerian Estuarine and Marine Commercial Species
2.3.1 Major estuarine species

Estuaries in Nigeria, such as the Niger Delta, are rich in fish diversity and support
several commercially important species. Key examples include:

Mullets (Mugilidae): Recognised by their elongated bodies and forked tails,
mullets are widely consumed and valued for their adaptability to brackish
waters.

Croakers (Sciaenidae): Known for their distinctive drumming sounds,
croakers are important in local fisheries and markets.
o
b
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Shad (Clupeidae): Small, schooling fishes that play a vital role in estuarine
food webs and are harvested for food.

Fill in the blank: Croakers are known for producing distinctive sounds.

»an Plate 2.3: Major Estuarine Fish Species in Nigeria -
- An Identification Guide

1. Mullets 2. Croakers 3. Shads
(Mugil cephalus) (Sciaenidae Family) (Ethmalosa
fimbiratia)
. ) Notched Dossal Large, Decidused Body
'wo Dossal Fins Small, Fin Scales

Terminal Mouth

Large, Terminal

Large, Cycloyd Scales  Mouth Chin Barbles Lateral Line
Anal Fin
« Method: Silvery, cylinicral body, « Method: Elangated body, * Deep beep body,
two dosral fins. drumming sound. large scales.
+ Distingliring Feature: Adiose « Distingliving Feature: « Distingliring: Large body,
eyelids covering part the eye, Chin barbels, long dosral fin Large, easily shed scales,
small mouth. fin with deep notch. long anal fin.

= T

Plate 2.3 Major estuarine fish species in Nigeria
2.3.2 Major marine species

Nigeria’s coastal and ocean waters host a variety of marine fishes of global
commercial importance. Notable examples include:

Sardines (Clupeidae): Small, oily fishes that are harvested in large quantities
and consumed locally and internationally.

Mackerel (Scombridae): Fast-swimming pelagic fishes, highly valued for their
taste and nutritional content.

Tuna (Thunnus spp.): Large migratory fishes that are among the most
economically important marine species worldwide.

-
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These marine species contribute significantly to Nigeria’s fisheries exports and
local consumption.

Fill in the blank: Tuna are large migratory fishes that are among the most
important marine species worldwide.

Figure 2.3: Major Marine Fish Species in Nigeria - An Economic Overview

1. Sardines a®< 2. Mackerel e« 3. Tuna @<

(Sardinella spp.) (Scomber scombrus) (Thurnus spp.)

w‘kﬁ -Illf:&._‘

Economic Importance: Economic Importance: High-Value Export:
* Food Security: Affordable » Commercial Fisheries: High demand. | * Global market.

protein protein source. * Food Source: Rich in Omega-3s ‘ Industrial Fisheries: Larg-scale ops.
« Bait Fish: Used in larger fisheries. * Food Source: Rich in Omega-3s « Canning Industry:

Bait Fish: Used larger fisheries. * Export Revenue: Traded in West Africa  Major processing

» Small-Scale Fisheries: Key
local income

Source: OER Texbook <

Figure 2.3 Major marine fish species in Nigeria
2.3.3 Economic importance of estuarine and marine fishes
Estuarine and marine fishes are vital to Nigeria’s economy and food systems:
Food supply: They provide protein-rich food for millions of people.

Employment: Fishing and processing industries create jobs in coastal
communities.

Trade and exports: Marine species such as tuna and mackerel contribute to
international trade.

Cultural value: Certain species are integral to traditional diets and practices.
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Fill in the blank: Marine species such as tuna and mackerel contribute to Nigeria’s
international

Box 2.3 Economic importance of Nigerian estuarine and marine fishes

Importance Example
Food supply Sardines and mackerel as staple foods
Employment Jobs in fishing and processing

Tuna and mackerel in intérnational

Trade and exports
Xp markets

Pilot questions 2.3
Name three major estuarine fish species in Nigeria.
Which estuarine species is known for producing drumming sounds?
Give two examples of Nigerian marine fish species.
State one economic importance of marine fishes.

Which marine species is among the most economically important worldwide?

2.4 Challenges in Taxonomy and Classification of Nigerian Species
2.4.1 Difficulties in species identification

Taxonomists often face challenges when identifying Nigerian fish species. Many
species exhibit similar external features, making it difficult to distinguish them
without detailed examination. In addition, environmental factors such as water
quality and habitat can influence fish morphology, leading to variations within the
same species. These difficulties can result in misidentification, which affects
fisheries management and conservation efforts.

Fill in the blank: Environmental factors such as water quality can influence fish
, leading to variations within species.

-
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Figure 2.4: Challenges in Species Identifation -
Factors Compltating Fish Taxonoxiy

[ 1. Overlaping Morphorigical\ ( 2. Environmental Influences )
Features (Phenphentic Plasticity) ‘

Diet & Water Quality
(Growth Rate)

R Habitat & Light
1 ”l! ' P,: (Coloration)

— & Similar Fin
B
s
2,
/ X \ Werolapiing /—N
' \ & P> Scunts ? |
Similar
=
7

il © 124 :/\e,isat 0 RS Temperalure

‘ariabl loi :

patioms Patterns Challenges in ‘ ey

FishiD |

* Issue: Difficult to distinigish K/ * |ssue: Same species infferent due
closels ine Counts ‘ environment.

* Issue: Difficult to distinigish * Issue: Same species looks
between closely related based different due environment. ‘
based physical traits alone.

« Impact: Misidentfication, accurate ¢ Impact: Confusion in field identification, |

underestimation to diversity

k accurate population data.

_

Source: OER Textbook
H Qs

>
®

Figure 2.4 Challenges in species identification
2.4.2 Overlapping morphological features

Many Nigerian fish species share overlapping morphological traits, such as similar
body shapes, fin structures, or colour patterns. For example, certain catfish species
may appear almost identical externally, requiring careful anatomical or genetic
analysis to separate them. This overlap complicates classification and can hinder
accurate stock assessments.

Fill'in the blank: Overlapping morphological traits such as fin structures can make
species difficult.
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@ Plate 2.4: Examples of Overrlaping Morphorgigal
Features in Nigeriain Catfishes -
A Challenge in Species Identification

1. Claris gariepins
(African Sharptooth Catfish)

Elongated Body

Long Dorsal Fin

Eight Barbels
Eight Barbels

2. Heterbranchus bidorsalis
(Electric Catfich)

Long Dorsal
Doral Fin

Elongated Body

At Eight Barbels

9 Issue: Very similar external features

« Distinghing: Large, toothy gape,
serrated pectrral spine.

« Habitat: Wide distribution in diverse
frasstwater habitats

« Distinglting: Adipose fin connected
caudal fin, smaller gape.

« Often in in slow-moving or

\ stagnant waters

-~ Source: OER Taxtbook rap aind

Plate 2.4 Examples of overlapping morphological features in Nigerian fishes

2.4.3 Need for modern tools and approaches

To overcome these challenges, modern tools such as molecular techniques, DNA
barcoding, and advanced imaging are increasingly necessary. These methods
provide more reliable identification and classification, reducing errors caused by
morphological similarities. Incorporating such approaches into Nigerian fisheries
science will strengthen conservation, management, and research.

Fill in the blank: DNA barcoding is a modern tool used to improve species

Box 2.4 Modern tools for fish taxonomy and classification

Tool

Application

DNA barcoding

Genetic identification of species

Advanced imaging

Detailed morphological analysis

Molecular techniques

Revealing evolutionary relationships

Pilot questions 2.4

What environmental factors can influence fish morphology?

-
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Why do overlapping morphological features complicate classification?
Give one example of a modern tool used in fish taxonomy.
How does DNA barcoding improve species identification?

What is the impact of misidentification on fisheries management?

Series Summary

This Series focused on the taxonomy and classification of Nigerian commercial
fish species, highlighting their importance to fisheries science and national food
security. We began by examining the principles of taxonomy in ichthyology,
including its definition, scope, hierarchical categories, and relevance to fisheries
management. We then explored Nigerian freshwater and inland commercial
species such as tilapia, catfish, and carp, considering their identification features
and economic importance. Following that, we studied estuarine and marine species
including mullets, croakers, sardines, mackerel, and tuna, with emphasis on their
distinguishing traits and contributions to trade, employment, and nutrition. Finally,
we discussed challenges in taxonomy and classification, such as overlapping
morphological features and the need for modern tools like DNA barcoding.

By completing this Series; you should now be able to define taxonomy, describe
hierarchical categories, identify Nigerian freshwater, estuarine, and marine species,
explain their economic importance, and analyse challenges in classification. These
abilities directlyalign with the Series Learning Outcomes, equipping you with
practical skills for recognising and evaluating Nigerian commercial fish species
within the broader context of ichthyology.

Concept Check Questions [Series 2]
Objective questions

The branch of systematics that deals with naming and classifying organisms is
called . (Linked to SLO 2.1) a. Ecology b. Taxonomy c. Genetics d.
Evolution

-
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The basic unit of classification in taxonomy is the . (Linked to SLO 2.2)
a. Genus b. Family c. Species d. Order

Catfish are easily recognised by their prominent around the mouth.
(Linked to SLO 2.5) a. Scales b. Barbels c. Teeth d. Fins

Tuna are large migratory fishes that are among the most important
marine species worldwide. (Linked to SLO 2.9) a. Culturally b.
Economically c. Socially d. Historically

DNA barcoding is a modern tool used to improve species . (Linked to
SLO 2.11) a. Migration b. Identification c. Nutrition d. Growth

Short-answer questions
Define taxonomy in the context of ichthyology. (Linked to SLO 2.1)
Name three major Nigerian freshwater fish species. (Linked to SLO 2.4)

State one economic importance of freshwater fishes in Nigeria. (Linked to SLO
2.6)

Which estuarine species is known for producing drumming sounds? (Linked to
SLO 2.7)

Mention one modern tool used in fish taxonomy. (Linked to SLO 2.11)

Long-answer questions
Explain the importance of taxonomy in fisheries science. (Linked to SLO 2.3)

Describe the identification features of tilapia, catfish, and carp. (Linked to SLO
2.5)

Analyse the challenges in taxonomy and classification of Nigerian fish species.
(Linked to SLO 2.10)

Answers to Concept Check Questions [Series 2]

-
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Objective questions

b. Taxonomy

c. Species

b. Barbels

b. Economically

b. Identification
Short-answer questions

Taxonomy is the branch of systematics concerned with naming, describing, and
classifying organisms.

Tilapia, catfish, and carp.
They provide affordable protein and support aquaculture and capture fisheries.
Croakers.

DNA barcoding.

Long-answer questions

Basic response: Taxonomy is important in fisheries science because it ensures
accurate 1dentification, supports stock assessment, and aids conservation.

Value-added response: Outstanding learners may also discuss how taxonomy
underpins trade, prevents mislabelling, and strengthens biodiversity
protection policies.

-
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Basic response: Tilapia have laterally compressed bodies and long dorsal fins,
catfish have elongated bodies and barbels, and carp have large scales with a
downturned mouth.

Value-added response: Outstanding learners may also explain how these
features relate to ecological adaptations and aquaculture practices.

Basic response: Challenges include difficulties in species identification,
overlapping morphological features, and misclassification.

Value-added response: Outstanding learners may further analyse the role of
modern tools such as DNA barcoding and molecular techniques in
overcoming these challenges, and discuss their implications for fisheries
management in Nigeria.

Answers to Pilot Questions [Series 2]
Pilot questions 2.1
Taxonomy.
Species.
Species, genus, family.
Accurate identification in fisheries science.
Taxonomy.
Pilot/questions 2.2
Tilapia, catfish, carp.
Tilapia.
Barbels.
Food security.

Catfish.

-
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Pilot questions 2.3
Mullets, croakers, shad.
Croakers.
Sardines, mackerel.
Food supply.
Tuna.
Pilot questions 2.4
Water quality and habitat.
They make species identification difficult.
DNA barcoding.
By providing genetic identification:

Mismanagement of fish stocks.

Series 3: Identification of Fish Species Using Dichotomous Keys and
Monographs

Part 3.1 Principles of Fish Identification
Sub-Part 3.1.1 ITmportance of accurate identification in ichthyology
Sub-Part 3.1.2 Common morphological features used in identification
Sub-Part 3.1.3 Limitations of traditional identification methods

Part 3.2 Dichotomous Keys in Fish Identification
Sub-Part 3.2.1 Definition and structure of dichotomous keys
Sub-Part 3.2.2 Steps in using dichotomous keys

-
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Sub-Part 3.2.3 Advantages and limitations of dichotomous keys
Part 3.3 Monographs in Fish Identification

Sub-Part 3.3.1 Definition and purpose of monographs

Sub-Part 3.3.2 Examples of fish monographs

Sub-Part 3.3.3 Role of monographs in Nigerian ichthyology
Part 3.4 Integrating Dichotomous Keys and Monographs

Sub-Part 3.4.1 Complementary use in species identification

Sub-Part 3.4.2 Case studies in Nigerian fisheries

Sub-Part 3.4.3 Modern approaches combining keys, monographs, and
molecular tools

Introduction

In the last Series, we explored the taxonomy and classification of Nigerian
commercial fish species, focusing on their identification features and economic
importance. Building on that foundation, this Series will introduce you to practical
tools used in fish identification, namely dichotomous keys and monographs. These
tools are essential for distinguishing species accurately, especially in regions with
high fish diversity such as Nigeria.

The aim of this Series is to equip you with the knowledge and skills to use
dichotomous keys and monographs effectively in identifying fish species, thereby
strengthening your ability to apply taxonomy in real-world contexts.

We shall commence this Series by examining the principles of fish identification,
including its importance, common morphological features, and limitations. Next,
we will explore dichotomous keys, their structure, and how they are used.
Following that, we will consider monographs, their role in ichthyology, and
examples relevant to Nigerian fisheries. Finally, we will conclude by integrating
dichotomous keys and monographs, highlighting case studies and modern
approaches that combine traditional and molecular tools.

-
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Series Learning Outcomes

Upon completing this Series, you should be able to:
SLO 3.1 explain the importance of accurate fish identification in ichthyology,
SLO 3.2 describe common morphological features used in fish identification,
SLO 3.3 evaluate limitations of traditional identification methods,
SLO 3.4 define dichotomous keys and explain their structure,
SLO 3.5 demonstrate the steps involved in using dichotomous keys,
SLO 3.6 analyse the advantages and limitations of dichotomous keys,
SLO 3.7 define monographs and explain their purpose in ichthyology,
SLO 3.8 identify examples of fish monographs relevant to Nigerian fisheries,
SLO 3.9 evaluate the role of monographs in species identification,

SLO 3.10 apply dichotomous keys and monographs complementarily in fish
identification,

SLO 3.11 assess case studies of fish identification in Nigerian fisheries,

SLO 3.12 discuss modern approaches that integrate keys, monographs, and
molecular tools.

3.1 Principles of Fish Identification
3.1.1 Importance of accurate identification in ichthyology

Accurate identification of fish species is fundamental in ichthyology. It ensures
that researchers, fishers, and managers can distinguish between species correctly,
which is vital for ecological studies, conservation, fisheries management, and
aquaculture. Misidentification can lead to poor resource management, incorrect
scientific records, and even economic losses in trade and commerce.

Fill in the blank: Accurate identification of fish species is fundamental in the study
of

-
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Figure 3.1: Importance of Accurate Fish Identification —
Supporting Ecology, Conservation & Management

Accurate Fish
Identification

* Stock Assessment & Catch Limits

« Species Distribution & Habitat Use
* Food Web Studies &
Trophic Dynamics g

50

« Preventing Mislabeling &
1UU Fishing

2. Conservation &

Biomonifiotring

« Identifing Endagrenced Species

* Monitoring Ecosstem Health

Source: OER Textbok W C;? zﬂ: R

Figure 3.1 Importance of accurate fish identification
3.1.2 Common morphological features used in identification

Fish identification often relies on observable morphological features. These
include:

Body shape: Streamlined, compressed, elongated, or deep-bodied.

Fins: Number, position, and shape of dorsal, pectoral, pelvic, anal, and caudal
fins.

Scales: Type{(cycloid, ctenoid, ganoid) and arrangement.

Colour patterns: Stripes, spots, or distinctive markings.

Mouth and teeth: Position (terminal, subterminal, superior) and dentition.
These features provide the basis for dichotomous keys and monographs.

Fill in the blank: The three main types of fish scales are cycloid, ctenoid, and

-
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Plate 3.1
Common Morphological Features Used in Fish Identification
Key External Traits for Taxonomy

1. Body Shapes 2. Fin Types

Fusiform

Caudal Fin
Dorsal Fin

S Caudal Fin
piny Dorsal Fin
\ '
Spiny Dorsal Fin =
Pelvial Fin

2. Fin Types 3. Scale Types

. o \
Anal Fin Y @ Soft-Rayed Doral Fin
.

Cycloid Scale Ctenoid Scale Placoid Scale
4. Mouth Positions

Terminal Mouth Superior Mouth Inferior Mouth

Dorsal Fin

Pectror Fin s
Pelvic Fin

Pelvic Fin

Source: OER Textbok

Plate 3.1 Common morphological features used in fish identification
3.1.3 Limitations of traditional identification methods
Traditional identification methods, based solely on morphology, have limitations:
Phenotypic variation: Environmental factors may alter physical traits.
Juvenile vs adult differences: Young fishes often look different from adults.

Cryptic species: Some species appear identical externally but differ
genetically.

Human error: Misinterpretation of features can lead to mistakes.

These limitations highlight the need for complementary tools such as dichotomous
keys, monographs, and molecular techniques.

Fill in the blank: Species that appear identical externally but differ genetically are
called species.

Box 3.1 Limitations of traditional fish identification methods

-

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



Limitation

Example

Phenotypic variation

Colour changes due to environment

Juvenile vs adult differences

Different fin shapes in young vs adult

Cryptic species

Morphologically identical but
genetically distinct

Human error

Misinterpretation of fin counts

Pilot questions 3.1

Why is accurate fish identification important in ichthyology?

Name three morphological features used in fish identification.

What are the three main types of fish scales?

What term is used for species that look identical externally but differ

genetically?

State one limitation of traditional identification methods.

3.2 Dichotomous Keys in Fish Identification

3.2.1 Definition.and structure of dichotomous keys

A dichotomous key is a tool used to identify organisms by guiding the user
through a series of paired, contrasting statements (couplets). Each couplet presents
two choices about a morphological feature, and the user selects the option that
matches the specimen. This process continues step by step until the species is

1dentified.

Fill in the blank: A dichotomous key guides the user through a series of paired,

contrasting

-
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Figure 3.2: Structure of a Dichotonous Key - A Hieraichcal Tool for Species Identfication

Start Identification

1a. Has scales 1b. No scales

=
L |

2a. 2a. 1b.
: Body laterally — Orechroomis niloticus
compressed (Thunnus spp. (Tuna)

e

3a. % 3b. 3b.
Has barbels Claris gariepins Muraena spp.
around mouth (Catfish) (Moray Eel)
mouth %

)» Source: OER Textbok

Figure 3.2 Structure of a dichotomous key
3.2.2 Steps in using dichotomous keys
To use a dichotomous key effectively:

Begin at the first couplet: Read both statements carefully.

Choose the statement that matches the specimen: This directs you to the next
couplet or the species name.

Proceed step by step: Continue until you reach a final identification.

Verify the result: Compare the identified species with reference materials to
confirm accuracy.
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Fill in the blank: The process of using a dichotomous key begins with the first

Plate 3.2: Example of Using a Dichotmomous Key in Fish
Identfication - A Step - Step Guide

Unknown Fish

2. Couplet 1

1a. Hasscales 1b. No scales ‘ »

v Follow 1b

3. Couplet 2

2a. Body latengally, compressed 5@( > »

v Follow 2b
4. Couplet 3
Has barbels :
3a. S e » 3b. No barbels @( =)

Elangated Body Eight Barbels

Long Dorsal Fin

Identified as: “Claris gariepins”
(African Shartotdt Castpin)

Source: OER Texblook

Plate 3.2 Example.of using a dichotomous key in fish identification
3.2.3 Advantages and limitations of dichotomous keys
Adyvantages:
Easy to use and follow.
Provides systematic identification.
Useful for beginners and fieldwork.
Limitations:

Relies heavily on observable morphological traits.
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May not account for phenotypic variation or cryptic species.
Requires careful construction to avoid ambiguity.

Fill in the blank: Dichotomous keys are limited because they rely heavily on
observable traits.

Box 3.2 Advantages and limitations of dichotomous keys

Advantages Limitations

Easy to use Relies on morphology

Systematic identification Cannot detect cryptic species

Useful for fieldwork Ambiguity if poorly constructed
Pilot questions 3.2

What is a dichotomous key?

What does each couplet in a dichotomous key present?
State the first step in using a dichotomous key.
Mention one advantage of dichotomous keys.

Why are dichotomous keys limited in identifying cryptic species?

3.3 Monographs in Fish Identification
3.3.1 Definition and purpose of monographs

A-monograph is a detailed, comprehensive study of a single taxonomic group,
such as a family or genus of fishes. It provides in-depth descriptions, illustrations,
distribution data, and references that support accurate identification. In
ichthyology, monographs serve as authoritative resources for researchers, fisheries
managers, and students, offering reliable information beyond what dichotomous
keys can provide.

Fill in the blank: A monograph is a detailed study of a single group.

-
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Figure 3.3: Purpose of Monorraghs in Fish Identfication -
Comprehesive Guides for Taxoomy & Research

S\J“mstizes Know/edge

1. Detailed Descriptions

Morphological Treiis ——

3. Distribution Data & Keys

— Merphologinal
Traits

« Extensive text on physical
P . Y Maristic
features L)e> g Colration
« Fin ray counts, scale rows
* Preservation & live coloration

« Distribution maps & habitat info

¢ Dichotmous keys for
identiication

* Synvrumy & taxoomic history

« Photographs, micorsopc details
» Diagnostic features highlighed

Lo | Source: OER Textbook

Figure 3.3 Purpose of monographs in fish identification
3.3.2 Examples of fish monographs

Several monographs have been produced globally and regionally to aid fish
identification:

Nelson’s Fishes of the World: A global reference covering fish diversity and
classification.

FAO Species Identification Guides: Widely used in fisheries for identifying
commercial species.

Regional monographs: Focused on specific areas, such as West African
freshwater fishes.
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These resources are invaluable for Nigerian ichthyology, where diverse species
require detailed documentation.

Fill in the blank: FAO Species Identification Guides are widely used in for
identifying commercial species.

Plate 3.3: Examples of Fish Monoraghs Used in Ichithology -
- Essential Guides for Taxoomy & Research

4 Yy N

1. Global Monorophs 2. Regional / FAO Guides

“Nelson's
Fishes
of the World

Systemiatics
of Fishes

Freshwater Fishes of Nigeria

Comprehensive World Checklists
& Phylopngies

A

. /

* Scope: Worldwide species * Scope: Specific geograhic areas

« Content + Content: Identification keys,

« Content: Classfications, distribution local species

« Use: Foundational reference ) K * Fieldwork, fisehries management/
Source: OER Textbook

Plate 3.3 Examples of fish monographs used in ichthyology
3.3.3 Role of monographs in Nigerian ichthyology

In Nigeria, monographs play a vital role in documenting and identifying fish
species across freshwater, estuarine, and marine environments. They:

Provide detailed descriptions of Nigerian species.

Support fisheries management by ensuring accurate identification.
Aid conservation by highlighting rare or endangered species.
Serve as teaching resources in universities and research institutes.

Fill in the blank: Monographs support fisheries management in Nigeria by
ensuring accurate species
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Box 3.3 Role of monographs in Nigerian ichthyology

Role Example

Documentation Nigerian freshwater species records
Accurate identification of
commercial species

Conservation Highlighting endangered fishes
Education Teaching resources in universities

Fisheries management

Pilot questions 3.3
What is a monograph in ichthyology?
Name one global fish monograph.
Which organization produces species identification guides for fisheries?
State one role of monographs in Nigerian ichthyology.

Why are monographs considered authoritative resources?

3.4 Integrating Dichotomous Keys and Monographs
3.4.1 Complementary use in species identification

Dichotomous keys-and monographs are most effective when used together. Keys
provide a quick, step-by-step method for narrowing down species based on
observable traits, while monographs offer detailed descriptions, illustrations, and
distribution data to confirm identification. This complementary use reduces errors
and strengthens confidence in results.

Fill in the blank: Dichotomous keys provide step-by-step identification, while
monographs offer detailed

-
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Figure 3.4: Complementy Use of Dichotomnous Keys and Monoraghs -
A Synaraistic Approach to Fish Identification
Combining Tools for Accurate & Detaied Classification
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Figure 3.4 Complementary use of dichotomous keys and monographs

3.4.2 Case studies in Nigerian fisheries

In Nigerian fisheries, combining dichotomous keys and monographs has proven
useful:

Catfish identification: Keys help distinguish between similar species, while
monographs confirm features such as fin counts and distribution.

Tilapia species: Keys separate species by mouth shape, and monographs
provide ecological and geographic details.

Marine species: Keys identify sardines and mackerel, while monographs
highlight their commercial significance and regional variations.
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Fill in the blank: In Nigerian fisheries, dichotomous keys and monographs are
often combined to reduce species

Plate 3.4: Case Studies of Fish Identification in
Nigerian Fisteries
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Plate 3.4 Case studies of fish identification in Nigerian fisheries
3.4.3 Modern approaches combining keys, monographs, and molecular tools
Modern ichthyology integrates traditional tools with molecular techniques:
DNA barcoding: Confirms species identity when morphology is ambiguous.

Phylogenetic analysis: Reveals evolutionary relationships beyond physical
traits.

Digital databases: Combine dichotomous keys, monographs, and genetic data
for accessible identification.

This integration ensures accuracy and supports fisheries management,
conservation, and research in Nigeria and beyond.
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Fill in the blank: DNA barcoding is a modern technique that confirms species
identity when is ambiguous.

Box 3.4 Modern approaches to fish identification

Approach Role
DNA barcoding Confirms species identity
Phylogenetic analysis Reveals evolutionary relationships

Combine keys, monographs, and

Digital databases :
genetic data

Pilot questions 3.4
Why are dichotomous keys and monographs bestused together?
Give one example of how they are applied in Nigerian fisheries.
What modern tool confirms species identity when morphology is ambiguous?
State one advantage of integrating molecular tools with traditional methods.

How do digital databases improve fish identification?

Series Summary

This Series introduced you to practical tools for fish identification, focusing on
dichotomous keys and monographs. We began by examining the principles of fish
identification, highlighting its importance, the morphological features commonly
used, and the limitations of traditional methods. We then explored dichotomous
keys, looking at their definition, structure, usage steps, and strengths and
weaknesses. Following that, we studied monographs, considering their definition,
examples, and role in Nigerian ichthyology. Finally, we integrated dichotomous
keys and monographs, showing how they complement each other, supported by
Nigerian case studies and modern approaches that combine traditional tools with
molecular techniques.

-
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By completing this Series, you should now be able to explain the importance of
accurate fish identification, describe morphological features, define and use
dichotomous keys, evaluate their advantages and limitations, define monographs,
identify examples relevant to Nigerian fisheries, and apply both tools
complementarily. These abilities align with the Series Learning Outcomes,
equipping you with practical skills for reliable species identification in
ichthyology.

Concept Check Questions [Series 3]
Objective questions

Accurate identification of fish species is fundamental in the study of
(Linked to SLO 3.1) a. Botany b. Ichthyology c. Zoology d. Ecology

The three main types of fish scales are cycloid, etenoid, and . (Linked to
SLO 3.2) a. Placoid b. Ganoid ¢. Dermal d. Lamellar

A dichotomous key guides the user through a series of paired, contrasting
. (Linked to SLO 3.4) a. Statements b. Pictures c. Numbers d.
Colours

FAO Species Identification Guides are widely used in for identifying
commercial species. (Linked to SLO 3.8) a. Medicine b. Fisheries c.
Agriculture d. Forestry

DNA barcoding is a modern technique that confirms species identity when
isambiguous. (Linked to SLO 3.12) a. Morphology b. Ecology c.
Behaviour d. Distribution

Short-answer questions

State one reason why accurate fish identification is important. (Linked to SLO
3.1)

Name three morphological features used in fish identification. (Linked to SLO
3.2)

What term is used for species that look identical externally but differ
genetically? (Linked to SLO 3.3)

-
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Define a dichotomous key. (Linked to SLO 3.4)

Mention one role of monographs in Nigerian ichthyology. (Linked to SLO 3.9)
Long-answer questions

Explain the steps involved in using a dichotomous key. (Linked to SLO 3.5)

Analyse the advantages and limitations of dichotomous keys. (Linked to SLO
3.6)

Discuss how dichotomous keys and monographs complement each other in
Nigerian fisheries. (Linked to SLO 3.10)

Answers to Concept Check Questions [Series 3]
Objective questions

b. Ichthyology

b. Ganoid

a. Statements

b. Fisheries

a. Morphology
Short-answer questions

It ensures correct species identification for conservation, fisheries management,
and ecological studies.

Body shape, fin structure, and scale type.
Cryptic species.

A tool that uses paired, contrasting statements to identify organisms step by
step.

They provide detailed descriptions and support accurate identification of
Nigerian fish species.

Long-answer questions

-
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Basic response: Start at the first couplet, choose the statement that matches the
specimen, proceed step by step, and verify the result.

Value-added response: Outstanding learners may also explain how careful
observation and cross-checking with references improve accuracy.

Basic response: Advantages include ease of use and systematic identification.
Limitations include reliance on morphology and inability to detect eryptic
species.

Value-added response: Outstanding learners may further discuss how
ambiguity in poorly constructed keys can hinder identification and how
combining keys with molecular tools improves reliability.

Basic response: Dichotomous keys provide quick identification, while
monographs confirm details with comprehensive descriptions.

Value-added response: Outstanding learners may also analyse Nigerian case
studies, such as catfish and tilapia identification, and highlight how
integrating molecular tools strengthens fisheries management.

Answers to Pilot Questions [Series 3]
Pilot questions 3.1
For ecological studies, conservation, and fisheries management.
Body shape, fins, scales.
Cycloid, ctenoid, ganoid.
Cryptic species.

-
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Phenotypic variation.
Pilot questions 3.2
A tool for identifying organisms using paired statements.
Contrasting statements.
Begin at the first couplet.
Easy to use.
Because they rely only on morphology.
Pilot questions 3.3
A detailed study of a single taxonomic group.
Nelson’s Fishes of the World.
FAO.
Accurate identification in fisheries management.
They provide authoritative, comprehensive information.
Pilot questions 3.4
Because they complement each other.
Catfish identification.
DNA barcoding.
It improves accuracy.

By combining traditional and molecular data for accessibility.

Series 4: Global Fish Species of Commercial Importance and Their
Biological Attributes

-
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Part 4.1 Overview of Global Commercial Fish Species
Sub-Part 4.1.1 Definition of commercial importance in fisheries
Sub-Part 4.1.2 Criteria for identifying globally important species
Sub-Part 4.1.3 Distribution of major commercial fish species

Part 4.2 Biological Attributes of Selected Marine Species
Sub-Part 4.2.1 Tuna: growth, reproduction, and migratory behaviour
Sub-Part 4.2.2 Mackerel: feeding habits and ecological role
Sub-Part 4.2.3 Sardines: schooling behaviour and productivity

Part 4.3 Biological Attributes of Selected Freshwater Species
Sub-Part 4.3.1 Tilapia: adaptability and aquaculture potential
Sub-Part 4.3.2 Catfish: anatomy, feeding, and growth patterns
Sub-Part 4.3.3 Carp: reproduction and aquaculture relevance

Part 4.4 Implications of Biological Attributes for Fisheries Management
Sub-Part 4.4.1 Influence of biology on stock assessment
Sub-Part 4.4.2 Biological traits and sustainability challenges

Sub-Part 4.4:3 Case studies in global fisheries management

Introduction

Fish species of commercial importance form the backbone of global fisheries,
providing food, employment, and trade opportunities across continents.
Understanding their biological attributes is essential for managing them
sustainably, as these traits influence growth, reproduction, and ecological roles.
Without such knowledge, fisheries risk overexploitation and decline.

The aim of this Series is to introduce you to globally important fish species and to
equip you with insights into their biological attributes, enabling you to connect
species biology with fisheries management practices.

-
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We shall commence this Series by examining the concept of commercial
importance and the distribution of major global fish species. Next, we will explore
the biological attributes of selected marine species such as tuna, mackerel, and
sardines. Following that, we will consider freshwater species including tilapia,
catfish, and carp, focusing on their adaptability and aquaculture relevance. Finally,
we will conclude by analysing how biological attributes influence fisheries
management, sustainability, and global case studies.

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

SLO 4.1 define commercial importance in fisheries and explain criteria for
identifying globally important species,

SLO 4.2 describe the distribution of major global commercial fish species,

SLO 4.3 explain the biological attributes of tuna, including growth,
reproduction, and migratory behaviour,

SLO 4.4 analyse the feeding habits and ecological role of mackerel,
SLO 4.5 describe the schooling behaviour and productivity of sardines,
SLO 4.6 explain the adaptability and aquaculture potential of tilapia,
SLO 4.7 describe the anatomy, feeding, and growth patterns of catfish,
SLO 4.8 explain the reproduction and aquaculture relevance of carp,

SLO 4.9 evaluate how biological attributes influence stock assessment in
fisheries management,

SL.O 4.10 analyse sustainability challenges linked to biological traits of
commercial fish species,

SLO 4.11 assess global case studies that demonstrate the role of biology in
fisheries management.

4.1 Overview of Global Commercial Fish Species

-
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4.1.1 Definition of commercial importance in fisheries

A fish species is considered commercially important when it contributes
significantly to food supply, employment, trade, or aquaculture. Commercial
importance is not only about the quantity harvested but also about the economic
value, consumer demand, and sustainability of the species. Examples include tuna,
mackerel, sardines, tilapia, catfish, and carp, which are widely consumed and
traded globally.

Fill in the blank: A fish species is considered commercially important when it
contributes significantly to food supply and

Figure 4.1: Definition of Cocurate Fish Identification —
oy amural Imporance in Fisheries
Key Factors Driving Economic Value
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Figure 4.1 Definition of commercial importance in fisheries
4:.1.2 Criteria for identifying globally important species
Globally important fish species are identified based on several criteria:

Economic value: High market demand and trade volume.

Nutritional value: Rich in protein, omega-3 fatty acids, and essential nutrients.

-
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Distribution: Wide geographic range across oceans, rivers, and lakes.
Aquaculture potential: Suitability for farming and rapid growth.
Sustainability: Ability to support long-term fisheries without depletion.

Fill in the blank: One criterion for identifying globally important fish species is
their high demand.

@ Plate 4.1: Criteria for Identiying Globally Important
Fish Species — Factoris Global Fisheries & Aquccalture
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Plate 4.1 Criteria for identifying globally important fish species

4.1.3 Distribution of major commercial fish species

Commercial fish species are distributed across marine and freshwater
environments:

Marine species: Tuna, mackerel, and sardines are found in oceans worldwide,
supporting international fisheries.
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Freshwater species: Tilapia, catfish, and carp are widely farmed and harvested
in rivers, lakes, and reservoirs.

Regional variations: Some species are more important in specific regions, such
as salmon in North America and Europe, or Nile perch in Africa.

Understanding distribution helps in managing fisheries and ensuring sustainable
exploitation.

Fill in the blank: Tilapia, catfish, and carp are examples of globally important
species.

Box 4.1 Distribution of major commerecial fish species

Environment Examples
Marine Tuna, mackerel, sardines
Freshwater Tilapia, catfish, carp
: Salmon (North'America, Europe), Nile
Regional perch (Africa)
Pilot questions 4.1

What does it mean for a fish species to be commercially important?
Name two criteria used to identify globally important fish species.
Give one example of a marine fish species of global importance.
Give one example of a freshwater fish species of global importance.

Why is understanding the distribution of commercial fish species important?

4.2 Biological Attributes of Selected Marine Species
4.2.1 Tuna: growth, reproduction, and migratory behaviour

Tuna are among the most commercially valuable marine fishes worldwide. They
are fast-growing, highly migratory species that can travel thousands of kilometres
across oceans. Their reproduction involves spawning in warm waters, often

-
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seasonally, with females releasing millions of eggs. Growth rates are rapid,
allowing them to reach large sizes that make them attractive for global fisheries.

Fill in the blank: Tuna are highly species that can travel thousands of
kilometres across oceans.

Figure 4.2: Biological Attributes of Tuna
Key Life History Traits Driving Global Fisheries
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Figure 4.2 Biological attributes of tuna
4.2.2 Mackerel: feeding habits and ecological role

Mackerel are pelagie fishes that play a crucial role in marine ecosystems. They
feed on plankton, small crustaceans, and fish larvae, acting as a link between lower
and higher trophic levels. Their schooling behaviour makes them easy to harvest,
and they are an important food source for larger predators such as tuna and
seabirds.

Fillin the blank: Mackerel feed on plankton and small , linking lower and
higher trophic levels.

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS
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Plate 4.2 Feeding habits and ecological role of mackerel
4.2.3 Sardines: schooling behaviour and productivity

Sardines are small, oily fishes known for their massive schools that can number in
millions. This.schooling behaviour provides protection against predators and
makes them highly productive for fisheries. Sardines reproduce quickly, with short
life cycles that allow/populations to recover rapidly when managed sustainably.
They are a majorsource of protein and omega-3 fatty acids worldwide.

Fill in the blank: Sardines are known for forming massive that provide
protection against predators.

Box 4.2 Biological attributes of sardines

Attribute Description

Schooling behaviour Massive schools for protection
Productivity Short life cycles, rapid reproduction
Nutritional value Rich in protein and omega-3 fatty acids
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Pilot questions 4.2
What makes tuna highly valuable in global fisheries?
What do mackerel feed on?
Why is sardine schooling behaviour important?
State one reproductive feature of tuna.

What nutritional benefit do sardines provide?

4.3 Biological Attributes of Selected Freshwater Species
4.3.1 Tilapia: adaptability and aquaculture potential

Tilapia are among the most widely farmed freshwater fishes globally. They are
highly adaptable, thriving in diverse environments such as rivers, lakes, reservoirs,
and artificial ponds. Tilapia tolerate varying water conditions, reproduce easily,
and grow rapidly, making them ideal for aquaculture. Their mild flavour and
affordability also contribute to their popularity in global markets.

Fill in the blank: Tilapia are highly fishes that thrive in diverse freshwater
environments.

-
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Figure 4.3 Adaptability. and aquaculture potential of tilapia
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4.3.2 Catfish: anatemy, feeding, and growth patterns

Catfish are distinguished by their scaleless bodies and prominent barbels around
the mouth. They are omnivorous, feeding on insects, small fishes, and plant
material. Catfish grow quickly under favourable conditions and are resilient to
handling; which makes them suitable for aquaculture. Their anatomy, including
strong pectoral fins and elongated bodies, supports survival in varied habitats.

Fill in the blank. Catfish are easily recognised by their prominent around
the mouth.
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= Plate 4.3: Anatomy and Feeding Habits of Catfish -
Specialized Traits for Bottom Dweling
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Plate 4.3 Anatomy and feeding habits of catfish
4.3.3 Carp: reproduction and aquaculture relevance

Carp are large-bodied freshwater fishes with high reproductive capacity. They
spawn in shallow waters, often producing thousands of eggs at a time. Carp are
hardy, able to survive in low-oxygen environments, and are widely farmed in Asia,
Europe; and Africa. Their aquaculture relevance lies in their rapid growth,
adaptability, and ability to coexist with other species in polyculture systems.

Fill in the blank: Carp are hardy fishes that can survive in low-
environments.

Box 4.3 Biological attributes of carp
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Attribute Description

Reproduction High egg production in shallow waters
Hardiness Survival in low-oxygen environments
Rapid growth and polyculture

Aquaculture relevance

adaptability

Pilot questions 4.3
Why are tilapia considered ideal for aquaculture?
What anatomical feature distinguishes catfish?
What type of feeding behaviour do catfish exhibit?
How do carp reproduce?

State one aquaculture relevance of carp.

4.4 Implications of Biological Attributes for Fisheries Management
4.4.1 Influence of biology on stock assessment

The biological attributes of fish species—such as growth rate, reproductive
capacity, and migratory behaviour—directly influence stock assessment. For
example, fast-growing species like sardines can recover quickly from exploitation,
while slow-growing species. like tuna require careful monitoring to avoid depletion.
Understanding these biological traits allows fisheries managers to estimate
population sizes, predict recruitment, and set sustainable catch limits.

Fill in.the blank: Biological attributes such as growth rate and reproduction
directly influence fisheries assessment.

-
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Figure 4.4 Influence of biology on stock assessment
4.4.2 Biological traits and sustainability challenges

Certain biological traits present challenges to sustainability. Highly migratory
species like tuna cross international boundaries, complicating management.
Species with high reproductive rates, such as sardines, may experience population
booms and crashes depending on environmental conditions. Freshwater species
like tilapia and catfish, while resilient, may face ecological impacts when farmed
intensively. These traits highlight the need for adaptive and region-specific
management strategies.

Fillin the blank.: Highly migratory species such as tuna present sustainability
challenges because they cross international

-
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Plate 4.4: Biological Traits and Sustainabilty Challenges
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Plate 4.4 Biological traits and sustainability challenges
4.4.3 Case studies in global fisheries management

Case studies demonstrate how biological attributes shape fisheries management
worldwide:

Tuna fisheries: Managed through international agreements due to migratory
behayiour.

Sardine fisheries: Require monitoring of environmental conditions to prevent
stock collapse.

Tilapia aquaculture: Managed through breeding programmes and water
quality control to ensure sustainability.

These examples show that effective management must integrate biological
knowledge with policy and practice.

Fill in the blank: Tuna fisheries are managed through international due to
their migratory behaviour.
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Box 4.4 Case studies in global fisheries management

Species Management Approach

Tuna International agreements

Sardines Environmental monitoring

Tilapia Breeding and water quality. control
Pilot questions 4.4

Why are biological attributes important in stock assessment?
Give one sustainability challenge linked to tuna.

What environmental factor influences sardine populations?
How is tilapia aquaculture managed sustainably?

Why do tuna fisheries require mternational agreements?

Series Summary

This Series examined commercially important global fish species and their
biological attributes, highlighting their role in food security, trade, aquaculture,
and fisheries management. We began with an overview of what makes a species
commercially important, the criteria for global significance, and their distribution
across marine and freshwater environments. We then explored the biological
attributes of selected marine species such as tuna, mackerel, and sardines, focusing
on their growth, reproduction, feeding habits, and schooling behaviour. Following
that, we studied freshwater species including tilapia, catfish, and carp, emphasising
their adaptability, anatomy, feeding, reproduction, and aquaculture relevance.
Finally, we analysed the implications of these biological attributes for fisheries
management, considering stock assessment, sustainability challenges, and global
case studies.

By completing this Series, you should now be able to define commercial
importance, describe the distribution of global fish species, explain the biological

-
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attributes of key marine and freshwater species, and evaluate how these traits
influence fisheries management and sustainability.

Concept Check Questions [Series 4]
Objective questions

A fish species is considered commercially important when it contributes
significantly to food supply and . (Linked to SLO 4.1) a. Trade b.
Colour c. Migration d. Anatomy

Tuna are highly species that can travel thousands of kilometres across
oceans. (Linked to SLO 4.3) a. Stationary b. Migratory c. Freshwater d.
Sedentary

Mackerel feed on plankton and small .(Linked:to SLO 4.4) a.
Crustaceans b. Mammals c. Amphibians d. Reptiles

Carp are hardy fishes that can survive in low- environments. (Linked to
SLO 4.8) a. Salt b. Oxygen c. Temperature d. Pressure

Highly migratory species such as tuna present sustainability challenges because
they cross international . (Linked to SLO 4.10) a. Rivers b.
Boundaries c. Lakes d. Oceans

Short-answer questions
Define commercial importance in fisheries. (Linked to SLO 4.1)

Name two criteria for identifying globally important fish species. (Linked to
SLO4.1)

Give one example of a marine fish species of global importance. (Linked to
SLO 4.2)

State one aquaculture relevance of tilapia. (Linked to SLO 4.6)

Why do tuna fisheries require international agreements? (Linked to SLO 4.9)

Long-answer questions

-
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Explain the biological attributes of tuna and their implications for fisheries
management. (Linked to SLO 4.3, 4.9)

Analyse the sustainability challenges linked to sardine and tilapia fisheries.
(Linked to SLO 4.5, 4.10)

Discuss global case studies that demonstrate how biological attributes shape
fisheries management. (Linked to SLO 4.11)

Answers to Concept Check Questions [Series 4]
Objective questions

a. Trade

b. Migratory

a. Crustaceans

b. Oxygen

b. Boundaries
Short-answer questions

Commercial importance refers to the economic, nutritional, and social value of
a fish species:

Economic value and aquaculture potential.
Tuna.
Tilapia reproduce easily and grow rapidly, making them ideal for aquaculture.

Because they migrate across international boundaries, requiring cooperative
management.

Long-answer questions

-
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Tuna grow rapidly, reproduce seasonally, and migrate long distances. These
traits make them valuable but also vulnerable, requiring international
agreements for sustainable management.

Sardines face population fluctuations due to environmental conditions, while
tilapia aquaculture can cause ecological impacts if not managed properly.
Both require adaptive strategies.

Case studies include tuna fisheries managed through international agreements,
sardine fisheries monitored for environmental changes, and tilapia
aquaculture controlled through breeding and water quality programmes.

Answers to Pilot Questions [Series 4]
Pilot questions 4.1
It means contributing to food, employment, trade, or aquaculture.
Economic value, nutritional value.
Tuna.
Tilapia.
To ensure sustainable exploitation.
Pilot questions 4.2
Their rapid growth and:migratory behaviour.
Plankton and small crustaceans.
It protects them from predators.
Seasonal spawning with millions of eggs.

Protein and omega-3 fatty acids.

Pilot questions 4.3
Because they are adaptable, reproduce easily, and grow quickly.

-
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Barbels.
Omnivorous feeding.
By spawning in shallow waters with thousands of eggs.
Rapid growth and polyculture adaptability.
Pilot questions 4.4
Because they determine population size and recruitment.
Crossing international boundaries.
Environmental conditions.
Through breeding programmes and water quality control.

Because they migrate across multiple countries’ waters.

Series 5: Biogeography and Phylogenetic Relationships of Fishes
Part 5.1 Principles of Fish Biogeography
Sub-Part 5.1.1 Definition-and scope of biogeography
Sub-Part 5.1.2 Major biogeographic regions for fishes
Sub-Part 5.1.3 Factors influencing fish distribution
Part 5.2 Patterns of Global Fish Distribution
Sub-Part 5.2.1 Marine biogeographic patterns
Sub-Part 5.2.2 Freshwater biogeographic patterns
Sub-Part 5.2.3 Case studies of regional fish diversity
Part 5.3 Phylogenetic Relationships of Fishes

Sub-Part 5.3.1 Definition and importance of phylogenetics
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Sub-Part 5.3.2 Methods of determining phylogenetic relationships
(morphological and molecular)

Sub-Part 5.3.3 Major evolutionary lineages of fishes

Part 5.4 Applications of Biogeography and Phylogenetics in Fisheries Science
Sub-Part 5.4.1 Role in conservation and biodiversity management
Sub-Part 5.4.2 Implications for aquaculture and resource planning

Sub-Part 5.4.3 Case studies in applied ichthyology

Introduction

In the last Series, we explored globally important fish species and their biological
attributes, focusing on how these traits influence fisheries management. Building
on that foundation, this Series will take you deeper into the spatial and
evolutionary dimensions of ichthyology by examining biogeography and
phylogenetic relationships of fishes. These areas are crucial for understanding
where fish species occur, why they are distributed in certain ways, and how they
are related through evolutionary history.

The aim of this Series is to.equip you with the knowledge to analyse fish
distribution patterns across regions and to interpret their evolutionary relationships
using biogeographic.and phylogenetic principles.

We shall commence this Series by introducing the principles of fish biogeography,
including its scope, regions, and influencing factors. Next, we will examine
patterns of global fish distribution, considering both marine and freshwater
examples: Following that, we will explore phylogenetic relationships, focusing on
methods and major evolutionary lineages. Finally, we will conclude by applying
biogeography and phylogenetics to fisheries science, highlighting their role in
conservation, aquaculture, and biodiversity management.

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

SLO 5.1 define biogeography and explain its scope in ichthyology,
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SLO 5.2 identify major biogeographic regions for fishes,

SLO 5.3 analyse factors influencing fish distribution across regions,
SLO 5.4 describe marine biogeographic distribution patterns of fishes,
SLO 5.5 explain freshwater biogeographic distribution patterns of fishes,
SLO 5.6 evaluate case studies of regional fish diversity,

SLO 5.7 define phylogenetics and explain its importance in ichthyology,

SLO 5.8 demonstrate methods used to determine phylogenetic relationships of
fishes,

SLO 5.9 describe major evolutionary lineages of fishes,

SLO 5.10 evaluate the role of biogeography and phylogenetics in conservation
and biodiversity management,

SLO 5.11 analyse implications of biegeography and phylogenetics for
aquaculture and resource planning,

SLO 5.12 assess case studies that apply biogeographic and phylogenetic
principles in fisheries science.

5.1 Principles of Fish Biogeography
5.1.1 Definition and scope of biogeography

Biogeography is‘the study of the distribution of living organisms across
geographical regions and through time. In ichthyology, fish biogeography
examines where fish species occur, why they are found in certain habitats, and how
historical and environmental factors shape their distribution. It provides insights
into biodiversity, conservation, and fisheries management.

Fill in the blank: Biogeography is the study of the of organisms across
regions and through time.

-
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Figure 5.1 Definition and scope of biogeography
5.1.2 Major biogeographic regions for fishes
Fish species are distributed across distinet biogeographic regions:

Marine regions: Atlantic, Pacific, Indian, and Arctic Oceans, each with unique
species assemblages.

Freshwater regions: River basins such as the Amazon, Congo, Nile, and
Mekong, which host diverse endemic species.

Transitional regions: Estuaries and coastal zones where freshwater and marine
species interact.

These regions highlight the global diversity of fishes and the ecological factors that
shape their distribution.

Fillin the blank: The Amazon and Nile are examples of major regions for
fishes.

-
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Plate 5.1 Major biogeographic regions for fishes
5.1.3 Factors influencing fish distribution
Several factors influence where fish species are found:

Environmental factors: Temperature, salinity, oxygen levels, and water
currents.

Geological factors: Continental drift, river formation, and habitat
fragmentation.

Biological factors: Competition, predation, and reproductive strategies.
Human factors: Overfishing, pollution, habitat modification, and aquaculture.

Understanding these factors helps explain patterns of fish diversity and supports
conservation planning.

Fill in the blank: Temperature, salinity, and oxygen levels are examples of
factors influencing fish distribution.
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Box 5.1 Factors influencing fish distribution

Factor Example

Environmental Temperature, salinity, oxygen
Geological Continental drift, river formation
Biological Competition, predation

Human Overfishing, pollution

Pilot questions 5.1
What is biogeography in ichthyology?
Name two major marine biogeographic regions.
Give one example of a freshwater biogeographic region.
State one environmental factor influencing fish distribution.

How do human activities affect fish distribution?

5.2 Patterns of Global Fish Distribution
5.2.1 Marine biogeographic patterns

Marine fishes are distributed across distinct oceanic regions shaped by
temperature, salinity, currents, and productivity.

Tropical waters: Rich in coral reef species such as groupers, snappers, and
parrotfish.

Temperate waters: Dominated by species like cod, herring, and mackerel.
Polar waters: Host cold-adapted species such as Arctic cod and icefish.

Upwelling zones: Support highly productive fisheries for sardines and
anchovies.

Fill in the blank: Coral reef fishes such as groupers and snappers are most
abundant in waters.

-
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Figure 5.2 Marine biogeographic patterns of fishes
5.2.2 Freshwater biogeographic patterns

Freshwater fishes are distributed according to river basins, lakes, and continental
geography.
South America: Amazon basin hosts diverse species such as piranhas and
electric eels.

Africa: Nile and Congo rivers support tilapia, catfish, and cichlids.
Asia: Mckong basin is rich in carp and giant catfish.
North America and Europe: Salmonids dominate cold rivers and lakes.

Fill in the blank: The Amazon basin in South America 1s famous for its diverse
species.
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Plate 5.2: Freshwater Biogegraphic Patterns of Fishes -
Endemism & Diversity in Major River Basins
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Plate 5.2 Freshwater biogeographic patterns of fishes
5.2.3 Case studies of regional fish diversity

Regional case studies highlight unique fish diversity shaped by geography and
ecology:

Lake Victoria (Africa): Known for its hundreds of endemic cichlid species.

Amazon River (South America): Hosts over 2,000 fish species, many with
specialised adaptations.

Coral Triangle (Southeast Asia): Recognised as the global centre of marine
biodiversity.

Great Lakes (North America): Support important commercial species such as
trout and perch.

Fill in the blank: Lake Victoria is famous for its diverse endemic species.
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Box 5.2 Case studies of regional fish diversity

Region Notable Diversity

Lake Victoria Endemic cichlids

Amazon River Over 2,000 species

Coral Triangle Global marine biodiversity hotspot
Great Lakes Trout and perch fisheries

Pilot questions 5.2
Name one marine biogeographic region and a fish species found there.
Which river basin in South America is famous for diverse fish species?
Give one example of a freshwater fish species found in Africa.
What makes the Coral Triangle significant in marine biogeography?

Why is Lake Victoria notable in fish diversity studies?

5.3 Phylogenetic Relationships of Fishes
5.3.1 Definition and importance of phylogenetics

Phylogenetics is the study of evolutionary relationships among organisms. In
ichthyology, it helps scientists trace how different fish species are related,
reconstruct their evolutionary history, and classify them into lineages.
Phylogenetics 1s important because it provides a framework for understanding
biodiversity, guiding taxonomy, and informing conservation strategies.

Fill in the blank: Phylogenetics is the study of evolutionary among
organisms.
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Figure 5.3 Importance of phylogenetics in ichthyology
5.3.2 Methods of determining phylogenetic relationships
Scientists use several methods to determine phylogenetic relationships in fishes:

Morphological methods: Comparing physical traits such as fin structure,
scales, and skeletal features.

Molecular methods: Analysing DNA sequences, protein structures, and
genetic markers.

Combined approaches: Integrating morphology and molecular data for more
accurate results.

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



These methods produce phylogenetic trees that illustrate how species diverged
from common ancestors.

Fill in the blank: DNA analysis is an example of a method used in

phylogenetics.

e Plate 5.3: Methods of Determining Phylalgenghics -
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Plate 5.3 Methods of determining phylogenetic relationships
5.3.3 Major evolutionary lineages of fishes
Fishes are divided into major evolutionary lineages:
Jawless fishes (Agnatha): Primitive fishes such as lampreys and hagfishes.

Cartilaginous fishes (Chondrichthyes): Sharks, rays, and skates with
skeletons made of cartilage.

Bony fishes (Osteichthyes): The largest group, including ray-finned fishes
(Actinopterygii) and lobe-finned fishes (Sarcopterygii).
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These lineages highlight the evolutionary diversity of fishes and their adaptations
over millions of years.

Fill in the blank: Sharks and rays belong to the evolutionary lineage known as
fishes.

Box 5.3 Major evolutionary lineages of fishes

Lineage Examples

Jawless fishes Lampreys, hagfishes
Cartilaginous fishes Sharks, rays, skates

Bony fishes Ray-finned and lobe-finned fishes

Pilot questions 5.3
What is phylogenetics in ichthyology?
Name one morphological methodused in phylogenetics.
Give one example of a molecular methoed used in phylogenetics.
Which lineage includes lampreys and hagfishes?

Sharks and rays belong to‘which evelutionary lineage?

5.4 Applications of Biogeography and Phylogenetics in Fisheries
Science

5.4.1 Role in conservation and biodiversity management

Biogeography and phylogenetics provide essential tools for conservation. By
understanding where fish species occur and how they are related, scientists can
identify biodiversity hotspots, prioritise species for protection, and design effective
conservation strategies. Phylogenetic studies also help in recognising evolutionary
distinct species that may be at greater risk of extinction.

-
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Fill in the blank: Biogeography helps identify biodiversity that should be
prioritised for conservation.
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Figure 5.4 Role of biogeography and phylogenetics in conservation
5.4.2 Implications for aquaculture and resource planning

Knowledge of fish distribution and evolutionary relationships informs aquaculture
practices and resource planning. For example, understanding the adaptability of
tilapia or carp to different environments aids in selecting suitable species for
farming. Phylogenetic insights can guide selective breeding programmes, disease
resistance strategies, and genetic diversity management in aquaculture.

Fill in the blank: Phylogenetic insights can guide selective programmes in
aquaculture.
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Plate 5.4 Applications of biogeography and phylogenetics in aquaculture
5.4.3 Case studies in applied ichthyology
Case studies highlight practical applications:

Conservation of cichlids in Lake Victoria: Biogeographic mapping and
phylogenetic studies guide protection of endemic species.

Tuna fisheries management: Phylogenetic data supports international
agreements by clarifying stock structures.

Tilapia aquaculture in Africa: Distribution studies inform farming practices
and prevent introduction of invasive strains.

These examples show how biogeography and phylogenetics are applied to real-
world fisheries science.

Fill in the blank: Tuna fisheries management uses phylogenetic data to clarify
stock

Box 5.4 Case studies in applied ichthyology

-
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Case Study Application

Lake Victoria cichlids Conservation of endemic species

Tuna fisheries Stock structure management

Farming practices and invasive strain

Tilapia aquaculture
pla aquacuiii control

Pilot questions 5.4
How does biogeography support conservation?
What role does phylogenetics play in aquaculture?
Give one example of a case study in applied ichthyology.
Why are biodiversity hotspots important in conservation planning?

How does phylogenetic data help in tuna fisheries management?

Series Summary

This Series explored Fish Biogeography and Phylogenetic Relationships,
focusing on how spatial distribution and evolutionary history shape ichthyology.
We began with the pringiples of biogeography, defining its scope, identifying
major regions, and examining environmental, geological, biological, and human
factors influencing fish distribution. We then studied global distribution patterns,
distinguishing marine and freshwater biogeographic patterns and highlighting case
studies such as Lake Victoria, the Amazon River, and the Coral Triangle.
Following that, we examined phylogenetic relationships, defining phylogenetics,
explofing morphological and molecular methods, and outlining major evolutionary
lineages including jawless, cartilaginous, and bony fishes. Finally, we applied
biogeography and phylogenetics to fisheries science, considering their role in
conservation, aquaculture, and resource planning, supported by case studies in
applied ichthyology.

By completing this Series, you should now be able to define biogeography and
phylogenetics, describe global fish distribution patterns, explain methods of
determining evolutionary relationships, and evaluate how these concepts are
applied in conservation and fisheries management.

-
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Concept Check Questions [Series 5]

Objective questions

Biogeography is the study of the of organisms across regions and
through time. (Linked to SLO 5.1) a. Colour b. Distribution ¢. Anatomy d.
Behaviour

The Amazon and Nile are examples of major regions.for fishes. (Linked
to SLO 5.2) a. Marine b. Freshwater c. Transitional d. Polar

DNA analysis is an example of a method used in phylogenetics.
(Linked to SLO 5.8) a. Morphological b. Geological c. Molecular d.
Biological

Sharks and rays belong to the evolutionary lineage known as fishes.
(Linked to SLO 5.9) a. Jawless b. Cartilaginous c. Bony d. Primitive

Biogeography helps identify biodiversity that should be prioritised for
conservation. (Linked to SLO 5.10) a. Hotspots b. Rivers c¢. Oceans d.
Currents

Short-answer questions

Define biogeography in ichthyology. (Linked to SLO 5.1)
Name two factors influencing fish distribution. (Linked to SLO 5.3)
Give on¢ example of'a marine biogeographic pattern. (Linked to SLO 5.4)

State one method used in determining phylogenetic relationships. (Linked to
SLO 5.8)

Why are biodiversity hotspots important in conservation planning? (Linked to
SLO 5.10)

Long-answer questions

-

Explain the differences between marine and freshwater biogeographic patterns
of fishes. (Linked to SLO 5.4, 5.5)
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Analyse the importance of phylogenetics in classifying fish lineages. (Linked to
SLO 5.7,5.9)

Discuss case studies that show how biogeography and phylogenetics are applied
in fisheries science. (Linked to SLO 5.12)

Answers to Concept Check Questions [Series 5]
Objective questions
b. Distribution
b. Freshwater
c. Molecular
b. Cartilaginous
a. Hotspots
Short-answer questions
Biogeography is the study of fish distribution across regions and through time.

Environmental factors (temperature, salinity) and human factors (pollution,
overfishing).

Tropical coral reef distribution of groupers and snappers.
DNA sequencing (molecular method).

Because they contain high species diversity and endemism, making them
critical for conservation.

Long-answer questions

Marine patterns are shaped by ocean currents, temperature zones, and
productivity, while freshwater patterns depend on river basins, lakes, and
continental geography.

Phylogenetics helps classify fishes into evolutionary lineages, clarifies
relationships, and informs taxonomy and conservation.

-
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Case studies include Lake Victoria cichlid conservation, tuna stock
management using phylogenetics, and tilapia aquaculture guided by
distribution studies.

Answers to Pilot Questions [Series 5]
Pilot questions 5.1

Study of distribution of organisms.

Atlantic and Pacific Oceans.

Amazon basin.

Temperature.

Human activities such as overfishing and pollution alter distribution.
Pilot questions 5.2

Tropical waters: groupers and snappers.

Amazon River basin.

Tilapia.

It is the global centre of marine biodiversity.

Because of its endemic cichlid species.
Pilot questions 5.3

Study of evolutionary relationships.

Fin structure comparison.

DNA sequencing.

Jawless fishes.

Cartilaginous fishes.
Pilot questions 5.4

By identifying biodiversity hotspots.

-
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Guides selective breeding programmes.
Lake Victoria cichlid conservation.
Because they contain high diversity and endemism.

By clarifying stock structures.
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