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Series 1: Taxonomy And Organisation Of Ectoprocta (Bryozoa)

Part 1.1 General features and classification of Ectoprocta (Bryozoa)
1.1.1 Definition and scope of Bryozoa
1.1.2 General features and body plan
1.1.3 Major classes and representative examples
Part 1.2 Morphology and organisation of Bryozoa
1.2.1 Colony structure and zooids
1.2.2 Feeding structures and lophophore
1.2.3 Reproductive strategies and life cycle
Part 1.3 Ecological roles and evolutionary significance of Bryozoa

1.3.1 Role in aquatic ecosystems
1.3.2 Fossil record and evolutionary importance

Introduction

Ectoprocta, commonly known as Bryozoa, are fascinating colonial invertebrates that often
resemble delicate mosses growing on rocks, shells, or submerged surfaces. Despite their small
size, they play important roles in aquatic ecosystems and provide valuable insights into
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evolutionary history. Studying them helps us appreciate the diversity of higher invertebrates and
their contributions to biodiversity.

The aim of this Series is to introduce you to the taxonomy and organisation of Bryozoa, enabling
you to classify them, describe their morphology, and explain their ecological and evolutionary
significance.

We shall commence this Series by examining the general features and classification of Bryozoa.
Next, we will explore their morphology and organisation, focusing on colony structure, feeding
mechanisms, and reproductive strategies. Finally, we will conclude by analysing their ecological
roles and evolutionary importance, including their contributions to aquatic ecosystems and the
fossil record.

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

SLO 1.1 define Bryozoa and explain their scope,

SLO 1.2 describe the general features and body plan of Bryozoa,

SLO 1.3 classify Bryozoa into major groups with examples,

SLO 1.4 analyse the morphology and organisation of Bryozoa colonies,

SLO 1.5 explain the feeding structures and reproductive strategies of Bryozoa, and
SLO 1.6 evaluate the ecological roles and evolutionary significance of Bryozoa.

1.1 General Features And Classification Of Ectoprocta (Bryozoa)
1.1.1 Definition and scope of Bryozoa

Bryozoa, also known as Ectoproeta, are small, aquatic, colonial invertebrates that often
resemble mosses growing on submerged surfaces. They are sessile, meaning they remain
attached to substrates such as rocks, shells, or seaweed. Each colony is made up of numerous
individuals called zooids, which are interconnected and function together. The scope of Bryozoa
includes their structural organisation, feeding mechanisms, reproduction, and their role in aquatic
ecosystems.

Short description: Diagram showing a Bryozoan colony with zooids attached to a substrate.
Caption: Figure 1.1 General features of Bryozoa

Fill in the blank: Bryozoa are colonial invertebrates made up of numerous interconnected

1.1.2 General features and body plan
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Bryozoa are characterised by their lophophore, a crown of ciliated tentacles used for feeding
and respiration. Each zooid has a protective outer casing called the exoskeleton, which may be
calcareous or chitinous. The body plan is simple, with a U-shaped digestive tract that allows food
to enter through the mouth and waste to exit near the same region. Bryozoans are coelomates,
possessing a true body cavity, and they exhibit bilateral symmetry.

Short description: Diagram showing the body plan of a Bryozoan zooid with lophophore and U-
shaped digestive tract.
Caption: Figure 1.2 Body plan of a Bryozoan zooid

BRYOZOAN Z0OID BODY PLAN: GENERALIZED ANATOMY KEY Z00ID FEATURES
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Fill in the blank: The crown of ciliated tentacles used for feeding in Bryozoa is called the

1.1.3 Major classes and representative examples

Bryozoa are classified into three major classes based on their structural organisation and habitat:
Class Phylactolaemata: Freshwater Bryozoans, e.g., Cristatella.
Class Gymnolaemata: Marine Bryozoans, often encrusting surfaces, e.g., Bugula.

Class Stenolaemata: Marine Bryozoans with tubular zooids, e.g., Tubulipora.

This classification highlights the diversity of Bryozoa across freshwater and marine
environments.

Table 1.3 Major classes of Bryozoa with examples
-

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



Representative

avicularia):

Class Habitat Key Characteristics
Examples
Freshwater Possess a horseshoe-shaped
\Plumatella;
(Lakes, ponds, lophophore; produce dormant :
Phylactolaemata . . Cristatella
and slow-moving |overwintering capsules called ucedo
rivers). statoblasts. Non-calcified. '
Tubular, heavily calcified zooecia
Exclusively (skeletons); lophophore is circular. Tubulivora
Stenolaemata Marine (Deep Most are extinct (Paleozoic), but JUTpora,
. Crisia.
sea to coastal). one order (Cyclostomatida)
survives.
The most diverse class; zooecia are
Mostly Marine  |box-like or ¢ylindrical; lophophore  |Bugula,
Gymnolaemata |(Some brackish is circular. Often possess specialized |Membranipora,
water). polymorphic zooids (e.g., FElectra.

Fill in the blank: Freshwater Bryozoans such as Cristatella belong to the class

Pilot questions 1.1

What are Bryozoa also known as?

What is the name of the individual units that make up a Bryozoan colony?
What feeding structure is characteristic of Bryozoa?

Name the threemajor classes of Bryozoa.

Which class of Bryozoa includes freshwater species?

1.2 Morphology And Organisation Of Bryozoa

1.2.1 Colony structure and zooids

Bryozoa are colonial organisms, meaning they live in groups rather than as solitary individuals.
Each colony is composed of numerous zooids, which are small individual units that function
together. Zooids are interconnected by tissue or stolons, allowing communication and resource
sharing across the colony. Colonies may take different forms, including encrusting sheets,

-

R

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




branching structures, or even gelatinous masses. This colonial organisation provides strength,
stability, and efficiency in feeding.

Short description: Diagram showing different colony forms of Bryozoa with zooids
interconnected.
Caption: Figure 1.4 Colony structure of Bryozoa
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Fill in the blank: The individual units that make up a Bryozoan colony are called .
1.2.2 Feeding structures and lophophore

Bryozoa feed using a specialised structure called the lophophore, which is a crown of ciliated
tentacles. Thelophophore generates water currents that draw plankton and organic particles
towards the mouth: The U-shaped digestive tract ensures that food enters through the mouth and
waste exits near the same region, making feeding efficient. The lophophore also plays a role in
respiration by facilitating gas exchange.

Short description: Diagram showing the lophophore of Bryozoa with ciliated tentacles and
feeding currents.
Caption: Figure 1.5 Feeding structures of Bryozoa

Fill in the blank: The crown of ciliated tentacles used for feeding in Bryozoa is called the

1.2.3 Reproductive strategies and life cycle
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Bryozoa reproduce both sexually and asexually. In sexual reproduction, zooids produce gametes,
and fertilisation usually occurs internally. The fertilised eggs develop into larvae, which disperse
and settle to form new colonies. Asexual reproduction occurs through budding, where new
zooids are formed from existing ones, allowing colonies to expand rapidly. This dual
reproductive strategy ensures survival and adaptability in diverse environments.

Short description: Diagram showing the life cycle of Bryozoa including larval dispersal and
colony formation.
Caption: Figure 1.6 Life cycle of Bryozoa

Fill in the blank: In Bryozoa, new zooids are formed from existing ones through a process called

Pilot questions 1.2

What are the individual units of a Bryozoan colony called?
What feeding structure is characteristic of Bryozoa?

How does the lophophore assist in respiration?

Name one method of asexual reproduction in Bryozoa.
What type of digestive tract is found in Bryozoa?

1.3 Ecological Roles And Evolutionary Significance Of Bryozoa
1.3.1 Role in aquatic ecosystems

Bryozoa play an important role in aquatic ecosystems as filter feeders. Their lophophore, a
crown of ciliated tentacles, helps them capture plankton and organic particles from the water,
thereby improving water quality. Colonies often form encrusting layers on rocks, shells, and
submerged surfaces, providing habitats for other small organisms. In addition, Bryozoa
contribute to the structural complexity of aquatic environments, supporting biodiversity.

Short description: Diagram showing Bryozoan colonies encrusting rocks and shells in an aquatic
ecosystem.
Caption: Figure 1.7 Ecological roles of Bryozoa

Fill in the blank: Bryozoa improve water quality by capturing plankton and organic particles
using their
1.3.2 Fossil record and evolutionary importance
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Bryozoa have a rich fossil record, dating back to the Ordovician period. Their calcareous
skeletons are well preserved in marine sediments, making them useful in studying past
environments. Fossil Bryozoa provide evidence of evolutionary trends, including changes in
colony structure and skeletal composition. They are also important in biostratigraphy, helping
geologists to date rock layers. Evolutionarily, Bryozoa demonstrate the development of colonial
organisation and lophophorate feeding structures, which are significant in understanding the
diversification of coelomate invertebrates.

Box 1.8 Fossil and evolutionary significance of Bryozoa

Evolutionary . R
Milestone Description and Significance
Unlike most phyla that appeared in the Cambtian Explosion, Bryozoans first
Late : . . : : "y s "
appear in the Early Ordovician. This suggests a périod of "hidden
Appearance

evolution as soft-bodied.organisms before they developed calcified skeletons.

During the Paleozoic (specifically the Devonian and Carboniferous),
Reef Builders bryozoans were primary reef-building organisms, creating complex 3D
structures that provided habitats for thousands of other species.

The Permian=Triassic Extinction wiped out the dominant Paleozoic class

Grea.t Dying (Stenolaemata), allowing the Gymnolaemata to radiate and become the
Survivor .
dominant modern form.
They represent a peak in colonial integration. Evolution favored the
Colonial development of "polymorphism," where individual zooids surrendered
Innovation feeding to become specialized "defenders" (avicularia) or "cleaners"
(vibracula).
Fill in the blank: Bryozoa first appeared in the fossil record during the period.

Pilot questions 1.3

How do Bryozoa contribute to aquatic ecosystems?
What structure do Bryozoa use for filter feeding?
Why are Bryozoa important in biostratigraphy?
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Which geological period marks the earliest fossil record of Bryozoa?
What evolutionary feature of Bryozoa is significant in understanding coelomate
diversification?

Series Summary

This Series introduced you to the taxonomy and organisation of Bryozoa, also known.as
Ectoprocta. We began by examining their general features and classification, highlighting their
colonial nature and the diversity of their classes. Then, we explored their morphology and
organisation, focusing on colony structure, feeding mechanisms through the lophophore, and
reproductive strategies. Finally, we analysed their ecological roles as filter feeders and their
evolutionary importance, particularly their rich fossil record.

By completing this Series, you should now be able to define Bryozoa, describe their body plan,
classify them into major groups, analyse their colony organisation-and feeding structures, explain
their reproductive strategies, and evaluate their ecological and evolutionary significance. These
achievements align directly with the Series Learning/Outcomes, equipping you with a clear
understanding of Bryozoa within invertebrate zoology.

Glossary of Terms

Bryozoa (Ectoprocta): Small aquatic colonial invertebrates often resembling mosses.

Exoskeleton: Protective outer casing of zooids, which may be calcareous or chitinous.

Fossil record: Preserved remains of organisms in sediments, used to study past
environments.

Lophophore: Crown of ciliated tentacles used for feeding and respiration in Bryozoa.

Phylactolaemata: Class of freshwater Bryozoa.

Stenolaemata: Class of marine Bryozoa with tubular zooids.

Gymnolaemata: Class of marine Bryozoa, often encrusting surfaces.

Zooid: Individual unit of a Bryozoan colony.

Concept Check Questions 1

Objective questions

Bryozoa are also known as . (Linked to SLO 1.1)

The crown of ciliated tentacles used for feeding in Bryozoa is called the . (Linked to
SLO 1.2)

Freshwater Bryozoans such as Cristatella belong to the class . (Linked to SLO 1.3)

The individual units of a Bryozoan colony are called . (Linked to SLO 1.4)

Bryozoa first appeared in the fossil record during the period. (Linked to SLO 1.6)

Short-answer questions
6. Define Bryozoa. (Linked to SLO 1.1)
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7. Describe the body plan of a Bryozoan zooid. (Linked to SLO 1.2)

8. Name the three major classes of Bryozoa. (Linked to SLO 1.3)

9. Explain how the lophophore assists in respiration. (Linked to SLO 1.5)
10. Why are Bryozoa important in biostratigraphy? (Linked to SLO 1.6)

Long-answer questions

11. Analyse the colony structure and organisation of Bryozoa. (Linked to SLO 1.4)

12. Explain the reproductive strategies and life cycle of Bryozoa. (Linked to SLO 1.5)

13. Evaluate the ecological roles and evolutionary significance of Bryozoa. (Linked:to SLO 1.6)

Answers to Concept Check Questions 1
Objective questions

Ectoprocta.
Lophophore.
Phylactolaemata.
Zooids.
Ordovician.

Short-answer questions

6. Small aquatic colonial invertebrates often resembling mosses.

7. A zooid has a lophophore, U-shaped digestive tract, and protective exoskeleton.
8. Phylactolaecmata, Gymnolaemata, Stenolaemata.

9. By creating water currents that facilitate gas exchange.

10. Their calcareous skeletons help date rock layers and study past environments.

Long-answer questions

11. Basic response: Colonies are composed of interconnected zooids forming encrusting,
branching, or gelatinous structures.

Value-added response: This organisation enhances feeding efficiency, stability, and ecological
adaptability.

Basic response: Bryozoa reproduce sexually through gametes and asexually through
budding.
Value-added response: Their dual strategy ensures survival, dispersal, and rapid colony
expansion in diverse habitats.

Basic response: Bryozoa filter feed, improve water quality, and provide habitats.
Value-added response: Their fossil record aids evolutionary studies, and their colonial
organisation demonstrates coelomate diversification.

Answers to Pilot Questions 1
Part 1.1

Ectoprocta.
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Zooids.

Lophophore.

Phylactolaemata, Gymnolaemata, Stenolaemata.
Phylactolaemata.

Part 1.2

Zooids.

Lophophore.

By facilitating gas exchange.
Budding.

U-shaped digestive tract.

Part 1.3

By filter feeding and providing habitats.
Lophophore.
Their skeletons help date rock layers.
Ordovician.
Colonial organisation and lophophorate feeding structures.

References And Attributions 1
Ilustration placeholders suggested in Series 1:

Figure 1.1 General features of Bryozoa

Figure 1.2 Body plan of a Bryozoan zooid

Table 1.3 Major classes of Bryozoa with examples
Figure 1.4 Colony structure of Bryozoa

Figure 1.5 Feeding structures of Bryozoa

Figure 1.6 Life cycle of Bryozoa

Figure 1.7 Ecological roles of Bryozoa

Box 1.8 Fossil and evolutionary significance of Bryozoa

Al prompt suggestions used for illustration placeholders:

Diagrams showing colony structure, body plan, lophophore, and life cycle.
Table listing major classes with examples.
Box summarising fossil record and evolutionary importance.

Open Educational Resource (OER) search strings suggested:

“general features of bryozoa diagram OER”
“bryozoan zooid body plan diagram OER”
“classification of bryozoa table OER”
“bryozoa colony structure diagram OER”
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“bryozoa lophophore feeding diagram OER”

“bryozoa life cycle diagram OER”

“ecological roles of bryozoa diagram OER”

“bryozoa fossil record evolutionary significance OER”

General references (APA style):

Hickman, C. P., Roberts, L. S., Keen, S. L., Larson, A., Eisenhour, D. J., & I’Anson,
H. (2017). Integrated Principles of Zoology. McGraw-Hill Education:

Barnes, R. D. (1987). Invertebrate Zoology. Saunders College Publishing.
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https://www.oercommons.org

700212 Series 2: Morphology And Evolutionary Significance Of
Brachiopoda

Part 2.1 General features and classification of Brachiopoda
2.1.1 Definition and scope of Brachiopoda
2.1.2 General features and body plan
2.1.3 Major classes and representative examples
Part 2.2 Morphology and organisation of Brachiopoda
2.2.1 Shell structure and body symmetry
2.2.2 Feeding structures and lophophore
2.2.3 Reproductive strategies and life cycle
Part 2.3 Evolutionary significance and ecological roles of Brachiopoda

2.3.1 Fossil record and evolutionary importance
2.3.2 Role in'marine ecosystems

Introduction

Brachiopoda are marine invertebrates that resemble bivalve molluscs but differ significantly in
their internal organisation and evolutionary history. Their distinctive shells and lophophore
feeding structures make them an important group for understanding the diversity of coelomate
invertebrates. They are also well known for their extensive fossil record, which provides
valuable insights into the evolution of marine life.

The aim of this Series is to introduce you to the morphology and evolutionary significance of
Brachiopoda, enabling you to classify them, describe their body organisation, and evaluate their
ecological and evolutionary roles.
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We shall commence this Series by examining the general features and classification of
Brachiopoda. Next, we will explore their morphology and organisation, focusing on shell
structure, feeding mechanisms, and reproductive strategies. Finally, we will conclude by
analysing their evolutionary importance through the fossil record and their ecological roles in
marine ecosystems.

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

SLO 2.1 define Brachiopoda and explain their scope,

SLO 2.2 describe the general features and body plan of Brachiopoda,

SLO 2.3 classify Brachiopoda into major groups with examples,

SLO 2.4 analyse the morphology and organisation of Brachiopoda shells and body
symmetry,

SLO 2.5 explain the feeding structures and reproductive strategies of Brachiopoda, and

SLO 2.6 evaluate the evolutionary significance and ecological-roles of Brachiopoda.

2.1 General Features And Classification Of Brachiopoda
2.1.1 Definition and scope of Brachiopoda

Brachiopoda are marine invertebrates that superficially resemble bivalve molluscs because they
possess two shells, or valves. However, unlike bivalves, their shells are arranged dorsoventrally
rather than laterally. Each individual lives within its shell and uses a specialised feeding organ
called the lophophore, a crown of ciliated tentacles, to capture food particles from the water.
The scope of Brachiopoda includes their morphology, classification, ecological roles, and
extensive fossil record, which makes them important in evolutionary studies.

Short description: Diagram showing a Brachiopod with dorsoventral shell arrangement and
lophophore.
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Caption: Figure 2.1 General features of Brachiopoda
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Fill in the blank: Unlike bivalve molluses, Brachiopoda have shells arranged in a
orientation.

2.1.2 General features and body plan

Brachiopods are bilaterally symmetrical and coelomate animals. Their body is enclosed within
two valves: the dorsal (brachial) valve and the ventral (pedicle) valve. The pedicle valve often
contains a stalk-like structure called the pedicle, which anchors the animal to the substrate.

Internally, the lophophore is supported by skeletal structures that aid feeding and respiration. The
digestive system is simple, and many species lack an anus, expelling waste through the mouth.

Short description: Diagram showing the internal body plan of Brachiopoda with lophophore and

pedicle.
Caption: Figure 2.2 Body plan of Brachiopoda

Fill in the blank: The stalk-like structure that anchors Brachiopoda to the substrate is called the

2.1.3 Major classes and representative examples

Brachiopoda are divided into two major classes:

Class Inarticulata: These brachiopods have valves that are not hinged but held together by
muscles. They usually have a long pedicle. Example: Lingula.
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Class Articulata: These brachiopods have valves connected by a hinge and teeth, making
them more rigid. Example: Terebratula.

This classification highlights the diversity of Brachiopoda and their adaptations to different

marine environments.

Table 2.3 Major classes of Brachiopoda with examples

Feature

Class Inarticulata

Class Articulata

Hinge Mechanism

Absent: Valves are held together
only by complex muscles.

Present: Valves.arehinged with a
"tooth-and-socket" system.

Shell Composition

Primarily Organophosphatic
(chitin and calcium phosphate).

Primarily Calcareous (calcium
carbonate/calcite).

Digestive System

Complete: Possess a functional
anus for waste expulsion.

Incomplete: A "blind gut" with no
anus; waste is regurgitated.

Long and muscular; used for

Shorter; used primarily to attach the

Pedicle (Stalk) burrowingor anchoring in sediment. [animal to hard substrates.
Lophophore INo internal skeletal support; held by [Often supported by calcareous
Support fluid pressure. skeletal loops (brachidia).

Muscular System

Complex; required to both open,
close, and align the valves.

Simpler; dedicated adductor
(close) and diductor (open)
muscles.

Representative
Examples

Lingula (a "living fossil"), Glottidia.

Terebratula, Spirifer,
Rhynchonella.

Fill in the blank: Brachiopods with hinged valves connected by teeth belong to the class

Pilot questions 2.1

-
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How are Brachiopod shells arranged compared to bivalve molluscs?
What feeding structure is characteristic of Brachiopoda?

What is the function of the pedicle in Brachiopoda?

Name the two major classes of Brachiopoda.

Give one representative example of each class.

2.2 Morphology And Organisation Of Brachiopoda
2.2.1 Shell structure and body symmetry

Brachiopoda are enclosed within two shells, or valves, which differ from those of bivalve
molluscs. The dorsal valve is known as the brachial valve, while the ventral valve is called the
pedicle valve. These valves are arranged dorsoventrally, giving brachiopods a distinct body
symmetry. The pedicle valve often contains a stalk-like structure called the pedicle, which
anchors the animal to the substrate. This arrangement allows brachiopods to remain stable in
marine environments, even in areas with strong currents.

[Insert figure here]

Short description: Diagram showing dorsal and ventral valves of Brachiopoda with pedicle
attachment.

Caption: Figure 2.4 Shell structure and body symmetry of Brachiopoda

Fill in the blank: The ventral valve of Brachiopoda is also called the valve.
2.2.2 Feeding structures and lophophore

Brachiopoda feed using a specialised organ called the lophophore, which is a crown of ciliated
tentacles. The lophophore generates water currents that direct food particles towards the mouth.
It also plays a role in respiration by facilitating gas exchange. In many species, the lophophore is
supported by skeletal structures inside the shell, ensuring stability during feeding. This
adaptation allows brachiopods to thrive as filter feeders in marine ecosystems.

Short description: Diagram showing the lophophore of Brachiopoda with tentacles and feeding
currents.
Caption: Figure 2.5 Feeding structures of Brachiopoda

Fill in the blank: The crown of ciliated tentacles used for feeding in Brachiopoda is called the

2.2.3 Reproductive strategies and life cycle
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Brachiopoda reproduce sexually, with separate sexes in most species. Fertilisation is usually
external, and the fertilised eggs develop into free-swimming larvae. These larvae eventually
settle on suitable substrates and metamorphose into adult forms. Some species also exhibit
brooding, where embryos are retained within the mantle cavity until they are ready to be
released. This reproductive strategy ensures survival in diverse marine environments and
contributes to their evolutionary success.

Short description: Diagram showing the life cycle of Brachiopoda including larval dispersal and
settlement.
Caption: Figure 2.6 Life cycle of Brachiopoda

Fill in the blank: Fertilised eggs of Brachiopoda develop into free-swimming before
settling on substrates.

Pilot questions 2.2

What are the two valves of Brachiopoda called?

What structure anchors Brachiopoda to.the substrate?

What feeding organ is characteristic of Brachiopoda?

How does the lophophore assist in respiration?

What type of larvae develop from fertilised eggs in Brachiopoda?

2.3 Evolutionary Significance And Ecological Roles Of Brachiopoda
2.3.1 Fossil record and evolutionary importance

Brachiopoda possess one of the most extensive fossil records among marine invertebrates,
dating back to.the Cambrian period. Their calcareous shells are well preserved in sedimentary
rocks, making them valuable for studying ancient marine environments. Brachiopods were
particularly abundant during the Palacozoic era, where they dominated benthic communities.
Their evolutionary importance lies in their ability to demonstrate long-term trends in marine
biodiversity, extinction events, and adaptive strategies. They also serve as excellent index fossils,
helping geologists to correlate rock layers across different regions.

Short description: Diagram showing fossilised Brachiopod shells from the Palacozoic era.
Caption: Figure 2.7 Fossil record of Brachiopoda

Fill in the blank: Brachiopoda first appeared in the fossil record during the period.

2.3.2 Role in marine ecosystems
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Brachiopoda contribute to marine ecosystems as benthic filter feeders. Using their lophophore,
they capture plankton and organic particles, thereby maintaining water quality. Their shells also
provide microhabitats for other small organisms, increasing biodiversity in benthic zones.
Although their abundance has declined compared to their Palacozoic dominance, modern
brachiopods still play a role in stabilising substrates and supporting ecological balance. Their
presence in both shallow and deep marine environments highlights their adaptability and

ecological resilience.

Box 2.8 Ecological roles of Brachiopoda

Role Mechanism Ecological Impact
o Regulates local primary productivit
R Use of the ciliated lophophore to suiate primary prod y
Benthic Filter and facilitates benthic-pelagic
. create water currents and trap . :
Feeding . coupling (transferring energy from
phytoplankton/detritus.
open water to the sea floor).
. Hard calcareous shells provide a Acts as a ""host" for epibionts; shells|
Habitat . . .
. . stable substrate in otherwise soft- create micro-topography that
Engineering . . . L2 .
sediment environments. increases local biodiversity.
. . Long-term carbon and mineral
Accuiulation of calcium carbonate | & te Hca bon and cra
. . i, . sequestration; shells eventually
Nutrient Cycling [and phosphorus within their shells s :
. contribute to the formation of
and tissues. :
limestone.
Paleo- . - Serve as "proxy" organisms for
. Sensitivity to water temperature, . .
Environmental A . scientists to reconstruct ancient
. salinity, and oxygen levels. . .
Indicators ocean chemistry and climate.

Fill in the blank: Brachiopoda maintain water quality in marine ecosystems by capturing

and organic particles.

Pilot questions 2.3

During which geological period did Brachiopoda first appear?
Why are Brachiopoda considered important index fossils?
What ecological role do Brachiopoda play in marine ecosystems?

-

R
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How do Brachiopoda contribute to biodiversity in benthic zones?
What feeding structure enables Brachiopoda to filter plankton?

Series Summary

This Series explored the morphology and evolutionary significance of Brachiopoda, a group of
marine invertebrates with distinctive dorsoventral shells and lophophore feeding structures. We
began by examining their general features and classification, distinguishing them from bivalve
molluscs and identifying the two major classes, Inarticulata and Articulata. We then moved on to
their morphology and organisation, focusing on shell structure, body symmetry, feeding
mechanisms, and reproductive strategies. Finally, we analysed their extensive fossil record and
ecological roles, highlighting their importance as index fossils and benthic filter feeders.

By completing this Series, you should now be able to define Brachiopoda, describe their body
plan, classify them into major groups, analyse their shell structure and feeding adaptations,
explain their reproductive strategies, and evaluate their evolutionary and ecological significance.
These achievements align directly with the Series Learning Outcomes, equipping you with a
comprehensive understanding of Brachiopoda within invertebrate zoology.

Glossary of Terms

Articulata: Class of Brachiopoda with hinged valves connected by teeth.

Brachiopoda: Marine invertebrates with dorsoventral shells and lophophore feeding
structures.

Inarticulata: Class of Brachiopoda with valves held together by muscles rather than hinges.

Lophophore: Crown of ciliated tentacles used for feeding and respiration.

Pedicle: Stalk-like structure that anchors Brachiopoda to the substrate.

Pedicle valve: The ventral shell of Brachiopoda, often containing the pedicle.

Zooid (not used here but relevant): Individual unit in colonial organisms, included for
continuity with Series L.

Concept Check Questions 2
Objective questions

Brachiopoda have shells arranged in a orientation. (Linked to SLO 2.1)

The stalk-like structure that anchors Brachiopoda is called the . (Linked to SLO 2.2)

Brachiopods with hinged valves belong to the class . (Linked to SLO 2.3)

The feeding organ of Brachiopoda is the . (Linked to SLO 2.5)

Brachiopoda first appeared in the fossil record during the period. (Linked to SLO
2.6)

Short-answer questions
6. Define Brachiopoda. (Linked to SLO 2.1)

-

Do)
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7. Describe the body plan of Brachiopoda. (Linked to SLO 2.2)

8. Name the two major classes of Brachiopoda with examples. (Linked to SLO 2.3)
9. Explain how the lophophore assists in respiration. (Linked to SLO 2.5)

10. Why are Brachiopoda considered important index fossils? (Linked to SLO 2.6)

Long-answer questions

11. Analyse the shell structure and body symmetry of Brachiopoda. (Linked to SLO 2.4)

12. Explain the reproductive strategies and life cycle of Brachiopoda. (Linked to SLO 2.5)

13. Evaluate the evolutionary significance and ecological roles of Brachiopoda. (luinked to SLO
2.6)

Answers to Concept Check Questions 2
Objective questions

Dorsoventral.
Pedicle.
Articulata.
Lophophore.
Cambrian.

Short-answer questions

6. Marine invertebrates with dorsoventral shells and lophophore feeding structures.

7. Enclosed within dorsal and ventral valves, with a pedicle for attachment and a lophophore for
feeding.

8. Inarticulata (Lingula), Articulata (Terebratula).

9. By creating water currents that facilitate gas exchange.

10. Their fossil record helps correlate rock layers and study ancient marine environments.

Long-answer questions

11. Basic response: Brachiopoda have dorsoventral shells, with the pedicle valve anchoring
them to substrates:.

Value-added response: This arrangement provides stability in marine currents and distinguishes
them from bivalve molluscs.

Basic response: They reproduce sexually, with fertilisation usually external, producing free-
swimming larvae.
Value-added response: Some species brood embryos, ensuring survival in diverse
environments and enhancing evolutionary success.

Basic response: Brachiopoda filter feed, maintain water quality, and provide habitats.
Value-added response: Their extensive fossil record demonstrates evolutionary trends,
extinction events, and adaptive strategies in marine biodiversity.

Answers to Pilot Questions 2

Part 2.1
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Dorsoventral orientation.
Lophophore.

Pedicle.

Inarticulata and Articulata.
Lingula and Terebratula.

Part 2.2

Brachial and pedicle valves.
Pedicle.

Lophophore.

By facilitating gas exchange.
Free-swimming larvae.

Part 2.3

Cambrian period.

Their shells are preserved and used to correlate rock layers.

They act as benthic filter feeders.
Their shells provide microhabitats for other organisms.
Lophophore.

References And Attributions 2
Ilustration placeholders suggested in Series 2:

Figure 2.1 General features of Brachiopoda

Figure 2.2 Body plan of Brachiopoda

Table 2.3 Major classes of Brachiopoda with examples
Figure 2.4 Shell structure and body symmetry of Brachiopoda
Figure 2.5 Feeding structures of Brachiopoda

Figure 2.6 Life cycle of Brachiopoda

Figure 2.7 Fossil record of Brachiopoda

Box 2:8 Ecological roles of Brachiopoda

Al prompt suggestions used for illustration placeholders:

Diagrams showing shell structure, body plan, lophophore, and life cycle.
Table listing major classes with examples.
Box summarising ecological roles.

Open Educational Resource (OER) search strings suggested:

“general features of brachiopoda diagram OER”
“brachiopoda body plan diagram OER”
“classification of brachiopoda table OER”
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“brachiopoda shell structure diagram OER”
“brachiopoda lophophore feeding diagram OER”
“brachiopoda life cycle diagram OER”
“brachiopoda fossil record diagram OER”
“brachiopoda ecological roles OER”

General references (APA style):

Hickman, C. P., Roberts, L. S., Keen, S. L., Larson, A., Eisenhour, D.J:; & I’Anson,
H. (2017). Integrated Principles of Zoology. McGraw-Hill Education.

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

OER Commons. (n.d.). Brachiopoda and invertebrate zoology resources. Retrieved
from https://www.oercommons.org

700212 Series 3: Organisation And Life Processes Of Phoronida

Part 3.1 General features and classification of Phoronida
3.1.1 Definition and scope of Phoronida
3.1.2 General features and body plan
3.1.3 Major species and representative examples
Part 3.2 Morphology and organisation of Phoronida
3.2.1 Tube dwelling and body structure
3.2.2 Feeding structures and lophophore
3.2.3 Circulatory and excretory systems
Part 3.3 Life processes and ecological significance of Phoronida

3.3.1 Reproductive strategies.and life cycle
3.3.2 Role in. marine ecosystems and evolutionary importance

Introduction

Phoronida are a small but fascinating group of marine invertebrates that live in tubes and use a
lophophore for feeding. Although they are not as well known as other coelomate groups, their
unique organisation and life processes provide important insights into the diversity of
invertebrate zoology. Their study helps us understand evolutionary links among lophophorate
animals and their ecological contributions to marine environments.

The aim of this Series is to introduce you to the organisation and life processes of Phoronida,
enabling you to classify them, describe their morphology, and evaluate their ecological and
evolutionary roles.
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We shall commence this Series by examining the general features and classification of
Phoronida. Next, we will explore their morphology and organisation, focusing on tube dwelling,
feeding structures, and internal systems. Finally, we will conclude by analysing their
reproductive strategies, life cycle, and ecological significance, highlighting their evolutionary
importance within marine ecosystems.

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

SLO 3.1 define Phoronida and explain their scope,

SLO 3.2 describe the general features and body plan of Phoronida,

SLO 3.3 classify Phoronida with representative examples,

SLO 3.4 analyse the morphology and organisation of Phoronida, including tube dwelling and
body structure,

SLO 3.5 explain the feeding structures and internal systems of Phoronida,

SLO 3.6 evaluate the reproductive strategies, life cycle, and ecological significance of
Phoronida.

3.1 General Features And Classification Of Phoronida
3.1.1 Definition and scope of Phoronida

Phoronida are a small phylum of marine invertebrates that live in tubes made of secreted chitin.
They are commonly referred.to as horseshoe worms because of the shape of their lophophore, a
crown of ciliated tentacles used for feeding and respiration. Phoronids are coelomate animals,
meaning they possess a.true body cavity, and they are significant because they share features
with other lophophorate groups such-as Brachiopoda and Bryozoa. Their scope includes their
morphology, classification, ecological roles, and evolutionary links to other coelomates.

Short description: Diagram showing a Phoronid in its tube with lophophore extended.

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



Caption: Figure 3.1 General features of Phoronida
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- muscle layer
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epidermal cells Sediment
Attached to substrate
(rock/shell fragment)
Attached to substrate

(rock/shell fragment)
Approx. 5-10 cm

Fill in the blank: Phoronida are commonly reférred to as

their lophophore.

3.1.2 General features and body plan

Nerve ring
(around esophagus)

Ganglion R
Metasome (trunk) i

Esophagus " 1

U-shaped
DIge_?tIV(: Intestine ~
18t | ventral nerve IIJ

Giant nerve fibers |

Coelom (fluid- )
filled body cavity, ||\
hydrostatic skeleton)

Gzonglion '

f
Ventral nerve cord /
.

7/ Afferent and

Stomach 2z I
[

Capillary plexus
in tentacles

' Efferent vessels
vessel

>}~ Ventral blood
\ V4 vessel
\ us (exits just outside
b lophophore ring,

dorsal to mouth)

Closed Circulatory System
Dorsal blood vessel
(with arrows for flow)
Ventral blood vessel
Capillary plexus
Afferent and Efferent
vessels

Metanephridia (excretory
organs, open into coelom
and tube)

Gonads (located in coelom,
often in metasome)

—)
Approx. 5-10 cm

worms because of the shape of

Phoronids are elongated, worm-like animals that live inside tubes attached to substrates such as
rocks or shells. Their body is divided into three regions: the epistome (a small lobe near the
mouth), the lophophore (feeding tentacles), and the trunk (main body). The lophophore is U-
shaped or horseshoe-shaped, and it generates water currents to capture food particles. Phoronids
have a complete digestive system.with a mouth and anus, and their circulatory system is closed,

with haemoglobin present.in the blood.

Short description: Diagram showing the body plan of Phoronida with epistome, lophophore, and
trunk.
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Caption: Figure 3.2 Body plan of Phoronida

Complete body plan of a generalized phoronid worm Lophophore

(feeding crown)
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Fill in the blank: The feeding tentacle crown of Phoronida is called the .
3.1.3 Major species and representative examples

Phoronida is a small phylum with only about 12 known species. Some representative examples
include:

Phoronis australis: Found in shallow marine waters, often associated with sandy substrates.
Phoronis hippocrepia: Known for its horseshoe-shaped lophophore.

Phoronis architecta: Builds tubes in muddy or sandy environments.

These examples highlight the limited diversity of Phoronida but also their adaptability to
different marine habitats.

Table 3.3 Representative species of Phoronida

Species Name Typical Habitat & Substrate Distinctive Features

Bores into shells (mollusks) and  [The smallest phoronid (approx. 6 mm);
\Phoronis ovalis  |limestone; found in intertidal simple, oval-shaped lophophore; can
zones. form dense colonies.
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Species Name Typical Habitat & Substrate Distinctive Features
. Intertidal to shallow waters; Horseshoe-shaped lophophore with upto
\Phoronis . .
hivpocrevia bores into calcareous rocks/shells [190 tentacles; typically 2—10 cm long;
ppocrep or forms tangled masses. hermaphroditic.
\Phoronis Soft sediments (mud/sand) at Solitary; horsesh(?e-shap 4 lophophore;
muelleri depths of 10-400 m body up to 12 cm; often' found in the
' North Sea and Atlantic.
\Phoronis Pure sand or muddy sand in Small to medium (Upfo 19/6m);
. horseshoe-shaped lophophore; tubes often
psammophila shallow coastal waters. . !
covered in sand grains for camouflage.
. Specifically found within the Large species(up to 20 cm); lophophore
\Phoronis . . ! . :
. tube walls of cerianthid has twe spiral coils; body color is often
australis .
anemones. pink or orange.
Encrusts hard surfaces or wood;  |[Forms "turf-like" masses of intertwined
\Phoronis ijimai [found in Pacific and NW tubes; up to 12 cm long; capable of rapid
Atlantic. regeneration.
Large (up to 22 cm); has a visible
\Phoronopsis Sandy or muddy bottoms; wide  |epidermal collar fold at the base of the
harmeri distribution (cosmopolitan). lophophore (genus feature); spiral
lophophore.
\Phoronopsis Soft sediments in deep or The largest phoronid (up to 5.0 Cm).;
californica shallow water (Eastern Pacific) lophophore forms complex spiral coils
* with over 1,500 tentacles.
\Phoronopsis Shallow coastal sand; temperate M§d1um-s1zed; lophophqre Wlth spiral
. coils; body often has white pigment spots
albomaculata and tropical seas.
on the lophophore.
Fill in the blank: The species Phoronis hippocrepia is notable for its -shaped lophophore.
ol
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Pilot questions 3.1

What are Phoronida commonly called?

What structure is used by Phoronida for feeding and respiration?
Name the three body regions of Phoronida.

How many known species of Phoronida exist?

Give one example of a representative species of Phoronida.

3.2 Morphology And Organisation Of Phoronida
3.2.1 Tube dwelling and body structure

Phoronida are unique because they secrete chitinous tubes in which they live. These tubes are
often buried in sand, mud, or attached to hard substrates suchas rocks and shells. The body of a
phoronid is elongated and cylindrical, with the anterior end bearing the lophophore and the
posterior end embedded in the tube. This tube-dwelling lifestyle provides protection from
predators and environmental stress, while also allowing them to extend their lophophore into the
water column for feeding.

Short description: Diagram showing a Phoronid inside its chitinous tube with lophophore

extended.

Caption: Figure 3.4 Tube dwelling and body structure of Phoronida
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Fill in the blank: Phoronida secrete protective tubes in which they live.
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3.2.2 Feeding structures and lophophore

The most distinctive feature of Phoronida is the lophophore, a crown of ciliated tentacles
arranged in a horseshoe or spiral shape. The lophophore generates water currents that direct
plankton and organic particles towards the mouth. It also facilitates gas exchange, making it a

dual-purpose organ. The efficiency of the lophophore allows phoronids to thrive as filter feeders
in marine environments, despite their small size and limited diversity.

Short description: Diagram showing the horseshoe-shaped lophophore of Phoronida with feeding
currents.

Caption: Figure 3.5 Feeding structures of Phoronida
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Fill in the blank: The crown of ciliated tentacles used for feeding in Phoronida is called the

3.2.3 Circulatory and excretory systems

Phoronida possess a closed circulatory system, with haemoglobin present in their blood to
transport oxygen efficiently. This adaptation supports their sedentary lifestyle within tubes. Their
exeretory system consists of paired metanephridia, which remove nitrogenous waste from the
coelomic fluid. These systems highlight the advanced organisation of Phoronida compared to
simpler invertebrates, and they demonstrate evolutionary links with other coelomate groups.

Short description: Diagram showing the circulatory and excretory systems of Phoronida.
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Caption: Figure 3.6 Circulatory and excretory systems of Phoronida
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Fill in the blank: The excretory organs of Phoronida are paired
Pilot questions 3.2

What type of tubes do Phoronida secrete for protection?
What is the main feeding organ of Phoronida?

How does the lophophore assist in respiration?

What pigment is present in the blood of Phoronida?
Name the excretory organs of Phoronida.

3.3 Life Processes And Ecological Significance Of Phoronida
3.3.1 Reproductive strategies and life cycle

Phoronida reproduce sexually, with most species having separate sexes. Fertilisation is usually
external, and the fertilised eggs develop into free-swimming larvae known as actinotroch
larvae. These larvae remain planktonic for a period before settling on suitable substrates, where
they undergo metamorphosis into adult tube-dwelling forms. Some species also exhibit brooding,
where embryos are retained within the parent’s body until they are ready to be released. This
dual reproductive strategy enhances survival and dispersal in diverse marine environments.

Short description: Diagram showing the life cycle of Phoronida, including actinotroch larva and
adult tube-dwelling stage.

-
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Caption: Figure 3.7 Life cycle of Phoronida

LOPHOPHORE EXTERNAL
fully extended FERTILIZATION

U-SHAPED
DIGESTIVE TRACT = Y =
(Esophagus, Stomach, Q@ j__"__:::> ® i@
Intestine, Anus) ANUS @ @ 1 §> Ve
(exits Just outside SPAWNING (J 4
S ﬁ ZYGOTE W

Invagination

inner lophophare ring, Sperm and
. Eggs CLEAVAGE
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(reversed from larva) (sensory) ] Nerti
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T
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L4 FREE-SWIMMING,
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body and trunk)
Fill in the blank: The free-swimming larval stage of Phoronida is called the larva.

3.3.2 Role in marine ecosystems and evolutionary importance

Phoronida play an important role it marine ecosystems as benthic filter feeders. By extending
their lophophore into the water column, they capture plankton and organic particles, thereby
contributing to nutrient cycling and water quality. Their tubes also stabilise sediments and
provide microhabitats for other small organisms. Evolutionarily, Phoronida are significant
because they share features with other lophophorate groups, offering insights into the
diversification of coelomate invertebrates. Their presence, though limited in species diversity,
highlights the ecological importance of even small phyla in maintaining marine biodiversity.

Box 3.8 Ecological roles of Phoronida

Ectﬁzlg;cal Mechanism of Action Impact on Marine Ecosystem
Benthic Uses a ciliated, tentacular IActs as a "biological filter," clearing the
Filter lophophore to capture plankton |water column of suspended organic matter
Feeder and detritus from the water. and cycling nutrients to the seafloor.

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



EC(;i(())lg;cal Mechanism of Action Impact on Marine Ecosystem
Secretes permanent chitinous . . . .
Sediment tubes that are often reinforced n hlghjdensuy populations, these Vertlcaq
- . . tubes bind loose substrate together,reducing
Stabilizer with sand grains or shell .
erosion caused by bottom currents.
fragments.
" wo .+ [Increases the complexity-of the seafloor,
. Creates dense "mats" or "forests L . .
Habitat } providing micro-habitats and attachment
. of tubes in sandy or muddy . |
Engineer points for other small invertebrates and
bottoms.
larvae.
Specific species (c.g., P Demonstratesspecialized commensalism,
Symbiotic p - S (G800 17 utilizing the host's structure for protection
. australis) live within the tube . . . .
Associate . while potentially benefiting the host's tube
walls of burrowing anemones. . .
integrity.
. . Some species (e.g., P. ovalis) Contributes to the natural recycling of
Biological . . . .
bore directly into mollusk shells .. [caleium carbonate by breaking down old
Eroder .
and limestone. shells and rocky substrates.
Fill in the blank: Phoronida contribute to marine biodiversity by stabilising and

providing microhabitats for other organisms.
Pilot questions 3.3

What type of larva develops from fertilised eggs in Phoronida?
How do Phoronidateproduce?

What ecological role do Phoronida play in marine ecosystems?
How do Phoronida stabilise sediments?

Why are Phoronida considered evolutionarily significant?

Series Summary

This Series examined the organisation and life processes of Phoronida, a small but significant
phylum of marine invertebrates. We began by exploring their general features and classification,
noting their tube-dwelling lifestyle and distinctive lophophore. We then analysed their
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morphology and organisation, focusing on body structure, feeding mechanisms, and internal
systems such as circulation and excretion. Finally, we considered their reproductive strategies,
life cycle, and ecological roles, highlighting their evolutionary importance as lophophorates.

By completing this Series, you should now be able to define Phoronida, describe their body plan,
classify them with examples, analyse their tube-dwelling morphology, explain their feeding.and
internal systems, and evaluate their reproductive strategies and ecological significance. These
outcomes align directly with the Series Learning Outcomes, ensuring you have a clear and
structured understanding of Phoronida within invertebrate zoology.

Glossary of Terms

Actinotroch larva: Free-swimming larval stage of Phoronida before settling into adult form.

Epistome: Small lobe near the mouth of Phoronida.

Haemoglobin: Oxygen-carrying pigment present in the blood of Phoronida:

Lophophore: Crown of ciliated tentacles used for feeding and respiration.

Metanephridia: Paired excretory organs that remove waste from the coelomic fluid.

Phoronida: Small phylum of marine invertebrates, also called horseshoe worms, that live in
chitinous tubes.

Pedicle (not present in Phoronida but continuity term): Anchoring stalk found in
Brachiopoda, included for comparison,

Tube dwelling: Lifestyle of Phoronida, living inside secreted chitinous tubes.

Concept Check Questions 3
Objective questions

Phoronida are commonly referred to as worms. (Linked to SLO 3.1)

The feeding tentacle crown of Phoronida is called the . (Linked to SLO 3.2)

How many known species of Phoronida exist? (Linked to SLO 3.3)

The excretory organs of Phoronida are paired . (Linked to SLO 3.5)

The free-swimming larval stage of Phoronida is called the larva. (Linked to SLO 3.6)

Short-answer questions

6. Define Phoronida. (Kinked to SLO 3.1)

7. Describe the body plan of Phoronida. (Linked to SLO 3.2)

8. Name three representative species of Phoronida. (Linked to SLO 3.3)

9. Explain-how the lophophore assists in feeding and respiration. (Linked to SLO 3.5)
10. Why are Phoronida considered evolutionarily significant? (Linked to SLO 3.6)

Long-answer questions

11. Analyse the tube-dwelling lifestyle and body structure of Phoronida. (Linked to SLO 3.4)
12. Explain the reproductive strategies and life cycle of Phoronida. (Linked to SLO 3.6)

13. Evaluate the ecological roles of Phoronida in marine ecosystems. (Linked to SLO 3.6)

Answers to Concept Check Questions 3

-
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Objective questions

Horseshoe.
Lophophore.
About 12 species.
Metanephridia.
Actinotroch.

Short-answer questions

6. Small marine invertebrates that live in tubes and use a lophophore for feeding.

7. Divided into epistome, lophophore, and trunk, with a complete digestive system and closed
circulation.

8. Phoronis australis, Phoronis hippocrepia, Phoronis architecta.

9. By generating water currents that capture food and facilitate gas exchange.

10. They share features with other lophophorates, offering insights into coclomate
diversification.

Long-answer questions

11. Basic response: Phoronida secrete chitinous tubes and extend their lophophore for feeding.
Value-added response: This lifestyle provides protection, stability, and ecological adaptability
in benthic habitats.

Basic response: They reproduce sexually, produeing actinotroch larvae that settle and

metamorphose into adults.
Value-added response: Some species brood embryos, enhancing survival and dispersal
in diverse marine environments.

Basic response: Phoronida filter feed and stabilise sediments.

Value-added response: Their tubes provide microhabitats, contributing to biodiversity
and nutrient cycling in marine ecosystems.

Answers to Pilot Questions 3
Part 3.1

Horseshoe worms.

Lophophore.

Epistome, lophophore, trunk.

About 12 species.

Phoronis australis, Phoronis hippocrepia, Phoronis architecta.

Part 3.2

Chitinous tubes.
Lophophore.

By facilitating gas exchange.
Haemoglobin.

-
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Metanephridia.
Part 3.3

Actinotroch larva.
Sexual reproduction with external fertilisation.
They act as benthic filter feeders.
By secreting tubes that stabilise sediments.
They share evolutionary features with other lophophorates.

References And Attributions 3
Ilustration placeholders suggested in Series 3:

Figure 3.1 General features of Phoronida

Figure 3.2 Body plan of Phoronida

Table 3.3 Representative species of Phoronida

Figure 3.4 Tube dwelling and body structure of Phoronida
Figure 3.5 Feeding structures of Phoronida

Figure 3.6 Circulatory and excretory systems of Phoronida
Figure 3.7 Life cycle of Phoronida

Box 3.8 Ecological roles of Phoronida

Al prompt suggestions used for illustration placeholders:

Diagrams showing tube dwelling, body plan, lophophore, circulatory system, and life
cycle.

Table listing representative species with habitats and features.

Box summarising ecological roles.

Open Educational Resource (OER) search strings suggested:

“general features of phoronida diagram OER”
“phoronida body plan diagram OER”

“phoronida species classification table OER”
“phoronida tube dwelling diagram OER”

“phoronida lophophore feeding diagram OER”
“phoronida circulatory excretory system diagram OER”
“phoronida life cycle diagram OER”

“phoronida ecological roles OER”

General references (APA style):

Hickman, C. P., Roberts, L. S., Keen, S. L., Larson, A., Eisenhour, D. J., & I’Anson,
H. (2017). Integrated Principles of Zoology. McGraw-Hill Education.
Barnes, R. D. (1987). Invertebrate Zoology. Saunders College Publishing.
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OER Commons. (n.d.). Phoronida and invertebrate zoology resources. Retrieved
from https://www.oercommons.org

700212 Series 4: Structural Diversity And Ecological Roles Of
Annelida And Mollusca

Part 4.1 General features and classification of Annelida and Mollusca
4.1.1 Definition and scope of Annelida
4.1.2 Definition and scope of Mollusca
4.1.3 Major classes and representative examples
Part 4.2 Morphological diversity and organisation
4.2.1 Body segmentation and organisation in Annelida
4.2.2 Shell structure and body plan in Mollusca
4.2.3 Nervous and circulatory systems in both phyla
Part 4.3 Ecological roles and evolutionary significance

4.3.1 Role of Annelida in soil and aquatic ecosystems
4.3.2 Role of Mollusca in marine and terrestrial ecosystems
4.3.3 Evolutionary importance of structural diversity

Introduction

Invertebrate zoology is enriched by two highly diverse and ecologically important phyla:
Annelida and Mollusca. Annelids, with their segmented bodies, and molluscs, with their
remarkable variety ‘of shells and body forms, illustrate the adaptability and success of coelomate
animals. Their study provides insights into structural diversity, ecological contributions, and
evolutionary pathways.

The aim of this Series is to introduce you to the structural diversity and ecological roles of
Annelida and Mollusca, enabling you to classify them, describe their organisation, and evaluate
their ecological and evolutionary importance.

We shall commence this Series by examining the general features and classification of both
phyla. Next, we will explore their morphological diversity and organisation, focusing on
segmentation, shell structure, and internal systems. Finally, we will conclude by analysing their
ecological roles in soil, aquatic, and marine ecosystems, as well as their evolutionary
significance in demonstrating structural diversity among invertebrates.

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

SLO 4.1 define Annelida and Mollusca and explain their scope,

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

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

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

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

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

4.1 General Features And Classification Of Annelida And Mollusca
4.1.1 Definition and scope of Annelida

Annelida are segmented worms characterised by their elongated, ¢ylindrical bodies divided into
repeated segments called metameres. Each segment typically contains tepeated structures such
as muscles, nerves, and excretory organs, which contribute to their.adaptability. Annelids include
earthworms, leeches, and polychaetes, inhabiting terrestrial, freshwater, and marine
environments. Their scope covers structural organisation, ecological roles in soil fertility and
aquatic ecosystems, and evolutionary significance as coelomate invertebrates.

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

SEGMENTED BODY PLAN OF AN ANNELID WORM

A. External Anatomy and Segmentation

Prostomium Peristomium Brain Metameres (Segments) -
pre-oral segment first true segment (Sup&aest}phz;geal Pygidium
anglion

(with Anus)

Peristomial Cirri

Trunk
B. Internal Anatomy (Dorsal Views of Anterior Segments) C. Cross-Section of a Segment _Cuticle
Segment1  Segment2 Septa ’ Intersegmental g Epidermis
s Circular Muscles

Septum

Peritoneum

Dorsal Blood Vessel v < y S : 4 Longitudinal
Lateral (Hearts) W = =i\ _ .| —Coelom Peritoneum V By Muscles
essels 3 Z : ; ) | \ Coelom

Coelom A N id-Fi
irest ™ : (Fluid-Filled) / R (Fluic-Filled)
g Metanephridia Dorsal ~ \ > - Parapodium
Nephrostome Blood Vessel & R S). s Notopodium
Coiled Tubule 2 - ( S~ Neuropodium
Ventral Nephridiopore X Setae
Ventral Nerve Cord Mesentery \o o -

Ventral Blood Vessel (Segmental Ganglia) Blood Vessel liestine Lateral Nerve

Fill in the blank: The repeated body segments of Annelida are called
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4.1.2 Definition and scope of Mollusca

Mollusca are a diverse phylum of invertebrates characterised by a soft, unsegmented body often
protected by a calcareous shell. Their body is typically divided into three regions: the head-foot
(used for locomotion and sensory functions), the visceral mass (containing internal organs), and
the mantle (which secretes the shell). Molluscs include snails, clams, squids, and octopuses;
inhabiting both aquatic and terrestrial environments. Their scope encompasses structural
diversity, ecological roles in food chains, and evolutionary importance as one of the largest
invertebrate phyla.

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

visceral mass, and mantle.
N\ Ctenidium (Gill)
\ - Mantle

Caption: Figure 4.2 General features of Mollusca

GENERALIZED MOLLUSCAN BODY PLAN
VISCERAL MASS

Mantle
I Digestive Tract MANTLE | /(secreting shell E
Digestive Tract \ - Peritoneum /ﬂl": l

Dorsal Blood Vessel

Cerebral Ganglion Ctenidia (Gills, magnified in A)

Osphradium (sensory organ)
Peritoneum
Hypobranchial gland

Visceral Ganglion

& Ventricle
> Atrium

,/ Digestive
gland

entral Blood Vessel( Nepthridium ;
3 excretory organ
Ventral Nerve Cord

AAINE= e
7 éﬁ Pedal nerve cord

Mouth S
Radula \/(:J:erlzwr layers) Supporting “Odontophore

(feeding organ, ~ Odontophore  Foot retractor Muscular Foot ) camla?e muscle
magnified in B) muscle Hypothetical Ancestor, ~10 cm Radula and Odontophore

Tentacles

Fill in the blank: The body region of Mollusca that secretes the shell is called the .
4.1.3 Major classes and representative examples

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

Classes of Annelida:
Polychaeta: Marine worms with parapodia, e.g., Nereis.
Oligochaeta: Terrestrial and freshwater worms, e.g., Lumbricus (earthworm).
Hirudinea: Leeches, mostly freshwater, e.g., Hirudo.

Classes of Mollusca:
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Gastropoda: Snails and slugs, e.g., Helix.

Bivalvia: Clams and mussels, e.g., Mytilus.
Cephalopoda: Squids and octopuses, e.g., Octopus.
Polyplacophora: Chitons, e.g., Chiton.

Table 4.3 Major classes of Annelida and Mollusca with examples

Phylum Major Class Key Features QD resengive
Examples
Mostly marine; well-developed head; Vereis (Sandworm),
. Polychaeta . . .
Annelida ; paired lateral appendages (parapodia)  |4renicola
(Bristle Worms) . L
for locomotion and respiration. (Lugworm)
Mostly terrestrial or freshwater; lack Lumbricus terrestris
Oligochaeta parapodia; few setae; distinct elitellum  ((Earthworm),
for reproduction. Tubifex
Primarily. freshwater; body flattened;
Hirudinea fixed number of segments; possess Hirudo medicinalis
(Leeches) anterior and posterior suckers; lack (Medicinal Leech)
Setae.
Asymmetrical bpdy due ‘to torSIQn; Snails, Slugs,
usually have a single, spirally coiled .
Mollusca |Gastropoda Limpets,
shell (or none); muscular foot for .
) INudibranchs
crawling.
Body enclosed in a two-part shell
Bivalvia hinged dorsally; lack a distinct head and  |Clams, Oysters,
radula; wedge-shaped foot for Mussels, Scallops
burrowing.
Large head with conspicuous eyes; foot
Cephalopoda modified into tentacles/arms with Octopus, Squid,

suckers; highly developed nervous
system; closed circulatory system.

Nautilus, Cuttlefish
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Representative

Phylum Major Class Key Features Examples

Oval body with a dorsal shell composed
Polyplacophora  |of eight overlapping plates; large flat Chitons
foot for adhering to rocks.

Fill in the blank: Marine worms with parapodia belong to the class of Annelida.
Pilot questions 4.1

What are the repeated body segments of Annelida called?

Name the three main body regions of Mollusca.

Which class of Annelida includes earthworms?

Which class of Mollusca includes squids and octopuses?

Give one representative example of Polychaeta.and one of Bivalvia.

4.2 Morphological Diversity And Organisation
4.2.1 Body segmentation and organisation in Annelida

Annelids are distinguished by their segmented body plan, where the body is divided into
repeated units called metameres. Each segment contains muscles, nerves, and excretory organs,
which allow for efficient locomotion and flexibility. This segmentation also provides
redundancy, meaning if one segment is damaged, others can continue functioning. The presence
of a true coelom supports organ development and circulation, making annelids structurally
advanced compared to simpler worms.

Short description: Diagram showing segmented body plan of an annelid with repeated structures
in each segment.
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Caption: Figure 4.4 Body segmentation and organisation in Annelida

SEGMENTED BODY PLAN OF AN ANNELID WORM

A. External Anatomy and Segmentation
Prostomium Peristomium Brain
(pre-oral segment) (first true segment) (Supraesophageal

Ganglion)

Metameres (Segments) Pygidium
(with Anus)

] Pygidium
Peristomial Peristomial (with Anus)
irri Cirri

B. Internal Anatomy (Dorsal View of Anterior Segments) C. Cross-Section of a Segment
Intersegmental Sept ent 2 = \
Rirse Cuticle Longitudinal
) . blood
Epidermis F Muscles

Circular Dorsal
Muscles Blood Vessel

X Coelom
Peritoneum (Fluid-Filled)
Dorsal

Parapodium

Vessel ) =2~ Notopodium
Nephridiopore Vg?(;gsal 74 ~ A\ Neuropodium
Lateral Ventral Nerve Cord Ventral Mesentery Vessel

(Hearts) Vessels Segmental Ganglia Ventral Nerve Cord Nerve
B. Internal Anatomy (Dorsal View of Anterior Segments) C. Cross-Section of a Segment

Fill in the blank: The repeated body units of Annelida are called .
4.2.2 Shell structure and body plan in Mollusca

Molluscs exhibit remarkable structural diversity, but their general body plan consists of three
regions: the head-foot, the visceral mass, and the mantle. The mantle secretes the shell, which
may be external (as in snails‘and clams) or internal (as in squids). The head-foot is muscular and
used for locomotion, while the visceral mass contains organs such as the heart, digestive glands,
and gonads. This organisation allows molluscs to adapt to a wide range of environments, from
terrestrial habitats to deep oceans.

Short description: Diagram showing the generalised body plan of a mollusc with shell, head-foot,
visceral. mass, and mantle.
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Caption: Figure 4.5 Shell structure and body plan in Mollusca
GENERALIZED MOLLUSCAN BODY PLAN (SAGITTAL VIEW)

HEAD-FOQT REGION VISCERﬁL MASS MANTLE etlD SHELL
d b Digestive Coelom W Mantle L

Visceral Gland Stomach (pericardium) Coelom
(reduced)

Shell (outer calcareous layer)

gg%l)ir:rl Shell (inner nacreous layer)
Mouth Mantle Epithelium

(secreting shell)
Esophagus Mantle Cavity

Ctenidium (Gills)
Mouth

Anus

Osphradium
(sensory organ)

Hypobranchial Gland

ol \ Pectoral muscles
Dlgestwe Nephridium  Gonad

land  Visceral Heart (excretory organ) L . !
Ganglion (Ventricle and Atria) Hypothetical Ancestor, ~10 cm

Fill in the blank: The body region of Mollusca'that secretes the shell is called the
4.2.3 Nervous and circulatory systems in both phyla

Annelids possess a well-developed nervous system, consisting of a ventral nerve cord and
paired ganglia in each segment. This arrangement coordinates movement and sensory responses.
Their circulatory system is closed, with blood confined to vessels, ensuring efficient transport of
oxygen and nutrients.

Molluscs, on the other hand, show.variation in their nervous and circulatory systems depending
on the class. Cephalopods such as squids and octopuses have highly developed brains and
complex eyes; making them among the most advanced invertebrates. Their circulatory system is
closed, supportingactive lifestyles. In contrast, bivalves and gastropods often have simpler
nervous.-systems and an.open circulatory system, where blood flows freely through body cavities.

Short description: Comparative diagram showing nervous and circulatory systems of Annelida
and Mollusca.
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Caption: Figure 4.6 Nervous and circulatory systems in Annelida and Mollusca
COMPARATIVE NERVOUS AND CIRCULATORY SYSTEMS: ANNELIDA vs. MOLLUSCA

A. ANNELIDA (e.g., Earthworm)
NERVOUS SYSTEM
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each with lateral nerves
CIRCULATORY SYSTEM
(Closed)
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(distribution, blue) body cavity) repeating in each segment) blue anterior to postenor)

A. ANNELIDA (e.g., Earthworm)

Fill in the blank: Cephalopods such as squids possess a

bivalves which have an open one.

Pilot questions 4.2

B. MOLLUSCA (e.g., Hypothetical Ancestor/Chiton)

NERVOUS SYSTEM
_Cerebral Ganglion ~ Parigal VISCERAL NERVE CORDS  Cerebropleural
(Brain, unsegmented anterior) Ganglion (dorsal loop) Connective
GPleulr_a| - Visceral
anglion ,5
? Parietal Visceral Loop
. Ganglion
Anterior
en ; : 7
W ———
Functional 14 N ula
regionalization G::gl?t‘m PED(?OLR':)ESRVE VISCERAL NERVE (feedmg organ,
(Ganglia clusters) (ventral) @ grga’fll:)oop) unsegmented)
CIRCULATORY SYSTEM

(Open, simplified)
Aorta

HEART {two atria,
one ventricle, in
posterior coelom, red)

Anterior Sinus
(blue blood from gills), <

Efferent Vessel

Pericardial Cavity o]
m body, blue

(reduced coelom)  (blue anterior,
red pos‘enor)

HEMOCOEL \ &

(blood-filled sinus, Ia
pale red hemolymph

Anterior Sinus

(blue blood from Direction of flow
gills) (blue from gills to atria, red
from ventricle to body sinuses)

B. MOLLUSCA (e.g., Hypothetical Ancestor/Chiton)

Efferent Vessel
(to heart, red)

Afferent Vessel
(from body, blue)

circulatory system, unlike

What are the repeated body units of Annelida called?

Name the three main body regions of Mollusca.

Which body region of Mollusca secretes the shell?

What type of citculatory system do annelids possess?

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

4.3 Ecological Roles And Evolutionary Significance

4.3.1 Role of Annelida in soil and aquatic ecosystems

Annelids, particularly earthworms, play a crucial role in maintaining soil fertility. By burrowing
and feeding on organic matter, they aerate the soil and enhance nutrient cycling, which supports
plant growth. In aquatic ecosystems, polychaetes contribute to sediment turnover and serve as
prey for fish and other marine organisms. Their ecological roles highlight their importance in
sustaining both terrestrial and aquatic food chains.

Short description: Diagram showing earthworms aerating soil and polychaetes in marine

sediments.
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Caption: Figure 4.7 Ecological roles of Annelida
A. TERRESTRIAL ECOSYSTEM: EARTHWORM SOIL AERATION | B. MARINE ECOSYSTEM: POLYCHAETE SEDIMENT TURNOVER
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A. TERRESTRIAL ECOSYSTEM: EARTHWORM SOIL AERATION | B. MARINE ECOSYSTEM: POLYCHAETE SEDIMENT TURNOVER

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

4.3.2 Role of Mollusca in marine and terrestrial ecosystems

Molluscs are highly diverse and occupy a wide range of ecological niches. Bivalves such as
clams and mussels act as filter feeders, improving water quality in aquatic environments.
Gastropods like snails contribute to nutrient cycling in both terrestrial and aquatic habitats.
Cephalopods, including squids and octopuses, are active predators that regulate populations of
other marine organisms. Collectively, molluscs play vital roles in food chains, ecosystem
balance, and even human economies through fisheries and aquaculture.

Short description: Diagram showing bivalves filtering water, gastropods recycling nutrients, and
cephalopods as predators.
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Caption: Figure 4.8 Ecological roles of Mollusca

MOLLUSCA ECOLOGICAL ROLES: FILTERING, RECYCLING, PREDATION

A. BIVALVIA: FILTER FEEDING (WATER FILTRATION) B. GASTROPODA: NUTRIENT RECYCLING (DECOMPOSITION)
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C. CEPHALOPODA: APEX PREDATION (FOOD WEB)

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

4.3.3 Evolutionary importance of structural diversity

The structural diversity of Annelida and Mollusca demonstrates the evolutionary success of
coelomate invertebrates. Segmentation.in annelids allowed for specialisation of body regions,
while the varied body plans.of molluscs enabled adaptation to terrestrial, freshwater, and marine
environments. Cephalopods, with their advanced nervous systems and closed circulatory
systems, represent one ©of the highest levels of invertebrate evolution. These evolutionary
innovations highlight how structural diversity contributes to ecological resilience and long-term
survival.

Box 4.9 Evolutionary importance of Annelida and Mollusca

Evolutionary

Milestone Impact in Phylum Annelida

Impact in Phylum Mollusca

Metamerism (Segmentation):
Division of the body into repetitive
segments allowed for independent
movement and organ redundancy.

LBody

Organization

Modular Body Plan: A three-part body
(Mantle, Foot, Visceral Mass) that
could be radically reshaped for
crawling, swimming, or burrowing.
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Evolutionary

Impact in Phylum Annelida

Impact in Phylum Mollusca

mollusks and other protostomes.

Milestone
Hydrostat'lc Skeleton: Used fluid Muscular Foot: Specialized fordiverse
. pressure within the coelom for w1 B
L.ocomotion N . movement, from the slow "glide" of a
powerful peristaltic crawling and . . . .
. snail to the jet propulsion of a squid.
burrowing.
True Coelom: Large and well- Reduced Coelom: Mostly limited to
. the area around the heart (hemocoel);
Coelom developed; provides a space for . ]
allowed for the ‘evolutionof a highly
Development  [complex organ systems and acts as a .
. . efficient open (and later closed)
circulatory medium. :
circulatory system.
Segmental Ganglia: A "ladder- Cephalization: Reached its peak in
Nervous like" nervous system that Cephalopods, leading to the most
System coordinates movement across complex brains and eyes among all
segments. invertebrates.
Trochophore Larya: Provides Trochophore Larva: Shared
Shared . . .
Ancestry evidence of a common ancestor with |developmental stage that links these

seemingly different groups.

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

their advanced

Systems.

Pilot questions 4.3

How do earthworms contribute to soil fertility?
What ecological role do bivalves play in aquatic ecosystems?

Which class of Mollusca includes active marine predators?

What evolutionary advantage does segmentation provide in Annelida?
Why are cephalopods considered highly evolved among invertebrates?

Series Summary

This Series focused on the structural diversity and ecological roles of Annelida and Mollusca,
two highly significant phyla of invertebrates. We began by examining their general features and

-
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classification, highlighting segmentation in annelids and the tripartite body plan of molluscs. We
then explored their morphological diversity and organisation, considering body segmentation,
shell structure, and the variations in nervous and circulatory systems. Finally, we analysed their
ecological roles in soil, aquatic, and marine ecosystems, as well as their evolutionary importance
in demonstrating structural diversity among coelomates.

By completing this Series, you should now be able to define Annelida and Mollusca, describe
their general features and classification, analyse their structural organisation, explain their
nervous and circulatory systems, and evaluate their ecological and evolutionary significance:.
These outcomes align directly with the Series Learning Outcomes, equipping you with a clear
understanding of how structural diversity supports ecological resilience and evolutionary
success.

Glossary of Terms

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

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

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

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

Mantle: Body region of molluscs that secretes the shell.

Metameres: Repeated body segments in annelids.

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

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

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

Concept Check Questions 4
Objective questions

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

The body region of Mollusca that secretes the shell is the . (Linked to SLO 4.2)
Which class of Annelida includes earthworms? (Linked to SLO 4.2)

Cephalopods such as squids possess a circulatory system. (Linked to SLO 4.4)
Bivalves act as feeders in aquatic ecosystems. (Linked to SLO 4.5)

Short-answer questions

6. Define Annelida. (Linked to SLO 4.1)

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

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

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

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

Long-answer questions
11. Analyse the structural organisation of Annelida, focusing on segmentation. (Linked to SLO

-
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4.3)
12. Explain the nervous and circulatory systems of Annelida and Mollusca. (Linked to SLO 4.4)

13. Evaluate the ecological and evolutionary significance of Annelida and Mollusca. (Linked to
SLO 4.6)

Answers to Concept Check Questions 4
Objective questions

Metameres.
Mantle.
Oligochaeta.
Closed.
Filter.

Short-answer questions

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

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

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

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

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

Long-answer questions

11. Basic response: Annelids have segmented bodies with repeated structures in each segment.
Value-added response: Segmentation allows specialisation and redundancy, enhancing
adaptability and survival.

Basic response: Annelids have a ventral nerve cord and closed circulation; molluscs vary by
class.
Value-added response: Cephalopods show advanced nervous systems and closed
circulation, while bivalves have simpler systems and open circulation.

Basic response: Annelids improve soil fertility and molluscs act as filter feeders and
predators.
Value-added response: Their structural diversity demonstrates evolutionary success,
ecological resilience, and adaptation to varied environments.

Answers to Pilot Questions 4
Part4.1

Metameres.

Head-foot, visceral mass, mantle.
Oligochaeta.

Cephalopoda.

Nereis and Mytilus.
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Part 4.2

Metameres.

Head-foot, visceral mass, mantle.
Mantle.

Closed circulatory system.
Cephalopoda.

Part 4.3

By burrowing and recycling organic matter.
They act as filter feeders.
Cephalopoda.
It allows specialisation and redundancy.
Due to advanced nervous and circulatory systems.

References And Attributions 4
Ilustration placeholders suggested in Series 4:

Figure 4.1 General featuresiof Annelida

Figure 4.2 General features of Mollusca

Table 4.3 Major classes of Annelida and Mollusca with examples
Figure 4.4 Body segmentation and organisation in Annelida

Figure 4.5 Shell structure and body plan.in Mollusca

Figure 4.6 Nervous and circulatory systems in Annelida and Mollusca
Figure 4.7 Ecologieal roles of Annelida

Figure 4.8 Ecological roles of Mollusca

Box 4.9 Evolutionary importance of Annelida and Mollusca

Al prompt'suggestions used for illustration placeholders:

Diagrams showing segmentation, body plans, nervous and circulatory systems.
Tablelisting major classes with examples.
Box summarising evolutionary importance.

Open Educational Resource (OER) search strings suggested:

“annelida general features diagram OER”

“mollusca general body plan diagram OER”

“classification of annelida and mollusca table OER”

“annelida body segmentation diagram OER”

“mollusca body plan diagram OER”

“annelida mollusca nervous circulatory systems diagram OER”
“annelida ecological roles diagram OER”

“mollusca ecological roles diagram OER”
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700212 Series 5: Systematics And Evolutionary Impertance Of
Arthropoda And Echinodermata

Part 5.1 General features and classification of Arthropeda and Echinodermata
5.1.1 Definition and scope of Arthropoda
5.1.2 Definition and scope of Echinodermata
5.1.3 Major classes and representative examples
Part 5.2 Morphological organisation and adaptations
5.2.1 Body segmentation and exoskeleton in Arthropoda
5.2.2 Water vascular system.and body symmetry in Echinodermata
5.2.3 Nervous and circulatory adaptations in both phyla
Part 5.3 Ecological roles and evolutionary importance

5.3.1 Arthropoda in terrestrial and aquatic ecosystems
5.3.2 Echinodermata in marine ecosystems
5.3.3 Evolutionary significance of structural and functional diversity

Introduction

Arthropoda and Echinodermata represent two of the most distinctive and influential phyla in the
animal kingdom. Arthropods, with their segmented bodies and protective exoskeletons, dominate
terrestrial and aquatic ecosystems, while echinoderms, with their unique water vascular system
and radial symmetry, are key players in marine environments. Studying these groups provides
valuable insights into systematics, adaptations, and evolutionary success.

The aim of this Series is to introduce you to the systematics and evolutionary importance of
Arthropoda and Echinodermata, enabling you to classify them, describe their organisation, and
evaluate their ecological and evolutionary roles.
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We shall commence this Series by examining the general features and classification of both
phyla. Next, we will explore their morphological organisation and adaptations, focusing on
segmentation, exoskeletons, water vascular systems, and internal structures. Finally, we will
conclude by analysing their ecological roles in different environments and their evolutionary
significance in demonstrating structural and functional diversity.

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

SLO 5.1 define Arthropoda and Echinodermata and explain their scope,

SLO 5.2 describe the general features and classification of both phyla,

SLO 5.3 analyse the morphological organisation and adaptations of Arthropoda and
Echinodermata,

SLO 5.4 explain the nervous and circulatory adaptations in both phyla,

SLO 5.5 evaluate the ecological roles of Arthropoda and Echinodermata in different
ecosystems, and

SLO 5.6 assess the evolutionary importance of structural and functional diversity in these
phyla.

5.1 General Features And Classification Of Arthropoda And Echinodermata
5.1.1 Definition and scope of Arthropoda

Arthropoda are the largest phylum of invertebrates, characterised by segmented bodies, jointed
appendages, and a protective exoskeleton made of chitin. This exoskeleton provides support and
protection but must be shed periodically through a process called moulting. Arthropods include
insects, crustaceans, arachnids, and myriapods, inhabiting nearly every environment on Earth.
Their scope covers structural organisation, ecological dominance, and evolutionary success,
making them one of the most studied groups in zoology.

Short description: Diagram showing the segmented body and jointed appendages of a typical
arthropod.
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Caption: Figure 5.1 General features of Arthropoda
GENERAL FEATURES OF ARTHROPODA: SEGMENTATION AND JOINTED APPENDAGES

A. External Anatomy and Body Plan (Lateral View) B. Close-up of Jointed Appendages (Ventral View)
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Fill in the blank: The protective outer covering of Arthropoda is called the .
5.1.2 Definition and scope of Echinodermata

Echinodermata are exclusively marine invertebrates characterised by radial symmetry in
adults and a unique water vascular system used for locomotion, feeding, and respiration. Their
body is supported by an internal skeleton made of calcareous plates. Examples include starfish,
sea urchins, and sea cucumbers. The scope of Echinodermata includes their distinctive
morphology, ecological roles in marine ecosystems, and evolutionary importance as
deuterostomes, sharing developmental features with chordates.

Short description: Diagram showing the radial symmetry and water vascular system of a starfish.
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Caption: Figure 5.2 General features of Echinodermata
GENERAL FEATURES OF ECHINODERMATA: STARFISH (ASTERIAS RUBENS)
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Fill in the blank: The unique system used for locomotion and feeding in Echinodermata is the

vascular system.

5.1.3 Major classes and representative examples

Both Arthropoda and Echinodermata are divided into major classes based on structural and

ecological differences.

Classes of Arthropoda:

Insecta: Insects with three body regions and six legs, e.g., Apis (honeybee).
Crustacea: Mostly aquatic arthropods with two pairs of antennae, e.g., Cancer (crab).
Arachnida: Spiders and scorpions with four pairs of legs, e.g., Aranea.
Myriapoda: Centipedes and millipedes, e.g., Scolopendra.

Classes of Echinodermata:

Asteroidea: Starfish, e.g., Asterias.
Echinoidea: Sea urchins, e.g., Echinus.

Holothuroidea: Sea cucumbers, e.g., Holothuria.

Crinoidea: Sea lilies, e.g., Antedon.

Table 5.3 Major classes of Arthropoda and Echinodermata with examples
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Phylum

Major Class

Key Features

Representative

Examples
Body divided into head, thorax, and
. Bees, Ants,
abdomen; three pairs of legs; usually
Arthropoda Insecta . C o Grasshoppers,
two pairs of wings; tracheal .
S Butterflies
respiration.
Two body regions (cephalothorax and
. abdomen); four pairs of legs; lack Spiders; Seorpions,

Arachnida antennae and wings; book lungs or Ticks, Mites
tracheae.
Mostly aquatic; two paits of antennae;

Crustacea biramous (branched) appendages; gills (Crabs, Lobsters,
for respiration; hard exoskeleton Shrimp, Barnacles
(carapace).

. Elongated bodles_w1th many Centipedes,
Myriapoda segments; one pair of antennae; -
. ; Millipedes
terrestrial; simple eyes.
Star-shaped body; five or more arms
Echinodermata |Asteroidea radiating from a central disk; tube feet [Sea Stars (Starfish)
with suckers for locomotion.
Spherical or disc-shaped; lack arms;
o body covered in movable spines; Sea Urchins, Sand

Echinoidea .
possess a complex chewing apparatus  |[Dollars
(Aristotle's Lantern).
Elongated, cucumber-like body; lack

Holothuroidea [Ph°> and arms; reduced Sea Cucumbers

endoskeleton; tentacles around the
mouth.
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Representative

Phylum Major Class Key Features Examples

Cup-shaped body with feathery,
Crinoidea branched arms; may be attached to
substrate by a stalk; filter feeders.

Sea Lilies, Eeather
Stars

Fill in the blank: Sea cucumbers belong to the class of Echinodermata.
Pilot questions 5.1

What is the protective covering of Arthropoda called?

What type of symmetry do adult echinoderms exhibit?

Which system is unique to Echinodermata?

Name the four major classes of Arthropoda.

Give one representative example of Asteroidea.and one of Crustacea.

5.2 Morphological Organisation And Adaptations
5.2.1 Body segmentation and exoskeleton in Arthropoda

Arthropods are characterised by their segmented bodies, which are divided into regions such as
the head, thorax, and abdomen (in insects) or cephalothorax and abdomen (in arachnids and
crustaceans). Each segment may bear specialised appendages adapted for locomotion, feeding, or
sensory functions. A key feature of Arthropoda is the exoskeleton, a hard outer covering made
of chitin that provides support and protection. Since the exoskeleton does not grow with the
animal, arthropods undergo moulting, shedding the old exoskeleton and forming a new one. This
adaptation has contributed to their evolutionary success across diverse environments.

Short description: Diagram showing segmented body regions and exoskeleton of an insect.
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Caption: Figure 5.4 Body segmentation and exoskeleton in Arthropoda
GENERAL FEATURES OF ARTHROPODA: SEGMENTATION AND EXOSKELETON
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Fill in the blank: Arthropods shed their exoskeleton through a process called .

5.2.2 Water vascular system and body symmetry in Echinodermata

Echinoderms possess a unique water vascular system, a network of fluid-filled canals that
operate tube feet used for locomotion, feeding, and respiration. This system is powered by water
pressure and is a defining feature of the phylum. Another distinctive trait is their radial
symmetry in adulthood, usually in multiples of five, although their larvae exhibit bilateral
symmetry. These adaptations allow echinoderms to thrive in marine environments, where they
play important roles in benthic ecosystems.

Short description: Diagram showing the water vascular system and radial symmetry of a starfish.
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Caption: Figure 5.5 Water vascular system and body symmetry in Echinodermata
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Search string: “echinodermata water vascular system-diagram OER”
Fill in the blank: The tube feet of echinederms are operated by the vascular system.
5.2.3 Nervous and circulatory adaptations in both phyla

Arthropods have a well-developed nervous system, consisting of a dorsal brain and a ventral
nerve cord with ganglia. This arrangement allows for coordination of complex behaviours,
especially in insects and crustaceans. Their circulatory system is typically open, with
haemolymph flowing freely through body cavities, although some groups like crustaceans show
partial specialisation.

Echinoderms, in contrast, have a decentralised nervous system without a true brain. Instead, they
possess nerve rings.and radial nerve cords that coordinate movement of tube feet. Their
circulatory system is reduced, with the water vascular system playing a major role in transport
and respiration. These adaptations reflect the contrasting lifestyles of arthropods and
echinoderms, yet both demonstrate evolutionary success in their respective environments.

Short description: Comparative diagram showing nervous and circulatory systems of Arthropoda
and Echinodermata.
Caption: Figure 5.6 Nervous and circulatory adaptations in Arthropoda and
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Search string: “arthropoda echinodermata nervous circulatory systems diagram OER”

Fill in the blank: Arthropods typically possess an circulatory system, while echinoderms
rely heavily on the water vascular system.

Pilot questions 5.2

What is the protective covering of Arthropoda made of?

What process allows arthropods to grow despite having an exoskeleton?
What system operates the tube feet of echinoderms?

What type of symmetry do adult echinoderms exhibit?

How does the nervous system of arthropods differ from that of echinoderms?

5.3 Ecological Roles And Evolutionary Importance
5.3.1 Arthropoda in terrestrial and aquatic ecosystems

Arthropods are the most ecologically dominant invertebrates, occupying nearly every habitat on
Earth. In terrestrial ecosystems, insects act as pollinators, decomposers, and prey for larger
animals, thereby maintaining ecological balance. In aquatic environments, crustaceans such as
crabs and shrimps contribute to nutrient cycling and serve as key links in food chains. Their
adaptability, supported by diverse body forms and behaviours, makes Arthropoda indispensable
to both natural ecosystems and human economies.
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Short description: Diagram showing insects pollinating plants and crustaceans in aquatic food
chains.

Caption: Figure 5.7 Ecological roles of Arthropoda

(A) Bottom-up trophic effects (B) Top-down trophic effects

Ecological roles
of
arthropod
vectors

(C) Competition (D) Pollination
Trends in Parasitology

Search string: “arthropoda ecological roles diagram OER”

Fill in the blank: Insects maintain ecological balance in terrestrial ecosystems by acting as

5.3.2 Echinodermata in marine ecosystems
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Echinoderms play vital roles in marine ecosystems. Starfish are important predators of bivalves,
helping regulate populations and maintain biodiversity. Sea urchins graze on algae, preventing
overgrowth that could otherwise disrupt coral reef systems. Sea cucumbers recycle nutrients by
processing sediments, contributing to benthic productivity. These roles highlight the ecological
importance of echinoderms in sustaining healthy marine environments.

Short description: Diagram showing starfish preying on bivalves, sea urchins grazing algae, and
sea cucumbers recycling sediments.
Caption: Figure 5.8 Ecological roles of Echinodermata

Echinoderms

Sea stars Brittle stars Sea urchins Sand dollars Sea cucumbers Crinoids

Fill in the blank: Sea cucumbers contribute to benthic productivity by recycling
5.3.3 Evolutionary significance of structural and functional diversity

The evolutionary impottance of Arthropoda and Echinodermata lies in their structural and
functional diversity. Arthropods evolved jointed appendages and exoskeletons, enabling them to
colonise land, air, and water. Their adaptability has led to immense species richness and
ecological dominance. Echinoderms, though less diverse, are significant as deuterostomes,
sharing developmental pathways with chordates. Their water vascular system and radial
symmetry represent unique evolutionary innovations. Together, these phyla illustrate how
structural diversity drives ecological resilience and evolutionary success.

Box 5.9 Evolutionary importance of Arthropoda and Echinodermata
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Evolutionary

Impact in Phylum Arthropoda

Impact in Phylum Echinodermata

successful colonization of land.

Milestone
Chitinous Exoskeleton: Provided Calcareous Endoskeleton: Internal
Skeletal mechanical protection and a moisture  |ossicles provide a rigid yet flexible
Innovation barrier that enabled the first frame that supports a unique ''spiny

skin" defense.

Locomotion &

Jointed Appendages: The
development of articulated limbs
allowed for specialized tasks like

'Water Vascular System: A unique
hydraulic system that uses water
pressure to power tube feet for

occupy different niches, reducing
competition.

Movement flying, swimming, and high-speed slow, persistent movement and
running. feeding.
Bilateral Symmetry & Secondary Pentaradial
Symmetry & Cephalization: Highly focused Eymmetry: Transitioned frqm
Bodv Plan nervous systems and seénsory organs at [bilateral larvae to 5-part radial
y the front end, ideal for active hunting |adults, a "360-degree" design
and navigation. perfectly suited for seafloor life.
Deuterostome Development: The
Protostome Development: The anus develops first from the
Developmental . e 1
Path mouth develops from the first opening |blastopore; this aligns them
(blastopore) in the embryo. evolutionarily closer to Chordates
(Humans).
Metamorphosis: Drastic changes Regeneration: Possess an
. between life stages (e.g., caterpillar to [extraordinary ability to regrow lost
Survival . .
Strategy butterfly) allow larvae and adults to limbs or even entire organ systems,

a key trait for surviving predator
attacks.

Fill in the blank: Arthropods evolved

colonise diverse environments.

Pilot questions 5.3

appendages and exoskeletons, enabling them to

What ecological role do insects play in terrestrial ecosystems?
How do crustaceans contribute to aquatic food chains?
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What role do sea urchins play in coral reef systems?
Why are echinoderms considered evolutionarily significant?
What structural adaptations enabled arthropods to colonise diverse environments?

Series Summary

This Series explored the systematics and evolutionary importance of Arthropoda and
Echinodermata, two phyla that illustrate remarkable structural and functional diversity. We
began by examining their general features and classification, highlighting the segmented bodies
and exoskeletons of arthropods alongside the radial symmetry and water vascular system of
echinoderms. We then analysed their morphological organisation and adaptations, focusing on
segmentation, exoskeleton moulting, tube feet, and nervous and circulatory systems. Finally, we
considered their ecological roles in terrestrial, aquatic, and marine ecosystems;as well as their
evolutionary significance in demonstrating resilience and innovation.

By completing this Series, you should now be able to define and classify Arthropoda and
Echinodermata, describe their distinctive features, analyse their morphological organisation,
explain their nervous and circulatory adaptations, and evaluate their ecological and evolutionary
importance. These achievements align.directly with the Series Learning Outcomes, equipping
you with a comprehensive understanding of how these phyla contribute to biodiversity and
evolutionary success.

Glossary of Terms

Arachnida: Class of arthrepoeds including spiders and scorpions, with four pairs of legs.

Arthropoda: Largest phylum of invertebrates with segmented bodies, jointed appendages,
and exoskeletons.

Asteroidea: Class of echinoderms including starfish.

Crinoidea: Class of echinoderms including sea lilies.

Crustacea: Class of arthropods including crabs and shrimps, mostly aquatic.

Echinodermata: Marine invertebrates with radial symmetry and a water vascular system.

Exoskeleton: Hard outer covering made of chitin in arthropods.

Holothuroidea: Class of echinoderms including sea cucumbers.

Insecta: Class of arthropods including insects, with three body regions and six legs.

Moulting: Process by which arthropods shed their exoskeleton to grow.

Myriapoda: Class of arthropods including centipedes and millipedes.

Radial symmetry: Body arrangement around a central axis, typical of adult echinoderms.

Water vascular system: Fluid-filled canal system in echinoderms that operates tube feet.

Concept Check Questions 5
Objective questions

The protective covering of Arthropoda is called the . (Linked to SLO 5.1)
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Adult echinoderms exhibit symmetry. (Linked to SLO 5.2)

Arthropods shed their exoskeleton through . (Linked to SLO 5.3)

The tube feet of echinoderms are operated by the vascular system. (Linked to SLO
5.3)

Cephalopods such as squids possess a circulatory system. (Linked to SLO 5.4)

Short-answer questions

6. Define Arthropoda. (Linked to SLO 5.1)

7. Describe the general features of Echinodermata. (Linked to SLO 5.2)

8. Name four major classes of Arthropoda with examples. (Linked to SLO 5.2)

9. Explain the ecological role of insects in terrestrial ecosystems. (Linked to SLO 5.5)
10. Why are echinoderms considered evolutionarily significant? (Linked.to SLO 5.6)

Long-answer questions

11. Analyse the morphological organisation of Arthropoda, focusing on segmentation and
exoskeleton. (Linked to SLO 5.3)

12. Explain the nervous and circulatory adaptations of Arthropoda and Echinodermata. (Linked
to SLO 5.4)

13. Evaluate the ecological and evolutionary importance of Arthropoda and Echinodermata.
(Linked to SLO 5.6)

Answers to Concept Check Questions 5
Objective questions

Exoskeleton.
Radial.
Moulting.
Water.
Closed.

Short-answer questions

6. Largest phylum of invertebrates with segmented bodies, jointed appendages, and
exoskeletons.

7. Marine invertebrates with radial symmetry, calcareous skeletons, and a water vascular system.
8. Insecta (Apis), Crustacea (Cancer), Arachnida (Aranea), Myriapoda (Scolopendra).

9. They act as pollinators, decomposers, and prey, maintaining ecological balance.

10. They are deuterostomes with unique adaptations, offering insights into chordate evolution.

Long-answer questions

1'1. Basic response: Arthropods have segmented bodies and protective exoskeletons.
Value-added response: Segmentation allows specialisation of appendages, while moulting
enables growth and adaptability.

Basic response: Arthropods have a dorsal brain, ventral nerve cord, and open circulation;
echinoderms have nerve rings and water vascular systems.
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Value-added response: Cephalopods show advanced nervous systems and closed
circulation, while echinoderms rely on decentralised control and tube feet.

Basic response: Arthropods dominate ecosystems, while echinoderms regulate marine
biodiversity.
Value-added response: Their structural diversity demonstrates evolutionary innovation,
resilience, and ecological importance across environments.

Answers to Pilot Questions 5
Part 5.1

Exoskeleton.

Radial symmetry.

Water vascular system.

Insecta, Crustacea, Arachnida, Myriapoda.
Asterias and Cancer.

Part 5.2

Chitin.

Moulting.

Water vascular system.

Radial symmetry.

Arthropods have a dorsal brain and ventral nerve cord; echinoderms have nerve rings and radial
cords.

Part 5.3

Pollinators.

They recycle nutrients and act as prey in food chains.

They graze algae, preventing overgrowth.
They are deuterostomes with unique adaptations.
Jointed appendages and exoskeletons.

References And Attributions 5
Hlustration placeholders suggested in Series S:

Figure 5.1 General features of Arthropoda

Figure 5.2 General features of Echinodermata

Table 5.3 Major classes of Arthropoda and Echinodermata with examples

Figure 5.4 Body segmentation and exoskeleton in Arthropoda

Figure 5.5 Water vascular system and body symmetry in Echinodermata

Figure 5.6 Nervous and circulatory adaptations in Arthropoda and Echinodermata
Figure 5.7 Ecological roles of Arthropoda

Figure 5.8 Ecological roles of Echinodermata
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Box 5.9 Evolutionary importance of Arthropoda and Echinodermata
Al prompt suggestions used for illustration placeholders:

Diagrams showing segmentation, exoskeleton, water vascular system, nervous and
circulatory systems.

Table listing major classes with examples.

Box summarising evolutionary importance.

Open Educational Resource (OER) search strings suggested:

“arthropoda general features diagram OER”

“echinodermata general features diagram OER”

“classification of arthropoda and echinodermata table OER”
“arthropoda segmentation exoskeleton diagram OER”

“echinodermata water vascular system diagram OER”

“arthropoda echinodermata nervous circulatory systems diagram OER”
“arthropoda ecological roles diagram OER”

“echinodermata ecological roles diagram OER”

“evolutionary importance of arthropoda and echinedermata OER”

General references (APA style):

Hickman, C. P., Roberts, L..S., Keen, S. L., Larson, A., Eisenhour, D. J., & I’Anson,
H. (2017). Integrated Principles of Zoology. McGraw-Hill Education.

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

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