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Introduction

BIO 211 — ‘Coelomate Invertebrates’ is a second semesit@ictedit unit core course
for students studying for a Bachelor’s degree iold@)y and related courses.

The course covers an area of zoology/biology teat=with the study of ‘higher’ in-
vertebrate groups. Another course would have exatieated the ‘lower’ inverte-
brates. Most of the so-called ‘lower invertebratee at the cellular and tissue levels
of organisation, i.e. some are cellular (an aggregeof more or less independent
cells that are not organized into tissues and &gand some diploblastic (having two
cellular body layers — ectoderm and endoderm). Nwethe protozoans are no long-
er regarded as belonging to the animal kingdony #re unicellular/acellular and are
at the cellular level of organization. The coeloenaivertebrates are neither cellular
nor diploblastic, but triploblastic (consisting thiree embryological cellular body lay-
ers — ectoderm, endoderm and mesoderm). The acasnwhich although triplob-
lastic, and have organs and systems, do not hawelam and are included among the
‘lower invertebrates’. The acoelomates are morapex than the invertebrates with
the cellular and tissue grades of organizationthdlgh the acoelomates have organ
systems, they are the simplest phylum of animail bo the organ system level of
construction. Starting with the flatworms, all mazomplex animals are bilaterally
symmetrical and cephalized.

The pseudocoelomates have all the attributes ohtoelomates i.e. organ systems
and, in addition, a body cavity, the pseudocoell¢&’ coelom), so-called because its
formation does not involve the mesoderm and theeedoes not have a peritoneal lin-
ing. The coelomate invertebrates, which are cal/émethis course, are those that
have a true coelom and are called coelomates metmates. Their body cavity,

unlike that of the pseudocoelomates, involves tesaderm and has a peritoneal lin-

ing.

The coelomate body plan is more complex than th#teacoelomates and the pseu-
docoelomates. With the appearance of a coelombdldy plan of the invertebrates
and higher taxa became more complex and the systenrs efficient. Although the
coelom is very distinct at the embryonic levelpécomes modified and greatly re-
duced in the adults of some of the invertebratéotnate groups.

In this course, we shall be discussing invertebcatdomates i.e. animals that have a
coelom but do not have a vertebral column.

What you will learn in this course

This course consists of course units and a cowrskeg The course guide gives you
an overview of the course, the course materialshavd to work with them. Addi-



tionally, it provides general guidelines on the amoof time you may spend on each
course unit for fruitful and successful completion.

You are also given guidance regarding the TutorkddrAssignment, which will be
included in your assignment folder. There will gular tutorial classes on the
course, which you are advised to attend.

This course will prepare you for other related sesrat this and a higher level.

Course Aims

BIO 211 aims to enlighten you on the origin of tuelom and its implications. It al-
so seeks to show you the different groups of imleetes in which it occurs and how
it has become modified in each of the groupss important to know that although it
has become greatly reduced at the adult stagane gooups, all animals that are des-
ignated as coelomates/eucoelomates had a disteddra during embryonic devel-
opment.

This course also aims to enlighten you on bothettiernal (morphology) and internal
(anatomy) organization of invertebrates, includmglogical processes that are asso-
ciated with these features. It also aims to show hfestyle differences influence
their features.

In discussing this course, a systematic approatdken i.e. studying animals accord-
ing to their taxonomic groups, and aims to show tloa differences between the
groups according to their positions in the taxormhierarchy.

Course Objectives

To achieve the above aims, this course has saibjettives, which are indicated at
the beginning of each study unit. You are advisectad the objectives before going
into the contents of the study units. While regdime study units, bear the objectives
in mind.

You will find below, a comprehensive list of thejettives of the whole course. By
meeting these objectives, you would have achievedims of the whole course.
After completing BIO 211, you are expected to bke &

Define a coelomate/eucoelomate animal.

Learn the features of the different types of boalyittes of invertebrate groups.
Define an invertebrate and be able to distinguisfom a vertebrate.
Recognize the major invertebrate phyla by theiratiristics.

Note the state/fate of the coelom in each of thedarnate invertebrate phyla.
Appreciate the morphological features of the playld classes discussed.
Appreciate the anatomical features of the phyladaskses of coelomate inver-
tebrates.
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& Describe the generalized forms of the phyla andolsyla of these inverte-
brates.

) Apply the description of the generalized forms lie tecognition and under-
standing of the organisation of the individual sksof the phyla examined.

& Note the structural modifications of the featuréthe generalized forms in the
classes and phyla of coelomate invertebrates.

L) Learn how the anatomical features examined areteddp the functions they
perform.

L) Appreciate the positive and negative impacts of abtvities of the inverte-
brates on the environment, the economy and on hsiman

Working through this course

For a satisfactory completion of this course, wital for you to read each study unit,
the textbooks listed at the end of each unit, deasible, or their equivalent, and other
reading material that may be provided by the Nati@ypen University of Nigeria.

Each unit contains Tutor-marked assignments fagsassent purposes. At the end of
the course there would be a final examination. Gterse should take you about a
total of 17 weeks to complete. Listed below atetred components of thee course,
what you need to do and how much time you sholdtaie to each unit for success-
ful and timely completion of the course.

This course requires that you spend plenty of tieaeling and understanding the con-
tents of the study units. It is strongly recomnmehdhat you attend the tutorial ses-
sions so that you can discuss and share problechglaas with your facilitators and
fellow students.

The Course Materials

The main components of the course are:

The course Guide

Study Units
References/Further Reading
Assignments

Presentation Schedule

NNRNRNRFN

Study Units

The modules and study units of this course aredibelow:



Module 1  Coelomate Invertebrates |

Study Unit 1 Body cavities of invertebrates
Study Unit 2 Phylum Annelida

Study Unit 3 Phylum Annelideontinued
Study Unit 4 Phylum Annelideontinued
Study Unit 5 Phylum Mollusca

Study Unit 6 Phylum Mollusceontinued
Study Unit 7 Phylum Mollusceontinued
Study Unit 8 Phylum Mollusceontinued
Module 2 Coelomate Invertebrates Il
Study Unit 1 Phylum Arthropoda

Study Unit 2 Phylum Arthropodzontinued
Study Unit 3 Phylum Arthropodaontinued
Study Unit 4 Phylum Arthropodazontinued
Study Unit 5 Phylum Arthropodazontinued
Study Unit 6 Phylum Arthropodaontinued
Study Unit 7 Phylum Echinodermata

The first study unit in Module 1 describes the elifint types of body cavities found

among invertebrates and explains many of the ténatsyou will be coming across in

the later study units; these terms are associaitiddie formation and possession of a
coelom. The second, third and fourth units dis¢hesbody form of a representative
annelid, the earthworm, which is widely distributett therefore easily obtainable for
study. It also shows most of the features thatleussed in the first study unit, such
as cephalization, metamerism, a distinct coelothénadult stage, e.t.c. It illustrates
metameric segmentation at its best. The diverslagsification, organization and the
vital functions, and the economic importance ofeditis are also examined in these
study units.

Study units 5, 6, 7, and 8 deal with the same aspdahe Phylum Mollusca as dis-
cussed under the Phylum Annelida. In these unitsesmodification of the coelom
from the annelid type and the change in body fawmfmetameric to monomeric are
noted.

In Module 2, Study Units 1 to 6 are devoted to shedy of the arthropods. This

might seem a large number of units to devote tadibeussion of one phylum but as
mentioned in the introduction to the arthropodss th inadequate, if justice is to be
done to the phylum. Two examples are selected thenvast array of arthropods and
discussed. As usual, the representatives selactedery familiar and quite characte-
ristic of their classes. One each of aquatic ancstrial arthropods were selected for
study. This phylum is the largest on the plane&t eontains the greatest number of
successful and economically and medically importadividuals. It is noted that the

impressive comments that are made about the suaoelsenportance of arthropods

are mostly about insects (terrestrial) and crustas€aquatic). The Phylum Echino-



dermata is discussed in Study Unit 7 of this moduldne relationship between the
echinoderms and chordates is highlighted and thee daatures as discussed for the
annelids and molluscs are also discussed in ral&dithe echinoderms.

Each of the study units consists of 1-2 weeks’ wani#l includes an Introduction, Ob-
jectives, Unit Content, Conclusion, Summary, Tu#tarked Assignments and Refer-
ences/Further Reading. The Tutor-Marked Assignmarg supposed to test you on
the material you have just studied and help yoasgess how much you comprehend
what you have read. The Tutor-Marked Assignmerlisassist you in achieving the
learning objectives of each of the study units.

Presentation Schedule

Your course materials have important dates foryeant timely completion and sub-
mission of your Tutor-Marked Assignments and atiegdutorials. You should re-
member that you must submit all your assignmentshieystipulated time and date.
You must guard against falling behind in your work.

Assessment

There are three aspects to the assessment of tingecd he first is made up of self-
assessment exercise, the second consists of trentatked assignments and the third
Is the written examination/end of course examimatio

You are advised to do the exercises. In tacklimgaksignments, you are expected to
apply information, knowledge and techniques yolhgaad during the course. The
assignments must be submitted to your facilitabofférmal assessment in accordance
with the deadlines stated in the presentation sdbeand the assignment file. The
work you submit to your tutor for assessment wdt@unt for 30% of your total
course work. At the end of the course you needttimisa final or end of course ex-
amination of about three hours duration. This exatnon will account for 70% of
your total course mark.

Tutor-Marked Assignment (TMA)

The TMA is a continuous assessment component af gourse. It accounts for 30%
of the total score. You will be given four (4) TMAs answer. Three of these must be
answered before you are allowed to sit for the @ncburse examination. The TMAs
will be given to you by your facilitator and retewh after you have done the assign-
ment. Assignment questions for the units in thisrse are contained in he assignment
file. You will be able to complete your assignméwoim the information and material



contained in your reading, references and studisuHiowever, it is desirable at the
degree level of education to demonstrate that yue iead and researched more into
your references, which will give you broader knatge and provide you with a dee-
per understanding of the subject.

Make sure that each assignment reaches your &ailion or before the deadline giv-
en, in the presentation schedule and assignmentlfifor any reason you can not
complete your work on time, contact your facilitabefore the assignment is due, to
discuss the possibility of an extension. Extenswihnot be granted after the due date
unless under exceptional circumstances.

Final Examination and Grading

The end of course examination ‘Coelomate Invertelstas of 3 hours duration and is
worth 70% of the total course work. The examinatiall consist of questions, which
will reflect the type of self-testing, practice esise and tutor-marked assignment
problems that you encountered previously. All arebthe course will be assessed.
Use the time between finishing the last unit ariihgi for the examination to revise
the whole course. You might find it useful to revigour TMAs and comments on
them before the examination. The end of course aaian covers information from
all parts of the course.

Course Marking Scheme

Assignment Scores
Four assignments, best three marks of the
Assignments 1 - 4 four count at 10% each - 30% of course
marks.
End of course examination 70% of overall course marks.
Total 100% of course materials.

Facilitators/Tutors and Tutorials

There are 16 hours of tutorials provided in suppbthis course. You will be notified
of the dates, times and locations of these tutorg well as the name and phone
number of your facilitator, as soon as you arecalled a tutorial group.

Your facilitator will mark and comment on your agsinents, keep a close watch on
your progress and any difficulties you might faoel give you with assistance during
the course. You are expected to mail your TMA tarytacilitator before the sche-
duled date (at least two working days are requir€dgy will be marked by your tutor



and returned to you as soon as possible. .Do rlay @entacting your facilitator by
telephone or e-mail if you need assistance. Thewitng are circumstances in which
you might need to contact your facilitator if nexay:

¢ You do not understand any part of the study omisigned readings.

¥ You have difficulty with the self-tests

& You have a question or problem with an assignmentith the grading of an
assignment.

You should endeavor to attend the tutorials. Thithe only chance to have face to
face contact with your course facilitator and t& gaestions which will be answered
instantly. You can raise any problem encounterdtiencourse of your study.

To gain maximum benefit from the course tutorigigpare a question list before at-
tending them. You will learn a lot from participagi actively in discussions.
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Summary

‘Coelomate Invertebrates’ is a course that willyide you with knowledge that will
help you understand the different levels of orgaiio$:1 among invertebrate animals
and quantitative and qualitative development tikabenpany these levels of organisa-
tion. The knowledge acquired in this course caapyaied to understanding how the
organization of the higher animal groups, i.e.\1bgebrates and their allies, and how
they are adapted to their various lifestyles. kemhore, the course exposes you to
how organization is studied according to the taxoicogroupings and how the inno-
vation of a generalized individual can be usedndenstand how a whole group oper-
ates. | addition, you will be able to answer gioest such as listed below:

Briefly discuss the different types of invertebrbtaly cavities.

Name the two groups into which coelomates are atgp@dion the basis of their
cleavage patterns.

Give three distinguishing characteristics of eacthe groups.

Define metamerism.

Define tagmatization.

List five ways in which annelids are beneficial.

Describe reproduction iAstacus

Why are the cephalopods considered as the mosissicpted invertebrates?
Discuss coiling and torsion in gastropods.

Name the classes in the phylum Echinodermata.

AN N NN VAN Y N NN

These are only a few of the questions you shouldldbe to answer after completing
this course. You can coin questions yourself dhwhe assistance of your facilitator,
and attempt answering them. Your questions canfalsn part of the material you

take to your facilitator at tutorials. You should able to find most of the answers
within your course material since information weyahered from a wide range of
good text books and reliable sites on the Internet.

Enjoy your studies and best wishes.
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Module 1: Coelomate Invertebrates |

Study Unit 1. Body Cavities of Invertebrates
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1.0 Introduction

Coelomates are animals that have a coelom, whialilisd-filled body cavity between two
layers of mesoderm in some triploblastic metazodisee body plans of metazoans are dis-
tinguishable on the basis of the:

() absence of a body cavitgdoelomate

(i) occurrence of a false body cavipyséudocoelomateand

(i) occurrence of a true body cavigoglomate/eucoelomale
Invertebrates are traditionally referred to as fi@als without a backbone”. This definition
broadly includes the single-celled protozoans (aMilike protoctistans) and all other phyla
of animals that do not have a vertebral column. eianimals are examined and compared,
many are found to have a row of internal bonesgtbe centre of their back; these bones are
called vertebrae and animals that possess themartebrates Vertebrates include fishes,
amphibians, reptiles, birds and mammals, and thelyenap about 3% of the animal kingdom.
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The other 97% are animals without backboneswertebrates. There are many invertebrate
animals that catch our attention while many of thggnunnoticed due to their microscopic
size or because they live outside the general welwmans (e.g. in water, underground, in
soil, e.t.c.).

Previously, you would have studied some invertas;atvhich were referred to as lower in-
vertebrates that do not have a coelom, some of thiéimthe cellular/protoplasmic level of
organisation, some with tissues, some with orgawissystems without a coelom, and others
with organs and systems with a pseudocoel. Instidy unit, we shall introduce the coelom
and study its formation and significance in the ldf animals, with particular reference to
invertebrate animals.

2.0 Objectives
After the completion of this learning unit, you sihabbe able to:

U Distinguish invertebrates from vertebrates.

O Distinguish between the different types of bodyites.

U Define a coelom.

O Appreciate the significance of a coelom and soratufes associated with it.
U Understand the process of coelom formation.

3.0 Body cavities of animals

Although a body cavity can be any internal bodycspan this course and generally in biolo-
gy and zoology, it refers to the fluid-filled spalbetween the internal organs and the body
wall. The invertebrate phyla Cnidaria/Coelenteatd Platyhelminthes have a ‘solid’ type
of body, with mesogloeaand mesenchyme/parenchymgFig. 1.1a) respectively, between
the ectoderm and endoderm. All the other phylddnghan these two have a body cavity
that separates the gut from the body wall.

3.1  Types of body cavities

Two types of body cavities occur in animals, tresleommon is theseudocoelonand the
commonest theoelomand (Figs. 1.1b and 1.1c respectively). Bothteewiare formed dur-
ing embryonic development.

3.1.1 Pseudocoel
The first cavity to appear during embryonic devehent is theblastocoe] sometimes called

the primary body cavity. The formation of a gutlwees the blastocoel, but some of the
space between endoderm and ectoderm remains. inittings part of the body (blastocoel)
that the solid parenchyma a€toelomategFig. 1.1a) forms. Thpseudocoel(Fig. 1.1b.) is

a cavity left by the failure of the parenchyma tonpletely fill the space between the meso-
derm of the body wall and the gut wall; it is aidative of the blastocoel. No peritoneum
lines the pseudocoel walls; the gut and gonadaialeast partly bathed in theerivisceral
fluid and are free within the cavity since they ac¢ bound by peritoneum. The pseudocoel
occurs between the mesoderm, which forms the muddiee body wall, and the gut wall
which is made up of endoderm. Note that the masodenot involved here as is the case in
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the formation of the coelom, which we shall discsissrtly. The gut wall in thpseudocoe-
lomatestherefore has no muscle layers as indbelomates Pseudocoelonis found in one
major phylum, the Nematoda, and a few minor phtyia, Rotifera, Gastrotricha, Kinorhyn-
cha, Nematomorpha and Acanthocephala.

3.1.2 Coelom
The coelom is a secondary fluid-filled body cawuityat forms as a new space in the meso-

derm and is completely surrounded by mesoderngldis The fluid in the coelomic cavity
is not in direct contact with either the gut or padall, but is separated from both by {he-
ritoneal epithelium (peritoneum). The coelom forms during developmerdgome animals
by the splitting of the mesoderm due to accumutatb fluid. As the coelom increases in
size, the outer part of the mesoderm becomes itglgnassociated with the body wall, and
the body wall is lined by the parietal somatic mesodernthat becomes thearietal peri-
toneum (Fig. 2a). The inner mesoderm becomes intimatedp@ated with the gut wall and
other viscera, and the coelom is lined with viskerasplanchnic mesodermwhich forms
the visceral peritoneum. The internal organs ateactually free within the coelom but are
bound by a cellular lining provided by the mesodemnthe form of mesenteries, which are
actually continuations of the peritoneum (see Ei@c). The type of coelom formed by the
splitting of the mesoderm is calledehizocoel(Fig. 1.2a). A schizocoel occurs in annelids,
molluscs and arthropods. In adult molluscs anlrapiods, the coelom is reduced and most-
ly replaced by @aemocoel(Fig. 1.3). The haemocoel develops from cavitiethe blood
vascular system and is therefore filled with bloBtbod is generally circulated in the hae-
mocoel and through blood vessels attached to &. ddelom still exists but it is confined to
the cavities of the excretory organs and reprodeaaiucts. The high blood volume to body
volume in arthropods enables maintenance of higtalmodéc rate, allowing them to have a
high level of activity. The coelom can also be fethfrom out-pocketings/ outpouchings of
the mesoderm (Fig. 1.2b). Coelom formed in thisines is known as aenterocoel It oc-
curs in echinoderms, hemichordates and chordatest df the mesoderm that lines the coe-
lom develops into muscle, which aids locomotiortha body wall and peristalsis in the gut
wall. An important structural adaptation in coeliss ismetamerism

epidermis

gut cavity

muscle layers

mesenchyme ’

Pseudocoelom Body wall with Body wall with Coelom
or witlht?ut b muscle layers

Mesoderm Endodv....a Cavitiwo,, G Tuuffff.y[ers C
®'ACOELOMATE PSEUDOCOELOMATE COFEI OMATE

E.u%. Plat%helminthes E.g. Nematoda
Mesoderm utpocketing Endoderm

NS PSS\ 4 PN\ Y

Digestive tract Segmental blood vessel  Partition between segments

Ventral nerve cord gegmental Segmental Segmental excretory Fig. 1.3. Haemocoel Source Tay-
ganglion nerve organ lor et al. (1998.




3.1.3 Metamerism

This is an important structural adaptation seemamy coelomates. It is the division of the
body into a series of similar segments that areld@ed to the same degree and arranged in a
linear series from the anterior to the posteriod ehthe animal. Each segment may have
sub-divisions of the organ systems. An ‘ideal’ ameérically segmented animal would have
each segment with reproductive and excretory orgassvell as the skin, muscles, nerves
and circulatory structures. Such an animal is h@wnepurely hypothetical. metameric ani-
mals show specializations in these structuresgceater or lesser extent. Among the inver-
tebrates, the annelids and arthropods are regasiddsically metameric, but the condition
has been extensively modified in the arthropodsitha almost not recognizable. The anne-
lids demonstrate the least modified form of metasner(efer to diagram on previous

page.
3.1.4 The significance of the coelom

a. Organs that are embedded in solid tissue (parenghwas in theacoelomates(Fig.
la) are compressed any time the animal moves dg ereas there is freedom of
movement of internal organs in animals that haymdady cavity. This freedom of
movement allows for efficient transportation of gohtents.

b. A body cavity provides space for the developmengaiads so that eggs and sperm
are stored in a constant environment. The advantdghis is that animals with a
body cavity can restrict their breeding to cert#@imes of the year that are favourable,
unlike those that breed all year round. Lossesffspring would be minimized in the
earlier group.

c. Fluid in the body cavity acts as a transporting im@&dfor metabolites and excretory
products. The fluid-filled cavity can also actaabydrostatic skeleton. A hydrostatic
skeleton is in contact with the muscles of the ba@yl and gut wall with increased
mechanical efficiency and rapidity of movement.

d. Increase in size and complexity is possible in asmvith a body cavity. Problems
that might arise with increase in size are solvgdaldransport system e.g. a blood
vascular system.

e. Greater complexity requires complex coordinatiom@re elaborate nervous system
is thus formed for this purposeephalizationis part of the formation of an elaborate
and complex nervous system.

3.1.5 Cephalization

This refers to the development of all the featwresociated with the head. The development
of feeding apparatus, sense organs and nervous tge all part of cephalization.

3.2  Protostomes and Deuterostomes
The coelomates are divided into two large groupd,raany of the reasons for this separation
are based on comparative embryology. Althoughetlage exceptions to the following gene-

ralizations, most zoologists are convinced thatwWwegroups are true evolutionary groups.

+ Protostome- embryonic development that characterizes madluaanelids, and arthro-
pods; includes four main components:
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o Spiral cleavage of the egg after fertilization. eTipper tier of cells is twisted 45° out
of line with the lower tier (Fig. 1.4).

o0 Blastopore develops into the mouth (proto = fissgme = mouth). The indentation
on the surface of a developing embryo in some asithaough which the cells from
the surface pass into the embryo to take theitiposi for further development.

0 Schizocoelous — coelom formed by splitting of thesoderm.

o0 Determinate (Mosaic) Embryo — removing a cell frdme 4-cell stage results in ar-
rested development of the embryo. Eggs whose deweint appears to be directed
by cytoplasmic determinants localised in differpatts of the egg are said to be mo-
saic eggs. The cells formed at the early stageewElopment develop independently
of each other and are unable to substitute for etedr if one is removed.

Deuterostome- embryonic development that characterizes ecleimosl and chordates;

includes four main components that differ from petbmes.

o Radial Cleavage — cleavage of fertilized egg isaladThe upper tier of cells sits di-
rectly on top of the lower tier (Fig. 1.4).

o Blastopore develops into the anus (deutero = seaiathe = mouth)

0 Enterocoelous — coelom formed from outpouching/ockptting of the mesoderm

o Indeterminate (Regulative) Embryo — removing a frelin an embryo does not affect
development; the fate of the cells of the zygoteospredetermined.

Most of the coelomate invertebrate groups we dbmlexamining in this course fall within
the first group, i.e. Protostomes; only one ofgh@ups that we shall study later on falls with-
in the second group (Deuterostomes). Bear thistpoimind as we examine different groups
of invertebrates in the units that follow.

3.3

Explanation of some terms related to the devgdment of a coelom

3.3.1 Levels of Organization

Cytoplasmidprotoplasmic— all life activities are carried out within thienits of a single
cell membrane

Cellular— many different functions are carried out by #jpecellular structures

Tissue— similar cells grouped together to perform comrfiuctions as a highly coordi-
nated unit

Organ-— tissues are assembled into these larger furadtionts

Organ Systemn different organs operate together to perforral ¥itnctions

3.3.2 Germ Layers

Diploblastic— simplest level of tissue organization, consgstifi two embryological lay-
ers: (1) ectoderm which gives rise to the epideroiger layer of the body wall) and (2)
endoderm which gives rise to the gastrodermisugigbat lines the gut cavity)
Triploblastic— more complex level of tissue organization, csiisg of three embryologi-
cal layers: (1) ectoderm; (2) endoderm and (3) weso (3 is between ectoderm and en-
doderm; gives rise to the organs of circulatiorgretion, and reproduction plus the mus-
cles, connective tissue, and blood cells.)
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4.0 Conclusion

Invertebrate animals have no backbones, whereasbvates have a backbone. Coelomate
invertebrates are those that have a fluid-filledyboavity that is formed from either the split-
ting of the mesoderm or outpocketting of outpoughiri the mesoderm, during embryonic
development.

5.0 Summary

Invertebrates are animals without backbones.

Coelom: A fluid-filled cavity between the body walhd the gut which is lined by mesoderm
Advantages

* Provides more room for organ development

» Gives more surface area for diffusion of gasegjents and wastes into and out of organs
* Provides an area for storage

» Often acts as hydrostatic skeleton

» Provides a vehicle for eliminating wastes and rdpotive products from the body

* Facilitates increased body size

o Acoelomate- “without” body cavity surrounding the gut.

o Pseudocoelomatea “false” body cavity surrounds the gut but Rekperitoneal lining;

o Coelomate/Eucoelomatea “true” body cavity with a peritoneal lining.

0 Schizocoel coelom derived from the mesodermal layer throsgitting
o]
T

Enterocoel coelom arises from outpouching of the mesodetayar in the archenteron
he coelomates: protostomes and deuterostomes badedtures in their embryology.

6.0  Tutor Marked Assignment

What do you understand by the term invertebrate?

What is a coelom?

Distinguish between an acoelomate, a pseudocoetoamat a coelmate/eucoelomate.
Name the two groups of coelomates.

List four differences between the two groups.

arwnE
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Study Unit 2

THE PHYLUM ANNELIDA (ANNELIDS)
1.0 Introduction

In the last study unit, we looked at the differgyges of body cavities of animals, their for-
mation and significance, with particular referetcethe invertebrates. We also briefly ex-
amined some features that were associated witbdtierence of a coelom such as cephalisa-
tion, germ layers, metamerism, etc. In this, anthe next few units, we are going to study
the phylum Annelida, which is one of the four magpoups of coelomate metazoan inverte-
brates we mentioned in the last study unit.

The name Annelida is derived from the wartkllus which means ‘little ring’ and aptly de-
scribes the ‘ringed’ appearance of annelids. Segghien is the key innovation for this

group. The annelid worms show great advancement over the ' lower'
phyla such as Cnidaria, Platyhelminthes and Nematod a. Their

most characteristic feature is the segnentation of their bo-

di es, both externally and internally (metanerism. In some
annelids, the various segments show great diversity of struc-

ture and function. Each segment is a relatively complete unit, eactitioaed
from the next by septa, except in leech&ggments can be individually con-

trolled for different functions because e ach segment contains its own

excretory organs, and nerve concentrations thatraothe actions of the segment called
“ganglia”. As a result of the partial septation of the coelom :

hydrostatic pressure is maintained across segments and helps
provide body rigidity, allowing muscle contractions to bend
the body without collapsing it.

The Annelida have not only retained the basic featu res intro-
duced in the acoelomates and pseudocoelomates such as triplob-
lastic body structure, bilateral symmetry, and a bo dy cavity,
but have also made vast improvements in certain of these
structures as well as contributed some new ones. Th e body cav-
ity in annelids is a true coelom (surrounded by epi thelial
cells of mesodermal origin), the nervous system is more cen-
tralised, and cephal i sati on further accentuated. The diges-

tive, excretory and circulatory systems are more co mplex and
more efficient. The vascular system (a blastocoelic system) is

a vast improvement over simple diffusion for transp ortation of
oxygen, carbon dioxide, food materials, excretory m aterials
and hormones. There is therefore a potential for g reater size
and complexity. Respiratory capacity is usually enh anced by
the respiratory pigment eryt hrocruorine (not constrained by
blood cells) in earthworms (gives approximately ten -fold in-
crease in oxygen carrying capacity of blood). The o ccurrence
of a mouth and an anus creates traffic of food thro ugh the di-
gestive tract favouring the specialization of the a limentary

canal for specific stages in food processing.

2.0  Objectives
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By the end of this unit, you should be able to:

U Know the characteristics of the phylum Annelida.

O Describe annelids by their characteristic features.

U Enumerate the characteristics of the differentsdasf annelids.

O Appreciate the diversity of annelids.

U Appreciate the impact of the coelom and cephatisati the life of annelids.
3.0 Diagnostic and special features of the Annelida

Bilaterally symmetrical, vermiform (worm-like).

Body more than two cell layers thick, with tissaesl organs.

A muscular gut with mouth and anus.

Body divided into segments (the segmentation mayeawisible externally, but is al-
ways evident in the nervous system).

A pre-segmental prostomium containing a nervouglgam and a post-segmental py-
gidium. (Fig. 2.1B).
6. Body cavity a series of schizocoels, obscured @tspens with anterior and posterior
suckers.

PwpNPE

o

7. Body cavity often subdivided by transverse sept#, frequently suppressed or ob-

scured in some or all segments.

8. Outer epithelium covered by a cuticle and with epial bristles or chaetae in bundles

or singly, except in specimens with anterior anstgor suckers (leeches).

9. Body wall muscular, often with complete circular sole layers and four blocks of lon-

gitudinal muscles.

10. A closed blood system.

11. Nervous system with presegmental supraoesophageglign, circum-oesophageal
ring and a ventral nerve cord with segmental gangli

12. Segmental ducts of mesodermal and ectodermal ouidiith may be combined, re-
stricted to one or a few segments and/or partgllypressed.

13. Varying degrees of cephalization.

14. Annelids may be monoecious or dioecious.

15. Larva may or may not be present; if present iffilietrochophore type (Fig. 2.1B).
16. Planktonic development in marine forms sometimasaviree-living trochophore larva
but this stage frequently encapsulated.

17. Some forms also reproduce asexually.
18. They are protostomes, with spiral cleavage

Body consisting of many chaetigerous segments

e T T

IRttt

! .
Peristomium Young segments
L —Mouth

Fl’ygidium

o . Proliferation zone
rostomium (segment blastema)

A

Fig. 2.1. A The basic body regions of the annelid illustraisohg the polychaetgereis B,
Trochophore Larva of annelids. Source: Baetesl., 1989.
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3.1  The diversity of annelids

There are about 12,000 species that include samasydanworms, bristleworms, ragworms,
earthworms and leeches. Most of them are marirtehby are also common on land and in
freshwater.

3.2 Classification
There are three classes of the Annelida named @rbakis of the presence or absence of
chaetae and on their number and nature, as follows:

& Class Polychaetathese are marine worms comprising worms that arentanly
called fan worms, feather worms, tube worms, lawstirms, ragworms, sandworms,
etc.

& Class Oligochaeta- earthworms; both terrestrial and freshwater

& Class Hirudinea— leeches; mostly freshwater, some terrestrialnaadne.

Note that some classifications place the Oligochaeid Hirudinea together under one class
calledClitellata and consider the former two classes as subclade=y have been grouped
together on the obvious basis of their possessiigedlum; a clitellum is absent in the Poly-
chaeta.

3.2.1 Class Polychaeta

The name means “many bristles”, hence the commaomenanarineBristle worms.
There are over 5,500 species comprised of mostly ma rine, and a
few freshwater and terrestrial species.

The class characteristics which you should be able to remember
in the polychaetes are as follows:

» External and internal segmentation.

» Lateral biramous (two-branched) parapodia (fleshy p addle-
like appendages) which carry many setae/chaetae (or bris-
tles).

* The chaetae are chitinous (made up of chitin).

» Usually strongly cephalised and specialized with ey es,

and head appendages (palps and tentacles).
* Absence of a clitellum.
» Separate sexes (i.e. dioecious).
» Fertilization is external.
* Animportant link in marine food chains.
* Many live in association with sponges, mollusc$imederms, crustaceans.
* They have no suckers.
* The gonads are localized but extend throughoulbdloky.
* E.g.Nereis, SabellgArenicola, Aphrodite, Eunice, Glyceratc.

The head proper is well-developed and made up of th e prosto-
mium and peristomium. The triangular prostomium pr ojects
above the mouth and bears one pair of tentacles, on e pair of
fleshy palps, and two pairs of eyes. The peristomi um, sur-
rounding the mouth, is the first true segment. It bears 4
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pairs of peristomial tentacles. Each segment behind

tomium is similar and each bears a pair of fleshy p

laterally.

3.2.2 Class Oligochaeta (Earthworms)

\
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teaieecetss
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the peris-
arapodia

Fig. 2.2 The rang
of body form amon
polychaetes. (i)
dorsal view & (ii
ventral view. Th
set of 7 on the le
are sedentary whi
the set on the rig
move around. Tt
smaller illustrations
on the left show tt
lifestyles of the re-
spective polycha-
etes. Source Barne:
et al, 1989

The wordOligochaeta means “few bristles”. There are ovB0@,known species. The oligo-

chaetes differ from the polychaetes in that mosttarrestrial or freshwater. Oligochaeta are
said to have probably evolved from the Polychaetat least from some common ancestor.
Many of the differences between the two classesheaseen as adaptations to the burrowing
terrestrial life displayed by oligochaetes. Thessude: reduction of the head, absence of pa-
rapodia, and greater complexity of the reproductiystem.

The characteristics of the class are as follows:

Segmented externally and internally.

Absence of parapodia but with setae/chaetae arrange

singly, arising from the body wall.

Head usually poorly developed (prostomium simple) a

lacking appendages.

nd

Lack eyes - but have sensory systems that deggntt touch, and moisture.
With a clitell um (which secretes cocoon) and a spacious

coelom.

Hermaphroditic.

Most species are terrestrial or freshwater.
Usually burrow in soil.

Have fewer setae than polychaetes.

Eat soil and organic debris.

Castings are deposited at surface.

Reproduction is by copulation and cross fertiliaati
They lack suckers.

E.g.Lumbricus terrestris, Tubifex tubifestc.
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Fig. 2.3 External mor-
phology of the ear-
worm Lumbricus terre-
stris in ventral view
Source Barneset al.
(1989)

\ L didi]l BIHEHN N
il |
Male gonopore 1
Female gonopore Cliteltum Chaetae 1

Prostomium Mouth  Spermathecal openings  Genital chaetae

3.2.3 Class Hirudinea (leeches)

There are over 500 species of marine, freshwater an d terre-
strial leeches. They are mainly known for their ect oparasitic
blood sucking habits, however many leeches are fres hwater and
marine predators. An anterior and a posterior sucke r are
present and correlate with restriction to a small, fixed num-
ber of segments (34). Parapodia and setae are abse nt and seg-
mentation obscured by the development of secondary annuli and
loss of septation. Photoreceptors light sensitive cells are
usually grouped into distinct eyes. The coelom is r educed to a
system of sinuses and. internal metamerism is evide nt only in
nervous and excretory systems. They are hermaphrodi tes with
internal fertilization, with external spermatophore S or vagin-
al insemination.

Leeches secrete an anticoagulant termed hi r udi n, which is in-
jected into the wound, as in some leeches; it may b e reserved
for preventing clotting of blood in the crop, as in Hi rudo,
which also secretes a histamine into the wound to ¢ ause dila-
tion of the blood capillaries of the host to enhanc e bleeding.
There are no proteolytic enzymes in the crop of Hi rudo and di-
gestion of blood is carried out by the symbiotic ba cterium
Pseudononas.

3.2.4 Characteristics

* They are highly specialized annelids.

* Many are ectoparasites of vertebrates, while samdree-living predators or scaven-
gers.

» They occur mostly in freshwater with a few on lamdl in the sea.

* They have anterior and posterior suckers.

* They lack a distinct head.

* Their body is somewhat shortened; all membersisfdlass have 33/34 segments.

* They lack chaetae or parapodia or head appendages.

* They are hermaphrodites.

» Reproduction is by cross fertilization.

* Development is direct within cocoons secreted leyditel-
lum.

* E.g.Hirudo medicinalisetc.

Prostomium :

Mouth

Clitellum
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Fig. 2.4 The range of form in leeches. The two labelled ]
A illustrate the great ability to change shapebelong tc ~ Fig. 2.5 The external anatomy ¢firudo. The exter-

a different subclassSource Barneset al, 1989 nal annulation is shown on the left and the trug se
mentation on the rightSource Barneset al, 1989

Annelids are triploblastic, bilaterally symmetrical , metamer-
ically segmentated invertebrates, with a true coelo m. Except
in leeches, the coelom is partially subdivided by s epta.

5.0 Summary

The phylum Annelida contains triploblastic, bilater ally sym-
metrical, metamerically segmented, coelomate animal s. Three
principal features of annelids include metamerism, specia-
lized segments, and connections between segments. Annelids
may be monoecious or dioecious and reproduce asexua lly and
sexually. Their structural design is closely relat ed to
their locomotion. The significance of the coelom a ppears to
relate to the need for a fluid, deformable interior in ani-
mals moving by peristaltic locomotion. The phylum contains
three classes: Polychaeta, Oligochaeta and Hirudine a.

6.0  Tutor Marked Assignment

1) List five characteristics of the phylum Annelida.

2) Name the classes of annelids.

3) Describe very briefly, the sort of animals that eferred to as annelids.

4) Distinguish between the Oligochaeta and Polychaeta.

5) Search for and give actual names to the illustnadiobody forms among the polychaetes
and leeches.

6) What is/are the mode(s) of feeding in leeches?
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Study Unit 3

THE PHYLUM ANNELIDA (ANNELIDS) continued
1.0 Introduction

In the previous two study units, the formation arghificance of the coelom were explained,
the phylum Annelida introduced and its componeassés characterised. In the last study
unit, we saw how the occurrence of a coelom imphgtesitively on different aspects of
life’'s processes in the annelids. Here, we aragtm study organization of the bodies of the
annelids, to include their organ systems and tlueictions. The body of an annelid is often
described as a tube within a tube. The inner tabdjgestive tract, is separated from the out-
er tube, or body wall, by the coelom. The headarg@prostomium) is followed by a series of
segments similar to each other in appearance. ddg im many species, especially in the
sedentary polychaetes, is separated into two eetlagions.

2.0  Objectives
On completion of this study unit, you should beeatiol:

Appreciate the morphology of the annelids.

Know the body plan of the annelids as demonstriaydd terrestris
Understand the role played by some of the anatdr@atures of the annelids.
Relate the anatomical structures examined to thetitans they perform.
Appreciate the significance of the coelom.

ooooog

3.0  The organization/body plan of Annelids

The body plan of earthworms, as demonstratediygbricus terrestrisis remarkably con-
stant and will be used to illustrate the body m&annelids. Some of the differences that oc-
cur between this species and members of the othsseas will be mentioned along the way.
The body plan is best illustrated in transversé@e@nd three-dimension.

3.1 Lumbricusterrestris a representative annelid

Lumbricus terrestrigs one of the more common annelids, occurring feadjy in pasture
and woodland soils which are not too acid or todewagged. It lies inside a burrow that
may be up to two metres deep at times of cold ouglnt; the burrows frequently end in a
small chamber. The walls of the burrows are preagfitom collapsing by a cement lining of
defaecated soil. The adult worm can reach a maxitemgth of 300 mm. The organization
of earthworms and other annelids is usually desdrés “a tube within a tube”. In transverse
section, the anterior third of its body is roundt the posterior two-thirds of the body shows
some degree of dorso-ventral flattening. The badsade up of about 150 segments, with
conspicuous annuli marking the positions of therimal septa (singular: septum). Tir®s-
tomium is reduced to a small cone, and gegistomium to a simple segment with a ventral
mouth. The chaetae, which are composed principlliihe polysaccharide chitin held to-
gether with scleroprotein fibres, are very shamtj aroject only slightly out of the skin. Each
chaeta is secreted by a single cell which liehatase of the chaetal sac. Protractor and re-
tractor muscles associated with ttfeaetaeenable them to be protracted or withdrawn. The
clitellum is a conspicuous structure, particularly in selyuadature worms. It involves seg-
ments 32 to 36 or 37, and is formed by epidermaddpilar thickening.
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3.1.1 The body wall

The structure of the body wall is very similar t@at of Nereis. A thin cuticle, consisting
mainly of collagen fibres with polysaccharide aradagjn, is secreted by the epidermis which
is a simple columnar epithelium with numerous meseireting glands and sensory cells.
Mucus secreted by the epidermis passes onto tfecewf the worm through perforations in
the cuticle. Sensory cells include touch and chahmeceptors, which are randomly distri-
buted through the epidermis; photoreceptors am @iesent. There is also a nerve net just
below the epidermis. The body wall is completedabyell-developed layer of circular mus-
cle and a layer of longitudinal muscle, which isaaged in nine blocks (six ventro-lateral,
two dorso-lateral and one ventral). These musaels| have a very elaborate structure, and
are strengthened by lamellae of collagen, whichveagl supplied with blood vessels. The
muscle fibre is ribbon-like and composed of a snglongated cell; the cells are grouped in
bundles and arranged along the sides of the lamdllsis arrangement has a feather-like ap-
pearance in transverse section, and gives thetlahgal muscle considerable strength (ap-
proximately ten times that of the circular muscle).

Dorsal blood vessel Formative cell . Chaetae

Chloragogen cll — Muscular wall of intestine

Epidermis

Peritoneum
Fig. 3.2.Chaetae and chaetal
Cuticle sacs ol. terrestris Source:
¥-Gland cell Kershaw (1988

Nephridium Epidermis
phrcld *"r*”' : Circular muscles
Excretory pore “Q& I/}
Ciliated funne!” 3.1.2 The coelom

Ventral blood vessel Sub I blood |
upneural blood vesse .
Ventral nerve cord As mentioned under the cha-

_ _ o racteristics of the oligochaetes,
Fig. 3.1. Transverse section of an earthwoinistle in the | the coelom is completely sub-

drawing refers tachaeta Each nephridium really occupigs yivided by well-developed sep-

two segments: the ciliated funnel opens into tlggrmnt an- ; : :
: : . ta (singular: septum) with nu-

terior to that which contains the body of the taingl the ex- (sing ptum) .
merous bundles of circular,

ternal pore. Only two of the four pairs of bristl® shown. dial d obli le f
Source:Buchsbaunet al. (1987) — Modified. radial, and oblique muscle Ti-
bres. Some communication be-

tween segments is possible through a sphinctereduap lying immediately dorsal to the
nerve cord, although this is normally closed. Inresegment, a sphinctered mid-dorsal pore
opens from the coelom through the body wall togktrior. Coelomic fluid can be exuded
through this pore onto the skin, to provide addiilocsurface moisture.

3.1.3 The digestive system and feeding

Lumbricusfeeds on decaying fallen leaves together with #@aphytic fungi and bacteria
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which cause their decay. It collects these fromsthiesurface at night and pulls them into its
burrow, while it remains anchored to the burrowtly tip of the posterior end of the body.
Large quantities of soil are swallowed during fegdand also during burrowing.

The gut is simple. The mouth opens into a thin-eealbuccal cavity which is slightly thick-
ened dorsally to form a tongue. This can be pretuthrough the mouth and is used to pick
up small pieces of vegetation. The pharynx, whipans from the buccal cavity, is the prin-
cipal swallowing organ. It is a thick-walled musaubtructure extending to segment 6, and
has both intrinsic muscles, and radiating extrimagial muscles which are inserted onto the
body wall. The contractions of these muscles puomgl into the mouth.

The lining of the pharynx is highly glandular, wisalivary glands secreting mucus to pro-
vide the necessary moisture. (Moisture-secretiagdy are always present in the anterior
part of the alimentary canal of terrestrial animatsere no liquid is taken in with food).
Glands that secrete digestive enzymes, includintepses, are also present in the pharynx,
as well as in the crop and intestine.

15
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Pharyn oesophagué TSRS EwTEEs

Fig. 3.3. The digestive system afumbricus terrestrisshowing the regions at the anterior end
followed by a long uniform intestine. There aretpairs of calciferous glands in segments 11
and 12 SourceBuchsbaunet al.(1987).

The pharynx opens into the oesophagus, which ferdiftiated into three regions: a thin-
walled tube extending to segment 13, a crop (setgnbh
and 15), and a gizzard (segments 16-19). The @dpim-
walled and used as a storage organ. In contrastgizard
wall is tough and muscular and lined by cuticlerehesoil
grains and leaf particles are ground together. $tniscture is
an adaptation for feeding on dry matter and istiyreaduced
in earthworms which have abandoned a strictly &éwicd
mode of life and returned to wet or aquatic habitat
Calciferous glands are characteristic of the olgmte oeso-
phagus, and are related to its burrowing habityTdre later-
al evaginations of the oesophageal wall (in segsé&htand
12 inLumbricus)which have no direct digestive function, but
serve to remove excess calcium and carbonates takeith
the soil which could unbalance the pH of the boliyds.
Excess calcium and carbonate ions are accumulatedei
calciferous glands forming calcite crystals (a talfgme form
of calcium carbonate) which then leave with theése

A long, straight intestine completes the gut. Aged
known as thdayphlosole (Fig. 3.2), projects into the lumen
RO 2 AT from the dorsal surface, serving to increase thtase avail-
Fig. 3.4. Worm moving up- able for the production of digestive enzymes, (Whitclude
ward in its burrow extends or
retracts the bristles of each
segment as muscular waves
pass down the body from 29
head to tail. Source:Buch-
sbaumet al. (1987).




cellulase and chitinase), and absorption. Digestwinich is extracellular, is the primary
function of the anterior region of the intestinbsarption being the main role of the posterior
region. The enzymes produced within the intestineumbricusinclude cellulase and chiti-
nase, so the animal can digest the cell walls aritgland the exoskeleton' of soil arthropods.
The intestine has an inner layer of circular musidees and an outer layer of longitudinal
muscle fibresPeristaltic wavesof contraction of these muscles provide mixingJ aonduct
food through the gut. The intestinal epitheliungil&ated; the cilia beat to facilitate mixing of
the gut contents. The intestinal wall is abundastipplied with blood vessels so that di-
gested food is carried to the rest of the body.

In the intestinal region, the peritoneum gives ts& dense layer ahloragogenous cells
which gives it a deep yellow colour (the name o tiells refers to this). These cells are
thought to be involved in both nitrogenous excre@md food storage. Their position in rela-
tion to both the intestine and coelomic fluid wowdit them for this. They may be shed
through the nephridia. Chloragogenous cells arerastricted toLumbricus,but occur in
many oligochaetes and polychaetes in differentoregincluding the oesophagus, intestine,
nephridia, and principal blood vessels.

3.1.4 Locomotion

Whether crawling or burrowing, the worm proceedskiension, anchoring, and contraction
rather than by undulation. Each segment becomeshately short and fat (by contraction of
the longitudinal muscle) or long and thin (by cawtion of the circular muscle). Alternating
waves of contraction pass along the body from atéy posterior, a new wave beginning as
the first passes into the posterior half. The cmagitoint in the posterior direction, to allow
segments move forwards easily, but preventing tirem sliding back. Segments in a state
of longitudinal contraction protract their chaetaeanchor them to the ground; segments in
which the circular muscle is contracted withdrawitichaetae and are either pulled up or
pushed forward. Burrowing is similar to crawlingjtiithe anchoring segments are pressed
firmly against the wall of the burrow.

3.1.5 Blood circulatory system and exchange of gases

The blood is similar in composition to that léreis,and contains the respiratory pigment
haemoglobin in solution. The circulatory systenmaislosed system and based on a similar
plan, involving a combination of longitudinal aneigsnental blood vessels. The main collect-
ing vessel is the dorsal blood vessel, which ransxfost of its length in close contact with
the gut. A ventral blood vessel is suspended imthsentery ventral to the gut, and in addi-
tion, three important longitudinal vessels, a medsb-neural vessel and paired, lateral
neural vessels are found in association with theeneord. Circulation is brought about by
the contraction the dorsal blood vessels passingaives from the anterior to the posterior
waves, coupled with dorsal to ventral waves of @ution of five large commissural vessels
(the pseudohearts), in segments 7 to 11. Additiooatrol of the blood flow is provided by a
system of passive valves in the vessels.

The dorsal vessel receives blood from the body walsegmental parietals, and from the gut
via three vessels per intestinal segment fromypbklosole and two from the gut plexus ca-
pillaries. Inall segments, except the anterior 11 it is conmketighe sub-neural vessel by a
pair of dorsosubneural vessels which run in theasdmngitudinal extensions from each of
the anterior dorso-subneurals, and the lateralpFespeals, collect blood from the oesopha-
gus and pharynx.
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The ventral blood vessel is the principal routéistribution, giving off five main vessels in
each segment. A pair of ventro-parietals extertiedody wall, and three ventro-intestinals
to the gut plexus. The nephridia and reproductigans are supplied with blood by small
branches from the ventro-intestinal vessels. Bis@lipplied to the nerve cord by branches
of the lateral neural vessels, and collected froby ithe sub-neural vessel.

Dorsal vessel

Intestine \ Excretory organ

Nerve cord  Subneural vessel

Hearts 10 Dorsal vessel

Subneural vessel ventral vessel
Segmental vessel

Fig. 3.5. Left, The main segmental blood vessels of an earthwdrows in transverse section.
Right, Anterior circulatory system of an earthworm (3BJood flows forward in the dorsal vessel
and downward through the five pairs of hearts thi® ventral vessel. In front of the hearts, blood
flows forward in both dorsal and ventral vesselsh® head, then backward in a sub-neural vessel.
Behind the hearts, blood flows backward in the ra@ntessel and out into the segmental branches.
Source:Buchsbaunet al. (1987).

3.1.6 Respiration

In some annelids, including earthworms, gaseoubange takes place by diffusion over the
general body surface, the necessary moisture lpgimgded by exudations of the coelomic
fluid through the dorsal pores, by the secretionepidermal mucous glands, and by excre-
tions from the nephridia. The extensive subepidércapillary network is supplied with
blood from the ventral vessel via the ventro-patgeind drained into the dorsal vessel via
the segmental-parietalsHowever, many_polychaetesnd some_clitellatethe name by
which earthworms and leeches are called becaugéhthve a clitellum) have gillassociated
with most segments, often as extensions of theppdiain polychaetes. In tube-dwellers,
the gills aere usually more concentrated at thetleaidis exposed to stronger water currents.
4.0 Conclusion

The organization of the body of the annelid as shbwlL.umbricusforms the appearance of
a tube within a tube which can be observed in trarse section.
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5.0 Summary

The organisation of the body is described as awithen a tube.

The body wall of annelids is made up of cuticlegpidermis and one band each of circular
and longitudinal muscle. Each seta is a briske-tbd set in a sac and moved by tiny mus-
cles.

Setae anchor segments during burrowing. Earthwommse by peristalsis.

Most oligochaetes are scavengers, feeding on deéacaganic matter, leaves, refuse, etc.
Food is moistened by the mouth and drawn in byc&isg action of the muscular pharynx.
The typhlosole increases surface area for absorbiibloragogen tissue surrounds the intes-
tine and synthesizes glycogen and fat.

Coelomic fluid and blood carry food, wastes angirasory gases.

Earthworms have no special gaseous exchange otpansioist skin handles all exchanges.
Blood circulates in a closed system.

6.0  Tutor Marked Assignment

1) How is the organisation of the annelid’s bodgeyally described and why?

2) What is the typhlosole and what is its function?

3) What does the earthworm feed on?

4) Name the main compartments of the digestive &rad state their different functions.
5) How is blood circulation brought about in Lundus?

6) Name the principal route of blood distribution.
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Study Unit 4

THE PHYLUM ANNELIDA (ANNELIDS) continued
1.0 Introduction

This study unit is a continuation of the studylwé body plan of annelids, which we started to
examine in the previous unit. In the last unit, stedied some aspects of the organization of
the body of annelids, using the common earthwdrmmbricus terrestrias an example of a
typical annelid. We chodaumbricus terrestrigor study because it is simple and ubiquitous.
In unit 3, we looked at the general body plan,gtnecture of the body wall, the coelom, feed-
ing and the digestive tract, and locomotion. lis timit, we shall examine the excretory and
nervous systems, sense organs, reproductive systpnoduction, and the economic impor-
tance of annelids.

2.0 Objectives:
By the end of this study unit you should be able to

U Appreciate the structure of the excretory and nes\systems of annelids.
O Understand how impulses are transmitted in annelids

U Know howLumbricussenses changes in its environment.
U Learn how reproduction occurs.

U Appreciate the value or otherwise, of annelidsumans.

3.0  The Organisation/body plan of Annelidscontinued
3.1  The Excretory system

The basic units of the annelid excretory systemedtteer protonephridia (singular nephri-
dium), which have tubules (solenocytes) that emtb} within cells, contain flagella (whip-
like projections), and are joined to a common dbat drains to the outside; or metanephri-
dia, which are funnel-shaped structures contaicitig (short, hairlike processes) that open
to the outside.

In Lumbricus one pair of nephridia that closely resemble thokélereis,are present in
every segment except the first three and the Hsivever, the nephridial tube is extremely
elongated, and divided into distinct regions; ateaor narrow tube, a middle tube and a
wide tube. An elongated, posterior, muscular bladields to the nephridiopore which opens
on the ventro-lateral surface (see Fig. 3.1 in BniEig. 4.1 below). Considerable reabsorb-
tion of proteins, water and certain essential saits ions (including potassium, sodium, and
chloride) is thought to take place in the middld ande tubes.

Ammonia is the chief nitrogen-containing end prddfgrotein metabolism in aquatic anne-
lids; earthworms, adapted to living in the soilcete more of another nitrogen-containing
compound, urea, probably as part of a mechanisoomdrol salt and water balance in the
worm. Part of the ammonia excreted by leeches rmaedrom bacteria in part of the leech’s
excretory system (nephridial capsules). The abdityeeches to withstand high concentra-
tions of ammonia is believed to result from a protve effect provided by high levels of cal-

cium in their cells.
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Three aspects of nephridial function in anne-
lids corres-pond to those of the vertebrate
kidney filtration, reabsorbtion, and secretion.
Coelomic fluid filters through solenocytes.

The ciliated funnels of meta-nephridia retain
minute par-ticles and those of moderate size.
In oligochaetes, whose coelomic fluid con-

tains pro-teins, particles are actively ab-
sorbed in the ciliated region of the tubule.

The tubules of earthworms also reabsorb in-
organic ions such as sodium and calcium
and can selec-tively eliminate excretory
products from both the coe-lomic fluid and

the bloodstream.

3.2 Nervous system and sense organs
. This is built on the same general plan as that
Mo’ of the polychaetéereis.A bilobed cerebal
Fig. 4.1. Nephridium ofLumbricus terrestris. gang”on or 'brain’' lies dorsal to the anterior
Source:Barnes (1980) end of the pharynx and is connected by a
pair of circumpharyngeal commissures to
the bi-lobed subpharyngeal ganglion, and from theréhe paired ventral nerve cords. In
Lumbricus,however, the 'brain’ lies slightly more posteridtian inNereis,in the third seg-
ment. Segmental ganglia, associated with the vienénrae cord occur in approximately the
centre of each segment; those at the posterioaeng@articularly prominent. Three pairs of
nerves are normally given off in each segment. gtors are the prostomium and peristo-
mium receive nerves from the cerebral gan-
glion and sub-pharyngeal ganglion, respec-
tively.
Prostomium _ ;: ‘ 'a The polychaetes have giant fibres in addi-
) i| tion to the arrangement of nerves just de-
scribed.Lumbricushas five giant fibres; three
p i 1 are large and medially placed on the dorsal
Mouth \Z77 = SN :| side of the nerve cord, and two are smaller,
AN 1| ventrally placed, and more widely separated.
i They innervate the longitudinal muscles
Ventral ganglion | through giant motor neurons arising in each
Fig. 4.2.Lateral view of the nervous sys- ganglion, and cause all the longitudinal mus-
tem ofLumbricus. SourceBarnes cles to contract simultaneously, bringing
(1980). about a sudden rapid shortening of the worm;
this provides an effective escape reaction.
Many studies have been carried out on the reldtiprisetween the nervous system and be-
haviour inLumbricus.It has been demonstrated that if the ventral neord and body wall
are cut, the muscles below the cut do not contkaivever, if the body wall is then stitched
together, waves of contraction can pass throughctiten a coordinated manner. This is
possible because of local reflexes between the esetgmIf the longitudinal muscles are
stretched, sensory cells within the muscle blogkerioreceptors) are stimulated, and these
in turn stimulate the circular muscle to contracthe succeeding segment and so stretch the
longitudinal muscles in that segment. In this warordinated waves of contraction can pass
along the length of the worm.

Prostomial nerve Pharynx

Subpharyngeal gangllion
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3.3 Sensory structures

Oligochaetes lack sensory appendages and obviassley they are capable of showing a
range of responses to environmental conditionsirdense organs are relatively simple in
structure, consisting of single epidermal sensefiscor groups of cells. The most common
types are:

3.3.1 Touch receptors
They consist of single cells, each with a short-hké projection through the cuticle;
these may be extremely numerous (up to 1,000 pgenesat) and are highly concen-
trated on the prostomium and last segment. Thafeare said to be also sensitive to
changes inemperature.

3.3.2 Photoreceptors
They are concentrated in and below the epiderimiseoprostomium. Some also oc-
cur generally over the dorsal surface of the bathch is derived from a single cell
and has a small transparent lens which focusesdigio a neurofibril network. They
are most abundant in those regions most frequerfpsed to light, the anterior and
posterior ends, and are absent from the ventrédsr

3.3.3 Chemoreceptors
Formed from clusters of sensory cells. They arthénform of tubercles and occur in
groups of three rings round each segmenktumbricusthey are particularly concen-
trated on the prostomium, where as many as 708cpe™m have been reported.

The ability to detect vibratiortsansmitted through solid objects is very importantan ani-
mal that lives underground and the earthworm has Bbown to be very responsive to this.
Worms are said to emerge from their burrows asaltref vibrations. They have rstato-
cyststo sense gravity. Earthworms do not respond tmdo Earthworms generally move
away from light, and emerge onto the soil surfaa@ght. They also tend to move towards
moisture, burrowing deeper in times of drought.

3.4  The reproductive system

The reproductive system of an earthworm is locatgtie anterior end, each organ in a par-
ticular segment. The male gametes are formed inpaus of testes, located in segments 10
and 11, and each pair is enclosed within a tesiis sThe testis sacs communicate with
sperm sacs in which the gametes develop to matuvigture sperm pass back into the testis
sacs, into the sperm funnels, and through the spleicts to the two male genital openings
on the ventral surface of segment 15. Two pairsnadll sacs, the sperm receptacles, in seg-
ments 9 and 10, open through pores to the venirdce; during mating these receive sperm
from the other worm. Eggs are formed in a pair \wdrees in segment 13. As they become
mature, they are shed from the ovaries into twofaggels on the posterior face of segment
13. Each funnel leads into an egg sac, in whigl eggs are stored. The oviducts open by
two pores on the ventral surface of segment 14s dl@gram is based drumbricus terre-
stris; in some other species, certain of the details iierent.
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Pharynx Septum  Nephridium 15t Segment The reproqluctive system of
' Gizzard  Intestine earthworms is complex and
Prostomium N AV AGESS — L | fersin several respects from that
' @A ' » | of most marine annelids. To be-
gin with, earthworms arder-
maphroditic, a condition that is
common in animals that only
meet occasionally and mostly by
chance. When two animals do
happen to meet, reciprocal ex-
change of sperms can occur. The

Seminal “1egti” Seminal SPerm  Ovary
vesicle receptaclefUnnel

Egg Egg

funnel sac complexity of the earthworm
Fig. 4.3. Anatomy ofLumbricus terrestrishowing theRe- | reproductive system results part-
productive and digestive syster@urce:Barnes (1980). ly from arrangements to keep

the eggs and sperm of each indi-
vidual separate and prevent self-fertilization. ahbidition, earthworm reproduction is mod-
ified for life on land,where the gametes and the developing embryos neugirdiected
against drying.

3.4.1 Mating/Copulation

Matingis not a simple process for earthworms. Duringsimeual season, when the ground is
wet following a rain, the worms may emerge at nigihdl travel some distance over the sur-
face before they mate. Where they are abundant, tfezely protrude the anterior end and
mate with a worm in an adjoining burrow. With thbgads pointing in opposite directions,
the two worms bring the ventral surfaces of thetedor ends together. Mucus is secreted
until each worm becomes enclosed in a mucus slieatrextends from the openings of the
sperm receptacles (segments 9 and 10) to the postelge (segment 37) of tloditellum,
which is opposite the sperm receptacles of thenparluring mating. Sperm are expelled
from the openings of the sperm ducts (segment d&)aae moved backward in longitudinal
grooves (roofed over by the mucus sheath) untyl teach the region of the clitellum and are
passed into the sperm receptacles of the other wéiihthat has now happened is exchange
of sperm between two worms. The worms then sepaggtg laying and fertilization would
take place later.

(@) Copulation

Fig. 4.4. (a) Mutual exchange of sperm between two worms; sperm are transferred
from seminal vesicles to seminal receptacles as shown by the arrows. Right: A pho-
tograph of mating earthworms with their ventral surfaces apposed for exchange of
sperm. Sources: Barnes et al. (1989); Buchsbaum et al. (1987)
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3.4.2 Egg-laying and fertilization

At the start of egg-laying, the clitellum

T | ¥ i, i g .

. gle backwards out of it. As the ring
(b)  Egg laying passes the openings of the oviducts (seg-

SR S ment 14), it receives several ripe eggs;
@MMM_ and then, as it passes the more anterior
openings of the sperm receptacles (seg-

(c)  Fertilization ments 9 and 10), it receives sperms that

were deposited there previously by anoth-
=% @MW er worm during mating. Fertilization of
the eggs takes place within the ring, which

Cocoon production finally slips past the anterior tip of the
Flg- 4.5. (b)A mature egg is released from theworm and closes at both ends to form a
female genital duct and passes back to the|cliagled egg capsule called a cocoon. Zy-
tellum. (c) The cocoon secreted by the clitel- otes develop directly into young worms

lum around a few eggs passes forward and| i the capsule, buried in the soil; the
eggs are fertilized as the cocoon passes|the

opening of the seminal receptadld) The co- young worms finally escape into the out-

coon containing the developing embryos is geSide world.

posited in the soil.Source Barnes et al. o
(1989). 3.5  Asexual Reproduction in the an-

nelids

Asexual reproduction by fragmentation and buddifigrew individuals while the parent re-
mains intact, occurs in a few sedentary polychaetess common in aquatic oligochaetes
and sexual reproductian virtually unknown in certain species. Some dtigaetes divide to
form a cham of two or more individuals which break off as pguworms. Some are also ca-
pable of self fertilization angarthenogenesis(production of young without fertilization).
Asexual reproduction in oligochaetes is always lwdéhg into two or more pieces, rather
than by budding. Leeches have never been obsevegroduce asexually.

— —

3.5.1 Regeneration

Annelids are said to be highly organized animalk whe power of complete regeneration.
The power of regeneration is shown in the polyadsmand a few oligochaetes; leeches are
incapable of regeneration.

3.6 Some reproductive phenomena in polychaetes

Most polychaetes shed their gametes into the wiious major body changes may pre-
cede the emission of gametes, the two most proftwentgepitoky (maturation into a mod-
ified, fertile form) andstolonization (the development of stemlike growths). At sexuatum

ity these polychaetes leave their burrows and swimgroups $warming) before releasing
gametes.

3.7 Economic importance of annelids
« The casting and the open channels created by bimgaase the downward growth of
roots and enhance the fertility of the soil by easing aeration and drainage

« Thoroughly ground soil and secretions from the gidzact as cement to hold soil par-
ticles together, improving soil structure and radgerosion by compaction of soil.
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+ Leaves pulled into earthworms burrows are brokemndioy microorganisms, releasing
nutrients such as nitrates, phosphates, potassidrmagnesium that can be absorbed by
plants.

- Earthworms and ragworms are used as fish bait.

« Ragworms are used as a food source in aquaculture.

« Some polychaetes are mollusk predators causinguseiosses aquaculture and fisheries.

« The rear end of the Palolo worfaunice that detaches for spawning is a Samoan delica-
cy.

« Aquatic oligochaetes are important food for fisreeew are ectoparasites.

- Scientists study aquatic annelids to monitor thggex content, salinity and pollution
levels in fresh and marine water.

- Burrowing species increase the penetration of watdroxygen and water into the sea-
floor sedimentwhich encourages the growth of populations otdrée and small animals
alongside their burrows.

« Earthworms are important prey for birds, and mansireatd in some cases conserving
earthworms may be essential for conserving endaddards

« Some small tube-dwellingligochetedransmitprotozoarparasiteshat causevhirling
diseasen fish.

» Leeches can be used medically to bring circulaioareas of the body that have very
poor circulation after an injury. Improved circutat prevents gangrene.

* The anticoagulant secreted by leeches keeps thdation in injured limbs and digits
from forming adhesions during the healing process.

« The anticoagulant and clot-digesting propertiesulifstances secreted by leeches make
them potentially useful as drugs for the treatntdrtardiovascular diseases.

+ Recently leeches have been used to assist in mrig&y, and their saliva has provided
anti-inflammatorycompounds and several importanticoagulantsone of which also
preventsumorsfrom spreading

» Leeches are vectors of fish trypanosomes (Sangliciée).

* Ragworm jaws are made of unusual proteins that &lirwhgly tozinc and are strong but
much lighter than the hard parts of many other wisyas, which aréiomineralized This
has attracted the attention of engineers.

4.0 Conclusion

Annelids have well-developed excretory, nervous espmtoductive systems. The sensory
structures of the polychaetes are generally bd#eeloped than those of the clitellates. The
ability of the oligochaetes to sense their envirenmmis limited. Annelids are important in
agriculture, aquaculture, medicine and environniesttalies.

5.0 Summary

The excretory system of annelids is made up ofomephridia. The chief product of protein

metabolism is ammonia. The nervous system is na@def a bi-lobed ‘brain’ and nerves.

Sensory cells include touch-, photo- and chemoptecs. The earthworm is most responsive
to vibrations. Although earthworms are hermaphssdicross fertilization is preferred. The
polychaetes and oligochaetes are capable of regf@rerand asexual reproduction but the
hirudineans are not. Annelids are valuable incadfire, aquaculture, medicine and envi-
ronmental studies. They are also used as fooduitmahs and wildlife.

6.0  Tutor Marked Assignment

1) Name the chief excretory products in aquaticetids.
2) Name the sensory structures found in annelids.
3) How do annelids respond to sound?
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4) Describe very briefly, the process of fertilipatin annelids.
5) List three ways in which annelids are benefitddhumans
6) List three ways in which annelids cause harimumans.
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Study Unit 5

THE PHYLUM MOLLUSCA (MOLLUSCYS)
Latin: molluscusa soft nut or soft fungus

1.0 Introduction

The phylum mollusca is rather difficult to define s ince many
of the living groups bear very little resemblance t o each oth-
er, as we shall see when we examine them. Their rel ationship
can only be traced through fossil records, which, u nfortunate-
ly because they are soft-bodied, are not readily av ailable.
They are unsegmented and have a well-developed musc ular loco-
motory organ, the foot, and fold of the dorsal wall called a
mant | e; most of them also have an exoskeleton in the form of a
calcareous shell secreted by the mantl e. Most possess a spe-
cialised feeding organ ( radul a). In other ways, molluscs fol-
low the higher invertebrate plan in being triplobla stic, with
bilateral symmetry and with all organ systems. The coel om ¢
cavi ty is reduced and often replaced by a system of bl ood si -
nuses. Aquatic forms have gills for respiration. The mo lluscs
are a distinctive and individual phylum without any close re-
semblance or phylogenetic affinity to any other liv ing group,
except that they have retained a number of features indicative
of their flatworm ancestry. However, the majority of species
have departed radically from the flatworm body form and life-
style. Molluscs are said to be very successful due to their
radiation into many morphological forms.
It has long been the common practice to study the m olluscs us-
ing the generalized description of an ancestral mol lusc, based
on a comparative study of primitive living forms. This de-
scription is purely hypothetical because no such cr eature is
known to have existed, but it will help us understa nd many of
the features of the molluscs.
The molluscs constitute the second major group of ¢ oelomate
invertebrates that we shall be studying. In study units 2-4
we examined the organization of the annelids and so me aspects
of their biology and economic importance. In this study unit,
we shall introduce a familiar group of coelomates b elonging to
the phylum Mollusca, and examine their diagnostic a nd special
features, first of all using the ‘hypothetical ance stral mol-
lusc’ and then their diversity and classification.
2.0  Objectives
By the end of this study unit, you should be able t

U Appreciate the body plan of the ‘Hypothetical Ances tral

Mollusc’ and its application to understanding the b ody
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organization of present day forms.
O Know and identify the characteristics of the phylum
Mollusca.
O Know and identify the characteristics of four of eight
of the classes of the phylum Mollusca.
U Appreciate the extent of diversification within the
phylum Mollusca.

3.0  The basic body plan of molluscs

A description of the features of the ‘hypothetiaatestral mollusc’ that was mentioned in the
introduction is as follows:

gonad ventricle
aoria

protostyle

digestive gland intestine

nephridiopore

dorsal membrane

H T prry
visceral nerve ¢ords  pedal nerve cords pedal retractor muscle osphradium

Fig. 5.1. The ‘Hypothetical Ancestral MolluscSource:Barnes (1980)

& |t was thought to have lived in shallow pre-Camibisaas, crawling over rocks and
feeding on algae.

< Small in size.

& Bilaterally symmetrical.

& QOval in shape.

& Shell was low, conical and a little more than toagticle.

& Clamped down on rock surface, covering body asndef@against predators.

& Crawled by means of a muscular foot with ciliatelscand mucous glands on its
ventral surface.

& Combination of ciliary action and rippling musclentractions within the foot
brought about a slow gliding movement.

& Thought to have fed on small particles of vegetatdgter, probably algae, which it
scraped off the rock surface with a rasping aatibits radula, a characteristic feeding
structure of modern molluscs.

& Salivary glands produce mucus which both lubrictesadula and entangles the
food particles.

& The anterior part of the stomach, the style sag ahaliated lining, with the cilia all
beating at right angles to its longitudinal axisgiag strings of food and mucus to ro-
tate, to form central mass known as the protostyle.

& The alimentary canal is completed by a long intestin which faecal pellets formed
are swept away by respiratory current.
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3.1

agrwnE

Raduia

retractor

Odontophore
retractor .

Odontophore ™
protractor >

Radula

protractor

The gills/ctenidia were respiratory structures pidlp similar to those of primitive
living gastropods and bivalves, with a centraltéaed axis projecting from the body
wall and rows of broad, wedge-shaped, ciliatedrfdats on either side (bipectinate
gills).

The kidneys of the 'ancestral mollusc' were projpalvhilar to annelid nephridia, with
a nephrostome, tubular duct, and nephridioporevéasaw earlier in the Annelida).

In ‘ancestral mollusc', eggs or sperm producedhbygbnads may have been released
into the body cavity to leave via the nephridia.

Present day molluscs have an open blood systersptiem being restricted to a pe-
ricardial and perivisceral structure. The typicallimscan heart consists of a ventricle
with a pair of auricles opening into it. Blood enst¢he auricles from the ctenidia and
passes into the ventricle, and then leaves the hgar single aorta which branches to
supply sinuses in which the organs are bathedttlirdthe 'Ancestral mollusc' is
thought to have been organized in a similar way.

The basic plan of the molluscan nervous systemistsnsf a circum-oesophageal
nerve ring with two pairs of longitudinal nervegending posteriorly. The more ven-
tral pedal cords innervate the foot while the diovesceral cords extend to the viscera
and mantle. 'Ancestral mollusc' is thought to hemeformed to this plan.

The sense organs of ‘ancestral mollusc' may haste &imilar to those of primitive
living molluscs: normally eyes, statocysts and oagia (chemoreceptors positioned
on the posterior margin of the gill membranes).

Basic and special features of the phylum Mollga

Bilaterally symmetrical.

Body more than two cell layers thick (triploblatiwith tissues and organs.

A through gut.

Without a body cavity other than provided by bl@duses.

Body monomeric and highly variable in form, but basically squatlaften conical,
frequently elongated in the dorsoventral planeaionfa 'visceral hump'; essentially
with an anterior head bearing eyes and sensorgdiest a large flat ventral foot, and
a posterior mantle cavity, but all of these subjeatonsiderable modification.

A protective, external dorsal shell of protein (cbiolin) reinforced by calcareous
spicules, or from one to eight calcareous plamsesed by the dorsal and lateral epi-
dermis the mantle); sometimes shell secondarily reduced, covereiisbye, or lost,
and sometimes enlarged so as to cover whole body

A toothed, chitinous, tongue-like ribbon, tredula, can be protracted from the buc-
cal cavity through the mouth for feeding.

Esophagus  Radula sac  Salivary gland

) T~Mouth
Head lowered, odontophore
Head lifted and and radula protracted; Radula slides over odontophore;
odontophore retracted. radula scrapes substrate. lifts food into mouth.

Fig. 5.2. Molluscan feeding by radular scraping and raspi&purce:Mitchell et al. (un-
dated).
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8. Gaseous exchange effected by one or more pairggoidia/gills housed in the man-
tle cavity (sometimes lost).

9. An open blood system (blood does not flow througtoatinuous system of discrete
vessels but through blood spaces surrounding oygarts a heart enclosed within a
mesodermal cavity, the pericardium, through whighihtestine also passes.

10. A pair of sac-like 'kidneys', open proximally irttte pericardium and discharging into
the mantle cavity.

11.Nervous system with a circum-oesophageal ring amdptairs of ganglionated longi-
tudinal cords, sometimes highly concentrated.

12.They typically have a single pair of gonads thatromto the mantle cavity, primi-
tively via the pericardium and kidneys.

13. Spiral cleavage of eggs.

14.Development indirect, vieochophore andveliger larval stages or secondarily di-
rect.

Fig. 5.3. Left, A mollusc Trochophore larva Right, A mollusc Veliger larvaSource
Buchsbaunet al (1987)
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Fig. 5.4. A comparison of the organization of different oralypes of molluscs

KEY : External featuresi, shell; 2, mantle; 3, gill; 4, mantle cavity;Hgad; 6, foot; 7, tentacle; 8, captaculum;
9, labial palp; 10, siphorCirculatory systemi1, gill vein; 12, auricle; 13, ventricle; 14, ambe aorta; 15,
posterior aortaDigestive systemt6, mouth; 17, esophagus; 18, stomach; 19, digegland; 20, caecum; 21,
intestine; 22, anugkxcretory system23, nephrostome; 24, nephridium; 25, nephridiopdeurce Meglitsch
(1972).

The Polyplacophora (A) have a flattened form and shell composed gfievalves arranged longitudinally. The
Bivalvia (B) have a bivalve shell, with a dorsal hinge. e Gastropoda (C), the visceral mass has become
very tall and extends into the usually spiraledishe Cephalopoda(D) also the visceral mass has become very
tall, with the shell enclosed within the mantle Scaphopoda(E), the conical shell is open at both ends.
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3.2 Diversity of molluscs
With over 100,000 named species divided betwednt elgsses, the phylum Mollusca ranks
second to the phylum Arthropoda.

3.3 Classes and Characteristics
Classification of molluscs is based on the chargties of the foot, mantle, shell, radula and
respiratory organs; based on these features, éineegght classesas follows:

a) Chaetodermomorpha (Aplacophora)
b) Neomeniomorpha (Aplacophora)

c) Monoplacophora

d) Polyplacophora

e) Scaphopoda

f) Gastropoda

g) Bivalvia

h) Cephalopoda

3.3.1 Class Chaetodermomorpha (solenogasters; Aplgzhora)
70 species are known. They live head-down in tbemrows, in soft marine sediments.
Their posterior end bears a pair of ctenidia whadhplaced at the entrance of the bur-
row.

Worm-like.

2mm-14cm long

Lack foot, and shell (spicules in place of a shell)

Movement by peristaltic contractions.

Mantle covers entire body.

Head is poorly developed/reduced (no tentaclegyes).

They have a radula and style sac.

No excretory organs or gonoducts.

Some lack radula.

Gonochoristic (separate male and female/dioecious).

E.g.Neomeniasp.,Chaetodermap., etc.

® & & & O O 0

3.3.2 Neomeniomorpha §éolenogasters; Aplacophgra
About 180 species are known. They resemble thetadarmomorphs in the following fea-
tures:
¢  Worm-like and elongated.
¢  They have no shell
¢  Essentially headless
¢ Noradulain some
¢  No gonoducts
They differ from the Chaetodermomorpha as follows:
¢ 1mm-30cm long
Body laterally compressed
Ventral groove
Greatly reduced foot
Mantle covers body; 1 or more layers of calcaresmades are embedded in mantle.
No ctenidia/gills
Gills in form of papillae or folds may develop sadarily.

* & & & O o
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Mantle cavity postero-ventral.

Movement is by gliding.

All species are hermaphrodites.

Copulation occurs with the aid of stylets.

Despite their close resemblance to chaetodermorapr@omeniomorphs are considered to
be closer to shell-bearing molluscs. It is noacleow they feed since the have no radula.
The two classes are sometimes classified togethApkacophora, meaning no shell.

* & & o

3.3.3 Class Monoplacophora (single plate)

¢ They are circular in shape and bilaterally symngatri
They resemble limpets but their shell is tippeavind.
The shell is made from one unit with definite grbwings.
The foot is well developed, broad and flat and -disaped.
They have internal metamerism (the only segmentaltlscs).
Their nervous system lacks ganglia
E.g.Neopilina

* & & & o o

3.3.4 Class Polyplacophora (bearer of many plate§€hitons; Amphineura)
¢ Their body is oval, bilaterally symmetrical and siewventrally flattened.
The foot is flat and occupies most of the ventuaface of the body.
The mantle forms a thick girdle around the foot.
The shell is made up of many units (usually 8).
There are ctenidia in two rows, one on either sidde body.
The head is reduced without eyes or tentacles.
Sexes are separate.
Fertilization is external.
The trochophore larva develops to adult withouspasthrough the veliger stage.
E.g.Chiton

® S & 6 & O oo

4.0 Conclusion

Molluscs are soft-bodied, bilaterally symmetricahsegmented, triploblastic coelomate in-
vertebrate animals, whose body is divided into adh&entral muscular foot and a dorsal vis-
ceral hump.

5.0  Tutor Marked Assignment

1) What is the fate of the coelom in molluscs?

2) How did the hypothetical ancestral mollusc move?

3) How many classes of molluscs are there? Nagma.th

4) What is the function of the radula?

5) The body of the mollusc is described as monanéuplain.

6) What is the function of the mantle?

6.0 Summary

There are about 100,000 species of molluscs. Miogical studies of molluscs are usually
based on the ‘Hypothetical ancestral mollusc’. €hare eight recognizable body forms that
have resulted in the eight different classes. Adlloscs have a mantle which is responsible
for the production of the shell. The feeding orgamalled the radula which acts as a rasp.
Gaseous exchange is through ctenidia/gills. Egegvel spirally and development is indirect
through trochophore and veliger larval stages.
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Fig. 5.5. PhylumMollusca, ClassMonoplacophora: A, Neopilina (ventro-lateral view)B
(ventral view). C, E, Chiton (dorsal and ventral views). (ClaBslyplacophora); D, another
morphological type of Polyplacophor&, Two chaetodermomorphans (ClaSkaetoder-
momorpha); G, Two neomeniomorphans (Clasleomeniomorpha) Sources:Mitchell et
al. (undated), Barnest al. (1989); Kershaw (1988).
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Study Unit 6
THE PHYLUM MOLLUSCA (MOLLUSCS) continued
1.0 Introduction

We introduced the phylum Mollusca in the last stuohyt. By way of introduction, we
looked at the uniqueness of the phylum and pointédhe fact that there was a great deal of
variation within the phylum and that the classesbeery little resemblance to each other.
We also saw how there were eight morphologicalbtinict classes within the phylum. In
examining the classes, we observed that, in bodpeshmolluscs ranged from cylindrical,
burrow-dwelling ‘worms' lacking both a foot and ek, and greatly elongated along their
antero-posterior axes, to almost spherical, effetti headless clams encased within large
bivalve shells; while in size they extended froom@ long planktonic and inter-tidal species,
to the giant squids which measure, including tla@ms, more than 20m in length, in their
case, as a result of elongation in the ancestraloeentral plane. Molluscs occupy all major
habitats and include representatives of all knogeding types; they include the most and the
least mobile of all free-living invertebrates. Withthe same phylum there are also members
with some of the least developed brains and sergans, together with the most intelligent
of invertebrates.

We shall place special emphasis on the gastropodishe cephalopods because of the large
number of species, economic value and familiaritthe former and several features of bio-
logical interest in the latter, as they are saiddsimilar to vertebrates in several ways.

2.0 Objectives
By the end of the study unit, you should be able to

U Know the diagnostic features of the scaphopodgodg, gastropods and cephalo-
pods.

U Appreciate the deviation of members of the clagses the basic body plan of mol-
luscs

U Relate the morphological features of members otlagses to their lifestyle.

O Appreciate how sophisticated cephalopods are.

3.0 Characteristics of the molluscan classentd.

3.1 Class Scaphopoda (tooth-shells; tusk-shells)

The body is elongated nearly cylindrical and bilally symmetrical.

The shell is tubular, tusk-shaped and open at &ads.

They have a short foot.

They lack a heart.

The head is reduced with no eyes but has bundletiated prehensile tentacles
calledcaptaculaused for feeding.

Only about 900 species; e@adulussp.,Dentaliumsp., etc.

* & & o o

3.2 Class Bivalvia(Lamellibranchiata; Pelecypoda; bivalves; clanmysters; scallops)

The name ‘Bivalvia’ comes from their having two Bhelves. There are about 20,000 spe-
cies of bivalves. They are laterally compressediuscs completely enclosed within two
shell valves. They are relatively sedentary, séuseang cemented or otherwise attached to
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the substratum, and; the head is greatly reduclkd.nfissing sense organs of the head may
be replaced by tentacles, and in a few, eyes plaomehd the margins of the mantle. Their
very prominent gills are used for filter-feedingvaall as respiration.

3.2.1 Characteristics:

¢ They are all aquatic and are found in freshwatertha sea.
¢  They are bilaterally symmetrical.
¢  Their body is laterally compressed and encloga4
in a shell that develops as two large plate-li
valves hence the name Bivalvia.
¢ The head is rudimentary (greatly reduced).
They lack tentacles, eyes and radula.
¢ The foot is wedge/hatchet/tongue-shaped 3
can be protruded for ploughing into soft dep
Sits.
¢  They are mainly filter feeders. Foot
¢ Fert"iza,ti(_m is_eXtemfal' Fig. 6.1. A glochidium of Anodon-
¢ A glochidium is the final larval stage of SOMg 5 sourcekershaw (1988)
freshwater bivalves.
¢  E.g.Mytilus (mussel)Ostrea(oyster),Pecten Anodonta Ensis Teredg etc.

‘ Attachment

thread
Sensory

bristle

<*

Valve

Aductor
muscle

3.3 Class Gastropoda (belly-footed; belly foots)

The name Gastropoda describes a group in whicbrtheed foot occupies most of the under-
side; The stomach and digestive gland sit on tafhv@imuscular foot. The class Gastropoda
is the largest molluscan class with over 75,00ih¢j\species, and a long fossil record. Ga-
stropods show considerable adaptive radiation aadoand in all types of marine environ-
ment, both at the surface and on the bottom, alsaseh freshwater and on dry land. Gener-
ally, gastropods have a well developed head wittatdes and an asymmetrical body. The
visceral mass has been twisted through 180° sotligatmantle cavity, ctenidia, anus, and
nephridiopores lie immediately behind the head,adification known agorsion. The shell

is adapted as a house into which the animal caeatetather than as a simple protective
shield. Considering the wide variety of habitats that gastropods have invaded, they can be
considered as the most successful group of molliEabhaps the most significant features of the
gastropod body plan atersion andcoiling.

3.3.1 Torsion

All gastropods share this phenomenon during threlsrgonic development (embryology).
Torsion is the anti-clockwise rotation of the visdehump/mass through 180 degrees, bring-
ing the mantle cavity from the posterior to theeaior position. Torsion is caused by the dif-
ferential growth of the two pedal retractor musclébe advantage of the anterior position of
the mantle cavity might include:

» the provision of accommodation for the well-develdnead on retraction of the gastro-

pod into its shell and

» the chemoreceptorsgphradia) are brought to the anterior end of the animahs it
can sense the water ahead during movement.
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As a result of torsion, the exhalent water curtesdring excretory products would pass over
the head. The gastropods have overcome the duropagretory products over the head by
modifying the path of the exhalent current by:

* The development of a slit in the shell by someyuigh which the exhalent current can

leave.
» Secondary detorsion through 90 degrees in sonteeati,tso that the mantle cavity lies on
the right side of the body and the anus become®pas

Fig. 6.2.Theveliger larva of a gastropodA, Before torsion.B, After torsion. Note that af-
ter torsion, the anus is brought to lie above tlogtm. Source Buchsbaum et al. (1987).

Anus Anus

Posterior

mantle cavity Anterior

mantle cavity

Internal
organs
twisted-

Mouth Mouth

Fig. 6.3.An illustration of the effect of torsion on thedyoplan of the gastropod.eft: Be-
fore torsion;Right: After torsion Source:

3.3.2 Cailing

Most gastropods are snails with a helically coseell and visceral mass. The helical coiling
results from unequal/asymmetrical growth. Mostilsshells are in the form of a right-
handed coil, which leaves less room for organ$efright side; many snails do not have the
right gill, the right excretory organ and the righiricle.

The change in the design of the shell involvedrameiase in height and a decrease in aper-
ture, thereby changing the shell shape from adhieeh cone. This cone-shaped shell must
have been cumbersome to carry around and wouldade it difficult for the gastropod to
search around for food especially in crevices avldsh This problem was overcome by the
spiraling of the shell over the head as it becaigledr and more conical.

The early coiled shell was planospiral i.e. bilaligrsymmetrical with each spiral located
outside the preceding one, and in the same planeesembling a coiled hose lying flat on

the ground.

The reduction in shell aperture that resulted enlttmitation of the space within the margin of
the mantle may have accounted for the reductighefills, retractor muscles and nephridia
to a single pair, which is the maximum number iy gastropod.
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Although there is fossil evidence of the planodpshell, all living gastropods have the
asymmetrical shells or secondarily derived symroarshells. The disadvantage of the pla-
nospiral shell is that it is not compact and therefcumbersome. This problem was solved
with the evolution of asymmetrical coiling, wheteetcoils were laid down around a collu-
mella with each coil lying beneath the preceding.omhis type of shell is relatively compact
and may have a globular shape, despite its length.

The new type of shell could not be carried as tldeptanospiral shell since all the weight
would hang on one side of the body. For a fairlgredistribution of weight, the shell was
shifted so that the axis of the spiral slanted up&and somewhat posteriorly, resulting in
the shell being carried obliquely to the long agswe have in living gastropods. The change
in the symmetry of the shell and its carriage naste happened at the same time.

3.3.3 Other characteristics of the gastropods:

¢  They are mainly marine but some occur in freshwaitek terrestrial habitats.

¢ Possess distinct and well-developed head beanmgdes and eyes.

¢  They have a well-developed radula.

¢ They have a flat muscular ventral foot used foepneg.

¢ They may or may not possess a shell and if preaesihgle unit.

¢  Fertilization is internal.

¢ E.g. the giant West African land snallgchating Patella (limpet), Limax (slug),
Haliotis (abalone), etc.

3.4  Class Cephalopoda (head-footed; nautilids, sqis, cuttlefish and octopuses)
The name of the class means ‘head-footed’, because the foot is
closely associated with the head. Like in the gast ropods, the
shell has been reduced in varying degrees. Naut il us is cha-
racterized by a large external coiled shell, wherea s, the squ-
ids have a thin non-calcified cellophane-like vestige of a

shell embedded in the mantle; cuttlefishes have a c alcified
shell that is also reduced and embedded in the mant le; octo-
puses have no shell at all. The reduction of the s hell is
correlated with a more active swimming lifestyle; i tis a
buoyancy device in the cuttlefishes. The nautiloid S are poor
swimmers with their massive, many-chambered shell. The prima-
ry body plan of the class as a whole is one of swim ming and
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predatory existence, although some cephalopods such as the oc-

topus have secondarily assumed a less active bottom -dwelling
habit. The features of the squid and cuttlefish ill ustrate how
the molluscan body plan has been so altered as an a daptation
to an active swimming life. The head is surrounded by a cir-
cle of large prehensile tentacles which are homolog ous to the
foot of other molluscs. Like in the gastropods, the cephalo-
pods are elongated along the dorso-ventral plane, b ut because
of their swimming lifestyle, the ancestrally ventra | surface
has become the anterior end and the dorsal (viscera I
hump/mass) has become the posterior end, functional ly. Many
cephalopod features are directly or indirectly rela ted to
their active life and the correspondingly higher me tabolic
rate. These features include: secondarily folded g ills; ab-
sence of gill cilia; closed blood circulatory syste m; acces-
sory branchial hearts; the respiratory pigment haem ocyanin;
highly developed eyes; complex nervous system and b ehaviour;

chromatophores and ink gland.

3.4.1 Other features/Characteristics

They are exclusively marine animals

They are bilaterally symmetrical.

The long axis of the body is dorso-ventral.

They are the largest in size and the most advagu@agp of invertebrates.

The cephalopods especially squids have evolved rsiamiarities to vertebrates

e.g. the squids have an internal cartilaginous sugmalogous to the vertebrate

skeleton; they also have a cartilaginous brain.case

¢  They have well-developed eyes.

They have a closed blood circulatory system (blisambnfined in vessels).

¢ The shell may be massive and external, reducedraéechal or completely ab-
sent.

¢ The radula is well developed and in addition, thsera pair of horny mandibles
that form a beak.

¢ Development is direct although juveniles of somee@anktonic.
¢ The nervous system is well developed with a large@mplex brain.
. E.g.Octopus, Argonauta, Sepjauttlefish) Loligo (squid),Nautilusetc.

* & & o o

<*

Cephalopods are now represented by only about 400 s pecies com-
pared with more than 10,000 different fossil forms. There are

three subclasses of cephalopods, one fossil and the other two

ext ant.

a) Subclass Ammonoidea.These are fossil forms with coiled external shatid complex
septa and sutures.

b) Subclass Nautiloidea External shells which may be coiled or straigitell sutures
simple; several slender suckerless tentacles;r2 pagills; 2 pairs of nephridiaNauti-
lusis the only surviving member of this group.
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c) Subclass ColeoideaShell internal or absent; few tentacles with suskene pair of
gills; one pair of nephridia. Five orders: 1 egtiand 4 extant. E.@pirula, Sepia, Idi-
osepius, Sepiola, Rosqi@rder Sepioidea); Squidkoligo (Order Teuthoidea)yampy-
rotheutis (Order Vampyromorpha); the octopustgonauta Eledone Eledonellaetc.
(Order Octopoda: 8 legs)

4.0 Conclusion

In terms of number of described species, the deastropoda is the largest of the mollusc
classes; it is also the most widely distributeche Gastropods alone display the phenomena
of coiling and torsion. Cephalopods are the mophsticated of the molluscs and indeed the
invertebrates.

5.0 Summary

The shells of scaphopods are tusk-like but tubaiher open at both ends; they use captacula
for food acquisition. Bivalves are laterally comgsed and practically headless; they use their
gills for feeding. All molluscs except bivalvesveaa radula. The gastropods are more nu-
merous than the other molluscs and occupy mareshivater and terrestrial habitats. Tor-
sion occurs in gastropods during development, brxiqnthe mantle cavity and anus to the an-
terior position. Coiling of the shell and visceradss make the shell less cumbersome than
the ancestral type. The cephalopods a highly dgeel nervous system and elicit rapid res-
ponses to stimuli as a result of nerve fibres h#ddo the mantle. They have a closed circu-
latory system that provides more efficient blooctwiation. Their eyes are quite similar in
structure to those of vertebrates.

6.0  Tutor Marked Assignment

1). How many classes are there in the phylum Mollu$¢ate them.

2). Name the largest of the classes of molluscs.

3). The cephalopods are said to be the most sophedicd#tthe molluscs. Give two rea-
sons for this statement.

4). State three features of cephalopods that are asedawvith their active lifestyle.

5). Discuss the phenomenon of torsion. Is it charestieof all the molluscs?

6). List the subclasses of the Cephalopoda.
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| - Bivalvia: A, Pecten B, Ostrea
(oyster);C, Arca; D, PectenE,
Cuspidaria;F, Ensis(the razor
clam); F, Mactra; G, Teredo(the
shipworm).

Il — Gastropoda (shells and spe-
cies) 1, Achatina;2, Triodopsis;3,
Helisoma; 4, Trochus;5, Limax; 6,
Haliotis (abalone)7, Acmaega
limpet); 8, Eolis (a nudibranch)

9, Conus(Cone shell);

10, Dendronotuga nudibranch)

Il —Cephalopoda A, Nautilus
lateral view;B, as it appears when
creepingC, Octopusvulgaris, rest-
ing position;D, Sepia a cuttlefish;

E, Loligo, a common squid;, Arc-
hiteuthis the giant squid, total
length of @ = 13m (43 feet)? =

10m (33 feet); it used to be the larg-
est known invertebrate but curren
Mesonychoteuth hamiltoni (Colos-
sal squid; Antarctic squid) whose
smaller immature specimens meas-
ure 12-14m is regarded as the larg-
est invertebrate alive.

IV - ClassScaphopodaDentalium
in position with captacula extended
for feeding.



Tentacles

N

Shell

Fig. 6.5.Body forms and shells of some mollusk classesurcesMeglitsch (1972). Kershaw
(1988); Barnes (1980); Barnesal. (1989); Mitchellet al. (undated); Hegner & Engermann (1968).
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Study Unit 7

THE PHYLUM MOLLUSCA (MOLLUSCS) continued

1.0 Introduction

We are now familiar with the diversity of the phylumollusca, judging from the variety of
body form, classification and some aspects of tlifestyle, that were introduced in the last
two study units. The molluscs are many and vabigidwe shall select one of the common
ones that depict many of the features that werednted in the preceding units, for study.
In this unit, we shall study some aspects of tlgaoization of a member of the largest and
most familiar classes, Gastropoda, as a represantaollusc. The giant African snalils,
Achatina achatinaandA. fulica are gastropods; they belong to the same subalatsare
anatomically very similar télelix pomatia which we are studying as a representative of the
phylum Mollusca. The pulmonates, of whiklelix is one, are principally characterized by
the conversion of the mantle cavity into an airabineng lung with a contractile opening, the
pneumostome. The majority are grazers of land gJanany pulmonates have retained the
spiral gastropod shell, although it is usually tHint several members of one terrestrial or-
der have lost it and are called land slugs.

2.0 Objectives

By the end of this study unit you should be able to

Appreciate the morphology ¢felix, a representative mollusc.

Know the body plan and its modifications in gastrdg

Understand the role played by the shell of molluscs

Note the modification of the mantle in terrestgaktropods.

Relate the anatomical structures examined to thetitans they perform.

U000 0

3.0 Helix

The genudelix, a member of the subclass Pulmonata, is a gastnpodh shows mollus-
can adaptations to a terrestrial mode of IHelix pomatia,the Roman snail, is the largest
British pulmonate and has a long history of beiatee by humans. It is believed that the
Romans introducetl. pomatiato Britain, hence its common namelelix pomatialives in
open woodland, quarries, banks, and hedges onrealecaground, but not usually on culti-
vated land such as gardens or paHkslix aspersaa rather smaller species, is extremely
common in gardens and may also be found in quarniedges, and banks. It often has a
fixed 'home' in a sheltered place to which it nesuafter each foraging period; these homes
may be used by many generations of snail. Bothispdéeed at night and after rain. In Brit-
ain they hibernate during the wintételix pomatiaburies itself just below the surface of the
soil, whileH. aspersaongregates in groups in hidden places or maykalspitself. During
hibernation the shell aperture is sealed with amr@gum which is a membraneous diaph-
ragm of hardened mucus impregnated with calciurbaraate and small quantities of silica,
phosphates and iron.
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3.1 The shell

Like in all shell-bearing gastropods, the most pinsous external feature is the shell,
which is spirally coiled. The structure, which wisalissed earlier under coiling, can be easi-
ly understood by regarding it as an elongated,ololtone, wound round a central hollow
axis, thecolumella. The columella opens at a small ventral porembilicus and the su-
tures between the coils are closely fused. Thd ghatlually grows longer and wider in an
increasing spiral shape, to better accommodatgrhwing animal inside. The animal also
thickens the shell as it grows, so that the shallssproportionately strong for its size. The
shell consists of three layers: an outer horny eigt@d periostracum aonchiolin, a mid-
dle calcareous cross-lamellar layer formed of Istngps ofaragonite in a conchiolin matrix
and an inner layer afacre. Getting enough calcium for shell formation isaatular prob-
lem for terrestrial snails. As a result of this lpem, snails are largely restricted to regions
where the soil contains a fair amount of calcitthelix is known to storexcess calcium
carbonate in cells in the digestive gland. Wheme@an a diet that lacks calcium, the re-
sulting shell is thin and transparent or it may faiprovide complete coverage for the vis-
ceral mass/hump.

3.2 The body

When the snail is resting the head and foot arkeguhto a large chamber created by the
lowest whorl of the shell, by contraction of a aokllar muscle. This muscle originates on
the columella, runs down the side of the visceratsn and splits into bundles extending to
the head and anterior and posterior footHInpomatiathe columellar muscle is known to
contract to a tenth of its relaxed length.

When the snail is active the head and foot protrauteriorly and posteriorly respectively,
from the aperture of the shell. The foot is verpsmcuous, broad and very muscular with a
flat undersurface; the head bears two pairs ohtded and a slit-like mouth. The rest of the
soft parts of the body form the visceral hump/mabkgch is always enclosed by the shell.
The lower margin is thickened and fused with thgeedf the mantle to form a collar. These
last are secreted by the mantle. Fusion of the Imamargin to the head and foot modifies
the mantle cavity as an enclosed space, the lumga&ses into the lung through a conspi-
cuous opening on the right hand side, the pneumsto

3.3 Locomotion

Locomotion inHelix can be compared with that of the gliding movemaittarge free-
living turbellarians (flatworms). The flattened vel surface (sole) of the foot is pulled into
a series of minute ridges by waves of contractibthe pedal musculature. The muscula-
ture is a complex web (including dorsoventral, itudjnal, transverse and oblique fibres)
whose contraction is controlled through a nervehyethe pedal ganglion (this will be seen
when the nervous system is discussed later). Theseof the ridges are directed backwards
and waves of contraction pass from the posteriaatds the anterior end. About eight
waves may pass over the sole in sequence at anynogeAs a result the animal is pushed
forwards.

For gliding movement of this kind it is necessawmy the surface to be lubricated; the ne-
cessary lubrication is provided by mucus producg@idermal glands in the sole as well
as by an anterior glandular mass, the pedal glafidr the animal has passed over a sur-
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face, the mucus dries, leaving a shiny snalil trail.

Blood vessels
in mantle
cavity roof

Fig. 7.1.Helix. External features and Circulatory, Respiraf

tory and Digestive systems. Source: Kershaw (1988).

3.4 Digestive system and
Feeding

Helix is herbivorous and feeds on a
wide variety of plantsHelix aspersa
can damage young plants and soft
fruit in gardens. The mouth opens
into a buccal cavity with a tongue-
like odontophore extending from its
floor. The odontophore is supported
by structures called cartilages, and
moved by a complex array of mus-
cles. The odontophore is covered by
a thick cuticle; the radula is fused to
this cuticle; the whole structure just
described is called the buccal mass.
The radula consists of chitin and
bears a series of highly regular re-
curved teeth, formed of chitin and
hardened protein impregnated with
iron and silica.

The buccal mass is protruded
through the mouth and the radula is

used to tear or scrape off food material. It isharawn by a well-developed retractor mus-
cle (the diagram of the operation of the radula g&en in unit 5). The radula is conti-
nuously worn away through use, and is renewed byiafized cells calleddontoblasts,
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Fig. 7.2.A scheme of gastropod organisatid®ource:Meglitsch (1972).
which lie at the inner end of the radula sac, mtoch the posterior end of the radula fits.
The floor of the radula sac secretes a ribbon ¢itleuonto which the teeth are fused. As
more rows of teeth are secreted the entire streichoves forwards until it appears on the
dorsal surface of the odontophore.

The particles of food are taken into the buccaitgavhich opens at its posterior end into a
narrow tubular oesophagus. Two elongated salivéagmds, which secrete watery mucus
containing amylase and other enzymes, open intodbieof the buccal cavity. This secre-
tion lubricates the moving radula and begins tlee@ss of digestion.

The oesophageal wall is thin and muscular withaadlilar ciliated lining; it widens post-
eriorly to form a large thin-walled crop. The cibe@at to give a strong, backwardly-directed
current which, by the peristaltic movements of Wl of the oesophagus, force the food
towards the crop. Enzymes produced by the oesophgtgnds mix with the food. In the
crop, further mixing takes place with a brown digesfluid containing enzymes produced
by the digestive gland. In addition to these, sytibibacteria living in the crop and intes-
tine are thought to produce a cellulose-splittingyene, cystase, which may also be secreted
by the digestive gland.

The digestive gland opens into the stomach, whatibvi’s the crop. It is a voluminous organ,
which is brown in colour and forms packing tissaetghout the visceral hump. Helix it

is composed of three kinds of cells: enzyme sawyatells, absorptive cells, and calciferous
cells (responsible for calcium carbonate storagleg. stomach has a ciliated lining and par-
ticles of digested food are swept into the digestiland for absorption. Indigestible matter is
carried to the distal end of the stomach and froene to the coiled intestine. A style and
style sac are absentlielix but are both typically present in gastropods. Titestine ex-
tends to the rectum which opens, via the anus th@enantle cavity just behind thbeeu-
mostome

From the account given above, Hel i x is herbivorous. Other
feeding habits, in other species of gastropods incl ude preda-
tion, scavenging and in a few cases, suspension fee ding.
There are also carnivorous gastropods which also us e their radula

for their feeding. Some carnivorous gastropods dril | through oth-

er mollusc shells with their radula and assisted wi th enzymatic
secretion, to access the soft tissues of other moll uscs e.g. the
oyster drill Ur osal pi nx ci nerea.

Cone shells are also carnivores, feeding on other m olluscs, anne-
lids and even fish; they have a highly specialised feeding appa-
ratus, instead of having a radular ribbon they have individual
radular teeth, like darts. The cone shell (e.g. Conus striatus)
thrusts its radular tooth into the soft tissues of its victim,
while retaining hold of the other end. The victim is very quick-

ly immobilized by the poison which is injected thro ugh the hollow

cavity of the tooth.
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3.5 Gaseous exchange

A major characteristic feature of the pulmonatethésconversion of the mantle cavity into
an air-breathing lung. The mantle cavity is maaifto form a lung by fusion of the mantle
edge to the back and neck in front of the vischtathp. The lung is roofed by the mantle
which is extensively supplied with blood by the mpohary vein. The floor of the lung is
formed by the head and foot which, in their relapegition, arch up into the lung but can
be flattened by contraction of intrinsic longitudirmuscles. Gaseous exchange takes place
over the surface of the mantle, with air being drawto the mantle cavity through the
pneumostome by alternate arching and flattenirthefung floor. The pneumostome can be
closed by a valve, to reduce water loss.

3.6 Circulatory system

In pulmonates such a#elix, the heart consists of a single auricle and araatying with-

in the pericardial cavity. Blood from both the gelédody surface and the pulmonary vein
is received by the auricle and pumped into thenaat The single aorta, arising from the
ventricle, splits to form a cephalic artery whialpplies the anterior part of the body and the
foot (as the pedal artery), and a visceral artemchvsupplies the visceral hump. The arte-
ries branch and enter a series of irregular cephadidal or visceral haemocoelic spaces or
sinuses in which the organs lie bathed in blood 3paces are small and the tissue resem-
bles flatworm parenchyma. Blood is collected by twvens which supply the lung, after
which it returns to the heart. The blood containe topper-based respiratory pigment,
haemocyanin which gives it a distinct green colour.

3.7 Excretion and osmoregulation

Helix has a single kidney, representing that of the fmrsten left-hand side. It is a sac of
coelomic origin connected to the pericardial cabiyytherenocardial canal and drained by
the kidney duct, oureter, which runs along the rectum to a slit-like opgnat the right
edge of the pneumostome, close to the anus. Bethetmocardial canal and the ureter are
ciliated; in the former the cilia beat towards théney creating a flow of fluid, although in
Helix the canal is tiny and the flow of fluid small. Tkielney is yellow and has folded glan-
dular walls that secrete uric acid, which can lseliirged in solid form, thereby conserving
water. Additionally, uric acid can be stored in Rigney over a long period; this is an impor-
tant factor in survival through periods of hiberaat The greater part of the fluid which en-
ters the kidney through the renocardial canaladserbed.

4.0 Conclusion

Helix is a good representative mollusc as it shows widste features that have been hig-
hlighted for the phylum.
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5.0 Summary

The shell oHelix shows coiling, which is typical of gastropodsisiproduced by the mantle
and consists of three layers. The body consisésvedll-developed head bearing tentacles, a
large ventral muscular foot and a dorsal coiledefial mass/hump sitting on top of the foot.
Helix moves by gliding, which is facilitated by tkentraction of muscles and by glandular
mucus secretion. It is herbivorous and acquired foy radular scraping and rasping. The
digestive gland produces the enzyme for digestfiaelulose. The mantle is heavily vascu-
larized and functions as a lung. Air enters thatheacavity through the pneumostome. The
heart consists of one auricle and one ventriclethedirculatory system is open. The respi-
ratory pigment is haemocyanin and it is green lowo Helix has a single kidney and the
excretory product is uric acid, which is solid.

6.0 Tutor Marked Assignment

1). How many layers does the shell of molluscs havafd\gnem.

2). What is the function of mollusc shells?

3). Which part of the snail produces the shell?

4). How is locomotion over a dry surface facilitatedmolluscs?

5). What sort of material dodselix feed on?

6). In what part of the body are digestive enzymes pced?

7). Describe very briefly, the process of gaseous exgphan a pulmonate.

8). What benefit do terrestrial gastropods derive fthmexcretion of uric acid?
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Study Unit 8
THE PHYLUM MOLLUSCA (MOLLUSCS) continued
1.0 Introduction

The phylum Mollusca, as we saw in tH& Fudy unit, is made up of five major morphologi-
cal types, which included the polyplacophoran, braa, scaphopodan, cephalopodan and
gastropodan type of organization, among othergeédrable to the ‘hypothetical ancestral
mollusc’. The examination of the variety of mollsscontinued into the"6study unit, in
which we studied the gastropods and the cephalopagi®ater depth as a result of some of
their fascinating attributes of biological interesthe class Gastropoda, as we have seen, is
the largest and most widely distributed of all thellusc classes. In thé"&tudy unit that
has just been concluded, we started examiningriienesation of the Mollusca, usitglix,

a gastropod, as a point of reference. In the gastt, we looked at the following aspects of
its organization and biology: the shell, the bddgpmotion, feeding, gaseous exchange, the
circulatory system and circulation, excretion asdhoregulation. In this unit, we are going
to continue looking at the organizational biologyttee molluscs, using the gastropods, es-
pecially the pulmonates, for reference; we shadineixe the sense organs and nervous sys-
tem and the reproductive system and reproductiahenmolluscs generally and the terre-
strial pulmonates in particular. We shall alsokl@ the economic importance of the mol-
luscs as a group.

Sense organs occur in different parts of the bagyniore so in the head and foot regions.
They include chemoreceptors, light receptors antiléaorgans. The nervous system con-
sists of cerebral ganglia, which supply the resthef body with nerves. Terrestrial gastro-
pods are hermaphroditic; this assures that anyatwmals that meet can mate, which is es-
pecially useful in slow-moving animals. All pulmates have abandoned larval stages, de-
veloping directly into young slugs or snails.

Some molluscs are beneficial to humans while otharsn or cause huge economic losses
in different ways but most especially by their fisgdhabits.

2.00bjectives

By the end of this study unit you should be able to
U Know the sensory structures and nervous systenobtéisks..
O Know the structure of the reproductive system ofinsas.
U Appreciate the benefits that humans derive fromusos.
O Appreciate the medical importance of mollusks
U Know the economic losses caused by molluscs.

3.0 Sense Organs (in gastropods generally)

Tactile (touch-sensing) cells are scattered overlibdy surface. They are concentrated in
regions of high sensitivity, such as the head ntlaegin of the foot, and sometimes the edge
of the mantle. The head tentacles are well suppli¢i tactile cells, and other tactile projec-
tions appear irregularly in different groups. Thestoutstanding of these are #y@podial
tentacles(tentacles associated with the feet), found onsttles of the foot of many gastro-
pods and thecerrata (projections from the body surface that are charatic of nudi-
branchs, also called sea slugs) that occur on ¢hgator lateral surfaces of many nudi-
branchs (means naked gills) (refer to figures strggods in unit 6).

A patch of sensory cells, tlesphradium (which was mentioned in unit 6 in connection with
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torsion), occurs at the base of each gill. The cibm is often a strand of elevated sensory
cells associated with the nerve to the ctenidiuat,ibb some cases it is incorporated in the
ctenidial axis. Sometimes lateral tracts of eledatells extend on each side of a central
strand. Gastropods without ctenidia retain an aagibm if a mantle cavity and secondary
gills are present. Aquatic pulmonates have anmasiitim, butand pulmonates do not He-

lix is a land pulmonate and does not have osphradiaOsphradia lie in the path of inhalant
respiratory currents. They are chemoreceptors gasaw earlier). It has been suggested that
they may be sensitive to sediment. There is evieléinat they participate in chemoreception
generally. Chemoreceptors are important mediatbgastropod behavior; this has been es-
tablished by experimentation. Oriented responsdedd are usually well developed in ga-
stropods. It has been demonstrated that some sp@@eaunable to detect food and feed nor-
mally if the osphradia are removed. Tdral tentaclesof nudibranchs prove to be more im-
portant in contact chemoreception involved in fagdiThe anterior margin of the foot is also
an important site of chemoreception in many aqugaistropods. Hollovetatocysts(struc-
tures concerned with sense of gravity) containialgareous particles are almost universally
present in gastropods. They receive nerves fronceéhebral ganglia. Statocysts do not occur
in sessile gastropods. Generally, creeping gasti®mave statocysts in the foot. Most ga-
stropods haveyesat the base of the head tentacles. Some slugré@ne pulmonates have
mantle eyeslocated on tubercles on the dorsal surface.

3.1  The nervous system

In Helix, the gangliacommissures(connecting bands of nervous tissue) andnectives
(connecting band of nerve fibres between two gahgharacteristic of molluscs are concen-
trated near the anterior end to form a nerve ringased in a connective tissue envelope
around the oesophagus and salivary ducts. Nevesthalome distinctions can be made be-
tween the component structures of this ring. Threlmal ganglia lie dorsally and are linked
by a pair of cerebro-buccal connectives to the kmaitcal ganglia which lie lateral to the
salivary gland ducts. The cerebral ganglia givenaffves to the body wall, mouth tentacles
and eyes, and the buccal ganglia supply nervesetdiccal mass and cavity. Paicte-
bro-pedal andcerebro-pleural connectives extend ventrally from the cerebralggjario the
pedal and pleural ganglia respectively. The laterjoined by fused visceral ganglia to form
a ring through which the cephalic artery passe® ganglia supply nerves to the various
body organs and the foot. The structure of themes system is easier to describe as if tor-
sion had not occurred (Fig. 8.1).

-------------------- Buccal ganglion
Cerebral -~ \g ;

ganglion -=-Pleural ganglion

_Cerebral
(" ganglion

Buccal ganglion

Visceral
__.ganglion

+——Cerebral ganglion
i—Cerebro-pleural connectiv
i—Cerebro-pedal connective
+—Pedal ganglion

~Parietal ganglion

- Infra-parietal
Supra-parietal- - ganglion

Visceral ganglion

ganglion--- .
Pleural ganglion

Fig. 8.1. A,Hypothetical pre-torsion nervous Visceral ganglion ,
systemB, Post-torsion nervous system. Fig. 8.2. Anterior nervous system of
Source:Barnes (1980) Helix. SourceKershaw (1988).
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3.2  The Reproductive system and reproduction

Helix is hermaphrodite. Copula-
Eye tion takes place accompanied by
tentacle mutual exchange of sperm in the
form of spermatophores and fer-
tilization is internal (a common
adaptation of terrestrial animals).

Common genital
opening

Dart sac A single gonad (theovotestig
M land :
Retractor muscles Broa st produces both eggs and sperm si-
of penis as deferens multaneously; it is a small white
, structure embedded in the diges-
Flagellum P *: Spermoviduct & . land. S d d
Fertilization pouch , (AP =07 Spermoviduct @ tive gland. perm are proauce

continuously and passed from the
Hermaphrodite duct ovotestis into a short coileder-
Ovotestis maphrodite duct which extends
towards the albumen gland. This
duct is used as a seminal vesicle
and appears to be full of sperm
throughout the year. Just before it
reaches the albumen gland the hermaphrodite dimtesliforming a fertilization pouch
which is connected to the albumen gland chambex bgrrow duct; the pouch also receives
short narrow ducts from between three and five saled spermathecae, in which sperm
transferred from another snail during copulatioordign sperm) is stored. The albumen
chamber is joined to the remainder of the repradecystem by apermoviduct which, as

its name implies, is used for transfer of both spand eggs and is functionally separated
into two grooves by paired longitudinal folds. Thall of the aloumen chamber is also deep-
ly folded with one fold forming a groove which jagirthe fertilization pouch to the sperm
groove of the spermoviduct. At the beginning of Wlagon sperm pass from the hermaphro-
dite duct through the albumen chamber to the sggouve, then to theas deferensand
epihallus where the spermatophore is formed. This procesxtiemely rapid (taking less
than one minute) due to the beating of long cillach line the entire sperm duct. The sper-
matophore is an elongated structure with distimetdy neck, body and tail regions; sperm is
stored in its body. Iielix aspersgbut not inH. pomatia)the spermatophore tail is formed
in a long caecum or ‘flagellum’ which extends frma epiphallus. IH. pomatiamating
occurs immediately after hibernation in Britain,April or May and possibly also in the late
summer.Helix aspersamates throughout the summer. In either case copul& preceded
by an elaborate courtship in which the partnerdesiround each other, make tentacular con-
tact and entwine their bodies. th pomatiathis phase may last for as long as one and a half
days. When the animals are intertwined, a darfjgaxt of the vagina) secretes a calcareous
spicule which is driven into the partner's bodylvaald which stimulates copulation. The
tromittent organ or penis is everted and inserted into thisabstalk (a direct continuation of
the vagina) of the partner. After the spermatopth@@d has been placed in position, the pe-
nis is withdrawn and the rest of the spermatop®pished out by the donor and drawn in
by the recipient. Partners transfer their spernfadogs simultaneously and the whole process
is long and slow, taking several hours. Spernraleased from the spermatophore and mi-
grate to the spermathecae. The remains of the sp@phore and any excess sperm are
transported along an elongated duct by peristadsiee bursa copulatrix where they are di-
gested. The snails then -resume their normal @iesvi Eggs pass down the hermaphrodite
duct and are fertilized in the fertilization chamli®y foreign sperm transferred from the

Duct to spermathecae

Duct to bursa
copulatrix

Fig. 8.3. The reproductive system bBielix
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spermathecae. The eggs are large and yolky; atgliZation they are surrounded by albu-
men secreted by the glandular lining of the fexdifion chamber, and by a leathery calca-
reous shell as they pass down the oviduct.

Helix lays its eggs in humid places in hollows whichigsdwith its foot. A typical clutch
size is between 19 and 96 eggs. The larval sdeesop inside the shell of the egg which
enlarges as the developitelix grows. Theveliger is modified from its basic planktonic
form by the development of a large cephalic vesitléhe velar region which provides an
increased surface for gaseous exchange. Mini@dodt snails emerge from the eggs at
hatching. The young snails are complete apart ftweir reproductive system. Maturation is
normally reached in the second year, and maturisdive for several years.

Helix has high regenerative powers, particularly of tslls although almost any part of the
body except the central nervous system can be eegjenl if damaged.

3.3  Importance of molluscs to humans

» Bivalves such aslamsandmussels have been an important food source for many
different people around the world; this has somesimesulted in over exploitation.

» Other molluscs commonly eaten includetopusesand squids whelks oysters and
scallops In 2005, China accounted for 80% of the globalllmsc catch, netting
almost 11 million tonnes. Within Europe, France aerad the industry leader.

* The gastropod#\chatina fulica Achatina achatinand Tympanotonus fuscatiuse
also used as food in different parts of Africa.

* Muscle is used as bait for fishing.

* Lime is manufactured from cuttlebone of cuttlefig@phalopod) and incorporated
into feeds as calcium source.

* Ink from cephalopod ink sac is used as dye.

» Squid beaks are undergoing extreme scientific @matp assist in the development of
replacement knees and hips for humans. The baakde of a blend of protein, com-
plex carbohydrates and water.

* Research at the University of Otago in New Zealhad shown that jelly produced
from squid pen can be used in wound healing.

* Most molluscs that have shells can produce pdautsonly the pearls dfivalvesand
somegastropodsvhose shells are lined witlacreare valuable.

» The best natural pearls are produced bypter| oysterdinctada margaritiferaand
Pinctada mertensiwhich live in thetropical and sub-tropicalwaters of thePacific
Ocean Natural pearls form when a small foreign objestisgstuck between theantle
and shell.

* One method of culturing pearls uses grains of giashrell from freshwatemussels
and over-harvesting for this purpose hasdangeredseveral freshwater mussel
species in the southeast&IBA.

* The pearl industry is so important in some areas significant sums of money are
spent on monitoring the health of farmed molluscs.

* The oyster drill can cause heavy losses in oysdsb

* A luxury and highstatusproduct made from molluscsIgrian purple made from the
ink glands ofmurexshells.

* Buttons are mode from mollusc shells.

» Sea silkis a fine, rare and valuabRbric produced from the long silky threads
(byssu$ secreted by several bivalve molluscs, particyl&inna nobilis to attach
themselves to the sea bed.

» Shells of scaphopods (tusk shells) and cowriesised for making jewelry.
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» Cowries (especiallCypraea monefawere used for centuries as a currency in Africa.
TheGhanaiarunit of currency known as tleediwas named after cowries.

* The blue-ringedoctopus Hapalochlaen® which is found around Australia, bites
when it is severely provoked and its venom killewi®25% of its human victims.

* Another tropical specie€ctopus apollyoncauses sevetaflammationthat can last
for over a month even if treated correctly.

* The larger species of cone snail that can captuekdl fish are likely to be seriously
dangerous to humans. Painful stings and fatalitiésimans have been reported.

* The effects of individual cone shell toxins on witd' nervous systems are so precise
that they are useful tools for researchneurology and the small size of their
moleculesmakes it easy to synthesize them.

* Some gastropod species are intermediate hostusatiee agents of some important
diseases such as schistosomiasis (bilharzia), vaifebts up to 200 million people in
74 countries globally and 50% of this number iniédralone. The disease is
debilitating; penetration of the cercariae into lamskin causes lesions.

» Some species of molluscs, particularly certainIsramdslugs can be serious crop
pests; snails or slugs introduced into new envirem$ can imbalance in the local
ecosystems One example is the giant African snéithatina fulica which was
introduced to parts of Asia and many islands in ltidian and Pacific Oceans, it
spread to thé@Vest Indiesin the 1990s. The predatory snkiliglandina roseavas
introduced to control it but this was a disasteth&spredator ignoredchatina fulica
and attacked and destroyed several native snailespe

* The glochidia larvae of bivalve molluscs are pam@sin fish.

* The bivalveTeredo navalig(shipworm) is greatly elongated with shell valuest
have ridged and roughened surfaces for rasping Wwgddrward and backward rota-
tion. It feeds on the wood particles so obtain&hipworms do millions of dollars
damage to submerged wooden structures around whaffs/ood, pilings, and boats
by their feeding method. Their digestive gland peaalized for digestion of wood;
symbiotic bacteria assist in the digestion of ingésvood.

This list is by no means exhaustive; there may Baynmore ways in which molluscs impact
on humans, directly or indirectly.

4.0 Conclusion

Various sense organs occur in molluscs and theonsrsystem is well-developédelix is a
hermaphrodite but cross fertilization is the ruMolluscs are both beneficial and harmful to
humans.

5.0 Summary

The sense organs of gastropods include tentadphradia, eyes and statocysts. Pulmonates
are hermaphroditic with copulation and mutual spé&ramsfer. Eggs are deposited within
envelopes and development is direct, except irffatvemarine species. Molluscs impact on
humans in various ways: food, ornaments, commeneeljcine and research.

6.0  Tutor Marked Assignment

1). What are osphradia? Do they occur in all molluscs?

2). What is the function of statocysts?

3). Make a good clearly labelled drawing of the antepiartion the nervous systemldélix.
4). Discuss what happens after copulation and fertibman Helix.

5). List five ways in which humans benefit from mollasc

6). List two ways in which humans are harmed by thevgiets of molluscs.
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Study Unit 1

THE PHYLUM ARTHROPODA (ARTHROPODS)
Greek: arthron, joint and podos, foot; these together mean
"jointed feet"

1.0 Introduction

About 75-80% of all known animals are arthropotigytconstitute the largest phylum in the
animal kingdom (estimated at well over one milliextant species). Despite their numbers,
their total biomass is less than would have begreeed due to their relatively small size.
The most familiar forms around us are the insesgiglers and crustaceans. Many of the first
complex fossilized animals were arthropods anthefr rapid adaptations to changing envi-
ronments are any indication, arthropods will prdpaie the last living animals on Earth.
Arthropods have exploited every known environmémty are found at all depths in marine,
brackish, and fresh waters. They are common inshohgs, saline lakes, temporary ponds,
and underground rivers. On dry land they are fanndkeserts, forests, grasslands and tundra.
Their success as terrestrial animals probably cavies to their water-conserving excretory
system, gaseous exchange organs and desiccatistaneésmpermeable cuticle. Many of the
species are adapted to a parasitic mode of lifearitbe said that, of all animals except hu-
mans, the arthropods have made the greatest immpdht Earth's biosphere.

Arthropods have segmented bodies with two or m@tndt regions calletagma. The body

is covered by a tough, sometimes flexitakitinous exoskeletorthat serves for both protec-
tion and the attachment of muscles and other gHtie¢s. This covering is a simple device
that may explain part of the amazing success ofjthap. It can be reinforced with minerals
to enhance its protective function and still mamtufficient articulating ability. It is the ba-
sis for a variety of arthropod features, from clamsl antennae to wings. In terrestrial arthro-
pods, it is an excellent barrier to dehydrationhe ody plan has a small anterior region
(acron) and an equivalent posterior regigelgon) without legs, and a number of intervening
sections (segments) each with a pair of legs andl sepeatition of leg-based organs (mus-
cular, nervous, skeletal, etc.). Organs that ateagsociated with the leg are not serially re-
peated i.e. the excretory and reproductive systems.

Being covered by an external cuticular system irpa@®nstraints on growth and necessitates
a series of moults or ecdysis. This is particylaroblematic in arthropods in which the cu-
ticle is also the skeleton. The animal is partdyl vulnerable at this time and must be in
hiding during the process. The discarded casts wien preserved as fossils.

The Phylum Arthropoda is the third group of coeltenavertebrates we are studying in this
course. In this study unit, we are going to lookhe characteristics of arthropods and a
summary of the different groups it contains.

2.0  Objectives:
By the end of this study unit you should be able to
O Appreciate the structure and function of the cbitim exoskeleton of arthropods.
U List the characteristic features of the arthropods.
U Recognise common arthropods by their attributes.
U Distinguish arthropods from other invertebrates.

3.0  The Exoskeleton of arthropods

The main distinguishing feature of arthropods, irdrately visible to the casual observer, is a
tough, semi-rigid cuticular exoskeleton secretedhayepidermis and consisting basically of
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chitin, a polysaccharide, enmeshed with the pro#ethropodin. The cuticle is a layered
structure, with a thin, non-wettable outer surfagkhough the cuticle is always built on a
foundation of chitin, this may be invaded or ovigtlay different materials in the various
arthropod groups, as we mentioned in the ‘Introduct In insects, the cuticle is rather thin
and light but is impregnated with tanned proteimat fgive it strength and made waterproof
by an outer layer of wax. In forms like crabs theicte is thick and hard due to the deposi-
tion of calcium salts in thendocuticle a degree of water-proofing is provided by lipids
the outerepicuticle, and the whole structure is protected by an datgr of cement.

Epicuticle

Tanned and sometimes Tergal plate
calcified exocuticle

\ ;Uncalcified and
‘flexible endocuticle

e
Pleural plate- ! - )7} f 1Jointed leg
g

.
-Epidermis

. - i ~ Y
| I~Basement membrane I ~ol ‘
Sternal plate

Gland cell Seta-forming cell v

Fig. 9.1.Diagrammatic section through the Arthropod integatrlLeft); Transverse section through
the body of an arthropod showing the various exesiieplates encircling the body and a jointed limb
(Right). Source Barneset al (1989).

3.1 Classification and Characteristics of the Arthopoda

The classification of the arthropods and their etfohary development and history (phylo-
geny) has always been controversial but we argoiolg to examine the controversies here.
There are a number of schemes of classificatioth®arthropods, we are going to select one
of them and adhere to it. For the purpose ofdbigse, we shall concentrate on the features
of the different groups no matter what name or rsnpplied to them. The features will
show us how arthropods have been grouped togetrsaparated from others on the basis of
their similarities and differences, respectiveBifferent ranks have been applied to the Arth-
ropoda and its groups but we shall consider it lasra phylum, and its major subgroups as
subphyla. Some classifications refer to Arthropadé&uperphylum and its major subgroups
as Phyla (sin. Phylum). Some of the charactesistit the invertebrates have been hig-
hlighted and briefly discussed in the introductgattion of this unit. Other outstanding cha-
racteristics of the Phylum Arthropoda are as folow

* They are bilaterally symmetrical, segmented protosts, primitively equipped with a
pair of appendages attached to each body segmeatagpendages are however often
reduced or lost in some of the body segments.

» Although all of the post-oral appendages were simil primitive forms, modern arthro-
pods have appendages that have been specializeddoaific functions. Much of arthro-
pod evolution is reflected in the specializationtlod appendages, and the nature of the
appendages is an important factor in classification

* The surface of the body and the appendages is @b\®r a continuous cuticle of com-
plex structure. In most cases the cuticle formsraes of heavy, skeletal plates or rings,
connected by thinner, flexiblrticular membranes, permitting freedom of movement.

» Heavy cuticle extends inwards to provide spinesh@lves for muscle attachment; these
extensions are callepodemes
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articular membrane

Fig. 9.2.Diagrams showingrticular membrane (left) andapodeme(right). Source:Barnes (1980)

» The cuticle forms chitinous linings of the foregund hindgut. These linings are molted
with the surface cuticle during growth.

» Paired, segmentaloelomic compartments appear during development, but are
greatly reduced with the development of tteemocoel they have an open vascular
system.

* A contractile heart, derived from a dorsal bloodsed, lies in a dorsal pericardial si-
nus. Blood enters the heart through pairs of apestknown agstia (sin. ostium).

Antenna

Brain Segment  paa  Ostium
fr—

Pygidium

Nerve cord

Fig. 9.3. Schematic diagram of the longitudinal sectiomofarthropod; note thestium.
Source:Barnes (1980).

* The metameric nephridial system typical of annelids disappeared with the coelom,
although some arthropods have retained some madigehridia as excretory organs,
and the gonoducts may be considered as highly reddiephridia.

* The nervous system is built on the annelid plah & double nerve trunk and primi-
tively with segmental ganglia. The brain, howevemore highly differentiated.

» Cilia are completely absent and all movements efdiganism or its body parts are de-
pendent upon muscle. With the appearance of arkebaisn to which muscles can be
attached, the muscular system becomes very complex.

* The eggs are richly supplied with yolk, and fewwsltcaces of spiral cleavage or a me-
soderm stem cell.

* They have different types of larvae but never altophore.

» They possess more than one pre-oral segment; theally have three.

* The cuticle is flexible at some points on the tramkl limbs to provide joints.

» Possess paired jointed appendages on some oredilotly segments. Appendages are
structures joined to the main body and limbs e.gutimparts, antennae, wings, styles,
cerci etc.

* Muscles are in discrete bundles.

* They possess compound eyes.

* Their sexes are almost always separate.

» E.g. crayfishes, crabs, spiders, ticks, scorpiontes, millipedes etc.

Arthropods are said to have evolved from anneid) which they show certain similarities.
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Both groups show metameric segmentation, the segnoérarthropods bearing appendages
which may be compared with the parapodia of polgtée However, in many arthropods the
basic metameric pattern in which every segmeniopas every function is considerably ob-
scured: groups of segments are specialized to peffionctions for the entire animal. These
groups are known atmgmata (singular, tagma) and the whole processagmatization.
Some degree of tagmatization is found in all amiselbut it occurs to a far greater extent in
the arthropods and is an important evolutionargdréOne of the advantages of metamerism
is the opportunity it provides for specializatiohtbis kind. Other points of similarity be-
tween annelids and arthropods include the struabfirdne central nervous system, and to
some extent the arrangement of the circulatoryesyst Arthropods have a dorsal tubular
heart, which may be compared with the annelid eatite dorsal blood vessel. Paired seg-
mentalcoelomic compartmentsdevelop in the young arthropod but are greatlyiced in
the adult by the development of a blood-filled syabehaemocoel(body cavity formed by
blood sinuses, often derived from the blastocagtha major body cavity.

The Phylum Arthropoda may be classified, basecheir tliversity of appendages, lifestyles,
and other features, as shown in Table 9.1.

Table 9.1. Subphyla and classes of the phylum Arthropoda

Subphylum | Classe (s)
Trilobitomorpha (primitive arthropods)
Chelicerata * Merostomat | » Arachnidk | + Pycnogonida
Crustacea » Cephalocarida » Branchiopoda » Ostracoda

» Mystacocarid » Copepod » Branchiuri

» Cirripedie » Malacostrac * Remipedi
Uniramia * Insecti » Chilopod: » Diplopods

» Symphyle » Pauropod

3.1.1 Subphylum Trilobitomorpha primitive arthropod s); Trlobites.

¢  An extinct group of arthropods now represented dssils in which the body was
molded longitudinally into three lobes, hence taee Trilobitomorpha.

¢ They had a pair of antennae and all the appendagdke post-antennal somites
were of a common type.

¢  They were marine arthropods and were very numarotilee Cambrian and Silurian
but became extinct by the secondary period.

. E.g.Olenus.etc.

Fig. 9.4 Dorsal A) and ventralB)
views of a Trilobite Note the bi-
ramous appendag€) with attache
gill. Source:Mitchell et al. (un-
dated - Modified

Antenna
Eye

Cephalon

Thorax

Tagmata

Pygidium.




3.1.2 Subphylum Chelicerata
(Greek:chele talon;ceratg horns)

There are about 63,000 described species of ChatiiceThe subphylum represents one of
the major arthropod evolutionary lines and it iigs the well-known spiders, scorpions and
ticks. The chelicerates have no antennae andrtgéir of appendages (chelicerae), are
used in feeding; the name of the subphylum is ddrivom the chelicerae. The body is di-
vided into two main regions, tllrosoma, made up of the head and thorax (sometimes re-
ferred to as the cephalothorax), anddbethosoma which is the abdomen.

Podivalp  edlan - ace Dicestive MEIPIGHIEN  Heart The characteristics and special fea-
palp  eyes igestive 11 1o fth heli fol
glands tures of the Chelicerata are as fol-
lows:

1. Bilaterally symmetrical, less
than 1 mm-60 cm long arthro-
pods varying in body shape
from elongate to almost spher-
ical.

2. They are triploblastic, with tis-
sues and organs.

Fig. 9.5. Diagrammatic longitudinal section throughla 3. A through, straight gut, from

generalised cheliceratS8ource:Barneset al. (1989). the mid-gut region of which is-

sue from two to many pairs of
digestive diverticula (branches), which secreteyares and intracellularly digest and ab-
sorb food; mouth is anteroventral.

4. Body divided into two regions, an anteriprosoma’' formed by theacron and six ap-
pendage-bearing segments, and wholly or partlyreavBy a dorsal carapace, and a post-
erior'opisthosoma'without legs and with only highly modified appegéds, if any.

5. Appendages uniramous; prosomal appendages congpasipair of chelate, subchelate
or styletlike'chelicerae’, one pair of chelate, leg-like or feeler-likedipalps’, and four
pairs of walking legs, all attached near to thetrs@mmid-line and, in some, extended by
haemocoelic pressure; without antennae or jaws.

6. Only one pair of appendages (the chelicerae) forouthparts, although medially di-
rected processes of the basal article of one oemdrer limbs (‘coxal endites’) may
crush food or spoon it into the mouth.

7. Usually (unless secondarily lacking) with directdi@ and indirect lateral ocelli on the
prosoma; in one group aggregations of the laterallidorm compound eyes.

8. Opisthosoma sometimes externally segmented andwitenup to twelve segments, in
some divided into a broad anterlaresosoma’and a narrow posterimetasoma’, and
in several with a projecting post-anal spine, sinjagellum.

9. A prosomal excretory system of blind-ending coxaings, and/or an opisthosomal sys-
tem of branched endodermal Malpighian tubules ragisiom the mid-gut and discharg-
ing mainly guanine.

10. A non-calcareous exoskeleton and sometimes al$panplate-like mesodermal endoske-
leton in the prosoma.

11.Gaseous-exchange organs associated with the ogpisttad appendages or with their
embryological primordia; these are extergdéitbooks in marine forms and in terrestrial
forms, the interndung-booksand the sieve- or tube-tracheae derived from them.

12.Blood system involved in the circulation of respirgy gases and usually containing

e e S i e
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haemocyanin

13.Nervous system with separate ganglia along thetheoigthe body or, more usually, con-
centrated into a single prosomal mass.

14.Gonochoristic (dioecious), with external fertilization in solatyarine classes (al-
though the two partners associate closely in pssapmldation during mating) and in-
ternal fertilization via copulation or spermatopé®in the primarily terrestrial class;
gonopores are on the second opisthosomal segment.

15. Juvenile stages small versions of the adult, ugtntching with the full complement
of limbs.

16. Originally benthic marine, one class has colonitedland and freshwater very suc-
cessfully.

NB. Members of the class Pycnogonida differ fromdtieer chelicerates in many respects,
and in many of the features listed above.

The subphylum Chelicerata has three classes: Menasa, Arachnida and Pycnogonida, as
shown in Table 9.1. The distinguishing featurethefthree classes will be highlighted brief-
ly in the next study unit.

4.0 Conclusion
Arthropods are bilaterally symmetrical, coelomaeeirtebrates with jointed appendages and
tough chitinous exoskeleton.

5.0 Summary

About 75% of all named species in the world arbraggods. Arthropods have jointed ap-
pendages. They have an exoskeleton of chitin. eklbskeleton provides a surface for mus-
cle attachment. There are four subphyla, Trilobidopha, Chelicerata, Crustacea and Un-
iramia, of which the first is extinct.

6.0  Tutor Marked Assignment
1) What sort of animals are arthropods?
2) Name the type of circulatory system found in antiods.
3) Name the arthropod classes.
4) Name the major body cavity of arthropods.
5) What is tagmatization.
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Study Unit 2

THE PHYLUM ARTHROPODA (ARTHROPODS) continued
1.0 Introduction

In the last unit, we introduced the arthropods. $&& how the group consisted of up to 80%
of all living species, in terms of their numberdarot their biomass. We stressed the fact
that the phylum Arthropoda contained some of thestnsoiccessful animals, as a result of
some of their attributes, one of them being thespssion of a chitinous water proof exoske-
leton, which is immediately apparent on examinimgm. We commented on some problems
associated with their classification and proceeteeixamine their major groups. We noted
and commented on the subphylum Trilobitomorphajraipve extinct group which is an an-
cestor to the arthropods, and listed the diagnestitspecial features of the subphylum Che-
licerata. In this unit, we shall very briefly surarise the distinguishing characteristics of the
three classes of the Chelicerata: Merostomata,hhida and Pycnogonida, before going on
to the third subphylum of the arthropods, Crustacéée shall examine the structure of the
crustaceans and also some aspects of the organisail biology oAstacus which belongs

to the crustacean class, Malacostraca. Our cheibased on its simplicity and manageable
size.

The crustaceans are said to be the third largetsteoArthropod subphyla, however in terms
of diversity of form they exceed both the inseatd #he arachnids put together. This great
flexibility of structure, along with the generalcsess of the Arthropod body plan (exoskele-
ton and jointed limbs) has enabled them to be méhg successful as a group. This diversity
of form has also made it quite difficult to deser# typical crustacean body plan.

2.0 Objectives

By the end of this study unit you should be able to
U Appreciate the basic differences between the ttihecerate classes.
U List the characteristic and special features ofctiustaceans.
U Describe the body plan of a generalized crustacean.
U Recognise crustaceans by their morphology.

3.0 Subphylum Chelicerata

In the last study unit, we learnt that there wéreé classes in the subphylum Chelicerata.
Brief description of the three classes are givdovwe

3.1 Classes

3.1.1 Class Merostomataorseshoe crabs)

Horseshoe crabs are not related to "true" crabB.athere are only 4 living species of horse-
shoe crabs living in the world's oceans, and tteemot changed much in form in the last
350-400 million years. They are now found onlyhe waters off eastern North America,
Southeast Asia, and Indonesia.
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3.1.2 Class Pycnogonidsea spiders)

Although commonly called sea spiders, they are@lated to the arachnids, but like arach-
nids, many of them have 4 pairs of long walkingsle@ll species are marine, with a fossil
record extending back about 500 million years. Téyoften parasitic on jellyfish, corals,
and their relatives, as young, and predators ef-stmving animals as adults.

3.1.3 Class Arachnidafiders, ticks, mites, scorpions

Arachnids all share a distinctive body plan that unites them and separates them from the other two
groups of chelicerates (see the table below). There are about 11 orders of arachnids alive today, con-
taining about 74,000 described species.

Table 10.1.Distinguishing features of the three chelicerddsses $ource of tableMeg-
litsch (1967);Sources of figuredvitchell et al (andated); Barnes (1980) Barmdsl.
(1989).

MEROSTOMATA ARACHNIDA PYCNOGONIDA

, . Large, jointed proso-
Prosoma Continuous dorsal carapageSingle or double carapace ma

Cheli d fi ix | Chelicerae, pedipalps or Chelicerae, pedipalps,
elicerae and five or six ) ovigerous legs, and 4

pairs of moderately mod- | €gs, four pairs of walking | &< of walking
ified appendages legs legs.

Prosomal ap-
pendages

11-13 somites, with an ad Greatly reduced

Opisthosoma | 12-18 somites plus a telsop ., .
ditional telson in some

=)

genital operculum and ap-| vestiges associated with

Opisthosomal | b jages modified as bookbook lungs; special senso

appendages

gills appendages; spinnerets
Example(s): <)
s 7
Horseshoe crablimulus spiders scorpions, etc. Sea spder

3.2 Subphylum Crustacea (crabs, prawns, shrimps, lobsters)

The crustaceans can be regarded as highly suctastftopods, and include shrimps, lob-
sters and crabs, which are of gastronomic inteesstyell as numerous smaller forms. The
majority of crustaceans are marine species; aboui 6f all marine arthropods are crusta-
ceans, but some live in freshwater; they dominageptankton in both marine and freshwater
habitats. Aquatic crustaceans are extremely vaduadtause in addition to including many of
the larger arthropods, they are tremendously eamblg important in marine and freshwater
food chains. Several species of crustaceans lieweakthe high tide line on beaches but a
comparatively small number are terrestrial. Thayehnot been very successful as terrestrial
animals because they have retained a charactaligtaquatic physiology and are therefore
restricted to damp environments. Several crustackanas parasites.

Crustaceans can generally be distinguished fronotier groups of Arthropods by the pos-
session of two pairsf antennae, and by the presenceéiodmous limbs. Crustaceans are
almost entirely aquatic, with only a few hundredsabout 40,000 known species living on
land; most species have free-swimming planktorieala The plasticity in the structure of
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crustaceans has enabled them to swim, burrow, cbem into wood, live cemented to rock,
hunt, browse, suspension and deposit-feed, pa@gitiost animal groups, including their
own. ltis therefore no exaggeration to concludsd they occupy every type of marine niche.

3.2.1 The major crustacean characteristics

1. They are predominantly aquatic, with gills for reeapan.

2. They have five pairsf head appendages: (i) first antennae or antesn(l) second an-
tennae; (iii) mandibles; (iv) first maxillae or mbules; and (v) second maxillae.

3. The body is divided into different tagmata in th#edent groups, but usually has a re-
cognizable head, thorax, and abdomen.

4. Exoskeleton often calcareous.

5. A posterior somite, the telson, contains the amaslkeears no appendages.

6. They have a typical arthropod circulatory systerthwai heart havingstia, sometimes
reduced in small forms.

7. The first, and in various groups, up to seven othark segments are fused with the head
to form acephalothorax

8. The cephalothorax, and, in some groups, most af étle body is enclosed in a cara-
pace, which extends laterally and overhangs thessifithe body.

9. The excretory system contains antennal glands aillarg glands or both.

10. A median eye and usually a pair of lateral eyegazsent.

11.They are gonochoristic or rarely, hermaphroditénwiternal fertilization through copula-
tion by means of gonopods or penes; location obgore is variable but often thoracic.

12.Eggs usually carried by female or brooded insidecisised pouches; some hatch with
full compliment of adult segments but somenasplius larva.

a Carapace Digestive Heart Gonad  Hind-gut
diverticulum

Ganglionated
nerve cord

Maxillary
gland

Telson

Compound

XX Furca
"'".'j'.'"llllllllllllI||I lunmlnlum [ (D X = 5'-‘

Mouth /‘L ,/M .“l. nt'{ d ¥ ' \\ \. 3 T b

,,, : ' 1 '\'\-“i‘ \\\\\\\

//’," ;
Vil 2 ' VU pbdoni

xilliped 'o,,"':,,"" Abdomina

-A""o..z"* Thoracic pleopods

limbs

Fig. 10.1. Crustacean morphology a, A diagrammatic longitudinal Section through theely of a
generalized crustaceatb, ¢ & d, Characteristic biramous limbs (greatly simplified)has one tubu-
lar branch and the other leaf-likehas two leaf-like branches — a typical swimmimghjd has two
tubular branches — a typical walking le§ource:Barneset al. (1989).
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3.3 Crustacean classes

The following nine classes of the subphylum Crusaaevhich were listed in the table in the
last unit, will be discussed very briefly:

3.3.1 Class Cephalocarida: Small, blind, less than 4mm long; detritus feedibgttom
dwelling. Body divided into head, thorax and abdomethout cepahalothorax or carapace.
Usually hermaphrodite with paired ovaries and gestering common duct.

3.3.2 Class Branchiopoda: A diverse group of mainly freshwater crustaceamsal§to
vestigial head appendages (except antennae); segkents are not fused to head; trunk
segments with series of similar limbs that decreas@rds posterior; last few segments lack
limbs. Limbs bear gills and supported by hydrostatiessure. Many anearthenogenetic
and eggs are brooded.

3.3.3 Class Ostracoda: Very small, mostly marine, few terrestrial; lesarthLmm long,
rarely approaching 2mm. Short oval body enclosegivalved often calcareous shell formed
by carapace; like some bivalve molluscs, the stedladductor muscles for shutting the shell,
but unlike them, the shell is shed at each mouwtekternal sign of segmentation.

3.3.4 Class Mystacocarida: Minute, less than 1 mm long, elongate, no pigmerd;
rine; distinguished by head which is divided intoadl anterior and large posterior portion,
and trunk of ten segments; first one bears a nmed! even though it is not fused to the
head. Head appendages are large and used in Idoamoiink appendages are reduced, or
are missing; the telson bears a large, pincerflikea.

3.3.5 Class Copepoda: Dominant members of marine plankton and to somengxdf
that in fresh water as well. About 25% of all spscare parasitic on animals ranging from
sponges to whales. Most species are less than Bbngnhowever, one free-living species is
about 2 cm and an ectoparasite about 0.3 m longic&8lly, the body comprises a head, with
well-developed mouthparts and antennae, thoraxxo$egments bearing swimming limbs,
abdomen with five segments and no appendages.itRaspecies show various degrees of
bodily degeneration, sometimes including loss ghsentation and appendages.

3.3.6 Class Branchiura: Small, less than 3 cm long. Periodic ectoparasifesarine
and freshwater fish. They are dorso-ventrally éiagid, with cephalothorax of head and first
thoracic segment, a pereon of three segments, didoaded unsegmented abdomen; the
cephalothorax and, in some, much of the pereomovered by a large, flat carapace, and
bears a pair of compound eyes. Head appendagestlaee minute or modified for attach-
ment. All four pairs of thoracic appendages are llyhar partially incorporated into the ce-
phalothorax and form swimming limbs; abdomen laggpendages. The eggs are attached
to substratum or vegetation.

3.3.7 Cirripedia: The most highly modified of the Crustacea, beirigezisessile or dwel-
lers in other organisms in a parasitic manner. Tdreyeffectively headless, most lack an ab-
domen, and there is little or no evident segmemtafl he order Rhizocephala resemble a
bracket fungus, with a network of fine tubes spieguthrough all the tissues of the host and
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an external sac containing the gonads. The ordeotAsracica parasitize cnidarians and
echinoderms and are the least specialized anatiynica

3.3.8 Class Malacostraca: By far the largest class, with about 23,000 spedesd, it
contains the greatest diversity of body form thlrnhee other classes; just one of its 16 or-
ders, the Decapoda, includes such varied orgaresntsabs, crayfish, shrimps and hermit-
crabs. Their main features are: a head, a thoréx eight segments, and an abdomen with
six (or rarely seven) segments; all these regiomseguipped with a full complement of
segmental appendages, including the abdomen.

3.3.9 Class Remipedia: Represented by a single blind species only destifitmen a
marine cave, very little is known of its biologyo@y is smallish, elongate and translucent,
less than 3 cm long. Has a short cephalothorakeohead and first trunk segment; no cara-
pace; long trunk of over 30 similar segments; swimpside-down. A pair of rod-like
processes in front of antennules.

Fig. 10.2. Selected crustacean body forma, Acorn barnacles (Cirripedialy, A parasitic
copepod (Copepoda); An isopod (Malacostracagl, A brachiopod (Brachiopodag;, A crab
(Malacostraca).Source:Barneset al. (1989).

3.4 Astacus, arepresentative crustacean (Class Malacostraca)

Astacus illustrates most of the distinguishing features thie Crustacea that were
listed/discussed earlier in this unit.

3.4.1 The exoskeleton

The external covering is formed by a segmented keteon which is extremely thick and
hard except at tharthrodial/articular membranes; this, as we saw earlier, is secreted by
the single layer of epidermal cells. The surfagedathe epicuticle, is thin and composed of
tanned lipoprotein, giving impermeability to theiemstructure. The endo-cuticle is thick and
composed of three layers: an outer pigmented lafysclerotized protein, a middle layer of
deposited calcium carbonate and an inner uncalciéiger (refer also to the structure of arth-
ropod integument treated in unit 9).

4.0 Conclusion

The subphylum Chelicerata is much smaller tharCihistacea in terms of number and diver-

sity; the chelicerates are more restricted in thestribution than the crustaceans. The ma-
jority of crustaceans are marine with only a feashwater and even fewer, terrestrial.

5.0 Summary

Chelicerates include familiar animals such as ticgsders scorpions and mites. The first

pair of appendages of chelicerates are calledcgveke, the second pedipalps and the rest four
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pairs are for walking. Chelicerae are feeding apgpges. The body is divided into the pro-
soma and opisthosoma. Chelicerates lack antemmaegibles and maxillae. About 40,000
crstacean species are known, distributed betweenatasses, out of which over 75% are ma-
rine. The group is made up of crayfish, shrimpabs, barnacles, e.t.c. Crustaceans are dis-
tinguished from other arthropods in having two paif antennae and biramous appendages;
they use gills for respiration.

6.0  Tutor Marked Assignment

1). What are the chelicerates named after and whtst isse?

2). How many chelicerate classes are there?

3). Name the chelicerate classes.

4). In a tabular format, distinguish between the claggdhe Chelicerata.
5). Name two crustacean classes and make one statemeath.
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Study Unit 3

THE PHYLUM ARTHROPODA (ARTHROPODS) continued

1.0 Introduction

This study unit is a continuation of the last uniln that unit we briefly discussed the
attributes of the three classes of the subphylumliG¥rae and examined the diagnostic fea-
tures of the subphylum Crustacea. We also selédttusa malacostracan crustacean, as a
representative of the subphylum, for detailed stubiythis unit, we shall look at the organi-
sation ofAstacusand some of its systems. .

The exoskeleton and the general morphologpstbicusconform very closely with the gen-
eral features of the arthropods and the subphytespectively. In studying the features of
this crustacean, we should bear in mind the featafdhe various groups that we have ex-
amined so far: it is triploblastic, coelomate, atpstome, an invertebrate, an arthropod and a
crustacean. We should not loose sight of the faatt it is bilaterally symmetrical, highly ce-
phalized and metamerically segmented and look autefatures that are indicative of these
attributes, all of which we learnt in the precedsatgdy units.

In this study unit, we shall discuss the body orgmtion and other features Astacus as ref-
erence material for the arthropods and crustadegpesrticular.

In discussing the body organisation, we should tid& each tagma of an arthropod, includ-
ing those fused together, typically bears a pajowmited appendages. In the head region, one
or two pairs are modified into long sensory struesucalled antennae and/or antennules.
Tooth-like jaw appendages called mandibles are ads@lly present. Maxillae are limbs in
the head region that are modified to pass footieéartouth. Most of the other appendages are
used for walking or swimming; gills may be attachedhe legs in aquatic forms.

2.0 Objectives

By the time you complete this study unit you shdutdable to:

Appreciate the morphology éfstacusa representative crustacean.

List the different types of appendages and theictions inAstacus

Describe the body organisation of male and ferAstacus

Discuss aspects of locomotion, respiration, citioiieand excretion ikstacus
Know the structure of the digestive system and ggsgénAstacus.

CO00D

3.0 Body organisation of Astacus (Fig. 11.1)

Astacuscan be divided into three regions or tagmata, #edhconsisting of six segments),
thorax (eight segments) and abdomen (six segmeitiisanposterior telson); the head and
thorax are almost indistinguishably fused asephalothorax covered dorsally by the cara-
pace. A cephalic groove roughly indicates the deataom between head and thorax dorsally,
and ventrally, some signs of external segmentsvisible. An accurate assessment of the
number and position of the segments can be made thhe appendages which are one pair
per segment. The appendages are modified in responspecific feeding or sensory func-
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tions. The head extends anteriorly as a pointstirum, with a stalked eye lying on either
side. InAstacusthe least specialized appendages,pleepodsor swimmeretsoccur on the
first five abdominal segments. The exoskeletorhefdbdomen also shows the least modifi-
cation, with each segment consisting of a ring fuinfrom a dorsalergite (tergum) and a
ventralsternite (sternum) (see the features of the arthropod$iinQ). The tergites overlap
dorsally whereas the sternites are joined by a wedgon of flexible membrane. The pleo-
pods arebiramous and attached ventrally to the abdomen bgratopodite; the latter is
composed of aoxopodite (coxa) and éasopodite/basipodite(basis). The two branches
attach to the basipodite, an ouexopodite and an inneendopodite and both are fringed
with bristles or setae. The appendages of the aeddhorax, as well as the other abdominal
appendages are modifications of this basic stracteither by loss of parts (the appendage
becoming secondarily uniramous) or by additionartg

In femaleAstacusthe first five_abdominabppendages are all similar to the basic structure
described except that the first pair is reducedize. In the malefirst pair is reduced to an
unjointed rod and the second being stiffened, adifinations for sperm transfer. The endo-
podite of the sixth pair of abdominal appendage®aslified in both sexes to form a broad
fan-like structure, theropod whose protopodite has a single segment, and hetleridopo-
dite and exopodite are greatly expanded. In contibimavith the telson, they form an effec-
tive rudder and swimming appendage; they act inkioation with the strong contraction of
the abdominal muscles, for rapid backward swimmvhgn necessary.

First antenna
(Antennule)

I

iy
Dactylopodite & 'M
Propodite (Chela)_ '—.,7

Palp of Mandible Endopodite: Carpopodite

= Third maxilliped Ischiopodite
—~.___First Pereiopod
5™ Thoracic limb Basipodite:
Protopodite Modified first
Abdominal
"Appendage
odified 2™
Abdominal
Appendage
Unmodified

DORSAL VENTRAL

Fig. 11.1.Body organisation ofstacusDorsal and ventral views éémale (Left); Ventral
view of male (Right). Source:Kershaw (1988).

Note: The propodite is the sixth joint of the typical lefga
crustacean; Protopodite is basal part of a birarappgndage
and consists of the coxopodite and basopo-
dite/basipodite/basis

The headbears five pairef appendages. The most anterior
are thefirst antennae, or antennules which are relatively
short and have two filaments borne on a peduncléhrefe
segments. The second pair lies posterior to tHkestacom-

Fig. 11.2.Basic structure of g
crustacean appendagource: )
Barnes (1980




pound eye; (remember that the possession of twemaae is a diagnostic feature of the crus-
taceans, as we saw in unit 10). The endopoditeefihtennae is represented by a long seg-
mented filament and serves as a sense organ; tipedite is a basal plate which controls the
angle at which the animal dives. The head is aésothree pairs of feeding appendages sur-
rounding the ventrally located mouth. A pair of ghteavymandibles (segment 4) with op-
posing surfaces for grinding covers the mouth, whias a non-flexible labrum at the front.
Behind these are two pairs of accessory feedingtsires, the first and second maxillae. The
first maxillae (segment 5) are small and flattem&ith two basal joints that are expanded and
fringed with setae, and a reduced, unjointed endid@oBoth the coxopodite and basipodite
of the second maxillae (or maxillules) (segmentadg expanded as bilobed structures; the
exopodite is also greatly enlarged axaphognathite which acts as a paddle to create respi-
ratory currents.

There are five pairsf thoracicappendages. The most anterior are the riestillipeds, with
their coxopodites and basipodites extended inwdheésendopodites form a broad plate and a
tiny, two-jointed structure, and the exopodites expanded into a long, many-jointed fila-
ment. The second and third maxillipeds each begaaimof gills on the coxopodite. The ex-
opodite is slender, with many segments, while tidopodite is large with five joints (named
from the baseischiopodite, meropodite, carpopodite, propodite, anddactylopodite), each
bearing setae. The same joints and gills are foarttle posterior thoracic appendages, but
these all lack exopodites. The first pair, the igieels, are the longest and most conspicuous
limbs of Astacuswith the protopodite andactylopodite modified as a pair of huge pincers
or chelae The four posterior thoracic appendages, the wglkegs orpereiopods (pereo-
pods), are similar except that the anterior two pairarksnall pincers while the others have a
pair of simple spines.

3.1 Locomotion

Astacugyenerally walks on its walking legs (pereiopod®)ding its chelipeds out in front to
counter-balance the weight of the abdomen. Movensmelped by a rhythmic anterior-
posterior beat of the pleopods (swimmerets), wiaidh chiefly used for swimming. Unlike
many crustaceangstacuscannot swim using the pleopods alone as theseigpeodortio-
nately small for its size. If startled,rigtreats by darting backwards abruptly, as a redutie
sudden flexure of the abdomen with the uropodstalsdn acting together as a paddista-
cusis incapable of darting forward. The rapid nerveosordination for this activity is pro-
vided by a giant fibre system, similar to we savhi@a annelids.

3.2 The digestive system and nutrition

Astacushas a straight gut with an anterior end highly rfiedifor grinding. There are no ci-
lia, and food is moved entirely by peristalsis. Theuth leads into stomodaeum lined with
chitin, and consisting of a short oesophagus amuminousproventriculus, which has two
chambers. The firstcardiac) chamber has a series of chitinous teeth anduéating plates,
moved by muscles, which together form a gastri¢ wihlere food is crushed and ground. The
second gyloric) chamber (15, 16 in diagram) forms a sieve witlws@f chitinous setae;
here, the food is ground into extremely fine p#&Bdefore it is passed down the alimentary
tract into themidgut. This grinding protects the midgut from damageabyasion, and also
allows Astacugo have a very broad and unselective diet.
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Astacuscomes out of hiding to feed at night. Food consi$talmost anything organic,
animal or plant, alive or dead; it will eat snailsinsect larvae, and frequently feeds on shells
or calcareous algae for their calcareous contemtinD the coldest times of the ye&stacus
retreats into a burrow and does not feed. The grooétransferring food into the mouth in-
volves six pairs of appendages (the mandibles, llaaximaxillules, and first, second and
third maxillipeds) and therefore is complicatedeTthird maxillipeds are the largest and are
used for picking up and tearing food; apart fromuse in food acquisition, it protects the
other appendages when the animal is not feedingn®tearing, the torn pieces are grasped
by the mandibles and pulled by the second maxdspand with the aid of the first maxilli-
peds, passed forward to the mandibles. The fodbes further broken up by forward and
backward movements of the mandibles, and then push@the mouth by the maxillae.
Ingested food is broken down mechanically; chemiligéstion occurs in thetomodaeum
A large bilobed digestive gland, thepatopancreas(18 on the diagram), which consists of
numerous finely-branched tubules, lies in the hamrale and opens into the midgut. A wa-
tery dark-brown mixture of protease, carbohydrase lgpase is produced and sucked for-
wards into the cardiac chamber by dilator musdlesugh paired ventral canals protected by
a setal sieve. Digestion therefore starts in th&rgamill, and when it is sufficiently ad-
vanced, partly digested food and fine particlespmesed back along the ventral canals into
the pyloric chamber. This is tubular, the most aoteegion acting for storage, and the next
as a press in which partially digested and liquatter is squeezed out. Digested food is ab-
sorbed in the hepatopancreas which is also usedtéoage of food reserves. Indigestible
matter is passed along to the midgut and eventledlyes the anus via the cuticle-lined hind-
gut (proctodaeum). The anus opens in the ventradlime of the telson.
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Fig. 11.4. The green gland (An-
tennal gland) of Crayfish.
Source:Barnes (1980)

Fig. 11.3. Scheme of internal organization of crayfish (male

KEY

Digestive system13, mouth; 14, esophagus; 15, cardiac stomactpyléric stomach; 17, intestine;
18, digestive glandExcretory system: 19, green gland (antennal gland); 20, bladder;eéretory
pore Reproductive system:22, testis; 23, sperm dudirculatory system: 24, heart; 25, ostium;
26, ophthalmic artery anterior aorta; 27, antenraatgry; 28, dorsal abdominal artery; 29, sternal
artery; 30, segmental artery; 31, ventral abdomamtdry; 32, ventral thoracic arteffervous sys-
tem: 33, brain; 34, ventral nerve cor@ource:Meglitsch (1967).
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3.3 Gaseous exchange

Astacushas developed a series of outgrowths (epipoditésghwfunction as gills and have
only a thin cuticle separating the blood from thspiratory current, this compensates for the
restriction of permeable surfaces imposed by arskeleton. It has eighteen pairs of gills
crowded into a branchial chamber formed by latesdensions of the carapace, known as
branchiostegites The ventral surface of the branchial chambenravided by the bases of
the limbs, from the second maxilliped to the pasteznd of the thorax.

Two types of epipodites occur, which are arrangethree layers. Thpleurobranchs and
arthrobranchs arise from the side of the thorax and from thealdtory membrane between
the leg and the body, respectively. They both heaveather-like structure with a main stem
(which carries the afferent and efferent blood gkgsbearing closely set branchial filaments
on each side. Theodobranchsarise from the coxopodites of the appendages sndauble
structures; the anterior branch is feather-like dredposterior plate-like. There is considera-
ble variation in the arrangement of gills amongstaaeans.

Water current is essential for successfully githdtion. The current flows forward and is
created by rhythmic sculling of the scaphognathisesond maxillae) which has a pumping
effect. Water enters between the limb bases atldegposterior margin of the carapace; the
gills are arranged to curve towards the currené dinection of flow is reversed periodically,
to wash debris off the gill surfaces.

Gaseous exchange takes place in the thin-walléfllghents which together provide a large
surface area. The blood contalmemocyaninin solution, which functions in a similar way
to haemoglobin. The pigment is blue-green in coldue to its copper content. Oxygen is
taken up and transported, both in combination Wighhaemocyanin and in physical solution.
Roughly 60 to 70% of the oxygen available in solatin the water current can be taken up
by the crayfish.

3.4 The circulatory system (see Fig. 11.2)

Astacushas an open circulatory system, therefore its roggans lie and are bathed in blood
within the blood-filled haemocoel, like in all artpods, as we saw earlier. On the dorsal side
of the thorax the haemocoel forms a large perieaggiace (sinus) surrounding the heart. The
heart is a muscular structure, polygonal in cressien and held in position by six strands of
elastic fibres. After each contraction of the headscles these fibres cause it to expand
again. Blood enters the pericardial sinus laterfitbyn the gills, and passes into the heart by
three pairs obstia (antero-dorsal, lateral, and ventral). The osparopassively when the
heart expands to admit blood. Blood leaves thetlibesugh seven arteries which convey it
to the various blood-filled spaces in which theamrg that lie in them are bathed. At the en-
trance to each artery there is a pair of valveshiwd from flowing back into the heart when
it expands.

A median anterior arterytie ophthalmic artery) extends forwards to supply blood to the
brain, antennules, and eyes; near its anteriortemas a contractile dilation which functions
as an accessory heart. In many small crustaceasnty be the only artery present. Two
lateral antennary arteries supply the antennulggnaae, the green glands, and the anterior
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region of the alimentary canal. A pair leépatic arteriesleaves the heart latero-ventrally, to
supply the digestive gland and gonads. A mediarsal abdominal artery from the post-
erior end of the heart extends along the abdomdrsapplies the abdominal muscles and in-
testine. Thesternal artery also leaves the heart posteriorly and descentigeteentral region
of the body where it divides into two branches; ohéhese, th@entral thoracic artery, ex-
tends anteriorly, and the other, thentral abdominal artery, extends posteriorly. A series
of blood vessels, branch off these vessels, tolgumpemocoeles within the appendages.
Blood passes from the various spaces into largéralesinuses and on to the gills, from
where it goes back to the heart.

3.5 Excretory system (see Figs 11.2 & 11.3)

The principal osmoregulatory organsAstacusare the pairegreen/antennary glandsthat

lie in the haemocoele anterior to the mouth. Thaytain a rudiment of the coelom and are
sometimes called coelomoducts. The glands are mpds a ventral glandular region over
which lies a large, thin-walled bladder that op#nsugh a duct in the base of the coxopodite
of the antenna. The glandular region has an inmettsat is partitioned; this leads to a green
labyrinth of cells from which a coiledephridial canal leads to the bladder. Blood is sup-
plied to capillaries within the inner sac by theemmary artery, and it is believed that ultra-
filtration occurs between the inner sac and thedjlsalts are reabsorbed in the nephridial
canal. The green glands are therefore able to atgtihe salt/water balance Astacus The
urine formed, which collects in the bladderhigpotonic to the blood. Nitrogenous waste,
which for the most part is ammonia, is expelledtigh the gills. Small amounts of amino-
nitrogen (10%) and urea are also excreted.

4.0 Conclusion

Astacusis a crustacean with its body divided into two miggions. It is a coelomate inver-
tebrate whose coelom is reduced, the main bodyycheing a haemocoel. It is a good repre-
sentative of the subphylum Crustacea.

5.0 Summary

The body of crustaceans is divided into a cephalathand an abdomen. Distinguishing fea-
tures of the crustaceans are: a cephalothorax edugy a carapace, biramous appendages,
two pairs of antennae,three types of paired chewipgendages and various pairs of legs.
The gut is more or less a straight tube and foadased along by peristalsis. Gaseous ex-
change is through gills and the circulatory systenopen. The excretory organ is the
green/antennary gland and the excretory produnbistly ammonia.

6.0 Tutor Marked Assignment

1). What is the cephalothorax?
2). Inone word, describe the uniqueness of crustagppendages.
3). How many segments do the thoracic appendages stbceans have? Name them.
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4). Write a brief description of the osmoregulatoryistures ofAstacus
5). What is the haemocoel?
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Study unit 4

THE PHYLUM ARTHROPODA (ARTHROPODS) continued

1.0 Introduction

From what we learnt in units 9 to 12, we can descri be arthropods
as bilaterally symmetrical, metamerically segmented , with chitin-
ous exoskeleton, paired jointed appendages (of whic h at least one
pair is modified as "jaws"), a haemocoel and a dors al heart. In
the last unit, we discussed the external features a nd some as-
pects of the anatomy and biology of Ast acus, a typical crusta-

cean. In discussing the internal organisation and t he excreto-
ry and circulatory systems, we observed the reducti on of the
coelom with the development of a haemocoel (refer t o study

unit 1).

In this study unit, we shall conclude discussiontlosm organisation and biology éfstacus
which we selected as the representative crustad®arshall examine the sensory structures
and nervous system @fstacusand the economic importance of crustaceans. ditiad, we
shall introduce the subphylum uniramia, which is targest of the four subphyla of arthro-
pods.

2.0 Objectives
After the completion of this study unit, you shoblel able to

U Describe the nervous system and sensory strudtufesacus

U Appreciate the life history and importance of cagsians

U Appreciate the basic differences between uniramaawisother arthropods.
U List the characteristic and special features ofuthieamians.

U Recognize the morphology of uniramians throughgéreeralized forms.

3.0 Nervous system and sense organs of Astacus (refer to Fig. 11.1
in unit 17)

The arthropod central nervous system closely rekentbat of annelids although the former
shows a higher degree of cephalizatidstacushas a double ventral nerve cord whose
strands are separate over most of their lengtratmutinked by segmental ganglia that show
some degree of fusion. The brain forms a ring railnedanterior end of the alimentary canal;
it is formed by cerebral ganglia (which lie anterio the mouth) connected to the sub-
oesophageal ganglion (formed by the fusion of gangegments 4 to 8) by a pair of circum-
oesophageal commissures. The remaining thoraci@abddminal ganglia are separate struc-
tures in segments 9 to 19. The cerebral gangleiveamerve fibres from the antennae, anten-
nules and eyes; the sub-oesophageal ganglion ¢oattanouthparts except the third maxil-
lipeds.

Astacushas a well-developed system of giant fibres thatcmmparable with those of the
annelids i.e. two median fibres extend from tharbta the telson, and two laterals arise seg-
mentally and are not connected to the brain. Thatdibres provide nerves to the longitudin-
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al abdominal muscles causing sudden rapid flexand,also bring about sudden movements
of the abdominal and thoracic appendages and aagefiine whole system provides a very
effective escape reaction, as we mentioned eairi@gnnection with locomotion.

Astacushas very well-developed sense organs. It has contpeyes of the type found
among the arthropods, which are capable of detpctot only different light intensities but
of forming images. These are large and prominemd,raade up of about 2,500 units called
ommatidia (sin. ommatidium), each pointing in a slightly éifént direction. An ommati-
dium is essentially a self-contained light-sensitiinit capable both of refracting light and of
initiating nerve impulses which are transferrednt® cerebral ganglion via the optic nerve. Its
outermost region is a biconvex lens composed obparent cuticle that is shed and replaced
when the animal moults. The structure of the omalietis such that it permits vision under
different light intensities.

Balancing organs ostatocystsare very important in aquatic crustaceans SUCAS$&CUS.
These are in the form of sacs, which open to thsidel through a tiny pore at the base of the
antennules. Each sac is lined with sensory haidscantains thestatolith, a bunch of sand
grains that move around hitting against the senbais, causing impulses to be sent to the
brain. Whenever the animal moults, the statolittoss along with the cuticular lining and has
to be replaced with suitable grains picked up by @mtennae and introduced through the
openings of the statocyst.

Setaewhich respond to touch armthemoreceptorsoccur on the mouthparts as well as on
the antennules and antennae. The antennae areufaltyi important as they can be held for-
wards or bent posteriorly to gain information ahaad behind as the animal moves.

3.1 Reproductive system and reproduction

The sexes are separateAstacus)ike in most crustaceans. The reproductive orgaesa
pair of testes or ovaries joined to form a Y-shagtedcture; they give off two anterior canals
that extend to the sides of the pericardial spaid,a single posterior canal. In the female the
two short ducts open near the bases of the seanafpwalking legs. The walls of the ovi-
ducts are responsible for secreting a protectivenchis shell over the eggs. In the male the
sperm ducts are long and highly convoluted, anch @e¢he bases of the fourth walking legs.
The glandular lining secretes a sticky substancelwburrounds the sperm while in the
sperm ducts. The sperm have no tails and are Iségred with many spines.

Mating takes place shortly after the female haseuyohe her pre-adult moult. Male and
female Astacuslie sternum to sternum, the male holding the fenal his chelipeds and
walking legs. The male uses his first two pairgrafdified abdominal appendages to place
and stick spermatophores onto the posterior stendapleopods of the female. When they
come into contact with the water, the sticky seorethardens and they may survive for a
considerable length of time, up to a month.

External fertilization takes place after the parsnleave separated. The female lies on her
back with her abdomen curved forwards to form aspeoofed by the abdominal terga with
sides formed by long setae on the lateral marginbeoterga. Eggs are discharged into the
space, and moved about by a current produced blyeatng pleopods. The sperm, released
from the spermatophores, stick to the eggs by g8pires and explode, firing their nuclei into
the eggs. The fertilized eggs are cemented to alpsetae on the pleopods by a fluid pro-
duced by specialized glands, which forms a proteatoat round each egg.

Development takes place within the yolky egg. Thgseare carried by the female until
they hatch as miniature adults, lacking some abdaha@ppendages. They remain attached to
the female's pleopods by specially modified, hooeelipeds until they are fully grown.
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The development dAstacusn which larval stages are omitted, is hot comraorong crus-
taceans. Most crustacean eggs hatch into larvaehwdrie totally unlike the adult and go
through a succession of different larval forms ¢oalop into the adult.

A free-swimming planktonic larva occurs in most marand also some freshwater crusta-
ceans, the earliest basic type beingrtheplius (plural nauplii). It has only three pairs of ap-
pendages: two pairs of antennae and a pair of rokasgliit lacks trunk segmentation and has
a single median or nauplius eye. The nauplius ta@rid metamorphoses into the other lar-
val stages depending on the crustacean order. Weeiirst eight pairs of trunk appendages
are free of the carapace, the larva in higher noglagcans is calledzpea In crustaceans in
which the earlier larval stages are not clearlyraf from the earlier stages, the term postlar-
va is applied. The postlarva may be quite sintdathe adult in general appearance. The ba-
sic developmental pattern of nauplius, zoea (cedsivalent), and postlarva is very frequent-
ly modified. The postlarval stages of different goe are quite distinctive, and are confined
to certain groups, for example theegalops(megalopa) of crabs (Decapoda), aygris lar-
vae, which are found only in barnacles (Cirripedifi)he zoea is very unique, it may be des-
ignated differently e.g. thenysis of lobsters. The intermediate stages also haverdift
names; for example, the later nauplinstars (forms between moults) are callegtanaup-

lii (singular: metanauplius), and the pre-zoeal instaalled grotozoea Crustacean devel-
opment and metamorphosis rarely includes all thegeised larval types; a sequence of just
two or three types is more common.

The larval stages which have been identified amecmngtaceans and discussed above are
shown in Fig. 12.1 below.

Nauplius

Megalops

Fig. 12.1. Larval stages of crustaceardource Meglitsch (1967).

3.2 Importance of crustaceans

3.2.1 As food

The crustaceans that are most obviously benefaidlimportant to humans are the larger

edible species, mostly decapods.

* Marine shrimps, prawns, lobsters and crabs areadusources of food, and thus of con-
siderable economic importance to fishing industitesughout the world.

* The most highly prized decapods are the true lobsthich are regarded as delicacies
both in North America and in Europe.

» Freshwater crustaceans, including crayfish and soreeprawns and river crabs, have
local market value in many parts of the world.

* The large acorn barnaclBdlanus psittacys measuring up to 27 cm in length, is re-
garded as a delicacy in South America, and a stdikenaclelitella pollicipeg is eaten
in parts of France and Spain.
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In Japan, barnacles are allowed to settle and grobamboo stakes, later to be scraped
off and crushed for use as fertilizer.

Planktonic (i.e., drifting) copepods, suchGaanusandEuphausiamay occur in such
great numbers that they discolour large areaseobffen sea and indicate to fishermen
where shoals of herring and mackerel are likellyedound.

The water fleaaphnig and the brine shrimpgA¢temig are used as fish food in aqua-
riums and fish ponds, and the larvae of the latterwidely used as food for the larvae of
larger crustaceans reared in captivity.

Shrimps are used as components of livestock feedssaurce of calcium.

3.2.2 As pests/parasites

In parts of Asia much damage may be done to ridelipa by burrowing crabs and mud-
eating shrimps of various species. By underminiagdy embankments, they allow water
to drain away, thus exposing the roots of the glémthe sun, and in coastal areas salt-
water may be allowed to seep into the paddies.

Tadpole shrimpsT{riops) are often numerous in rice fields, where theygtithe fine silt

in search of food, killing many of the plants.

In some areas, land crabs and crayfish sometinvaslénand damage tomato and cotton
crops.

The stalked goose barnaclégpag often attach themselves to boats below the waégrl
and encrust them heavily, necessitating periodieddicking of vessels in order to scrape
and clean the hull.

Parasites may destroy hatchery fish.

There a number of important crustacean parasitagudtic vertebrates, particularly fish,
and invertebrates. Copepods parasitic on fisk ¢pllg.ErgasilusandLamproglena may
cause loss of gill tissue thus impairing respirmatidhe copepotepeophtheirus salmonis
is a parasite of major economic importance in figse Another exampl&acculina
(Cirrepedia), parasitizes crabs; infestations leyrtltause castration resulting in infertility
in the crab.

The isopod.ivonecainfects and sucks blood from the skin and gill .

Some crustaceans serve as intermediate hostsasitgarof humans and wildlife.

3.3.3 Uses other than for food

Crustaceans are important primary and secondaigucogrs in many aquatic systems,

and are especially crucial in limnetic waters (tgbted surface water in a lake with no

rooted aquatic plants).

Some species support direct fisheries and aqureuftsr human food or fish bait, impor-
tant fish and wildlife foods.

Some may help control unwanted aquatic vegetation,

Many are good environmental indicators for metat$d rain, global warming, etc.

3.3 Subphylum Uniramia (Latin: unus, one; ramo, branch)

The subphylum Uniramia is characterized by indigiduwith uniramous (single-branched)
appendages (as the name implies), one pair of ma¢eand two pairs of mouthparts (single
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pair each of mandibles and maxillae). The Uniraam&primarily terrestrial, although many
species have secondarily invaded freshwater, ahiase reinvaded the marine environment
and one group has the ability to fly. Uniramia udzs millipedes, centipedes and insects.
Onychophorans were formerly included in the Uniaimit they are now placed in a separate
phylum; we shall very briefly discuss their relaship with the arthropods. Uniramians are
by far the most common and diverse major grouprihir@pods, making up over 75% of all
known animal species. Like the crustaceans, theywary important both economically and
ecologically.

3.3.1 Diagnostic and special features of the subphylum Uniramia

1. Bilaterally symmetrical; < 1 mm-35 cm long arthrolgovarying in body shape from ex-
tremely elongate to almost spherical.

2. Body more than two cell layers thick, with tissaesl organs.

3. A through, straight gut without digestive diverti&y.

4. Body divided into two regions, a 'head' and threéoar appendage-bearing segments,
and a 'trunk’ bearing pairs of walking legs; in ah&ss, the trunk comprises a series of
up to 350 relatively uniform segments, most of whiear walking legs; in the other
class, the trunk is differentiated into a 'thonaith three pairs of legs, and an ‘abdomen’
of up to eleven segments with highly modified apgtsages, if any.

5. Appendages are uniramous, those of the head inahmée pair each of ‘antennae’,
'mandibles’, and maxillae, and in some groups argkpair of maxillae, those of the
trunk all form functional or modified walking legajthout chelicerae or chelate limbs.

6. Two or three pairs of mouthparts (the mandibles macxillae); members of each pair
work with or against the other; the bases of thilta&, or second maxillae in those
groups have two pairs, which fuse to form a pligering the pre-oral cavity (the labium
or 'lower lip").

7. Head with lateral ocelli, frequently organized ictampound eyes; sometimes also with
median ocelli.

8. Trunk, but not head, externally segmented.

9. Most members of one class with one to two paingiafys on the thorax.

10.With a fat body in the haemocoel, often closelyagged with the gut.

11.Excretory system: none to two pairs of maxillargrgls in the head, and 1-75 pairs of
unbranched ectodermal Malpighian tubules arisimgnfthe hind-gut near its junction
with the mid-gut and discharging mainly ammonia/andric acid.

12.Exoskeleton calcareous or, more commonly, non-cadtes.

13. Gaseous-exchange organs paired, branched tracheal through which air diffuses.

14.Blood without any circulatory function in respedttbe respiratory gases, and without
respiratory pigments (except in a few larval stiges

15. Gonochoristic, with internal fertilization througipermatophores or copulation.

16. Several groups with a distinct larval stage; otlextehing with less than the full com-
plement of segments (and legs), additional segnieitg) added at each moult.
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Fig. 12.2. Diagrammatic longitudinal sections through twagmlized Uniramialeft, My-
riapod;Right, Hexapod (insect)Source:Barneset al. (1989).

3.3.2 Phylum Onychophora (Velvet worms)

¢ These are terrestrial caterpillar-like animals; wbo
12cm long.

¢ They possess a combination of arthropod and annelid
characters and have been described as a “missing
link” between both groups; they have also been de-
scribed as “living fossils”. Oral papilla

¢ They occur in damp forests beneath logs of woods,
leaves and beneath the bark of rotten logs.

Antenna

Mandible
Mouth

¢ They are largely nocturnal and avoid light. Fig. 12.3. Peripatus,an onychophoran.

¢ They are found in Australia, Tasmania, New Zealangourct: Kershaw (1988
New Guinea, South Africa and Chile.

¢ The best known i®eripatus By 2004, there were about 155 species distribatadng
47 genera.

4.0 Conclusion

The nervous system of arthropods resembles thahmélids. Reproduction iAstacusex-
cludes larval stages, unlike other crustaceansist@ceans are both beneficial and detrimen-
tal.

5.0 Summary

The brain ofAstacuss in form of a ring of ganglia around the antepart of the alimentary
canal. Most crustaceans are monoecuous andZatian is external. Astacus does not have
any larval stages but most crustaceans do. Latagles identified among crustaceans in-
clude: Nauplius; Protozoea; Zoea; Megalopa (Megglapd Mysis. Crustaceans form impor-
tant links in both aquatic and terrestrial food wiebhere are several important pests and pa-
rasites among crustaceans. The subphylum Unirasnimade up of arthropods with un-
branched appendages. There are two general bauyg fafr uniramians: myriapodod type and
hexapod (insect) type.

6.0 Tutor Marked Assignment
List the sense organs of crustaceans and mengamftimctions.
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List the larval stages of the different crustacgayups.
List five ways each, in which crustaceans are heiaétnd detrimental.
What is an instar?
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Study Unit 5

THE PHYLUM ARTHROPODA (ARTHROPODS) continued

1.0 Introduction

The phylum Arthropoda is very large, as we haveeplel in the last four study units; it is so
large, diverse and important that a whole couragsiglly devoted to its study. In unit 12,
we completed some aspects of the organisation ehaolyly of the crustaceans and discussed
some ways in which they directly and indirectlyeated humans; in the same unit, we
introduced the subphylum Uniramia, the last of fina arthropod subphyla and very briefly
mentioned the phylum Onychophora, which until rélgerwas a class in the phylum
Arthropoda. We discussed the special featuresetthramians with the aid of generalised
diagrams of the two main types. In this study ,uwi¢ shall list the characteristics of the
classes Chilopoda, Diplopoda, Symphyla and Pauipaitl of which are described as my-
riapods (many feet), and discuss the Insecta iatgreletail.

2.0 Objectives

Characterise the myriapodous uniramians

Appreciate the basic differences between the naajbropod groups.
List the characteristics of myriapodous arthropods

List the characteristic and special features ofcthss Insecta.
Characterise insects by their orders.

Appreciate the body form of insects.

CO00D0O0

3.0 Myriapodous arthropods* (Myriapoda means many footed).

* They are terrestrial with one pair of antennaeraady pairs of walking legs.

» Their bodies consist of a head and a long trunk.

* They lack a waxy epicuticle and are prone to desicn; they therefore live in humid
areas.

* True compound eyes are absent, simple eyes arefsent.

» Respiration is by means of trachea.

* Excretion is by means of Malpighian tubules.

* Sexes are separate.

* Young resemble adults but have fewer segments.

Table 13.1. Classification of the myriapodous uniramians watkamples of the different
classes

| Class | Figures of Examples

* The term myriapod is used here as a descriptive ter many-footed arthropods. Myriapoda is regdrde
as a subphylum by many workers and as a classrhg.sMyriapodous arthropods include the Chilopoda
(centipedes), Diplopoda (millipedes) and two ottraall groups, Symphyla and Pauropoda.
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Class Figures of Examples
Diplopoda
¢ Commonly known as millipedes.
¢ Each apparent segment bears 2 pairs of legs (Qigkp
¢ The first four segments represent the thorax, whidr one pair
of legs each.
¢ No appendages on the first trunk segment.
¢ The genital pore is in the third thoracic segment.
¢ They are sluggish and sensitive, often coiling inemvdisturbed
they also do this for protection.
¢ They are cosmopolitan in the tropics hiding unéewks, stoneg
logs etc. -
¢ They generally keep away from light. 27&
¢ They are herbivorous. =it St
a, Lithobius b, Scutigerac, Scolopendra
d, Geophilus
Chilopoda
¢ They are commonly known as the centipedes.
¢ The body is dorso-ventrally flattened.
¢ The trunk segments are numerous (15-177).
¢ Each trunk segment except the last two bears despajr of
legs.
¢ The first trunk segment bears poison claws or rlipeds,
which cover the other mouthparts.
¢ The cuticle is elastic and not strengthened.
¢ The genital pore is located at the posterior entti@body.
¢ They are fast moving and do not coil but also liveler leaves
bark of trees, beneath stones and around the house. :
¢ They are carnivores. e, Chordeumaf, Glomeris (pill milli-
pede);g, Julus h, Polyxenusi, Polydes-
mus
Symphyla
¢ They are small, less than 8 mm long.
¢ They are morphologically similar to the centipedes.
¢ The leg-bearing segments are not more than 12.
¢ They have a single pair of legs per leg-bearingrssd.
¢ Asingle pair of tracheae that open through spisioh the head. Scutigerella
¢ They are blind.
¢ They are herbivorous.
Pauropoda
¢ They are minute, less than 2 mm long.
¢ They live in the same habitat as symphylans anlibeniles.
¢ They feed on fungal hyphae.
¢ They are morphologically similar to the millipedes.
¢ The head bears two maxillae. Organs of o e
¢ The first two and last two trunk segments haveegs.| J, Tomésvary
¢ They have no heart. s
¢ They have no tracheae. 7 ,
¢+ They have branched antennae. Pauropus Dorsal view (J) & Lateral
¢ They are blind and colourless. view (3).
¢ They all belong to one order.
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3.1 Theclass Insecta

3.1.1 Insect diversity

Insecta is the largest class of animals, in terms of number of species: Nearly one million have so far
been described, and it is believed that several times that number remain unknown to science. Al-
though only a few species are marine (and none have been found in the deep ocean), insects are
dominant in almost every terrestrial and freshwater ecosystem, and they occupy nearly every ecologi-
cal niche available to animals (herbivores, carnivores, internal and external parasites, detritivores,
etc.). Insects are also called hexapoda, which means "six feet," a very familiar insect characteristic.

3.1.2 Characterisation and distinguishing features

Insects are characterized by three pairs of legs pairs of wings, a single pair of antennae,
and a pair of compound eyes. Their bodies are gexldby an exoskeleton of sclerotized cu-
ticle and divided into three regions: head, thaas abdomen.

The main external body features that are uniquenécfour major Classes of living arthro-
pods: crustaceans, myriapods, arachnids and ingegetshown in Table 13.1. All the fea-
tures that are listed for insects are not sharethéyther arthropod groups and are therefore
unique.

Table 13.1.The major arthropod classes and their distingngslkeixternal morphological fea-
tures

Group Main body regions Pairs of legs Pairs of antenae Wings

Crustacea Two: cephalothoraxFive or more Two Absent
and abdomen (some
with head & trunk)

Myriapoda Two: head and trunk Many; one or One Absent
two per trunk
segment
Arachnida Two: cephalothoraxFour None (paps may Absent
& abdomen (prosoma resemble antennae
& opisthosoma) or legs)
Insecta Three: head, thoraxThree One Usually present (but
& abdomen many arevingles9

3.2 Classification of insects

Insects are generally recognised and studied bydhgers, so the first thing to do when try-
ing to identify an unknown insect is to determitsedorrect order. This can be done for many
common insects with the aid of a hand-lens andnplsi key. Insects are placed in 29-34 or-
ders, 31 of which are listed in Table 13.2 beldwe subclasses of insects and their features
are also indicated. The number of insect ordereesawith different classification schemes;
this is the reason why a range of numbers has ¢@en here for the number of orders. Over
85% of insect species belong to four of the ordersch are quite familiar: the beetles (Co-
leoptera); the flies (Diptera); the moths and biltes (Lepidoptera); and the wasps, bees and
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ants (Hymenoptera). Despite their number and diyerigsects are less diverse than crusta-
ceans.
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Table 13.2.Insect orders with their subclasses and features
(Source modified from http://www.kendall-bioresearch.do).u

ORDER

. Thysanura
. Diplura

. Protura

. Collembola

. Odonata

. Plecoptera

0N o g~ W NPk

©

. Orthoptera

10. Phasmida
11. Dermaptera
12. Embioptera
13. Dictyoptera
14. Isoptera
15. Zoraptera
16. Psocoptera
17. Mallophaga
18. Anoplura
19. Hemiptera

20. Thysanoptera

21. Homoptera

22. Heteroptera
23. Neuroptera

24. Coleoptera
25. Stresipstera
26. Mecoptera

27. Siphonaptera

28. Diptera
29. Lepidoptera
30. Tricoptera

31. Hymenoptera

. Ephemeroptera

. Grylloblattaria

COMMON NAME
Bristletails; silverfish
Two-pronged Bristletails
Springtails
Mayflies
Dragonflies
Stoneflies

Crickets, Grasshoppers & Lo-
custs

Stick and Leaf Insects
Earwigs
Web-spinners
Cockroaches and Mantids
Termites
Psocids or Booklice
Biting Lice
Sucking Lice
True Bugs
Thrips

Alder Flies, Snake Flies and
Lacewings

Beetles

Stylopids

Scorpion Flies

Fleas
True Flies

Butterflies and Moths
Caddis Flies

Bees, Wasps and Ants

SUBCLASSES & FEATURES

APTERYGOTA
These are wingless insects and their body strustuggests
that they have never had wings during their evohaig
history. Young stages resemble the adults - no nwtzmo-
sis @metabolous. Their mouthparts are partially enclosed
within the head capsule/withdrawn into head.

PTERYGOTA

Division EXOPTERYGOTA
These are winged insects, although some have kst th
wings during the course of evolution. When presinat,
wings develop externally and there is no marked ghan
(metamorphosis) during the life cycle. The youragss,
called nymphs, resemble the adults except in sidara
lacking fully-developed wings paurometabolous/ sim-
ple/gradual/incomplete metamorphosis Mouthparts pro-
trude from the head.

PTERYGOTA

Division ENDOPTERYGOTA
These are winged insects, although some have kst th
wings during the course of evolution. When presinat,
wings develop internally (i.e. inside the body of tmma-
ture insect) and there is a marked change (metdrosig)
during the life cycle. The young stages are veffedint
from the adults and are called larvae. The charaya farva
to adult takes place during a non-feeding stagded#he
pupa (or chrysalis) eompletemetamorpho-
sis/holometabolous.Mouthparts protrude from the head.
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3.3 Characteristics

In addition to characteristics listed in Table 13nkects have the following characteristics:

¢ A pair of compound eyes.

¢ The thorax is divided intprothorax, mesothorax and metathorax, each has a pair of
walking legs ventrally.

¢ The mesothorax bears a pair of wings dorsally, tvlaiee non-membranous and not used
in flight; these wings are calledytra (sin. elytron).

¢ The metathorax has a pair of membranous wings liptkat are used for flight.

¢ The abdomen consists of eleven segments with nkingdlegs.

¢ Respiration is by means of trachea.

¢ Excretion is by means of Malpighian tubules.

¢ Insects undergo metamorphosis, which involves alouignges of form.

(Note that there are wingless insects as indidatdébles 13.1 & 13.2).

We shall now examine a fairly typical and commoseirt, the grasshopper, as a representa-
tive of the class, just as we did with the otheugs of coelomate invertebrates.

3.4 Body organization of the grasshopper

Head Thorax Abdomen
I !

#  Metathorax
&7 Mesothorax :

Ocelli Cercus
Compound Tarsys Suicus
Mouthparts Mandible—
Maxillary R\
al 1
s = R s palp | Labrum
- S — Labial palp

4
coxa trochanter tarsus

Fig. 13.1.The grasshoppes, Lateral view;b, the head showing mouthpartsmiddle leg show-
ing parts of a typical insect le§ourcesMitchell et al. (undated); Kershaw (1988); Buchsbaum
(1989).

The head of a grasshopper has two compound eyes and
three simple ones. The compound eyes are similar in

structure to those of the crayfish (examined in unit 11),

although not borne on a movable stalk as in the lat ter,
they have a broad field of vision because they occu py a
large area and curve around the sides of the head. There
are four pairs of head appendages: first, a pair of long,

jointed sensory ant ennae; secondly, hard toothed jaws
(mandi bl es); thirdly, a pair of accessory mouthparts

(mexi || ae), each with a jointed sensory palp; and

fourthly, fused into a single plate, the | abi um with a
sensory palp on each side, forms the lower lip of t he
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mouth. The upper lip ( labrum) is a simple hardened out-
growth in front of the mouth and is not formed from

paired appendages, as the labium. The head is cover ed by
a hard conical capsule, and its segmentation is ind is-
tinct in the adult, but the four pairs of appendage s show
that it has about 4-6. The segments are obvious dur ing
embryonic development and conform also to the situa tion
in crustaceans

The thorax bears three pairs of legs, a character of all
insects. The thoracic segmentation is partly concea led
dorsally by a chitinous shield and by the wings, bu t the
three thoracic segments are clearly visible ventral ly and
laterally. The legs are jointed and each one ends i n two
curved claws flanking a fleshy pad and aid in cling ing to
smooth surfaces. The first two pairs of legs are ty pical
walking legs, like those of most insects. The third pair
Is specialized for jumping; the f emur is enlarged and
contains muscles for jumping. T wo pairs of wings are lo-
cated on the second and third segments of the thorax; the

f orewi ngs (elytra) are narrow and hardened, and they serve

as a cover for the hindwings. Both pairs are used i n fly-
ing. The hi ndwi ngs are broad and delicate, spread wide in

flight, but folded like a fan to fit under the firs t pair
when the grasshopper is at rest. The wings are made of cu-
ticle and are stiffened by hardened structures call ed
veins .

The abdomen has appendages only at the posterior en d;
they are associated with mating and egg-laying. The abdo-
men contains most of the soft internal organs. It i S
rounded in cross section and made up of 11 segments , the
eleventh being fused to the tenth and only discerni ble in
embryos.

4.0 Conclusion

Uniramians are the myriapods and insects. Insedtzeilargest class of arthropods but it is
not as diversified as the crustaceans. The classmediately distinguishable from the other
major arthropod classes.

5.0 Summary

The myriapodous uniramians are accommodated in &tasses: Diplopoda, Chilopoda,
Symphyla and Pauropoda. Insects have three paieg®ftwo pairs of wings, a single pair of
antennae, and a pair of compound eyes. Their bedlyvided into three: head, thorax and
abdomen. Insect development can be ametabolousymatabolous, or holometabolous.

6.0 Tutor marked Assignment
1) Classify and characterize the insects on the lodsisng development alone.
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2) Make a good sized labelled drawing to show thectire of a typical insect leg.
3) Briefly describe the structure of the head of esgh@pper.
4) Name the appendages of the insect’s thorax.
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Study Unit 6

THE PHYLUM ARTHROPODA (ARTHROPODS) continued

1.0 Introduction

This is the last study unit of our discussion oa #éinthropods. At the end of the last unit, we
started discussing the grasshopper as a typicatting this unit, we shall conclude the dis-

cussion and also examine factors that contributeg¢csuccess of insects and their economic
importance.

2.0 Objectives

After completing this study unit, you should beeatu:
U Understand how insects carry out some of theit futactions.
U Know the structure of the digestive, excretoryrogipictive and nervous systems.
U Appreciate the factors that contribute to the sssa# insects.
U Appreciate the economic importance of insects.

3.0 The exoskeleton

This is the same as described for the arthropodke grasshopper, the sclerites of the head
fuse to form the head capsule.

3.1 THE SYSTEMS
3.1.1 The digestive system (Fig. 14.1)

The digestive tract consists of f or egut ,
hi ndgut . The foregut and hindgut are lined with cuticle,

m dgut, and

which is shed and renewed with the exoskeleton at e ach
molt. The foregut of a grasshopper contains special re-
gions that cut and grind the quantities of vegetati on
that make up the diet. The midgut, lies mainly in t he ab-
domen, has no cuticular lining; it serves as the ma in or-

- Intestine
Crop ,QY‘“"°'e b Rectum

Oesophagus . - Spermatheca
- ~~Oviduct

.’ \
Midgut  Malpighian
tubule

Gastric caecum
Proventriculus

Fig. 14.1. The digestive, ex-
cretory and repro-ductive sys-
tems of the locust/grasshopper.
Sour ce: Kershaw (1988).

Salivary é'l;n)nd

phagus, which leads to the

crop,
in the thorax. On the inner walls of the crop are t

gan of digestion and ab-
sorption. The junction of

the midgut with the hindgut

is marked by the attachment

of long excretory tubules.

Thus the hindgut receives

the waste materials of di-

gestion and excretion.

The foregut starts at the
mouth, receives a secretion

from the sal i vary gl ands, and
continues as a narrow eso-

a large thin-walled sac

rans-
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verse ridges armed with rows of spines that probabl y
serve to cut the food into shreds. The crop is main ly a
storage sac that enables a grasshopper to eat a lar ge
quantity at one time and afterward digest it leisur ely.
From the crop the food passes into a muscular gi z-
zard/ proventriculus lined with chitinous teeth. At the
posterior end of the gizzard is a valve that preven ts the
food from passing into the midgut before it is thor oughly
ground and also prevents food in the midgut from be ing
regurgitated. Digestion begins in the crop, (or the food
entering that organ is already mixed with salivary secre-
tion, and it also receives some digestive juices that pass
anteriorly from the midgut. Six pairs of pouches, gastric
caeca which secrete digestive juices open into the anter ior
end of the midgut, they also aid in absorption. The hind-
gut, which consists of the pylorus, intestine and r ectum,
transports waste matter to the anus and it is an im portant
site for reabsortion of salts, amino acids and espe cially
water; the latter is a significant factor in surviv al of
terrestrial insects.
3.1.2 The excretory systenfFig. 14.1)
The excretory system consists of a number of Malpig hian tu-
bules that lie in the blood sinuses and extract nit rogenous
wastes from the blood. Fluid from the tubules is po ured in-
to the hindgut, from which much of the water and so me salts
are reabsorbed. The material remaining is mostly cr ystals
of wuric acid that are expelled from the anus as dry waste.
This system resembles that of spiders and serves th e same
important function of water conservation.
3.1.3 Gaseous exchange system (Fig. 14.2)
The gaseous exchange system is highly developed in insects
and composed of air tubes called tracheal tubes. The tubes
lead from paired openings, called spi racl es, which lie at
the sides of the thorax and abdomen. The ten pairs of these
openings are guarded by
Longifudinql trachea fine hair-like bristles
[ _ that keep out dirt and by
oy “‘hm”m valves that open or close
st g r_.,mmgw P to regulate the flow of
e ";&_-niﬂ"" air. Closure of the valves
“g- 47577 Abdominal spiracle | aids in decreasing evapora-
: Thoracnc spiracles tion of water. The air
Fig. 14.2. The tracheal system of tubes .are Pere”teC,' from
the locust/grasshopper. Source: | collapsing by spiral thick-
Kershaw (1988). enings in the cuticular
lining of their walls.
Smaller branches radiate to all parts of the body, from a
system of longitudinal and transverse main trunks, and
eventually become so small that groups of the fines t ones
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(tracheol es) are made by a single cell. Here and there the

larger tubes widen into air sacs. The air moves chi efly by
diffusion, but muscular breathing movements, which alter-
nately compress the air sacs and then allow them to expand,
assist in gaseous exchange. The greater the muscula r activ-
ity increases the pumping action on the air sacs, a nd faci-
litates the circulation of air. In a grasshopper th e first
four pairs of spiracles open only at inspiration an d the
remaining six pairs open only at expiration; this f acili-
tates air flow. In the deepest branches, oxygen moves by
diffusion alone, first along the tubes, and then in to the
surrounding blood spaces and tissues. Carbon dioxid e
leaves by the reverse route. Small amounts of oxyge n and
carbon dioxide also may be exchanged through thin p arts

of the body surface.

3.1.4 The circulatory system (Fig. 14.3)

, The circulatory system does not
Aorta -, Heart carry respiratory gases so it
TR ) = IS not very extensive. There is
2~ . only one vessel, the long con-
3= tractile dorsal vessel, composed
\ Thotacic ¢ = | of the tubular heart, which
% ; Abdominal ganglion
/ 9anglion pumps the blood forward, and
Ventral nerve cord its anterior extension, the
Fig. 14.3. Circulatory and aorta. In each segment through
nervous systems of the lo- which it passes, the heart is
custigrasshopper. Key: 1 | dilated into a chamber perfo-
Propcachun. 2 Devee | fted on each side by a it
i : through which blood enters.

Blood leaves the heart through a series of openings and
through the aorta, which carries blood into the hea d and
there ends abruptly. The blood flows out into sinus es
among the tissues, bathes all the muscles and soft or-
gans, and finally returns to the heart. Although th e sys-
tem is an open one, the flow is given some directio n by a
series of partitions, and the slow rate of blood fl ow is
sufficient for the redistribution of food and colle ction
of wastes. The blood is also a reservoir for food a nd wa-
ter; it contains cells that destroy bacteria and ot her
parasites; blood pressure plays a part in hatching,

moulting, and expansion of the wings by filling the veins
with blood.

3.1.5 The nervous system (Fig. 14.3)

The nervous system is comprised of a ventral, doubl e,
ganglionated cord. The brain, which is divided into the
protocerebrum deuterocerebrum and tritocerebrum lies
above the esophagus and between the eyes. It is joi ned to
the first ventral ganglion by a pair of connectives that
encircle the gut. The brai n has no centers for coordinat-

116



iIng muscular activity; if the brain is removed, the ani-

mal can still walk, jump and fly. In other inverteb rates,
the brain is a sensory relay that receives stimuli from
the sense organs and responds by directing the move ments
of the body. The brain is also responsible for cert ain
complex behavior patterns and for modifying them by

learning. The first ventral ganglion controls the movements

of the mouth parts and exerts a general excitatory influ-
ence. The segnental ganglia are connected and coordinated

by nerves that run in the cords, but each is an alm ost
completely independent center in control of the mov ements
of its respective segment (or segments) and appenda ges.
In some insects these movements have been shown to con-
tinue in segments that have been cut off from the r est of
the body. An isolated thorax is capable of walking by it-

self, and an isolated abdominal segment performs br eathing
movements.

3.1.6 Sensory organs

The grasshopper, like all insects, has very welkettped sense organs. Te@mpound eyes
are large, with a basic structure similar to thesatibed for crustaceans. In addition, three
ocelli, two lateral and one median, occur, which detegrees in light intensity and are very
sensitive to low light. Other sense organs ardaeeat over the general body surface; they are
particularly abundant on the appendages. Theyadets be derived from setae, and consist
of a receptor cell associated with cuticular madifions in chemoreceptors, which are con-
centrated on the mouthparts, antennae and legmsans of the receptor cells pass through
fine pores in the cuticle, which is modified eitlar a peg or a hair. Various kinds of chemi-
cal stimuli are important in insect lives. Theyméhem to recognize and locate their food,
and recognize their own species for mating or $dm&aviour by means gfheromones
Chemoreceptorsare extremely sensitive to the presence of phenesiand the animals can
respond to the most minute traces (literally a fewlecules), of such substances. There are
various kinds of touch receptor such as a tactie, lor acampaniform sensillum a thin,
domed area of cuticle above a single receptor Thky are concentrated in groups in areas
of the body subject to mechanical stress, suchekeg joints.

Grasshoppers are capable of producing soundsdrigiulation, which involves scraping a
ridge on the inner surface of the femur of the Hewl against a row of pegs on tektra
producing a loud noise in males; the wing pegsradeiced in the female, which is silent.
Two tympanal organsoccur, one on either side of the first abdomirgnsent for detecting
sound. These consist of the tympanic membrane,elalolt an air sac. The tympanic mem-
brane vibrates and is associated with the speetthordotonal organsorgans which re-
spond to changes of tension. These are formed doypgrofscolopidg which are receptors
stretched between two points beneath the cutighartAfrom detecting sound, chordotonal
organs may be found in the region of joints wheeytfunction aproprioreceptors.

3.1.7 Locomotion

Grasshoppers/locusts exhibit three methods of lotimm walking, leaping and flying, to
which the structure of the legs and wings are aetipted. This was briefly mentioned under
“Body organization”. The grasshopper/locust usestgnmps to walk but it can leap to great
heights as an escape mechanism. Insects are théwattebrates that can fly; grasshoppers
and locusts are very powerful fliers and migrateyveng distances.
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We shall not go into the details of the flight maclsm in this course.

3.1.8 Reproduction and development

The reproductive system of the grasshopper and othe rin-
sects includes a pair of gonads and their associate d ducts.
A male grasshopper has a pair of testes, which discha rge
sperm into a sperm duct; glands secrete seminal flu id into
the duct, which opens near the posterior end of the body. A
female grasshopper has a pair of ovaries, with ovid ucts
that join a common genital chamber. At copulation the male
introduces sperms into the female's seminal recepta cle,
where they are stored until egg laying. When ripe, the
eggs pass down the oviduct; yolk and shell are secr eted
around the still unfertilized eggs. A small pore, t he mi-
cropyle, is left, through which a sperm may enter. As the
eggs pass into the genital chamber, they are fertil ized by
sperm from the sperm receptacle. A conspicuous set of
stout appendages, the ovipositors, near the posteri or end
of the abdomen, are used for digging a hole in the ground
in which to lay the eggs. Most insects do not care for
their eggs except selecting a favorable laying site , often
a specific food plant or the body of an animal on w hich
the young may feed when they hatch.
Egg Several nymphal stages Adult grasshopper
Eag Several nymphal (naiad) stages ¥ adult dragonfly
Fig. 14.4. Incomplete/paurometabolous/simple/gradual metamorph o-
sis in the grasshopper and dragonfly. Sour ce: Mitchell et al

(undated).

Adult silverfish| | Egg Several larval stages Pupal stage Adult beetle

Fig. 14.5.Ametabolous developmeint the silverfish (Thysanura) and complete/holorbetaus
metamorphosis in a beetle (ColeopteBgurce:Mitchell et al. (undated).

The development of insects is strongly influenced b y the
large amount of yolk in the egg. The young grasshop per,
known as a nymph, hatches out of the egg resembling the
adult but with a disproportionately large head, and no
wings and reproductive organs. It feeds on vegetati on,
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grows rapidly, and moults five times in most grassh oppers,

discarding the old exoskeleton. It is ruptured and shed,
by a combination of muscular contractions and the u ptake
of quantities of water and air. The newly emerged i nsect
is soft and white; and since it is delicate, it usu ally
retires to a safe place until the soft cuticle hard ens and
darkens. With each successive molt, differentiation con-
tinues, until the final moult results in the adult form.

3.2  Social organization of insects

This fascinating account of the life of insectslwibt be complete if their social organization
is not mentioned. Insects have very highly strierdusocial organizations which are found
within the orders Isoptera (termites), and the Hyoptera (ants, bees and wasps). Different
members of a colony are usually specialized fofgpering different tasks; each kind of indi-
vidual belongs to a caste. Three different caste®ften present:

1. Reproductive female Queen

2. Male/femal@Norkers, involved in support, protection and maintenanica colony.

3. Reproductive malesbrones

The castes are regulated by pheromones releasguaeley. Social behavior includes concepts
of selflessness and kin selection.

3.3  The success of insects
In terms of diversity and abundance, insects agentlost successful group of animals and
constitute about 75% of the known species of arema@heir success is attributed to:

1. Their small size, which enables them to esceppa Enemies and go undetected by preda-
tors. The small size also allows large numbersipg@ small space.

2. Ability to fly in some, enabling them to escdpmn danger.

3. Possession of a chitinous exoskeleton thatisteat to water loss thus preventing desic-
cation, enabling them to survive in the terrestnibitat.

4. Possession of an efficient nervous system wittmarous sensory organs like antennae,

eyes, setae, etc. for detecting changes in theireidmiate environment.

They are well adapted to different habitats.

They are adapted to feeding on a wide rangeaf ftems (minimizes inter-specific com-

petition for food) — even within a species, thev#drstages and adults have mouthparts

that are adapted to feeding on different food nnalter

7.  Their reproductive efficiency enables them todoice large numbers of eggs and offspring wittshart time.

oo

8. They produce resistant eggs.

3.4 Economic Importance of Insects

The activities of insects have impacted directlg axdirectly, and positively and negatively
on the existence of humans on eaNfost of the impressive statements that are made
about arthropods especially the huge number ofispethe remarkable economic
importance, are really about insects. Their impachumans is so much that they are
often studied on their own under the subjeatmbmology

The following are some ways in which they bemeficial to humans:

& Some are sources of food for humans e.g. honey tinerhoneybee; termites, grubs etc.

& They pollinate flowers and consequently aid intffarmation, vegetation cover, etc.
& They produce important raw materials for industaes silk from the silkworm.
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& They constitute food for other animals in the ble=e e.g. lizards, toads and fish, all
feed on insects.

& They help in the decomposition of dead organic endty scavenging. E.g. dung beetles.

& They form important research toolBrosophilla).

& Used in the biological control of some pests. Eagly Birds used in aphid control.

Harmful effects

< Aphids and other homopterans feed on plant sapgr@augury and destruction.

& Serve as vectors of bacterial and viral plant dissa

& Some are vectors of important parasitic diseasdsigfans and animals e.g. tsetse flies
(trypanosomiasis), the housefly (amoebic dysentengsquitoes (malaria) etc.

& They are parasites of humans and plants e.g fleas, bedbugs etc.

& Some insects attack stored food items and prodgcéean weevil, rice weevil etc.

& They destroy wooden structures in furniture, badd, buildings, etc., e.g. termites, wood
lice, carpenter bees etc.

NB: This list is not at all exhaustive; students ardrs are encouraged to add to the list.

+ You should also note that there is a great deghgétion in all the features that we have
examined above, depending on the lifestyle of tiseats.

4.0 Conclusion

The organisation and vital functions of insecta@soup are mostly reflected in the gras-
shopper. The grasshopper is indeed a typical insec

5.0 Summary

Insects have a ventral nerve cord and a dorsatlgténl heart which pumps blood through an
open circulation system. The blood is rarely neddedxygen circulation in the body. Tracheae
regulate air exchange, and free amino acids plagjar role in osmoregulation. Malpighian tu-
bules rid the body of metabolic wastes. The sexesaparate and copulation is often the rule.
Development in grasshoppers is paurometabolousctasare critical links in many food webs.
Most flowers are insect pollinated. Many inseces parasites and vectors of diseases that cause
human mortality. Insects are the most success$fileonumerous arthropod groups, as a result of
their size, high fecundity, ability to fly, feedirmmbits, etc.

6.0 Tutor Marked Assignment

1) Describe the structure of the digestive tract efghrasshopper.
2) Draw the head of the locust and label its moutlgpart

3) Enumerate four ways in which insects are benefioidumans.
4) List five factors that are responsible for the ssscof insects
5) List two ways in which insects are harmful to husman

7.0 References/Further Reading

Barnes, R.D. (1980)nvertebrate Zoology4™ Edition) 1,089pp. (Hong Kong, Holt-Saunders).

Barnes, R.S.K., Calow, P. and Olive, P.J.W. (198%)e Invertebrates: A new Synthes&82pp.
(London, Blackwell Scientific Publications; Hong K@, Holt-Saunders).

Buchsbaum, R., Buchsbaum, M., Pearse, J. and P&ar§E87). Animals without Backbones,
3 Edition. 572pp. (London, The University of ChjoaPress).

Kershaw, D.R. (1988)Animal Diversity 428pp. (Chapman and Hall).

120



Lawrence, Eleanor (Ed) (2000); (2009)enderson’s Dictionary of Biological TermBublisher:

Pearson Education Ltd.
Meglitsch, P. A. (1967)Invertebrate Zoology(Oxford University Press, London. Toronto)

Meglitsch, P. A. (1972)Invertebrate Zoology(Oxford University Press, Oxford.)

Mitchell, Mutchmor and Dolphin (undatedXoology transparency Master8ejamin Cummings
Publishing Company Inc., Menlo Park, Californiao&e of some figures).

http://www.kendall-bioresearch.co.uk

Wikipedia, Arthropod http://en.wikipedia.org/wiki/Arthropad

121



Module 2: Coelomate Invertebrates Il

Study Unit 7: Phylum Echinodermata

Contents
1.0 T o e [¥ L1 o] o PSSO PP PP PSPPI 124
2.0 (0] oY [=Tot 4 VLT3R 124
3.0 Outstanding features of the echinOderms.............uvviiii i 124
3.1 Diversity Of @ChINOUEIMS...cccii e e e e e e e e e e b aae e e e e e eeaas 124
3.1.1 (O E T ot 1= T4 [ A ol PSSP PPU PO PROPRRPRRRT 125
3.2 ClaSSITICATION 1.ttt sttt et et e b e reenree s 125
33 Echinoderm organization .............uuiiieii i e e e e e e e e e rnae e e e e e 126
331 2 ToTe (VA oY 0 0 [ el Ky =] g 1o LIRS 126
33.2 ThE DoAY Wall.....ooiiieieee e e e e e re e e e e et e e e s abe e e e sarteeeeanreeas 127
333 The Water VasCular SYSTEM ........uviii et e e e bee e e arae e e aeeas 127
3.4 [ lo] 1 4o ] 1 o o 1RO SRTT 128
3.5 Feeding and digESHION ......coeei e e e e e e ra e e e e e e 128
3.6 Gaseous exchange, excretion, and Circulation .........cooccivii i 129
3.7 Nervous system and SENSE OFZANS .......eeeecurieeeiirieeeiireeeeiireeesirreeesssteeeessreeessesssesesssssesesssseees 129
3.8 Reproduction and roWth ... e e e 129
3.8.1 REEENEIATION. ... 130
3.9 Economic importance of eChiNOderMS.........ccoocciiiiiiiiiii e e 130
4.0 (60} 3ol (U1 o FRR PP P PP PRSPPI 131
5.0 I U510 2 - 7/ 131
6.0 Tutor Marked ASSIZNMENT .....cciieeee e e e e re e e e e e e s aebr e e e e s eeeennrsaeeaeaeennns 131
7.0 References/FUrther REAING . ....c.ccviieeieeeereeere ettt ettt ettt e eeeeeeebeebe e eveeveeebeesbeenteenteenseennes 132

122



123



Study unit 7

THE PHYLUM ECHINODERMATA (Greek:echinos= hedgehoggderma= skin i.e. spi-
ny-skinned)

1.0 Introduction

The phylum Echinodermata is said to be a link betwthe invertebrates and the chordates
because of certain similarities that the two plsylare.

The echinoderms and chordates are knowdeagerostomesbecause in both groups, the
blastopore of the embryo develops into the anustiamanouth forms at the opposite end. In
the protostomes(annelids, molluscs, arthropods and their allies)the other hand, the blas-
topore of the embryo gives rise to the mouth ofadelt (this was discussed in study unit 1).
It is believed that the echinoderms branched froendame deuterostome evolutionary stem
as the vertebrates. Echinoderms are typicallygmeetous, i.e. having five arms as seen in
the starfish and on the sand dollar. They havei@ doelom (see study unit 1). This is the
last group of coelomate invertebrates that we saenéning in this course.

2.0 Objectives

By the time this lecture unit is completed studestisuld be able to:

Appreciate the unique pentaradial symmetry of emthénms.

See how the general body plan of the echinoderm$&&an modified in each class.
Note the relationship between the echinoderms lamdhordates.

Recognize the echinoderms by their distinguisheajures.

Describe the diversity of body form among the ecarms.

U000 0

3.0 Outstanding features of the echinoderms

» The structure of all living and most fossil fornssbhased on a five-sideggntamer-
ougpentaradial/pentaradiate) symmetry (some of them have increased this number
while some have regained bilateral symmetry). Sradeal symmetry is a secondarily
acquired character, the echinoderms are not retatetlially symmetrical organisms.

* Their most outstanding feature is their planktobitaterally symmetrical larvae
which develop into radially symmetrical adulte® other animal is known to do this.

* The spiny skin.

» They have a water vascular system.

In this lecture, we shall discuss the charactesstif the subphyla of the phylum Echinoder-
mata.

3.1 Diversity of echinoderms

There are about 6,250 - 6,500 species of echinadrstributed between three subphyl and
five classes. They are exclusively marine.
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3.1.1 Characteristics

ok wNE

© N

9.

Theypentaradially symmetrical coelomateanimals.

The early larva shows evidence of metameric segatient adults are unsegmented.
Adult is secondarily radially symmetrical.

There arégwo main types of body form among aduligdiate andglobular.

They are not cephalized (without any differentiatedd) but have oral - aboral axis.
Their body surface consists of five fields with @o(ambulacra) alternating with five that
have no podia (interambulacra).

There are various forms of the gut and it mighthrete an anus.

Their nervous system is well developed but uncémérd. The system is made up of
three nerve rings around the digestive tube witipperal nerves radiating from them.
Body wall is made up of a ciliated epidermis uné@ath which is a dermis that contains
calcareous ossicles, which give rise to spines.

10. The musculature of their body wall is poorly deysd.
11.They have a simple circulatory or haemal systerhrilnas through a system of coelomic

compartments.

12.Theircoelom is largeand is in three distinct compartments.
13. A unique water vascular system is formed from ohthe compartments of the coelom.

This is said to be the most unique feature of tfermderms.

14.The ‘tube feet’ (podia) are offshoots of the radiahals of the water vascular system and

the suckers at their ends facilitate attachmeiat $abstrate and are also used for locomo-
tion.

15.No special organs of excretion.
16. Sexes are separate.
17.They have various forms of free-swimming and figex larvae each associated with

the different classes.

3.2 Classification

Table 15.1. Subphyla and Classes of the Echinodermata

Subphylum Characteristics Class(es)

Crinozoa 1) There are stalked and sessile larval and aduléstag

Crinoidea(Sea lilies & feathe
stars). E.g.Antedon, Pentacri
nus, Rhizocrinus

2) Tube feet, when present, are tentacular.
3) The anus is usually on the oral surface.
4) Mouth is directed upwards.

Asterozoa 1) They are radially symmetrical, free-swimming (1

O,&steroidea. E.gXyloplax Aste-

stalked) and their bodies are star-shaped. .
rias, Astropecten

2) They have double sets of tube feet that typicadiye
suckers at their ends.

3) The anus is usually on the aboral surface.

4) The mouth is directed downwards.

Ophiuroidea. E.g.Ophiothrix,
Ophiura, Ophiocomina

Echinozoa 1) They are globular in shape. EchinoideaE.g. Echinus,

2) Arms are never formed. Spatangus
3) Ambulacral grooves are closed.

4) The anus varies in position.

5) The mouth is directed either downward or forward

Holothuroidea. E.gHolothuria,
Psychropotes, Labidoplax, Cu}
cumaria
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Fig. 15.1. Body forms of echinoderm classésclassCrinoidea (Sea lilies & feather stars);
2, classAsteroidea (Starfishes/Sea stars; Sea daisi@sgjassOphiuroidea (Brittlestars and
basket-stars)4, classEchinoidea (Sea urchins, sand-dollars, et®);classHolothuroidea
(Sea cucumbers). Source: Barpeal. (1989); (2001).

3.3 Echinoderm organization

Despite the diversity of echinoderms observed apmast of them look very much alike and
have similar modes of life. Almost all of them a®avengers and predators that feed on a
variety of animals as they move slowly along tha sleore or bottom of the ocean. We shall
discuss the organisation and biologyAdterias(sea star) as a representative echinoderm,
because it is cosmopolitan.

A 3.3.1 Body form
mbulacral i
grooves of Asterias

Arms

ORAL SURFACE

ABORAL SURFACE

Fig. 15. 2 A starfish showing the aboral and oral surfaces.
Source:Modified from Mitchellet al. (undated)
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Asteriasis star-shaped; it is strongly flattened
along the oral-aboral axis and consists of a
central disc from which project five blunt-
tipped arms. The central disc bears the mouth
in the centre of the lowebfal) surface, and an
inconspicuous anus on the uppeabdral)
face. Another opening, the madreporite, lies
inter-radially near the centre of the aboral
Tube foot (Podium) | T@CE€ and opens into the stone canal, an exten-

Papula  Digestive gland

Radial canal

Lateral canal sion of the water vascular system. The aboral
surface is brownish and covered with numer-
Fig. 15.3.7.S. of arm ofAsteriasshowing ous irregularly arranged blunt spines; the oral

associated structures. Note thedetails of surface is paler and has about 200 tube feet
the tube footSource:Kershaw (1988). | which project in two double rows in grooves
(the ambulacral grooves) extending from the
mouth along each arm. The grooves are protectddrigystout ambulacral spines which are
movable and can be held projecting downwards avsacthe groovePedicellariae (small
pincer-like structures), occur on both the oral abdral surfaces. Each pedicellaria is formed
from three ossicles: a basal supporting structund,a pair of ossicles which form the pincers
or jaws themselves. One pair of muscles (the abdsjcswing them open, and another pair
(the adductors), close them. The jaws may crods ether, or touch at the tips. Pedicellariae
may be fixed or stalked with a long reach and aersible flexibility. Stalked pedicellariae
are particularly characteristic of the ambulacraloyes while those of the aboral suface are
more usually fixed and are arranged in rings rothedspines. Pedicellariae are used to re-
move detritus from the body surface, and also ltakd discard any small animals that touch
them. By so doing, the starfish uses them to presessile animals (e.g. barnacles) from set-
tling on their body. Without pedicellariae a slowving animal with a firm surface, such as a
starfish, would be vulnerable to colonizers, ad aglto small predators.

3.3.2 The body wall

The outermost layer of the body wall is thin anditems ciliated cells, mucous gland cells,
and sensory cells covered by cuticle. The mucolls secrete a protective coating while the
epidermal cilia sweep off detritus. Immediatelydyelthe epidermis is a nerve plexus; and
below this is a tissue in which the ossicles arbexded. These are formed of a mixture of
calcium carbonate (90%) and magnesium carbonafé)(d0d are three-dimensional matric-
es, with spaces filled by soft tissue, and aregdito each other by a network of collagen fi-
bres. The oral wall ossicles are closely but flgxitited and those of the ambulacral grooves
are particularly large for muscle insertion. In trast, the aboral wall ossicles form an irregu-
lar lattice. The body wall is completed by innemd@udinal and outer circular smooth muscle
fibres and by a layer of peritoneum.

3.3.3 The water vascular system

The madreporite opens into a small space, the ampulla, which |le#@she verticalktone
canal (so called from calcareous deposits in its walis)aring canal. The lumen of the
stone canal is subdivided so that fluid can pas$is bally and aborally. Five ciliatecdial
canals (one per arm) extend from the ring canal, and eaxds in a sensory structure, the
optic cushion, which is a modifietlbe foot. Lateral canals extend from each side of the
radial canal, each opening into an aboral balingulla) and oral tube footpdium). The
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opening is guarded by a valve. These canals aenately long and short on each side so
that the tube feet on either side are arrangedanrdbws. The radial canals and tube feet lie
outside the main part of the body in the ambulacral
groove, but the ampullae project into the body
cavity. A total of nineTiedemann's bodiesarise
Stone canal—% G : inter-radially from the ring canal; the position of
\\SID/ L the tenth (expected from pentaradial symmetry) is
{ G occupied by the stone canal.
Radial canal - P05 Ring canal The podia have broad sucker-like tips and function
‘ Lateralcanal | hydraulically. Rings of smooth muscle in the wall
of the ampulla contract, the lateral canal valve
Tiedemann’s body closes, and fluid is thus forced into the podium
Fig. 15.4.The central part of the water| causing it to elongate. When the sucker of the po-
vascular system showing associatéddium touches a solid surface its centre is with-
structures.Source Barnes (1980) | drawn producing a slight vacuum and therefore
causing it to stick by suction. The epidermis a th
sucker region has many sensory cells, as wellasdgtells which produce a copious adhe-
sive secretion. The podium wall is not impermeadohel as it is extended some fluid is
squeezed out. The madreporite is said to equalieenial and external pressure over the re-
mainder of the water vascular system.

Madreporite Ampulia

3.4 Locomotion

Asteriascrawls slowly, with one arm leading; sometimes &ynextend two arms in front or
even lead with an inter-radial region. Any of thiena can be used to lead. Propulsion is pro-
vided by the tube feet which move in a series @pst(3-10 per minute). Each foot in turn is
extended, fixed to the substratum, and used agea fe push the body forwards. Muscles in
the podial walls are used to retract the foot, all &as to orientate it during use, and provide
the necessary suction for attachment. Many of tleggnate on the ambulacral ossicles. In
addition the tube has a layer of connective tisghieh prevents the foot from bulging rather
than extending.

3.5 Feeding and digestion

Anus Cardiac The alimentary canal is aligned in the vertical

stomach axis, extending through the disc from the mouth
on the lower side to the anus on the upper side.
All the gut structures are surrounded by the coe-
lom. The mouth, which is closed by a sphincter

Digestive muscle, opens into a short narreesophagus

Pyloric
stomach

Pylori
caecum

aland and then a large, pouchedardiac stomach

Mouth \ The walls of this stomach are connected to the

ambulacral ossicles of the arms by ten pairs of

Fig. 15.5. Digestive system oAsterias. triangular gastric ligaments. The cardiac sto-
Source Kershaw (1988) mach opens into the smallpyloric stomach;

this is flattened and appears star-shaped because
of 10 blind-endingpyloric caeca or digestive glands, which extend from it, oné& pawn
each arm. A short common duct joins each pair ¢éopiyloric stomach. The digestive glands
are hollow ciliated structures made up of glandaklls that secrete enzymes and also func-
tion for food absorption and storage. From the pglstomach, a short intestine, from which
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arise the short, blind-ending rectal sacs, extémdse anus.

Asteriasis a predaceous carnivore and feeds mainly on\mvalolluscs, especiallyiytilus.

It holds the bivalve so that the non-hinged surfigckeld firmly pressed against its mouth,

and attaches its arms to the valves by the tulieRetraction of the tube feet then forces the
valves to open slightly. Once the shell is opeteriaseverts part of its cardiac stomach into
the prey. Proteolytic enzymes with lipase, amylasel invertase are poured into the prey
and a partly digested mixture is extracted fronFitiid and particles are moved by ciliary

action through the digestive tract and into theopgl caeca where food is absorbed and
stored.

3.6 Gaseous exchange, excretion, and circulation

Gaseous exchange takes place across the tubentestrall evaginations of the body wall
calledpapulae The tube feet and papulae are also the siteefopval of the waste product,
ammonia; echinoderms have no specialized excrstysiem. Since the body fluids ase-
tonic with sea water, osmoregulation is unnecessary. flling in the perivisceral coelom
provides the main means of internal transport Withaid of its peritoneal cilia.

The haemal systemm Asteriasis poorly developed and consists of oral and abangks, a
radial sinus paralleling the water vascular canaach arm and a canal which parallels the
stone canal and is surrounded by a mass of spassyet theaxial gland. The axial gland is
said to destroy any micro-organisms which get theobody. The haemal system fluid con-
tainscoelomocytesvhich may play a role in food transport. A dorsat in the madreporite
pulsates and functions as a heart.

3.7 Nervous system and sense organs

In addition to a sub-epidermal nerve net, whicherds all over the bodysteriasshows
some concentration of nerve fibres which form aveeing around the mouth. Five radial
nerve cords arise from the nerve ring and extendgabach arm; they are involved in the
coordination of the podia. Additionally, the sukigggymal plexus thickens to form marginal
nerve cords that extend along the sides of the Eolal grooves. The sub-epidermal system
is predominantly sensory and a deeper system cédfiextends from the radial nerves to
supply the body wall muscles, podial muscles angdudiary muscles.

Asteriashas large numbers of epidermal tactile, chemicdllayht sensitive receptors scat-
tered over the general body surface, but conceatrparticularly along the margins of the
ambulacral groove and on the podia. There is aic opshion at the tip of each arm, formed
from a collection of about 150 pigment cup océkteriasis distincly phototactic.

3.8 Reproduction and growth

The sexes are separakesteriashas five pairs of gonads (ovaries or testes) whighsus-
pended in the perivisceral coelom by strands ofemtesy; they open through ciliatgdno-
ducts, at a cluster of gonopores near the junction efaims. The site and extent of the go-
nads varies seasonally; near spawning, they magslfii the arms.

The sperm and eggs are shed into water, and Zattdn is external. At a single spawning a
femaleAsteriasmay release up to 2.5 million eggs in about tworbotlihe presence of eggs
in the water stimulates the shedding of sex cellother males and females. Shed sperm
stick to the ova. After fertilization, thdipleurula larva develops, with a ventral mouth, and
with an anus derived from the blastopore (the deateme condition). At first cilia are
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widely distributed over the surface of the larvat this soon reduces to a definite ciliary
band, consisting of two longitudinal bands conngdtefront of the mouth and behind the
anus. The characteristic larval stagé\eferiasis abipinnaria larva arrived at by the devel-
opment of two groups of arms along which the @liabands extend. It is planktonic for sev-
eral weeks and feeds on pelagic organisms suchatsres. It eventually sinks and becomes
temporarily attached to the substrate, and devetdpsabrachiolaria larva with three addi-
tional anterior arms and an adhesive sucker. letguks the final stage of metamorphosis,
becoming sexually mature after about 12 months.

ASTEROI]V Diplurula ECHINOIDEA Pluteus

% — 0y

HOLOTHUROIDEA Doliolaria

LFF

Qlﬂwl

o

Bipinnaria Brachiolaria

Fig. 15.6.Life histories and larval types in the differerdisdes of echinoderms (underlined).
Source:Barneset al. (1989)

3.8.1 Regeneration: Some sea stars are capable of regenerating lostaardin some
cases, lost arms have been observed to regenaratepdete sea star. Sea cucumbers dis-
charge parts of their internal organs when distiriée discharged organs and tissues are
quickly regenerated. Sea urchins constantly lose fpines through damage and replace
them.

3.9 Economic importance of echinoderms

& Studies have demonstrated the significance of liteys larveof the sea urchim the
pelagic food chain.

& Many species of sea urchins are exploited in soureggean countries such as France,
Spain or Croatia, due to the high commercial valutheir tasty gonads

& Toxicity tests using embryos and larvae of seaiarichthe assessment and monitoring of
marine pollution.

& Echinoderms play a major role in marine ecosystés.grazing sea urchins reduce the
rate of colonization of bare rock; burrowing samtlats and sea cucumbers deplete the
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sea floor of nutrients and encourage deeper péeingiaf the sea floor, thus increasing
the depth to which oxygenation occurs.

Starfish and brittle stars prevent the growth gadmats on coral reefs, which would
obstruct the filter-feeding constituent organisms.

Some sea urchins can bore into solid rock, erodbol faces which release nutrients into
the ocean.

The echinoderms are also the staple diet of maggnisms, most notably the otter
Many sea cucumbers provide a habitat for parastesalso crabs, worms and snails.
The extinction of large quantities of echinodermpears to have caused a subsequent
overrunning of ecosystems by seaweed, or the aésinuof an entire reef.

The fine spines of certain species of sea urchere@human flesh, and may break off
when an attempt is made to remove it.

Sea cucumbers are also considered a delicacy ia soontries of south East Asia. They
are well known abéche de meor Trepangin China and Indonesia. The sea cucumbers
are dried, and the potentially poisonous entrailsaved.

The strong poisons of the sea cucumbers are ofigghpactive but their effects are not
well understood. It appears that some sea cucutokis restrain the growth rate of
tumor cells, which has sparked interest from canesgarchers.

The calcareous tests or shells of echinodermssa@ as a source of lime by farmers in
areas where limestone is unavailable. The tradearshells is often carried out in
conjunction with shellfish farmers, for whom thar§ish pose a major irritation by eating
their stocks.

4.0 Conclusion
Echinoderms are spiny skinned, coelomate, deutarestmarine invertebrates.

5.0 Summary

Echinoderms are bilaterally symmetrical as larvae radially symmetrical as adults.
Various calcareous structures form an internaletkel

Part of their coelom forms a water vascular sydteah serves the tube feet.

Their pentaradial symmetry and water vascular syséee two of their very unique
attributes. They are deuterostomes and therefdted to the chordates.

They are dioecious and have various larval forms.

There are three subphyla and six classes of echinmsd

Importance of Echinoderms is limited.

6.0 Tutor Marked Assignment

1)
2)
3)
4)
5)
6)

How are the echinoderms and the chordates related?

What do you understand by pentaradial symmetry?

What is the madreporite?

Give onevery unique feature of the echinoderms.

How many subphyla of the Echinodermata are cuyeetiognized?
List the classes of the subphyla of echinoderms.
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