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NOTES

INTRODUCTION
This fascinating title “INVERTEBRATES” has been carefully compiled and
edited to meet the long felt needs of increasingly large number of those who
have to deal with the different aspects of Invertebrate Zoology in college,
university and other institutes. It provides a balanced and integrated treatment
of the entire field of Invertebrates. The book is eminently suited to the students
of biology as it provides a good non-mathematical introduction to animals
without backbone or mesodermal skeletal structures (unvertebrates) and at the
same time it can be of value to the general students as well as the teachers.
Emphasis has been laid on introducing basic as well as modern concepts. The
subject matter has been interwoven for keeping up interest and curiosity of
readers.

The primary aim throughout has been clarity, simplicity and the high
standard. It will definitely prove to be a boon to teachers, students and
researchers workers in the field of invertebrate zoology.

It has been the constant endevour of the author to furnish maximum
substance, keeping in view the limitations of size of the book. Efforts have
been made to conduce the matter as far as practicable. The book features both
a text and a laboratory guide.

The author tried hard to be accurate and upto date in statement and
realises the impossibility of completely avoiding errors therefore, the author
will greatly appreciate having his attention called to any questionable
statement.

There can be no claim to originality except in the manner of treatment
and much of the information has been obtained from books and scientific
Journals in different libraries.

Mohan P. Arora
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UNIT - I
CHAPTER 1 ELEMENTARY

KNOWLEDGE OF
ZOOLOGY
NOMENCLATURE AND
INTERNATIONAL CODE
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1.0 Introduction
1.1 Objectives
1.2 International Code of Zoological Nomenclature

1.2.1 Responsibility of International Congress
1.2.2 New Features of the 1961 Code
1.2.3 Instructions to Non-taxonomists
1.2.4 Unsatisfactory Aspects of the 1961 Code
1.2.5 New Features of the 1964 Amended Code
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1.4 Summary
1.5 Key Terms
1.6 Self-Assessment Questions and Exercises
1.7 Further Reading

1.0 INTRODUCTION

Taxonomy has been defined as the study of the principles and practices of
classification. Taxonomy refers to the day-to-day practice of dealing with the
kinds of organisms. This includes the handling and identification of specimens,
the publication of the data, the study of the literature, and the analysis of the
variation shown by the specimens.

Similarly, the arrangement of the Individuals into groups and the groups
into a system is also called a classification, and in this the data about the
kinds determine their position in the system and thereafter are reflected by
that position.

The term systematics deals with both taxonomy and classification,
including all the other aspects of dealing with kinds of organisms and the data
accumulated about them. Therefore, systematics is the study of the kinds and
diversity of organisms, their distinction, classification, and evolution.

These words are not universally used in these meanings. The dictionaries
define them all as the science and practice of classifying. In as much as there are
several aspects to the field of classifying organisms, it is foolish to use all three
words with the same general meaning and be left with no terms for the other
concepts that we wish to discuss. Simpson in 1961 used “taxonomy” for the
study of the theoretical aspects of classification, the philosophy of systematics—
the metataxonomy or methodological taxonomy. These differences reflect the
fact that no standard usage has yet been attained.
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It will be the intent in this book to use the term taxonomy when dealing
principally with the practical aspects of segregating describing, naming, and recording
the kinds of organisms; the term classification when referring chiefly to the grouping
of like things into a system; and the term systematics when referring to all the
activities of a biologist who is studying and recording the diversity of organisms,
the origin and maintenance of the diversity, and the methods by which these studies
are pursued.

Among these may be cited typological, neo-Adansonian, non-dimensional,
the New Systematics, biological species concept, numerical taxonomy, alpha-,
beta-, and gamma-taxonomy, morphotype, archetype, holomorph, biospecies,
biosystematics, hypodigm, and onomatophore. These terms are sometimes helpful
for clarification of ideas, but in taxonomy they usually are not really needed.

1.1 OBJECTIVES

After going through this unit, you will be able to:
Define the terms classification, systematics and taxonomy.
Know the meaning of zoological nomenclature.
Describe the responsibility of international congress
Explain the new features of the 1961 code.
Discuss the new features of the 1964 amended code.

1.2 INTERNATIONAL CODE OF ZOOLOGICAL
NOMENCLATURE

Zoological nomenclature is a complex and specialized subject. Names are given
to animal groups, and used to refer to them, under rules which are neither simple
nor unchanging. The current rules are now available in published form for study or
consultation by taxonomists. The use of rules in zoological nomenclature has a
history extending back at least a hundred years.

At the 5th International Zoological Congress, a code of rules called the
International Rules of Zoological Nomenclature was adopted. A few changes
were made by subsequent congresses, but most of the imperfections found in
the Regles were taken care of by issurance of interpretative opinions, prepared
by a special Commission on Zoological Nomenclature set up by the Congress.
Until about 1948 these Regles were presumably followed by all taxonomists.

At the 13th International Congress of Zoology in Paris, a large number
of proposals were considered for revision of the Regles. Due to inadequate
preparation for this study, most of the suggestions were found unsuitable for
acceptance.

At the 14th International Zoological Congress, discussed by a study group
of about forty zoologists, including many nomenclaturists. Most of problems have
been worked out and then conclusions were published in 1953 as Copenhagen
Decisions on Zoological Nomenclature..., the first recent publication of the



NOTES

Elementary Knowledge of
Zoology Nomenclature

and International Code

Self-Instructional
             Material   5

International Commission on Zoological Nomenclature to be sold at a price within
the reach of the average zoologist.

The amended rules cited therein were followed by both the Commission
and zoologists. This admonition has been taken by many persons to have
established an interim set of rules on December 31, 1953, which remained in
effect until publication of the 1961 Code.

At the 15th International Congress of Zoology, a second colloquium,
averaging a hundred members, made several basic decisions on the coverage
of the developing new code and then authorized a special committee to prepare
and publish it, based on the general decisions and a long list of particular
decisions on individual problems.

The new code was published in 1961, in English title being International
Code of Zoological Nomenclature adopted by the XV International Congress
of Zoology. It is published in both French and English throughout, with both
texts being considered substantive.

During the first three decades of the existence of the International
Commission, it acted on many problems. It was slow, because its work was
done by correspondence, and some members took little part in its deliberations.

The introduction to the 1961 Code eventuated in the comprehensive
exchange of ideas on zoological nomenclature that brought to culmination
and instrument embodying the majority views of interested zoologists
throughout the world.

It is quite possible that zoology would be better off with no major
revision than with one brought about in this manner. The rivalries and
antagonisms aroused along the way will damage international cooperation in
nomenclature for years to come.

1.2.1 Responsibility of International Congress
The International Congress of Zoology is a loose organization which meets
every five years but has no permanent membership. The authority of the
Congress consists solely in public opinion and the willingness of zoologists to
follow its lead in trying to attain uniformity, stability, and simplicity in
nomenclature. The rules of zoological nomenclature have been the
responsibility of the International Congress. Not all zoologists have followed
the Congress rulings in the past, but it has come to be more and more common
to recognize that there is at the present time no better system and that
conformance is definitely advantageous in many respects.

In fact, there is no way for most taxonomists to be heard effectively.
The rules have always been made and interpreted by a handful of taxonomists.
If they have done their work well, it is not because of the influence or control
of a “majority” of taxonomists, and it is not with their approval in any formal
sense, because they have no direct opportunity for expressing approval or
disapproval. They have frequently not even known what was being discussed.

The Commission has greatly exaggerated its authority in recent years, from
advising to ruling. European zoologists did at one time express dissatisfaction
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with the International Rules by failing to follow them. There is some chance that
the same fate awaits the 1961 Code of America.

The International Commission

The commission which prepared the first International Rules for the 5th Congress
was thereafter made permanent, as the International Commission on Zoological
Nomenclature. The authority of the Commission is nebulous, but the successive
congresses have ratified its rulings. It has interpreted the Regles, given opinions on
specific problems and cases, and proposed changes in the Regles for consideration
by the congresses.

Earlier the Congress allowed the Commission authority to suspend the Regles
in certain circumstances. The purpose was to prevent changes of well-known
names for inadequate reasons produced by strict application of the Regles. Many
rulings have been made under these powers, and lists of the illegal but officially
accepted names have been published.

There were five members in the original commission (1895), and the number
then increased to fifteen in 1898 and it was made a permanent commission,
recommending to the Congresses its own membership. At the Paris Congress in
1948 the limitation on the number of members was removed, and the Commission
has since had up to twenty-eight members. There is no system of national, regional,
or specialty representation.

It is the duty of the next Congress to approve the actions of the Commission,
both as to its membership and as to its nomenclatural rulings, before becoming
fully effective. This approval has in recent years been automatic, there sometimes
being no discussion of the issues themselves. By appointment of Alternate
Commissioners to fill vacancies at meetings, the Secretary has exerted a great
influence on the Commission, amounting at times to personal control.

Usually some of the commissioners have been the best taxonomists and
nomenclaturists in zoology. Whereas, some have been largely inactive or
honorary, some others have been prevented from taking part by political
considerations, and still some have been appointed in spite of lack of experience
in nomenclature. At one time it was proposed (by Hemming) to have the
members of the Commission nominated by the national academies of science
through their respective departments of state. However, this proposal was
summarily rejected.

Duties of the Commission

A period of at least one year in advance of a Congress should be given
to declare any proposal for a change in the Code.
The clarification or modification of the Code should be given to the
Congresses for recommendations.
To render between successive Congresses Declarations (i.e., provisional
amendments to the Code) embodying such recommendations.
To render Opinions and Directions on questions of zoological nomenclature
that do not involve changes in the Code.
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To compile the Official Lists of accepted, and the Official Indexes of rejected,
names and works in zoology.
To submit reports to the Congresses on its work and
To discharge such other duties as the Congresses may determine.

1.2.2 New Features of the 1961 Code
When compared the new code with the old, it provide little of value to the student
who is attempting to learn and follow the current rules. Some of the most
controversial things in the 1961 Code are new there, and some of these are among
the things most likely to cause difficulties in use of the code. Included in the latter
are these:

Recent demands for some limitation on the application of the so-called Law
of Priority, in cases of resurrection of long-forgotten names, were embodied
in proposal using the terms “Principle of Conservation,” “Law of
Prescription,” or “Law of Recency.” The 1961 Code adopted such a
limitation, stipulating that “A name that has remained unused as a senior
synonym in the primary zoological literature for more than fifty years is to be
considered a forgotten name (nomen oblitum)” and referred to the
Commission for possible placement on the Official Index of Rejected Names,
or otherwise ruled upon.
When type specimens are damaged, they must be replaced with new
specimens. Rules for the proposal and employment of neo-types are
included.
Some ambiguity existed previously in the rules on homonymy of specific
names. If the previously existed homonym is removed, after 1960,
secondary homonyms are to be revived. If the more recent work puts
the two species back together, the secondary homonym is again rejected.
Thus, for a single species two authors may correctly use different names.
The neo-Latin alphabet used for zoological names is spelled out
explicitly. All diacritic marks, hyphens, and apostrophes are outlawed,
requiring respelling of all older names incorporating such signs.
The term parataxa has been used for “assemblages” based on diverse
fossil fragments rather than on the animals themselves. It was expected
that parataxa might be recognized sometime in the future, but the 1961
Code explicitly rejects them from the arena of nomenclature.
Much more advanced and work helped in framing the detailed rules to
fulfil the requirements of publication, dates of publication, family names,
availability of names, rejection of names, errors and emendations, source
and spelling of names, the type concept at all levels, and genotype
fixation.
Status, Duties, Exercise of Powers, Plenary Powers, Status of Case
under Consideration, Exemption, and Constitution and Bylaws are the
basic operating procedure of the International Commission on Zoological
Nomenclature (ICZN).
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Addition of collateral information is expressively described that may be of
use to taxonomists. These include transliteration of Greek words into Latin,
Latinization of proper names the formation of names from various types of
words determination of gender compounding classical words the stems,
terminations, and family-name forms of Latin and Greek derivatives and
general recommendations to taxonomists and others.
It is necessary to make the distinction between “primary zoological literature”
and other literature, in order to apply the new rule of limitation on priority.
The use of numerals such as 4-maculatus is discouraged, and recommend
the Latin form, as quadri-maculatus. This rule is retroactive and will
thus cause many changes of names.
Efforts are also made to declare the importance of the date of publication
of names, rules are frammed embodying provisions, for fixing and citing
the dates, that are extremely detailed, unnecessarily complex, in part
impractical, and also incomplete.
To determine the gender of generic names, detailed rules are given. It
helps in assigning the apparent Latin gender in most cases. An extensive
appendix gives the gender of many words.
Family names must be changed if the name of their type genus is found
to be a junior homonym.
It is always recommended to replace the date of a family name and its
type genus because of generic homonymy are to be changed to the
earlier date of the homonymous name.
After 1960, in case of synonymy of family names, an earlier change is not to
be upset if it has been widely accepted in the meantime, but its date is to be
changed to that of the rejected name.
The terms “typical (subgenus)” and “nominotypical (subgenus)” are to be
replaced with “nominate (subgenus),” at all levels from family to species.
For the two-part name of the species, the term “binomen” (pl. binomina) is
introduced.
Two names of the same spelling, given independently to a single species,
are not homonyms under Article 52.
In those cases where the two species names have identical spelling are
not declared homonyms because they are in different genera that happen
to be homonyms themselves.
The Code abandons the variety of waiting periods specified in the
Copenhagen Decisions.
Interpretations are given of what is a type series, which specimens are to be
labeled, the responsibility of individuals and institutions possessing types,
and so on.
To describe the status of names, these terms are still inadequate. The terms
valid and available are clearly defined for the first time.
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1.2.3 Instructions to Non-taxonomists
An unbelievable feature of the 1961 Code is the inclusion at various points of
instructions to several types of non-taxonomists or even non-zoologists as to how
they should perform their work when it involves use of zoological names. For
example:

Editors are admonished not to split a paper into two parts for publication
so that descriptions are divided.

Publishers are admonished not to circulate advance copies of a
forthcoming publication, and also admonished to identify all preprints as such.

Editors are admonished to declare the exact date of publication of each
part of a serial.

All editors and publishers of zoological papers are admonished to censor
these papers to eliminate any breach of a specified Code of Ethics.

Librarians are admonished not to remove covers before binding serials,
in order to preserve information that may be thereon.

Printers are admonished to add to reprints or separata the exact place
and date of publication.

Secretaries of meetings are told not to include in their published reports
the new names involved or anything else affecting nomenclature.

Reporters at such meetings are similarly admonished about their
published reports.

All biologists are told that they should never use the word “genotype”
in its only correct meaning, because the word is currently employed in genetics
with a different meaning.

Every institution possessing types is admonished as to their care and
labeling.

All the points mentioned above must be strictly followed. It would
lessen the burden of future taxonomists. Nothing that man can do is likely to
prevent other men from acting in such a way as to produce problems. It is of
little use to tell those taxonomists who study this code what should be done
by all these non-taxonomists.

1.2.4 Unsatisfactory Aspects of the 1961 Code
In many ways the 1961 Code is found more suitable with great improvement over
other publications of the Commission in the last few decades. The members of the
drafting committee drafted a code from the rulings made by the Congress and the
Commission and produced an excellent synthesis of them.

The 1961 Code contains several anomalies that seem to some to be defects,
some serious and some merely annoying. The code cannot be used effectively
without recognizing their presence and making allowances for them. It is for this
reason that some of the supposed weaknesses are listed here.

Although the Codes seem to be perfect and complete and supersede all
previous rules and Opinions, this is certainly not true. It becomes difficult to
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analyse from the Codes alone whether actions taken in the past were correct.
It can only be determined by reference to the Regles, the Copenhagen
Decisions, and the Opinions. Zoologists will certainly not change names
long accepted under the Regles because of a new rule under which they
would now be unacceptable. Names first published in synonymy and the
types of generic names are such things involved here.
Taxonomists found it impossible even to cite in synonymy the actual original
spelling of a name which employed these signs (diacretic marks, hyphens,
and so on). No matter how desirable the simplified spelling of them is thought
to be for the future, the sweeping prohibition against their use even historically
is unworkable, unnecessary, and ill-advised.
Specifying the method of determination of date of publication is a helpful
feature of the Code. This constructive exposition is marred by two sets
of Recommendations unworthy of the rules. The first of these forms
part of the instructions to non-taxonomists cited above. The second is
the recommendation of means to indicate how the date was determined,
when citing it in print. The proposed scheme is not in itself unreasonable,
but it is unworkable in that it includes no means to tell when the system
is being used. False conclusions could easily result.
The 1961 Code inserts an unfortunate subjective element in requiring
zoologists to determine whether a name not ending in -idae or -inae,
but possibly denoting a family-group taxon, is actually a latinized noun
used as a name for a suprageneric taxon or merely a plural noun in a
non-Latin language, denoting the members of a genus. For example,
was “Staphyliniens” in a French work used as a family name or as a
vernacular name for the species of Staphylinus?
In attempting to ensure continuity of family names, with reasonable
success, the 1961 Code requires the back-dating of certain replacement
names. It may result in the absurdity of imposing on a name a date
earlier than that of the birth of its author.”
The restoration of all secondary homonyms that are moved out of the
genus permits, or forces, continual alternation of the rejected name and
its replacement name, or simultaneous use of both names as the correct
name for the species.
In the rules for designation of genotype (called “type-species”), the
Code has spelled out the details of several provisions. It left several
subjective rulings, however. It also gives the impression of being fully
retro-active in most items, although this would result in change of
hundreds of names established under the rules previously in force.
By careful arrangement, cross-referencing, annotation, and indexing the
complexity of any set of rules can be moderately simplified. In spite of this
the over-all complexity of the present rules of nomenclature is excessive.
Nomenclature for things which themselves have no stability, can not be
regulated. We could not make useful rules if a given name could be used at
any level in the hierarchy, or for a taxon among ones based on a variety of



NOTES

Elementary Knowledge of
Zoology Nomenclature

and International Code

Self-Instructional
             Material   11

other concepts than their similarities. It introduces new terms such as “nominal
species” for things that are neither names nor zoological species. In attempting
to steer away from taxonomic problems, the Code has lost itself in a fog of
these undefined terms.
The use of specific name instead of trivial name is a return to a common
practice of the past, has been handled in such a way as to prevent the
clarification of nomenclatural discussions. Two identical “names” of this sort
are homonyms, however, only when they are placed together in a single
genus. Two “specific names” albus and albus are not homonyms if one is
placed in the “genus” X-us and the other in the “genus” Y-us, even if these
two “genera” are known to be the same zoologically.
The nature of most of recommendations makes them inappropriate in the
Code, because they are mere sops to defeated viewpoints and desires.
The use of word valid in the Code in place of the simple word “correct” will
be confusing for at least a generation, and has nothing to recommend it in
any case.
Most taxonomists, even vitally interested ones, were unable to attend the
Congresses, some were repulsed in their efforts to make their views known
in correspondence with the Commission, and many were prevented by the
cost of the Commission’s publications from even finding out what was being
proposed.
There is repeated reference in the Code to categories. Provisions are said
to apply to categories, whereas they all apply only to taxa and names of
taxa. This confusion of terms clouds many statements and will help postpone
the day when these concepts can be rigorously discussed.

1.2.5 New Features of the 1964 Amended Code
At the Washington Congress in 1963, several changes in the Code were proposed
and approved. Some of these became part of the Code and were incorporated
into a new edition published in 1964. Others of the changes required more careful
drafting and were scheduled to be presented for approval at a subsequent
Congress.

The 1964 Code, is similar to the 1961 Code in the following ways:
The binding and cover title are identical.
The title page is identical except that a strip of paper with a new date has
been pasted over the old date.
The Preface and Introduction are unchanged.
All articles, recommendations, appendices, and index are the same, except
as note below.

The 1964 edition differs from the 1961 Code in the following particulars:
Article numbers have been added to each page to facilitate reference,
and page numbers have been shifted to accommodate this.
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On the title page a strip of paper with a new date has been pasted over
the old date.
To the Table of Contents has been added a reference to the (new) Preface
to Second Edition.
Page numbers are changed in the Preface.
A Preface to Second Edition is added.
A List of Amendments is added.
Cross-references and index entries are said to be amended accordingly.

Check Your Progress

1. When was the international rules of zoological nomenclature adopted?
2. Define the term parataxa.
3. In which year, several changes in the code were proposed and approved?
4. Define the term taxonomy.

1.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The international rules of zoological nomenclature was adopted at the 5th
international zoological congress.

2. The term parataxa is used for the assemblages based on the diverse fossil
fragments rather than on the animals themselves.

3. In 1963 several changes in the code were proposed and approved at the
Washington Congress.

4. The study of the principles and practices of classification is called taxonomy.

1.4 SUMMARY

Zoological nomenclature is a complex and specialized subject. Names are given
to animal groups, and used to refer to them, under rules which are neither simple
nor unchanging. The current rules are now available in published form for study or
consultation by taxonomists. At the 5th international zoological congress, a code
of rules called the International rules of zoological nomenclature was adopted. At
the 13th International Congress of Zoology in Paris, a large number of proposals
were considered for revision, but most of them were found unsuitable for
acceptance. At the 14th International Zoolgical Congress, most of problems have
been worked out and then conclusions were published in 1953. At the 15th
International Congress of Zoology several basic decisions on the coverage of the
developing new code were made. 1961 code was found more suitable with great
improvement over other publications of the commission in the last few decades.
At the Washington Congress in 1963, several changes were proposed and
approved.
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1.5 KEY TERMS

Emendation:  Any intentional change in the original spelling of an available
name.
Principle of priority: The principle that the valid name of a taxon is the
oldest available name applied to it, provided that the name is not invalidated
by any provision of the code or by any ruling by the Commission.
Substitute name:  Any available name, whether new or not, used to replace
an older available name.
Taxonomic group: An assemblage of species, or stages of organisms that
cannot be allocated with confidence to nominal genera. Names proposed
or used for collective groups are treated as genus group names but special
provisions apply to them.

1.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Explain the meaning of Zoological Nomenclature.
2. What is the international commission on Zoological Nomenclature?
3. What is the responsiblity of International Congress?
4. What are the duties of commission?

Long Answer Questions
1. Write an essay on the Zoological Nomenclature.
2. Describe the International Code.
3. Describe the new features of the 1961 code.
4. What instructions are recommended to the non taxonomists?

1.7 FURTHER READING

1. Ernst Mayr. Principles of Systematic Zoology.
2. George Gaylord Simpson. Principles of Animal Taxonomy.
3. Rids, Sabrosky, Bernardi, and Melville. International Code of Zoological

Nomenclature.
4. Willi Hennig. Phylogenetic Systematics.
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CHAPTER 2 CLASSIFICATION OF
LOWER INVERTEBRATES

Structure
2.0 Introduction
2.1 Objectives
2.2 Protozoa

2.2.1 General Characters
2.2.2 Classification

2.3 Porifera
2.3.1 General Characters
2.3.2 Classification

2.4 Coelenterata
2.4.1 General Characters
2.4.2 Classification

2.5 Platyhelminthes
2.5.1 General Characters
2.5.2 Classification

2.6 Aschelminthes
2.6.1 General Characters
2.6.2 Classification

2.7 Answers to ‘Check Your Progress’
2.8 Summary
2.9 Key Terms

2.10 Self-Assessment Questions and Exercises
2.11 Further Reading

2.0 INTRODUCTION

The branch of science that deals with the study of living beings is called
biology (Gr. bios- life + logos- study). Living beings are those who are alive
or having life. Can you define the word life? Most likely, not as easily as you
could define a straight line in geometry. Even biologists sometimes have
difficulty in defining such terms as life, living and alive. The diversity of the
living things that inhabit our planet precludes lumping them together with a
simple definition. There are, however, certain characteristics and activities
that a human being has in common with an earthworm, a tree or even a
single-celled Amoeba. Taken together, these features constitute life. All living
things—more formally referred to as living organisms grow, carry on self-
regulated metabolism, move, respond to stimuli, reproduce and adapt to
environmental changes. These living things are mostly animals without back
bones. Biologists have described over a quarter million species of plants and
nearly four times as many animals. Of the latter, a mere 3% have vertebrates,
while the remaining 97% represent a vast range of invertebrate types. We
have relatively greater knowledge of the smaller groups, the vertebrates, within
which we count our own species. Invertebrate animals are a much more diverse
assemblage about which much is known and a great deal unknown. Yet, by
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most measures, invertebrates collectively represent the most successful
manifestations of organic evolution.

Animals are consumers. They feed upon a wide variety of organisms,
but ultimately they depend upon producers for their raw material, energy and
oxygen. Animals are also dependent upon decomposers for recycling nutrients.
Animals are distributed in virtually every corner of the earth, wherever plants
are near to serve as their trophic base. Of the three environments, salt water,
fresh water and land, the sea is most hospitable and has long been thought to
be where life began.

The terrestrial environment is perhaps the most demanding of all habitats.
Because biological reactions take place solely in aqueous solution, terrestrial
organisms must maintain an aqueous internal environment and the dry external
one. Under these conditions, constant regulation is necessary to prevent water
loss. The rigorous regulation is expressed in terms of behaviour, osmoregularity
activities and or watertight external coverings. Many essential resources are
irregularly distributed on land; hence land animals must search at length for
food and shelters. The terrestrial environment is thus a stimulating as well as
a difficult habitat, and the animals that live on land are among the most
metabolically active.

Air is about one eight hundreths as dense as water. Some moments are
easier in this rarefield medium but gravity is the major problem. The buoyant
qualities of water allow some aquatic invertebrates to reach considerable size,
but the absence of supporting vertebrate severely limits the size of terrestrial
invertebrates.

Most animals exhibit bilateral symmetry, a type of symmetry in which
the body can be divided through only one plane (which goes through the
midline of the body) to produce roughly equivalent right and left halves that
are mirror images. Cnidarians (jelly fish, sea anemones and their relatives)
and adult echinoderms (sea stars, sea urchins and their relatives) have radial
symmetry. In them, similar body parts are arranged around the central body
axis. Radial symmetry is considered an adaptation for a sessile lifestyle for it
enables the organisms to receive stimuli equally from all directions in the
environment.

Invertebrates are of many shapes and sizes varying from a microscopic
radiolarion sphere to the streamlined 20 m missle of the giant squid. Size and
shape affect biological functions and relationship between size and surfaces is
central to all animal systems. The surface area of an organism is an expression to
the square of its length, while overall size (volume) is a cubed function of the same
dimension. Thus, as an animal increases in length, the ratio between its surface
area and its volume decreases. Small invertebrates have large surface area
compared to large animals having comparatively smaller surfaces. The biological
implications of this relationship are for reaching.

All living things (except the viruses) are composed of cells, the basic
structural and functional unit of life. The cell is the simplest unit of living
matter that can carry on all the activities necessary for life. Some of the simple
organisms, such as bacteria, consist of a single cell. In contrast, the body of a



NOTES

Classification of
Lower Invertebrates

Self-Instructional
16 Material

human or an oak tree in made up of billions of cells. In such complex organisms,
the processes of the entire organisms depends upon the coordinated functions
of the constituted cells.

Continuity systems include the structures and functions by which animals
ensure the perpetuation of their species among which are sexual and asexual
reproduction. A variety of life cycles are displayed often featuring one or
more developmental forms.

2.1 OBJECTIVES

After going through this unit, you will be able to:
Know the purpose of classification.
Know the characteristic features of various phyla or groups of
Invertebrates.
Know the habits, habitat and other important features of physiological
activities of relative animals.
Frame out the evolutionary kinship between the various animals and
other groups.

2.2 PROTOZOA

Protozoa are generally microscopic and are so small in size that a dozen may
inhabit one red blood cell (e.g. Babesia—a sporozoan) and a several hundred
may inhabit a single tissue cell (e.g. Leishmania—a flagellate). The Protozoa
are the simplest organizations, clearly unicellular as defined by Minchin and
Calkins, because all the general functions of an organism are performed by a
single cell. But this is a critical point of view as each cell of metazoa is
specialized to do a definite function. Therefore, Dobell and Hyman regarded
protozoans as non-cellular or acellular rather than unicellular. The group
has about 50,000 acellular species. Being the simplest in structure, protozoans
are regarded as the most primitive or first animals (Gr. Protos - first; Zoon -
animal). They were first seen by Leeuwenhock (1677). The term Protozoa
was coined by Gold fuss (1817). Grassi (1952), Hall (1953), Kudo (1954),
Pitelka (1959), Allen (1962) etc. have made valuable contribution to the branch
of protozoology in the present century.

2.2.1 General Characters
Protoplasmic grade of organization is found in protozoan. They are
made up of protoplasm instead of cells, tissues or organs.
Protozoa are cosmopolitan in their distribution. Moisture is essential
for their survival. They are found in almost all stagnant freshwater
sources (Amoeba, Euglena, Paramecium, Volvox etc.)
Many protozoans are found in sea (Noctiluca, Ceratium, Allogromia,
Actinophrys, Ephelota etc.)
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Some protozoans are parasitic in nature and found in different vertebrate as
well as invertebrate hosts. (Trypanosoma, Plasmodium, Entamoeba,
Monocystis, Giardia, Nyctotherus, Balantidium, etc.).
Symbiotic protozoans are Trichonympha, Pseudo-trichonympha and
Vampellas. Such protozoans are usually found in the gut of termites
and other animals. A symbiotic relationship has also been observed in
Paramecium bursaria and Zoochlorella alga. Entamoeba coli is the
excellent example of commercial protozoan.
Distribution of free living aquatic protozoans is more or less limited by
the amount of organic and inorganic materials, acidity, salinity and also
oxygen dissolved in water. On this basis, they can further be divided
into following types:

Katharobic protozoans are those living in clean and well oxygenated
water but free from dissolved organic substances. Running streams, hilly
brooks and springs provide an environment to such protozoans.
Majority of phytomastigida, some foraminiferids and ciliates are
oligosaprobic protozoans and live in waters rich in dissolved inorganic
materials and some decaying organic substances including plants.
Many phytomastigophores, zoo-mastigophores, Heliozoa and some
ciliates belong to this category. These protozoans live in waters with
neither too much inorganic contents nor too little organic contents.
However, sufficient amount of oxygen is present.
The protozoans of this category live in waters rich in decaying organic
matter with poor oxygen. Majority of the chrysomonadids and
foraminifers are of this type.
Protozoa living in faeces or rectum are called coprozoic protozoans.
Opalina is an excellent example of the category and found in the rectum
of frogs.

Protozoa vary widely in form and that is why the body symmetry is also
named accordingly. The body of Amoeba is asymmetrically built, that
is why its shape is variable as well as changeable. Most of the protozoans
with thick pellicles have radial symmetry. Bilateral symmetry is seen
in some parasitic protozoans like Giardia.
The outer limiting covering of the body that helps in the exchange of
gases and other substances across it, usually occurs in two forms:

Some protozoans have a thin and elastic covering made up of lipid and
protein molecules. It is also provided with longitudinal ridges of muco-
polysaccharides which help in the adhesion of the related organism to the
substratum. Protozoans with plasmalemma can change their body shape
very frequently as seen in Amoeba, Entamoeba and other members of
the group Rhizopoda.
Protozoans like Euglena, Paramecium, Vorticella, Coleps etc. have
pellicle as the outer limiting covering. It is thicker and less flexible than
plasmalemma. That is why such protozoans can maintain their body shape
at rest. It is underlined by the plasmalemma.
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Some protozoans develop a skeletal covering made up of either foreign
particles, small molluscan shell pieces or a regular and continuous covering
secreted by the organism, as given under the following subheads:

During adverse or unfavourable conditions, some protozoans, specially
fresh water, secrete a temporary sheath to tide over the drought and
other unfavourable conditions. The cystic covering is developed in both
free livings Amoeba as well as parasitic forms like Entamoeba histolytica
etc.
Many biflagellated protozoans develop an armour of cellulose called
theca. It is a closely fitted armour. It can be compared with the thick
cell wall of cellulose found in higher plants. In Ceratium and
Glenodinium, the theca is further differentiated into a number of
plates.
It is a tubule or vase-like structure which fits less tightly than the
theca. It has an aperture through which emerges the anterior part of
the body or its appendages. The lorica may directly be attached with
the substratum as in Salpingoeca or attached with the help of a stalk
as in Monosiga. Sometimes, in colonial individuals like Dinobryon
and Poteriodendrion, the loricated part of one individual may be
attached with the other directly or by means of a stalk.
Most of marine and some freshwater protozoans develop a hard
protective covering called shell or test. It has a loose contact with
the body, and is also provided with one or many openings, through
which the animal can protrude itself out. In Difflugia, the shell is
made up of foreign sand particles and fine molluscan shell pieces and
even sponge spicules embedded in secreted matrix acting as cement.
In Arcella, the shell is thin and made up of a chitinous material of
pseudochitin. It is a combination of proteins and carbohydrates.
Calcareous shells are present in the members of Foraminifera
(Elphidium). Similarly, in Euglypha, siliceous shells are secreted.
In radiolarians, a regular and continuous skeleton is present between
ectoplasm and endoplasm. This skeleton constitutes the central
capsule which is made up of pseudo chitin or silica or strontium
sulphate. It has one to several perforations. In some radiolarians, the
skeleton is variously ornamental.

Most of protozoans have definite locomotory organelles in the form of
pseudopodia, cilia, flagella, pellicular contractile structures or undulatory
membrane. The classification of this group mainly depends upon these
locomotory organelles. Protozoans move in any of the four ways: (i)
amoeboid, (ii) flagellar, (iii) ciliary and (iv) metabolic movement.
Protozoans obtain nourishment in many ways. Some synthesize their
own food by a process of photosynthesis like plants (Euglena & Volvox).
This is the holophytic mode of nutrition. Majority of the protozoans
derive nourishment by ingesting other organisms, both animals and
plants. This mode of nutrition is called holozoic nutrition. Trypanosoma is
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osmotrophy as far as its nutrition is concerned. When protozoans feed
upon dead and decaying organic substances, the nutrition is called saprozoic
(Chilomonas & Polytoma). Protozoans like Euglena and Peranema are
mixotrophs. It is a combination of two or more modes of nutrition. They
are holophytic as well as holozoic. Parasitic nutrition is found in all parasitic
protozonas.
In all the cases, digestion is purely intracellular and it occurs inside the cell
with the help of lysosomal enzymes.
All free living protozoans respire aerobically. This category also includes
some parasitic protozoans living in blood. However, those parasites
living outside the circulatory system respire anaerobically (Entamoeba,
Giardia, Opalina, Nyctotherus etc). In aerobic protozoans, the exchange
of gases takes place through the general body surface.
It is the removal of metabolic wastes. Protozoans are ammonotelic
and excrete mainly ammonium substances which are removed out
through the general body surface by a process of diffusion. However,
the excretory products may also be expelled out through contractile
vacuoles which is basically meant for osmoregulation.
Marine and parasitic protozoa get a isotonic medium to live, so water
does not enter the body by endosmosis. On the other hand, all freshwater
protozoans are getting a hypotonic medium to live and water enters
the body continuously by endosmosis. If this incoming water is allowed
to stay in the body, the body will swell up and burst. That is why the
removal of excess of water becomes very essential for their survival.
For this, all fresh water protozoans develop contractile vacuoles. These
are the main osmoregulatory organelles. In Amoeba, there is one
contractite vacuole and that too without radiating or feeder canals.
In Paramecium, there are two contractile vacuoles due to having greater
surface area for endosmosis than found in Amoeba. During binary fission,
the body covering becomes impermeable to water and thus the
contractile vacuoles become functionless. If the freshwater protozoans
are transferred to sea water, their contractile vacuoles first become
non-functional and then often disappear. If these protozoans are shifted
back to freshwater sources, their vacuoles appear and become functional
again. However, if marine or parasitic protozoans are kept in freshwater
or hypotonic medium, they swell up and burst. They never develop
contractile vacuoles.
The bounding membrane of the contractile vacuole is a lipoprotein
membrane, similar to the cell membrane. Each contractile vacuole
absorbs water from the surrounding cytoplasm against the osmotic
gradient (active transport). In this, energy is required and for this, large
number of mitochondria are found around the membrane of the
contractile vacuole. The contractile vacuole periodically increases in
volume (diastole) to get filled with water and contracts (systole) to
discharge its water to the surrounding environment.
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Protozoans reproduce sexually as well as asexually. Asexual reproduction
takes place by binary fission, multiple fission, plasmotomy, budding and
regeneration. Sexual reproduction takes place by syngamy, conjugation,
autogamy, cytogamy, endomixis, hemixis and parthenogensis. Life history is
often complicated in some protozoans with alternation of asexual and sexual
phases (Elphidium).
Some special characteristics of Protozoa are:

Protozoans are acellular and carry on all the life activities within
their body, and thereby do not show division of labour. However, the
physiological division of labour is restricted to the various cell
organelles which are either intracellular or subcellular structures.
Protozoans also give response to various stimuli. It is due to the
irritability of the protoplasm that gives an indication of the beginning
of the nervous system of metazoans.
Some protozoans develop two types of conjugants—the micro-
conjugants and the macro-conjugants. It indicates the beginning of
sexual reproduction as seen in Vorticella.

Economic characteristics of Protozoa are:
Protozoans are important sources of food for aquatic animals.
Skeleton of shelled protozoans have formed valuable soil and lime
deposits in the oceans. Many human parasites influence the economic
life of man by acting as potential source of disease and disability.
They are also responsible for water contamination and causing
unpleasant odour to stored water for human consumption. For
example, Euroglena gives a fishy taste to water while Synura makes
it bitter.
Some protozoans like Amoeba and Paramecium are used as
experimental animals for studying the structure and behaviour of the
cell under varied laboratory conditions.
Shelled protozoans like Radiolaria and Foraminifera have left a rich
fossil record in the precambrian rocks, and flagellate are the most
primitive protozoans. They are not only the ancestors of all protozoans
but also of the animals and plants.

2.2.2 Classification
According to Parker and Haswell (7th Ed.) Protozoa have been divided into
following eight groups.

Flagellates or Mastigophora

1. Simple and primitive. Body with firm pellicle.
2. One to many flagella for locomotion.
3. May be free swimming or parasitic.
4. Nutrition autotrophic, heterotrophic or both or mixotrophic.
5. Asexual reproduction by binary, more or less symmetrogenic fission.
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6. Mostly free living and present in fresh water, sea water and soil.
7. It comprises of a vast variety of plant like flagellates
8. Holophytic forms possess chromophores. Chlorophyll, xanthophyll and

carotene are the usual colouring matters which respectively form green
chloroplasts, yellow chromatophores and brown chromatophores.

9. Usually one or two flagella, the nucleus vesicular.
10. Reserve food as starch or paramylon.
11. Reproduction, asexual and sexual. Life history often shows amoeboid

stages.
12. They are free living, many commensals, symbionts and parasites.
13. Colourless flagellates with neither chromoplasts nor leucoplasts.
14. One to many flagella, in most cases with basal granule complex.
15. Mode of nutrition is holozoic or saprozoic.
16. Reserve food glycogen.
17. Reproduction is chiefly by binary fission.
18. Encystment is also common.
19. Sexual reproduction does not occur.

Mastigophora is further divided into Phytomastigophora and
Zoomastigophora.
Phytomastigophora

1. Mostly free living and present in fresh water, sea water and soil.
2. It comprises of vast variety of plant like flagellates
3. Holophytic forms possess chromophores. Chlorophyll, xanthophyll and

carotene are the usual colouring matters which respectively form a green
chloroplasts, a yellow chromatophore and a brown chromatophore.

4. Usually one or two flaella, the nucleus vesicular.
5. Reserve food as starch or paramylon.
6. Reproduction asexual and sexual. Life history often shows amoeboid

stages.
Examples: Chromulina, Synura, Chrysamoeba, Ochromonas, Uroglena,
Coccolithus, Rhabdosphaera,  Heterochlores, Myxochloris,
Chilomonas, Cryptomonas, Noctiluca, Ceratium; Oodinium,
Gonyaulax, Gonyostomum, Vacularia, Euglena, Phacus, Peranoma,
Rhabdomonas, Volvox, Chlamydomonas, Polystomella, Gonium and
Pondori.

Zoomastigophora
1. They are free living, many commensale, symbionts and parasites.
2. Colourless flagellates with neither chromoplasts nor leucoplasts.
3. One to many flagella, in most cases with basal granule complex.
4. Mode of nutrition is holozoic or saprozoic.
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5. Reserve food glycogen.
6. Reproduction is cheifly by binary fission.
7. Encystment is also common.
8. Sexual reproduction does not occur.

Examples: Codosiga, Salpingoeca, Proterospongia, Monosiga,
Bicosoeca, Poteriodendron, Mastigamoeba, Dimorpha, Budo,
Trypanosoma, Leishmania, Chilomastix, Giardia, Hexamita,
Oxymonas, Pyrsonympha, Trichomonas, Tophomonas, Trichonympha
and Barbulanympha.

Rhizopods

1. Protozoa with pseudopodia as feeding and locomotory organelles.
2. Body is amoeboid with a clear-cut differentiation of ectoplasm and

endoplasm.
3. Adults do not have flagella, the flagella are seen only during development.
4. Skeletons of various forms and composition characteristics of some

groups.
5. Asexual reproduction by binary fission, encystment and spore formation.
6. Mostly solitary and free living, some parasitic and colonial.
7. Found in fresh water as well as in sea.
8. The locomotory organelles are lobopodia, filopodia or reticulopodia

but never axopodia.
9. Generally creeping forms.

10. Nutrition, holozoic or saprozoic.
Examples: Amoeba, Radiolaria, Foraminifers.

Gregarina

1. Exclusive endoparasites.
2. The locomotory organelles are absent in adults.
3. Cilia or flagella may be present in gametes.
4. Contractile vacuole is always absent.
5. Nutrition saprozoic and food is absorbed through the general body

surface.
6. Asexual reproduction by multiple fission and sexual by syngamy

followed by spore formation.
7. Sporozoites are infective; nucleus is of single type.
8. Life histories complicated and usually with the involvement of

intermediate host.
9. Mature trophozoites are large and extracellular whereas young tropho-

zoites are intracellular.
10. Reproduction is sexual with sporogony; spores contain eight sporozoites.
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11. These are parasites inhabiting gut and body cavity of invertebrates, that is
why called coelozoic parasites.
Example: Monocystis.

Coccidians

1. They lead parasitic life and inhabit the gut of vertebrates, centipedes, insects
and worms.

2. Mature trophozoites are small and intracellular.
3. Gametocytes are dimorphic.
4. Sporozoites multiply by schizogony in tissue cells.
5. Schizogony and sporogony take place in a single host.

Example: Eimeria.

Haemosporidian

1. They are parasitic in the gut, or in the blood corpuscles of the host.
2. Pseudopodia are absent and locomotion is by gliding or body flexion.
3. Trophozoites usually undergo multiple fission before producing gametes.
4. Spores without capsules or filaments naked or encysted.
5. Each spore contains several sporozoites.
6. Adult trophozoites with one nucleus.
7. Reproduction is both asexual and sexual.
8. All stages are haploid except the zygote. The first division of zygote is the

reduction division.
Example: Plasmodium.

Cnidosporidian

1. Spores develop from several nuclei and enclosed in two or three valves.
Polar capsule present.
Example: Myxusporidians.

Ciliates

1. The ciliates comprise the largest Subphylum of Protozoa. Some 8000
species have been described and many groups are still not well known.
They are also the most animal like and exhibit a very high level of
organelle development.

2. The shape of body is definite. The body wall is a complex living pellicle,
containing alveoli, trichocysts and other organelles, in addition to
infraciliature.

3. The body surface is covered with uniform cilia which function in
locomotion.

4. The cilia around the cytostome region have become specialized as
compound ciliary organelles called membranelles, and undulating
membranes in many ciliates that employ filter feeding.
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5. Most of them have two types of nuclei, larger macronucleus, and smaller
micronucleus.

6. One or more contractile vacuoles are present in freshwater forms.
7. Reproduction, asexual by transverse binary fission.
8. Conjugation also takes place with fusion of nuclei.
9. The anal aperture or cytopyge is a permanent aperture.

10. No alternation of generation in the life cycle.
11. Cilia are present during the whole or a part of their life cycle.
12. Mouth or cytostome and cytopharynx are often present.
13. Nutrition is holozoic.
14. Reproduction takes place asexually by binary fission or budding, and sexually

by conjugation, autogamy and endomixis.
15. Mostly free living in fresh water. Marine but parasites, colonial and sedentary

forms also occur.
Examples: Paramecium, Vorticilla, Colpoda, Acineta.
Ciliates are further divided into two categories:

Holotricha
1. Cilia usually short and uniform, arranged in longitudinal rows all over the

body.
2. No adoral spiral of long cilia or membranelles.
3. Mouth may or may not be present.
4. Buccal ciliature either absent or, if present, usually inconspicuous.

Examples: Didinium, Nassula, Coleps, Colpoda, Balantidium, Isotricha,
Spirochona, Chilodochona, Hyalophysa, Hoplitophyra, Anoplophyra,
Paramecium, Tetrahymene, Boveria, Thigmophyra.

Peritricha
1. It comprises freely swimming and sessile ciliate. The latter are fixed by their

aboral side.
2. They have a permanently open vestibule, a gullet with undulating membrane

and adoral wreath curving anticlock wise.
3. Adults without body cilia.
4. The apical end of the body typically bears a conspicuous buccal ciliature.
5. Anus and contractile vacuole open into the vestibule.
6. Reproduction is by binary fission and conjugation.

Examples: Vorticella, Carchesium, Epistyles, Trichodina.

Opalinids
1. They are supposed to be intermediate between ciliata and mastigophora.
2. Body covered by longitudinal, oblique rows of cilia. arising from anterior

sub-terminal rows.
3. They are never amoeboid, do not have a gullet.
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4. Cytostome is absent.
5. There is no parabasal body.
6. Two or many monomorphic nucleus (nucleus of one type only).
7. Binary fission generally symmetrogenic.
8. Sexual reproduction involves syngamy with flagellated gametes

(anisogamous).
9. Parasites found in gut of frogs and toads, less commonly in fishes,

salamanders and reptiles.
Examples: Opalina.

Check Your Progress

1. Who was credited for the discovery of protozoa?
2. Protozoans are the acellular organisms. Justify the statement.
3. Describe the types of reproduction occurring in protozoans.
4. Name the protozoans capable of photosynthetic activities.

2.3 PORIFERA

Sponges which constitute phylum Porifera, are the most primitive of the
multicellular animals. Neither true tissues nor organs are present, and the
cells display a considerable degree of independence. All the members of the
phylum are sessile and exhibit little detectable movement. This combination
of characteristic convinced Aristotle, Pliny, and other ancient naturalists that
sponges were plants. In fact it was not until 1765, when internal water current
was first observed by Ellis, that the animal nature of sponges became clearly
established. As a result, Linnaeus, Lamarck and Cuvier placed the sponges
under Zoophytes or Polypes in their systems, regarding them as allied to
anthozoan coelenterates, and many investigators sought to find in sponges
the polyps they thought must be there. de Blaiville (1816) recognized the
lack of affinities of sponges with coelenterates and separated them into a
group Spongiaria allied to protozoa, but this idea gained little attention, and,
through much of the 19th century, sponges were placed with coelenterates,
usually under the name Coelenterata or Coelentera or Radiata. Morphology
and Physiology of sponges were first understood by Robert E. Grant (1825),
who coined the term Porifera (L. Porous = pore; ferro = to bear). Huxley
(1875) and Sollas (1884) proposed the complete separation of Sponges from
other Metazoa on the ground of many peculiarities, but this view did not find
its present general acceptance until about the beginning of 20th century.
Sponges are now recognized as constituting a separated isolated branch of
the Metazoa, named Parazoa, after Sollas.

2.3.1 General Characters
All sponges are aquatic, mostly marine except the members of family
spongillidae which inhabit fresh water.
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They are multicellular organisms with cellular grade of body organization
without forming tissues or organs.
They are sessile, solitary or colonial and growing like plant and leading
a sedentary life.
They have asymmetrical or radially symmetrical bodies.
The body is cylindrical, tubular or vase-like or cushion shaped.
The body wall is diploblastic with outer dermal epithelium and inner
gastral epithelium with a gelatinous non-cellular mesenchyme in
between.
The body surface bears numerous minute pores i.e., ostia for the ingression
of water.
The interior space of the body is either hollow or permeated by numerous
canals lined with choanocytes.
Water current flows through these canals drawing food and oxygen
inside the body and carrying away excretory and reproductive products.
The interior space of the sponge body is called spongocoel.
Internal skeleton is present in the mesenchyme in the form of calcareous or
siliceous spicules or of proteinous spongin fibres.
They lack the power of locomotion and are completely sessile, except in
the larval stages.
Digestion is entirely intracellular, mouth is absent. Nutrition holozoic.
They feed on minute particles or organic matter and organism ingested by
choanocytes from the water current.
Nervous and sensory cells are lacking. However a primitive nervous system
of bi- or multipolar nerve cells forming a diffuse nerve net has been reported
in some sponges.
Excretory and respiratory organs are absent so it occurs by simple diffusion,
contractile vacuole occur in some fresh water sponges.
All sponges possess great power of regeneration.
They are mostly bisexual but asexual forms also exist.
Reproduction takes place both by asexual and sexual methods.
Asexual reproduction takes place by budding, fission or gemmule
formation and sexual reproduction by sperms and ova.
Fertilization is internal and at the same time it is cross fertilization.
Development involving segmentation of zygote instead of its mere
growth.
Cleavage is holoblastic and development is indirect followed by a free
swimming ciliated larva, the amphiblastula or parenchymula.
The organisation of sponges has been grouped into three main types,
viz., ascon type, sycon type and leuconoid type due to simplicity in
some forms and complexity in others.
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They are widely distributed and abundant from low tide marks to depth of
3.5 miles.
They have great commerical value, therefore, they have given rise to sponge
industry in a big way in countries like USA, Japan, Australia and Cuba.

2.3.2 Classification
The classification of sponges presented great difficulty, and no one scheme
has been unanimously accepted by specialists on sponges. The classification
is based on the type of skeleton, and this serves to mark off rather sharply
two groups of sponges, the calcareous and the glass sponges. The remaining
silicons and horny sponges are, however, less clearly delimited, and they are
variously subdivided by different workers. Hyman (1940) and Burton (1967)
classified this phylum which is of great importance. However the classification
here adopted is that given by Parker and Haswell (7th edition).

Phylum Porifera is divided into three classes:
Class-1. Calcarea
The members of this class possess their skeleton composed of separate
calcareous spicules made of calcium carbonate (L. Caleis = lime; Gr. sponges
= sponge).

1. Members of this class are smaller in size, extending upto 15 cm. in
length. They all are marine, may be solitary or colonial, and are found
throughout the world, inhabiting shallow water.

2. Shape of body usually cylindrical or vase-like.
3. Osculum is narrow, terminal and fringed with spicules.
4. The colour of the body is white or dull-brown.
5. Skeleton is made up of calcareous spicules which may be monaxon,

triradiate or tetraradiate.
6. Collar cells or choanocytes are comparatively large.
7. The canal system is ascon, sycon or leucon type.
8. They occur in shallow water in all oceans.

Subclass-1. Calcaronea
1. Nucleus in choanocytes is apical in position and the flagellum arises

directly from the nucleus.
2. In tri-radiated spicules, one of the three spicules has the largest ray.
3. Leuconoid type of canal system present.
4. Development is indrect through amphiblastula.

The class further divided into two orders:
Order-1. Leucosolenida

1. Body is small, cylindrical and thin walled without any foldings.
2. Body is radially symmetrical.
3. Canal system ascon type.
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4. Spongocoel is lined throughout by choanocytes.
Examples: Leucosolenia, Clathrina.

Order-2. Syncettida
1. Body is comparatively bigger, vase-like thick walled with internal foldings.
2. Solitary or colonial
3. Canal system sycon or leucon type.
4. Choanocytes are restricted to the flagellated chambers and lines only radial

canal.
5. Spongocoel is lined by flattened endoderm cells.

Examples : Scypha or Sycon, Grantia.
Subclass-2. Calcinea

1. Nuclei in choenocytes occupy the basal position and the flagellum arises
independently of the chronocytic nucleus.

2. The tri-radiated spicules have more or less equal arms.
3. Leuconoid type of canal system present.
4. Development is indirect through parenchymula larva.

Subclass Calcinea is further divided into three orders:
Order-1. Clathteinido

1. There is no dermal membrane or cortex.
2. Forms with permanently asconoid type of canal system.

Example: Clathrina.
Order-2. Leucettida

1. Distinct dermal membrane and or cortex present.
2. Canal system is syconoid to leuconoid type.

Examples: Leucetta, Leucascus.
Order-3. Pharetronida

1. Spicules usually qudri-radiate joined by calcareous cement.
2. Leuconoid type of canal system present.

Examples: Petrobiona, Minchinella.
Class-2. Hexactenillida or Triaxunida
The members of the class are called glass-sponges having triaxon or hexactinal
spicules made up of silica. In some the spicules are fused to form a lattice-like
skeleton.

1. Members of this class are of moderate size, extending up to one meter
in length and are usually solitary.

2. Deep sea sponge, commonly called glass sponge.
3. The body shape is usually cylindrical, cup-shaped or funnel-shaped.
4. They are found in deep tropical seas, and an entirely marine.
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5. The osculum is wide and usually covered over by a siliceous sieve plate.
6. The skeleton consists of triaxon or hexactinal siliceous spicules, often fused

resembling spun glass.
7. Dermal epithelium is wanting.
8. The internal structure consists of a network of trabecular net made of thin

strands forming open meshes.
9. The canal system is simple rhagon type.

10. The choanocyte cells are small and are restricted to finger-like flagellated
chambers.

11. Contractile power is lacking.
12. They are exclusively marine and occur chiefly in tropical deep sea water

from 100 to 500 m. all over the world.
13. Larva is stereogastrula.

Class Hexactinellida is divided into two subclasses:
Subclass-1. Hexasterophora

1. The beautiful glass-like body is cylindrical and very light.
2. The spicules are hexasters having star-like appearance and are always

present in the parenchyma.
3. Amphidisc absent.
4. The flagellated chambers are radially and regularly arranged.
5. Hexasters present.
6. They are not attached by root tufts but commonly attached to a hard

object.
Example: Euplectella (Venus’s flowers basket), Fornera.

Subclass-2. Amphidiscophora
1. The body is usually rounded or oval and attached to the substratum by

root tufts.
2. The spicules are amphidiscs having a convex disc, bearing a crown of

backwardly directed marginal teeth at both ends.
3. No hexasters.
4. The flagellated chambers are irregularly arranged.

Example: Hyalonema (Glass rope sponge), Pheronema.
Class-3. Demospongiae
This class comprises diverse and complicated sponges with skeleton of
siliceous spicules or spongin fibres or a combination of both or totally absent..

1. A large number of sponge species are included in this class
2. Members of this class are highly organised, varying from small to large

size and may be solitary or colonial.
3. The body shape is variable being rounded, oval, cup-like or funnel-like.
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4. Often massive and brightly coloured.
5. The skeleton is made up of silicious spicules or spongin fibres or both.
6. Spicules are never six-rayed, they are monaxon or tetraxon and are

differentiated into large megascleres and small microscleres.
7. Canal system is complicated and leucon type.
8. Choanocytes are small and restricted to small flagellated chambers.
9. There is a good degree of contractile power due to the presence of

special long contractile fibres cell or fibrocytes in the mesogloea.
10. They are mostly marine but few sponges are fresh water.
11. Asexual reproduction occurs by internal buds called gemmules
12. Larva is stereogastrula.

Class Demospongiae is divided into three subclasses:
Subclass-1. Tetractinellida (Tetractinomorpha)

1. The members of this group have radially constructed body with advanced
axial development.

2. They have tetraxonid and monaxonid megascleres.
3. Members of this group are oviparous.
4. Development indirect through stereogastrula larva.

Subclass Tetractinellida further divided into six orders:
Order-1. Homosclerophorida

1. Spicules are absent.
2. Body surface is velvet-like.
3. Body encresting.

Examples: Oscarella, Plakina and Plakontis.
Order-2. Choristida

1. Body form is usually elaborate.
2. Both small (microscleres) and large (megascleres) spicules are present.
3. A cortex is clearly defined and is often composed of an inner fibrous

layer and outer gelatinous or collenchymatous layer.
4. Spongin is typically present, concentrated in the cortex.

Examples: Geodia, Ancoria, Thenea, Stellatta, Tetilla.
Order-3. Epipolasida

1. The members of this group have spicules of megascleres as well as
microscleres in nature.

2. Well developed cortex present.
3. Also radially constructed.
4. Spongin A is more commonly present than spongin B.

Examples: Tethya, Asteropus and Epipolasis.
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Order-4. Hadromerida
1. Megascleres are mostly tylostyles i.e., the broad end is knobbed.
2. Microscleres are usually absent and if present, are star-like.
3. Spongin fibres are absent.
4. Some forms adopt a boring habit like in cliona.

Examples: Cliona (Boring sponge), Suberites, Poterion, Tethya,
Polymastia, Aoptos and Spirastrella.

Order-5. Axinellida
1. Microscleres are diverse, raphides and microxeas.
2. Megascleres are monactinal or diactinal.
3. Spongin B fibres are abundantly present.
4. They are oviparous.

Examples: Axinelia and Biemna.
Order-6. Lithistida

1. Members of this group mainly inhabit deep water in temperate and
tropical regions.

2. Skeleton is made up of desmas.
3. Highly branched spicules with rays present.

Example: Aciculites.
Subclass-2. Ceractinomorpha

1. Both megascleres and microscleres but no asters.
2. Skeleton with spongin B.
3. Oviparous.
4. Development indirect through stereogastrula.

Subclass Ceractinomorpha further divided in five orders:
Order-1. Halichondria

1. Monaxon megascleres are often of two types, viz., monactines and
diactines.

2. Microscleres are usually absent.
3. Spongin fibres are present but they are very scanty.
4. A thin dermal membranes often reinforced with tangintielly placed

spicules, is present.
Examples: Halichondria, Cicalypta and Hymeniacidon.

Order-2. Poecilosclerina
1. Megascleres are usually of two or more kinds one type in the ectoderm

and another type in the choanocyte layer. They are united by spongin
fibres into a regular network.

2. Microscleres may be curved, bow-shaped or C-shaped.
Examples: Myxilla, Microciona, Cladorhiza.
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Order-3. Haplosclerida
1. It usually includes fresh water sponges.
2. Megascleres are always diactinal and pointed at both ends.
3. Microscleres may or may not be present.
4. Spongin fibres are usually present.
5. Silicious skeleton is present.

Examples : Chalina, Spongilla (fresh-water), Haliclona, Pachychalina.
Order-4. Dictyoceratida

1. Skeleton is mainly composed of spongin fibre and usually trap foreign particles
(sand, shell and spicules of other sponges).

2. Both primary and secondary fibres remain inter-connected.
3. The members of this group are typically tough and leathery fleshy.

Examples: Phyllospongia, Dysidea and Spongia.
Order-5. Dendroceratida

1. Members of this group often lack spicules.
2. However, fern like Halisarca is devoid of fibrous skeleton.

Example: Aplysilla.

Check Your Progress

5. What are the characteristic features of Porifera?
6. What is spongocoel?
7. Which is the boring sponge?
8. On what basis sponges are classified?

2.4 COELENTERATA

Coelenterata was formerly regarded as Phylum divided into two subphyla:
Subphylum Cnidaria including Hydra, Obelia, Aurelia, Corals and Sea-
anemones, and Subphylum Acnidaria including Ctenophora (Pleurobrachia,
Beroe etc.). But during recent years Hyman (1940), Barnes (1980) and others
regard the Coelenterata (Cnidaria) and Acnidaria as two distinct phyla on the
basis of a number of dissimilarities between the two.

The coelenterates are regarded as primitive Metazoa in which the cells
are organised to reach the tissue stage. In fact, all the basic types of tissues of
higher animals are found in them viz. epithelial tissue for covering the body,
muscular tissue for support, nervous tissue for conduction of stimuli and
reproductive tissue for the reproduction.

All the coelenterates possess a single large cavity, the gastrovascular
cavity. This cavity performs the function of digestion and distribution of
digested food materials. It has one exit, the mouth. Term Coelenterata was
first used by Leuckart (1847) for those animals in which the enteric cavity
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form the body cavity. The name Coelenterata has been derived from two Greek
words, Koilos = hollow, enteron = intestine. Thus the name of this phylum literally
means hollow intestine but hollow bodies is considered more  appropriate because
actual intestine is not found in coelenterates.

2.4.1 General Characters
They are simplest Metazoa multicellular animals showing the cell-tissue grade
of organisation cells are specialised to perform different function.
All the members of this phylum are aquatic, most of whom are marine few
are found in fresh water like Hydra, none is parasitic.
They exist in two body forms or the zooids the medusa, a free floating form
and the polyp attached or fixed form. They are either colonial or solitary.
They are sedentary or free swimming. Coelenterates mostly feed on
zooplankton, but some of them feed upon large animals.
Symmetry is usually radial about an oral-aboral axis. In some forms, it is
bilateral, or radio-bilateral.
Head and segmentation is absent.
The two different body forms are want for different function, the medusa is
adopted for a pelagic existence and the polyp, is  adapted for an attachment
benthic existence. Colonial forms have evolved in many polypoid forms.
Mouth is encircled by one or more at one end of the body. These are used
for food-capturing, ingestion and defence.
The soft and delicate body is supported by horny or calcareous exoskeleton
or endoskeleton.
The body-wall is diploblastic composed of two layers of cells, the outer
epidermis and inner endodermis or gastrodermis, with a gelatinous
mesogloea in between them. The mesogloea may be thin or thick,
cellular or acellular and is secreted by the epidermis and endodermis.
The body layers are provided with peculiar stinging cell organelles, the
cnidoblasts which produce in them the peculiar nematocysts the
organelles of offense and defence these nematocysts are abundant in
the tentacles. About 17 types of such nematocysts have been identified.
These are also adhesive organs.
Characteristic undifferentiated interstitial cells are found among the
epidermal cells.
They are primitive in their lack of organs, muscular system is well present
with epithelio and endothelio muscle cells. Independent fibres in
mesogloea may be present in some.
Acoelomate animals because they do not possess a second body cavity
the coelom. Only one cavity lined with endodermal cells, is found in the
body called gastrovascular cavity. It performs the function of digestion
of food and distribution of digested food. It communicates with the
exterior through mouth which opens into stomodaeum.
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Mouth serves for ingestion of food as well as egestion of undigested food.
Digestion intracellular and intercellular. Anus is absent.
There is no special organelles for respiration, excretion and circulation.
Respiration and excretion through general body surface by diffusion.
Nervous system is primitive consisting of neurons. The neurons are usually
arranged as a nerve net at the base of epidermal and gastrodermal layers.
Nerve cells contain neurites which one located in the ectoderm and
endoderm. The impulse transmission tends to be radiating.
Sense organs may be simple or complex. In some eye-spots or ocelli and
statocysts are found.
Asexual and sexual both types of reproduction is seen. Asexual reproduction
by budding and in sexual reproduction gametes are formed in gonads.
Gonads are simple without any duct.
Cleavage holoblastic. Development is indirect. The egg usually develops
into a ciliated free-swimming stereogastrula, called the planula larva.
They usually show polymorphism.
The life-history usually exhibits alternation of genetic or metagensis in
which free swimming sexual generation (medusa) and sedentary asexual
generation (polyp) alternate with each other.
They are highly mobile, even the fixed forms are highly contractile.

2.4.2 Classification
Phylum-Coelenterata includes about 10,000 known species. About 5000 are
known as fossils. They are grouped into three classes:
Class-1. Hydrozoa
This class contains most primitive coelenterates. It consists about 2700 species.
(Gr. Hydro = water, zoon = animal).

1. Mostly colonial and marine, a few solitary and fresh-water, sessile or
free-living.

2. They are tetramerous symmetrical or polymerous symmetrical.
3. Members of this class are medusoid of polypoid or show both forms in

their life-cycle. Body wall consists of an outer ectoderm and an inner
endoderm saperated by a non-cellular mesoglea.

4. Mesoglea is acellular.
5. Gastrovascular cavity without stomodaeum, septa or nematocyst bearing

gastric filaments.
6. Cnidocytes or Nematocysts occur only in the epidermis.
7. Hydranths do not have mesentries and are without pharynx.
8. Medusae do not contain oral arms. They capture food by tentacles.
9. Hydromedusae are usually small and planktonic.

10. Medusae are with true velum which improves swimming efficiency.
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11. The asexual polypoid form arises from sexual medusoid form and the latter
arises from the former, thus exhibiting metagenesis in the life-cycle of some
hydrozoan e.g., Obelia.

12. Gonads develops only in epidermis. Sperms and eggs are shed outside
directly.

13. Naked solitary species e.g., hydras probably stem from early polypoid
forms which were not colonial.

14. A calcareous or cuticular skeleton, the perisarc cover the body of most
of the hydrogoans while colons are secretes a skeleton of CaCO3 forming
messive stony structure or coral in other forms.

15. Zygote undergoes complete cleavage and a hollow blastula is formed
which changes into a solid stereogastrula whose ectodermal cells acquire
cilia and then this stereogastrula changes into free-swimming planula.
Planula settles down, attaches by its anterior end to a substratum and
by budding forms the branched colonial polypoid stage.
The class Hydrozoa is divided into five order:

Order-1. Hydroida
1. Solitary or colonial forms.
2. The polyps are more developed.
3. Medusoid stage present or absent.
4. Polypoid generation will developed gives rise to free or absorptive

meduase by budding.
5. Sense organs of medusae are statocyst and ocelli. They are exclusively

ectodermal in origin.
It is divided in following suborders:

Suborder-1. Anthomedusae or Athecata
1. Solitary or colonial forms.
2. Skeletal covering, when present, does not surround hydrotheca.

Freshwater or marine.
3. Polyps and medusae are naked.
4. Polyp or medusae are without hydrotheca and gonotheca respectively.
5. Medusae are bud or bell-shaped. The gonads situated on the manubrium

having strongly arched umbrella. Statocysts absent.
6. Medusae are with ocelli at the bases of tentacles.

Example: Ceratella.
Suborder-2. Leptomedusae or Thecata

1. Usually marine and are collonial.
2. Hydranth surrounded by a theca.
3. Medusa flattened, bowl shaped.
4. Gonads are present on the radial canals.
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5. Eye-spot or ocelli are absent.
6. Medusae usually bear statocyst.

Example: Clytia.
Order-2. Trachylina

1. Medusoid forms only, polypoid forms are absent or reduced.
2. Medusa are large, free swimming and develops directly from fertilized

egg with a velum beneath the margin of the bell and the tentacles inserted
above the margin.

3. Statocysts and tentaculocysts present, enclosed in the endoderm.
4. Gonads are on radial canal or on the floor of gastric cavity.
5. The planula give rise to the adult through an actinula larva.

Order Trachylina is divided into two suborders:
Suborder-1. Trachymedusae

1. Marginal tentacles oral, on the edge of umbrella.
2. Sensory tentacles in pits or vesicles.
3. Gonads on radial canals.
4. Margins of bell are smooth.
5. Manubrium is long.

Example: Glossocodon.
Suborder-2. Narcomedusae

1. Sensory tentacles not enclosed.
2. Tentaculocytes naked.
3. Gonads on the floor of stomach.
4. Manubrium is short or absent.
5. Margins of bell scalloped by tentacle bases.
6. Marginal tentacles are oral.

Examples: Cunarcha, Polycolpa.
Order-3. Hydrocorallina

1. Polypoid generation forming a colony which secretes a massive
calcareous skeleton having minute pores at the surface through which
the polyps protrude out.

2. Polyps dimorphic, nutritive gastrozooids and dactylozooids.
Examples: Millipora, Stylaster.

Order-4. Chondrophora
1. Penumatophore at the upper end.
2. Pelagic, polymorphic, polypoid colony with a gas filled float.
3. Only polyploid zooids are present.
4. There is a central gastrozooid surrounded by many gonozooids.
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5. Dactylozooids arranged in a marginal circlet.
Examples: Porpita, Velella.

Order-5. Pteromedusae
1. The members of this group possess pelagic and modified actinulae which

become sexually mature.
2. Adult organisms of this group are devoid of tentacles.
3. Some authors have considered these organisms to represent as the

member of other order of Scyphozoa.
Example: Tetraplatia.

Order-6. Siphonophora
1. Free floating or free swimming colonies, showing maximum polymorphism.
2. The colony consists of several types of polyploid and medusoid zooids

attached to stem or disc.
3. They are largely found in warm seas.
4. A pneumatophore or float filled with air is present at the top in some

cases.
5. Polyps without tentacles.
6. Perisarc absent.
7. Nematocysts large and powerful.
8. Medusae incomplete, and rarely free.

Examples: Physalia, Halistemma.
Order-7. Graptolithida

1. This group includes all extinct forms of Hydrozoa.
2. Fossils were reported from the rocks of Palaerozoic age.

Order-8. Strornatoporidia
1. This group too includes fossils organisms probably belonging to Hydrozoa,

reef builders of mid Palaeozoic time.
Class-2. Scyphozoa

1. Class Scyphozoa include large jelly fishes.
2. Solitary and pelagic medusae.
3. Polyp stage is usually reduced or absent or represented by small polyp,

the scyphistoma which give rise to medusae by strobilisation or by
transverse fission.

4. Medusa are large, umbrella-shaped without velum. Perisarc is absent.
5. The sense organs are in the form of hollow tentaculocysts having

statolith.
6. The gastral tentacles are endodermal.
7. Mesogloea extensive and usually cellular.
8. The gonads are endodermal and release the gametes in stomach.
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9. Stomodaeum is absent in the gastro-vascular system but gastric tentacles
are present and the cavity is divided into interradial pockets by four
ridges or septa.

10. Marginal tentaclocysts with endodermal statoliths.
11. Alternation of generation is seen in some.
12. They are exclusively marine.

The class is divided into five orders.
Order-1. Stauromedusae

1. Mostly found in cold littoral waters.
2. Sessile and sedentary, attached to the substratum by the aboral stalk.
3. Body is goblet or trumpet shaped.
4. Mouth is four cornered with small oral lobes and a short quadrangular

manubrium.
5. Tentacles are present in some, they are per-radial and inter-radial.
6. Gastrovascular system is divided into central stomach and form per-

radial pouches by the four inter radial septa.
7. The umbrella is cup-shaped.
8. Gonads are long band-shaped lying on faces of septa.
9. Marginal sense organs are absent.

10. Fertilization is external.
11. Larva is planula with cilia.

Examples: Lucernaria, Haliclystus.
Order-2. Coronatae

1. Free swimming forms with scalloped margin living in deep sea.
2. Mouth is cruciform.
3. Body conical or dome-shaped divided into an upper cone and lower

crown by a coronary groove.
4. The crown consists of pedal lobes, pedalia, bearing solid tentacles.
5. Solid tentacles are per-radial and ad-radial, 4 interradial rhopalina

present.
6. Pharynx is suspended by four septa.
7. Four to sixteen tentaculocysts.
8. Alternation of generation is absent.

Examples: Periphylla, Nausithoe.
Order-3. Cubomedusae

1. Tropical and sub-tropical jelly fishes.
2. Free-swimming found in warm and shallow waters.
3. Body cuboid with four flattened sides and simple margins.
4. The umbrella is four-sided and cup-shaped.
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5. Four hollow inter-radial tentacles and four per-radial tentaculocysts
are present. Each tentaculocyst with one or more ocelli and a lithocyst.

6. Mouth is cruciform and gastric pouches are present.
7. A true velum is absent.
8. Gastrovascular septa are present.
9. Gonads are leaf-like and there is no alternation of generation in life-

cycle.
Example: Charybdaea.

Order-4. Semacostomae or Discomedusae
1. Most common free-swimming animals found all over the world.
2. The umbrella is disc-like.
3. Mouth surrounded by four oral arms which are grooved with filled

edges.
4. Eight or more tentaculocysts are present.
5. Hollow tentacles are interradial, perradial, adradial and subradial.
6. Gastric pouches and septa are absent.

Examples: Aurelia, Cyanea, Pelagia, Chrysaora.
Order-5. Rhizostomeae

1. Free-swimming forms found is shallow waters of tropical and subtropical
oceans.

2. The mouth is obliterated by the growth across it of 8 very large and
branched oral arms.

3. The stomach is continued into the canals opening by funnel shaped
apertures on the edges of the arms.

4. Septa absent.
5. Umbrella is saucer or bowl-shaped.
6. Marginal tentacles absent.
7. Tentaculocysts are 8 or more in number.
8. Four subgenital pits are generally present.

Example: Pilema.
Class-3. Anthozoa or Actinozoa

1. Solitary or colonial exclusively marine.
2. Exist only in the polyp form, no medusa stage.
3. Differ from hydrozoan and scyphozoan polyp in possessing a

stomodaeum, paired mesenteries (their free ends bear coiled mesenteric
filaments like the gastric filaments of scyphozoan but are partially
endodermal in origin).

4. Body wall consists of ectoderm and endoderm separated by a strong
mesogloea having fibres and cells.
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5. Mouth leads into pharynx or stomodaeum.
6. Stomodacum consists of the same layers reversed i.e., its lining

membrane is ectodermal. The mesenteries are formed by a double layer
of endoderm with a supporting plate of mesogloea.

7. Nematocysts are more complex and without opercula than in Hydrozoa
and Scyphozoa are found in the tentacles, body-wall, stomodaeum and
mesenteric filaments.

8. Gastrovascular cavity subdivided by eight or less or more septa or
mesentries.

9. Muscular system is well-developed containing both ectodermal and
endodermal fibres and endodermal muscle processes.

10. Skeleton either external or internal. Exoskeleton is forms from calcium
carbonate which often form massive corals.

11. Nervous system is a typical nerve net without CNS.
12. Gonads develop in the mesenteries, sex cells are located in the endoderm,

sperms and ova are discharged into the coelenteron.
13. Fertilization is external.
14. The zygote develops into a planula which after swimming freely for

sometimes settles down and metamorphoses into the adult form.
15. Except in one doubtful instance there is no alternation of generations.

The class-Anthozoa is divided into two subclasses:
Subclass-1. Hexacorallia (Zoantharia)

1. Solitary or colonial marine forms.
2. Polyps are usually monomorphic.
3. Tentacles and mesenteries very numerous, arranged in multiple of six.
4. Tentacles are simple, unbranched, hollow cones.
5. Endoskeleton when present in calcareous, divided from ectoderm.
6. Two siphonoglyphs are present and two pairs of directive mesenteries, the

remaining mesenteries are generally arranged in couples with the longitudinal
muscles of each couple facing one another.
Subclass Hexacorallia further divided into following orders:

Order-1. Actiniarea
1. The animals are commonly called sea-anemones. They are solitary or

colonial, brightly coloured. Sessile but not fixed.
2. Body is cylindered divided into oral disc, column and base.
3. The aboral end is also provided with a pedal disc.
4. Tentacles and mesenteries are numerous.
5. Siphonoglyph is one or more.
6. Skeleton is absent.

Examples: Tealia, Eduardsia, Minyas, Adamsia.
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Order-2. Madreporaria
1. The animals are usually colonial, rarely solitary.
2. Skeleton is external hard and calcareous secreted by ectoderm .
3. Siphonoglyph is absent and muscle feeble.
4. Polyps are very small or minute living in cup like cavities on exoskeleton.
5. These are stony corals.

Examples: Corallium, Madrepora, Fungia, Meandra, Favia.
Order-3. Zoanthidea

1. Mostly colonial and some are solitary forms.
2. The tentacles are unbranched.
3. The skeleton and pedal disc absent, but body wall may contain foreign

calcareous bodies.
4. Polyps are small and often united by basal stolons.
5. Mesentries paired. Each pair with a complete and an incomplete

mesentery.
6. They have single ventral siphonoglyph.

Examples: Zoanthus, Epizoanthus.
Order-4. Antipatharia

1. These are compound tree-like animals. Commonly known as black
corals.

2. They are found in deep water in the oceans.
3. The tentacles and mesenteries are comparatively few (6-24) in number.
4. The skeleton is derived from the ectoderm and is present in the forms

of a branched chitinoid axis.
5. The axial skeleton bears the polyps which are diocious but the colony

may be hermaphrodite.
6. Two siphonoglyphs.
7. Mesentries and tentacles are 6-24 in number.

Example: Antipathes.
Order-5. Ceriantharia

1. The individuals are long and solitary found in the vertical cylindrical
cavities in the sea bottom.

2. Skeleton and pedal disc are absent.
3. The mesenteries are incomplete.
4. Numerous, simple tentacles are arranged in two whorls-oral and

marginal.
5. There is a single dorsal siphonoglyph.

Examples: Cerianthus, Pachycerianthus.



NOTES

Classification of
Lower Invertebrates

Self-Instructional
42 Material

Order-6. Corallimorpharia
1. Solitary or colonial polyps without skeleton.
2. Radially arranged tentacles.

Example: Corynactis.
Order-7. Ptychodactiaria

1. The members of this group include a group of small anemone like polyps
lacking ciliated tract on the mesenterial filaments.
Example: Ptychodactis.

Subclass-2. Octocorallina or Alcyonaria
1. Colonial marine forms.
2. Only polyps no medusae.
3. Polyps with flat circular oral disc, having elongated mouth in the centre.
4. Tentacles and mesenteries always eight in number.
5. The tentacles pinnate i.e., produced into a symmetrical branchlets.
6. Single siphonoglyph, which is ventral in position, is present that faces the

proximal end of the colony.
7. Endoskeleton is the product of mesogleae cells comprised calcareous

spicules either calcareous or horny in nature.
8. The arrangement of mesenteries is not always in couples (or pairs) and

all their longitudinal muscles are directed ventrally i.e., towards the
same side as the siphonoglyph.

9. Polyps are dimorphic in some forms.
The subclass is divided into following orders:

Order-1. Stolonifera
1. Found in shallow waters in tropical and temperate oceans.
2. Polyps arising form a creeping stolon.
3. Skeleton either absent or of calcareous tubes or separate calcareous

spicules.
4. Found on coral-reefs in Old and New World.

Examples: Tubipora, Clavularia.
Order-2. Telestacea

1. Colony formed of simple or branched stems arising from a creeping
base.

2. Long stem bears polyp with lateral polyps.
3. Skeleton of calcareous spicules or of horny secretion.

Example: Telesto.
Order-3. Alcyonacea

1. They are found mostly in tropical oceans.
2. The skeleton usually consists of calcareous spicules or the spicules

become aggregated so as to form a coherent skeleton.
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3. Some forms may be dimorphic.
4. Colony is mushroom-shape.
5. Body is branched with a central axis.
6. Polyps are dimorphic in some forms bearing autozooids and

siphonozooids.
7. Polyps embedded in fleshy coenochyme.

Examples: Alcyonium, Gersemia.
Order-4. Coenothecalia

1. Blue or brown corals found on coral reefs in the Indo-Pacific waters.
2. Skeleton massive, calcareous and blue-green formed from iron salts.
3. It is perforated by many long and small erect cavities.

Example: Heliopora.
Order-5. Gorgonacea

1. Commonly called sea fans/sea feather etc. and are found in tropical and
subtropical shores.

2. The individuals are compound tree-like.
3. Skeleton is calcareous or horny made up of horn-like organic matter

called gorgonin.
4. Spicules are present in mesogloea.
5. Rarely dimorphic.
6. Siphonoglyph is absent.
7. Colony mainly upright branching, often in one plane.

Examples: Gorgonia, Corallium.
Order-6. Pennatulacea

1. The colony is usually elongated divided into a proximal stalk or peduncle
and a distal rachis.

2. One end of the colony called the stalk or peduncle remains embeded in
the mud at the sea-bottom while other end bears the polyps.

3. The rachis is the axial polyp bearing numerous dimorphic polyps laterally.
4. The skeleton is made up of calcareous or horny spicules.

Examples: Pennatula, Renilla, Pteroeides.

Check Your Progress

9. What is the characteristic feature of Coelenterates?
10. Name the coelenterate exhibiting alternation of generation.
11. Which coelenterate is called Portuguese man of war?
12. What is the common name of Madrepora?
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2.5 PLATYHELMINTHES

The term Platyhelminthes, proposed by Gegenbaur in 1859, means
flatworms which refers to their characteristic contour of flattened body. The
term is derived from two Greek words—platys = flat; helminthes = worms.
The animals show low organization as they are without anus, skeletal,
respiratory and circulatory systems. The body is filled with mesenchymal cells
which are mesodermal in origin.

2.5.1 General Characters
Bilateral symmetrical body, flattened dorso-ventrally.
Body generally shows anterior cephalization, that is differentiation of anterior
region into head.
Body generally worm-like, either long, flat, ribbon-shaped or leaf-like. The
outline of body is bizarre shape in trematodes and segmented tape-like
body in cestodes.
Most of the flat worms are of small to moderate, dimensions to size varies
from microscopic to the extreme elongation as much 10 to 15 metres.
General colour creamy white but on account of the presence of food, the
body may acquire colour. Some of the free-living flat worms are brilliantly
coloured, often brown, black, gray.
Body with various types of attachment in the form of adhesive secretions,
suckers, and hooks.
Body consists of three embryonic layers viz. ectoderm, mesoderm,
endoderm.
In parasitic forms, the body is covered with a thick cuticle but free-
living turbellarian are clothed with cellular or syncytial epidermis.
The exo- and endoskeleton are completely absent, therefore the body is
generally soft with hooks, spines, spicules and thorns.
Body space is filled with a mesenchyma that is parenchymatous tissue,
therefore, flat worms are acoelomate, that is without coelom.
The digestive system is generally absent in tapeworms and acoela. But
in others, it consists of mouth, pharynx and variously modified intestine.
Respiratory and circulatory systems are absent but some of the
trematodes have system of tubes, the so-called lymphatic system of
uncertain function.
The nervous system is of primitive type with missing nervous tissue as
the brain in anterior-most region with several longitudinal ganglionated
cords. Numerous transverse connections occur between the longitudinal
cords. So the nervous system is generally ladder like.
Parasitic forms are without sensory organs but free-living forms are
provided with sensory organs in the form of chemo- and tango-receptors,
ciliated pits, statocysts and ocelli or eyes.
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Excretory system well developed with proto-nephridial tubules having
flame bulbs or cells. But acoela are without protonephridia.
Hermaphrodite, rarely with separate sex. The eggs are generally devoid of
yolk but with yolk cells. Varieties of copulatory organs are present. Cross-
fertilization and self-fertilization both are common.
Development direct i.e., without larval stage or indirect with larval stages.
Life cycles complicated with succession of larval stages involving one to
three intermediate hosts.
Asexual reproduction common among freshwater forms.
Parthenogenesis and polyembryony common among trematodes and
cestodes.
Endogenous and exogenous budding common in tapeworms.

2.5.2 Classification
Phylum Platyhelminthes is divided into three classes. The classification
followed here is from Parker and Haswell.

Class-1. Turbellaria
Turbellaria is derived from the Latin word ‘turbella’, which means a stirring.
The animal produces turbulance in water by body cilia. They possess following
characters:

1. The members of this class are broad, flat and leaf-like in shape.
2. They lead a free-living life in fresh or salt water, in moist soil, some

members may be commensal or parasite.
3. Body unsegmented, dorso-ventrally flattened and covered with cilia.
4. The anterior end is differentiated into head.
5. Epidermis cellular or syncytial contain rod-like structures called

Rhabdites. The rhabdites are curved structures capable of discharging a
chemical secretion.

6. Epidermis and mesenchyma are provided with unicellular glands of two
types: (a) cyanophilous which secrete adhesive secretion; and
(b) eosinophilous.

7. Turbellarians are abundantly provided with adhesive organs which are of
two types: (a) glandulo-epidermal adhesive organs; and (b) glandulo-
muscular adhesive organs.

8. Alimentary canal incomplete i.e., with single opening, the mouth. Mouth is
mid-ventral, sometimes near the centre of body. Intestine is blind or absent.

9. Excretory system with protonephridia.
10. Sense organs consist of tangoreceptors and chaemoreceptors.
11. Mostly bisexual or hermaphrodite or unisexual with very few exceptions.
12. Reproduction by asexual, sexual methods and by regeneration.
13. Cleavage spiral. Development direct without larval stage.
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Subclass-1. Archeophora
1. Members of this group are exclusively marine.
2. Undivided ovary makes an important feature of this group.
3. Eggs are of entolecithal type.
4. Cleavage is of spiral type where the cleavage furrow does not pass through

the centre of egg while dividing the egg into blastomeres.
The subclass is further divided into following orders:

Order-1. Acoela
1. They are minute, delicate turbellarians with a ventral mouth.
2. Mouth and pharynx are present. Pharynx simple when present but usually

absent and so the intestine is also absent.
3. Parenchyma syncytial not differentiated into mesoderm and endoderm.
4. Protonephridia absent.
5. Food is taken in solid form and digested by endodermal cells.
6. Gonoducts, gonads and yolk glands are abeent.
7. Exclusively marine form living under stones, algae etc. at the sea bottom.

Some live in the intestine of holothurians.
Examples: Convoluta, Hoplodisus.

Order-2. Polycladida
1. Size moderate, from 2-20 mm. Dorsoventrally flat leaf-like body they are

exclusively marine.
2. Intestine with many branches.
3. Eyes and nerve cords are present.
4. There are numerous ovaries and testes.
5. Genital apertures separate.

Examples: Stylochus, Notoplana, Thysasnozoon, Yungia.
Subclass-2. Neoophora

1. Mostly marine few freshwater and brakish water forms.
2. Some are ectoparasite or ectocommensal in habitat.
3. Ovary is filamentous and is differentiated into germarium and vitellerian parts.
4. In germarium gametes are produced whereas in vitellarium, shell and yolk

particles are secreted.
5. Egg are of ectolecithal type.
6. Cleavage is irregular.

This subclass is further divided into following orders:
Order-1. Rhabdocoela

1. Small tubellarian usually less than 3 mm in length.
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2. Mostly free-living, marine or freshwater.
3. Some of them inhabit in the respiratory cavities of various fresh water

crustaceans, viz. Temnocephala.
4. Body is elongated, cylindrical or compressed with simple pharynx and

simple unbranched sac-like intestine.
5. Yolk-glands may or may not be present.
6. Male with two to many testes, whereas the female with 1 to 2 ovaries.
7. Nervous system consists of two longitudinal nerve cords. Eyes are

present in most of them.
Examples: Catenula, Rhynchoscolex, Stenostomum, Microstomum,
Macrostomum, Graffilla, Anoplodium, Mesostoma, Gyratrix.

Order-2. Temnocephalida
1. Freshwater, ectocommensal forms.
2. Anterior end having 2-12 tentacles.
3. Posterior end with 1 or 2 adhesive discs.
4. Pharynx doliform.
5. Gonopore simple.

Examples: Temnocephala, Monodiscus.
Order-3. Tricladida

1. Marine, freshwater or terrestrial forms.
2. Large turbellarians, measuring 2-60 cm in length.
3. Pharynx plicate usually backwardly directed.
4. Intestine three-branched sacs.
5. Eyespots usually present.
6. Two ovaries, 2 or numerous testes.
7. Female reproductive system provided with one or two copulatory bursa.
8. Penis with penis papilla, common genital aperture.

Examples: Bdelluora, Ectoplana, Gunda, Dugesia, Kenkia,
Dendrocoelum, Geoplana, Dolichoplana, Bipalium.

Class-2. Digenea

1. They are endoparasite in invertebrate and vertebrates.
2. Two to four hosts in the life-cycle.
3. Two suckers, without hooks, mouth within anterior sucker.
4. There is only one excretory pore present in the posterior region of the

body.
5. There is a common gonopore for male and female reproductive systems.

Vagina is absent.
6. Uterus is long branched with many eggs.
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7. Their larval forms reproduce asexually before metamorphosis.
Examples: Bucephalus, Bucephalopsis, Paramphistomum, Gastrothylax,
Opisthorchis, Amphimerus, Metorchis, Fasciola hepatica, Fasciplopsis
buski, Echinostoma, Echinoparyphium, Parorchis, Himasthla,
Schistosoma, Zoogonus, Nassa, Bunodera, Plagioporus, Azygia,
Otodistomum, Halipegus, Derogenes, Didymocystis, Gorgoderina,
Gorgodera, Plagiorchis, Styphlodora, Dicrocoelium, Eurytrema,
Stictodera, Heterophyes, Spelotrema, Maritrema, Paragonimus,
Troglotrema, Cyclocoelus, Trphlocoelum, Clinostomum, Notocotylus,
Catatrops, Ophiososma, Cyanthocotyle, Brachylaima, Sanguinicola,
Spirorchis, Hapalorhynchus, Heronimus.

Class-3. Aspidogastrea

1. Sucker enormous circular, oval or elongated, divided by septa into one,
three or four longitudinal rows of depressions termed alveoli.

2. Protonephridia have separate bladders and separate or a common
nephridiopore situated near the posterior end.

3. Testis single.
4. Laurer canal may be present.
5. Endoparasite in the mantle, pericardial and renal cavities of clams and

snail and in digestive system of fish and turtle.
Examples: Aspidogaster, Cotylaspis, Cotylogaster.

Class-3. Monogenia

1. They are ectoparasite mostly in cold-blooded animals (fishes).
2. The life-cycle is simple and passed in one host only, monogenetic.
3. Oral sucker absent, when present in poorly developed.
4. A large disc-shaped structure, the opisthaptor, is found on the posterior

end. It contains hooks and is lined with chitin.
5. Paired excretory pores are present in the anterior part of the body.
6. Male and female genital pores are separate.
7. One or two vaginae are present.
8. The uterus is small and contains few eggs.
9. Development is indirect through a larval stage called onchomiracidium.

Class Monogenia is divided into three orders:
Order-1. Monopisthocotylea

1. Opisthaptors are present without suckers but with hooks.
2. Genito-intestinal tract is absent.
3. Posterior adhesive organ is single or divided by septa.
4. Eye-spots usually present.
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Examples: Gyrodactylus, Monocotyle, Heterocotyle, Amphibdella,
Entobdela.

Order-2. Polyopisthocotylea
1. Opisthaptor contains many suckers and also hooks.
2. Oral suckers two, opening into oral cavity.
3. Genito-intestinal tract present
4. Eye-spots are absent.

Examples: Polystoma, Diplozoon, Microcotyle.
Order-3. Gyrocotylidea

1. Members of this group are the endoparasites.
2. Usually found in the intestine of holocephalan fishes.
3. Absorb digested food through general body surface due to the absence

of gut completely.

Class-4. Cestoda
1. They are found as endoparasites in the intestine or vertebrates and are

called tapeworms.
2. Body is flat, elongated and ribbon-like, measures from 1 mm to 10

metres in length.
3. Body is without epidermis, rhabdites, cilia but a cuticle is present.
4. Body is usually divided into a scolex or head, neck and few to many

proglottids.
5. Scolex is provided with hooks or suckers or both.
6. Scolex is followed by neck which forms new ‘proglottids’ by transverse

budding called strobilization.
7. Mouth and digestive tract are absent.
8. Excretory system consists of protonephridia with flame-cells.
9. Nervous system consists of ganglionated nerve ring in scolex and two

pairs of lateral nerve cords in proglottids.
10. Each proglottid contains one or two sets of male and female reproductive

organs. Thus, they are hermaphrodite.
11. Several testes in the form of follicles and single-lobed ovary.
12. Uterus presents a great variety of structures.
13. Fertilization internal and self.
14. Life-cycle is complicated with hooked embryo, and is passed in more

than one host.
Class Cestoda has about 3400 species. The class is divided into 8 orders:

Order-1. Caryophyllidea
1. Body is not divided into strobilla.
2. Scolex with one or more simple shallow suckers or without suckers.
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3. Tubular uterus with a primary external opening present.
4. These are digenetic parasites requiring two hosts to complete the life cycle

(annelid and fish).
Examples: Caryophyllaceous, Archigetes.

Order-2. Spathebothridea
1. Members of this group are digenetic requiring two hosts (crustacean

and fish).
2. Body does not show any sign of segmentation.
3. Scolex is not found and in some forms is a simple terminal cup.
4. Geintalia replicated.
5. Uterus tubular.

Example: Cyathocephalus.
Order-3. Diphyllobothridea

1. Body is divisible into different parts with proper strobilisation.
2. True apolysis is hardly seen in the members of this group.
3. Tubular uterus with a primary external opening.
4. Scolex bears two to three suckers.
5. Life cycle is completed in three hosts (crustacean, fish or birds or

mammals.
Examples: Amphillina and Diphyllobothrium.

Order-4. Bothriocephalidea
1. Intestinal parasites inhabiting the intestine of elasmobranch fishes.
2. Strobilization is distinct,
3. Proglottids only 20 or less.
4. Apolysin usually present.
5. Sac like uterus, vitellaria reduced.
6. Scolex with two bothria and a spiny head stalk.
7. Life cycle is completed in three hosts (crustacean, fish and another fish).

Example: Eubothrium.
Order-5. Tetraphyllidea

1. Endoparasite, exclusively in the intestine of elasmobranch fishes.
2. Scolex provided with four bothria (sessile suckers) often with hooks
3. Testes lie in front of ovaries.
4. Cirrus armed with hairs, spines or hooks.
5. Common genital atrium marginal.

Example: Acanthobothrium.
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Order-6. Trypanorhyncha
1. Parasitic in the spiral valve of digestive tract of elasmobranch fishes.
2. Strobila is segmented and is of moderate size.
3. Scolex with two or four sessile bothria and four protrusible spiny proboscis.
4. Testes extend beyond ovary posteriorly.

Examples: Haplobothrium, Tetrarhynchus.
Order-7. Proteocepalides

1. These are endoparasites of freshwater fishes, amphibians and reptiles.
2. Scolex mobile with four lateral suckers, an apical sucker in some.
3. Ovary bilobed. Uterus with many branches and pores.
4. Vitellaria scattered.
5. Common genital atrium marginal.

Examples: Proteocephalus, Ophiotaenia.
Order-8. Cyclophyllidea

1. Endoparasites in the intestine of birds and mammals.
2. Elongated body, with proglottids.
3. Scolex bears four suckers often with an apical rostellum armed with

hooks.
4. Excretory system with four longitudinal vessels and flame cells.
5. Complete sets of reproductive organs in each proglottids. Single

compace yolk gland.
Examples: Taenia, Echinococcus, Hymenolepis.

Check Your Progress

13. Who was proposed the term Platyhelminthes?
14. Name of ectoparasite found attached to the gills of freshwater fishes.
15. How many turbellarian species have been reported so far?
16. Which group of Platyhelminthes is devoid of mouth and alimentary

canal.

2.6 ASCHELMINTHES

There is a variety of opinions among zoologists about the systematic position
of nematodes. Some authors (Gegenbaur etc.) have designated a separate
Phylum Nemathelminthes, which includes or does not include Acanthocephala
and Nematomorpha. Recently, nematodes have been grouped in a class
Nematoda in the Phylum Aschelminthes. The term Aschelminthes is coined
by Grobben.
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2.6.1 General Characters
Round worms have elongated, cylindrical and vermiform body with tapering
ends.
Body unpigmented being either white or with a yellowish tinge.
Body is unsegmented but may be wrinkled. It is not distinguished into regions.
Caudal end of the body generally straight in female but coiled in males and
the males are shorter than females.
Anterior cephalization is not prominent, therefore, the body is without any
definite regions.
Mouth terminal surrounded by lips. In Strongyloides, the lips are modified
into teeth known as leaf-crown.
Amphids and papillae are the main sensory organs and are of great taxonomic
value in case of free-living forms.
Marine nematodes are annulated due to the presence of transverse striations
or longitudinal striations which are of common occurrence.
Body is covered by rough resistant cuticle, having bristles, spines, warts
and papillae etc. Sometimes cuticle modified as cephalic, cervical and
lateral cuticle and in the form of vesicles.
Caudal end with a pouch of cuticular nature known as phasmids, very
common in parasitic forms.
Cuticle in the strongyloides is modified into an umbrella-like form known
as bursa which is generally supported by muscular rays.
The layers of body wall generally made up of cuticle, sub-cuticle or
epidermis and muscle layer. The cuticle is generally of keratin which
allows only glucose and urea etc.
Epidermis is syncytial where they are usually divided in four sections in
the four longitudinal chords, one dorsal, one ventral and two lateral in position.
Muscles consist of longitudinal muscle fibres with variable arrangements
which is generally holomyarian, meromyarian and polymyarian etc.
The muscles are of great toxonomic value.
The body cavity is pseudocoel.
Digestive tract well developed generally made up of mouth, buccal
cavity, pharynx or oesophagus are of various types, intestine and anus.
Nervous system consists of a nerve-ring encircling the oesophagus.
From it, nerves are given out anteriorly and posteriorly.
Protonephridia absent but the excretory system is made up of canals or
gland-like organs.
Sexes are separate. Testes and ovaries are tubular and coiled. Usually
there is a single testes. The ducts from the testes open into the cloaca
and the cloaca is associated with accessory structures such as circular
spicules. Ovaries, oviduct and uteri are double.
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Aschelminthes are ovo-viviparous, oviparous or viviparous.
Life-cycle complicated may be with or without intermediate host.
Larval stage four. Third stage of lara is infective.

2.6.2 Classification
Phylum Aschelminthes is divisible into several classes.

Class-1. Nematoda

1. Body is slender, cylindrical, tapering towards both the ends.
2. Body is covered with cuticle.
3. Intestine is well formed.
4. Body cavity is not lined with epithelium.
5. Cloaca is absent in female.
6. Male and female reproductive organs are well developed.

Examples: Paracytholaimus, Paracanthonchus, Pelagonema, Enoplus,
Anticoma, Dorylaimus, Xiphinema, Mermis, Paramermis, Trichinella,
Trichuris, Tricoma, Desmoscolex, Monohystera, Siphonolaimus,
Rhabditis, Diplogaster, Enterobius or Oxyuris, Ascaris, Ancylostoma,
Necator, Strongylus, Dracunculus, Micropleura, Gnathostoma,
Spiroxys, Rhabdias, Wuchereria, Microfilaria, Loa.

Class-2. Nematomorpha

1. Superficially it resembles the nematodes, however differs in having a
cloaca in both male and female sexes, and secondly it does not develop
lateral chords and excretory system.

2. It is a pseudo-coelomate and bilateral symmetry.
3. Sexes are separate.
4. Digestive system degenerates at one or both ends.
5. It is devoid of excretory system.
6. It is a parasitic as juveniles in Arthropoda.
7. Free living and primarily aquatic as adults.

Examples: Paragardius, Gordius.

Class-3. Rotifera

1. These are minute freshwater forms also available in sea.
2. Commonly known as wheel animalcules.
3. Anterior end of the body bears a distinctive ciliary apparatus - the

chorona or trochal disc.
4. Body is unsegmented and acoelom and bilaterally symmetrical.
5. The gut is usually complete and is provided with muscular pharynx

bearing jaws.
6. Flame cells helps in excretion.
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7. Simple nervous system present.
Example: Brachionus rubens.
Rotifers are further divided into three orders:

Order-1. Bdelloidea
1. Exclusively free swimming fresh water forms.
2. Body is elongated and composed of several cylindrical joints.
3. No lorica.
4. Paired ovaries present.
5. Reproduction always parthenogenetic and without males.

Examples: Rotifer, Rotaria.
Order-2. Seisonoida

1. Exclusively marine.
2. Adapted for an epizoic existence.
3. Sex organs are perfectly developed.
4. Paired testes and ovaries are found.
5. Sexes are separate, without any sexual dimorphism.

Example: Sei.
Order-3. Monogonontida

1. This group includes all fresh water forms.
2. Most of them are free swimming.
3. Body is elongated to sacci form.
4. Cuticle not as freely jointed as in Bdelloida.
5. Sexes are separate with clear cut sexual dimorphism.
6. Testes paired and ovary unpaired.
7. Reproduction heterogenous i.e., alternation between parthenogenesis and

sexual mode of multiplication.
Examples: Callotheca, Brachionus, Pedalia.

Class-4. Gastrotricha

1. The members of this group are microscopic, and free living.
2. Found in both fresh water as well as marine habitats.
3. The body is elongated worm like devoid of external segmentation.
4. At places the organisms developed cilia and adhesive glands.
5. Outer covering is the cuticle having scales and bristles.
6. One pair of protonephridia bearing flame bulbs for excretion.

Gastrotricha is further divided into two orders:
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Order-1. Macrodasyoida
1. Forms of this group are exclusively marine.
2. Protonephridia altogether absent.
3. Reproductive system remains well developed

Example: Platydasys.
Order-2. Chaetonotoida

1. Members of this group are exclussively freshwater.
2. Protonephridia present.
3. Male reproductive system remains absent however, present in Neodays

and Xenotrichala.
Examples: Chaetonotus, Dasydytes, Xenotrichula.

Class-5. Kinorhyncha

1. The members of this group are usually found at the muddy bottom or
in shallow marine habitats. These are very small or minute organisms.

2. Body is elongated and cylindrical and is superficially segmented into
13 joints.

3. Head retractable and remains covered with circlets of spines.
4. Excretory system is properly developed. There is a pair of short proto-

nephridial lobes
5. Each tube has a single multinucleated flame bulb.
6. Body wall has circular and diagonal muscles.
7. Body cavity is a fluid filled pseudocoel that is reduced or absent.
8. Kinorhynchs are dioecious, development is direct and moulting occurs

with growth.
This class is further divided into three orders:

Order-1. Cyclorhagida
1. The main features of this group is the presence of closing apparatus

consisting of placids of the second zonite.
2. There are 14 to 16 closing plates in the neck regions of most species.

Example: Echinoderes, Campyloderes.
Order-2. Homalorhagida

1. The members of this group have 6-8 closing plates in the neck region.
2. Their trunk is with few spines and distinctly triangular in cross section.

Example: Pycnophyes.
Order-3. Conchorhagida

1. The main feature of this group is the closing apparatus which is not
placids, but a pair of lateral plates on the third zonite.
Example: Semnoderes.
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Check Your Progress

17. Who has coined the term Aschelminthes?
18. Describe the morphological features of Aschelminthes?
19. Write down atleast five most common examples of this group.
20. Write down at least five common diseases caused by the round worms.

2.7 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Protozoans were first seen by Leeuwenhoek (1677).
2. Protozoans are called acellular organism because cells alone can not perform

all vital activities like digestion, reproduction, circulation, excretion, sense
and reproduction. Thus the protozoans are complete organisms not the
cells.

3. Protozoans reproduce asexually (binary fission, multiple fission or budding)
and sexually (conjugation).

4. Protozoans like Euglena, Chlamydomonas and Volvox are capable of
performing photosynthetic activities.

5. Members of group Porifera have porous body, canal system and skeleton
of spicules.

6. Spongocoel is the inner spacious cavity present in sponges, also called
paragastric cavity.

7. Cliona is the boring sponge encrustating on rocks, molluscan shells,
coral skeleton and other calcareous objects.

8. Sponges are classified on the basis of nature of spicules and also the
canal system.

9. Nematocysts are the stinging cells making the characteristic feature of
coelenterata.

10. Metagenesis is the alternation of generation occurring in coelenterate
like obalia.

11. Physalia is the usually called Portuguese man of war.
12. Madrepora is commonly known as horn coral.
13. Gegenbaur (1859) proposed the term Platyhelminthes.
14. Diplozoon is the blood sucking ectoparasite found attached to the gills

of freshwater fishes.
15. There are about 1500 species of turbellaria reported so far.
16. Group Cestoda of Platyhelminthes is devoid of mouth and digestive tract.
17. Grobben has coined the term Aschelminthes.
18. Round warms having elongated, cylindrical, unsegmented, unpigmented

and simple least differentiated into different regions.
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19. Ascaris, Trichinella, Enterobius or Oxyuris, Ancyclostoma and
Wuchereria are the most common examples of this group.

20. Ascarisasis, Trichinosis, Enterobiasis, Hookworm disease and Elephantiasis
are the diseases caused by different nematodes.

2.8 SUMMARY

Taxonomy is the division of various animals on the basis of their similarities,
dissimilarities and evolutionary relationship. In short it can be summarized in
the following steps. Kingdom, phylum, subphylum, superclass, class, subclass,
order and  suborders.

Every organisms has a definite pattern regarding its nomenclature. Usually
two words are written to show its name. First is the generic name and second
word denotes its species. Species are the organisms having maximum similarities
and least dissimilarities. As we move up from species level to genus, order, class,
phylum and kingdom the dissimilarities are gradually increasing and reach at the
peak in the animals belonging to different kingdom. Physiological division of labour
is seen at the cellular level and also in unicellular organisms. From coelenterates to
human beings division of labour at morphological as well as anatomical levels.

In social animals this division of labour is move advanced and reaches the
individual level. On the basis of nutrition and digestion the organisms may be
heterotrophs or autotrops. Heterotrophic category may further be divided into
sangivore, herbivore, carnivore, detritus, saprozoic, etc. For respiration, there
may be cutaneous, ctenidial or gills or pulmonary categories. On the basis of the
excretory products the organisms may be ammonotelic, urotelic or urecotelic.
Reproduction may be asexual or sexual. Sexes may be united or separate with or
without sexual dimorphism. Development may be direct (without larva) or indirect
(with larva).

2.9 KEY TERMS

Benthic: Organisms that live on bottom or bottom dwellers.
Cryptobiosis: All activity ceases and metabolism declines to almost
undetectable levels, can also survive conditions that would quickly kill
an active individual (Nematode, Rotaria).
Osmoregulation: Maintenance of constant internal salt and water
concentration in an organism.
Pseudocoel: Body cavity between the mesoderm and endoderm, persistent
blastocoel.
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2.10 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Write down the characterstic features of all lower group of invertebrates.
2. Define the term coral, reef and atolls.
3. Give atleast five example of flatworms.
4. Differentiate pseudocoel from true coelom.

Long Answer Questions
1. Write notes on the acoelomates, pseudocoelomates and eucoelomates.
2. Discuss the asexual reproduction in various group of invertebrates.
3. Write an essay on the classification of any two groups of invertebrates upto

classes only.
4. Describe the general characters of any two of the following groups:

Protozoa
Porifera
Coelenterata
Helminthes

2.11 FURTHER READING

1. Edward E Ruppert. Invertebrate Zoology.
2. James H. Thorp, D. Christopher Rogers, Throp and Cuvich’s. Freshwater

Invertebrates: Ecology and General Biology.
3. Jan Pechenik. Biology of the Invertebrate.
4. Paul A. Meglitsch. Invertebrate Zoology.
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3.0 INTRODUCTION

Invertebrates are the animals lacking endoskeleton made up of cartilage, bone
or notochord like mesodermal derivatives. They are found in all types of
ecological environments like sea and terrestrial or land.

The largest and oldest of animal environments is the sea. Seventy per
cent of the earth’s surface lies beneath the oceans, and in terms of volume,
the proportion is even more impressive. The greater depth of the sea compared
to land elevation places over 99% of the biosphere under marine waters. In
salt water, primitive macromolecules organized over three billion years ago
into the first living organisms. Overtime virtually all invertebrate groups began
in the sea and subsequently many animals migrated into the other environment.
Yet, except for the insects, the sea remains the home of majority of
invertebrates. The oldest, largest and in many ways the most benign of animal
environments, the sea is, at least for non-insects, also the most popular
invertebrate habitat.

The marine environment is sub-divided into several regions, and marine
invertebrates are categorized accordingly to these zones. Generally the sub-
environments of sea are the intertidal zone, the continental shelf and slope,
the pelagic region and the abyssal plain.

Marine organisms are divided into two groups according to their habitats
and lifestyles: the newton and the benthos. The organisms that float near the
surface of the sea constitute the marine plankton.
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The terrestrial environment is perhaps the most demanding of all habitats.
Because biological reactions take place solely in aqueous solution, terrestrial
organisms must maintain an aqueous internal environment and the dry external
one. Under these conditions, constant regulation is necessary to prevent water
loss. The rigorous regulation is expressed in terms of behaviour, osmoregularity
activities and or watertight external coverings. Many essential resources are
irregularly distributed on land; hence land animals must search at length for
food and shelters. The terrestrial environment is thus a stimulating as well as
a difficult habitat, and the animals that live on land are among the most
metabolically active.

Air is about one eight hundreths as dense as water. Some moments are
easier in this rarefield medium but gravity is the major problem. The buoyant
qualities of water allow some aquatic invertebrates to reach considerable size,
but the absence of supporting vertebrate severely limits the size of terrestrial
invertebrates.

A large number of invertebrates live as parasites on or within the bodies
of other animals and plants. New parasitic species are identified all the time,
and some biologists suspect that they may represent a majority of all animals.
In certain respects, the parasitic environment is the most favourable one.
Most organisms maintain appropriate environmental conditions for the
parasites, including the provision of foodstuffs. However, the lack of continuity
in the parasite may seem quite successfully adapted, but the ultimate survival
of each species depends on the ability of succeeding generations to find new
host environments various and sub-environments define several types of
parasites invertebrate ectoparasites attach to their host externally,
Endoparasites occupy the host interior. Endoparasitic sub types include body
cavity or coelozoic parasites tissue of histozoic parasites and intracellular or
cytozoic parasites.

Continuity systems include the structures and functions by which animals
ensure the perpetuation of their species among which are sexual and asexual
reproduction. A variety of life cycles are displayed often featuring one or
more developmental forms.

3.1 OBJECTIVES

After going through this unit, you will be able to:
Know the characteristic features of various phyla or groups of Invertebrates.
Know the habits, habitat and other important features of physiological
activities of relative animals.
Frame out the evolutionary kinship between the various animals and
other groups.
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3.2 ANNELIDA

The phylum Annelida was formerly named Annulata (L–annulus, ring). Previously
it was thought as an assemblage of heterogenous animals. In 1798, Cuvier showed
the basic difference between the lower worms (Platyhelminthes, Nemathelminthes,
Trichelminthes) and the higher worms (Annelids) and separated the two, Lamarck
(1809) put the higher worms in a phylum and named them as Annelida.

3.2.1 General Characters
The characteristic feature of this group is the metamerism. The body is
divided externally as well as internally into small compartments called
segments. The number of segments varies from animal to animal.
Segmentation is homonomous resulting equal segments.
In Arenicola, internal segmentation is greatly reduced.
Body is bilaterally symmetrical.
There is organ system grade of organization.
They are triploblastic having all the three properly developed germinal
layers.
Setae (oligochaeta), parapodia (polychaeta) or suckers (hirudinea)
are the locomotory organs. Circular and longitudinal muscles also play
an important role in locomotion.
Annelids exhibit quite a range in their size.
The smallest of them are less than 1 mm in length (Chaetogaster) while
the largest is upto 11 feet long and few inches in diameter (Megascelides).
The epidermis of body wall secretes a non-cellular cuticle for protection.
In annelida, there is schizocoelic coelom.
Coelom contains free mesenchyme cells or coelomic corpuscles floating
in coelomic fluid.
Coelom is divided into compartments by perforated coelosepta for the
flow of coelomic fluid. However, few anterior most segments of the
body have unperforated septa to help in developing hydrostatic
skeleton that helps in burrowing.
In Aphrodite, the coelom helps in circulating the materials and the blood
vascular system is reduced.
In the Hirudinea, the mesenchyme cells grow enormously, obliterating
the perivisceral coelom and restricting it to four big sinuses, a dorsal
sinus, a ventral sinus and a pair of lateral sinuses.
In leech, the mesenchyme cells become transformed into a peculiar
pigmented mesenchymatous tissue called botryoidal tissue.
Dorsal pores are the avenues for the discharge of coelomic fluid to the
exterior.
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The discharge helps the body surface in keeping it moist to facilitate respiration
and prevent desiccation.
There is a tube within tube body plan that has led to specialized digestive
tube with pharynx, stomach and accessory glands etc.
All annelids are holozoic in their feeding.
Oligochaetes and burrowing polychaetes such as Arenicola feed upon
the organic matter present in mud.
This mode of feeding is alled detritius.
This feeding is usually associated with locomotion. As the organism
moves forward, ingestion of food is made.
Animals like Nereis and Glycera are the common predators and feed
with the help of their eversible pharynx provided with jaws.
The members of Hirudinea are sanguivorous and suck blood of vertebrates
including human beings.
To prevent the clotting of blood in their sucking apparatus, their saliva contains
an anticoagulant like hirudin as in leech.
In annelids the digestion is extracellular and takes place in the lumen of
alimentary canal.
Respiration is through moist integument, however, some forms like Sabella,
Terebella, Amphitrite and Arenicola develop gills for the purpose.
Circulation is closed and single. Members of Hirudinea have
haemocoelomic system.
Blood is coloured due to having haemoglobin or chlorocruorin that
remains dissolved in blood plasma.
Erythrocytes are not found in Annelids with the exception of Glycera.
Nephridia are the main excretory organs. Nephridia are of mesonephric,
holonephric, peptonephric, integumentary, pharyngeal, septal,
exonephric or enteronephric type.
Annelids are ammonotelic.
Nervous system is ventral, solid and ganglionic. The number of ganglia
depends upon body segments. Photoreceptor cells, statocysts, gustato-
receptor and tactile receptors are the main sensory organs reported in
group Annelida.
Archiannelids and polychaets are unisexual whereas oligochaets and
hirudinea are bisexual.
They are oviparous and eggs laid in cacoons (egg cases).
Fertilization is usually cross.
Development may be direct or indirect (trochophore larva).
Asexual reproduction does not occur.
Regeneration is restricted to few of the anteriorly placed segments.
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Polynoe (scale worm) and Chaetopterus (paddle worm) produce light in
dark by a process of bioluminescence.

3.2.2 Classification
There are about 8700 known species of segmented worms out of which 7000
species are marine, a few only in habit freshwaters which are divided into
four main classes. The classification is primarily based on the basis of presence
or absence of setae, parapodia and metamerism.

Class-1. Polychaeta

1. These are marine and carnivorous annelids.
2. Body usually elongated, cylindrical and distinctly segmented into

numerous similar metameres.
3. Head consists of prostomium and peristomium and bears eyes, tentacles,

cirri and palps.
4. Setae are numerous and are borne up on lateral prominences of the

body wall known as parapodia.
5. Clitellum is absent.
6. Parapodia highly vascular and respiratory in function.
7. Coelom is spacious usually divided by intersegmental septa.
8. The blood vascular system is well-developed and does not communicate

with coelom.
9. Alimentary canal is provided with an eversible buccal region and

protrusible pharynx.
10. Sexes are separate. Gonads are simple and developed by active

proliferation of coelomic epithelium.
11. Fertilization external, Free-swimming trochophore larva is present.
12. Asexual reproduction by lateral budding.

Subclass–Errantia
1. Free swimming, often pelagic while some are tubuicolous (live in tubes.)
2. All segments are similar except head and anal regions.
3. Parapodia provided with cirri, are equally developed throughout. These

are organs of locomotion.
4. The head is usually definite which bears eyes tentacles and cirri.
5. Pharynx is usually protrusible and armed with chitinous jaws and teeth.
6. Clitellum absent.
7. The branchiae or gills are present but no restricted to anterior end of

body.
It has 14 families

Aphroditidae. Aphrodite, Hermione, Laetmonice.
Polynoidae. Lepidonotus, Polynoe, Lepidasthenia.
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Phyllodocidae. Phyllodoce, Notophyllum, Eteone.
Alciopidae. Alciope
Tomopteridae. Tomopteris.
Glyceridae. Glycera.
Nephtyidae. Nephtys, Aglaophamus.
Syllidae. Sylles, Odontosyllis, Autolytus, Trypanosyllis, Eusyllis,
Typosyllis.
Hesionidae. Podarke, Hexione, Irma.
Nereidae. Nereis, Perinerels, Platynereis, Lycastis.
Eunicidae. Eunice, Marphysa, Lysidice, Onuphis, Diopatra, Halla,
Hyalinoecia.
Histriobdellidae. Histriobdella.
Ichthyotomidae. Ichthyotomus.
Myzostomidae.

Subclass–Sedentaria
1. Sedentary in habit. Burrowing and tube dwelling.
2. Body is distinguished into two or three regions due to differences in

shape of segments, parapodia and setae.
3. Head is small or much modified, without eyes and tentacles, prostomium

indistinct.
4. Gills are situated only in the anterior part of the body, when present.
5. Pharynx is non-protrusible devoid of jaws or teeth. Feeding on planktons

or organic detritus.
6. The parapodia are peculiar which are confined in the posterior region

of body and without cirri.
It has 15 families.

Orbiniidae. Orbinia, Scoloplos.
Spionidae. Splo, Polydora, Nerine, Scolelepis.
Chaetopteridae. Chaetopterus, Phyllochaetopterus.
Sabellariidae. Sabellaria.
Capitellidae. Capitella, Dasybranchus.
Arenicolidae. Arenicola, Abarenicola.
Opheliidae. Ophelia, Thoracophelia.
Malanidae. Axiothella, Clymenella, Maldane.
Cirratulidae. Cirratulus, Audoulinia, Ctenodrilus.
Oweniidae. Owenla, Myriochele.
Amphictenidae. Pectinaria, Cistenides.
Ampharetidae. Amphicteis
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Terebellidae. Terebella, Polycirrus, Amphitrite, Thelepus, Loima,
Lanice.
Sabellidae. Fabricia, Sabella, Myxicola, Branchlomma, Potamilla.
Serpulidae. Serpula, Pomatoceros, Hydroides, Salmacina, Galeolaria,
Spirorbis.

Class-2. Archianneloida
1. This group represents the primitive members of Annelida
2. Mostly marine worms.
3. Body is elongated, cylindrical with internal segmentation.
4. The head is distinct bearing the tentacles, eyes and ciliated pit.
5. Parapodia are wanting.
6. Hermaphrodite or unisexual gonads are simple and develop temporarily

only during breeding season by active proliferation of coelomic
epithelium.
About 45 species, one dozen genera are included in this class. The class

is divided into five families.
Polygordiidae e.g. Polygordius, Protannelis
Protodrilidae e.g. Protodrilus.
Saccocirridae e.g. Saccocirrus
Dinophilida e.g. Dinophilus, Diurodrilus, Trilobodrilus.
Nerillidae e.g. Nerila, Nerillidium, Troglochaetus.

Class-3. Oligochaeta

1. Mostly terrestrial, some live in fresh-water.
2. Body with conspicuous external and internal segmentation.
3. Head not distinct, prostomium is usually small, without eyes ad tentacles.
4. Parapodia and cirri are absent. Setae are usually arranged segmentally.
5. Clitellum usually present.
6. Pharynx is not protrusible and without jaws.
7. Hermaphrodite i.e. bisexual. Gonads are complicated. Ovaries and testes

are compact structures.
8. Development direct without larval stage.

This class further divided into following orders:
Order-1. Plesiopora Plesiotheca

1. Mostly fresh water forms.
2. Body has few segments. Setae present.
3. Gizzard is either absent or poorly developed.
4. Simple clitellum, consists of single layer of cells situated for forwards.
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5. Eye spots are usually present.
6. Reproduction is both asexual and sexual.
7. Male reproductive openings lie in front of female reproductive openings.

Order Plesiopora has for families:
Aeolosomatidae. Aelosoma.
Naidiae. Nais, Stylaria, Aulophorus, Pristima, Chaetogaster.
Tubificidae. Branchiura.
Enchytraeidae. Enchytraeus, Lumbricillus, Aspidodrillus.

Order-2. Plesiopora Prosotheca
1. Spermathecae for anteriorly to the segment containing testes.

Example: Enchytraeus.
Order-3. Prosopora

1. Member of this group are aquatic.
2. They are mesonephrostomal.
3. Male gonopore and last pair of testes in the same segment.

Order Prosopora has two families:
Lumbriculidae. Lumbriculus.
Branchiobdellidae. Ectoparasitic on the gills of freshwater crayfish.

Order-4. Opisthopora
1. Mostly terrestrial forms found in moist soil.
2. Body is large with many segments.
3. Setae are arranged in lumbricine manner.
4. Well developed gizzard.
5. Clitellum after 12th segment and is composed of two or more layers of

cells.
6. Female genital apertures before male genital pore and usually lie in

14th segment.
7. Eye spots are developed.
8. Sexual reproduction only
9. No free larvals tage.

Order Opisthopora has eight families:
Haplotaxidae
Allurididae. Allurodes.
Syngenodrilidae. Syngenodrilus.
Moniligastridae
Glossoscolecidae. Glossoscolex, Alma, Pontoscolex.
Lumbricidae. Lumbricus, Eisenia, Allolobophora
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Megascolecidae. Megascolides, Pheretima, Megascolex, Microscolex.
Eudrilidae.

Class-4. Hirudinea

1. They are marine, aquatic, terrestrial or fee living. Some are ectoparasitic
and blood-sucking annelids.

2. Body is segmented and is marked externally by ring-like annuli.
3. Presence of anterior and posterior cup-shaped suckers which are the

organs of adhesion and locomotion.
4. The ventral mouth lies in the cup-shaped hollow cavity of anterior sucker.

The anus is dorsal and situated just above the posterior sucker.
5. The coelom is greatly reduced due to the presence of connective tissue

and is represented by haemocoelomic sinuses.
6. The true blood vessels with definite muscular walls present.
7. The nervous system includes a brain united by small oesophageal

connectives to a double ganglionated ventral nerve cord.
8. Nephridia are segmentally arranged and open independently to exterior

by nephridiopores, which are the organs of excretion.
9. Hermaphrodite, the testes are many and segmentally arranged, whereas

ovary is single paired. Eggs are laid in cocoons.
10. Fertilization internal, development direct without larval stage.

Class Hirudinea is divided into following orders:
Order-1. Acanthobdella

1. Mostly ectoparasite on the fin of salmon fishes.
2. Anterior sucker wanting, posterior sucker well fermed.
3. Proboscis is small and not well developed
4. Nephridia without internal openings.
5. Body generally composed of twenty or twenty-one segments.
6. It forms a connecting link between Oligochaeta and Hirudinea.

Example. Acanthobdella.
Order-2. Rhynchobdellida

1. Aquatic leeches, parasite on snails, frogs and fishes.
2. The anterior part of body may be protruded and retracted so as to form

a proboscis or introvert. Jaws are absent.
3. Each typical body segment consist of 3, 6 or 12 rings.
4. The mouth is minute slit-like opening placed inside the anterior sucker.
5. Blood is colourless. Coelom is reduced to sinuses without botryoidal

tissues.
Examples: Branchellion, Glossiphonia, Pontobdella, Piscicola.
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Order-3. Gnathobdellida
1. Fresh water and terrestrial forms. Ectoparasites and blood sucking.
2. Each typical segment consists of five rings or annuli.
3. Anterior sucker has three jaws, one median-dorsal and two ventro-lateral.
4. Proboscis non-protrusible or absent.
5. Blood is red in colour.
6. Coelom is reduced. Botryoidal tissue present.

The Order Gnathobdellida has 2 families:
Hirudidae. Hirudo, Macrobdella, Haemopsis, Limnobdella.
Haemadipsidae. Haemadipsa, Phytobdella.

Order-4. Pharyngobdellida
1. Freshwater amphibious carnivorous leeches.
2. Each body segment is divided into five rings or  annuli.
3. Pharynx non-protrusible. Jaws are absent.

Examples: Dina, Erpobdella, Trocheta.

Check Your Progress

1. What is the characteristic feature of group Annelida?
2. Name the members of this group where external segmentation is

exceptionally not distinct.
3. Which is the most common blood sucking member of this group?
4. Which animal of group Annelida is highly bioluminescent and emits

blue green light.

3.3 ARTHROPODA

Phylum Arthropoda (Gr. arthros=joint; pods=foot) contains the great majority
of the known animals, about one million species, and many of them are
enormously abundant as individuals. It includes such common and well-known
forms as the crabs, shrimps, insects, spiders, scorpions, ticks, centipedes, as
well as a host of other less familiar forms. Cuvier (1800) placed all these
animals together with Annelida under the group Articulata. Van Siebold (1845)
separated Annelida from Articulata. Annelides were placed under class Vermes
while the Crustacea, Arachnida and Insecta were kept under an independent
group, the Arthropoda.

3.3.1 General Characters
Arthropoda are triploblastic, bilaterally symmetrical, metamerically
segmented animals.
Body is covered with a thick chitinous cuticle forming an exoskeleton.
Body segments usually bear paired lateral and jointed appendages.
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Musculature is not continuous but comprises separate striped muscles.
Body cavity is haemocoel. The true coelom is reduced to the spaces of the
organs.
Digestive system complete, mouthparts adapted for various modes of
feeding.
Circulatory system open with a dorsal heart, arteries and blood sinuses.
Respiration by general body surface, gills, tracheae or book-lungs.
Excretory organs are green glands or Malpighian tubules.
Nervous system with a dorsal nerve ring and a double ventral nerve cord.
Cilia are entirely absent from all parts of the body.
Sexes are generally separate and sexual dimorphism is often exhibited by
several forms.
Fertilization is internal. Development is usually indirect through larval stages.
Parental care is also often well marked in many arthropods.

3.3.2 Classification
Phylum Arthropoda is divided into following subphylum:

Subphylum-1. Onychophora

Aberrant forms are its several characters are of Phylum Annelida and
Arthropoda combined.

1. Body soft, worm-like covered by papillae and hairy spines.
2. Cuticle is free, having transverse rings, metamerism not marked

externally.
3. Jaws are only one pair.
4. Series of short, fleshy leg pairs provided with two claws.
5. Respiratory organs are tracheae.
6. Sexes are separate.
7. Regarded as living fossil.

Example : Peripatus.

Subphylum-2. Tradigrada

1. These are soft skinned animals.
2. Body is short hardly measuring a millimetre in length.
3. Body is not properly differentiated into regions.
4. Sucking apparatus in mouth present.
5. There are four pairs of short unjointed legs.
6. Horny teeh in buccal cavity and muscular pharynx extended into a narrow

oesophagus.
7. Sac like stomach.
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8. Definite respiratory and blood circulatory systems remain absent.
9. Nervous system includes brain + nerve cord with four ganglia present.

10. Properly developed male and female reproductive organs.
Example: Macrobiotus hufelandi.

Subphylum-3. Pentastomida

1. Worm like parasitic forms with little resemblance with anthropods.
2. Rudimentary limbs with claws apically present.
3. Gut in simple and straight.
4. Nervous system has a nerve ring and a simple nerve cord.
5. No respiratory, circulatory and excretory organs.
6. Only striated muscle fibres present.
7. Reproductive organs are properly differentiated and development

indirect through larval form.
Examples: Linguatula, Porocephalus, Cephalobaena.

Subphylum-4. Trilobitomorpha

This subphylum includes a number of classes of which the Trilobite is best and
properly studied. Trilobite has the following characters.

1. Exclusively marine and bottom dwellers.
2. Body was oval, dorsoventrally flattened and divided into cephalon, thorax

and pygidium.
3. Head was distinct, solid, unsegmented and semicircular and remained

covered within carapace.
4. Three types of compound eyes were recognised in trilobites.
5. Mouth was located in the middle of the underside the head just behind

the labrum.
6. They were provided with a pair of long sensory antennae.
7. Trunk consisted of variable number of segments varying from 2 to 29.
8. The pygidium was considered underneath the telson.
9. Well developed reproductive organs and developed indirect through

larval form.
Examples: Triasthrus, Dalmanites.

Subphylum-5. Chelicerata

1. Primitively marine, and essentially predatory.
2. Body divided into two parts: the anterior prosoma (cephalothorax) and

a posterior opisthoma (abdoman).
3. Prosoma bears six pairs of appendages of which first, the chelicerae are

pre oral and associated with mouth.
4. The prosoma consists of 6 to 8 post oral segments.
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5. Both deutocerebrum and protocerebrum are fused in the brain.
6. Probably developed reproductive organ

Phylum Chelicerata further divided ino two classes: Merostomata and
Arachnida.

Class-1. Merostomata
1. This group includes aquatic and marine forms.
2. Prosoma with chelicerae and five similar pairs of appendages.
3. Opisthosoma is further divided into mesosoma (5 to 6 pairs of lamella

form appendages) and metasoma (without appendages) and with telson.
Class Merostomata further divided into two subclasses:

Subclass-1. Xiphosura
1. Marine archnids burrowing in the sand.
2. These animals have large sub-circular, apparently unsegmented body

with two body divisions-anterior large cephalothorax (prosoma) and
posterior small abdomen (opisthosoma), the two are jointed by a hinge.

3. The cephalothorax bears a pair of short chelate appendages and 5 pairs
of legs.

4. Abdomen bears operculum.
5. Respiration takes place by lamelliform gills attached to the abdominal

appendages.
6. Sexes separate. Development includes a trilobite larva.

Example: King crab (Limulus).
Subclass-2. Eurypterida

1. Extinct forms
2. Exo-skeleton is characteristically sculptured.
3. Cephalothorax is relatively small and the abdomen bears 12 free

segments and a telson.
4. Cephalothorax bears 6 pairs of appendages.

Example: Eurypterus

Class-2. Arachnida

1. These are air breathing, mostly terrestrial arthropods.
2. Body is divisible into cephalothorax and abdomen.
3. Cephalothorax bears two pairs of jointed appendages, the chelicerae

and pedipalpi and four pairs of legs.
4. Antennae and true jaws are absent.
5. Eyes are sessile and simple.
6. Respiration by tracheae or book-lungs or book-gills.
7. Heart is dorsal and tubular.
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8. Excretion by coxal glands or Malpighian tubules or both.
9. Sexes are separate with conspicuous sexual dimorphism.

10. Development direct.
Order-1. Scorpionida

1. Terrestrial animals found under stones in tropical and sub-tropical
regions.

2. Body is divisible into cephalothorax and abdomen.
3. Prosoma bears a pair of chelicerae, a pair of pedipalpi and four pairs of

waling legs.
4. Respiration takes place by 4 pairs of book- lungs.

Examples: Palamnaeus, Buthus.
Order-2. Pseudoscorpionida

1. Minute arachnids having the appearance of scorpion, found under the
tree barks.

2. Body consist of cephalothorax and an abdomen of 12 segments.
3. A pair of spinning glands are present.
4. Respiration by tracheae.

Example: Chelifer.
Further divided into three suborders

Suborder-1. Chthoniinea
1. The members have modifications in their legs.
2. Tarsi of anterior legs with single segment.
3. Tarsi of posterior pairs of legs are provided with two segments each.

Suborder-2. Neobisiinea
1. In the members of this group tarsi of all legs are provided with two

segments each.
Suborder-3. Cheliferinea

1. In the members of this group the tarsi of all legs are provided with
single segment.

Order-3. Opilinas
1. Unsegmented carapace covers the jointed prosoma and opisthosoma.
2. The occurrence of sternites is doubtful.
3. Opisthosoma with ten segments.
4. Body is broad and rounded posteriorly
5. The legs are seven jointed.
6. Mouth parts compose chilecerae, pedipalps, and labrum.
7. These are scavangers and have properly developed gut.
8. Tracheal tubes with spiracles help in respiration.
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9. Females with U shaped ovaries whereas in males paired testes of males are
fused into a U shaped organ.
Further divided into following suborders:

Suborder-1. Cyphophthalmes
1. Widely distributed small, mite like forms with stink glands.
2. Genital operculum absent.

Suborder-2. Laniatores
1. Found in all continents in tropical and sub-tropical regions.
2. The members of this group are large having powerful pedipalp bearing

prehensile claws.
3. Genital operculum present.

Suborder-3. Palpatores
1. Widely distributed throughout the world.
2. Pedipalps small with small claws.
3. Operculum around gonads present.

Order-4. Acarina
1. Body is unsegmented.
2. Chelicerae and pedipalpa are usually small and associated with the mouth

parts.
3. Mouthparts are piercing and sucking type.
4. Respiration by tracheae or skin

Examples: Ticks (Ixodes), Mites (Chorioptes).
Order-5. Araneae

1. Found under stones, bark, leaves of teres etc.
 2. Body consists of an undivided cephalothorax and an unsegmented

abdomen.
3. Cephalothorax bears 6 pairs of appendages.
4. Chelicerae are sub-chelate with poison glands. Pedipalpi are simple

and 6 jointed.
5. Eight eyes are arranged dorsally on the head.
6. Respiration by book-lungs with tracheae.

Examples: Spider (Aranea), Argiope.
Order-6. Solifugae

1. Body divisible into prosoma and opisthosoma.
2. Prosoma consists of three fused and last three free segments.
3. Opisthosoma, composed of 10 segments, is not marked off from

prosoma.
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4. Chelicerae are large and chelate. Pedipalpi are elongated and leg-like.
5. Respiration by trachea. Poison glands are absent.

Example: Galeodes.
Order-7. Thelyphonida

1. The members of this group are commonly known as whip scorpions.
2. The size of body varies from 18 to 65 mm.
3. The carapace is unsegmented and has a doublure.
4. There are four sternites.
5. There are 12 segments in Opisthosoma of which last-three are modified

into a pygidium.
6. Mouth parts are in the form of a camarostome.
7. Muscular pharynx helps in sucking the food.
8. Complex reproductive organs.
9. Female lays eggs on the venter of her abdomen in a mucilaginous sac.

After hatching the young may still be carried on the parent’s body.
Order-8. Schizomida

1. The members of this group are small measuring about 2.0 to 7.0 m.m.
2. There are 12 segments in opisthosomal region.
3. It is capable of vertical flaxon.
4. Gut simple and straight tube provided with a pair of prosomatic

diverticula.
5. A pair of book lungs with spiracles.
6. Well developed circulatory system.
7. Eyes are absent.
8. Females guard the eggs which are attached to the abdomen during

development.
Order-9. Phrynichida

1. There are 12 segments in opisthosoma.
2. Unsegmented carapace is present.
3. Tergal and sternal plates are present.
4. Terminal flagellum is lacking.
5. Pedipalps are large and raptorial.
6. The mouth parts comprise the chelicerae, a labrum, an anterior sternite.
7. Foregut consists of muscular pharynx oesophagus and gizard.
8. Four pairs of diverticulae present.
9. Two pairs of book lungs and a pair of eversible ventral sacs for respiration.

10. There is a sub oesophageal ganglionic mass.
11. Simple reproductive organs and fertilization is direct.
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Order-10. Ricinulei
1. Body consists of cephalothorax and an abdomen of 9 segments.
2. Cephalothorax and pedipalpi bear movable plates or cucullus.
3. Respiratory organs are tracheae.

Examples: Cryptocellus.
Order-11. Palpigradi

1. Small arachnids.
2. Body consists of cephalothorax and an abdomen of 10 segments.
3. Chelicerae are chelate and pedipalpi leg-like.
4. Respiratory organs are 3 pair of book-lungs.

Example: Koenenia.

Subphylum-6. Pycnogonida

1. The members of this group are marine spider like creatures.
2. Body consists of cephalothorax composed of an anterior proboscis,

three head segments, and one thoracic segment, followed by the three
free thoracic segments and a rudimentory abdomen.

3. There are four simple eyes and four pairs of appendages.
4. There is a tubular heart with two to three pairs of ostia.
5. Respiratory and excretory organs are not found.
6. The nervous system comprises of brains, sub oesophageal ganglia and

three other ganglia in the cephalothorax, and one pair in each of
abdominal segments.

7. Well developed reproductive organs present.
8. Genital openings are found at the bases of legs.
9. Development is indirect through a larval form.

Subphylum-7. Mandibulata

1. Found in fresh water, brackish water, marine or terrestrial form.
2. The body is divided into three parts, head, thorax and abdomen.
3. Head is made up of six segments. 1st segment lacks appendages, second,

segment bears a pair of antennae, third segment bears second pair of
antennae.

4. Fourth segment bears a pair of mandibles.
5. Fifth segment bears a pair of maxillae.
6. Sixth segment bears a pair of second pair of maxillae.
7. Respiration is cutaneous and tracheal tubes.

Class-1. Crustacea

1. The body is divisible into head, thorax and abdomen, when head and
thorax are fused they form cephalothorax.
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2. The exoskeleton is chitinous.
3. The body is metamerically segmented, bilaterally symmetrical and triploblastic.
4. Each segment bears paired and jointed appendages.
5. The body cavity is filled with haemolymph and known as haemocoel.
6. Respiration takes place either by the general body surface or by gills.
7. Excretion occurs by modified coelomoducts, which may take the form either

of maxillary glands or antennary (green) glands.
8. These are unisexual except many Cirripedia and some Isopods.
9. The development is indirect

Class Crustacea is divided into 7 subclasses
Subclass-1. Cephalocarida

1. In the members of this group, there are nineteen trunk segments of
which anterior nine bear appendages.

2. Eyes are absent.
3. Mostly bisexual or harmaphrodite with genital openings on the 9th

segments.
Example: Hutchinsoniella.

Subclass-2. Branchiopoda
1. Body has varying number of segments.
2. Antennules are small, uniramous and usually unsegmented.
3. Compound eyes are present.
4. Thorax bears four or more flat, leaf-like respiratory appendages also

help in filter feeding and locomotion.
5. Abdomen without appendages.
6. Parthenogenesis is common.

Sub-Class-Branchiopoda is divided in three orders.
Order-1. Lipostraca

1. Carapace free branchiopods with ninteen trunk segments.
2. Small antennules and large antennae present.
3. The maxillules of males are modified into claspers to hold the females.
4. There are no eyes.
5. Members of this group are extinct and reported from the Devonian

rocks.
Example: Lepidocaris.

Order-2. Anostraca
1. The carapace is absent
2. Eyes are stalked.
3. Antennae are uniramous, prehensile in male and reduced in female.
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4. Trunk elongated with 20 or more segments. Anterior 11-19 segments bear
appendages.

5. The caudal styles are unjointed.
Examples: Branchipus, Streptocephalus, Artemia.

Order-3. Notostraca
1. A large dorsal shield-shaped carapace is present.
2. Eyes are sessile i.e. stalkless.
3. Antennae are reduced.
4. Anterior half of the trunk bears 35-70 pairs of appendages.
5. The caudal styles are mainly jointed.

Examples: Apus, Lepidurus.
Order-4. Diplostraca

1. In the members of this group the body is laterally composed.
2. Greatly developed carapace covers the entire body and appendages.
3. Eyes are stalkless or sessile.
4. Biramous 2nd antennae play important role in swimming.

Suborder-1. Chonchostraca
1. Carapace is greatly developed and covers the entire animal.
2. Carapace is bivalved.
3. Trunk bears two to thirty two segments
4. Each trunk segment bears one pair of appendages

Examples: Cyzicus, Lynceus.
Suborder-2. Clacocera

1. The carapace bivalved, encloses the trunk but not the head and usually
end posteriorly in an apical spine.

2. Eyes are unstalked and united together.
3. Antennae biramous used for swimming
4. Trunk segments 10-32, each with a pair of appendages
5. Caudal styles are unjointed claw-like.

Examples: Daphnia, Leptodora.
Subclass-3. Ostracoda

1. Compound eyes may or may not be present.
2. Carapace is bivalved and composed which encloses entire body.
3. Head forms about half of the body.
4. Thorax usually bears only two pairs of cylindrical appendages.
5. Abdomen is reduced, without appendages and ends in a pair of caudal

styles.
6. Antennules and antennae locomotory.
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7. Mandibles have a palp.
8. Larva is Nauplius.
9. Parthenogenesis is common.

Subclass-4. Mystacocarida
1. Primitive marine forms.
2. Size microscopic, cylindrical
3. Antennules and antennae long, prominent.
4. Eyespots, compound eyes absent.
5. Thorax 4-segments, each with one pair of simple appendages.
6. Excretion by both antennal and maxillary glands.
7. Ventral nerve cord paired.
8. Sexes separate, earliest larva is metanauplius.

Example: Derocheilocarus.
Subclass-5. Copepoda

1. Fresh water or marine, free-living, commensal or parasitic.
2. Body small, elongated, composed of head, thorax and abdomen.
3. Typically 10 free trunk somites, with 4 lacking appendages. Appendages

mostly biramous.
4. Three ocelli often fused as median eye, no compound eyes.
5. Antennules and antennae well developed and used for swimming.
6. Abdomen without appendages, ends in a pair of caudal styles.
7. Excretion by maxillary gland.
8. Eggs on abdomen of female in 1 or 2 eggs sacs.

Examples: Cyclops, Salminocola, Caligus, Doropygus, Calanus,
Monstrilla.

Subclass-6. Branchiuro
1. Ectoparasites of fresh water and marine fishes and some amphibians.
2. Body flat, carapace large, disc-like, covering head and thorax.
3. Abdomen small, bilobed.
5. Compound eyes present, sessile.
6. Thoracic appendages 4 pairs, large, biramous, some of them are provided

with flagella.
Examples: Argulus, Dolops.

Subclass-7. Cirripedia
1. Marine forms.
2. Adults sessile, attached or parasitic, attached by cement gland on first

antenna.
3. Carapace becomes calcareous and mantle surrounding body.
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4. Six or fewer pairs of slender and bristly biramous appendages behind mouth
used in food gathering.

5. Abdomen vestigeal, without appendages, ending in a pair of caudal styles.
6. Antennae and compound eyes disappear in adult.
7. Monoecious. Development includes free swimming nauplius which passes

through a cypris stage which is enclosed in bivalve shell.
This subclass is divided into following series:

Series-1. Leptostraca
1. Marine forms.
2. Body made up of 21 segments. Abdomen of 7 segments.
3. Thoracic appendages similar and foliaceous.
4. Telson has a pair of caudal styles.
5. Carapace bivaled. Eyes stalked.

Example: Nebalia.
Order-1. Phyllocarida

1. It includes all extinct forms.
2. Fossils were reported from the rocks of lower Devonian about 400 million

years ago.
3. They had notched carapace which was either univalved or bivalved.

Order-2. Meballiacea
1. This order comprises the extant leptostracans.
2. Carapace is provided with adductor muscle in the thoracic region.
3. Carapace is folded.
4. Hatch occurs at post larval stage.

Example: Nobelia.
Series-2. Eumalocostraca

1. Members of this group are found in marine as well as fresh water sources.
2. Body has twenty segments of which abdomen receives 6 segments.
3. Occurrence of carapace is doubtful, if present, never bivalved.
4. Caudal styles remain absent.
5. Thoracic appendages appear leg-like.
6. Stalked eyes present.

Division-1. Syncardia
1. No carapace around cephalic or thoracic segments.
2. 1st thoracic segment is fused with the head leaving a mark of a groove in

between.
3. Thoracic and abdominal segments appear similar.
4. Thoracic appendages have exopodites, and similarly abdominal appendages

show pleopods.
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5. Tail fin is represented by uropod and telson.
6. Maxillary glands help in excretion.
7. Eggs are shedoff in water.
8. Development is direct without any larval form.

Order-1. Palaeocaridacea
1. No carapace.
2. Head is fused with eight thoracic segments.
3. Eyes are stalked.
4. Biramous pleopods.
5. All forms are extinct and studied as fossils.

Examples: Palaeocaris, Acantholdom and Plenocaris.
Order-2. Anaspidacea

1. Fresh waters of Australia.
2. First thoracic segment fused with head.
3. Eyes stalked, sessile or absent

Example: Anaspides.
Order-3. Bathynellacea

1. First thoracic segment is not fused with head
2. Eyes absent.
3. Telson fused with the sixth abdominal segment.

Example: Bathynella.
Division-2. Hoplocarida

1. Head with two movable anterior segment bearing eyes and antennules.
Order-1. Stromatopoda

1. Marine on bottom, in sand or cervices.
2. Antennal scales enlarged.
3. Gills on abdominal appendages modified for raptorial feeding.
4. Carapace small.

Examples: Squilla, Pseudosquilla, Chloridella.
Division-3. Peracardia

1. Carapace, when present, leaving last 4 or more thoracic somites distinct.
2. Females with thoracic blood pouch where youngs develop.
3. Development direct without larval stage.

Order-1. Thermosbaenaceae
1. Found in small freshwater or brackish water.
2. Small carapace fused with 1st thoracic segment.
3. Biramous antennae present.
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4. Telson may be freely articulated or fused with the last abdominal segment.
5. During breeding season females develop a brood pouch.

Example: Monodella, Thermosbaena.
Order-2. Spelafogriphacea

1. Occurring in subterranean fresh water.
2. Short carapace usually fused with first thoracic segment.
3. Exopodites in thoracic legs except the last pair.
4. Telson is freely articulated with last abdominal segments.
5. There is a ventral brood pouch and for this all the thoracic legs play an

important roles.
Examples: Spelaeogriphus.

Order-3. Mysidacea
1. Marine forms.
2. Carapace covers almost entire thorax.
3. Eyes stalked.
4. Thoracic appendages are biramous.
5. Uropods form broad fan-like tail fin.

Example: Mysis.
Order-4. Cumacea

1. Small, mostly marine, burrowing in surface sand or mud.
2. Carapace with 2 anterior extensions often joined over head.
3. Head and thorax greatly enlarged.
4. Abdomen slender, mobile.
5. Uropods slender.

Examples: Diastyles, Cumopsis.
Order-5. Tanaidacea

1. Minute, marine, upto depths of 3650 meters in mud or tubes.
2. Carapace is small and fused to first 2 thoracic segments.
3. Second thoracic appendage with chela.
4. Telson unjointed fused with last abdominal segment.
5. Uropods slender.

Examples: Tanais, Apseudes.
Order-6. Amphipoda

1. Mostly marine, some freshwater and terrestrial.
2. Body often laterally compressed.
3. Carapace is absent.
4. Telson usually distinct
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5. Gills and heart in thoracic region.
Examples: Gammarus, Caprella, Cyamus.

Order-7. Isopoda
1. Mostly marine, some freshwater and few parasitic.
2. Body usually depressed dorso-ventrally.
3. Carapace is absent. Abdomen short, partly or all fused.
4. Gills and heart abdominal.

Examples: Ligia, Asellus, Hemioniscus, Oniscus.
Division-4 Eucaria

1. Carapace is present, fused to and covering all the thorax.
2. Eyes stalked.
3. Gills and heart in thoracic region.
4. Brood pouch absent.
5. Development usually indirect with a zoea larva.

Order-1. Euphausiacea
1. Marine, small, pelagic forms.
2. Carapace does not cover sides of body and the gills.
3. Thoracic appendages all biramous and similar, none modified as

maxillipedes.
4. Pleopods have long setae, used for swimming.
5. Larva is nauplius

Examples: Euphausia, Thysanopoda.
Order-2. Decapoda

1. Mostly marine forms.
2. Carapace covers the entire thorax.
3. Thoracic appendages are modified as 5 pairs of walking legs and three

pairs of maxillipedes.
4. Thoracic appendages mostly uniramous.
5. Statocyst present.
6. Gills usually present in three series on the thorax.

Decapods is divided into 3 suborders:
Suborder-1. Natantia

1. Abdomen is well developed and elongated.
2. The abdomen terminates in an expanded fan-like tail fin composed of

telson and the uropods.
3. Eyes are not enclosed in orbits

Examples: Lucifer, Palaemon, Homarus, Astacus, Cambarus.
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Suborder-2. Repantia
1. Members of this group have dorso-ventrally flattended body.
2. Rostrum is either reduced or absent.
3. First abdominal segment is always shorter than the following ones.
4. More or less developed pleopods usually lacking exopodites.

Section-1. Palinura
1. In the members of this group abdomen is well developed terminating into a

broad tail fin.
2. Numerous gills for respiration.
3. Rostrum is either poorly developed or absent.

Examples: Palinurus, Jasus, Scyllasus.
Section-2. Astacura

1. Well developed abdomen terminates into broad tail fin
2. Several gills for respiration.
3. Rostrum is always well developed.
4. Body is more or less sub-cylindrical.

Examples: Homarus, Astacus, Nephrops, Cambarus.
Section-3. Anomura

1. Abdomen is more or less reduced and flexed.
2. Tail fin is also reduced

Examples: Eupagurus, Hippa, Birgus, Galeithea, Porcellaria.
Section-4. Brachyura

1. Abdomen greatly reduced, hard, permanently flexed under
cephalothorax.

2. Antennules and the eyes are both capable of being retracted into cavities.
3. Rostrum and uropods absent.
4. First legs usually large and chelate.

Examples: Cancer, Inachus, Uca, Libinia, Portunus, Parthenope.

Class-2. Myriapoda

1. Terrestrial and air breathing arthropods.
2. The body is usually elongated with numerous segments, each bearing

one or two pairs of appendages.
3. Head is distinct, bearing a pair of antennae, mandibles, eyes and maxillae.
4. Respiration by tracheae.
5. Excretory organs are one or two pairs of Malpighian tubules associated

with hindgut.
6. Sexes are separate.
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Class-3. Pauropoda
1. The trunk segments are eleven and anal segment is also present.
2. There are 9 pairs of legs.
3. The head bears one pair of antennae, one pair of mandibles and one pair of

maxillae.
4. These are without blood vascular system and trachea.

Example: Pauropus.

Class-4. Diplopoda

1. Body is usually cylindrical.
2. Body bears numerous segments each with two pairs of legs.
3. Genital opening on the third segment behind the head.

Examples: Julus, Spirobolus.
Order-1. Pselaphognatha

1. Almost all bristly millipedes belong to this category.
2. There are eleven or thirteen rings.
3. Males do not possess copulatory organs.

Example: Polyxemus.
Order-2. Pentazonia

1. All the three types of chitinous plates (tergite, sternite and pleuretes) are
found.

2. Terminal legs of males act as claspers.
Examples: Glomous, Sphaerotherium.

Order-3. Nematophors
1. Some of the chitinous plates of different region of the body (Tergites and

pleurites) are fused together.
2. Sternel plates remain free.
3. Silk glands open on to a pair of terminal spinnerets).

Examples: Polymicrodon, Callipus, Lysiopetelum.
Order-4. Polydesmoidea

1. The body shows marked rings numbering 17 or 18.
2. All the three types of chitinous plates tergite, pleurite and sternite fused

together resulting a cylindrical appearance.
3. Body is more or less dorso-ventrally flattened.

Example: Polydesmus.
Order-5. Iuliformia

1. Member are commonly called snake millipedes.
2. Body is marked with more than thirty rings, which are basically

cylindrical sclerites.
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3. They lack flat back.
Example: Julus, Spirostroptus, Spirobolus.

Order-6. Colobognatha
1. Members of this group are characterized by specialized mouth parts.
2. Trunk shows usual variations.

Examples: Polyzonium, Platydesmus, Siphoriulus.

Class-4. Chilopoda
1. Body is usually dorso-ventrally flattened.
2. Head bears many jointed antennae, a pair of mandibles and two pairs of

maxillae.
3. Poisonous claws are present.
4. Trunk bears 15-117 segments each with a single pair of legs.

Examples: Scoloplendra, Scutigera.
Order-1. Geophilomorpha

1. Body has more than twenty five podous segments.
2. Every podous segment is provided with pointed spiracles.
3. Last segment of the body is devoid of spiracles.

Examples: Geophilus, Haplophilus.
Order-2. Scolopendromorpha

1. Body is divisible into 21-23 segments.
2. All segments are provided with spiracles and walking legs.
3. First pair develops poison claws.

Example: Scolopendra.
Order-3. Lithobiomorpha

1. Body has 15 segments.
2. Properly developed long legs present.
3. Spiracles are present in all segments except first and seventh.

Examples: Lithobius, Henicops.
Order-4. Scutigeromorpha

1. There are fifteen body segments, however, lacking small tergites.
2. There are eight tergite covering all the fifteen segments.
3. Unpaired spiracles present along the medi-posterior edge of first seven

tergites.
4. Very long legs.

Example: Scutegera.

Class-5. Symphyla
1. There are not more than 12 segments in the trunk.
2. There is a single pair of tracheae.
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3. The head bears one pair of antennae, one pair of mandibles and 2 pairs of
maxillae.
Examples: Scolopendrella, Scutigerella.

Class-6. Insecta

1. These are air breathing, mostly terrestrial and rarely aquatic arthropods.
2. Body is divisible into head, thorax and abdomen.
3. Head bears a pair of antennae, compound eyes, mandibles and two pairs

of maxillae.
4. Thorax consists of three segments bearing 3 pairs of legs and 2 pairs of

wings.
5. Abdomen 7-11 segments which are without appendages in adult.
6. Liver absent but salivary glands are present.
7. Respiration by tracheae.
8. Excretion by Malpighian tubules.
9. Sexes separate.

10. Development is usually indirect, completed by complicated
metamorphosis. Sometimes direct without larval stage.
Class Insects is divided into several subclasses.

Subclass-1. Dipleura
1. Wingless, primitive insects.
2. Metamorphosis is absent.

Subclass-2. Protura
1. Minute, elongated whitish insects.
2. Antennae, eyes and ocelli are lacking.
3. Wings are absent.
4. Abdomen short consists of 12 segments. Bilateral styli on first three

segments.
5. Tracheae lacking
6. Malpighian tubules are small papillae.

Examples: Acerentulus.
Subclass-3. Collembola

1. Minute, somewhat tubular or globose forms.
2. Eye patches consist of one to several lateral ocelli, dorsal ocelli lacking.

Antennae short usually 4-segmented.
3. Abdomen consists of 6 segments, lobe-like organ on first segment. 4th

segment bears furcula.
4. Mouthparts entognathus, chewing type.

Examples : Podura, Isotoma, Smithurus.
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Subclass-4. Apterygota
1. Primarily wingless.
2. Metamorphosis from juvenile to adult slight or absent.
3. Mandibles develop articulation only at a single point.

Order-1. Thysanura
1. Small, elongated insects. Usually covered with scales.
2. Compound eyes usually present 2-3 ocelli.
3. Abdomen small, bilateral style on venter of several segments.
4. Abdomen consists of 10 or 11 segments.

Examples: Lepisma, Japyx.
Subclass-5. Pterygota

1. Adults are winged, some are wing-less.
2. Metamorphosis complete or incomplete.

Division-1. Exopterygota
1. Wings develop externally as buds.
2. Metamorphosis simple without pupal stage.
3. Young stage, called nymphs, develop gradually.

Order-1. Ephemeroptera
1. Soft bodies, fragile, small to medium sized.
2. Mouthparts chewing type in nymph and vestigial in adults.
3. Antennae short. Compound eyes and 3 ocelli are present.
4. Two pairs of membranous wings. Fore-wings larger than hind-wings.
5. Abdomen with a pair of long cerci and often with a median caudal filament.
6. Metamorphoses incomplete. Nymph bears gills on the first 4-7 segments.

Example: Mayflies (Ephemera).
Order-2. Odonata

1. Medium to very large sized insects.
2. Head large, mobile bearing short antennae, large compound eyes and 3

dorsal ocelli.
3. Two pairs of membranous wings, venation net-like.
4. Abdomen elongate. Adult males with gonopores on 9th segment and

complex penis on second segment.
5. Metamorphosis incomplete. The nymphs are aquatic, predatory with

caudal tracheal gills.
Examples: Dragon flies (Lestes), Damsel flies.

Order-3. Plecoptera
1. Small to medium sized, soft-bodies, elongated, flattened insects.
2. Mouthpart chewing type, usually vestigial in adults.
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3. Antennae long and tapering. Well developed compound eyes, usually 3
dorsal ocelli are present.

4. Two pairs of membranous wings, males of some species apterous or
brachypterous.

5. Metamorphosis incomplete. Nymphs aquatic with tracheal gills.
Examples: Stoneflies (Isoperla, Pteronarcys).

Order-4. Orthoptera
1. Minute to very large sized insects.
2. Mouthparts chewing type. All gradation between hypognathous and

opisthognathous.
3. A pair of antennae of variable structure.
4. Compound eyes and usually 2 or 3 ocelli are present.
5. Two pairs of wings are present. Fore-wings are hard, narrow, parchment

like opaque with indistinct venation forming tegmina.
6. Abdomen 11 segmented. Females in several species with well developed

ovipositors. Cerci variable, short, long clasper-like segmented or
unsegmented.
Examples: Grasshoppers (Poecilocerus), Locusts (Schistocerca),
Crickets (Gryllus), Mole Cricket (Gryllotalpa).

Order-5. Phasmida
1. Large size insects. Body elongate, cylindrical with short prothorax,

large meso-and-meta-thorax.
2. Head broad and bears a pair of long filiform or moniliform antennae.

Compound eyes are present 2-3 or no ocelli.
3. Mouthparts biting type.
4. Wings present or absent.
5. Abdomen 11 segmental. Ovipositor small and somewhat concealed.

Cerci short, unsegmented.
Examples: Phyllium, Carausius (stick insect).

Order-6. Dermaptera
1. Small to medium sized insects.
2. Mouthparts chewing type.
3. Antennae long slender. Compound eyes present in most of the forms

may be vestigial or absent in some forms.
4. Fore-wings short, leathery and veinless, hind-wings membranous broad,

fan-like.
5. Abdomen 11 segmented bearing a pair of forceps-like cerci at the end.
6. Metamorphosis gradual.

Example: Earwigs (Forficula).
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Order-7. Embioptera
1. Minute to small, elongated insects.
2. Head large bearing filiform antennae, compound eyes present, ocelli absent.
3. Mouthparts chewing type.
4. Thorax nearly as long as abdomen
5. Some males with 2 pairs of membranous wings of nearly equal size and

shape, females and some males wingless.
6. Metamorphosis gradual in male but absent in female.

Examples: Web-spinners (Oligotoma), Embia.
Order-8. Dictyoptera

1. The members of this group uncorporate cockroaches and mantids -
from medium to large insect.

2. Mandibulated type of mouth parts.
3. Long sensory antennae.
4. Forewings thickened as tegmina.
5. Many segmented cerci.
6. Reduced ovipositor.
7. Eggs laid in egg pod.

Order-9. Isoptera
1. Social and polymorphic insects living in colonies under a caste system.
2. Mouthparts chewing type.
3. Compound eyes are present in all winged forms; present or absent in

apterous forms 0 or 2 dorsal ocelli are present.
4. Antennae short, moniliform or filiform.
5. Wings when present, two pairs, similar in size, shape and venation.
6. Cerci short and simple.
7. Metamorphosis simple

Example: Termites (Zootermopsis nasutitermes).
Order-10. Pscoptera

1. Minute sized insects. Head capsule large as compared to rest of body.
2. Mouthparts chewing type Labial silk-glands are present.
3. Compound eyes weakly or strongly developed. Ocelli 3 in winged forms

absent in wingless forms.
4. Wings when present, two pairs, membranous.
5. Cerci absent.
6. Metamorphosis simple.

Examples: Book-lice (Liposcellis), Peripsocus.
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Order-11. Mallophaga
1. Small, apterous, ectoparasitic insects.
2. Body is broad or elongated, flattened dorsally.
3. Head generally large. Compound eyes reduced. Ocelli absent.
4. Mouthparts biting type.
5. Cerci absent.
6. Metamorphosis absent.

Examples: Chewing lice or biting lice (Trichodectes, Menacanthus).
Order-12. Siphunculata

1. This group incorporates sucking lice.
2. There are wingless flattened mammalian ectoparasites.
3. Mouth parts are drastically modified for piercing and sucking blood.
4. Presence of an anticoagulant.
5. Head small.
6. All thoracic segments get fused.

Order-13. Hemiptera
1. Medium to very large sized insects.
2. Mouthparts piercing and sucking type.
3. Antennae 2-10 or rarely 25 segmented.
4. Eyes large with or without ocelli.
5. Wings when present, two pairs, fore-wings usually thickened basally

and membranous apically (Sub-order Heteroptera) and wholly
membranous (sub-order Homoptera).

6. A triangular plate is located between the bases of the wings.
7. Anal respiratory filaments are present in some aquatic forms and anal

filaments in male coccids.
8. Metamorphosis gradual.

Examples: Giant water bug (Belostoma), Bedbug (Cimex), Water strider
(Gerris), Squash bug (Anasa), Leaf hopper (Paraphle-psius), Cicada
(Magicicada).

Order-14. Thysanoptera
1. Minute to small sized insects, Body slender.
2. Mouthparts rasping and sucking type, Asymmetrical, the right mandible

reduced or absent.
3. Small, compound eyes, 3 dorsal ocelli in winged forms absent in wingless

forms.
4. Antennae short 6-10 segments.
5. Wings two pairs, narrow fringed, coupled by basal hooks
6. Abdomen 10-11 segments with an ovipositor. Cerci lacking.
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7. Metamorphosis simple.
Example: Thrips (Heliothrips).

Division-2. Endopterygota
1. Wings develop internally.
2. Metamorphosis complete.

Order-1. Neuroptera
1. Small to very large-sized, soft-bodied insects.
2. Mouthparts chewing type in adult an grasping-sucking type in larvae.
3. Compound eyes present. Ocelli present or absent.
4. Antennae filiform.
5. Wings two pairs, similar in size and appearance.
6. Cerci absent, variously modified ovipositors are present.
7. Metamorphosis complete.

Examples: Chrysopa, Agulla, Corydalis.
Order-2. Mecoptera

1. Small to medium sized, slender, predaceous insects.
2. Head usually elongated. Mouthparts chewing type.
3. Compound eyes are present, Ocelli 2-3. Antennae long and filiform.
4. Wings 2 pairs, membranous, commonly with dark spots.
5. Cerci short, simple or two segmented.
6. Metamorphosis complete.

Examples: Scorpion fly (Panorpa), Hanging Scorpion fly (Bittacus).
Order-3. Lepidoptera

1. Medium to large sized insects.
2. Body and wings are completely covered by flat over-lapping scales and

hairs.
3. Mouthparts usually long, sucking proboscis.
4. Large compound eyes, 2 or 2 dorsal ocelli.
5. Antennae always prominent, vary in form.
6. Wings two pairs, fore-wings often largest.
7. Metamorphosis complete.
8. Larvae called caterpillar with 3 pairs of thoracic legs and 2-4 pairs of

abdominal prolegs.
Examples: Butterflies (Danaus), Moths (Bombyx).

Order-4. Trichoptera
1. Small to medium sized insects.
2. Mouthparts are non-feeding in adult stage. Adapted for inhibiting fluid.

Mandibles weakly developed or lacking. Larva with chewing type.
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3. Compound eyes present, 2 or 3 ocelli.
4. Antennae range from setaceous to filiform.
5. Wings 2 pairs, membranous, hind-wings broader then fore-wings, covered

with modified hair-like setae.
6. Larvae aquatic
7. Cerci one or two segmented.
8. Metamorphosis holometabolic.

Example: Caddis fly (Philopotamus).
Order-5. Diptera

1. Minute to medium sized, diurnal or nocturnal, terrestrial or aquatic
insects.

2. Mouthparts variously modified for sucking, lapping, piercing and
sponging.

3. Compound eyes present. Most species with 3 ocelli.
4. Wings are present, fore-wings developed for flight while hind-wings

are reduced to halters.
5. Cerci present or absent.
6. Metamorphosis complete.

Examples: Mosquitoes (Aedes, Anopheles, Culex), Black fly (Simulium),
House fly (Musca), Fruit fly (Drosophila).

Order-6. Siphonoptera
1. Minute, hard-bodied bilaterally compressed insects.
2. Mouthparts piercing and sucking type. In larvae chewing type.
3. Compound eyes lacking. Generally 2 ocelli.
4. Antennae short contained within antennal grooves.
5. Wings absent.
6. Male terminalia highly modified with one pair of 2 segmented claspers.

Cerci lacking.
7. Metamorphosis complete.

Examples: Human fleas (Pulex), Poultry flea (Ehninophaga), Rat flea
(Xenopsylla), Dog and cat flea (Ctenocephalides).

Order-7. Hymenoptera
1. Medium to large sized, social or parasitic insects.
2. Antennae 12 segmented in male and 13 segmented in females.
3. Mouthparts variable, chewing to lapping or sucking.
4. Compound eyes usually well developed. Commonly three dorsal ocelli.
5. Two pairs of membranous wings. Hind-wings smaller than fore-wings,

many wingless.
6. Abdomen with basal pedical.
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7. Female with conspicuous ovipositor modified into saw, drell or string.
8. Metamorphosis complete.

Examples: Honey bees (Apis), Thief ant (Solenopsis), Wasp (Vespa),
Ants etc.

Order-8. Coleoptera
1. Minute to large sized insects.
2. Antennae variable in shape and size usually 1 segmented.
3. Compound eyes present or absent. Ocelli usually absent but present in

some groups. Larva without compound eyes but lateral ocelli present.
4. Fore-wings sclerotized elytra which protect the membranous hind-wings

at rest.
5. Legs typically cursorial, some adapted for swimming, jumping or

digging.
6. Abdomen usually 10 segmented. Cerci absent.
7. Mouthparts biting and chewing types.
8. Larvae diverse usually catterpillar-like or maggot-like.
9. Metamorphosis complex.

Examples: Ground beetle (Calosoma), Blister beetle (Epicauta), Alfalfa
beetle (Hypnera).

Check Your Progress

5. What are the characteristic features of Arthropoda?
6. What are the important features of circulatory, respiratory and excretory

system of Arthropoda?
7. Write down the name of any member of Arthropoda having minimum

life span of one to two days.
8. Which is the connecting link between Annelida and Arthropoda?

3.4 MOLLUSCA

Members of the phylum Mollusca are among the most conspicuous
invertebrates and include such familiar forms as clams, oysters, squids,
octopods and snails. During the last 18th and 19th centuries, when natural
history, occupied the time of many well to do gentlemen, shell collections
were as popular as today. Such collections, often containing species gathered
from various parts of the world, have contributed considerably to our
knowledge of the phylum. In abundance of species, molluscs comprise the
largest invertebrate phylum aside from the Arthropoda. Over 1,00,000 living
species have been described. In addition, some 35,000 fossil species are known.

The term Mollusca (L. mollis = soft) mean soft bodies and for the first
time coined by Aristotle in his famous Historia Animalium to describe various
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kinds of cephalopods and gastropods. The term Mollusca was used by Jonston
(1650) to include cephalopods and branacles.

3.4.1 General Characters
Some are aquatic (mostly marine, a few fresh water) and some terrestrial
forms.
Symmetry bilateral, viscera and shell coiled in Gastropoda and some
Cephalopoda.
The body is triploblastic made up of three primary germ layers.
Body without any appendage and segmentation.
Body skin single layered mostly ciliated and with mucous glands.
Body usually small and soft and enclosed in an envelop, the mantle
that secretes shell of various shapes and sizes.
Generally the body is divided into 4 parts: the visceral mass carrying
the vital organs of the body; the head, anterior most part bearing mouth,
eyes and tentacles but is absent in the Pelecypoda and Scaphopoda;
the foot a muscular mass, the form and function of which varying in the
different classes, and lastly the mantle or pallium a thick muscular coat covering
the entire animal.
Shell, when present, usually univalve, constituting an exoskeleton, internal
in some.
Coelom is reduced and represented mainly by pericardial cavity, gonadial
cavity and kidneys.
The alimentary tract is either straight or coiled. Jaws are present in
many, especially in gastropods and cephalopods.
In most of animals a rasping organ, the radula appears in the buccal
cavity. The radula bears chitinous teeth to crush food. It is absent in
bivalves.
Blood vascular system consists of dorsal heart with 1 or 2 auricles and
1 ventricle, and is of open type.
Respiration by general body surface or mantle or by one to many gills
or a lung in the mantle cavity.
Excretion by paired metanephridia (kidneys).
Nervous system of paired ganglia, connectives and nerves. Ganglia
usually form a circumenteric ring.
Sense organs include eyes, statocysts and receptors for touch, smell
and taste.
Sexes are usually separate (some hermaphrodite a few protandric);
gonads 2 or 1 with ducts; fertilization external or internal. Mostly
oviparous, few viviparous.
Development direct or interrupted with larval stage, the veliger larva
of mollusca. The asexual reproduction is completely absent.
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3.4.2 Classification
Phylum Mollusca is divided into six classes. Monoplacophora, Amphineura,
Gastropoda, Scaphopoda, Pelecypoda and Cephalopoda.

Class-1. Monoplacophora
1. Abyssal or fossil, from lower Cambrian to Devonian, probably

carnivorous.
2. Bilaterally symmetrical and metamerically segmented, but segmentation

internal.
3. Shell is dorsal and consisting of a single piece (hence Monoplacophora).
4. Mantle covers the dorsal surface of body.
5. Foot is ventral with flat creeping sole.
6. Mouth is anterio-median and the anus is posterio-median.
7. Head is without eyes.
8. 5 or 6 pairs of gills are externally and serially arranged.
9. Six pairs of nephridia and two pairs of gonads are present.

10. Stomach contains a crystelline style and the animal feeds on radiolarians.
11. Nervous system primitive, lacks ganglia.
12. Sexes are separate.
13. Development is indirect with a trochophore larva.

Examples: Neopilina galatheae.

Class-2. Amphineura

1. Most primitive molluscs with either elongated and vermiform or
dorsoventrally flattened body.

2. Head is indistinct and without eyes and tentacles.
3. Foot is broad, flat, sole-like and ventral in position.
4. Shell and mantle covering the body from dorsal and lateral sides.
5. 6-60 pairs of gills situated, laterally in the pallial cavity, on either side

of foot. They may be reduced to one pair.
6. Mouth and anus are present at the opposite ends of body.
7. Nervous system is primitive and ladder-like with or without ganglia.
8. Heart with one or two auricles.
9. A pair of nephridia connected to the pericardium.

10. Sexes are separate or united.
Class Amphineura is divided into two subclasses:

Subclass-1. Polyplocophora
1. Body elliptical, convex dorsally and flattened ventrally.
2. Shell is dorsal and formed of eight calcareous pieces.
3. Mantle with spicules disposed along the margins.
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4. Gills 6 to 8 pairs, present in the pallial groove on the lateral sides of foot.
5. Head is distinct without eyes and tentacles.
6. The whole ventral surface is occupied by the broad and flat foot.
7. Alimentary canal is coiled with well formed radula.
8. Heart with two auricles.
9. Nervous system without definite ganglia.

10. Sexes separate.
Examples: Chiton, Chaetopleura, Cryptochiton.

Subclass-2. Aplacophora or Solenogasters
1. The body is long, narrow, worm like.
2. The shell is absent.
3. Mantle contains tiny calcareous spicules.
4. Foot is reduced or absent.
5. Heart consists of a single auricle and a ventricle.
6. Gills are absent or reduced to a pair located in the cloacal cavity.
7. Alimentary canal is straight without radula.
8. Nervous system with a distinct brain and ganglia.
9. Sexes united.

Examples: Chaetoderma, Neomenia.

Class-3. Scaphopoda
1. They are aberrant marine animals comprising only of three genera.
2. Body is elongated worm-like, enclosed in a tusk-like shell open at both

the ends.
3. Eyes, tentacles and gills are absent.
4. Mantle tubular, completely enclosing the body.
5. Mouth surrounded by lobular processes or outgrowth.
6. Foot is reduced used for digging.
7. Heart is rudimentary.
8. Sexes are separate.
9. Torsion takes place in some forms.

Examples: Dentalium, Antalis, Pulsellum and Siphonodentalium.

Class-4. Gastropoda

1. Body is asymmetrical with a mantle and shell.
2. The shell is univalved and spirally coiled.
3. Head is distinct bearing tentalces, eyes, and a mouth.
4. Foot is ventral and muscular.
5. Visceral mass usually coiled exhibiting various types of torsions.
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6. Anus usually situated anteriorly close to the mouth.
7. Buccal cavity contains an odontophore with a radula.
8. Respiration is carried on through the wall of mantle cavity in some, or

gills in most forms or lungs.
9. Circulatory system is open type with dorsal heart enclosed in

pericardium.
10. Excretory system includes one or two kidneys or nephridia.
11. Nervous system contains distinct cerebral, pleural, pedal, parietal and

visceral ganglia.
12. Sexes are separate. Mostly oviparous, a few viviparous.
13. Development indirect with veliger and trochophore larval stges.

Class Gastropoda is divided into three subclasses.
Subclass-1. Prosobranchia (Streptoneura)

1. The visceral nerve commissures are twisted into a figure of 8, hence
the name Streptoneura (Gr. streptos = curved; neuron = nerve). This is
due to torsion of visceral hump.

2. The mental cavity containing the pallial complex opens anteriorly.
3. The gills or ctenidia, if present, lie in front of the heart hence

Prosobranchia.
4. Head has a single pair of non-retractile tentacles.
5. Calcareous shell with an operculum.
6. Sexes separate. Development through trochophore larva.
7. Exclusively marine.

Subclass Prosobranchia is divided into three order:
Order-1. Archaeogastropoda (Aspidobranchia)

1. Due to incomplete atrophy of organs of the side, the kidneys, auricles,
nephridia and ctenidia are paired and present in mantle cavity.

2. Ctenidia are bipectinate or plume like.
3. Osphradium is poorly developed.
4. The nervous system is little concentrated.
5. Gonad opens into the right kidney serving as gonoduct.
6. Fertilization external.

Examples: Patella, Acmaea, Haliotis, Fissurella, Trochus.
Order-2. Mesogastropoda (Pectinibranchia)

1. These are advanced snails with complete atrophy of the left side of that
usually unpaired auricle, nephridium, osphradium and ctenidium occur.

2. Ctenidium monopectinate or comb-like, attached to the mantle
throughout its entire length.

3. Edge of the shell opening lacks a siphonal notch or canal.
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4. Foot may be operculate.
5. Osphradium pectinate and well differentiated.
6. The nervous system is concentrated.
7. Gonads has its separate duct and opening.
8. Fertilization internal. Development is indirect with free-swimming veliger

larva.
Examples: Pila, Triton, Valvata, Natica, Vermetus, Cypraea.

Order-3. Neogastropoda (Stenopoda)
1. Carnivorous species with an eversible proboscis.
2. Osphradium is large and bipectinate.
3. Foot is operculate.
4. One gill with filaments in one row, heart with one auricle, single nephridium

are present.
5. Nervous system is lightly concentrated.
6. Shell has a siphonal canal.
7. Embryos are intracapsular. Free swimming veliger suppressed.

Examples: Murex, Oliva, Magilus.
Subclass-2. Opisthobranchia (Euthyneura)

1. Due to detorsion of visceral mass, visceral loop becomes untwisted hence
named (Gr. euthus = straight; neuron = nerve) Euthyneura.

2. Mantle cavity is displaced posteriorly.
3. Head with two pairs of tentacles.
4. Shell and operculum, if present, reduced.
5. Usually one auricle and one nephridium are present.
6. Ctenidia are replaced by secondary gills.
7. Hermaphroditism is universal. Larva is veliger.
8. Exclusively marine.

Subclass Opisthobranchia is divided into eight orders as follows:
Order-1. Cephalaspidea

1. These are borrowing forms having shield-like head.
2. Shell and mantle cavity moderately developed.
3. Lateral parapodial lobes are prominent.

Examples: Bulla, Acteon.
Order-2. Anaspidea

1. These are crawling or burrowing forms having a pair of rhinophores on
head.

2. Shell is small and internal.
3. Mantle cavity is reduced on right side.
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4. Parapodial lobes are prominent.
Examples: Aplysia, Akera.

Order-3. Thecostomata
1. These are shelled pteropods.
2. Shell is spirally coiled or a non-spirally pseudoconch.
3. Mantle cavity is well developed.

Examples: Limacina, Clio.
Order-4. Gymnostomata

1. These are naked pteropods and planktonic.
2. Shell and mantle cavity absent.
3. Small ventral parapodial fins are present.

Example: Pneumoderma.
Order-5. Notaspidea

1. Shell is external or reduced and internal.
2. Mantle cavity is absent, but a skirt-like projection of mantle covers gill on

the right side.
Example: Pleurobranchus.

Order-6. Acochlidiacea
1. Small without shell and gill.
2. Naked visceral mass projecting behind the foot and covered with spiracles.

Example: Acochlidium.
Order-7. Sacoglossa

1. These are herbivorous, with a modified radula and suctorial pharynx.
2. They are shelled or naked slug-like, with a gill.

Examples: Elysia, Oxynoe.
Order-8. Acoela or Nudibranchia

1. They are naked bilaterally symmetrical sea-slugs without shell, mantle cavity,
ctenidia and osphradium.

2. They have secondary gills around anus or surface outgrowths or cerata.
Examples: Doris, Aeolis, Tritonia.

Subclass-3. Pulmonata
1. The ctenidia are absent and replaced by pulmonary sac or lung.
2. Shell is simple spiral or vestigial or absent and operculum never occur.
3. One or two pairs of tentacles and one pair of eyes are present.
4. The torsion takes place. The nervous system is secondary symmetrical due

to shortening of connectives and concentration of ganglia into a
circumoesophageal ganglionic complex.

5. The heart with a single auricle lying anterior to the ventricle.
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6. The animals are bisexual. Gonad single.
7. Development direct without larval stage.

The subclass is divided into two order:
Order-1. Basommatophora

1. One pair of tentacles with the eyes at the base.
2. Shell is delicate with a large aperture.
3. Some forms with secondary gills.
4. Male and female gonopores usually separate.

Examples: Limnaea, Planorbis, Physa.
Order-2. Stylommatophora

1. Two pairs of retractile tentacles. Eyes are lodged on the tips of posterior
pair of tentacles.

2. Shell is internal, reduced or absent.
3. Mostly terrestrial.
4. Male and female gonopores usually united.

Examples: Helix, Limax, Arion.

Class-5. Bivalvia
1. The Bivalvia or Pelecypoda are marine or fresh-water, bilaterally

symmetrical molluscs.
2. Mantle consists of paired right and left lobes, which secrete a bivalved

shell.
3. Head, eyes, tentacles and radula are absent.
4. The muscular foot is usually wedge-shaped or tongue-shaped, which is

adapted for burrowing.
5. Presence of two gills, one on either side of mantle cavity, the function

of which is to produce respiratory and food carrying currents of water.
6. Pharynx is absent.
7. Coelom is reduced to a dorsally placed pericardium.
8. Alimentary canal is coiled with a large paired digestive glands.
9. Heart is continued with pericardium and comprises two auricles and

one ventricle.
10. The renal organs are a pair of coelomic kidneys, which lead into

pericardium at one end and to outside at other.
11. The nervous system includes four pairs of ganglia, viz., cerebral, pleural,

pedal and visceral.
12. Sense organs are statocyst and osphradium.
13. Sexes may be separate or united. Development includes metamorphosis,

followed by trochophore stage.
Class Bivalvia is divided into following Subclasses:
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Subclass-1. Protobranchia
1. Presence of paired plume-like gills, each bears two rows of filaments.
2. The foot is flattened.
3. Presence of anterior and posterior adductor muscles.
4. Sexes separate, gonads lead into kidneys.

Examples: Nucula, Yoldia.
Subclass-2. Lamellibranchiata

1. Gills are basket like, the gill-filaments are attached with vascular inter-
filamentar and inter-lamellar junctions.

2. Gills may be smooth or plaited.
3. Two equal adductor muscles.
4. Foot is well developed.
5. Siphon of small or large sized present.
6. Gonads open out by separate openings. They do not open into kidneys.

Examples: Unio, Teredo, Anodonta, Venus, Cardium, Mya.
Order-1. Taxodenta
Member of this group have the following characters:

1. Equal adductor muscles.
2. Free gill filaments lacking inter lamellar junction.
3. Free mantle lobes.
4. Hings with several identical teeth.

Examples: Glycymeridea, Arcida.
Order-2. Anisomyaria
Members of this group have the following common characters:

1. Filibranch gills with inter lamellae junctions.
2. Monomyarian or heteromyarian type of adductor muscles.
3. Mantle lobes free except for separation of exhalent aperture.
4. Variable hinge present.
5. Foot is greatly reduced or absent.

Examples: Pecten, Ostrea, Mytids.
Order-3. Heteronta
Member of this group have following common characters:

1. Similar adductor muscles.
2. Hinge is provided with cardinal and lateral (heterodont) teeth.
3. Eulamelli branch type of gills present.

Example: Solecurtus.
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Order-4. Schizodonta
Characters of this group:

1. Absence of byssus structures.
2. Schizodont type teeth in hinge.
3. Gills are of eulamelli branch type.

Examples: Unio.
Order-5. Adapedonta
Characters of this group:

1. Gills are of eulamelli branch type.
2. Margins of mantle are closed ventrally.
3. Siphons long and united.
4. Hinge without teeth.
5. Shell often gaping.

Example: Solen.
Order-6. Anomalodesmala
Characters of this group are:

1. Gills are of eulamelli branch type.
2. Hinge without teeth.
3. Edges of mantle are extensively fused.
4. Bisexual with separate gonopores

Subclass-3. Septibranchia
1. Gills replaced by horizontal muscular and perforated septa dividing the

mantle cavity into upper and lower chambers.
2. Foot long and slender, byssus reduced or absent.
3. Adductor muscles two.
4. True ctenidia are absent.

Examples: Cuspidaria, Poromya.

Class-6. Cephalopoda

1. Exclusively marine.
2. Shell is usually internal and reduced, absent shell embedded in mantle.
3. Body with head and trunk. Head bears eyes and mouth.
4. Trunk consists of symmetrical and uncoiled visceral mass.
5. Mantle encloses posteriorly and ventrally a large mantle cavity.
6. Foot altered into a series of sucker bearing arms or tentacles encircling

the mouth.
7. Mouth bears jaws and radula.
8. Two or four pairs of bipectinate gills.
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9. Circulatory system is closed, heart with two or four auricles.
10. Excretory system comprises two or four pairs of nephridia.
11. Nervous system is highly developed and the principle ganglia are

concentrated around the oesophagus.
12. Sexes are separate.
13. Development meroblastic without metamorphosis.
14. Most of the cephalopods have an ink-gland with a duct opening into

the rectum.
Cephalopoda is divided into three subclasses:

Subclass-1. Nautiloidea or Tetrabranchiata
1. The foot is divided into lobes bearing numerous tentacles.
2. The funnel is incomplete.
3. Shell is external which is divided into several compartments.
4. Kidneys and gills are four.
5. Devoid of ink gland.
6. Pericardium communicates to the exterior directly.
7. Eyes are simple without crystelline lens.
8. Chromatophore and salivary glands are absent.

Example: Nautilus.
Subclass-2. Ammonoidea

1. All are extinct.
2. Shell variously modified in the form of straight to spiral or turreted.
3. Siphon external, siphuncle simple and marginal.
4. Two pairs of ctenidia.

Example: Ammonities (Extinct).
Subclass-3. Coleoidea

1. The members of this group have internal shell which may also be reduced
or absent.

2. Mantle is naked and covers the viscera and a shell.
3. There are eight non-retractile arms and two longest retractile tentacles.
4. One pair of ctenidia, ospharidia, auricles, and renal organs each.

This subclass is further divided into following orders.
Order-1. Belemnoidea

1. This group includes fossil colenoid cephalopods known from the late
Palaeozoic to the class of the Cretaceous period.

2. Internal shell made up of a septate phragmocone, present.
Further divided into five families and sixty three genera.
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Order-2. Sepioidea
1. Body elongated and with no lateral fins.
2. Arms ten, eight short and two long and known as tentacles.
3. Suckers on the arms are sessile and without horny rims.
4. Shell is internal and well developed.

Examples: Sepia, Loligo.
Order-3. Teuthoidea

1. The members of this group have eight short arms and two long tentacles.
2. Internal shell lacking rostrum with a phragmacone rudimentary or lost.
3. Pro-ostracum in the form of an elongated pen or gladius present.

Example: Loligo.
Order-4. Octapoda

1. Body rounded or oval and with no lateral fins.
2. Arms are eight, long arms or tentacles absent.
3. Suckers on the arms sessile and without horny rim.
4. Shell and nidamental glands absent.

Examples: Octopus (Devil-fish), Agronauta.
Order-5. Vampyromorpha

1. The member of this group have all the eight arms united by a summing
web long terminal.

2. The large terminal body fins and a pair of small retractile coiled filaments.
Example: Vompyrotenthiodae.

Check Your Progress

9. Write down the characteristic features of group Mollusca.
10. Who has coined the term Mollusca?
11. Write down any five most commonly known Molluscs.
12. Name the larval forms occurring in group Mollusca.

3.5 ECHINODERMATA

The name Echinodermata was coined by Jacob Klein (1734). Members of
this phylum are exclusively marine and are largely bottom dwellers. They
thrived in the cambrian period about 5,000 living and over 13,000 extinct
species are known. All are relatively large sized animals, most being at least
several centimeters in diameter. The most striking characteristic of this phylum
is their pentamerous radial symmetry i.e., the body can usually be divided
into five parts arranged around a central axis. Because of their radial symmetry
they were earlier grouped with the coelenterates as the zoophytes. Later,
however, many differences of fundamental nature came to light and led to
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their saperation from the coelenterates into an independent phylum. The phylum
contains about 6000 known species and constitutes the only major group of
deuterostome invertebrates.

3.5.1 General Characters
The Echinoderms are exclusively marine and are among the most common
and widely distributed of marine animals.
They are found in all seas from the intertidal zone to the great depth.
Small to large sized animals but none are microscopic.
Body colour often brilliant to different shades, few are almost transparent.
Organ system grade of body organisation.
Body shape star-like, discoidal circular or cylindrical with well differentiated
oral-aboral surfaces.
Triploblastic, coelomate animals without well marked cephalization and
segmentation.
Body surface is rarely smooth, typically it is covered by fine
symmetrically spaced radiating grooves called ambulacra with fine
alternating inter-radii or inter-ambulacra.
Radial symmetrical in adult condition but the larvae are bilaterally
symmetrical.
Head and anterior end are absent.
The body wall is made up of three well defined layers, an outer
epidermis, middle dermis and innermost peritoneum.
Endoskeleton is in the form of calcareous mesodermal plates and
sometimes as spines hence the name echinodermata.
An extensive body cavity or coelom, surrounding the internal organs,
is present. It is lined by peritoneum, occupied by mainly digestive and
reproductive system and develops from embryonic archenteron i.e.,
enterocoel.
Coelom is spacious,perivisceral cavity lined by ciliated peritoneum and
containing fluid with free amoebocytes.
A part of embryonic coelom becomes modified into characteristic
ambulacral or water vascular system or hydrocoel with many tube
feet which is a characteristic feature. This system is responsible for
respiration and locomotion in animal.
Alimentary canal is usually coiled tube extending from the mouth located
on the oral surface to the anus on the aboral or oral surface.
Circulatory or haemal or blood lacunar system is typically present.
Respiration occurs through a variety of structures, e.g., papulae in star-
fishes, peristomial gills in sea urchins, genital bursae in brittle stars and
cloacal respiratory trees in holothurians.



NOTES

Classification of
Higher Invertebrates

Self-Instructional
106 Material

Epidermis is single-layered and ciliated. It overlies a thick dermis containing
mesodermal endoskeleton of movable or fixed calcareous plates, the ossicles,
which usually occur in a definite pattern and often have spines, hence
Echinodermata. Muscles are smooth and lie adjacent to the dermis.
Excretory system is wanting.
Nervous system is primitive, consisting of networks concentrated into the
radial ganglionated nerve cords.
Sense organs are poorly developed.
Sexes are usually separate (dioecious) with few exceptions. Gonads are
simple with or without simple ducts.
Reproduction is usually sexual, few reproduce asexually or by regeneration.
Regeneration of lost parts a peculiarty.
Fertilization is external, while few echinoderms are viviparous.
Development is indirect including characteristic larval forms which undergo
metamorphosis into the radially symmetrical adults.

3.5.2 Classification

Subphylum-1. Echinozoa
1. It includes globoid echinoderms that never develops arms.
2. The earliest members had mouth and arms at extreme opposite poles.
3. As the evolution proceeded the subsequent changes in their orientation took

place.
4. Body is bilaterally symmetrical.
5. Most of systems (skeleton, nervous, muscular and reproductive) tend to

differentiate in meridional system.
This subphylum comprises five classes including the following two surviving

classes:

Class-1. Helicoplacoidea

1. Body spherical disc-like, oval or heart shaped.
2. They are commonly known as sea urchins and sand dollars.
3. Echinoids differ from other echinoderms in possessing echinochromes

in the pigmentation complex.
4. The body is lying enclosed in a shell formed of by closely fitting

calcareous plates covered with movable spines.
5. Many species are dull, but some are brilliant shades of red, purple,

orange, red or green or particoloured.
6. Outer calcareous plates are distinguished into five alternating ambulacral

and five inter-ambulacral areas.
7. The oral and aboral surfaces are distinct, the mouth is located on oral surface

while the anus and madreporite are present on the aboral side and surrounded
by membranous periproct.
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8. Tube feet come out from the pores of ambulacral plates and are locomotory
organelles.

9. Pedicellariae are stalked and three jawed.
10. Rounded urchins have well developed jaws and mainly feeds on algae

and small molluscs.
11. Sexes are separate and, gonads 5 in number and inter-radial.
12. Development includes free-swimming echinopluteus larva.
13. Some tropical species have brittle, hollow spines which can cause septic

wounds if they break off in the skin of the predator.
14. Most species, however are harmless, some are used as food especially

in chile, Japan and  West Indies.
Example: Halicoplacus gilberti.

Class-2. Holothuroidea

1. Commonly called sea-cucumbers.
2. Body bilaterally symmetrical, usually elongated in the oral-aboral axis

having mouth at near one end and anus at or near the other end.
3. Endoskeleton reduced to microscopic spicules or plates embedded in

the body wall.
4. Mouth is anterior and is surrounded by a set of tentacles attached to

water vascular system.
5. Podia or tube feet are usually present and locomotory in function.
6. The tube feet on the lower side are larger and with suckers while those

on the upper side are shorter and without suckers.
7. Alimentary canal is long and coiled and cloaca usually with respiratory

trees.
8. Unpaired ambulacrum occupies the ventral mid-line and the unpaired

inter ambulacrum occupies mid-dorsum and contains the hydropore
and gonad.

9. Aboreal end is posterior and has the anus.
10. Sexes are usually separate and gonad single or made of one or two

tufts of tubules.
11. Development may be direct or indirect with a larva called auricularia.

This class is further divided into three subclasses.
Subclass-1. Dendrochirotacea

1. Holothurians with numerous podia.
2. Oral tentacles dendroid i.e. with tree-like branches.
3. Oral retractors are absent.
3. Retractor muscles and respiratory tree present.
4. Test is reduced to scattered deposits in the leathery dermis.
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5. Madreporite internal.
This subclass is further divided upto following orders.

Order-1. Dactylothirotida
1. They have feebly branched tantacles.
2. There is a flexible test having overlapping plates.
3. Mouth and anus at opposite poles.

Examples: Vaneyellidae, Rhephalodinidae.
Order-2. Dendrochirotida

1. They have highly branched (tree like) tentacles.
2. These tentacles are ciliated to trap the food particles.
3. In some forms there is a heavily plated test having flattened adhesive sole.
4. In families Cucumaridae, Phyllophoridae and Sclerodactylidae.

Subclass-2. Aspidochirotacea
1. Podia or tube feet numerous.
2. Mouth is surrounded by 10-30 mostly 20 peltate or branched oral tentacles.
3. Feed upon organic debris in the sea floor with the help of tentacles.
4. Retractor muscles of pharynx absent.
5. Test vestigeal, reduced to spicules scattered in the dermis.
6. A pair of well developed respiratory trees is present.
7. Locomotary tube feet are present on the ventral side, and those of the

dorsal side are usually converted into sensory organs.
8. Pharyngeal retractor muscles absent.

This subclass is further divided into following orders.
Order-1. Aspidochirotida

1. The members of this group have large branched respiratory trees.
2. Some forms are found in deep water, and some in shallow water.

Examples: Holothuriidae and Stichopodidae.
Order-2. Elasipodida

1. Oral tentacles 10-20, peltate or shield shaped.
2. They feed on organic material in mud.
3. Tentacular ampullae, oral retractors and respiratory trees are absent.
4. Madreporite may be internal or external.
5. Body generally flat ventrally, with mouth usually ventral.
6. Tube feet few and webbed together to form fins.
7. Deep sea dwellers.

Examples : Elpidia, Pelagothuria, Deima, Benthodytes.
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Subclass-3. Apodacea
1. Members of this group have simple and digitate tentacles.
2. Reduced tube feet.
3. Reduced pharyngeal retractor muscles.
4. Test vestigeal and reduced spiracles.

This subclass is further divided into two orders.
Order-1. Molpadida

1. Oral tentacles unbranched and digitate or with minute branches at the tip.
2. Oral retractors are absent.
3. Madreporite internal and respiratory tree present.
4. Tube feet absent and posterior end of body tapers to form caudal region.

Examples : Molpodia, Caudina, Paracaudina.
Order-2. Apodida

1. Body vermiform having smooth or warty surface.
2. Most species are tropical reef dwellers.
3. Podia or tube feet absent.
4. Oral tentacles are 10-20. Simple, digitate or pinnate.
5. Pharyngeal retractors are present in some forms.
6. Test vestigeal
7. Respiratory trees are absent.
8. Water vascular system greatly reduced.
9. Burrowing.

Examples: Synapta, Chiridoata.

Class-3. Edrioasteroidea

1. Commonly called sea-cucumbers.
2. Body bilaterally symmetrical, usually elongated in the oral-aboral axis

having mouth at near one end and anus at or near the other end.
3. Endoskeleton reduced to microscopic spicules or plates embedded in

the body wall.
4. Mouth is anterior and is surrounded by a set of tentacles attached to

water vascular system.
5. Podia or tube feet are usually present and locomotory in function.
6. The tube feet on the lower side are larger and with suckers while those

on the upper side are shorter and without suckers.
7. Alimentary canal is long and coiled and cloaca usually with respiratory

trees.
8. Unpaired ambulacrum occupies the ventral mid-line and the unpaired

inter ambulacrum occupies mid-dorsum and contains the hydropore
and gonad.
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9. Aboreal end is posterior and has the anus.
10. Sexes are usually separate and gonad single or made of one or two tufts of

tubules.
11. Development may be direct or indirect with a larva called auricularia.

Class-4. Echinoidea
1. Body spherical disc-like, oval or heart shaped.
2. They are commonly known as sea urchins and sand dollars.
3. Echinoids differ from other echinoderms in possessing echinochromes in

the pigmentation complex.
4. The body is lying enclosed in a shell formed of by closely fitting calcareous

plates covered with movable spines.
5. Many species are dull, but some are brilliant shades of red, purple, orange,

red or green or particoloured.
6. Outer calcareous plates are distinguished into five alternating ambulacral

and five inter-ambulacral areas.
7. The oral and aboral surfaces are distinct, the mouth is located on oral

surface while the anus and madreporite are present on the aboral side
and surrounded by membranous periproct.

8. Tube feet come out from the pores of ambulacral plates and are
locomotory organelles.

9. Pedicellariae are stalked and three jawed.
10. Rounded urchins have well developed jaws and mainly feeds on algae

and small molluscs.
11. Sexes are separate and, gonads 5 in number and inter-radial.
12. Development includes free-swimming echinopluteus larva.
13. Some tropical species have brittle, hollow spines which can cause septic

wounds if they break off in the skin of the predator.
14. Most species, however are harmless, some are used as food especially

in chile, Japan and West Indies.
Class Echinoidea is further divided into two subclasses.

Subclass-1. Perischoechinoidea
1. The members of this group are provided with flexible test.
2. There may be as many as 2-20 columns of plates in the ambulacral.

This subclass is further divided into following orders.
Order-1. Echinocystitoda

1. This group arose during the Ordovician period and became extinct in the
Carboniferous period.

2. The ambulacral plates over lapped adorally or imbricating on one another.
Example: Eothuria.
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Order-2. Bothriocidaroida
1. A single row of plates in each interambulacral area.
2. Madreporite radial.
3. Lantern of Aristotle absent.

Example : Bothriocidaris (extinct).
Order-3. Palaechinoida

1. There is a rigid test, through the ambulacral level over the adjacent inter
ambs.

2. There are two or more columns in ambulacral whereas inter ambulacral
have three or more columns.

3. Most of known remains unchanged since Carboniferous (as in Palaechinus).
However some forms underwent some advancement in characters (as in
Melonechinus).

Order-4. Cidaroida
1. Test rigid and globular.
2. Two rows of long narrow ambulacral plates and two rows of

interambulacral plates present.
3. Ambulacral and inter-ambulacral plates continue up to mouth lip.
4. Gills and sphaeridia are absent.
5. Five bushy Stewart’s organs are present appended to the lantern.
6. Anus aboral and central.

Examples: Cidaris, Notocidaris, Ogmocidaris, Goniocidaris,
Miocidaris.

Subclass-2. Euechinoidea
1. Body spherical disc-like, oval or heart shaped.
2. They are commonly known as sea urchins and sand dollars.
3. Echinoids differ from other echinoderms in possessing echinochromes

in the pigmentation complex.
4. The body is lying enclosed in a shell formed of by closely fitting

calcareous plates covered with movable spines.
5. Many species are dull, but some are brilliant shades of red, purple,

orange, red or green or particoloured.
6. Outer calcareous plates are distinguished into five alternating ambulacral

and five inter-ambulacral areas.
7. The oral and aboral surfaces are distinct, the mouth is located on oral surface

while the anus and madreporite are present on the aboral side and surrounded
by membranous periproct.

8. Tube feet come out from the pores of ambulacral plates and are locomotory
organelles.

9. Pedicellariae are stalked and three jawed.
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10. Rounded urchins have well developed jaws and mainly feeds on algae and
small molluscs.

11. Sexes are separate and, gonads 5 in number and inter-radial.
12. Development includes free-swimming echinopluteus larva.
13. Some tropical species have brittle, hollow spines which can cause septic

wounds if they break off in the skin of the predator.
14. Most species, however are harmless, some are used as food especially

in chile, Japan and  West Indies.
This subclass is further divided into following super order.

Super Order-1. Diadematacea
1. The members of this group are provided with lantern in adults as well

as in their juvenile forms.
2. Organisms develop aulodont teeth in the upper part of gut.

This super order is further divided into 4 orders:
Order-1. Echinuthuridea

1. Members of this group have an endostylic test.
2. Ambulacral plate is exceptionally flexible in a family Echinothuriidae. Here

the ambulacral plates are compounded in diadematoid tripletes.
3. In the test amb plates extend across the peristome.

Order-2. Diadematoida
1. In this group the size of ambulacral plates is reduced.
2. The ambulacral plates do not extend across the peristome.
3. It has four families.

Order-3. Pedinoidea
1. Members of this group differ from their relatives in one respect: having a

solid radioles.
Order-4. Pygasteroida

1. The member of this group developed secondary bilateral symmetry.
2. The position of anus in these is exceptionally shifted near the posterior

interamb.
Super Order-2. Euechinoidea
The members of this group have the following characteristics features:

1. Endocyclic test present.
2. Lantern is present in juvenile as well as adult stages.
3. Dentition is of stirodont or camarodont type.

This super order is further divided into following orders.
Order-1. Salenoida

1. In the members of this group test is of cidaroid facies type.
2. Each interambulacral plate develops a large primary radiole.
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3. Amb plate undergo compounding process in a narrower similar to that of
diadematoid type.

4. Fossils were obtained from lower Jurassic rocks to the Recent.
Order-2. Hemicidaroida

1. The enlarged polygonal suranal plates reported in Salenioida disappear in
the members of the group.

2. Perforated sieve like tubercles reported.
3. Reported from upper triassic to upper Cretaceous.

Order-3. Phymosomatoida
1. Having all characters present in the members of Hemicidiaroida, however

imperfect perforated tubercles present.
Order-4. Arbacioida

1. Members of this group have stirodont type of Lantern.
2. Amb plates compounded in arbacoid manner.
3. There are 4 or 5 suranal plates.
4. Test surface becomes sculptured.
5. Mid Jurassic to recent times.

Order-5. Temnoplouroida
1. Members of this group have camarodont lantern.
2. Amb plates compound in either echinoid or diadematoid manner.
3. Tubercle perforated and crenulated.
4. From lower Jurassic to Recent times.

Example: Mespilia.
Order-6. Echinoidea

1. Members of this group have always compounded amb plates in the echinoid
manner.

2. These plates are usually perforated.
3. Imperforated and non crenulated tubercles present.
4. Recorded from Lower Cretaceous to Recent times.

Super Order-3. Gnathostomata
1. Members of this group have lantern both in adult as well as in their juvenile

stages.
2. Stirodont type of dentition present.
3. Exocyclic test with simple amb plates.

This super order is further divided into following order.
Order-1. Holectypoida

1. Test regular with simple ambulacra and centrally located peristome and
apical system.
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2. Ambulacra narrow on oral surface.
3. Lantern teeth with lateral flanges.
4. Genital plate distinct.

Example: Holectypus (Extinct).
Order-2. Clypeasteroida

1. Test flattened, oval or rounded in shape covered with small spines.
2. They are common tertiary fossils, and extant representatives range the

coast of tropical and temperate seas.
3. Mouth and apical system are usually central and oral in position.
4. Teeth without lateral flanges.
5. Aboral ambulacral areas petaloid.
6. Aristotle’s lantern present.
7. Genital plates all fused together
8. Gills absent.
9. Bottom dwellers.

Examples: Clypeaster, Laganum, Rotula, Echinocyamus.
Super Order-4. Atelostomata

1. Members of this group have no lantern in the adult stage, however,
may be present in the transient form in juvenile stage.

2. Test exocyclic with simple amb plates.
3. In some forms female has the ambs converted into suckon marsupia,

where the young ones hatched.
4. Found in tropical and temperate regions.

Further divided into following orders.
Order-1. Cassiduloida

1. Found in tropical seas, mainly in deep water.
2. Compact apical system.
3. Interambs are bicolumnar throughout.
4. Group arose in the Jurassic.

Examples: Apatopygus, Nucleolites.
Order-2. Holasteroida

1. Apical system elongated in the anterio-posterior axis.
2. Group arose in late Jurassic.
3. Found in tropical seas, mainly in deep water.

Example: Echinosigra.
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Order-3. Spatangoida
1. Test oval or heart-shaped with excentric mouth and anus.
2. Posterior interambulacral plates lies in opposite pairs on the adoral surface,

forming a shield shape area behind the mouth called amphisternous plastron.
3. Four aboral ambulacral areas petaloid, fifth not petaloid.
4. Apical system compact.
5. Lantern absent.
6. Gills absent.
7. Burrowing.

Examples: Spatangus, Lovenia, Hemiaster, Echinocardium.

Class-5. Ophocistidoidea

1. This group includes all free living extinct echinoderms ranging from
Ordovician to Devonian times.

2. The aboral surface of test was roofed by polygonal plates.
3. Mouth is located at the centre of the flat aboral side.
4. From it radiated the five ambulacral, each with three rows of ambulacral

plates.
5. About 8 pairs of large tube feet emerged from each ambulacral plates.
6. Each tube foot was coated with small overlapping scales.

Example: Volchovia.

Subphylum-2. Homalozoa

This subphylum includes extinct echinoderm having following characters.
1. Dorso-ventrally flattened body.
2. Existed from the mid Cambrian to the Devonian.
3. Dorsal surface is convex and the plates covering this region form a

carapace.
4. Ventral surface is more or less concave and the plates covering this

region form plastron.
5. U shaped gut.

Examples: Dendrocystites, Phyllocystis.

Subphylum-3. Crinozoa

1. Members of this subphylum are basically globoid placoid echinoderm.
2. Body is partial meridional symmetry.
3. Ambulacra develop as radially divergent systems.
4. Except for the single class crinoidea, all members of this subphylum are

now extinct.
5. They were sessile with U shaped alimentary canal.
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Class-1. Crinoidea

1. They are commonly called sea lilies or feather stars.
2. It includes with living as well as extinct echinoderms usually attached by a

stalk, but living members are stalkless and free living.
3. Entire structure strongly pentamerous.
4. Body consists of an aboral cup, the calyx and oral cover or roof, the

tegmen.
5. Oral surface directed upwards.
6. Mouth usually central, anus usually eccentric are present on the oral

surface.
7. Arms movable, simple, mostly branched, usually five or ten in number

with or without pinnules.
8. Ambulacral grooves are open and extend along arms and pinnules to

their tips.
9. Tube feet without suckers.

10. Madreporite, spines and pedicellariae are present.
11. Sexes are separate. Development indirect through doliolaria larva.

Class Crenoidea is divided into four subclass:
Subclass-1. Inadunata

1. Extinct forms.
2. Calyx rigid and lower arm ossicles spring free from it.
3. Mouth covered over by tegminal plates but ambulacral grooves mostly

exposed.
4. Arms three or more with or without pinnules.
5. In some forms the anus lay at the upper end of a long plated siphon

arising from the tegmen.
Examples: Anartiocrinus, Hybocystites.

Subclass-2. Camerata
1. Extinct forms.
2. Calyx rigid, mono- or dicyclic.
3. Arms branched and pinnulate.
4. Mouth and ambulacra are covered.
5. Anus is placed on a siphon.
6. The stem is sometimes unanchored and in such cases serves as a

prehensile limb.
Examples: Xenocrinus, Retrocrinus.

Subclass-3. Flexibilia
1. Extinct forms.
2. Calyx flexible, dicyclic.
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3. Three lower branchial ossicles of each arm are loosely incorporated into
the dicyclic calyx.

4. One of the five oral plates serves as madreporite.
5. Arms branched, devoid of pinnules and typically curved inwards.
6. Cirri are absent in the cylindrical stem.
7. Mouth and ambulacra exposed.
8. Anus is present at the tip of a short siphon.

Example: Forbesiocrinus.
Subclass-4. Articulata

1. Extinct as well as living forms.
2. Calyx pentamerous flexible and dicyclic.
3. They prefer shallow, clean water, rich in nutrients and therefore abound

on tropical coast and in polar seas rather than in temperate waters.
4. Mouth and ambulacral grooves are not covered by tegminal plates and

remain exposed.
5. Arms branched and pinnulate.
6. Despite the incorporation of the lower branchial ossicles into the calyx

the arm retains its movable articulation with radial plate.
7. Tegmen leathery and contains small calcareous plates or minute ossicles.

Examples: Metacrinus, Rhizocrinus, Antedon, Comatula.

Subphylum-4. Asterozoa

1. Members of this group are radially symmetrical.
2. It includes free living echinoderms.
3. Body is star shaped without any stem.
4. There are five arms bearing radial groove, and tube feet.
5. The nervous system is mainly external in the flow of the radial groove.
6. All organs are properly developed.

Class-1. Stelleroidea
1. Reported from middle Cambrian sediment.
2. Open ambulacral groove from a central disc.

Subclass-1. Somasteroidea
1. Members of this group include flattened Asterozoa.
2. Here the arm skeleton exhibits the pinnate structure of a biserial crinoid.
3. The arms are petloid, at the base, and the disc is small.
4. Their characters are intermediate between crinods and other astrozoans.

Examples: Platasterias, Ampullaster.
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Subclass-2. Asteroidea
1. Body flattened and star-shaped with a central disc and five radiating arms

which are not sharply marked off from the disc.
2. Distinct oral and aboral surfaces, the oral surface directed downwards and

aboral surface upwards.
3. They are commonly called starfishes or sea stars.
4. Arms hollow and contain gonads, prolongation of gut, coelom and other

visceral organs.
5. Mouth is placed centrally at the oral surface surrounded by a

membranous peristome.
6. Ambulacral grooves open in tube feet and extend upto the tip of arms.
7. Small and inconspicuous anus is located more or less eccentrically on

the aboral surface.
8. Madreporite present and pedicellariae sessile or pedunculate.
9. Endoskeleton is made up of saperate ossicle and is flexible.

10. Respiration by papulae.
11. Sexes are saperate with radially arranged gonads.
12. Development includes bipinnaria or branchiolaria larva.
13. Viscera entend into the arm.
14. Stomach is eversible.

The modern classification distinguishes class Asteroidea into two fossil
and there living orders:
Order-1. Platyasterida

1. Extinct forms.
2. Ambulacra widely open. Arms with series of long interambulacral

ossicles.
3. Tube feet without suckers.
4. Rudimentary pedicellariae sometimes developed.
5. Anus absent.

Examples: Platasterias, Luidia.
Order-2. Phanerozonida

1. Arms short with broad bases and with two rows of large marginal plates.
2. Oral plates are infra-marginal and aboral plates are supra-marginal.
3. Papulae limited to the aboral surface.
4. Mouth frame is well-developed and adambulacral type.
5. Pedicellariae generally sessile or absent.
6. Tube feet with or without suckers and are arranged in two rows.

Examples: Luidia, Pentaceros, Astropecten, Archaster, Linckia.
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Order-3. Spinulosida
1. Arms generally without conspicuous marginal plates.
2. Pedicellariae rare, very simple or lacking.
3. Aboral skeleton is imbricated or reticulated with single or group of

spines.
4. Podia or tube feet are in two rows provided with suckers.
5. Aboral surface with low spines.
6. Mouth frame is of adambulacral type.
7. Ampullae single or bifurcated.
8. Anus is always present.

Examples: Asterina, Solaster, Hymenaster, Echinaster, Hymenaster,
Crossaster.

Order-4. Euclasteroida
1. Members of this group are mainly found in deep sea water.
2. They have a small  disc like central part of the body from where

numerous slender deciduous arms radiate.
3. Their tube feet are sucktorial in nature.

Example: Brisingenes.
Order-5. Forcipulatida

1. No conspicuous marginal plates.
2. Aboral skeleton mostly reticulate with conspicuous spines.
3. Pedicellariae pedunculate and straight or crossed type.
4. Tube feet arranged in four rows provided with suckers.
5. Mouth frame is of ambulacral type.
6. Papulae on both surface.
7. Anus present.

Examples: Asterias, Heliaster, Brisinga, Zoraster.
Subclass-3. Ophiuroidea

1. Marine usually deep-sea and free living echinoderms.
2. They are commonly known as brittle stars.
3. Body flattened with a pentamerous or rounded central disc.
4. Oral and aboral surfaces are distinct.
5. Arms usually five slender, jointed, solid, muscular, flexible rarely six or

seven.
6. They are at once differentiated from asteroids in having vigorous lashing

movement of the arms.
7. In the smallest species the disc and arms together may be not more

than a few millimeter across. Large species may have a disc 10 cm
across and an arm-spread of 50 cm.



NOTES

Classification of
Higher Invertebrates

Self-Instructional
120 Material

8. No ambulacral grooves.
9. In all existing ophiuroids the ambulacral plates fuse together in pairs to

form articulating joints termed as vertebrae and the ambulacral groove is
converted into an internal epineural canal.

10. Pedicellariae, skin gills and special sense organs are absent.
11. Endoskeleton consists of saperate ossicles spines are short.
12. Pedicellariae are absent.
13. Stomach is not eversible. It is sac like.
14. Madreporite opens on the oral surface.
15. Anus and alimentary canal are absent.
16. Locomotion is effected by active flexions and extensions of the arms.
17. Tube feet arising ventrolaterally from arms in 2 rows, ampullae and suckers

are absent.
18. Viscera do not extend into the arms.
19. There are at the base of each arm on the oral surface a pair of slits that lead

into pits, the genital bursae, which functons as organ of respiration and
perhaps also of excretion.

20. Sexes are separate, gonads pentamerous.
21. Development includes a free-swimming Pluteus larva.

Subclass Ophiuroidea is divided into three orders:
Order-1. Stenorida

1. The members of this group have open ambulacral grooves.
2. Ambulacral plates remained as discretic elements.
3. Probably intermediate between somasteroids and existing ephiuroids.

Order-2. Oegophiurida
1. Brittle and serpent stars.
2. Arms simple, mostly five in number, moving chiefly in transverse plane.
3. Arm ossicles articulated by pits and projections.
4. Disc and arms are usually covered with distinct shields or scales.
5. Arms spines are borne laterally and are directed outward or toward the

arm tips, not downwards.
6. Single madreporite.

Examples: Ophioderma, Ophioscolex, Ophiothrix, Ophiocoma.
Order-3. Phrynophiurida

1. Arms simple or branched.
2. Skeleton of arms and disc poorly developed.
3. Arms move vertically and may be entwined around the objects.
4. One madreporite in each inter-radius.
5. Spines are directed downwards often forming hooks or spiny clubs.
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6. Disc and arms are without or with poorly developed scales or shields.
7. It includes Brittle-stars.

Examples: Astrophyton, Asteronyx, Astoporpa.

Check Your Progress

13. What is the name of group whose members are exclusively marine?
14. What is the characteristic feature of Echinodermata?
15. Holothurians show remarkable power of regeneration (autotomy) and give

off their visceral organs to their enemy whenever in danger.
16. Write down the names of various larval forms occurring in echinoderms.

3.6 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Body is metamerically divided externally as well as internally into a number
of compartments called segments.

2. Polygardius and Protodrillus are the common examples of group Annelida
where external segmentation is exceptionally not distinct.

3. Hirudinea is a common leech sucking blood of cattle and human beings
also.

4. Chaetopterus is highly bioluminescent and emits blue-green light.
5. Jointed legs, compound eyes and chitinous exoskeleton are the

characteristic features of Arthropoda.
6. Circulatory system is of open type, respiration by general body surface,

gills, tracheae or book lungs, and green glands or Malpighian tubules
are the excretory organs.

7. May flies (Ephemera) have the shortest life span of one to two days
only.

8. Peripatus is said to be the connecting link between Annelida and
Arthropoda.

9. Muscular food and the calcareous shell are the characteristic features
of Mollusca.

10. The term Mollusca was coined by Jonston (1650).
11. Unio, Pila, Octopus, Limax and Pinctada (Indian pearl oyster) are the

molluscs of most common occurrence.
12. Glochidium, Veliger and Trochophore are the main three larvel froms

occurring in group Molluca.
13. Members of Echinodermata are exclusively marine.
14. Water vascular system is the characteristic feature of echinoderms.
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15. Some forms of echinoderms willingly give off their visceral organs (alimentary
canal) to their enemies when in danger, and soon regenerate within days.

16. Bipinnaria, Brachiolaria, Echinoplateus, Ophiopluteus, Auricalaria and
Doliolaria are commonly occurring larval forms of echinoderms.

3.7 SUMMARY

Taxonomy is the division of various animals on the basis of their similarities,
dissimilarities and evolutionary relationship. In short it can be summarized in the
following steps.

Kingdom, phylum, subphylum, superclass, class, subclass, order and
suborder. Every organism has a definite pattern regarding its nomenclature.
Usually two words are written to show its name. First is the generic name and
second word denotes its species. Species are the organisms having maximum
similarities and least dissimilarities. As we move up from species level to
genus, order, class, phylum and kingdom the dissimilarities are gradually
increasing and reach at the peak in the animals belonging to different kingdoms.
Physiological division of labour is seen at the cellular level and also in unicellular
organisms. From coelenterates to human beings division of labour at
morphological as well as anatomical levels.

In social animals this division of labour is more advanced and reaches
the individual level. On the basis of nutrition and digestion the organisms may
be heterotrophs or autotrops. Heterotrophic category may further be divided
into sangivore, herbivore, carnivore, detritus, saprozoic, etc. For respiration,
there may be cutaneous, ctenidial or gills or pulmonary categories. On the
basis of the excretory products the organisms may be ammonotelic, urotelic
or urecotelic. Reproduction may be asexual or sexual. Sexes may be united
or separate with or without sexual dimorphism. Development may be direct
(without larva) or indirect (with larva).

3.8 KEY TERMS

Metamerism: The division of the body into a linear series of similar parts
or segments.
Parthenogenesis: Asexual reproduction or agamogenesis in which female
reproduces its kind without fecundation of the male.
Rhynchocoel: Refers to the cavity in which the proboscis lies. Any such
body cavity is lined by mesoderm.
Taxonomy: The science of identification and classification into categories
of varying rank, based on similarities and differences, and naming them.
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3.9 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Write down the distinguishing characters of annelida and mollusca.
2. Describe the role of mesoderm in the formation of coelom.
3. Give atleast five examples of light emiting higher invertebrates.
4. Differentiate schizocoel from enterocoel.

Long Answer Questions
1. Write an essay on the asexual reproduction occurring in higher

invertebrates.
2. Describe the general characters of any two of the following:

Annelida
Mollusca
Arthropoda
Echinodermata.

3. Describe the complete classification of Echinodermata.
4. Write notes on the feeding and reproductive behaviour of different

groups of higher invertebrates.

3.10 FURTHER READING

1. B. Schierwater and Rob DeSalle. Invertebrate Zoology: A Tree of Life
Approach.

2. D. Christopher Rogers and James H. Throp. Field Guide to Freshwater
Invertebrates of North America.

3. Gonzalo Girbet and Gregony Edgecombe. The Invertebrate Tree of Life.
4. Richard C Brusce. Invertebrates.
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UNIT - II
CHAPTER 4 PLASMODIUM

Structure
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4.2.1 Species of Plasmodium
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4.2.3 Morphology
4.2.4 Physiology
4.2.5 Life Cycle
4.2.6 Human Cycle
4.2.7 Mosquito Cycle

4.3 Answers to ‘Check Your Progress’
4.4 Summary
4.5 Key Terms
4.6 Self-Assessment Questions and Exercises
4.7 Further Reading

4.0 INTRODUCTION

Of all the diseases of mankind, malaria is one of the most widespread best
known, and most devastating. It has always been a disease associated with
forests and with migrant population. It is a disease that today affects, more
than 200 million people in the tropics. It has undoubtedly played a role in the
history of civilization because large areas of the earth have been subjected to
the ruinous effects of illness and death caused by the parasites. The causative
agents of human malaria are members of genus Plasmodium. There are about
60 species of Plasmodium which cause malaria in man and other animals, but
only four of them causing different types of malaria in human beings. Malaria
parasites are found in all countries, extending from 400S to 600N. The tropical
zone is the endemic house of all malaria parasites.

4.1 OBJECTIVES

After going through this unit, you will be able to:
Know the nature of malaria parasite.
Describe the various species of Plasmodium infecting human beings.
Describe the life cycle of Plasmodium.
Explain the comparative characters of Plasmodium of man.
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4.2 MORPHOLOGY AND LIFE CYCLE OF
PLASMODIUM

Plasmodium is the cytozoic parasite called the intracellular parasite. It remains
a parasite throughout its life. It is usually present inside the hepatic cells or red
blood cells of man and other vertebrates. It is digenetic and requires two hosts to
complete its life cycle: Man or any other vertebrate is the principal or primary or
definite host and female Anopheles mosquito is the intermediate or secondary
host. The parasite carries its asexual phase in invertebrate host and sexual
phase in vertebrate host. The malaria parasites infecting man, after passing through
a developmental phase in the parenchyma cells of the liver, reside inside the red
blood corpuscles and are carried by the circulating blood to all the organs.

4.2.1 Species of Plasmodium
Four species of plasmodium are found in man. These are:

Plasmodium vivax: (Grassi and Feletti, 1890)
The predominant malaria parasite in most part of the world is the Plasmodium
vivax. This species is found almost everywhere. Malaria is endemic, and is
the only one which has a range extending into the temperate regions. It is
responsible for about 43% of cases of human malaria. It causes benign or
tertian malaria.

Plasmodium malaria (Laveran 1881, Grassi and Feleti 1890)
Occuring primarily in those subtropical and temperate areas where other
species of malaria are found. Plasmodium malariae generally has a much
lower incidence than P. vivax or P. falciparum. It causes about 7% of the
world’s malaria. The fever caused by this species is malariae or quartan
malaria. The infection of this species, in untreated person may continue for
40 years.

Plasmodium falciparum (Welch, 1897)

This species of malaria is almost entirely confined to the tropics and sub-
tropics. It is the most pathogenic of the malarias and is often fatal. It is
responsible for about half the human cases of malaria. It causes malignant
malaria or cerebral malaria or Estivo-autumnal malaria or Pernicious
malaria. Black water fever is another very complication of P. falciparum. In
this there is wholesale destruction of erythrocytes with excretion of the
liberated haemoglobin in the urine (hence the term black water).

Plasmodium ovale (Stephens, 1922)
It is rare and is generally confined to tropical Africa and the islands of the
Western Pacific. Recently it has also been reported from South America and
Asia. It causes tertian malaria.
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4.2.2 History
The name of the disease malaria (Gr. mal bad; aria-air) was given as far back in
1753. Previously, it was thought that damp night air of marshes and swamps caused
this disease. Laveran, a french militory surgeon (1880) discovered the malaria
parasite in an unstained preparation of fresh blood taken from the malaria patient.
In year 1883 Marchiafava used methylene blue for the staining of malaria parasite.
The observation of Laveran was confirmed by Golgi (1885); an Italian worker.
According to him the Plasmodium occurs in the blood of person suffering from
malaria. Patrick Manson suggested that the malaria parasite enters the blood of
man after the bite of mosquitoes. He placed his suggestion before Sir Ronald
Ross in 1894 who did his work in India. In 1895 Ross under took this problem
and after continuous labour of two years in 1897 proved that the female Anopheles
sucked the plasmodium and then injected later on into the human blood after
undergoing some morphological and physiological changes. In order to remember
this break through in the scientific world, August 29 is now called Mosquito day.
He was awarded a Nobel Prize for medicine in 1902. Grassi worked out the life
cycle of Plasmodium in the stomach of Anopheles female. Short and Garnham
discovered the pre-erythrocytic cycle in the liver.

4.2.3 Morphology
The adult parasite is called as trophozoite that lives in red blood corpuscles
of man. It is amoeboid, uninucleated with granules and vacuoles in the
cytoplasm. The granules are chiefly of haemozoin pigments. The trophozoite
feeds upon the substance of R.B.C.

Its ultrastructure has been studied by Garnham (1966) and Rudzinska
(1969). According to them it possesses a double membranes, the plamalemma
which is closely applied to the cytoplasm. The endoplasmic reticulum is in the
form of small vesicles, which are both smooth and rough type. Free ribosomes
are present in cytoplasm. Mitochondria are few and possess double membranes,
the cristae are peripheral while the central region is structureless. Golgi
complex is composed of small vesicles arranged in rows. Double-membranous
concentric structures in the trophozoites are believed to work as mitochondria.
One or two double membranous vacuoles with structureless matrix, present,
their function is unknown. The nuclear membrane is double to which are
attached ribosomes. An endosomes or nucleolus lies eccentrically in the
nucleus. Pinocytic vacuoles are common in cytoplasm.

The trophozoite feeds upon the haemoglobin of RBC. Digestion is
intracellular. The residual product called haemozoin, and is scattered through
out the cytoplasm. Liquid food is taken by the process called pinocytosis.

4.2.4 Physiology
Most early metabolic studies on malaria parasites were carried out on infected
blood. The observations include:



NOTES

Plasmodium

Self-Instructional
             Material   127

General Metabolism

In recent years the general metabolism of the parasite has been properly
understood. The following two main points have been stressed (a) there appear to
be substantial metabolic differences between the erythrocytic stages of avian species
and those of mammalian species, (b) the parasites are markedly dependent on the
host cell to provide certain fundamental cellular metabolites in some species which
appear to lack the necessary enzymes for its synthesis. Thus when P. lophurae—
a species of Plasmodium is cultured extracellulary its survival and rate of
multiplication are markedly increased by the addition of ATP with pyruvate. P.
berghei has similarly been shown to be partly dependent on the host cell for its
supply of ATP.

The dependence of Plasmodium on ATP from its host has led to the
suggestion that, since the average ATP level in Negro red cells is somewhat
lower than in Caucasians, a low ATP level may be one of the selective genetic
factors concerned in the relative immunity of certain racial groups to
falciparum malaria.

Carbohydrate Metabolism

Although many carbohydrates can be utilized by malaria parasites, glucose
appears to be the main carbohydrates metabolized. The uptake of glucose by
parasitized cells is exceptionally high and it has been speculated that the
organism may bring about a change in the host’s cell membrane resulting in
increased glucose entry. Glycerol can also act as a substrate for short periods
and shows a higher oxygen utilization than glucose.

As in Trypansoma, carbohydrate reserves such as glycogen are not
built up by malaria parasites, although mucopolysaccharides have been
described in the oocysts of a number of species.

There are striking metabolic differences between the mammalian and
avian species — at least in those so far studied. Thus the avian species are
able to complete the catabolism of glucose by utilization of the Kreb’s cycle, in
contrast, mammalian species stop short at the termination of anaerobic glycolysis
via the Embden Meyerhof pathway. As pointed out earlier this difference may
be nicely correlated with the presence of cristate mitochondria  which are present
in all stages of the life cycle of avian malaria. In contrast, in mammalian malaria, the
Krebs cycle does not operate in the trophozoite stage, a situation reflected in the
absence of succinic dehydrogenase and the presence of only acristate
mitochodrial-like structures. In contrast, succinic dehydrogenase has been
detected in the oocyst and sporozoites of P. berghei which possess cristate
mitochondria, pointing to the development of Krebs cycle activity in these stages.
Thus in mammalian malarias a ‘metabolic switch’ appears to occur during transfer
from the warm-blooded to the cold-blooded host and vice versa. This very much
reflects the position in the African Trypansoma where mitochondrial metamorphosis
and associated respiratory changes occur during transfer from vertebrate to
invertebrate host. This change in mitochondrial activity during protozoan life cycles
appears to have been first described in Eimeria intestinalis in which succinic
dehydrogenase is lacking in the sporozoite but appears in the developing schizont.
A similar switch in mitochondrial activity is known in Leishmania donovani.
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It is specially interesting to note that succinic dehydrogenase has been
detected in the chloroquine resistant strains of P. berghei which suggests that
under ‘drug pressure’ the parasite is able to switch its respiratory activity into
the Krebs pathway.

Evidence on the electron transport systems in Plasmodium is fragmentary,
cytochrome, oxidase has been detected histochemically in both avian and
mammalian malarias being largely localized in the whorls of smooth cytoplasmic
membranes. In the absence of a Krebs cycle, it is difficult to envisage a significant
role for the cytochrome oxidase.

In addition to the above pathways, the pentose phosphate shunt has
been shown to operate, although the ability to do so varies from species to
species. It has been speculated that lificency of 6-PGD in red cells.

Carbon Dioxide Fixation

It has been known for some time that malaria-infected blood cells are best
maintained in vitro in the presence of 5 per cent carbon dioxide but it was
assumed that the carbon dioxide or bicarbonate acted as a buffer. It was later
shown in P. lophurae and P. berghei that not only does carbon dioxide act as
a component of a buffer system but that it becomes ‘fixed’ and contributes
significantly to the intracellular pool of free amino acids and to the formation
of keto and organic acids. Carbon dioxide fixation is now a recognized
metabolic phenomenon in many parasites and in some, plays an important
part in morphogenesis.

By means of labelled carbon dioxide it has been shown that both in free
P. lophurae and in red cells infected with this parasite, the main initial products
of carbon dioxide fixation were oxaloacetic and a ketoglutaric acids with the amino
acids glutamic acid and aspartic acid-as stable secondary products whereas in the
uninfected red cells the main products of carbon dioxide fixation are the organic
acids, malic and citric acids.

Lipid Metabolism

The lipid metabolism has been little studied. Stearic acid and cholesterol appear to
be essential in culture medium, suggesting inability to synthesize these substances.
Turkey erthrocytes infected with P. fallax take up C14-labelled phosphatides,
acetate and fatty acids. These substances are incorporated into the phospholipids
of the plasmodium in which a recycling of the fatty acid components apparently
takes place.

Protein Metabolism
The fact that malaria parasites ingest haemoglobin by phagocytosis has already
been stressed. By the breakdown of this material, the parasites seem capable
of satisfying all their amino acid requirements with the exception of methionine,
which is essential for plasmodial growth. Methionine is present in haemoglobin
only to the extent of about 1 per cent whereas most proteins contain 3-4 per
cent of this amino acid. The erythrocyte protein is thus deficient in methionine
and the parasite is forced to draw on this substance from the surrounding plasma.
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If this is also true for other species of Plasmodium, it is clear that although these
organisms are morphologically parasites of the host erythrocytes, they are
physiologically parasite of other cells and the plasma. Other growth factors such
as pantothenate and co-enzyme A have been found to be essential in some
species.

Nucleic Acids
It has not yet been determined whether the DNA in Plasmodium is single or
double-stranded, neither have the base sequences or frequencies of any species
been ascertained. A number of studies on the uptake of the H3-uridine, H3-
adenosine, or H3-thymidine have been made and some differences between species
have been observed. In some species, at least, the host itself plays an important
role as a source of purine for the parasite. Thus P. berghei and P. vinckei did not
become labelled with H3-thymidine or H3-uridine but P. bergheri became heavily
labelled with H3-adenosine suggesting that in vivo it could utilize this material from
the host. In P. nowlesi incorporation of H3-adenosine occurs throughout the
erythrocyte cycle but ceases during schizogony to commense again as soon as
new cells are invaded.

4.2.5 Life Cycle
As stated already that Plasmodium is a digenetic parasite and requires two
hosts to complete its life cycle. Man is the principal or primary host and
Anopheles mosquito is the intermediate or secondary host.

4.2.6 Human Cycle
In human being the parasite infects mainly liver and erythrocytes to carry on
the various cycles. Similar cycles are also presumed to be taking place in
spleen and bone marrow.

Human cycle starts with the introduction of sporozoites by the bite of
an infected Anopheles mosquito. It comprises the following stages:

Hepatic Schizogony

It is the asexual multiplication of the sporozoites occurring in human being. When
a female Anopheles mosquito bites a person, she injects approximately 10,000
sporozoites along with her saliva containing an anticoagulant. This anticoagulant
prevents the clotting of blood in the proboscis of Anopheles while sucking the
human blood. Within 30 minutes (Fairley 1945) all sporozoites disappear from the
blood stream and infect the parenchymal cells of liver where they undergo atleast
two schizogonic cycles. Due to their hidden nature the sporozoites are also called
the cryptozoites. This period of half an hour is the inoculation period of the
parasite.

Sporozoite. It is a minute thread like curve organism, tapering at both ends.
In the case of Plasmodium vivax. It measures about 12  in length. It is sickle
shaped. It has a centrally elongated nucleus that does not contain any pigment. It
is bounded by pellicle that consists of three layers and an intermediate zone can be
distinguished. The pellicle is continuous over the whole organism except at the
anterior end and at the base of the micropyle. At the anterior end lies a cup shaped
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structure which is more elaborate with three concentric rings. There are variable
peripheral fibrils, 15 in P. falciparum (14 + 1), 11 in P. vivax (10 + 1), 13 in P.
ovale (12 + 1), and 11 in P. malariae (10 + 1). It has a source of energy and a
sense of direction that makes the penetration into the parenchymal cells of liver
possible. The schizogony cycles involve the following stages:

Pre-erythrocytic schizogony. This phase of development occurs inside
the parenchymal cells of the liver. It comprises a single cycle and lasts
approximately 8 day in P. vivax, 6 days in P. falciparum, and 9 days in P. ovale.
Inside the liver cell, the parasite grows at the expense of its glycogen, fat and
cytoplasm and forms a large roughly rounded structure, the schizont. The fully
developed pre-erythrocytic schizont measures 42  in diameter. The schizont stops
feeding and undergoes multiple fission. From a single schizont about 800 to
1000 merozoites which are more specifically called the cryptomerozoites are
formed. The related process is called pre-erthrocytic schizogony or liver
schizogony. The merozoites consist of a fragement of chromatin with very little of
cytoplasmic mass. Each cryptomerozoite measures about 1.2  in diameter. The
infected cell bursts at this stage liberating the cryptomerozoites into the liver
sinusoids. The cryptomerozoites infect the healthy liver cells to start the end cycle
in liver called the exo-erythrocytic cycle.

Huff (1940) called the first generation as pre-erythrocytic and tissue parasite
as cryptozoite.

Exo-erythrocytic schizogony. Although the exo-erythrocytic schizonts
of human malaria parasite have not yet been discovered, they have been
observed discovered. They have been observed in monkey malaria (Cynomolgi
malaria). There is a close resemblance between Cynomolgi malaria and
vivax malaria and on this analogy the existence of exo-erythrocytic forms in
vivax malaria can be accepted. The exo-erythrocytic schizogony is maintained
through out the course of P. vivax infection independent of erythrocytic
schizogony and lasts for a period of 3 years. Thus a single infection with P.
vivax exists in the human body upto that period and it can help to maintain
erythrocytic schizogony. Thus it is responsible for the relapses of malaria. In
the absence of fresh infection this phase forms the source of asexual parasites.

In exo-erythrocytic cycle the cryptomerozoites invade the healthy and
fresh parenchymal cells of liver and repeat all the stages of pre-erythrocytic
cycle, the schizont is also formed and undergoes exo erythrocytic schizogony
in a usual way. It results 800 to 1000 metacryptozoites or phanerozoite.
The infect cells rupture releasing the metacryptozoites out into the liver
sinusoids. There are two types of metacryptozoites. Micro-metacryptozoites
and macro-metacryptozoites. Each micro-metacryptozoite undergoes schizogony
producing about 100 to 1000 micro-metacryptomerozoites. These liberate out
and enter the blood stream to start the erythrocytic phase. Similarly each
macrometacyptozoite also undergoes schizogony and produces about 64
macrometa cryptomerozoites. These liberate out in liver sinusoids and invade
the healthy liver cells and thus continue the exo-erythrocytic cycle. There is no
effect of various drugs as the parasite is intracellular. Hosts are acquired immunity
to the infection. The period between the mosquito bite and entry of
micrometacryptomerozoites into the blood is called prepatent period. (The
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period before the parasites can be detected in blood). It is of 10 days duration.
Thus the liver cells provide a sort of reservoir for the relapse of fever.

Erythrocytic Schizogony

This phase begins only when the micrometacryptomerozoites come in blood
circulation and infect the erythrocytes. Inside the R.B.C. the parasite performs
various nutritive functions for its growth and development. It reproduces by asexual
method of multiplication also called the erythrocytic schizogony. The duration
of erythrocytic schizogony in P.vivax is 48 hours (2 days) and is completed mainly
in peripheral circulation. It is to be noted that each red blood corpuscle is generally
invaded by a single parasite.

During erythrocytic schizogamy the parasite passes through the
following stages.

Trophozoite. Inside the red blood corpuscle the parasite becomes rounded
and is called trophozoite. The trophozoite is 1/3 to 1/2 the size of R.B.C. The
trophozoite is basically a feeding stage of the parasite, but it does not start feeding
as soon as it penetrates into the R.B.C. Soon a vacuole appears in its cytoplasm
that pushes the nucleus and other cytoplasmic contents to one side. This gives the
trophozoite an appearance of a signet ring hence this stage is called the signet
ring stage. At this stage the parasite starts feeding with the help of its pseudopodial
projections that is why it resembles an active Amoeba. This is the amoeboid
stage. After a period of growth of about 10 hours, yellowish brown pigmented
granules appear in the cytoplasm of the parasite. These are the hemozoin granules.
In about 36 hours, the trophozoite becomes mature. It again becomes rounded
and is ready for multiple fission. At this stage it is called the schizont. Yellow or
orange coloured dots appear in the cytoplasm of the infected erythrocyte. These
dots are called the Schuffner’s dots, after the name of its discoverer.

Schizont. This form appears after a period of growth of about 36 hours
and represents the full grown trophozite, ready to divide. All pseudopodial
projections disappear and the parasite has become rounded. However, the
hemozoin granules are still scattered through out the cytoplasm. The nucleus is
large and lies at the periphery. In size, it is larger than a red blood cell measuring
about 9 to 10  in diameter. In the next 8 hours the nucleus divides repeatedly
forming 12 to 24 nuclei. Each daughter nucleus is surrounded by a bit of cytoplasm
to form merozoite or schizogoite. They are shorter and thicker than sporozoites
and are somewhat oval shaped. A small portion of the cytoplasm of schizont is not
utilised in the formation of merozoites. This residual cytoplasm containing melanin
and waste products or toxins. The merozoites arrange themselves round the
cytoplasm like the petals of a rose flower (usually in 2 rows) hence, this stage is
called rosette stage.

Thus, the maturation is completed within 48 hours after the entrance of
micrometacryptomerozoites into the blood. The infected corpuscles become
very weak and unable to hold the parasites any longer, now easily burst
liberating the merozoites and toxins in the blood stream. The merozoites invade
fresh red blood corpuscles to repeat the erythrocytic cycle. The ghost left behind
after merozoites escape, are destroyed in the spleen. Some merozoites are always
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destroyed by R.B.C. The malaria infection always leads to a massive increase in
the number of phagocytic cells of the lymphoid macrophage system. The spleen
is the largest agglomeration of these cells and so it becomes grossy enlarged in
chronic malaria. The surgical removal of spleen leads to the rapid reapperance of
parasites in the blood.

With the rupturing of the erythrocytes, the patient suffers an attack of malaria.
The fever has been attributed to the release of toxin from the merozoites. The
interval between inoculation of sporozoites into human blood and first attack of
fever is called the incubation period.

Merozoites. Each merozoite is an oval mass of cytoplasm with a central
nucleus and measures about 1.5 to 1.75  in length and 0.5  in breadth. The
free merozoites attack new red blood cells and continue their erythrocytic
schizogony repeating the cycle every 48 hours.

Gametogony
The gametogony begins in the blood of man but is completed in body of
mosquito. When the erythrocytic schizogony is repeated many times, certain
schizonts become modified biologically and the resulting merozoites, instead
of undergoing schizogony, are differentiated into sexual forms, i.e. the gamonts
or gametocytes. Growth of merozoites into gametocytes is rather slow and
characterized by absence of signet ring stage. Merozoites of a single schizont
become either all males (microgametocytes) or all female (macro-
gametocytes). Changes in the infected red blood cells (increase in size, paller
and Schuffner’s dots) are also seen during the gametocyte development. The
microgametocyte is small and contains a large centrally placed nucleus. The
macrogametocyte is bigger having small eccentrically placed nucleus. These
gametocytes do not divide, but remain as intracellular parasites within their
host R.B.C. until, they either die or ingested by the vector, in which they
continue their development.

4.2.7 Mosquito Cycle
The sexual cycle of malaria parasite first starts in the blood of man by the
formation of gametocytes. These gametocytes come in superficial circulation
so that the developing gametocytes may easily be taken up of ingested by  the
female Anopheles during its blood meal from an infected person. It has been
estimated that in order to infect a mosquito, the blood of a human carrier
must contain at least 12 gametocytes per c.m.m. of blood and the number of
female  gametocytes must be in excess of the number of males. All stages of
malaria parasite are digested in the gut of mosquito except the gametocytes.
The gametocytes liberate out or come out of R.B.Cs. in the gut of mosquito,
where their further development takes place.

In the gut of mosquito the nucleus of microgametocyte divides twice
or thrice resulting 4 to 8 small nuclei. Then each nucleus shoots out from the
surface along with the cytoplasmic mass resulting a whip like flagellar process.
The number of these processes depends upon the number of newly formed nuclei
(4-8). This process is called exflagellatian. These flagellar processes detach
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from the microgametocytes and thus form micro gametes. Thus from a single micro
gametocyte 4 to 8 male gametes are formed. The entire process is completed
within 15-20 minutes. The macrogametocyte does not show any remarkable
change. It does not form any flagellum. From one macrogametocyte only one
macrogamete is formed.

Fertilization is internal and it takes place in the luman of gut in the female
Anopheles. Microgametes make active lashing movements and approach
macrogametes. By a process of chemotaxis the microgametes are attracted
towards the macrogametes. One of the male gametes attaches to the periphery of
the female gamete at the site of a small protrusion or projection called the cone of
reception. At this stage the penetration of male pronucleus reaches the cytoplasm
of female gamete. Fusion between male and female pronuclei takes place and the
resulting body is called a zygote. The zygote is formed in about 2 hours after the
mosquito’s blood meal.

The zygote remains inactive for some times and within 24 hours the
zygote lengthens and matures into a motile, elongated and worm like or
vermicule called the ookinete. It measures 15-22  long and 3  wide. It
performs gliding movement and first comes to lie in contact with the peritrophic
membrane. It passes this barrier and pushes aside the brush border of a mucosal
cell and its anterior end comes close to the host cell membrane. The entry of
the ookinete into the cell is made possible by the secretion of some proteolytic
substance through a slit at the anterior end of the ookinete, which causes lysis
of the cell membrane. Later it is found in the middle of the cell and finally
rests against the external border of the cell and basement membrane, where it
develops into an oocyst.

The oocyst is thin, membranous and elastic mass surrounded by a
structureless capsule. It measures about 12  in diameter. The cystic wall is
partly derived by the ookinetic and partly by the gut wall of mosquito. It
grows in size absorbing nourishment from the insect through cyst-wall. The
diameter of oocyst increases from 12  to 60 . On the tenth day it becomes
fully mature. There may be as many as 50 to 500 such oocysts in the gut wall
of a mosquito.

Sporogony

In the mature oocyst the nucleus undergoes a series of mitotic divisions except
the first which is always meiosis. Each daughter nucleus gets surrounded by
a mass of cytoplasm resulting large number of sporozoites. From a single
occyst about 10,000 sporozoites are formed. The moment nucleus starts
dividing the oocyst is also called sporoblast and the related process of the
formation of sprozoites is called sporogony. The duration of sporogony varies
from species to species. At 24°C the sporogony takes about 21 days in P.
malariae, 16 days in P. ovale, 11 days in P. falciparum, and 9 days in P. vivax.
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Each sporozoite has tapering ends and a broad middle part containing a
single nucleus. The full grown sporozoites break off from the residual cytoplasm of
the oocyst. When the oocysts rupture, the sporozoites liberate out into the
haemocoel filled with haemolymph. The sporozoites are distributed through the
circulating fluid into various organs and tissues of the mosquito except the ovaries.
They have a special predilection towards the salivary glands and ultimately reach
a maximum concentration in the ducts. The mosquito at this stage is capable of
transmitting infection to man. A single bite of the mosquito is sufficient for this
purpose. It has been estimated that the salivary glands of a single infected mosquito
may contain about 200,000 sporozoites. One bite of such a mosquito may inject
about 10,000 sporozoites in man.

The entire life cycle of malaria parasite in mosquito takes about 1 to 4
weeks.

Check Your Progress

1. How many species of Plasmodium infecting human beings?
2. Which day is popularly called mosquito day?
3. In which organ of the body exo-erythrocytic cycle occurs?
4. What is the duration of inoculation period?

4.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. There are four main species of Plasmodium infecting human beings:
These are P. vivax, P. ovale, P. falciparum, P. malariae.

2. August 29 is popularly called mosquito day.
3. Exo-erythrocyte cycle occurs in the healthy and fresh parenchymal cells

of liver.
4. The duration of inoculation period is 30 minutes or half an hour.

4.4 SUMMARY

Of all the diseases of mankind, malaria is one of the most wide spread, best
known and most devastating. The causative agents of human malaria are
members of the genus Plasmodium. Malaria parasites are found in all countries
extending from 40°S to 60°N. The tropical zone is the endemic house of the
malaria parasites. Plasmodium is the intracellular (cytozoic) parasite. It is
digenetic requiring man (primary host) and female Anopheles (secondary host).
In human beings, the parasite infects mainly liver and erythrocytes to undergo
hepatic schizogony and eythrocytic schizogony respectively. In liver the
parasite undergoes pre erythrocytic as well as exo-erythrocytic cycles. The
parasite enters the hepatic cells in the form of sporozoites and after completing
both the cycles, leaves in the form of micro-metacryptozoites to come in
blood circulation to start the erythrocytic cycle. In this cycle the parasite has
to pass through stages like trophozoite, schizont, rosette stage, and
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gametogamy. The gametogony begins in the blood of man but is completed in the
body of mosquito resulting gametocytes. Fertilization takes place in the lumen of
gut of mosquito and the oocyst undergoes sporogony and releases  sporozoites to
infect the primary host - human beings.

4.5 KEY TERMS

Diagnosis:  The process of establishing the cause of an illness including
both clinical assessment and diagnostic testing.
Hyper Parasitaemia: A high diversity of parasites in the blood, which
increases the risk of deterioration of the patient’s condition to severe
malaria.
Incubation period: Period between inoculation of malaria parasites and
onset of clinical symptoms.
Parasitaemia: Presence of parasites in the blood.

4.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What are the main four species of Plasmodium infecting human beings?
2. Define inoculation as well as incubation periods.
3. Write notes on the rosette stage.
4. Describe the structure of adult trophozoite.

Long Answer Questions
1. Write an essay on the Plasmodium.
2. Describe the hepatic as well as erythrocytic schizogony.
3. Explain the part of life cycle of Plasmodium in the body of female

Anopheles mosquito.
4. Describe the comparative characters of Plasmodium of man.

4.7 FURTHER READING

1. Garnham, P.C. (1966). Malaria Parasites and Other Haemosporidia.
2. Okwa, O.O. (2012). Malaria Parasites.
3. Sherman, I.W. (2005). The Life of Plasmodium.
4. Shortt, H.E. (1951). Life Cycle of the Mammalian Malaria Parasite.

Br. Med. Bull. 8.(1): 7-9
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CHAPTER 5 PROTOZOA AND DISEASES
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5.7 Further Reading

5.0 INTRODUCTION

The protozoa are heterogenous assemblage of some 50,000 acellular or single
celled organisms possessing typical (eukaryotic) membrane bound cellular
organelles. These microscopic organisms are found almost everywhee, in
water, in moist soil, in air, or even within the bodies of animals (including
human beings) and plants. They are harmful as well as useful, but the harmful
species are relatively smaller in number as compared with useful species.
Useful protozoa may provide food for insect larvae, crustaceans and worms.
Symbiotic bacteria digest cellulose for their hosts. Several protozoans control
harmful insects by persisting their bodies. Roles of protozoans in building
material sanitation, industry, oil exploration and scientific study. Similarly
harmful protozoa are involved in water pollution, destroying animal food
values, reducing soil fertility and affecting the hosts in a variety of ways.

5.1 OBJECTIVES

After going through this unit, you will be able to:
Know the economic importance of protozoans.
Describe the parasitic protozoans.
Transmission of parasite to their host and its infection.
Discuss the diseases caused by protozoans.

5.2 PATHOGENIC PROTOZOAAND THEIR
DISEASES

Some times two organisms of similar and different groups live together and of
which one organism lives at the expense of the other giving nothing in return. The
first organism is called parasite and the other the host. There are two type of
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parasites on the basis of their survival: Facultative parasites are those that can
live for various lengths of time without the host. The obligatory parasites are
those which cannot survive when separated from their host.

Depending upon the nature and degree of intimacy and the placement of the
parasites on their hosts. These are two types of parasites:

5.2.1 Ectoparasites
When the parasite lives on the external surface of the host, it is called ectoparasite.
A few species like Hydramoeba hydroxena (found on epidermis of Hydra);
Costa necatrix found in the epidermal cells of fishes, and Ichthyophthirius
multifilis, inhabiting in the skin of fishes. They feed on the liquified host cells
causing various degrees of cellular necrosis. These parasites are transferred directly
from host to host.

5.2.2 Endoparasites
When the parasite lives inside the body of the host such parasite is called
endoparasite. Following types of endoparasites are there depending upon
their location:

Coelozoic. When the parasite lives in the alimentary canal or cavities
of host body. For example Entamoeba histolytica, Giardia lamblia,
Balantidium coli etc.
Histozoic. When occupies space between the host cells. For example
young trophozoic of Monocystis lives in sperm morula of earthworm.
Trypanosoma gambiense lives in the blood plasma of vertebrates.
Cytozoic. These live inside the host’s cell. For examples Plasmodium
and Babesia in the blood cells of hosts. Sarcocystis lives in the striped
muscles of host.

Effects of Parasitism of the Parasite

Parasitic protozoa are usually simplified in their structure. They do not possess
any elaborate organelles, except the ciliate parasite. The endoparasites show
maximum structural simplicity. They lack contractile vacuoles, locomotory
and ingestory organelles. However, coelozoic forms like Trichomonas, Giardia
and Balantidium possess locomotory and ingestory organelles. Surplus food
is stored as glycogen, volutin granules and chromatoid bodies. Many parasites
are aerobic as well as anaerobic depending on the availability of oxygen. In
some protozoa like Gregarina develops the organelles of attachment.
Occurrence of complicated life-cycle often involving cyst-formation and rapid
multiplication by merogony and schizogony.

Effect on Hosts

The parasites are of two types non-pathogenic and pathogenic. The non-
pathogenic parasites have no noticeable ill-effects on the host. For example
Entamoeba coli, Trichomonas hominis, Endolimax nana etc. The pathogenic
parasites are those which cause ill-effects or diseases to the hosts.



NOTES

Protozoa and Diseases

Self-Instructional
             Material   141

Transmission of Parasite to other Host and its Infection

The infection of new host takes place in two steps first the exist of parasite form
the first host, and second the transmission in the second host following ways are
there in which the parasitic protozoa reach new host:

Active migration. This occurs in epizoic parasites of aquatic hosts e.g.,
Ichthyophthirius which actively comes out of the host i.e. fish and infects
the other host.
Direct transfer. This type of infection takes place on coming in contact of
the other host e.g., Trichomonas vaginalis etc.
Accidental infection.  In this method the new host infected accidently
swallowing of the parasite in the encysted condition along with food
and water e.g., Conccidia, Entamoeba histolytica etc.
Infection by intermediate host. This takes place in blood-parasite
like Plasmodium and Trypanosoma in which a vector transmits the
parasite through blood sucking (like Anopheles female mosquito, tse
tse fly). The developmental stages may or may not be found in the
vector.
Congential transfer. The germinative infective, taking place at or before
birth, may occur in several ways as placental transfer takes place in
case of Plasmodium in man, ovarian transfer as takes place in Nosema
in silkworm etc.

5.2.3 Disease Causing Protozoa
The disease causing protozoa are called pathogenic protozoa. Such protozoa
are met within all the classes of this phylum. In man alone, more than 25 types of
parasitic protozoa are found. Depending upon the location inside the host body,
these are divided into various groups. These are:

Parasites of Mouth
Entamoeba gingivalis. A Sarcodina lives in the tartar of teeth and pockets
of gums. They probably aggrevate pyorrhoea in man. They are also found
in dogs and cats. The human infection in caused by kissing.
Trichomonas tenax. A flagellate also lives in pus pockets formed between
teeth and gums. It causes pyorrhoea. It is transmitted during kissing.
Leishmania braziliensis. A flagellate lives in the oro-nasal mucous
membrane. It causes espundia. The infection is transmitted to man by
the bite of sand-fly.

Parasites of Digestive Tract

Entamoeba histolytica. It lives in the colon of man, sometimes in dogs
and cats. It causes amoebic dysentery. It may reach liver, spleen, lungs
and liver and causes amoebic abscesses. Infection takes place by
swallowing of cysts.
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Fig. 5.1: Various Pathogen Protozoans

Trichomonas hominis. It lives in large intestine of man, monkeys, cats
and dogs. It cause diarrhoea and dysentery. It is transmitted through
infective cysts.
Chilomonas. It lives in large intestine of man and causes diarrhoea
and allied troubles. Transmission is by means of infective cyst.
Giardia intestinalis. It lives in the large intestine of man causing
diarrhoea. Transmission takes place by tetranucleated cyst with
contaminated food and water.
Isopora hominis. It lives in the large intestine. Some other species
occur in dogs and cats. They cause diarrhoea and abdominal
discomforts. Infection occurs by oocysts through contamination.
Sarocystis. It occurs in the muscles of oesophagus of sheep causing
weakness of muscles. Transmission by cysts.
Nosema apis. It occurs in the intestine and Malpighian tubules of honey
bee causing Nosemia.
Balantidium coli. It lives in the colon of man causing chronic ciliary
dysentery. Transmission is by infective cysts.
Eimeria. It is found in the digestive tract of sheep, birds and cattle. It
causes diarrhoea to haemorrhage. Transmission by oocysts.
Trichomonas gallinae. It is found in the epithelial lining of oesophagus
and crops of fowls, pigeons and turkeys. It causes necrotic nodules.
Transmission through droppings.
Histomonas meleagridis. It lives in the caecum and liver of turkeys
and fowls causing black-head disease. Transmission by ingesting
contaminated eggs of caecal worm.
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Parasites of Blood and Lymph

Trypanosoma sps. A number of species of Trypanosoma are parasitic in
the blood of man and other vertebrates. These are:

Trypanosoma gambiense. It occurs in the blood of man causing
African sleeping sickness. It is transmitted through the bite of tsetse
fly. Glossina palpalis.
T. rhodesiense. In man it causes Rhodesian sleeping sickness. It is
transmitted through the bite of tsetse fly, Glossina morsitans.
T. cruzi. In early stage it is found in the muscles, heart, brain, spinal
cord and in the later stages in the blood. It causes Chaga’s disease in
South and Central Africa. Infection transmitted by the bite of bug,
Tritoma magisia.
T. brucei. It causes nagana disease in domesticated cattles and it is
transmitted by Glossina morsitans.
T. evensi. It occurs in the blood of horses, dogs, camels etc. It causes
surra disease. It is transmitted by Tabanus fly.
T. equiperdum. It is found in the blood and germinal epithelium of
horses, dogs and donkeys. It causes dourine disease in horse. The
disease is transmitted during copulation.

Leishmania sps. It is a parasite of man and other animals. A number of
species are there:

Leishmania donovani. It is found in the endothelial cells of blood
and lymph capillaries and leucocytes, in the spleen, liver, bone marrow
and lymph gland causing visceral leishmaniasis or kala-azar.
Infection occurs by the bite of sand-fly, Phlebotomus.
L. tropica. It occurs in the endothelial cells of dermal tissues causing
Oriental sore or cutaneous leishmaniasis in man. Infection occurs
by the sand-fly.
L. infentum. It occurs in the spleen of children. It causes enlargement
of spleen. Transmission by the bite of sand-fly.

Plasmodium sps. A number of species of Plasmodium occur as
intracellular parasites in red blood corpuscles of man and birds. The
Anopheles female is the vector. These are:

Plasmodium vivex. It causes benign tertain malaria.
P. ovale. It also causes benign tertain malaria.
P. falciparum. It causes Malignant tertain.
P. malariae. It causes quartan fever.
P. praecox. It causes malaria in birds.
P. gallinaceum. It causes malaria in chickens and pheasants.
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4. Babesia sps. There species of Babesia found in cattles, dogs and horses.
These are:

Babesia bigemina. It occurs in R.B.Cs. of cattles causing Texas or
Red water fever. It is transmitted by the bite of tick Boophilus.
B. equi. It occurs in R.B.Cs. of horses causing jaundice and sometimes
paralysis of hind-limbs. Transmission through the ticks.
B. canis. It occurs in the R.B.Cs. of dogs causing malignant jaundice
fever. Transmission by ticks.

Haemoproteus. It is found in the R.B.Cs. and endothelial cells of blood
vessels in birds.

Parasites of Urogenital Tract
Trichomonas vaginalis. It is found in the vagina of female causing
vaginitis (annoying itch and abnormal discharge) and in man it is found
in urethra. Transmission is direct through intercourse.
Trichomonas foetus. It occurs in the urineogenital system of sheep,
horse and cattles. It causes uterine and penial disorders. Transmission
is direct through intercourse.
Eimeria truncata. It occurs in the kidneys of goose and often causes
death of the host.

5.2.4 Human Diseases Caused by Protozoans
Pathogenic protozoa cause the following diseases in human beings:

Amoebic dysentery. Also known as amoebiasis. It is caused by
Entamoeba histolytica. The trophozoites penetrates the mucosa and
submucosa of intestine (colon) and causes its necrosis and form small
wounds or abscesses which later become flash-shaped bleeding ulcers.
The cavity of ulcers is generally filled with mucous, bacteria, amoebae
and cell-debris. The abscesses pour their contents into the lumen of
intestine. In amoebic dysentery, the stools are acidic and contain pure
blood and mucous in which swarms of amoebae and blood corpuscles,
are usually present. The patient is largely discomforted owing to intense
gripping pains with the passing of blood and mucous with stools after
every few minutes.
Trypanosomiasis. This disease is caused by the species of Trypanosoma
which are flagellate protozoan parasite. Tse-tse fly is the secondary
host. The bite of infected fly in usually marked by a dark red button-
like lesion forms around the wound which in followed by local itching
and irritation. The swelling is kown as trypanosome chancre. While the
parasites are in blood stream, the person feels headache, fever and general
lethargy. Penetration of parasites into the lymphatic glands leads to swelling
of spleen, liver, lymph nodes etc. With the entry of parasites into
cerebrospinal fluid, the patient becomes progressively more lethargic,
anaemic and weak finally the patient loses consciousness and sleeping
sickness goes to a fatal end.
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Leishmaniasis. This disease is caused by the species of Leishmania. Sand
fly is the secondary host. The parasite causes a disease called kala-azar.
Leishmania donovani causes visceral leishmaniasis or kala-azar of man
throughout the warmer parts of Asia, South America, N. and E. Africa and
the Mediterranean coast. In some areas, like China, Central Asia and S.
America, the dogs are often infected and serve as reservoirs of the parasites.
In man the kala-azar starts as a primary lesion in the skin. After 4-6 months
the parasites spread to the viscera with a preference for liver, spleen and
bone-marrow infecting the reticulo-endothelial system. Anaemia results from
the invasion of bone marrow. Leishmaniasis is slow disease and is usually
fatal if not treated. It is some times followed by a nodular eruption of the
skin which may be allergic in origin (post kala-azar dermal leishmoid),
parasites are found in nodules. Treatment with compounds of antimony is
often, but not always, effective.
Malaria. This disease is caused by the species of Plasmodium–the
sporozoan parasite. It is transmitted through bite of female Anopheles
mosquito. Malaria is caused only when a toxic substance is released in
the blood of infected human being. The malaria fever is of three type.
The names of these three are according to the period of recurrence of
the fever. Moreover, these three types of fever are caused by different
species of Plasmodium. The fever are:

Tertain Fever. The fever comes on every third day in it. It is caused
by the presence of P. vivex, P. falciparum and P. ovale. It is of two
types:
(a) Benign tertian. It is due the presence of P. vivex and P. ovale.

The temperature of patient may rise up 106°F but also comes
down soon. It is not a fatal one.

(b) Malignant tertian. It is due to the presence of P. falciparum.
The temperature of the patient does not rise much but other
complications take place. The red blood corpuscles, in which the
parasites are living, aggregate to block the blood capillaries due
to which the proper blood supply is stopped to different organs
of the patient. It is fatal.

Quartan Fever. The fever comes on every 4th day in this. It is caused
by the presence of P. malariae. It is not fatal.
Mixed Fever. A patient can suffer both mild tetrain and malignant tertain
at the same time. Similarly, tertain and quartan can combine to cause mixed
fever. In such conditions, the fever comes on every day.

Check Your Progress

1. Define the terms parasitism.
2. What are pathogenic parasites?
3. Name the parasites of mouth and their diseases.
4. Write down the main diseases caused by protozoans.
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5.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Parasitism is a sort of mutual associationship between two organisms where
any one of them is benefitted at the cost of other.

2. Pathogenic parasites are always the disease causing protozoans.
3. Protozoans inhabiting mouth are: Entamoeba gingivalis, Trichomonas

tenax and Leishmania brazilliensis.
4. Main diseases caused by protozoans are: Amoebiasis, Trypanosomiasis,

Leishmaniasis, and malaria etc.

5.4 SUMMARY

The protozoans are heterogenous assemblage of some 50,000 acellular or
single cell organisms possessing typical (eukaryotic) membrane bound cellular
organelles. Being the simplest in structure, protozoa are regarded most
primitive or first animals of nature. They exhibit all types of symmetry, a
good range of complexity, and adaptations for all types of environmental
conditions. A mutual association in protozoans has also been observed. In
some cases in the association of two organisms, one organism lives at the
expense of the other giving nothing in return. In such association, first organism
is called parasite and the other host. And the association is called parasitism.
The parasites may be facultative or obligatory.

The disease causing protozoa are called pathogenic protozoa. Such
protozoans are met within all the classes of the phylum. In man alone, more
than 25 types of parasitic protozoans are found. Some of them live in different
parts of gut (mouth, mouth cavity, stomach and intestine). Some live in liver
and other parts of the body. Some parasitic protozoans have been reported
from blood and few others in urinogenital tract. All these parasitic protozoa
cause different diseases (see text). Most common diseases caused by protozoa
are: amoebic dysentery (amoebiasis), trypanosomiasis, leishmaniasis and
malaria etc.

5.5 KEY TERMS

Anemia:  A condition in which there is deficit in the number of healthy red
blood cells in the blood, resulting in fatigue and feelings of weakness.
Chronic disease: Any disease that is long lasting (3 months or more) or
recurrent as opposed to an acute disease and cannot be prevented by a
vaccine or cured by medication.
Contagious: A general term for disease causing infectious agent spread by
direct or indirect contact.
Endemic: The base line level of disease usually present in a community.
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5.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define the term pathogenic protozoa.
2. Name the human disease causing protozoans.
3. Define the term parasitism.
4. Describe the parasites of mouth and the diseases caused by them.

Long Answer Questions
1. Write an essay on Protozoa and Diseases.
2. Write notes on the parasites of digestive tract and also the diseases

caused by them.
3. Describe the parasites of blood and lymph and also the diseases caused

by them.
4. Describe all the diseases caused by protozoans in human beings.

5.7 FURTHER READING

1. Burton Bogitsh Clint Carter Thomas Oeltmann. Human Parantology.
2. James Jakson Clarke. Protozoa and Disease.
3. Lucius R., B. Looce Frank, R.P. Lane, R. Poulin, CW Roberts, and R.K.

Grencis. The Biology of Parasites.
4. Mark F. Wiser. Protozoa and Human Diseases.
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6.0 INTRODUCTION

Scypha is more complex than Leucosolenia. Leucosolenia is of primitive
asconoid type in which the body wall is not folded. In other types, the body
organisation is based upon the folding of the body wall and reduction in size
of the spongocoel. The first stage of the folding of the body wall is displayed
by sponges with syconoid type of structure in which the body wall has become
folded horizontally, forming finger like processes. Syconoid  sponges include
the well known genera Scypha (= sycon) and Grantia. Scypha is a small,
marine sponge found attached by a sticky secretion to some submerged solid
objects like rocks, shells of molluscs and corals. It is commonly known as
urn sponge, as the individual are urn shaped urn shaped (vessel like). It is
also called crown sponge, because the fringe of long and straight spicules at
the top looks like little crown. It is found in shallow water upto a depth of
100 meters where waves provide the animal with plenty of food and well
oxygenated water. They thrive well where wave action is not too strong and
at low tide mark. Scypha feeds on minute organism and small particles of
organic matter. Digestion is intracellular as in protozoa. Reproduction takes
place asexually as well as sexually. The sedentary adult sponge disperse their
progeny as free-swimming flagellated larvae. The sponge possess a good
degree of power of regeneration. Sycon is a colonial form and a colony
comprises a number of cylinderical branches joined together at their bases.
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Each cylinder is 3 to 10 cm. in length. Sycon belongs to order Heterocoela which
is characterised by thickened body wall and spongocoel being lined by flattened
epithelial cells. The choanocytes are confined to the radial canals. It has many
species and is widely distributed but is best, known from North Atlantic shores. It
may be solitary but also forms a cluster of colony by budding. The different species
of Scypha are S. ciliatum, S. elegans, S. coronata, S. lingua, S. gelatinosum
and S. raphanus.

6.1 OBJECTIVES

After going through this unit, you will be able to:
Know the habits and habitat of Scypha.
Describe the structure and canal system of Scypha.
Explain the cellular organisation of Scypha.
Describe the reproduction and development of Scypha.

6.2 CANAL SYSTEM

Scypha or Sycon possesses a vase-shaped and radially symmetrical body which
measures 20-25 mm in height and 5-6 mm. in diameter. The colour is not
specific but varies from grey to light brown. Near the attached end are found
a few small tubular projections, or the buds, which are formed not so
extensively as in Leucosolenia or other asconoid sponges.

Fig. 6.1: Scypha. A–Colony in Natural Size; B–Colony Magnified
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The free end of the vase-shaped individual bears an opening, the osculum
(exhalent or excurrent pore), which is fringed with long, straight, needle-
like monaxon spicules. This oscular fringe checks small animals from entering
into the body. The body surface is thrown into regularly arranged polygonal
elevations from which project spear-like spicules, called oxeotes (monaxon
spicules) that impart a bristly appearance to the body. The polygonal elevations
are separated by deep grooves, bearing minute pores, i.e., the ostia, which
lead into the central body cavity, the spongocoel or paragastric cavity,
through a system of canals.

Fig. 6.2: Scypha. Internal Structure

As in other sponges, Scypha has the peculiarity of having canal system
which consists of complex system of pores and canals. This system is generally
called canal system or aquiferous system. The body wall has essentially the
same structures cellular layers, the pinacoderm and choanoderm with a non-
cellular gelatinous mesenchyme in between. The body is traversed by numerous
canals or several types. The body wall is thick and folded so as to form regularly
arranged alternating invaginations and evaginations, forming sycon type of
canal system. The canal system includes a large central cavity, called the
spongocoel in each branch. The spongocoel of all the branches are continuous
at the base. The spongocoel opens out by osculum. It is lined by large, flat,
polygonal cells called pinacocytes. The cells surrounding the osculum are
elongated and contractile. They are called myocytes. They function as a sort
of sphincter to close the osculum when required. The remaining cavities are
very small and are radially arranged in a regular manner in the thick wall of
spongocoel. The different components of canal system of Sycon are given below:

6.2.1 Ostia or Dermal Pores
The external large openings of the incurrent canals are stretched over a thin
membrane, called the pore-membrane. There are two or more openings for
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the ingression of water outside into the body of sponge. These pores are known
as ostia (L. ostium, door) or dermal pore. The amount of ingressing water in the
body of sponge can be regulated by the ostia by reducing the diameter, because of
the presence of contractile cells, the myocytes.

6.2.2 Incurrent Canals
The incurrent canals are narrow and almost sqarish in cross-section. They
end blindly at their inner extremities, a little distance away from the spongocoel.
These canals are the invaginated folds of the body wall and are also called
inhalent canals. The dilated part of each canal is closed externally by a thin
pore-membrane that bears 3 or 4 minute openings, the dermal ostia, already
referred to. The pore membrane also contains myocytes, some of which
surround the dermal ostia and serve to close them when necessary. The
incurrent canals are lined by flat pinacocytes similar to those lining the
spongocoel. The mesogloea in between the incurrent canals and spongocoel
is specially thickened to form the gastral cortex.

Fig. 6.3: Scypha Cylinder. Diagrammatic V.S. Through the Wall

6.2.3 Prosopyles
The incurrent canals are communicated with the radial canals through
intercellular spaces, called prosopyles (Gr. Pros, near + pyle, gate). These
are short narrow channels. Some authors are of view that in the young Sycon
these opening are those of the porocytes, as in Leucosolenia. Porocytes are
tubular contractile cells formed from modified pinacocytes, but in adult the
porocytes degenerate leaving the empty spaces or the prosopyles.

6.2.4 Radial Canals
The radial canals are relatively wide and are polygonal in cross-section. They
are closed at their outer ends which lie some distance inside the polygonal
surface elevations. Internally they open into the excurrent canals by apertures
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called apopyles. An apopyle is a large circular opening in the center of a thin
partition, the diaphragm, that stretches between the adjoining radial and
excurrent canals. It can be contracted or dilated by myocytes that border it.
The radial canals are lined by a layer of loosely arranged, flagellated, collar
cells known as the choanocytes. The later resemble the choanoflagellate Protozoa.

Fig. 6.4: Scypha. A Diagrammatic Sectional View of the Body Wall Showing One
Incurrent and One Radial Canal

The incurrent canal and radial canal runs parallel and alternate with each
other both vertically and radially. A choanocyte is a somewhat oval or rounded
cell that contains a nucleus and one or more vacuoles and bears at its inner end a
long, whip-like, vibratile flagellum partly surrounded by a delicate, transparent,
contractile collar. The collar is formed by side-to-side fusion of 20-30 processes
from the cell.

Fig. 6.5: Scypha. A–Magnified Surface View of Pore Membrane Showing Ostia;
B–An Apopyle Surrounded by its Diaphragm

The flagellum arises from a prominent organelle, the blepharoplast, situated
within the cell. It is a combination of the centriole and the blepharoplast. It is
connected by a thread the rhizoplast with another organelle, the parabasal body,
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lying on the nucleus. The electron microscopic structure also reveals the presence
of organelles like nucleolus, mitochondria, Golgi vesicle, secretory and food vacuoles
and lysosomes etc. which are essentialy for efficient working. The arrangement is
such that in vertical section, through the wall of the cylinder, each radial canal is
surrounded by four incurrent canals and likewise each incurrent canal is surrounded
by four radial canals.

6.2.5 Excurrent Canals
Each excurrent canal leads the radial canal into the spongocoel and forms a
wide and short passage between the radial canal and spongocoel. These are
lined with flat ectodermal cells like that of the spongocoel. The excurrent
canal opens into the spongocoel through wide gastrial ostium. Between the
radial canal and excurrent canal lies a thin diaphragm perforated by a large
hole known as apopyle which is surrounded by contractile myocytes due to
which it contracts and dilates.

6.2.6 Spongocoel or Paragastric Cavity
If the cylindrical body of Scypha is cut open longitudinally, it shows that
osculum leads into a narrow tubular cavity called the paragastric cavity or
spongocoel. Unlike Leucosolenia it is not lined by the flagellated collar cells
or choanocytes, which have departed to line the radial canals, while thin gastral
epidermal pinacocytes have immigrated into the spongocoel (Gr. spongos,
spongs + koilos, hollow) to form its lining. This cavity is comparatively a
narrow cavity.

6.2.7 Osculum
The spongocoel leads to outside through a terminal opening, the osculum.
The oscula are provided with sphincter to regulate the rate of water flow in
the body. The sphincter is lined by special contractile pinacocytes called
myocytes (Gr., Myos, muscle + Kytos, cell).

Physiology of the Water Current

The flagella of the collar cells beat without coordination yet maintain a steady
current of water flowing in the sponge from outside. The current enters the
pores in the pore-membrane of the incurrent canals and fills the latter, it then
passes into the flagellated canals through the prosopyles. From here it goes
into the excurrent canals by way of apopyles. Finally, the current is thrown
into the spongocoel by the large gastrial ostia from where it escapes through
the osculum. It has been calculated that about 10 gallons of water may pass
through an average sized specimen of Scypha coronata in 24 hours. The
osculum is also surrounded by myocytes serving to form an oscular sphincter,
which can close the osculum. The course taken by water into the canal system
is as under:
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Significance of Canal System

The water current flowing through the canal system brings with it food in the
form of micro-organisms and oxygen. The food, chiefly unicellular algae,
bacteria and organic microfragments, is collected by the collar cells just the
same way as described for Leucosolenia. The out going current carries with
it undigestible waste carbon dioxide and nitrogenous excreta.

Check Your Progress

1. What are the main components of canal system?
2. Differentiate prosopyle from apopyle.
3. Differentiate incurrent canal from excurrent canal.
4. Write down the course taken by water into the canal system of Scypha.

6.3 CELLULAR ORGANISATION

All sponges are diploblastic. Studies on structure and morphogenesis of Scypha
have clearly revealed the presence of two types of cellular layers, the
pinacoderm and the choanoderm with an intermediate mesenchyme. The
former controls the interrelations between the mesenchyme and the external
medium, while the choanoderm controls mainly the nutrition of the animal.

6.3.1 Pinacoderm or Dermal Layer
The dermal layer covers the outer surface and lines the incurrent and excurrent
canals as well as the spongocoel. It is reflected over the oscular rim to line the
spongocoel. The pinacoderm comprises (i) the exopinacoderm (dermal
epithelium) covering the entire body surface except the dermal ostia and
osculum and (ii) the endopinacoderm which includes the epithelial lining of
the incurrent canals and spongocoel. The pinacoderm is composed of large,
flattened, polygonal cells, the pinacocytes (Gr. pinako, plank + kytos, cell).
In profile, these cells present a central bulging containing the nucleus.
Pinacocytes are ectodermal in origin and lie with their edges touching so that
they form a loose layer and also line the incurrent canals. Each pinacocytes
contains a nucleus at the centre which is much thicker than the periphery.
Pinacocytes are highly contractile and they can greatly increase or reduce the
surface area of the sponge body.

In the lining of the incurrent canals, some of the pinacocytes are modified
to form tubular cells, the porocytes, connecting the incurrent canals with the
radial canals through their intracellular channels, the prosopyles. The porocytes
are thin-walled cells, open at both ends and with the nucleus present in the
peripheral cytoplasm. As has already been noted, the porocytes in the adult
sponge are lacking altogether. Pinacocytes surrounding the osculum, outer
or dermal ostia and inner ostia or apopyles are elongated and contractile and
act as muscle cells, called the myocytes. They form the sphincters around
them to regulate their openings certain cells of the dermal layer migrate into
the mesogloea to function as the spicule forming cells or scleroblasts.
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The dermal layer is protective in function. It prevents mechanical injuries
and checks the entry of micro-organism. It also keeps the semifluid mesogloea
in position, preventing its dispersion into water. The pinacocytes are highly
contractile and by withdrawing their margins into the central bulge, they reduce
the sponge surface to an appreciable extent.

6.3.2 Choanoderm or Gastral Layer
This is the endoderm that forms the gastric epithelium and consists of
flagellated collar cells or choanocytes. They are endodermal in origin. They
are oval or rounded cells arranged upon the mesenchyme. Each cell contains
a single nucleus, one or two contractile vacuoles, food vacuoles, reserve food,
parabasal body, rhizoplast and a single basal granule or kinetosome from
which whip-like flagellum arises. The flagellum has two central fibrils and
nine double peripheral fibrils and is surrounded at its base by a thin cytoplasmic
collar. The collar of the flagellum is contractile and is made up of a ring of
erect and closely set microvilli which project from the cell. The choanocytes
line the radial canals or flagellated chambers. The movement of these flagella
causes a current of water. The choanocytes set up a water current ingest and
digest food particles and secrete the mesogloea, in addition to formation of
gametes and temporarily holding to the embryo during initial stages of
development.

Fig. 6.6: Scypha. A Choanocyte Cell as Seen Under Electron Microscope

Electron microscopic structure shows the presence of all the intracellular
organelles such as mitochondria, golgi bodies, endoplasmic reticulum,
ribosomes etc., in a choanocyte. The additional organelle i.e., the collar is
shown to be formed by 20 to 30 cytoplasmic processes, the microvilli or
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tentacles, which are capable of contraction and often joined together by side
connections. The flagellum consists of contractile fibres arranged in the usual
9+2 patterns.

6.3.3 Mesenchyme
(Gr., mesos, middle; enchyme, infusion) The mesenchyme which fills the space
between the two body layers i.e., the pinacoderm and the choanoderm and is
composed of a thin gelatinous matrix. It is supposed to be secreted by the
pinacoderm. A variety of amoeba like cells called the amoebocytes are present
in the matrix which are modified archaeocytes. They migrate from the outer
cellular layer and carry on a variety of functions which are necessary for the
life of sponge. It is relatively thin between the canals, but is much thicker
outside the radial canals and inside the incurrent canals. These thickened part
of the mesogloea are respectively called the dermal cortex and the gastral
cortex. The different types of amoebocytes present are :

Collencytes. Star-shaped cells which are sometimes united to form a
network with its branching pseudopodia. These are the connective tissue
cells or collencytes.
Chromocytes. Pigmented cells with lobose pseudopodia contain
pigment granule and probably impart colour to the sponge.
Thesocytes. Cells with lobose pseudopodia and are laden with reserve
food material. Thus acting as storage cells.
Scleroblasts. These secrete the spicules and according to the nature of
the product are known as calcoblasts, silicoblasts, and spongioblasts.
Trophocytes or Nourishing cells. These cells also have lobose
pseudopodia. They are loaded with partly or completely digested food.
They collect partly digested food from the collar cells, digest it and
distribute it.
Phagocytes. These cells collect food from the choanocytes through
their pseudopodia and also engulf excreta and damaged tissues.
Archaeocytes or undifferentiated embryonic cells consisting of blunt
pseudopodia and large nucleus with conspicuous nucleolus. They can
produce all other types of cells required by the sponge. They also give
rise to the sex cells, i.e., ova and sperms and also play an important role
in regeneration. Such cells are called totipotent as they give rise to any
other type of cell within an animal.
Lophocytes. These are amoeboid cells with a tuft of fibrils at one or
both ends and occurs in connection with the pinacocyte. Its function is
unknown but it may secrete fibrillar bundles.
Desmocytes. They are long slender cells lying at the basement of the
canals. They also occur in layer in the cortex and around the long
channels.
Gland cells. The are derived from amoebocytes and secrete mucous
i.e., an adhesive substance and provide a means of attachment for the
animal.
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Germ cells. Some of the amoebocytes (archaeocytes) differentiate into
sex cells i.e., ova or sperms. However, in some sponges, they are said
to be modified choanocytes.
Myocytes. Around the apopyles, osculum, and ostia are present a number
of narrow elongated highly contractile cells, the myocytes. These regulate
the amount of water entering into the body through ostia.
Porocytes. Porocytes are modified pinacocytes which form ostia. These
are also modified pinacocytes or muscle cells of sycon. They are located
as contractile cells around the pores and osculum.
Neurons. Neurons are similar to the nerve cells of other animals with a
diffused nerve net which communicates with the choanocytes. They
are believed to be responsible for contraction of various cells and the
body of the sponge to regulate the speed of water through the canal
system.

Fig. 6.7: Scypha. Cellular Elements. A–Pinacocytes; B–Myocyte; C–Porocyte;
D–Thesocyte; E–Chromocyte; F–Scleroblast; G–Archeocytes; H–Collencyte; I–Sperm;

J–Ovum; K–Choanocyte

The mesenchyme also contains the spicules which are monaxonic and
triradiate in form. These serve to strengthen the body and hold it up right.

Check Your Progress

5. Justify the diploblastic nature of Scphya.
6. What is pinacoderm?
7. What are flagellated cells?
8. How many types of amoeboid cells are found in the mesenchyme of

Scypha?
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6.4 REPRODUCTION

Scypha reproduces asexually as well as sexually as given below:

6.4.1 Asexual Reproduction
Budding. It is a very common method of asexual reproduction. Masses
of archaeocytes migrate to the tips of spicules clumps that project from
the surface in the form of bud. These buds either remain attached and
grow in size, thus increasing the bulk of the sponge or it may finally
breaks up and form new sponge by fixing itself to the substratum.
Regeneration. Regeneration is the power to replace the parts lost by
injury. The power of regeneration has developed to such an extent that
if a sponge is thoroughly teared or squeezed in the sea water so as to
separate the cells from one another, it is found that the cells slowly
come together and gradually form a young sponge again. Many fresh
water and marine sponges can be successfully multiplied from cuttings
that has given rise to their artificial propogation as part of sponge
industry of considerable commercial value.

6.4.2 Sexual Reproduction
Scypha is a monoecious sponge but due to protogyny, only cross-fertilization
occurs. Special sex organs are lacking. Male sex cells, the sperms and the
female sex cells, the ova, are found in the mesenchyme. They develop from
undiferentiated amoebocytes, called archaeocytes.

Spermatogenesis. The sperm mother cell or spermatogonium is said
to be an enlarged archaeocyte. However, it is supposed to be a modified
choanocyte by Gatenby, who described the transformation of an entire
flagellated chamber into spermatozoa. Soon the spermatogonium is
surrounded by one or more flattened cover cells to form the
spermatocyst. The cover cells are derived either by the division of the
mother cell or from other amoebocytes. The spermatogonium undergoes
two or three divisions to form the spermatocytes which give rise to
spermatozoa. A mature sperm or spermatozoan consists of a rounded,
nucleated head and vibratile tail, by the lashing movements of which it
moves in water to reach other sponges.
Oogenesis. The egg mother cell or oogonium is derived from large
archaeocyte with a distinct nucleus. The cell is surrounded by a large
number of other cells especially the nurse cells or trophocytes which
are laden with food. Substance from these cell are gradually absorbed
by the developing oocyte which may sometime completely engulf the
nurse cells. The oogonium gives rise to an oocyte. When full grown,
the oocyte undergoes the usual two maturation division to form the
ovum in which polar bodies are extruded. It lies in the wall of a radial
canal, ready to be fertilized by a sperm from another sponge. It is an
interesting to note that the egg-mother cell continues amoeboid
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movement while developing into the ovum. A ripe ovum is a large, almost
rounded cell with a large nucleus having a prominent nucleolus in it.

6.4.3 Fertilization
Fertilization is internal. When the sperm mature, the spermatocysts rupture,
discharging the sperm into the radial canals. From here, they are carried by
the outgoing current of water to the exterior through the osculum. With the
incoming water current, the sperms enter another sponge through the dermal
ostia and reach the radial canals. Here, each sperm enters a wandering
amoebocyte or a choanocyte. The invaded choanocyte loses the flagellum,
withdraws the collar, becomes amoeboid and migrates into the mesenchyme.
It is now known as a carrier cell. The amoebocytes and choanocytes penetrated
by the sperms are known as the sperm-transit cell, as they serve to carry the
sperms to the ova through the mesenchyme. A sperm-transit cell adheres to a
nearby ovum, which forms a conical depression to receive it. The sperm loses
its tail and its head swells up. The swollen head gets surrounded by a capsule.
The capsule with the sperm head enters the ovum.

Fig. 6.8: Fertilization in Grantia. A–A Ripe Spermatozoon Near Two Choanocytes;
B–Sperm Enters a Collar Cell Adjacent to an Ovum;

C–Nurse Cell giving up Sperm into Ovum; D–Fertilized Egg in situ

According to Gatenby and others the sperms enter a choanocyte, which
acts as a nurse cell and then fuses with the egg but according to Duboseq and
Tuzet (1937) the sperm carrying choanocyte departs after the transfer of the
sperm into the ovocyte. This completes the act of fertilization and results in
the formation of a zygote. The sperm transit cell now departs. The zygote
gets enclosed in a brood capsule formed by lining up of the neighbouring
amoebocytes. Early development of the zygote occurs within the brood capsule
of the parent.
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Check Your Progress

9. What are the methods of asexual reproduction in Scypha?
10. Define the term spermatogenesis.
11. What do you mean by oogenesis?
12. Mention the place of fertilization in Scypha.

6.5 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. In Scypha the canal system includes: ostia, incurrent canal, prosopyle,
radial canal, apopyle, excurrent canal, spongocoel and osculum.

2. Prosopyles are the intercellular spaces between incurrent canal and radial
canal, whereas apopyles connect the radial canal and excurrent canal
together.

3. Incurrent canals are narrow spaces and each one ends blindly and
receives incoming water from dermal ostia, whereas excurrent canals
lead the radial canals into the spongocoel forming wide and short spaces
between radial canals and spongocoel.

4. The course taken by water into the canal system is as:

5. Histologically Scphya is made up of two cellular layers: Outer layer is
pinacoderm and the inner layer is the partly made up of choanoderm
and partly made up of endopinacoderm with an intermediate
mesenchyme.

6. Pinacoderm is the cellular layer composed of large, flattened polygonal
cells – the pinacocytes. It comprises the dermal epithelium (pinacoderm or
exopinacoderm) covering the entire body surface, and endo-pinacoderm –
the epithelial lining of the incurrent canals and spongocoel.

7. Flagellated cells are specifically called choanocytes forming the inner layer
– the endoderm or choanoderm. Each choanocyte is an oval or rounded
cells containing a single nucleus, one or two contractile vacuoles parabasal
body, food vacuoles, a single basal granule from which whip like flagellum
arises.

8. There are about 12 types of amoeboid cells found in the mesenchyme of
Scypha.

9. Scypha reproduces sexually as well as asexually. Asexual reproduction
occurs either through budding or regeneration.

10. Spermatogenesis is the process forming sperms from the sperm mother
cells or spermatogonia.
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11. The process forming ova from female sex cells is called oogenesis. The
oogonia or egg mother cells are derived from archeocytes. The oogonia
give rise to the ova or oocytes.

12. In Scypha, the fertilization is internal. Ova are fertilized in situ (at the place
of their formation).

6.6 SUMMARY

Scypha is a small, marine sponge found attached by a sticky secretion to
some submerged solid objects like rocks, shells of molluscs and corals. It possesses
a vase shaped and radially symmetrical body measuring 1-3 cm in length. The free
end bears an opening, the oscular fringed with long, straight, needle like monaxon
spicules. Body bears a large number of ostia leading into the central body cavity –
the spongocoel, through a system of canals. (Ostia  incurrent canals  prosopyles

 radial canals  apopyles   excurrent canal  spongocoel  osculum 
outside). Body is diploblastic having outer pinacoderm (exopinacoderm) and inner
endopinacoderm. Flagellated choanocytes are restricted to the radial canals only.
The space between the layers is filled with mesenchyme (thin gelatinous matrix
containing about 12 different types of amoeboid cells). Scypha reproduces asexually
as well as sexually. Asexually reproduction takes place with the help of budding
and regeneration. Scypha is monoecious, however cross fertilization occurs due
to its protogynous nature. Sperms and ova are formed separately in the same
individual by spermatogenesis and oogenesis respectively. Ova are fertilized at the
place of their development. Development is indirect that is through a larval form.

6.7 KEY TERMS

Paragastric cavity: In Scypha the spongocoel is called paragastric cavity.
Porocytes:  Porocytes are the tubular cells which make up the pores of a
sponge known as ostia.
Sedentary: Almost all sponges are sedentary in nature. They are fixed
plants like.
Spicules: The spicules constitute the skeleton of Scypha. These spicules
develop from the scleroblasts. The spicules protect the softer parts of
the body.

6.8 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define the term dermal ostia.
2. Write notes on the choanocytes.
3. Describe the radial canal.
4. What do mean by mesenchyme?
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Long Answer Questions
1. Write an essay on the structure and reproduction of Scypha.
2. Give an account of the structure and function of various types of cells

found in Scypha.
3. What is canal system? Describe the canal system of Scypha.
4. With the help of labelled diagram of the longitudinal section of Scypha,

describe the structure and function of different type of cells.

6.9 FURTHER READING

1. Barnes R.D. (1980). Invertebrate Zoology.
2. Kotpal, R.L. Invertebrates.
3. Parker and Haswell. Text Book of Zoology (Invertebrate).
4. Raymond Cecil Moore. Treatise of Invertebrate Paleontology.
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CHAPTER 7 OBELIA
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7.2 External Morphology and Histology
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7.2.4 Histology
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7.3 Reproduction and Life History
7.3.1 Life History

7.4 Answers to ‘Check Your Progress’
7.5 Summary
7.6 Key Terms
7.7 Self-Assessment Questions and Exercises
7.8 Further Reading

7.0 INTRODUCTION

Obelia is a tree-like branched, marine colonial hydroid coelenterate growing
on the surface of sea-weeds, rocks and pilings along the sea-coasts. It is
cosmopolitans in distribution, and is abundant in both the Atlantic and pacific
coastal waters and is usually found up to the depth of about 80 meters. Colonies
appear like whitish or light-brown branched threads, about 30 mm. to several
cms in height. It occurs as asexual and sexual forms. The asexual form occurs
as a branched hydroid colony, attached to rocks, stones, shells of animals,
wooden piling and shells of lobsters etc. They have almost fur like growth,
due to which are commonly called sea-fur. The sexual form is a bell or umbrella
like, free-swimming stage called medusa. The colony arises by budding from
a single hydra-like individual, the buds fail to separate and after repeated
budding there results a tree-like growth permanently fixed to some object
and consisting of numerous members joined to the main stem. The members
are known as zooids. The mobility is limited to some movement of the entire
colony over its fixed basal stalk, zooid bearing tentacle and branches of the
hydroid polyps. In fact movement is restricted only to the tentacle bearing
zooids which can contract and expand during feeding.

7.1 OBJECTIVES

After going through this unit, you will be able to:
Know the habits and habitat of Obelia.
Describe the morphological features of Obelia.
Discuss the polymorphism in Obelia.
Describe the life cycle of Obelia.
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7.2 EXTERNAL MORPHOLOGY AND
HISTOLOGY

Obelia is visible with the naked eye, but microscope is needed to observe in
details. If a colony of Obelia is examined under low power of microscope, it
is found to be made up of root-like horizontal part resembling a basal stem,
called hydrorhiza which is attached to the substratum. From hydrorhiza grows
an upright stem called hydrocaulus (Plural-hydrocauli) which are about 2
to 8 cm in length. Each hydracaulus branches in an alternate manner. The
lateral branches may sometimes give off branches of the third order. Each
ultimate branch terminate in a zooid, the polyp or hydranth. In the axils of the older
polyps are placed cylindrical zooids or the blastostyles. The obelia colony exhibiting
two types of zooids, is thus dimorphic. When the blastostyles develop saucer-
shaped bodies, the medusae, the colony becomes trimorphic. Hydrocaulus and
hydrorhiza consist of two distinct layers.

Fig. 7.1: Obelia. A–Natural Size of Colony. B–A Part of Colony Under Microscope

7.2.1 Perisarc
It is a transparent, tough outer non-living layer, yellow in colour, of horny
consistency. It is not composed of cells but is a cuticular secretion of the
ectodermal cells. The perisarc is tubular in shape and is at first in contact
with the ectoderm but afterwards becomes separated from it by a small space,
except at regular intervals. This condition is acquited secondarily, as during
its formation it is in contact with ectoderm but, when it thickens, ectoderm
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withdraws except at some places. In some parts, perisarc is ringed. At the
base of each zooid, the perisarc bear annular constrictions, called the perisarcal
annuli. Usually one such constriction is also present on the main stem, just
below the base of each lateral branch. The perisarc provides rigidity to the
colony, but the annular constriction permit limited swaying movements under
the influence of water current. Perisarc serves as a protective layer and series
as a supporting exo-skeleton.

7.2.2 Coenosarc
Fibrous processes connect the perisarc with coenosarc. It is an inner tubular and
living granular layer. It is hollow and its tubular cavity is continued into cavities of
polyps, thus, forming a part of gastrovascular cavity. There is a fluid, which
shows flickering movement similar to that of cilia. Its cellular wall, like that of
Hydra, consists of two layers (diploblastic) and outer epidermis and an inner
gastrodermis, with a gelatinous mesogloea in between.

Thus, Obelia colony is trimorphic, having:
Polyp or hydranth;
Blastostyle, and
Medusa.

7.2.3 Polymorphism
Due to the presence of three types of zooids or the individuals, the Obelia colony
(trimorphic) is said to exhibit the phenomenon of polymorphism which is correlated
with the colonial organization of Obelia. The phenomenon of polymorphism is
essentially one of division of labour i.e., different functions are assigned to different
individuals rather than to parts of organs of one individual. It may be recalled here
that in Obelia the feeding zooids (Hydranths), asexually reproducing zooids
(Blastostyles), and sexually reproducing zooids (Medusae) performs their
respective functions for Obelia and thus exhibit division of labour.

Hydranth or Polyp

It is a nutrient polyp which in its essential structure resembles Hydra very much.
Under the high power microscope, the polyp looks a hollow case of yellowish
colour. It is joined to the main branch by a small stalk. At its distal end it carries an
expanded cone-like manubrium or hypostome which measures about one third
of the polyp whereas its proximal end is narrow and continuous with the coenosarc
of the hydrocaulus. The mouth is situated at the tip of the manubrium and is
capable of dilation and contraction. At the base of manubrium there are 24 to 30
solid tentacles which are arranged in a circle. The manubrium is hollow, its cavity
opens out by mouth while on the other side, it is continuous with the gastrovascular
cavity. Mouth serves both for ingestion and egestion, there being no anus in this
animal.

The perisarc, surrounding the hydranth, forms a cup-like structure called
the hydrotheca which is loose vase shaped transparent and perfectly colourless
which remains open at the distal end. The hydrotheca forms a sort of circular
shelf near its proximal end on which rests the polyp. As the body of the hydranth
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is capable of extension and contraction through the distal open end of the
hydrantheca, the horizontal shelf checks it from being with drawn into the perisarc
of the hydrocaulus from where it may not be protruded again. The hydranth captures,
ingests and digests food as in hydra.

Fig. 7.2: Obelia. A Hydranth in V.S.

7.2.4 Histology
As seen under light microscope in longitudinal section, the cellular structure of
polyps, blastostyles and coenosarc is alike and similar to that of Hydra. The body
wall of the hydranth is seen to consist of two layers of cells:

The outer ectoderm or epidermis
The inner endoderm or gastrodermis.
Separating these layers is a thin, transparent, non-cellular, gelatinous, delicate

membrane called mesogloea or supporting lamella. The hypostome also consists
of these two layers of cells. The layers of polyps are continued as coenosarc. The
other zooids are also made up of the same layers described above.

Ectoderm

Ectoderm is thin and is made up of large, conical columnar epithelio-muscular
cells. Their narrow inner ends are prolonged into involuntary muscle fibres
arranged longitudinally between epidermis and mesogloea. These muscle fibres
serve for rapid shortening of the body and tentacles. Interstitial cells may be
present in the space between the narrow ends of ectodermal cells. But
according to Grove and Newell the interstitial cells are completely absent.
Nematocysts are also present in the ectoderm which act as organs of offence
and defence. They are basitrichous isorhizas type. These are characterised
by an oval capsule, an open long thread bearing spines but without a butt.
The nematocysts originate from nematoblasts in the coenosarc or basal regions
of the polyps and migrate actively to reach their final position. The nematocysts
of the obelia are of panetrant type. The nematoblasts or cnidoblasts are the
modification of interstitial cells and are found scattered through out the
epitheliomuscular cells with maximum concentration in the tentacles and over the
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hypostome. Each of these cells is pear shaped that enclosed a coiled thread called
cnidocil. The nemtocysts are specially abundantly present in the tentacles where
they constitute annual batteries. The sensory cells are also found distributed
irregularly between epithelio-muscular cells which are greatly found along the lining
of the hypostome and tentacles as this part has to be extra-sensitive for detecting
the food as a prey. Each sensory cell is long and narrow in appearance with a
nucleus. Coelenterates are the first invertebrates to possess a reasonably well
developed nervous system, which consists of a network formed by the nerve cells
and their projections. In obelia these cells are derived from the interstitial cells.
These nerve cells move into mesogloea from where they are connective to the
sensory cells of the epithelio-muscular layer. Each nerve cell possess a central
body containing cytoplasm and a nucleus. The  axons which arise from the central
part communicate with the axons of adjacent cells to complete a well formed
sensory nerve net.

Endoderm

Endodermal cells are large and glandular and most prominent in the hydranth
where it lines the gastrovascular cavity. Its free ends consists of pseudopodia
or flagella, the movement of which causes entry of food particles into the
coelenteron (enteron). These are known as musculo-nutritive cells. These are
the main type of endodermal cells whose size is much longer than those of
ectoderm as they are columnar in shape. Each cell is closely attached to adjacent
cells with spaces in between at regular intervals which are packed with
interstitial cells. The opposite end of each cell towards the outer side is
expanded into a muscle process with a thread like myonemes inside. This
myoneme is contractile in nature and helps the muscles to contract which
ultimately results in the contraction and expansion of the entire polyp. Gland
cells with granular protoplasm are also present in endoderm. They produce
digestive enzymes that help in digestion of food. Tentacles and hypostome
also have a layer of unstriated muscle fibres lying between ectoderm and
mesogloea which helps in rapid contraction of tentacles. In hypostome, muscle
lying transversely serves to contract the cavity and act antagonistically to the
action of longitudinal muscle fibres. Interstitial cells when present help in
replacing worn out endodermal cells and their derivatives. A nerve net is
present on both the sides of the mesogloea lying immediately at the bases of
endodermal cells. It is formed by large, branched nerve cells. In endoderm
also the sensory cells are found. Here also they are modified nerve cells and
concentrated more along the gastrovascular cavity and hypostome then
towards the base of the polyp.

7.2.5 Blastostyle
The blastostyles are developed when the hydrocaulus has attained its full
length. They are generally produced on the lower part of the colony in the
axil of the branches that bear polyps. The blastostyle is a club-shaped zooid
and is in the form of narrow elongated tube, with the blindly ending distal
end. It is without mouth and tentacles and has a much reduced gastro-vascular
cavity. It is hollow and its cavity is continuous below with that of the rest of the
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colony. The perisarc, covering the blastostyle, forms a loose, transparent vase-
like capsule, the gonotheca, having a terminal collar-like constriction.

Fig. 7.3: Obelia. A Gonangium

The blastostyle serve to produce the third type of zooids, i.e., the medusae.
This occurs by lateral asexual budding. The medusae ultimately get constricted off
from the blastostyle and become free inside the gonotheca. The gonotheca develops
at its tip an aperture, the gonopore, and medusae escape into the sea through it
when mature each of them detatches from the central axis or blastostyle and come
out through the gonopore in the form of minute umbrella like reproductive zooids
or bodies which actively swim with the help of tentacles all along these margins.

The blastostyle, gonotheca and the medusae buds are collectively called
the gonangium or gonanth. But Gonangia are less in number in a colony as
compared to the number of polyps.

7.2.6 Medusa
The medusae are the reproductive zooids, some produce eggs and others
produce sperms, i.e., the sexes are separate. Medusa arise from the blastostyle
by a process of asexual budding. A large number of medusa buds can be seen
on a blastostyle, in various stages of development specially in spring and
summer. Each medusa, when fully mature is a saucer-shaped structure like an
umbrella measuring about 6 or 7 mm in diameter. The outer convex side is
called the ex-umbrella while the concave inner side is known as the sub-
umbrella. The attachment of the medusa with the blastostyle is by the
exumbrellar surface. From the centre of the sub-umbrella surface hangs a
short, hollow, handle-shaped process called manubrium, which bears at its
free distal end a four sided mouth at its tip surrounded by four oral lobes.

The mouth leads into the enteric cavity or the gastrovascular cavity of
medusa. The cavity is not spacious and sac like structure as in case of polyp,
but has the form of narrow passages. The narrow passage running through
the manubrium is called gullet. A dilated stomach follows the gullet at the
base of the manubrium. The stomach leads into four narrow radial canals, which
extend to the margins of umbrella. The four radial canals open into the circular
canal near the edge of the umbrella, which runs parallel to the margin. The
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gastrodermal cells lines the cavity of manubrium, the radial canals and the circular
radial canal. The food is ingested through the mouth and its digestion takes place
in the radial and the circular canals.

Fig. 7.4: Obelia. A Medusa in Oral View

The peripheral edge of the umbrella is produced into a narrow inward,
rudimentary fold or shelf  called the velum. Velum is quite characteristic of
hydrozoan medusae, and is insignificant in obelia. The medusae consisting of
a velum is called craspodate and the one which is without velum are called
acraspodate, as in scyphozoa. From the margin of the velum arise a large
number of tentacles. These tentacles, like the tentacles of the polyp, are solid
structures having a core of endodermal cells surrounded by ectoderm. The
rim or the margin of the umbrella also bears numerous short tentacles. The
tentacles are highly contractile and beset with nematocysts. Their bases are
somewhat swollen to form tentacular bulbs that may lodge the statocyst and
serve as sites for nematocyst formation. There is a definite plan of arrangement
of these tentacles around the velum. In the young medusa (when there are
only 16 tentacles), they are arranged in four groups, each group having 4
tentacles whereas the number of tentacles increases with age. The four are
tentacles placed against the four radial canals are the pre-radial tentacles.
Bisecting the four angles between the per-radials, are the four inter-radii
having the inter-radial tentacles. The radii bisecting the inter-radii are the
ad-radii having ad-radial tentacles. Thus there are four per-radial, four
inter-radial and eight ad-radial tentacles. The tentacles have swollen bases
known as vasicles or bulbs.

The ectoderm has pigment granules and nerve cells which are often
called ocelli, which are perhaps sensory to light. However, it is more likely
that these pigment granules are accumulated excretory matter. A few interstitial
cells get collected at the base of the eight ad-radial tentacles. These cells form a
sort of reservoir of cells which form the statocysts which are eight in number and
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lying as marginal sense organs at regular intervals. In the basal part these cells
contain calcareous particles, otoliths or otocysts. The organs is lined with few
sensory cells having their sensory processes on which the otolith produce a stimulus
which is transmitted by nerve to muscles. The muscles co-ordinates the snake-like
swimming movements of medusa. The statocyst also acts as balancing organs
which help to maintain eqilibrium.

Histology

Microscopically the structure of medusa resembles that of the hydranth polyp. It
consists of the outer epidermis and inner gastrodermis with mesogloea in between
the two. At the tip of the manubrium the gastrodermis is continuous with the
epidermis. The epidermis covers the whole of the ex-umbrellar and sub-umbrellar
surfaces, whereas the cavity of the manubrium and the inner radial canals and
circular canal are lined by the gastrodermis. There is a thin sheet of gastrodermis in
the region of the bell between the radial canals and between ex- and sub-umbrellar
layers of the epidermis, which is called gastrodermal lamella. It is presumbly, formed
by the fusion of upper and lower layers of gastrodermis. The velum is made up of
two layers of epidermis without gastrodermis with a core of mesogloea. This type
of velum is called the true velum. The gelatinous mesogloea, lying between the
epidermis and gastrodermis is much thickened, particularly towards the ex-umbrella,
forming the main bulk of the body. It constitutes about 95% of water with certain
non-cellular fibres. The epidermis has a large number of stinging capsules. The
tentacles are solid, each containing a core of vacuolated gastrodermal cells covered
by epidermis. On the radial canals are usually present the gonads, one on each
canal.

Check Your Progress

1. What is Obelia?
2. Obelia colony has two types of branches, name them.
3. What is blastostyle?
4. Describe the term medusa.

7.3 REPRODUCTION AND LIFE HISTORY

The medusae are the sexual or reproductive zooids, containing gonads. Each
medusa of Obelia is unisexual i.e., sperms and ova are produced in separate
individuals. The gonads are four in number and are situated on the radial
canals in the sub-umbrellar surface. Actually, each gonad arises as an diverticula
from the wall of the radial canal. The gonads mature only after the medusae
escape from the gonotheca. Each gonad is an ovoid, knob-like body, having
an outer covering of epidermis continuous with that of the sub-umbrella, and
inner lining of gastrodermis, continuous with that of the radial canal. A mass of sex
cells fills the space between these two layers, which become differentiated into
either sperm or ova.
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Fig. 7.5: Obelia. Vertical Section of Medusa Showing Gonads

It is noticed that the general structure of an immature zooid resembles the
gonad i.e., an outpushing of the body wall containing the extension of coelenteron.
The sex cells originate in the epidermis of the manubrium, whereas the medusa is
still attached to the blastostyle. Through the gastrodermis they quickly pass into
the gullet, and finally make their way into the gonads. Here they become gametes
by undergoing maturation division. The outer wall or the epidermis of mature gonads
ruptures and the gametes are released into the water externally.

7.3.1 Life History

Fertilization
In Obelia, always cross fertilization takes place. The spermatozoan are flagellated
cells which swims actively in water and are then carried to the female medusa.
Where they fertilize the ova in situ. Fertilization may occur in sea water. The parent
medusae die soon after liberating the gametes.

Development

The zygote undergoes holoblastic and repeated equal cleavages. The fertilized
egg or zygote passes through several stages of mitotic cell division. The first
zygotic cleavage is holoblastic that divides the zygote into two equal halves
to form a two celled stage. The second cleavage is also complete and
perpendicular to the first so that there are four equal cells in a four celled
stage. A large number of cells are formed and the embryo is called as morula,
which then give rise to hollow blastula stage. The cavity of blastula is called
blastocoel which is surrounded by a single layer of cells. Soon the cells start
separating from the wall of the blastoderm and collect in the blastocoel due
to which it becomes completely filled up by them. Thus, a solid gastrula or
stereogastrula is formed as a result of delamination and multipolar
immigration of the ectodermal cells. The outer layer of cells of the gastrula
forms the ectoderm of the adult while the inner layer of cells forms its
endoderm. Thus, the gastrulation which essentially is the process of
differentiation of ectoderm and endoderm is accomplished. Cilia start appearing
in the cells of ectoderm after some times. Simultaneously, a coelenteron in
the centre is formed by the delamination of the endodermal cells. The gastrula in
this stage is known as planula larva.
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Fig. 7.6: Stages in the Cycle of Obelia

Metamorphosis

Planula larva is an ovoidal ciliated larva. It consists of an outer ciliated ectoderm
and an inner mass of endodermal cells. Planula is an elongated larva having a
broad anterior end and a narrow posterior end. It also exhibit marked cellular
differentiation since it possess gland cells, nerve cells, nematocysts and muscle
fibres.
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After leading a free swimming life for some time, the planula larva settles
down and attaches itself by its broad anterior end to some object and the process
of metamorphosis starts in it. Its anterior end form the basal disc by which the
animal remains attached to the substratum and the posterior end forms the
manubrium. A mouth is formed at the free end of the manubrium. Several tentacles
originate at the base of the manubrium and encircle the mouth at its end. In this
way a simple polyp-like structure is formed which is called hydrula stage. The
basal part of hydrula elongates to form the hydrorhiza from which vertical and
lateral branches arise forming the adult Obelia colony. Again the medusa buds
arise on the blastostyles of this colony and start the sexual generation.

Table 7.1: Differences between Polyp and Medusa

Polyp Medusa

1. Body of the polyp is long and 1. Body of the medusa is short and
cylindrical umbrella-like.

2. Polyp is a fixed zooid. 2. Medusa is a free-living zooid in the
mature stage.

3. Polyp is enclosed in a transparent 3. Medusa is without any covering.
protective covering, the hydrotheca.

4. The mouth of the polyp is circular 4. The mouth of the medusa is four-sided
and lies at the upper end of the and lies at the lower end of the hanging
upright manubrium. manubrium.

5. The tentacles of the polyp are situated 5. The tentacle of the medusa are situated
at the base of the manubrium. at the margin of the umbrella.

6. There is no velum. 6. Velum, which is a small inward
projection all along the margin, is
present.

7. The gastrovascular cavity is a single 7. The gastrovascular cavity is restricted
spacious cavity occupying the whole and differentiated into the cavity of the
of the body of the polyp. manubrium, radial canals and a circular

canal.
8. There are no endodermal lamellae. 8. There is an endoderm lamella between

radial canals in each quadrant.
9. The mesogloea is almost of uniform 9. The mesogloea is much thicker on the

thickness throughout. exumbrella side than on the other side.
10. The nervous system is poorly 10. The nervous system is much better

developed, consisting only of a double developed, consisting of a double nerve-
nerve-net. ring and a double nerve-net.

11. There are no sense organs, the 11. There are eight sense organs.
statocyst.

12. The polyp feeds and protects the 12. The medusa brings about sexual
colony. reproduction and dispersal of the colony.

13. Polyps are produced directly on the 13. Medusae are produced on the blasto-
hydrocauli. styles and not directly on hydrocauli.

14. Polyp belongs to the asexual 14. Medusa belongs to the sexual
generation. generation.

The free swimming medusae are very important in a fixed animal like Obelia
because they help in its far and wide distribution so that more facilities may be
available to it.
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Alternation of Generations or Metagenesis

The life-cycle of Obelia colony described above gives the impression that alternation
of generations or metagenesis takes place. The sedentary colonial asexual hydroid
phase gives rise by budding to medusae which represent the sexual generation.
Sperms and ova are produced by the gonads of medusa. Planula larva originates
ultimately from a fertilized ovum which gives rise to Obelia colony.

In other words the sexual medusa gives rise to asexual colony by sexual
method. This alternation of generations or metagenesis confers uon the species
not only genetical advantage but also ecological advantage. The species has
the less chance of being eliminated due to predation or competition when
each sexual and asexual form have a large reproductives capacity, i.e., one
sexual, the other asexual.

However, in the strict sense the life-cycle of Obelia does not represent
a true case of alternation of generations which occurs in the life-cycle of
certain plants such as Ferns, the asexual diploid (2n) phase forms haploid (n)
sexual phase by its single cell. In case of Obelia, the medusae are modified
zooids capable of free swimming existence and moreover they are not produced
directly from a zygote but are budded off from blastostyle. The gonads found
in medusa are not formed in it but actually they are formed in the ectoderm of
blastostyle which later on migrate into the medusa and get situated on its
radial canals. Hence, it is rather difficult to differentiate sexual and asexual
generation. Thus, in Obelia the term alternation of generation is replaced by
metagenesis.

So, in the life history of Obelia, a regular alternation between fixed
polyploid and free-swimming medusoid phases occurs, both of them being
diploid. Such an alternation of generation between two diploid phases is known
as metagenesis, which is best represented in Obelia.

Check Your Progress

5. Explain the exact location of gonads in Obelia.
6. Which type of fertilization does occur in Obelia?
7. Define the metagenesis.
8. Name the larval form occurring in Obelia.

7.4 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Obelia is a tree like branched, marine, colonial hydroid coelenterate growing
on the surface of sea weeds, rocks and piling along the sea coasts.

2. Obelia has two types of branches the horizontal branches are the hydrorhiza,
and vertical or up-right branches are the hydrocaulus.

3. The blastostyle is a club shaped zooid producing medusae asexually.
4. The medusae are the umbrellar structures and called reproductive zooids,

some produce eggs, and others produce sperms.
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5. There are four gonads which are situated on the radial canals in the
subumbrellar surface of medusa.

6. In Obelia, always cross fertilization takes place. Ova are fertilized in situ.
7. Metagenesis is the alternation of generation occurring in Obelia. In this the

sexual medusa gives rise to asexual colony by sexual method.
8. In Obelia planula larva appears during development.

7.5 SUMMARY

Obelia is a tree like branched marine colonial hydroid coelenterate growing on the
surface of sea weeds, rocks and pilings along the sea coasts. It occurs as asexual
as well as sexual forms. The asexual form occurs as a branched hydroid colony,
attached to rocks, stones, shells of animals etc. The sexual form is a bell or umbrella
like, free swimming stage called medusa. Obelia colony has horizontal (hydrorhiza)
as well as vertical (hydrocaulus) branches. Obelia colony is a vegetative form and
produces medusae asexually whereas the medusae bear sex organs or gonads to
reproduce sexually. The radial canals bear gonads which are four in number. Cross
fertilization is common, and ova are fertilized in situ. Development is indirect that
is through a larval form. It is the planula larva which is highly ciliated and develops
into Obelia colony. Both asexual and sexual reproduction occur alternatively and
dependent. This specific breeding technique is the metagenesis or alternation of
generation.

7.6 KEY TERMS

Gonotheca: The perisarc extends over the blastostyle to form a cylindrical
or vase like transparent gonotheca. Infact gonotheca is the protective
covering of gonangium.
Hydranth: Each polyp has a stem and a terminal head called a hydranth.
Hydranth is a feeding polyp and feeds by capturing minute animals.
Nematocysts: Nematocyst or cnidocyst represents the common feature
of all cnidarians. It is predominantly used for prey capturing and defence.
Perisarc: The outer chitinous layer secreted by colonial hydrozoan
coelenterates.

7.7 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Describe the various types of zooids found in Obelia colony.
2. Discuss the umbrellar and subumbrellar surfaces of a medusa.
3. Draw a labelled diagram of V.S. of hydranth of Obelia.
4. Define the term metagenesis.
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Long Answer Questions
1. Describe the structure, reproduction and development of Obelia.
2. What is meant by metagenesis? Explain it with reference to the life cycle of

Obelia.
3. Explain the striking differences between a polyp and a medusa.
4. Write an essay on the Obelia colony.

7.8 FURTHER READING

1. George D. Marine Life: An Illustrated Encyclopaedia of Invertebrates
in the Sea.

2. Gizimek, B. Animal Life Encyclopaedia.
3. Moore, J. An Introduction to the Invertebrates.
4. Solomon, E.P., Berg, L.R., and Martin, D.W. (2002). Biology.
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8.0 INTRODUCTION

Vaughan (1917) has defined a coral reef, “ A coral reef is a ridge or mound of
limestone, the upper surface of which is near the surface of the sea and which is
formed of calcium carbonate by the action of organisms chiefly corals.” Bayer and
Owre (1969) mention, “The uppermost layer is a living stratum composed of
growing corals, alcyonarians and millepores, together with a virtually endless array
of other organisms that live on or in this frame work, some acting to break down
the coral skeletons, others serving to cement the resulting debris together into a
conglomerated mass that can act as a foundation for further coral growth. Boring
sponges, molluscs, worms and brancles permeate the coral substance and open it
to erosional forces that weaken it until it crumbles. Algae, sponges, hydroids tunicates
and other organisms, as well as chemical process, consolidate the fragments and
provide a platform for new growth.”

8.1 OBJECTIVES

After going through this unit, you will be able to:
Understand the meaning of coral and coral reef.
Discuss the classification of corals.
Describe the formation of corals.
Write notes on origin of coral reef.
Describe the various theories to explain the great vertical thickness of coral
reef.
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8.2 CORALS AND CORAL REEFS

Corals are a group of marine coelenterates which are mostly colonial but some are
solitary and occur only in polyp stages living in a secreted skeleton of their own.
Most (true corals) of them belong to the order Madreporaria, but some others
belong to subclass Octocorallia. Some grow as massive, solid structures, others
as large, branched colonies. Most of them belong to the class Anthozoa and a
few belong to class Hydrozoa. Besides a group of Hydrozoa, the Millepora and
its allies also are called corals due to their skeletal structure but they have no real
similarity with true corals. Since true corals are the builders of coral reefs and
islands, so only the Madreporarian corals are considered here.

8.2.1 Classification of Corals
The Madriporarian corals are divided into three groups:

1. Imperforate or aporous corals. They have a complete theca, compact
sclerosepta and partitioned into loculae e.g., Astraeid corals, Favia,
Flabellum (= Meandrina, brain corals).

2. Perforate corals. In these corals, the Corallum is extremely porous
everywhere and is of loose construction e.g., Porites, Acropora
(= Madrepora), Montipora.

3. Fungid corals. These may be either perforate or imperforate e.g., Fungia.
Corals can also be classified as follows:

Hydrozoan corals. Some of the animals such as Millepora, Stylaster,
Distichopora belonging to the order Hydro-corallina are colonial and
are surrounded by calcareous exoskeleton. The skeleton is secreted by
a modified epidermis called the calicoblastic layer. The individual has
two types of polyps, namely gastro-zooids and branched dactylozooids
lodged within the exoskeleton. The dactylozooids are arranged in a specific
manner around the central gastrozooid. They help in the formation of
coral-reefs.
Octocorallian corals. The order Alcyonacea included in Octocorallian
corals which consists the well-known genus Alcyonium (dead man’s
finger) is represented by soft corals. The coral is formed of a colony of
polyps with endoskeleton of separate calcareous spicules embedded in
the massive mesogloea or collenochyme. The endoskeleton is common
to the whole colony. In the colonial coral, Tubipora or organ-pipe coral
of order stolonifera includes a colonial coral. The skeleton is made of
calcareous spicules stained red with iron salts and consisting of vertical
tubes connected together by lateral platforms. The vertical tubes are also
partitioned by smaller cross plates. The tubes contain polyps. In
Haliopora, blue coral is the single genus of the order Coenothecalia.
The calcareous spicules form a massive skeleton of corallium. The larger
cavities on the surface of the skeleton contain the polyps. In Gorgonia
or sea fan of the order Gorgonacea, the colony branches in one plane
and the axial skeleton is made up of horny proteinaceous material
intermixed with calcareous spicules arranged around the polyps.
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Hexacorallian corals. The members of the order Madreporaria
constitute the stony corals or true corals. They may be solitary or
colonial and assume a great variety of forms. They are the main
constituents of coral reefs.

4. Solitary corals. Fungia, Flabellum, Caryophylla, etc. are the solitary
corals or cup corals. The corallite is disc-like, cup-like or mushroom-
shaped in form and measures 5 mm. to 25 cm. across. It is often without
a theca.

5. Colonial corals. Majority of the stony corals are colonial with plate-
like, spherical cup-like or vase-shaped skeleton (corallium). The typical
examples of colonial corals are Acropora, Oculina, Favia, Madrepora,
Meandrina, etc. A single sexually produced polyp gives rise to the entire
colony by asexual methods. The polyps live at the surface of the
calcareous skeleton. Different forms of colonies are produced as a result
of different methods of asexual budding. Some of the colonies are
branched. In Acropora, there is always a primary polyp at the top of the
colony with lateral branches on either side. The polyps remain widely
separated in the coral like Oculina, each occupying a separate theca. In
others, like Favia and Astraea, the thecae are so close together as to
have common walls. The polyps as well as the thecae become confluent
in the brain-coral Meandrina and occupy valleys separated by ridges,
on the surface of the corallium.

6. Abode of animals. Coral reefs are the abode of several other animals
as there are numerous interstices, cervices and other hiding places
together with sheltering branches of the corals themselves. As such,
sponges, anemones, sea-urchins, starfishes, crabs, tubicolous-annelids,
holothurians, snails and bivalves all live in coral reefs.

7. Magnificent colouration. Hyman (1940) writes that coral beds consist
of multitude of organisms of varied shapes and colours. They are seen
through the deep blue water of a lagoon and constitute one of the most
beautiful sights in the world, and excel as the most splendid flower
gardens. Due to the presence of Zooxanthellae, the coral polyps are
yellow, green or brown, but almost any hue can be seen in them. The
skeletons of corals are usually white, but they are sometimes permeated
with red and green algae whose colours they take.

8.2.2 Formation of Coral
The coral polyp develops from a planula which settles down and begins to
secrete a skeletal rudiment or prototheca. It is secreted by ectoderm first as a
basal plate. Following it, the larva develops radial folds which secrete septa
(sclerosepta) laying at the top and at the same time a rim is built up as a
thecal wall around the polyp. Meanwhile, further skeletal material is added
into the gaps between the septa. The septa of the skeleton usually alternates
with the mesenteries of a living coelenterate.

The polyp fills the whole of the interior of the corallite in living condition and
projects beyond its edge. The theca is in contact with the proximal portion of its
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body wall, which is a product of the epidermis. The free part of the body-wall of
polyp is folded over the edge of the theca so as to cover its distal portion. An in-
turned portion of the body-wall covers each skeletal septum. Thus, the septa are
actually external and are in contact with the epidermis throughout. An extension of
the polyp walls occupies the space between the theca of the oral colonies in life.
Collenochyme continuous with the latter above the upper edge of the theca and
containing a gastrovascular space continuous with gastrovascular cavity of the
polyps. A part of the corallum between the theca is secreted by the lower surface
of the collenochyme, and this part is called coenosteum. In addition, in many
corals, the polyps may be connected by canals coming from the bases and passing
through openings in the loosely connected constructed thecae. Corals in which the
corallite is perforated like this with many openings are termed as perforate corals
e.g., Madrepora whereas those corals in which the corallite are of solid texture
and the polyps are connected by collenochyme only over the upper edge of the
theca are called imperforate corals e.g., Flabellum, Astraea etc.

8.2.3 Coral Reefs
A coral-reef is a ridge or mound of limestone, the upper surface of which is near
the surface of the sea and which is formed of calcium carbonate by the action of
organisms chiefly corals (Vaughan 1917). Though the reefs are built by stony
corals but other organisms such as Foraminifera, Millipora, Tubipores, Heliopores,
the Molluscs, Echinoderms, some Coralline, Algae and Sponges constitute together
in the formation of compact structure, the coral reefs. The coral reefs are formed
by crushing their skeletal parts on the deposited lime. Coral reefs composed of
multiple of organisms vary in shape and colour. The zooxanthelae is responsible
for the rich colouration of corals, which may be brown, yellow, or green. The reef
building corals require warm, shallow waters, and consequently are limited to
continental island shores in tropical and subtropical zones. About 50 species of
corals contribute in the formation of reefs along the Florida keep and in the west
Indies. They cannot tolerate temperatures below 180C and they flourish nicely
only above 220C. Consequently their distribution is limited to the zone existing
between about 280C on either side of the equator. They rarely remain alive at a
depth greater than four fathoms.

However, none of the reef types are like a man-made continuous wall but is
broken up into many reefs and islands by passages, the larger of which may be
drowned valley, sunk below the sea by land subsequence or rise in sea level. The
lagoons usually contain inner island, or island, and reefs, etc. The flats are more or
less exposed at the lowest tides. The reef in front is exposed to forceful waves
which knock off big and small fragments of the reef and leaves them up on the flat
behind the reef edge. The reef front forms first of all slopes gradually but after
about 200 feet, the slope becomes very steep.

8.2.4 Types of Coral Reefs
Coral reefs are of three types: (i) Fringing reef, (ii) Barrier reef and (iii) Atoll.
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Fringing Reef

The fringing reefs are sea-level flats starting from the sea-shore and extending for
a short distance. They are 1/4 or 1/2 mile in width, built upon the salient parts of
continental or insular shores. The fronts of these reefs fall off seaward to moderate
depths and are called edge or front. They are composed largely of dead reef
rock, and are occupied by living reef builders chiefly on their outer edge and
slope. The narrow water channel, with a depth of 20-30 fathoms and called the
lagoon, lies in between the fringing reef and the shore. The reef is largely composed
of coral sand, mud, dead and living coral colonies and other animals. Sand and
other debris are also found on reefs. Reefs of this kind are quite common in the
East Indies.

Fig. 8.1: Coral Reefs. A–Fringing Reef; B–Fringing Reef in Section; C–Barrier Reef;
D–Barrier Reef in Section; E–Atoll Reef; F–Atoll Reef in Section

Barrier Reef

A barrier reef is like a fringing reef in having a narrow or broad sea-flat and an
outer growing face. But the difference between the two that the barrier reef is
being separated from the sea shore by a salt water lagoon, which is about 1/2 mile
to several miles in width. The lagoon may be 20 to 40 fathoms or even more in
depth. A fringing reef generally occupies the inner shore, the growth of which is
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less vigorous than that of the non-enclosed fringes. The outer or growing face of
the barrier is continued in gentle slope 40 to 50 fathoms in depth and follows a
steep pitch to great depths.

Barrier reefs are frequently interrupted by passes or passages through
which even the ships may enter. Barrier reefs may encircle whole islands.
Sometimes, small islands may make their appearance in the protected lagoons.
Sometimes shipping faces great dangers from these reefs. The Great Barrier
Reef of north-eastern Australia is about 1350 miles in length, about 20-70
miles wide and encloses a channel from 10 to 25 fathoms deep. At places it is
about 90 miles away from the shore. Much of the reef is well below low tide.
It is not a single reef but a long string of separate reefs which are not always
in a line. Inside the Great Barrier Reef are found various types of coral growths.
There are hundreds of patches of oval or elongated coral islands built upto
the surface. All have their own reefs.

Atoll
It is a coral island and consists of a belt of coral reef having a central shallow
lake communicating with the sea. It is a horse shoe-shaped or circular reef
enclosing a lagoon. Atoll is also termed as coral island or lagoon island.
These lagoons are 40 or 50 miles across. It may be complete or broken by a
number of channels, of which only a few are navigable. The outer side of the
reef slopes off rather steeply into the depth of the ocean. Several of such
atolls occur in the South Pacific. The Atoll of Biknii is very famous, which
has a land of 287 square miles. Another atoll which is very famous due to
prominence in World War II, is Atoll of Tarawa.

Special Reefs

There are other reefs which may be very large, and do not fall into the preceding
categories.

Bahaman Reefs

Although the Bahaman banks lie in the environment where temperature, salinity
and low turbidity are favourable for reef growth, they are not true coral reefs,
inspite of the fact that corals grow on the upper edges.

Ridge Reefs

Ridge reefs have not been recognized so far as a special type of coral reef.
They have been reported from the bank of Red Sea. Some of the ridge reefs
are very long in proportion to their width. Many of them rise to the surface
and extend parallel to the shore.

8.2.5 Growth of the Coral to Form Reefs
Rate of coral growth is variable and of great importance. Slow growing massive
type grow 5 mm. per year and fast-growing ones from 10 to 20 cm. per year.
Vaughan estimated that a reef of 50 mm deep is formed in 1,000 to 7,000 years
and the age of the present reef is 10,000 to 30,000 years.
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Formation

The reefs are largely built by tiny polyps of the stony corals (order Madreporaria).
The polyps secrete around a limestone cup by the polyp around itself, which
coalesce to form large masses. The latter, with the passage of time, take the form
of huge rocks. Some other animals also take part in the formation of reefs. The
hydrozoan Millepora, calcified alcyonarians Tubipora and Helicopora, and
gorgonians add their skeletons to the reefs. The clams and tube-worms contribute
their calcareous shell and tubes to the reefs. Lime secreting algae repair the
windward edge of the reef by lime secreting algae by cementing loose pieces of
coral rock into nearly solid reimparts. Sinking shells of foraminiferans fill the tiniest
pores in the reefs by sinking shells of foraminiferans. Whereas some organisms
build up the reefs, others, like burrowing animals, break them down. This turns the
reefs into labyrinths of ledges, crannies, grottoes, crevices and tunnels.

The coral reefs grow very slowly. Most of them expand at the rate of 10-
200 mm. per year. The existing reefs seem to have been formed in 15,000 to
30,000 years.

8.2.6 Origin of Coral Reef
During the exploration of the oceans, it has become clear that reefs are distributed
into three main types—fringing reef growing close to the higher land, barrier reef
separated from the land by a lagoon and atolls consisting of a coral rim around a
lagoon without any land in it other than low islets. Other types are variations on
these three main types with the possible exception of the ridge reefs. Fringing reefs
are simple in origin but barrier reefs and atoll require particular explanation for
their genesis for which following theories have been proposed.

8.2.7 Theories to Explain Great Vertical Thickness of
Coral Reef

Since the present reef building corals do not grow below 150 feet at the outside,
and because geological evidence indicates that corals of the past ages were also
littoral in their habits, it becomes essential to explain the great vertical thickness
often attained by the coral reefs. Many theories have been propounded, which the
following four are the main ones:

Darwin’s Subsidence Theory

Charles Darwin’s (1831) theory explains the formation of reefs. According to him,
the reefs begin as a fringe around slowly sinking shores, which continue to grow
upward and outward as the land sinks. Thus, the fringing reef turns into a barrier
reef when the coast subsides. The lagoon separating it from the reef becomes
wider and wider. Islands surrounded by barrier reefs finally sink beneath the lagoon.
Thus, the encircling reef is left on which islands of waves tossed. By gradual sinking,
the island ultimately vanished and the barrier reef became an Atoll.

Semper-Murray Solution Theory

Sir John Murray was the chief biologist on the ‘Challenger’, the British ship that
sailed into the oceans from 1874 to 1876 to explore extensively the conditions
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and life in the sea. Murray proposed that (i) Corals grow on high summits of the
ocean bottom when these have been built up to the right level, (ii) the high summits
are built by deposition of sediments, and (iii) barrier reefs edge through solution of
the inner coral rock. This theory is now not accepted at all.

Submerged Bank Theory

This theory has been supported by many recent studies. According to this theory,
the coral formation grow on flat, pre-existing surfaces during or after the
submergence of surface.

Daly Glacial-Control Theory
The main points of this theory are as follows: (i) Much water of the ocean turned
into ice during the last glacial period forming glaciers due to a very low temperature
and thus the level of the ocean was lowered by 60 to 70 metres below the present
level; (ii) Various terraces were then cut or islands levelled by wave action;
(iii) Later, with the rising temperatures, the corals started growing upon these
platforms with the rise in temperature and kept pace with the rising sea-level as the
ice melted.

This theory explains nicely about the uniform depth of coral lagoons, whose
bottoms, below the debris since deposited, would consist of the platforms cut
when the ocean was at its low level.

Theories 3 and 4 supplement each other and at present are most favoured
by the students of the problems, although Darwin’s idea (Darwin-Dana
subsidence theory) continues to find much support. The submergence theory
agrees with Darwin’s subsidence theory in that both consider the reef
foundations to be now at great depths than they were when the coral growth
started. But the submergence theory does not admit any relationship between
the various kinds of reefs and postulates that the barrier reef and atoll have
grown upon pre-existing flat platforms. The atolls are considered to have
been shaped by winds, waves and currents.

Borings have been made to find out the truth of these theories.
Boring of Funafuti atoll in the South Pacific, north of Fiji was made in
1904 by an expedition of the Royal Society of London. The boring was
three inches to five inches in diameter and went up to 1114 feet without
reaching the reef base. Twenty eight genera of reef building corals were
discovered, two of which are now living on the reef in that locality above
60 metres. The material obtained from the boring did not contain any of
the deep water corals living in that locality at the depth to which the
boring went. This finding supports subsidence theory.
Cary (1931) made three borings at different distances from the shore
into a reef in Samoa (Pacific island) and concluded that the reef rested
on a level platform cut by the action of waves. This supports the
glacial control theory.
The Great Barrier Reef Committee made two borings, one in 1928
and the other in 1938 on the Great Barrier Reef. Both borings gave
the same result that the coral material extended out only to 400 to 450
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feet and below this there was nothing but sand containing shells of various
animals. There was no evidence of any underlying platform. Therefore,
this finding also supports Darwin’s subsidence theory. Thus, Darwin’s
subsidence theory applies to many reefs but some reefs may have been
laid down on pre-existing platforms.

Some Important Facts About Reefs

Tropical storms can modify the reefs very much. Quarrying can also damage reefs
as in India, where in 1971, Pillai had estimated that nearly 250 cubic meters of
reefs material are removed per day for use in the production of cement, calcium
carbide etc. Recently much concern has been expressed for the safety of some
oceanic islands and their reef food chains because some reefs are being destroyed
by ever increasing population of the Crown-of-thorns starfish, Acanthaster planei.
These starfishes feed upon the living coral and have caused much reef destruction
in some parts.

8.2.8 Economic Importance of Coral Reefs
The coral reefs are of much importance to the oil industry. They form highly
favourable sites for the accumulation of petroleum deposits. The coral reefs
are of importance for curio trade as large quantities of coral are shipped
every year. Many plants and animals like sponges, molluscs, fishes, echinoderms
etc. grow on these reefs. Even some humans inhabit them. Some corals form
highly priced decorative pieces. Corallium rubrem is considered a precious
stone. The red coral and organ pipe coral are used in medicine in South India.
Chunks of coral skeletons belong to the species Porites and used as building
material. Coral skeletons are also used in the formation of lime, mortar and
cement. The skeletons are also used in making ridges which act as natural
barriers against sea erosion and cyclonic storms. The coral reefs serve as
good nursery grounds for commercially important fishes. They form more
colourful and beautiful fishes.

Check Your Progress

1. Define corals.
2. Name all the three groups of Madreporarian corals.
3. How many types of coral reefs are usually described?
4. Mention the name of all the four theories related to the description of

great vertical thickness of coral reef.

8.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Corals are a group of marine coelenterates which are mostly colonial but
some are solitary and occur only in polyp stages.

2. The madreporarian corals are divided into three groups:
Imperforate or aporous corals.
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Perforate corals.
Fungid corals.

3. Coral reefs are usually of three types:
Fringing reef.
Barrier reef.
Atoll.

4. These four theories are:
Darwin’s subsidence theory
Semper-Murray solution theory.
Submerged bank theory.
Daly glacial control theory.

8.4 SUMMARY

Corals are a group of marine Coelenterates which are mostly colonial but some
are solitary and occur only in polyp stages. Vaughan (1917) defined a coral reef,
“A coral reef is a ridge or mound of limestone, the upper surface of which is near
the surface of the sea and which is formed of calcium carbonate by the action of
organisms chiefly corals.” The Madreporarian corals are divided into three groups:
imperforate or aporous corals, perforate corals, and fungid corals. The corals
may be hydrozoan, octocorallian or hexacorollian types. Some corals are solitary
but majority of them are colonial. The coral reefs may be of three types: fringing
reefs, barrier reefs or atolls. There are four main theories to explain great vertical
thickness of coral reefs. These are: Darwin’s subsidence theory, Semper-Murray
solution theory, Submerged bank theory and Daly glacial-control theory. The coral
reefs are of much importance to oil industry. They form highly favourable sites for
the accumulation of petroleum deposits. The coral reefs serve as good nursery
grounds for commercially important fishes. They form more colourful and beautiful
fishes.

8.5 KEY TERMS

Buddy System: The practice of diving in pairs for safety reasons, e.g., if
there is an equipment failure for one of the divers.
Fore reef: The area immediately below the reef crest facing the ocean.
Lagoon: The sheltered area between the reef and shore, also known as
reef flat.
Turbidity: The scientific term for the cloudiness of water.
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8.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define the coral reef.
2. Describe the basic difference between fringing reef and barrier reef.
3. What is Semper-Murray solution theory?
4. Describe the economic importance of coral reefs.

Long Answer Questions
1. Write an essay on corals and coral reefs.
2. Write notes on the classification of corals.
3. Describe the coral reefs and their formation.
4. Discuss the various theories to explain great vertical thickness of coral reef.

8.7 FURTHER READING

1. Carmenza Duque Betran and Edisson Tello Cambacho. Corals in a
Changing World.

2. Charles Birkeland. Life and Death of Coral reefs.
3. John Turner. Biology of Coral Reef.
4. Veron and Mary Stafford Smith. Corals of the World.
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UNIT - III
CHAPTER 9 FASCIOLA HEPATICA

Structure
9.0 Introduction
9.1 Objectives
9.2 Structure and Life Cycle

9.2.1 Shape, Size and Colouration
9.2.2 Structure
9.2.3 Reproductive System
9.2.4 Life History
9.2.5 Factors Affecting Development in Snail

9.3 Answers to ‘Check Your Progress’
9.4 Summary
9.5 Key Terms
9.6 Self-Assessment Questions and Exercises
9.7 Further Reading

9.0 INTRODUCTION

Fasciola a common fluke, is a parasitic flatworm which belongs to the class
Trematoda. Most of the trematodes living in other animals inhabit the digestive
tract or its accessory tubes or cavities, and it seems probable that those species
living outside the gut are derived from gut dwelling forms. The various species
of fasciola like F. hepatica (the liver fluke of sheep) and F. gigantica =  F. indica
(the liver fluke of cattle) cause great damage to liver tissues and bile passages, a
condition called fascioliasis or liver rot. The other related species are F. buski,
F. magna, opisthorchis sinensis. Probably the most important of these flukes,
Fasciola hepatica, is the first digenetic fluke to have its life-cycle uncovered.
Fasciola hapatica was discovered by Tehan de Bries (1379), but was satisfactorily
described by Gabucinus (1547). Thomas (1883) described its life-cycle. Reinhard
redescribed its life cycle in 1957.

9.1 OBJECTIVES

After going through this unit, you will be able to:
Know the relation between man and liver flukes.
Describe the structure of Fasciola hepatica.
Explain the reproductive system of Fasciola hepatica.
Describe the life history of Fasciola hepatica.

9.2 STRUCTURE AND LIFE CYCLE

Fasciola hepatica derived from Greek and Latin words (L., fasciola= small
bandage; Gr., hepar= liver), is a digenetic parasite, i.e., its life history is completed



NOTES

Fasciola Hepatica

Self-Instructional
             Material   189

in two hosts—a primary vertebrate host and a secondary or intermediate
invertebrate host. Adult F. hepatica inhabits larger bill ducts in the liver of the
primary host which is usually sheep, but, at times, it may occur in some other
vertebrates, like goat, horse, dog, ass, ox, deer, antelope, rabbit, elephant, monkey,
etc. The liver fluke keeps attached to the wall of the bill ducts by suckers. It shows
slow movements by muscular contraction, but is incapable of locomotion. Humans
are occasional hosts for F. hepatica, and infections are most often obtained through
eating watergrass (Nasturtium officinale) in salad. A single host may harbour as
many as about 200 of these flukes in its liver, which may consequently cease to
function normally. This effect is known as liver-rot. F. hepatica requires a secondary
or intermediate host, a freshwater snail which is either Limnea truncatula or
some specific species of Planorbis, Fossaria modicella, Pseudosuccinea,
Bulinus etc. It has a complicated life history involving multiplication in senior level
stages. It may line up to five years or even more.

9.2.1 Shape, Size and Colouration
The reddish brown, soft flattened, leaf-like body of Fasciola is about 2 to 5 cm.
long, 0.4 to 1.5 cm. wide. The body is dorsoventrally flattened with bilateral
symmetry. The colour of body is generally pinkish. The margins are blackish
or brownish due to the presence of vitelline glands. The anterior part is wider,
but posteriorly the body tapers to a bluntly pointed end. A small conical head
lobe or cephalic lobe extends forward from the middle of the anterior end.
The alimentary canal is brownish in colour due to the presence of ingested
bile of the host.

Fig. 9.1: Fasciola Hepatica. Adult in Ventral View



NOTES

Fasciola Hepatica

Self-Instructional
190 Material

9.2.2 Structure
The anterior end of the body is distinguished into triangular oral cone or head
lobe while the posterior end is tapering. At the apex of the head lobe is situated
a small opening, the mouth, which is surrounded by an anterior muscular sucker,
called oral or anterior sucker. Another saucer-shaped sucker known as ventral
sucker is present behind the head lobe at a short distance or acetabulum, situated
on the ventral side. The ventral sucker is superficial and has no connection with the
interior of the body. The suckers are cup-like muscular organs meant for attachment
to the host by vacuum principle. A small mid-ventral common genital pore or
gonopore is located in front of the acetabulum and the other is situated at the
posterior end of the body called the excretory pore.

Fasciola hepatica was formerly known as Distomum hepaticum and the
name of the group to which it belongs was known as Distomidae. These names
were adopted as the mouth and anterior sucker were regarded as two suckers or
two mouth (di, two; stoma, mouth). The word stoma was used in trematodes for
suckers, which are characteristic structures. But now it is certain that the mouth
cannot be claimed as a sucker. A small opening of Launer’s canal temporarly
forms in breeding season on one side of the dorsal body surface at about one-
third body length behind the anterior end.

9.2.3 Reproductive System
Fasciola hepatica is hermaphrodite or dioecious but usually cross fertilization
takes place. The gonads are well developed in males and females. Genital ducts
open into a common chamber, the genital atrium. It is situated anteriorly in the
body and opens to the exterior through the common genital aperture or gonopore,
located ventrally in front of the acetabulum. In accordance with the parasitic mode
of life, reproductive system is the best developed and most elaborate of all the
systems and it occupies the major part of the body.

Male Reproductive Organs

The male reproductive organs are:
Testes. These are greatly ramified and tubular structures situated in the
posterior middle part of the body, one behind the other, (tandem
arrangement) occupying most of the middle and posterior region of the
body. The posterior testes is somewhat smaller of the two. The cell lining
the wall of testes gives rise to spermatozoa.
Vasa deferentia. A narrow delicate slender duct, the vas deferens, arises
from each testis and runs forward anteriorly till it fuses with the other vas
deferens forming the common sperm duct just below the ventral sucker.
Seminal vesicle. The common sperm duct immediately coils to form a
large muscular pear-shaped sac, the seminal vesicle, which lies in front of
the ventral sucker. It has the purpose of storing sperms.
Prostatic duct. A short, slender and usually coiled prostatic duct run forward
from the seminal vessicle. It is so named because a number of small unicellular
prostatic glands surround it and open into it by their saperate ductules.
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Fig. 9.2: Fasciola Hepatica. Reproductive System

Ejaculatory duct. The ejaculatory duct arises as fine convoluted tube from
the prostatic duct and runs through a small bulb like and eversible muscular
penis or cirrus. Ejaculatory duct opens at the tip of the penis.
Cirrus and cirrus sac. The cirrus or penis is a muscular cylindrical structure
traversed internally by the passage of the ejaculatory duct by the male genital
pore, it can be everted out and drawn in through the genital pore and thus
helps in copulation. The cirrus prostatic gland duct and the seminal vesicle
all are enclosed in a bag-like cirrus sac. The prostate glands pour their
alkaline secretion through the ejaculatory duct which helps in free movement
of sperms during copulation.

Female Reproductive Organs

The female reproductive organs are:
Ovary. The ovary is a single highly branched tubular structure situated usually
dextrally (= on to the right side of the body), it occupies the anterior one-
third of the body. It is also a dendritic structure, like the testes, but quite
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smaller in size. Its substance is also made of germinal epithelium which
produces large number of ova.
Oviduct. From the inner side of the ovary arises a short, narrow and
convoluted duct, the oviduct. It extends backwards and medianwards from
postero-median part of the ovary. The oviduct hovels down obliquely and
opens into the vitelline duct.

Fig. 9.3: Fasciola. Details of Male and Female Reproductive Organs in the
Anterior Region

Uterus. From the function of oviduct and median vitelline duct arises a
wide convoluted uterus having fertilized-shelled eggs or capsules. The uterus
opens by female genital aperture into the common genital atrium on the left
side of the male genital aperture. Uterus lies in front of the gonads and is
comparatively smaller. The terminal part of the uterus has muscular walls
called metralum which affect the egg and sometimes received by the penis
during copulation.
Laurer’s canal. The Laurer’s canal arises from the oviduct and acts as a
sperm duct. It runs vertically upwards. This canal opens on the dorsal side
temporarily during breeding season and acts as vestigial vagina to serve as
copulation canal.
Mehlis’ gland. A mass of numerous unicellular Mehlis’ glands lie around
the function of the median vitelline duct, oviduct and uterus. The function of
these glands remains unclear. It was believed that these glands were merely
responsible for the formation of shell but Stephenson (1947), Rennison
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(1953) and Johri and Smith (1955) have shown that this cannot be the
only case, because the shell of eggs is rich in various proteins, phenols and
phenolases that are not present in these glands. Several views have been
proposed to explain the function of Mehlis’ glands: (a) These glands secrete
a fluid enhancing the hardening of newly formed eggs shells, (b) The secretion
of these glands cause release of the shell globules from the vitelline glands,
(c) A thin membrane of the secretion is turned around the cells forming
eggs, and the shell globules then built up form within this membrane, (d) The
secretion lubricates the uterus for easy movement of capsulated eggs, and
(e) The secretion activates sperms which are passed down. All or some of
these hypothesis may be valid.
Vitelline glands and vitelline ducts. On both lateral sides and also behind
the testes are numerous follicles constituting the vitellaria, yolk glands or
vetelline glands collectively called the vitellarium, which is another important
part of the female genital system. Vitelline gland produces albuminous yolk
and shell material for the egg. The vitelline gland opens by means of a minute
duct into a longitudinal vitelline duct on each side. A little in front of anterior
testes, a transverse vitelline duct runs medianwards from each longitudinal
vitelline duct and connects the two longitudinal ducts. The two transverse
ducts medially join to form a small bulb like vitelline or yolk reservoir. A
median vitelline duct arises medially from the yolk reservoir and joins the
oviduct. This part of oviduct is therefore ova-vitelline duct.
The functions of vitelline glands is now known. In addition to contributing

yolk material for incorporation within the egg, the vitelline glands also secrete large
shell globules which envelop the developing egg and eventually coalesce and
become hardened to form the shell. The process of hardening involves the tanning
of protein present within the coalesced globules by quinone. Thus, vitelline glands
contribute both yolk and shell material.

Ootype
In most species but not probably in F. hepatica, the part of oviduct dilates to form
a distinct bulb like structure called ootype. This part is always surrounded by a
thick mass of numerous unicellular Mehli’s gland or shell glands.

9.2.4 Life History

Copulation and Fertilization

Sperm and ova are formed from the germinal epithelium lining of testes and ovary
respectively. Since fasciola is protandrous, sperms mature earlier than ova. These
are then conducted by the vas deferens into the seminal vesicle until copulation.
Cross-fertilization takes place by insertion of cirrus of one fluke into the Laurer’s
canal of another fluke. Transference of biflagellate sperms directly into the oviduct
is possible in addition with alkaline. Secretion of prostate glands and as mentioned
above, the secretion of Mehlis’ gland keep the sperms active for fertilization and
lubricate the passage of sperms through the prostate and ejaculatory duct. Laurer’s
canal becomes invisible after copulation. Fertilization takes place in the oviduct.
Self-fertilization is also seen here and in case there is a single parasite in the bill
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passage of the host, or copulation fails to occur, the sperms enter the uterus of the
same fluke through female genital pore and pass down to reach the oviduct where
fertilization takes place.

Fig. 9.4: Fasciola Hepatica. Life Cycle

Formation of Egg Capsule

The process of fertilization is followed by egg capsules formation, which protects
the fertilized egg during exposure to environmental hazards, outside the body of
the primary host. As fertilized egg reaches the ovo- vitelline duct, it becomes
surrounded by a large number of yolk cells brought by the median vitelline duct
from vitelline reservoir. Soon, the cell at the periphery of this yolk mass cell extrude
droplets of their secretion which contain lipoprotein and phenol. Lipoprotein form
a double layered shell or capsule around the whole mass. Rowen (1956, 57)
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demonstrated that there is a viscous granular cushion at the opercular end of the
egg, situated immediately beneath the operculum. When complete, the capsule
passes into the uterus.

Capsule formation occurs throughout the year and one fluke may produce
about 50,000 capsules. A single fluke may produce a total of 2,00,000 capsules in
about 11 years. The capsules which fall in water or damp places will develop at
about 75°F temperature.

The capsules differ in shape and size in different animals. Hence, with the
size and shape of capsules, the parent flukes are recognized.

Structure of an Egg

A fully formed egg is oval and measures about 30m to 150m in length and 63m to
90m in width. Its shell is yellowish brown and transparent. A cap like lid or
operculum is present at its narrow end. The eggs may be produced at the rate of
10,000 to 20,000 per day. The uterus of an individual may have 3000 eggs at a
time. An individual produces approximately 2 to 5 lacs of eggs in its lifetime.

Development

Cleavage is holoblastic which starts immediately after fertilization, the front cleavage
results into diversion of the zygote into two unequal cells, a small granular
propagative cell and a large ectodermal somatic cell. Somatic cell divides and
gives rise to the ectoderm larva. Propagative cell later on divides into a cell
similar to the somatic cell. It just divides into a smaller germ cell and a larger
second somatic cell. The latter repeatedly divides to form the mesodermal and
endodermal tissue of the future larva, and the outer forms a mass of germ cells at
the posterior end of the larva. There it forms germ-ball consisting of 14 to 20 germ
cells.

Development up to this stage is completed before the egg passes out of the
uterus of the parent fluke through its gonopore into the bile passage of the host.
Eventually the egg reaches the gut of the host with its bile. From here, it is passed
out with the faeces of the host.

The development remains arrested while the embryos remain in the faeces,
and they may survive in wet faecal matter for several months. If environmental
conditions, moisture, temperature (22 to 25°C) PH (6.5) are suitable, then the
development of the embryo proceeds and the encapsulated embryo differentiated
into ciliated miracidium larva within 15 days. The availability of oxygen is also a
factor. The fully formed miracidium is a more or less conical little animal covered
with ciliated epithelium. It does not resemble adult fluke but appears as some free-
living flatworm.

Miracidium Larva

As the miracidium is formed, the proteolytic enzyme is secreted in response to
exposure to light. The enzyme erodes the lower surface of the operculum, thus
releasing the operculum. Expansion of the granular cushion, accompanied by
exosmosis of salts and other materials from within the egg pushes off the operculum.
The hatching occurs in water and free-swimming miracidium penetrates the
intermediate host.
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Structure of Miracidium

It is a minute, oval free swimming creature with a broad anterior end and a narrow
posterior end. It is only 0.07 to 0.12 mm. long. There is a conical or apical, non-
ciliated papilla or terebratorium at anterior broader end. It is ciliated except in
the region of the apical papilla. However, anterior cilia are slightly longer.

The ectoderm is formed by 18 to 21 ciliated epidermal hexagonal plate like
cells which are arranged in 5 rows. The I row consists of 6 small plates (two
dorsal, two lateral and two ventral). The II row contains again 6 plates (3 dorsal
and 3 ventral), III row has 3 plate cells (one dorsal and two ventro-lateral), 4
plates in IV row (2 right and 2 left) and 2 plates in V row (one left, one right). The
arrangement of the ciliated plates is quite constant and is of considerable value in
determining phylogenetic relationship.

The sub-epidermal musculature, consisting of outer circular and inner
longitudinal muscle fibres is situated beneath the epidermal cell. The
musculature is followed by a layer of cells constituting the sub-epithelium.
All these i.e., the epidermal cell and sub-epithelium, forms the body wall of
larva.

At the anterior tip of the miracidium is found a mobile apical papilla
and attached to it is a glandule sac with an opening called apical gland. On
each side of the apical gland is a pair of cephalic glands or penetration
glands, located in the mesenchyme. The secretion of these glands aids in dissolving
the host’s tissue during the penetration process.

The sensory organs of miracidium includes two pigmented x-shaped eye
spots. Eyes are situated at the surface of the second row of epidermal plate over
the brain. The eyes may be primary receptors involved in the process of hatching.
Illumination induces hatching, while a few miracidia hatch in the dark. The large
nerve mass or brain of the miracidium is a large cephalaic ganglion lying in the
parenchyma behind the apical region, at the level of eyes. From this nerve centre,
fibres are oriented in all directions to innervate the various body tissues.

There is a pair of flame-cells or protonephridia located behind the brain
which are excretory organs and their ducts open to the outside by a lateral excretory
pore in the postenior part of the body.

During the differentiation of the miracidium within the egg shell, certain
germinal cells become trapped in the parenchyma. These develop into germ
balls, each nerve with 14-20 cells eventually giving rise to the next larval
generation. Such germ balls are usually located in the posterior region of the
body.

Miracidium does not feed, hence its free swimming life is very short. It
swims about in water or moisture film, where cattle usually pass out their
faeces. It dies in 25 to 30 hours unless it is able to reach intermediate host,
which is always an amphibious snail of the genus Limnea. Intermediate host in
case of Fasciola indica is Limnea acuminatisata while in the case of Fasciola
hepatica, intermediate host is Limnea truncatula. On coming in contact with the
proper snail host, it adhares to soft parts, such as mantle, pulmonary sac and
hepatopancreas by means of apical papilla. Glands penetrate the host tissue by
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lytic secretion. On reaching the intermediate host, ciliated epidermal cells are cast
off, while eyes and brain degenerates. Larva swells up and changes in shape and
size, so as to become a sac-like structure called sporocyst. Germs balls of
miracidium do not disintegrate.

Sporocyst

The sporocyst is an elongated hollow sac-like larva. Its body wall covered by a
cuticle below which are usual layers of longitudinal and circular muscles mesenchyme
cells. The centre of the sporocyst is a broad chamber (hollow space) within which
are found the germ balls that eventully give rise to the next generation. Sporocyst
contains no alimentary canal, nervous system or reproductive systems. The
protonephridia are present opening laterally by pores.

The sporcoyst roams about in soft tissues of the snail, absorbing nourishment
from them and causing them a considerable damage. Each sporocyst larva produces
5-8 rediae. Some of the germinal cells are again set aside within the rediae for the
formation of the next larval forms. The redia larva passes out of the sporocyst by
rupture of its body wall into the snail tissue by the help of muscular collar and
ventral process.

Radia Larva

The radiae emerge from the sporocyst by the rupture of the body wall of sporocyst.
Each radia is an elongated and cylindrical form measuring 1.3–1.6mm in length. It
bears a narrow belt like muscular thickness or collar a little behind the anterior end
and a pair of ventrolateral muscular processes called lappets, near the posterior
part of the body. A permanent birth pore is located on one side just behind the
collar. The body wall consists of the usual cuticle, musculature and subepithelium.
Unlike the sporocyst, the anterior terminal of the elongated body is marked by a
mouth aperture. The mouth leads into a muscular pharynx, which in term leads to
a blind-sac, the gut. Several small salivary glands open into the pharynx.

Protonephridia occur on each side and communicate with a common
excretory duct which then opens out by a lateral excretory pore just in front
of the lappet of its side. Within these are found germ balls.

Redia is a very active little creature. It moves in the tissue of snails by
means of anterior collar and posterior lappets till it finally enters the digestive
glands of the host. It nourishes like those of meracidias and sporocyst itself
by sucking fluid and cells of the host tissues with the muscular pharynx. During
summer months when the food is sufficiently available, mother radiae mature
in 12- 20 days, but in winter, they produce the fourth larval stage, the cercariae
larva. Each radiae produces about 14-20 cercariae. The germ balls give rise
to a second generation of daughter radiae. Germ balls of daughter radiae in the
winter develop into next larval stage, the cercariae.

Cercaria Larva

Cercariae leave the mother or rediae through their birth pores. From each redia
14-20 cercariae are produced, cercariae is a small rounded or slightly oblong
creature with a long tail measuring about .25–.35mm in length. It contains most of
the organ rudiments of the adult fluke. The body wall consists of cuticle musculature
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and subepithelium. On the body bears a terminal mouth surrounded by an oral
sucker, long oesophagus and a bifid intestine. A ventral sucker or acetabulum is
present on the ventral side. A large number of dark brown cells called cystogenous
glands are found beneath the cuticle. Flame cells occur in large number along the
lateral zones opening into a pair of excretory tubules, which unite in front of the tail
to form an excretory vesicle or bladder that leads out through a pair of
nephridiopores. A nervous system similar to that of adult has also appeared.
Rudiments of reproductive organs are found near the hind-end. There are two
large penetration glands but they are non-functional in the cercariae of fasciola.
The cercaria escape from the birth pore of redia, then migrate from the digestive
gland of the snail into the pulmonary sac from where they pass out in surrounding
water. Cercaria swims about 5 minutes to an hour in summer. After an active life of
two or three days, it loses its tail and undergoes encystment on some aquatic
plant. Cyst is formed by cystogenous gland cells. The encysted cercaria is now
called metacercaria. The time taken in the snail from the entry of miracidis to the
exit of cercariae is five to six weeks.

9.2.5 Factors Affecting Development in Snail
The environmental temperature is an important factor affecting the rate of
development in the snail host. A curious effect of temperature on the
development of Fasciola is being reported by Keno dell in snails maintained
at laboratory temperature: daughter rediae were not produced, the first
generation of rediae giving rise to cercariae. On the other hand, snails exposed
daily to a period of low temperature i.e. 4°C–5°C, daughter rediae were produced
from rediae. The state of snail nutrition also affects development. The explanation
for the observation that fewer larvae develop in small snails than in large ones is
the effect of the availability of food on development in the snail host.

Metacercaria

It is a juvenile fluke having a rounded form with a diameter of about 0.2mm. It
resembles cercaria larva but differs from the latter in the absence of tail, cystogenous
glands, presence of thick cyst wall, larger number of flame cells and in its excretory
bladder opening out directly by an excretory  pore. Germ cells or the genital
rudiments are present as such. Thousands of sticky metacercaria occur upon the
aquatic vagetation of our ponds especially in number and live for as long as a year
at low temperature, or for as short time as two or three weeds at 25°C, waiting for
the sheep to pick it up while grazing. The parasite lives in the body of the snail for
about 35–40 days. This is the period when the parasite just entered the snail’s
body as the mirsciduim left it as cercariae.

Infection of Final Host

An elevated temperature, i.e. 38°C, low redox potential, a high carbon dioxide
tension, and the presence of bile are the important factors necessary for the
encystment of Fasciola matacercariae seem to serve as stimuli to activate the
worms, but the mechanism is not clearly understood. When metacercariae reaches
the intestine of host, the cyst is digested in host intestine due to action of proteolytic
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enzyme and young fluke is liberated called marita. The young worms bore through
the wall of the gut and passes into the peritoneal cavity. After about 2 to 6 days,
they enter the liver and their movement in the liver may cause serious injuries as the
flukes burrow into it, devouring live rparenchyma as they move. They grow in size
and attains sexual maturity within 5-6 weeks and finally settles in the bile duct. In
11 to 13 weeks, after entering the body of the host, it starts laying eggs (capsule).
The period of incubation in the sheep takes 3 to 4 months.

The rate and extent of the development of F. hepatica within the snail body
depends upon the availability of nutrients primarily those stored in hepatopancreas.

Check Your Progress

1. What is the parasitic nature of Fasciola?
2. How many suckers are found in Fasciola?
3. Write down the names of all female reproductive organs of Fasciola.
4. What is Laurer’s canal?
5. Write down the names of all larval form of Fasciola.

9.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Fasciola is a digenetic endoparasite requiring sheep or goat as a primary
host and Limnea (snail) as an intermediate or secondary host.

2. Fasciola has two suckers: anterior muscular suckers around the mouth,
and ventral sucker or acetabulum situated on the ventral side.

3. Female reproductive organs include single branched tubular ovary, single
oviduct, yolk reservoir, uterus, Laurer’s canal, Mehlis’ glands, vitelline
glands and ootype.

4. Laurer’s canal is a small duct arising from oviduct and acts as a sperm
duct. It may serves as vagina.

5. In Fasciola the development is indirect and includes a number of larval
forms: miracidium, sporocyst, redia, cercaria and metacercaria.

9.4 SUMMARY

Fasciola hepatica is a digenetic endoparasite requiring two hosts to complete
its life cycle. Sheep or goat is the primary host, and Limnea snail is the
secondary or intermediate host. A single primary host may harbour as many
as about 200 of these flukes in its liver. The body of liver fluke is large, soft
and fleshy. It is dorso-ventrally flattend and provided with two suckers: anterior
sucker around the oral aperture hence called oral sucker, and another sucker is
acetabulum or posterior sucker found on the ventral side. Anterior end has oral
aperture and the posterior end bears excretory pore. There is no anal aperture in
liver fluke. Digestive system has highly branched intestine bearing a large number
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of caeca or diverticulae. For excretion it has numerous flame cells. It has highly
developed reproductive organs. Sexes are united. Male organs include two highly
branched testes: anterior as well as posterior, two vasa differentia, a muscular
pear shaped seminal vesicle, ejaculatory duct, cirrus and cirrus sac and prostate
glands. Female reproductive organs include single unpaired branched tubular ovary,
oviduct, uterus, Laurer’s canal, Mehlis glands, vitelline glands and vitelline ducts.
Indirect development is through a series of larval forms: miracidium, sporocyst,
redia, cercaria and metacercaria.

9.5 KEY TERMS

Anthelmintic: A compound that destroys or causes the expulsion of parasitic
worms.
Endemic: Prevalent in or restricted to a particular region.
Epidemiology: Study of the causes, distribution and control of disease.
Fascioliasis: It is one of the most economically important parasitic diseases
of liverstock, causing disease in sheep, goat and other domestic animals.

9.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What are intestinal caeca?
2. Write notes on flame cells.
3. Describe the arrangement of all the 21 hexagonal plates of miracidium

larva.
4. Discuss the Mehlis glands.

Long Answer Questions
1. Write an essay on liver fluke.
2. Give an account of reproductive organs of liver fluke.
3. Describe the life cycle of liver fluke.
4. What is a digenetic life cycle? Explain with reference to the life history of

Fasciola hepatica.
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10.0 INTRODUCTION

Nematodes are the round worms having unsegmented, cylindrical and
vermiform body with tapering ends. Anterior cephalization is not prominent,
therefore the body is not distinguished into regions. Mouth terminal surrounded
by lips. Digestive gut is generally made up of mouth, buccal cavity, pharynx,
intestine and anus. Amphids and papillae are the main sensory organs.
Protonephridia absent but the excretory system is made up of canals or gland
like organs. Muscles are of great taxonomic value. Sexes are separate but in
females, the posterior end of the body is straight and uncoiled. Testes and
ovaries are tubular and coiled. Usually there is a single testis. Nematodes are
ovo-viviparous, oviparous or viviparous.

Nematodes live in a variety of environments and many of them lead a
parasitic life. As usual the parasitism is such an association between two animals
of the same or different species in which one lives on or inside (parasite) the
body of other (host) receiving nourishment and shalter without any
compansation for the host. Many parasitic forms are endoparasites of gut and
blood in human body which cause diseases, collectively called helminthiasis.

10.1 OBJECTIVES

After going through this unit, you will be able to:
Know the general features of nematodes.
Describe the morphological and physiological adaptations.
Discuss the effects of parasitism on the host.
Describe the human diseases caused by nematodes.
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10.2 PARASITISM AND HUMAN DISEASES

Parasitism is a seconday mode of life and has arisen from free-living condition.
Parasites living inside the bodies of their hosts (endoparasites) are the most
successful ones. Between the endoparasite life and free-living life, intermediate
stages are not uncommon, proving that parasitism did not evolve all of a
sudden but followed a series of steps in succession.

Living together or symbiosis started when smaller animals occasionally
taking shelter temporarily on the body of some larger form. When this
temporary shelters was repeatedly used, the association of two organisms
become more intimate and the small organism gets not only the shelter but
also free transport and nourishment in the form of bits from the host, without
interfering with the activities of the host or injuring it. Such a simple symbiosis
is known as commensalism and the benefactor is called a commensal.

Still later, the commensal started living within the body of the host
without doing any harm to the host. Thus a commensal may be firstly an
ectocommensal and later an endocommensal. Symbiosis sometimes proves
beneficial to the host. Thus both the organisms benefitting each other mutually,
and the host becomes so dependent upon the commensal that it cannot get
along without it. Thus kind of association is called mutualism.

Commensalism usually evolves not in the direction of mutualism but
towards a deeper association, the parasitism. A commensal that at first takes
shelter, then bits of food and finaly starts to feed on body tissues of the host
so that the latter has to suffer with some harm.

10.2.1 Different Types of Parasitism
The parasitism can be classified into following categories:

Accidental. When a free living animal accidently reaches inside the
body of the host then it leads a parasitic life for some time.
Facultative. When the animal can live bothas parasitic or free-living,
they are known as facultative parasite.
Obligatory. These animals can not lead a free life, therefore, they need
a suitable host for them. The obligatory parasitism is of different types:

Ectoparasitism. The animal lives on the external surface of the body
of the host.
Endoparasitism. The animal lives inside the body of the host in
various organs and systems.

10.2.2 Effect of Parasitism Upon the Parasite
Changes from a free-living conditon to a parasitic life involves changes in the
body of the animal. Due to parasitic mode of life certain new structures are
developed due to new environmental requirements similarly certain characters,
which are of no use in new environment, are lost. All such changes are included
with effect on parasitism on the parasite. The helminths are modified
morphologically as well as physiologically to live in their particular environment.
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Morphological adaptations
Physiological adaptations

10.2.3 Morphological Adaptations
These are of two types (i) Structure which are partially or wholly lost. (ii) Structures
which have developed in a fresh.

Degenerations

Organs of locomotion. Locomotion is actually an effort for procuring food.
But parasites habitually inhabit such places in the host’s body, where sufficient
food is available without effort. Thus, the organs of locomotion, such as the
cilia of free-living turbellarians, are absent in the parasitic forms. It is interesting
to note that the locomotory organs are duly present in free-living larvae of
parasitic forms; the miracidium possesses cilia and the cercaria possesses a
tail for locomotion.
Organs of nutrition. Food of the parasite comprises the readily available
digested or semidigested food of the host. Therefore, there is a reduction
in trophic organs. In trematodes, there is an incomplete gut and in most
of them, suctorial pharynx is present. In cestodes, the mouth and
alimentary canal are lacking because digested food is readily available
in the gut of the host.
Nervous system. Living safely in a more or less stable environments,
parasites do not need a complex nervous system.
Sense organs. Progressive parasitism is accomplished by the loss of
sense organs. The sense organs, necessary for quick and effecient
response to the stimuli, are associated with the free active life. In the
host the environment is more or less uniform and so the sense organs
are not essential. Hence they are reduced. The endoparasites are
generally provided with tangoreceptors.

Neoformation
Protective covering. There are no epidermal cells in the adult, instead
of which the body is covered by a several-layered thick cuticle which
protects the parasite from the juices of the host.
The outer surface of the cuticle is formed of a fibrous protein called
keratin. The cuticle may be provided with scales.
Organs of attachment. For a firm grip on or in the host’s body, some
special organs of adhesion are necessary. The flatworms, for this
purpose, are variously armed with suckers, hooks and spines. The
suckers themselves may be with or without hooks and spines.
Organs for penetration. The parasites must penetrate the host’s body
for entering it. So the parasites develop certain structues for penetration.
Miracidium larva has a conical process at the anterior end called apical
papilla. There are a pair of penetration glands inside the body near the
anterior end.
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Suctorial pharynx. All the endoparasites except cestodes have a suctorial
pharynx by means of which liquid food is sucked into the intestine. Intestine
is always branched.
Reproductive system. It is highly developed and the production of eggs
is prolifie. The parasitic flatworms are hermaphrodite. In cestodes the
reproductive organs are much more elaborate and are repeated in each
proglottid. Each mature proglottid possesses one set (Taenia solium) or
two sets (Diphylidium) of male and female reproductive organs. In each
gravid proglottid all other organs of the system degenerate to make room
for the uterus which is greatly enlarged and branched to accomodate a
large number of eggs.

10.2.4 Physiological Adaptations
Protective mechanism. In the alimentary canal of the host the parasite
protects itself from the action of digestive juices of the host. The
tapeworm accomplish this (a) by stimulating the walls of the gut to
secrete mucous, which then forms a protecive clothing around the
parasite, (b) by secreting antienzymes to neutralize the digestive enzymes
of the host, and (c) by probably continually renewing their protective
body covering i.e, tegument. Lime cells in the body wall of tapeworms
nutralize the acids produces by the host. Blood parasites are known to
withstand the effect of antibodies and phagocytes of blood by some
mechanism.
Osmoregulation. The osmotic pressure of body-fluid of endoparasites,
especially in case of trematodes, is almost the same as that of the host
so that there is no necessity of osmoregulation. But in the intestinal
tapeworms, the osmotic pressure is slightly higher than that of
surrounding medium. This permits absorption of nourishment from their
general body surface from the surrounding medium.
Anaerobiosis.  The pH tolerance of the parasite is high from 4-11. The
intestinal parasite lives in an environment completely devoid of oxygen.
The respiration is of the anaerobic type consisting of extracting oxygen
from the food stuffs. In the absence of oxygen energy is obtained by the
fermentation of glycogen which is broken into lactic acid.
Periodic appearance. There are some parasites which appear at definite
period. The larvae of Wuchereria bancrofti circulate into the peripheral
blood circulation in the night between 10 P.M. to 4 A.M. for further
development they require Culex mosquitoes. The Culex bites a man at
night i.e., nocturnal in habit. Their migration is correlated with the
nocturnal habit of Culex.
Neoteny. It is a special phenomenon in which the larvae are capable of
reproduction and they produce young ones. Ligula (Cestoda) exhibits
neoteny and this can be considered an adaptation for parasitic mode of
life.
High fertility. Parasites develop enormous fertility producing producing
millions of fertile eggs. This is correlated withthe passive transference
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of the infective stages of the parasites from one host into another. While
passing through the complex life-cycle, these potential offsprings face several
hazards as a result of which a very small percentage of the total eggs
produced reaches adulthood. For example in Fasciola, if the eggs fall in
water, the first larva (miracidium) finds a suitable snail within a limited period,
the cercaria encysts, on vegetation within the reach of final host and if the
metacercaria happens to be ingested by the proper final host, only then the
life-cycle is completed. Not only this, the larval stages themselves multiply
say for example for sporocyst produces a number of rediae. A single redia
produces a number of cercaria larvae. Similarly a single hexacanth may
multiply be generating buds which produce daughter and grand daughter
scolices (Hydratids of Echinococcus).
Transferance of eggs or infective stages. This is another major problem
for which the parasites have to develop adaptations. Transference from
one host to another is either:

Active transfer. This is a less common method. The infective stages
are actively transferred to final host. The larval stages of most parasites
bore directly through the skin of their host such as the larvae of
hookworms and schistosomes. OR
Passive transfer. This is the most common method and usually results
from the careless habits of the host and is achived in several ways
such as contamination, contagion and inoculation. Oral infection
occurs when the host takes uncooked food or contaminated water.
The intermediate host, such as mosquitoes, inoculate parasites when
they suck the blood of hosts.

10.2.5 Effect of Parasitism on the Host
Although a given host may immune to a parasite by virtue of being
constitutionally unstable as a habitat, it is important to recognize that the
establishment of a parasite in a host also involve the capacity of the parasite
to resist reactions of the host that might be deleterious. These host reactions
would include inflammatory tissue response and immune responses of a
humoral character. Both types of host reactions occur in most parasitisms
involving characters. The immune system in higher vertebrates is composed
of several tissue components. These include fixed cells of spleen, liver, lymph
nodes and thymus. There is also a system of mobile phagocytic cells, originating
mainly in the bone marrow including the heterophil and eosinophil leucocytes.
In addition, there are a number of potential macrophage cells in the body,
such as undifferentiated mesenchyme cells. Some of these cells has the ability
to elaborate antibodies, which may be released from cells into the body fluid.
These antibodies may combine with parasitic organisms or their products and
produce an inhibitory effect. A peculiar type fo immunity develops in man
due to the presence of tapeworms; after the first infection no further infection
is possible as long as the primary infection lasts, this is termed premunition.

The possible role of interferons in the immunity of hosts of animal
parasites should be also mentioned. These substances are produced in response
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to the presence of a foreign agent. Unlike antibodies, they seem to render host
cells until as habitations for intracellular parasites.

There are other types of host response that cannot be clearly recognized as
immune in characters. For example, the changes in the fatty acids found in the
alimentary canal of animals infected with the tapeworm, Hymenolepis, or the
marked modification of the amino acid composition of bile in sheeps harboring
Fasciola hepatica are obviously host response to the presence of parasites
concerned. It woud be of great interest to determine whether such responses are
beneficial to the parasites, to the host or to neither.

10.2.6 Human Diseases
Diseases caused by parasitic nematodes constitute nematodiasis. Some common
human diseases due to nematodes are as given below:

Ascariasis

Ascaris is pathogenetic to man. When larvae migrate through the lungs, they cause
lung-inflammation and fatal pneumonia. Sometimes, fever, anaemia, leucocytosis
(presence of excess of white corpuscles in the blood) and eosinophilia result. In
mature form, Ascaris may or may not disturb life-activities. Some abdominal
discomfort and acute coelic pains with vomitting, diarrhoea and slight
temperature occur. Often masses of Ascaris block the intestine, in such a condition
they can only be removed by surgical operations. Several hundred thousands of
worms are responsible for blockage and they are fatal. Appendicitis is also caused
by the blocking of appendix by Ascaris. Toxic substances produced by Ascaris
cause convulsions, (an involuntary contraction of the involuntary muscles of the
body), delirium, (insanity or disorder in mind), coma and general nervousness.
Sang (1922) found that toxins produced by Ascaris caused interference with the
digestion of proteins.

Ancylostomiasis

Ancylostomiasis is caused by the hookworms like  Ancylostoma duodenale
and Necator americanus. Both these nematodes are intestinal parasites,
however, they may infect skin and lungs also. Hookworm is the most
pathogenic parasite of man.

o In skin. The penetrating larva causes ‘ground itching’ or ‘water sore’
characterised by itching the inflammation of skin.

o In lungs. The migratory larvae when in large number cause haemorrhage
and bronchial pneumonitis.

o In intestine. Adults in the intestine produce stomach pain, abdominal
discomfort, nausea, food fermentation, diarrhoea. But the principal
effects are due to anaemia, resulting from constant sucking of blood. It
leads to palpitation of heart, eosinophilia and sucking of blood and
even collapse. Hookworm infection in children causes retarded mental
and physical growth and sometimes to dizziness, insomnia, optical
illusions, general nervousness and fidgety movements.
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Filariasis or Elephantiasis

A condition of enormous enlargement of a limb, the scrotum or the female genitalia.
Elephantiasis is caused by obstruction to the lymph drainage channels by masses
of parasitic microfilaria worm (mainly Wuchereria bancrofti) or, in the condition
known as lymphogranuloma venereum, by the Chlamydia trachomatis
organism. Although mosquito-spread filariasis is common, elephantiasis is relatively
rare except in communities living in primitive conditions and with poor medical
facilities. It is seen most often in Africa, South East Asia and the Pacific islands.

Failure of lymph drainage leads to permanent and increasing fluid collection
(oedema) in the affected area. The waterlogged tissues have a high protein content
and readily become infected and inflamed. The resulting ingrowth of fibrous tissue
changes the oedema from a type that pits on pressure to a solid, flesh-like and
irreversible form. Te overlying skin becomes greatly thickened, roughened and
corrugated, resembling that of the elephant.

Elephantiasis of the scrotum may lead to enlargement of such magnitude
that the sufferer is forced to remain seated on an object resembling a large
sack of potatoes. The remedy, for those with acess to treatment, is surgical
removal of the excess tissue.

Trichomoniasis

A genital infection, mainly of the vagina, with the single-celled organism
Trichomonas vaginalis. This pear-shaped organism with an undulating
membrane down one side is able to move about actively by lashing with several
long, hair-like flagella. The infection is usually transmitted by a male carrier
during sexual intercourse. In contrast to other sexually transmitted conditions,
this one can be acquired form contaminated objects such as toilet seats. Althoug
it most commonly affects the vagina, it may also involve the urine tube (urethra)
in either sex and the prostate gland in men.

Trichomoniasis causes sudden onset of severe genital irritation, burning
and itching and a profuse, frothy, yellowish, offensive discharge. It is one of
the common causes of vaginal discharge. If the urethra is affected, there is
burning on urination and some urethral discharge. Vaginal trichomoniasis often
causes discomfort or pain during sexual intercourse. It may affect women of
any age and is common during pregnancy. Positive diagnosis is made by
spreading a small quantity of the discharge on a microscope slide and identifying
the characteristic moving organism.

Men with a prostatic infection can act as carriers of the infection and if
one of a pair of sexual partners has the infection, both must be treated or no
advantage will be gained. The drug metronidazole (Flagyl) is the mainstay of
treatment and is highly effective.

Enterobiasis

Threadworms, or pinworms, are intestinal parasites which commonly infest
children in all parts of the world. The threadworm, Enterobius vermicularis,
is the commonest worm parasite of children in temperate areas.
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At least 20 per cent of all children are affected at any one time. The mature
female worm is about a centimetre long, white, and with a blunt head and a fine,
hair-like, pointed tail. The male is shorter and is rarely seen, as he remains in the
intestine.

The pregnant female worms moving on the skin around the anus to deposit
their eggs cause a strong tickling sensation. The child scratches and the eggs adhere
to the fingers and nails. These are then transferred, either directly to the mouth to
cause re-infestation, or, by way of toys, blankets, etc., to other children. The eggs
can survive for three weeks and will sometimes hatch on the skin and re-enter the
bowel. Swallowed eggs hatch in the intestine and the worms reach adult size, and
begin to reproduce, after two to six weeks.

Diagnosis is easy, as the worms are readily seen and may appear on the
faeces. In case of doubt, sticky tape can be applied to the skin around the
anus to pick up eggs, which can then be identified microscopically.

It is unlikely that threadworms ever do any real harm except to disturb
the sleep of children and the sensibilities of fastidious parents and, if re-
infestation is avoided, the problem will disappear spontaneously within a
month. Ointments may be used to allay the anal itching and there are various
effective de-worming drugs, such as mebendazole, piperazine or pyrantel.
Treatment of all the members of the family is, however, necssary.

Check Your Progress

1. Write down the characteristic feature of nematodes.
2. Describe the term parasitism.
3. Name all the parasitic nematodes causing diseases in human beings.
4. Name the diseases caused by parasitic nematodes.

10.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Nematodes are roundworms with elongated, cylindrical and vermiform
body with tapering ends. Body wall has syncytial epidermis. Muscles
have the great taxonomic value.

2. Parasitism is the mutual associationship between two organisms of the
same or different species in which one lives on or inside (parasite) the
body of the other (host) receiving nourishment and shelter without any
compensation for the host.

3. Ancylostoma, Enterobius, Trichuris, Trichinella and Filaria etc. are the
main parasitic nematodes infecting human beings.

4. Ancylostomiasis, enterobiasis, trichuriasis, trichinosis, and elephantiasis
are the main diseases caused by parasitic nematodes.
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10.4 SUMMARY

Nematodes are the round worm having elongated cylindrical and vermiform body
with tapering ends. Body is unsegmented and not differentiated into regions. The
caudal end of the body generally straight in female, but coiled in males thereby
showing a clear cut sexual dimorphism. Termimal mouth surrounded by lips.
Amphids and papillae are the main sensory organs. Caudal end with a pouch of
circular nature. Muscles consists of longitudinal muscle fibres with variable
arrangements generally knwon as holomyarian, mesomyarian and polymyarian.
Simple and less differentiated digestive tract present. Sexes are separate with
clear cut sexual dimorphism. Sexes are separate. Both testes and ovaries are
tubular and coiled. Ovaries, oviducts and uteri are double. Nematodes are
oviparous or ovo-viviparous or viviparous. Life cycle complicated may be with or
without any intermediate host. Development is indirect and infection is usually
through larva.

Ascaris is pathogenetic to man and causing a disease called ascariasis.
They cause lung inflammation and fatal pneumonia. Sometimes fever, anaemia,
leucocytosis and eosinophilia results. Ancylostoma is the human hookworm
and is endemic in nature. It causes ancylostomiasis in human being. Wuchereria
or filaria worm is another pathogenic nematode infecting human beings and
is widely distributed in tropical and subtropical circum globular belt. It causes
filariasis or elephantiasis in human beings. Trichinella and Trichuris are another
parasitic nematodes causing trichinosis and trichuriasis diseases respectively
in human beings.

10.5 KEY TERMS

Acoelomate: The condition of lacking a true coelom. That is, the body
cavity if any, is not extremely surrounded by mesoderm.
Amphids: Paired lateral sense organs which generally open to the exterior
or near the tip region.
Association: Ecologically uniform groups of striata over a large area.

10.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Write down a complete list of parasitic nematodes infecting human

population.
2. What are the common diseases occurring due to parasitic nematodes.
3. Write down the pathogenisity of Ancylostoma.
4. What are the symptoms of ascariasis in human beings?



NOTES

Nematodes and Diseases

Self-Instructional
             Material   211

Long Answer Questions
1. Write an essay on nematodes and diseases.
2. Write down the pathogenic characters of Ascaris and Ancylostoma.
3. Describe the parasitism in nematodes.
4. Discuss the pathogenic characters of filaria, trichomonas and enterobius

nematodes.

10.7 FURTHER READING

1. Alain Chabaud, Sheila Willmott, Roy Clayton Anderson. Keys to the
Nematode Parasites of Vertebrates: Archival Volume.

2. Donald L Lee. Routledgo Boo. The Biology of Nematodes - 1st Edition.
3. George Poinar Jr. Nematodes for Biological Control of Insects.
4. William Harnett, Malcolm W. Kennedy. Parasitic Nematodes: Molecular

Biology, Biochemistry and Immunology.
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11.0 INTRODUCTION

The earthworm is said to a friend of a farmer because it ploughs and keeps on
turning out earth from below and also in manures the soil. The earthworm
belongs to the Class Oligochaeta and is represented by more than 1000 species.
It is cosmopolitan in distribution exept Aretic and Antartic regions. There are several
genera of earthworms including Lumbricus of Europe and North America. About
40 species are found in our country. Pheretima is the largest genus of earthworms.
The common Indian species is Pheretima posthuma. It is found in South-East
Asia, Japan and Sri Lanka. Drawida is the chief of genus of South India,
Megascolex found in South India and Australia. Eutyphaeus is restricted to
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Gangatic plains of North India and puts out castings in the form of winding towards
where as castings of Pheretima form little heaps of small round pallets lying
separately near the burrow. Pheretima posthuma is the most common India
species of earthworms. The generic name Pheretima was first used by Kingberg
in 1857 and later supported by Mechaelson in the same year. The genus Pheretima
has nearly 500 species in which 13 are exclusively India. Professor K.N. Bahl
brought out an elaborate monograph on P. posthuma which broadly applies to
most species. The following description is based on the monograph. Some common
species of Pheretima found in India are: P. heterochacta, P. robusta, P. elongata,
P. compalata, P. marrisi, P. harwayana and P. houletti. Indian giant earthworm
is Drawida grandis.

11.1 OBJECTIVES

After going through this unit, you will be able to:
Know all about the Indian species of earthworm.
Describe the external morphology of earthworm.
Explain the various systems of earthworm.
Discuss the habits and habitat of Indian earthworm.

11.2 EXTERNAL FEATURES

11.2.1 Shape and Size
Pheretima posthuma has a long narrow stream lined body with indistinet
head. The body is circular in cross section. The anterior end is taptering while
the posterior end is more or less blunt. There is a small lobe like elongation of
the body called prostomium that has changed the radial symmetry of the
worm to the bilateral changed the radial symmetry of the worm to the bilateral
symmetry. The thickest part of the body is situated at little behind the anterior end.
The dorsal surface of the body is easily distinguished by the presence of a dark
median line of dorsal blood vessel which runs through out the length of the body
just below the skin, while the ventral surface is distinguished by the presence of
genital openings and papillae in the anterior part of the body. Size varies from
species to species and individual to individual of same species. A mature earthwrom,
P. posthuma may attain the size upto 150 mm in length and 3 to 5 mm in thickness.
Cylindrical shape of the body is best suited for a burrowing habit and living
underground. Some Australian earthworms are exceptionally more than a pound
by weight.

11.2.2 Colour
The colour of most species is dark brown, the dorsal surface is bite darker
than the ventral. The colour of body is due to the porphyrin present in the
integument. The porphyrin minimizes the visuability of the organism and
secondary protects the worm from the injurious effect to the bright light.
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Fig. 11.1: Pheretima Posthuma. A–Entire Worm in Dorsal View, B–Entire Worm in
Ventral View, C–Anterior End in Dorsal View. D–Anterior End in Lateral View

11.2.3 Segmentation
The body of earthworm is divided into a series of annuli by a series of distinct
intersegmental furrows. Each annulus reprresent a segment or metamere.
There are 100 to 120 segments or metameres in a fully grown up species of
earthworm the Pheretima posthuma. However, the body of Lumbricus is
divided into 100-180 segments. The South India species of earthworm—
Megascolex has 50-80 body segments. There segments divide the body
externally as well as internally. The internal segmentation is due to the
membranous septa dividing the body cavity upto a number of compartments.
The memberanous septa are also called the coelosepta. This type of
segmentation where the body is divided externally as well as internally is
called metameric segmentation or metamerism, characteristic of the group
Annelida. Almost all body segments are alike except the first and the last
segments. However some of the anterior segments are sub divided into two
or three anuli by secondary annulations which are first superficial furrows
and do not divide the body internally.

11.2.4 Peristomium
A distinct head is absent in the earthworm. The first segment is called
peristomium (peri-around + stoma-mouth) containing mouth. The peristomium is
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prolonged anteriorly into a small fleshy lobe, the prostomium (pro-before + stoma-
mouth). The prostomium is of proepibolus types as it slightly encroaches upto the
prostomium. The prostomium makes the mouth sub terminal and also the bilateral
symmetrical. Between both the peristomium and prostomium there is a distinct
groove. The eyes, tentacles are present in Neanthes are absent here.

11.2.5 Clitellum
A mature earthworm invariably prosesses a thick belt of smooth skin girdle around
the body in 14th, 15th and 16th segments, this swollen ring like structure is called
cilitellum lingulum. It is more prominent in preserved than in the live worm. The
clitellum is a glandular structure and has many gland cells which secrete the egg
case or cacoon. The clitellum divides the body into three regions, namely anterior
preclitellar region, the middle clitellar region and the posterior post clitellar
region. The position of clitellum varies from genus to genus. In Megascolex, it
occupies 4 segments, 14, 15, 16 and 17. In English earthworm Lumbricus it is
present in 32 to 37 body segments. Similarly in Eutyphoeus the clitellum is present
in segments 13 to 17.

11.2.6 Setae
A seta is a chitinoid structure of a faint yellow colour. It is the main locomotory
structure found in earthworm. Each seta arises from a setigerous sac of the skin
and performs two functions: (1) It provides space to seta at rest, and (2) it forms
or repairs the seta when required. Each seta is curved S-shaped, the distal end of
which is pointed and the proximal end is more or less blunt. Each seta is about of
its length projects beyond the body wall and the remaining in setae sac. The middle
part of each seta swells up and is called nodulus. In Pheretima there is a ring of
chitinous setae lying embedded in the middle of each segment projecting
backwards. The setae are found in all body segments except first, last and in
clitellum Pheretima 100-120 setae are arranged in ring in each segment. The
clitellum of a young worm prossesses three rings of setae. Such arrangement is
known as perichaetine arrangement.

Fig. 11.2: Diagrammatic Representation of Arrangement of Setae in Earthworms.
A–Lumbricine Arrangement in Lumbricus. B–Perichaetine Arrangement in Pheretima.

C–Parts of a Single Seta.

In Lumbricus each segment has four pairs of setae along he ventrolateral
side of the segment. This arrangement of setae is called octochaetine or
lumbricine. The setae help in locomotion by holding the earth since they are
directed backwards. The movement of the setae is controlled by special type of
muscles. With the help of these special type of muscles the setae can be moved in
any direction and extended or with drawn at the will of the earthworm.
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Anal Segment

The last segment of the body is called anal segment or phygidium bearing
the slit like opening, the anus. It is terminal in position.

External Apertures

In the body of earthworm following apertures have been studied.
Mouth. The crescenic mouth is the anterior opening of gut and is located
at the anterior end of the peristomium. This segment shows
longitudinalwrinkles and its dorsal edge projects forwards above the
mouth as a fleshy lobe called prostomium. The prostomium makes the
mouth subterminal.
Anus. It is slit like posterior openign of the gut and is located at the posterior
end of the pygidium or anal segment. Through this aperture undigested wastes
of gut are removed.
Female genital pores. Earthworm is hermaphrodite and has both male
and female reproductive organs in different segments of the body.
In P. posthuma there is a single unpaired female gential pore lying on the
mid ventral side of the clitellum in 14th segment. However, in Eutyphaeus
there are two female gential pores in the 14th segment of the clitellum.
Male genital apertures. A pair of male genital pores lying on the 18th
segment to release spermatozoa. In line the male genital pores, the
17th and 19th segments bear a pair of genital or copulatory papillae
or accessory papillae. Each papilla has a shallow pit which looks like
an aperture. These genital papillae mark the ventral side of the worm.
These papillae help in copulation.
Spermathecal pores. There are four pairs of spermathecal pores located
on the ventral side of the groove between the segments 5/6, 6/7, 7/8,  8/9.
Through these pores spermatozoa are received from other worm during
copulation.
Nephridiopores. These are minute pores which are scattered irregularly
over all the segments except the first two. Through these pores excretory
organs called nephridia open out. Thus the nephridiopore keep the
integument moist and wet for a variety of functions.
Dorsal pores. These are minute openings lying on the mid-dorsal line
in all body segments from 12th onwards. The first dorsal pore is located
between the grooves of segments 12th and 13th. This is followed by a
pore in each succeding groove except the last segment. The dorsal
pores communicate the coelom to the exterior by which coelomic fluid
keeps on oozing out and spreading over the body surface. The coelomic
fluid serves to keep the skin smooth, moist and anti infections.



NOTES

Pheretima Posthuma

Self-Instructional
             Material   217

Check Your Progress

1. What is prostomium?
2. What is the exact location of clitellum?
3. Describe the perichaetine arrangement of setae.
4. Explain the segments bearing gonopores and nephridiopores.

11.3 DIGESTIVE SYSTEM

The digestive system comprises:
Alimentary canal.
Digestive glands.

11.3.1 Alimentary Canal
In earthworm alimentary canal is a long tube of varying diameter. It is straight
uncoiled and present through out the body from one end of the body to the other.
It is held in position by the successive transverse intersegmental septa, which extend
between it and the skin. Ontogenetically, it is divisible into three parts: midgut and
hindgut, but functionally it can be divided into the following four zones:

Ingressive zone
Progressive zone
Digressive zone
Egressive zone

Ingressive Zone

Anterior part of gut that receives food constitutes the ingressive zone. It
includes the following parts:

Mouth. It is anterior external opening of alimentary canal. It is cresentric
aperture situated on the anterior face of first segment, the peristomium. It is
overhung by a small fleshy lobe, the prostomium. It is sub terminal and is
present slightly away from the extreme end. Mouth is just an opening and
provides passage to food to get into the alimentary canal. It leads into the
mouth cavity which is differentiated into anterior buccal chamber and
posterior pharynx.

Buccal chamber. The buccal chamber extends upto the middle of the
3rd segment. Its walls are slightly folded. The buccal chamber is surrounded
by retractor and protractor muscles by the contraction of which earthworm
can protrude and retract the buccal chamber. Thus the buccal chamber is protrusible
and as such as an organ of ingestion of food and locomotion. The buccal chamber
leads into pear shaped structure, the pharynx externally marked off from the
frontier by a groove on the dorsal side containing the brain. Inner lumen of buccal
chamber remains continuous however, its anterior part is folded. These folds are
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interseparated by deep grooves. The lumen of the posterior part of buccal chamber
looks like a biconvex lens in longitudinal section. It continues as the phayrangela
cavity in pharynx.

Fig. 11.3: Pheretima. Dissection of Alimentary Canal

Pharynx. The buccal chamber leads into muscular pharynx, which extends
upto the 4th segments. Its anterior end is marked by a nerve ring placed in a
groove between it and the buccal chamber. Its cavity is somewhat dorso-ventrally
compressed due to the presence of its dorsal roof of a large glandular pharyngeal
mass producing a salivary secretion. The pharyngeal mass is formed of densely
stained irregular, unicellular, glandular cells or chromophil cells and a mass of
muculo-vascular tissue containing channels through which the sectretion are poured
into the lumen of the pharynx. The roof of pharyngeal cavity is strongly ciliated.
Several radial muscles strands pass from the surface of the pharynx to the body
wall. When these strands contract the pharynx dilates producing sucking action
and thus it facilitates swallowing. That is why these strands are called dilator.

Muscular strands. The lateral walls of the pharynx are pushed inside
forming a narrow horizontal shell on each side. The two shallows meet
anteriorly and posteriorly, thus dividing the pharyngeal cavity into a dorsal or
salivary chamber. The salivary section, containing mucus and proteolytic
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Fig. 11.4: Pheretima. T.S. Body Through Pharynx

enzymes is poured into the salivary chamber. The conducting chamber
communicates with oesophagus. In most of animals including most of
vertebrates the saliva contains amylase that converts strach into maltose. Since
the mud contains humic acid that is why the saliva of earthworm exceptionally
contains a proteolytic enzyme that works smoothly in a acidic medium. No
proteolytic activity has been detected in the pharynx of Eisenia foefida. In this
species the saliva contains the usual amylase enzyme.

Oesophagus. The part of gut situated behind the pharynx is called
oesophagus. It extends from 4th segment of 7th segment. It lacks enzymes
secreting cells however, mucous secreting cells are present to make the gut slippery.
The oesophagus is internally folded to increase the size of its lumen.

Fig. 11.5: Pheretima. T.S. Body Through Gizzard

Gizzard. The gizzard is a hard muscular organ present in 8/9 segments. It
has highly developed circular muscles. Longitudinal muscles are either poorly
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developed or absent. The gizzard is internally lined by tough cuticle, secreted by
columnar epithelium lining it. With the help of tough internal surface worked by
powerful circualr muscles the food material is ground up. The grinding process is
assisted by solid particles of sand which are taken in along with food. The gizzard
opens into the glandular stomach.

Stomach. In almost of the animals the stomach is a sac like structure and is
basically meant for the storage of food. However, in earthworm the stomach has
lost its food storing function that is why it is tube like running from 9/10 to 13/14
segments. Secondly HCL secreting oxyntic cells are also not found and instead it
develops calcareous glands or calciferous glands which are highly developed
in Eutyphaeus and Lumbricus where they appear in the form of swelling of
glandular structures. These glands secrete calcium carbonate to neutralize the
organic acids of the food and humic acid of mud in gut. These glands also
remove calcium and carbonate from the blood when the level of these ions becomes
excessive. This part of calcium carbonate is excreted along with the out going
contents of gut. The inner epithelial lining of tube like stomach also secretes a
proteolytic enzyme. Both the ends of stomach are provided with sphincters.

Intestine. In segment 14th the gut widens and forms thin walled intestine
which is a long, thin walled tube extending to the last. It has a beaded
appearance due to constrictions corresponding to septa but bulging in each
segment, the internal lining is ciliated, folded vascular and glandular. The
inner lining of intestine is ciliated and glandular and develops a large number
of villi. In one part of the intestine the mid-dorsal villus is greatly enlarged
and is called typhlosole. It slows down the movement of food to make the
proper digestion of food possible in such a small intestine, and secondly it
increases the absorptive on surface area. On the basis of this typhlosole the
intestine of earthworm can be divided into the following three parts.

Pre-typhlosolar region. The first part of the intestine lying between
the segments 15 to 26 is the pretyphlosolar region. In this region, the
lining of the intestine is foled to form villi which are extremely vascular.
In the 26th segment, two short and conical outgrowths on either side,
are given off from the intestine, these are called intestinal caeca. These
extend forwards over three or four segments and have a speical blood
supply, internally they have many longitudinal folds which appear as villi. In
transverse sections, epithelial cells being highly vascular and filled with
secretory granules, Chen and Puh (1941) believe that these caeca are
digestive glands and secrete an amylatic enzymes which digests starch. In
Megascolex, these intestinal caeca are absent. The inner lining of
pretyphlosolar part secretes all digestive enzymes and that is why food is
mainly digested in this part of gut.
Typhlosolar region. It is the largest part of the gut and lies between the
26th segments upto 23-25 segments in front of anus. This is characterized
by the presence of a highly glandular and vascular longitudinal ridge, arising
as a median ingrowth of the dorsal asepct of the intestinal cavity. This is
called the typhlosole. Since more digested food is available in this part of
the gut that is why it is mainly involved in absorption. The typhlosole of
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Lumbricus terrstris is present along the anterior or two third of the intestine,
but is lacking along the posterior portion. In Megascolex and Eisensella,
the typhlosole is little more than a ridge hardly projecting into the intestinal
lumen. In Megascolides australis, this is no typhlosole at all.
Post-typhosolar region. It occupies last 23 to 25 segments. It is without a
typhlosole and also called as rectum. It has thin wall which is relatively less
vascular, and it has no folds and glandular or ciliated cells. It contains small
pallets of mud which are passed out from the anus in the form of castings.
Anus. It is a slit like aperture on the posterior face of the anal segment. The

pallets are egested out through anus and heaped at the openings of burrows.
These heaps are commonly recognised as casting of earthworms.

11.3.2 Feeding and Digestion
Earthworms are, for the most part, saprophagus. They feed mainly on organic
detritus, usually the decomposing larvaes and stems of plants, although root
materials, seeds, algae, fungi and testacean protozoa may also be ingested
this might suggest that earthworms will feed on any thing they can find in
their environment that is organic in nature. However, many of the common
British species, such as Lumbricus terrestris, A. longa, A. rosea, are known
to prefer food materials rich in nitrogen and sugar and low in polyphenols.
These also include the tissues of herbaceous plants.

Variable amounts of mineral soil may be ingested along with this organic
material. Some species feed. On each their way through a substratum that
contains organic and mineral particles in an advanced state of decomposition.
Deep burrowing emerge at night and draw down fragments of decaying leaves
into their burrows here they are stored until sufficiently decomposed to be
eaten. The amount of mineral soil present in the gut contents of these worms will
vary with their burrowing activity. When they are engaged in excavating voided at
the surface as a cast. At other times, organic fragments predominate in the gut
contents.

Bouche (1977) has used, the term Microphage, mesophage and
macrophage to distinguish various species. This distinction is based on the
size of ingested particles, ranked as small, medium or large. It has been found
useful as a way of identifying how organic resources are partitioned between
difference, coexisting species of earthworms.

The earthworms take large amount of soil from the earth that passes
through the gut. They also feed directly upon dry leaves, grasses, algae etc.
For taking food, they expand the pharynx by the contraction of muscle bands
connecting the pharynx with the body cavity.

The enlarement of pharyngeal cavity draws the food into the buccal
cavity by sucking action. Food passes down the gut mainly by the peristaltic
action of muscles in its wall. However, the cilia present in the gut epithelium
may also facilitate the passage of food into the gut. Ciliated cells are also present
in the typhlosole, but apparantly these do not aid the passage of food (Michel and
Devillez, 1978).
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11.3.3 Digestion
In earthworms digestion is extracellular. The digestive fluid poured in the
pharynx contained mucin and some proteolytic enzymes. Mucin lubricates
the food and enzyme starts digestion of proteins. Nothing happen to the food
in the oesophagus, the food is ground up in the gizzard.

The soil particles swallowed with the food probably help in the grinding
operation. This grinding may be called mechanical digestion since it facilitates
the subsequent action of the digestive enzymes. In the stomach another
proteolytic enzymes are poured which digest more protein. In Lumbricus
calcium is secreted by calciferous gland which probably neutralize the humic
acid present in the soil. The final digestion of food takes place in intestine. Here
proteins are hydrolyzed into amino acids by proteolytic enzymes like trypsin and
pepsin, starches into sugar by the diastase and fats into falty acid and glycerol by
lipase. Intestinal digestive juice of earthworm corresponds with panereatic juice
of higher animals. The passage of food in the alimentary canal is caused by peristaltic
movement of the gut wall, caused by the circular and longitudinal muscles.

Check Your Progress

5. Describe the names of all the four zones of gut in earthworm.
6. What is typhlosole?
7. Which structure of alimentary canal is considered to be the grinding machine?
8. Name all the three types of digestive glands found in earthworm.

11.4 CIRCULATORY SYSTEM

In earthworm there is a well developed circulatory system made up of a number
of longitudinally placed blood vessels which are connected with each other in
body organs by means of network of blood capillaries. This type of circulatory
system is called the closed circulatory system. There is a single circulation
because the blood flows in the heart in one direction only. The circulatory
system transports various substances, like glucose, amino acids, minerals and
salts, oxygen, carbon dioxide and nitrogenous wastes etc. to and from the
varios parts of the body. In earthworms the blood is red due to the presence of
haemoglobin. The haemoglobin is the iron containing protein. The oxygen
carrying capacity of blood is due to this blood pigment. The haemoglobin of
earthworm as compared with the pigment of vertebrate blood is characterized
by a high degree of saturation at low oxygen tension and secondly it has a
concentration of about a quarter as compared with the concentraion of
haemoglobin found in the blood of vertebrates. That is why the earthworm
has a quite low oxygen carrying capacity. The circulatory system is composed of
the following parts:
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11.4.1 Blood
Blood is composed of a fluid plasma and blood cells. The blood cells are colourless
and can be comparable to the leukocytes of vertebrates. Red blood cells are
absent that is why haemoglobin is dissolved in plasma. To manufacture blood
along with blood corpuscles there are blood glands. These are present in the form
of clusters of small and pink glandular cells on the dorsal wall of pharynx and
oesophagus in segments 4, 5 and 6 intermingled in pharyngeal nephridia. Each
gland is like a bunch consisting numerous small follicles, the wall of which being
syncytial. Inside is filled the loose cell mass. Their main function is to manufacture
haemoglobin and blood cells. The glands also assist the pharyngeal nephridia in
excretion.

11.4.2 Blood Vessels
In earthworm longitudinally placed true blood vessels are present in which
red blood of worm flows smoothly. The number, nature and arrangement of blood
vessels in earthworm are different and complicated. The arrangement in the first
13 segments is different from the arrangement of blood vessels in the rest of the
body. It is therefore customary to describe the system in two sets separately as
given below.

Blood Vascualr System Behind 13th Segment

There are three main vessels placed longitudinally throughout the length of
this region of body. There vessels are inter connected with the help of blood
plexus in intestine, commisural vessels and nephridial vessel as given under
the following heads:

Fig. 11.6: Pheretima. Blood-vascular System in First 13 Segments

Mid dorsal vessel. It is present above the alimentary canal along the mid
dorsal side of the body. It is the longest vessel and runs throughout the length of
the body. It is the thickest vessel and is visible from outside through the thin and
semitransparent body wall. It appear as a dark line. It has contractile muscular
walls that contracts rhythmically and produces peristaltic waves to derive the
blood in it from behind. The backward flow of blood can not take place due to the
presence of forwardly directed valves arranged segmentally. There is a pair of
valves in its lumen in front of each segment. At the time of rhythmic contraction,
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both the flaps of a valve close down to prevent the back flow of blood. Due to
these characters (rhythmic contraction and valves) the mid dorsal blood vessel is
usually called the pulsating heart. It beats about 25 times per minute. The flow of
blood in it is from posterior to anterior. It is collecting as well as distributing vessel.
From last to 14th segment it is collecting. In each intestinal segment the dorsal
vessel receives the following two vessels from the either side:

Dorso-intestinal vessels. In the posterior part of the body, the dorsal
vessel receives two pairs of dorso-intestinal in all segments from last to
14th. The dorso-intestinal vessels drain nutrient rich blood from intestinal
wall.
Commissural vessel. Dorsal vessel also receives blood directly from
subneural vessel by means of paired commissural vessel in all segments
from last to fourteen. Each segment has one pair of commissural vessel
forming a loop behind each septum. During their course, these collect
blood from body wall, gut wall, septal nephridia and also from prostate
glands by means of their septo-intestinal vessels and they pour the
blood directly into the dorsal vessel.

Fig. 11.7: Pheretima. Blood-vascular System in a Segment of Intestinal Region

Ventral vessel. It is present below the alimentary canal along the mid
neutral side of the body. It runs from one end of the body to the other, however, it
is shorter than dorsal blood vessel. It is thinner and non-pulsatory vessel. It is
mainly distributing vessel and is devoid of valves. Blood in it flows from anterior to
posterior direction. From the places where the hearts pour blood into it, a small
quantity flows forwards and a large quantity backwards. In posterior part of the
body (from 14 onwards) the to distribute blood the related parts. Ventral vessel
gives out the following branches: (i) Ventro-intestinal, (ii) Ventro-tegumentary and
(iii) Septo-nephridial.

Ventro-intestinal. In all body segments from 14th to last, the neural vessel
gives out unpaired ventro-intestinal branches, one in each segment. These
supply blood to the lower part of the intestine.
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Ventro-tegumentary. Venteral blood vessel gives out a pair of ventro-
tegumentary vessels, one on each side in front of the septum in all segments
from fourteen to last. After a short distance, the ventro-tegumentary pierces
the intersegmental septum to reach the next segment behind, then it extends
vertically up along the inner surface of the body wall and supplies blood to
the body wall and integumentary nephridia by several small branches. Just
before pierceing the septum ventro-integumentary gives off a septal branch
to the septal nephridia.
Septo-nephridial. Septo-nephridial vessels originate directly from the ventro
tegumentary vessel and indirectly from ventral blood vessel. Septo-nephridial
vessels are present in all segments from segment fifteen to last.
Sub-neural vessel. It is also a long but thin vessel present below the nerve

cord on the ventral side of the body. It runs backwards from 14th segment to the
last segment through the intestinal segments. The blood flows in it from anterior to
posterior direction. It is mainly collecting vessel. It is non-pulsatory and is also
devoid of internal valves. Subneural vessel gives out a pair of sub
neurotegumentary vessels in each segment to collect blood from the ventral
body wall and the nerve cord. Paired commissural vessels also originate directly
from sub-neural vessel in all related segments, one pair in each. Each commissural
vessel on its way receives a septo intestinal branch and finally pours its blood
into the mid dorsal vessel.

(i) Intestinal plexus. In earthworms, the intestine is richly supplied with
blood capillaries forming two network like plexus in its wall. External
network of capillaries is present at the outer surface of intestine. External
plexus recieves blood from the neutral vessel through ventro-intestinal
branches. External plexus is also connected with the internal plexus
which serves to absorb nutrients from the gut. Internal plexus is
developed deeply between the circular muscle layer and inner epithelium
of intestine. Several small dorso-intestinal vessels carry blood from this
plexus to the mid-dorsal vessel.

Blood Vascular System in First 13 Segments

Both dorsal and ventral vessels extend as such in this region of body, but the
subneural vessel splits in the preclitellar region into two lateral oesophageal
vessels. In addition, supra intestinal vessels, heart, anterior loops and ring
vessels are also present. The preclitellar region of the body has following
vessels.

Dorsal vessel. It is the same longest vessel of the worms described
already. It retains its original identity as it was in the posterior region. It is
muscular and pulsatory and has internal valves. In preclitellar region the dorsal
vessel is distributing rather than collecting. Branches like dorso-intestinal and
commissural are not present in the anterior part.

Five pairs of small p-0b. ventral vessel. It is the same ventral vessel
described above in the segments behind thirteen. It retains all characters of the
vessel. It remain distributing even in precilitellar region. However, it does not supply
the gut in this region, that is why there are no ventro intestinal branches. Anteriorly
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the ventral vessel ends abruptly in the second segment. The ventral vessel gives
out a pair of ventro-tegumentary vessel to the body wall, septa and nephridia in
each of the related segments. The spermathecal, testes sac, seminal vesicles,
ovaries, oviducts, etc. are also supplied through the ventrotegumentaries of the
respective segments. In preclitellar region the neurotegumentary branches do not
pierce and pass into adjoining segments.

Fig. 11.8: Pheretima. Diagrammatic Representation of Hearts in Section.
A–Lateral-heart. B–Latero-oesophageal Heart

Supra oesophageal vessel. It is the shortest vessel extending along the
mid-dorsal wall of stomach and gizzard in segment 9 to 13. It is mainly the
collecting vessel. It collects blood from the various parts of alimentary canal
supplied by mid-dorsal vessel in precilitellar region. A major part of blood
present in supra oesophageal vessel is received from the lateral oesophageal
vessels by means, of anterior loops. There are two pairs of anterior loops
that encircle the stomach in the segments 10th and 11th, one pair in each.
These loops are thin walled and non-pulsatile sac like structures. These are
devoid of internal valves. All blood, collected in this vessel, flows into the
ventral vessel through two pairs of lateral oesophageal hearts in the segments
12th and 13th. At its opening into each of these hearts, the supra oesophageal
vessel has a pair of valves to prevent backflow of the blood.

Lateral oesophageal vessel. As stated already that it is the subneural
vesel that bifercates anteriorly in segment 14 and form to lateral oesophageal
vessels. These vessels are closely attached to the wall of stomach in segments
10th to 13th and remain free from the wall of alimentary canal in segments
10th to 2nd. paired lateral oesophageal vessels are mainly collecting vessels
and receive a pair of branches in each segment bringing blood from the body
wall and the septum. Blood is also collected from the parts like reproductive
organs and nephridia supplied by ventral vessel in the precilitellar region.
Blood flows in them from front to behind. Lateral oesophageal vessels are
also connected with supra oesophageal vessel by means of anterior loops and
ring vessels. Blood moves in them from lateral oesophageal to supra oesophageal
vessel.
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Fig. 11.9: Pheretima. T.S. Body Through Intestinal Region Showing Arrangement of
Blood Vessels. Section of the Right Half Passes Through a Septum

Ring vessels. From 10th to 13th segments, the stomach wall is surrounded
by a series of ring vessels that connect the supra oesophageal and lateral
oesophageal vessels together. There are about 12 ring vessels per segment in the
wall of the stomach. The ring vessels carry the blood lateral oesophageals up to
into the supra oesophageal vessel. The ring vessels also collect blood from the
stomach wall during their courses.

11.4.3 Hearts and Anterior Loops
Both dorsal and ventral vessels extend as such from one end of the body to the
other, but in segments behind 13th they fail to develop direct connection between
them. However, in preclitellar region both these vessels are connected together by
four pairs of hearts in segments 7th, 9th, 12th, and 13th. First two pairs of heart
present in 7th and 9th segments are simple and carry blood from the dorsal to the
ventral vessel. These are called lateral hearts. These hearts are muscular and
contractile and pump the blood towards the lower side of the worm. Each lateral
heart has 4 pairs of valves inside to control the direction of the flow of blood.
Other two pairs of heart present in segments 12th and 13th are the compound
hearts and more specifically called lateral oesophageal hearts. These are also
muscular and contractile, and connect three blood vessels together. These vessel
are mid dorsal vessel, midventral vessel and supra oesophageal vessel. After
collecting blood from mid dorsal and supra oesophageal vessels the lateral
oesophageal hearts, pulsate it to the ventral blood vessel. To central the direction
of the flow of blood each lateral oesophageal heart has three pairs of valves, one
pair of valves at each junction with the dorsal vessels and supra oesophageal
vessel, and one pair of valves at the ventral end.

All the four pairs of hearts found in earthworm are neurogenic and open
ventrally into the ventral vessel.

There are two pairs of anterior loops present in 10th and 11th segments.
These are thin walled non pulsatile dialated structures, and are devoid of
valve. These anterior loops communicate the supra-oesophageal vessels with the
lateral oesophagela vessels. The loops bring a lot of blood form the lateral
oesophageal vessels into the supra oesophageal vessel.
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11.4.4 Course of Circulation
The blood is circulated in the body of earthworm by the rhythmic pulsations
of dorsal vessel and four pairs of hearts. Blood flows in vessels from the
anterior to the posterior direction except dorsal vessel where the flow of
blood is from posterior to anterior. The blood collected by the dorsal vessel
through the dorsointestinals, blood plexuses of intestine, and commissurals is
supplied partly to the anterior parts of gut in the preclitellar region, but mainly
through the hearts to the ventral vessel. The ventral vessel supplies blood to the
body wall septa nephridia, reproeductive organs etc. through the ventrotegumentary.

Vessels and to the gut through ventro intestinal vessels. In preclitellar region
this blood i.e. collected from gut, body wall, nephridia, septa, gonads etc. by the
lateral oesophageal vessels. In the posterior part of the body behind 13th segment
the blood is collected by subneural vessel by means of its subnurotegumentary
vessels. Blood is also given to the dorsal vessel by means of a number of commissural
vessels. From gizzard and stomach blood is collected by supra oesophagal which
eventually passes its blood to the ventral vessel through lateral oesophageal hearts.
In the intestinal region the dorsal vessel which also receive blood from the body
wall, septa, nephridia etc. From the gut wall, the dorso-intestinal vessels carry
blood to the dorsal vessel. The dorsal vessel circulates in a manner explained
above. To make the circulation and flow of blood smooth all the four pairs of
hearts anterior loops and ring vessels helps in a fashion already descrbed.

Function of Blood

In all animals having circulatory system, blood universaly performs the
following functions.

Transport and distribution of respiratory gases.
Transport and distribution of digested food.
Collection and filtration of metabolic wastes.
As described already that the earthworm has haemoglobin in dissolved

form in its blood plasma. It combines with oxygen and form oxyhaemoglobin
thus oxygen is captured and transported to vaious body organs in the form of
oxyhaemoglobin. In tissues this oxyhaemoglobin dissociates into oxygen and
haemoglobin. It is the dorsal vessel that collects oxygenated blood mainly
through the subneural vessel and distested nutriens from the intestinal wall
and chlorogogen cells. Dorsal vessel distributes a part of oxygen and nutrients
to the parts of gut present in preclitellar region but most of its is transferred to the
ventral vessel through the hearts. Being the main distributing vessel, the ventral
blood vessel distributes oxygen and nutrients to almost all body organs. While the
blood is flowing through the nephridia, nitrogenous substances filter out. The
nephridia either remove the excretory substances directly outside through the
nephridiopore or pour into the alimentary canal. The removal of CO2 is doen at
the time of mutant exchange between oxygen and carbon dioxide through blood
capillaries by a process of diffusion.
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Check Your Progress

9. Write down the number of four segments bearing hearts in earthworm.
10. How many outer loops are found in earthworm?
11. In which segments, the blood glands are present?
12. What is the colour of blood in earthworm?

11.5 EXCRETORY SYSTEM

In earthworm nephridia are the main excretory organs removing nitrogenous
substances out. These are segmentally arranged and present in all body
segments except the first two. In some species the nephridia are large and are
never more than one pair in a segment. Such nephrida are called meganephric
nephridia as present in Lumbricus (English species). However in Pheretima
and other Indian sepcies the nephridia are small in size and present in a large
number in each segment such nephridia are micronephridia as well as
meronephridia are ectodermal in origin and each one is formed by
invagination of the ectoderm independently. Some nephridia directly pour
their contents outside the body through nephridiopores. Such nephridia are
called the exonephric nephridia. The excretory wastes of the exonephric
nephridia also help in keeping the worm moist for cutaneous respiration and
also help in borrowing. Some nephridia of Pheretima pour their contents into
the gut and called enteronephric nephridia. Such nephridia help in water
conservation because the water present in the excretory wastes is absorbed in
gut. Enteronephric type of nephridia were first described by Bahl in 1919. In
Pheretima nephridia are of three tyeps according to their position in body.

Septal nephridia
Integumentary nephridia
Pharyngeal nephridia

11.5.1 Septal Nephridia
The septal nephridia are those attached on the inter segmental septa in all
segments from 15th onwards. Each septum bears four sets of septal nephridia—
two on its posterior face, of the two sets on either face, one set is present on
its right half and the other on the left. There are 20-25 nephridia in each set.
On an average each setpum has 40-45 nephridia attached to its anterior face
and the same number on its posterior face as such each septum bears 80-100
nephridia in all. This is the number of nephridia per segment. There are two
segment in the body of earthworm where the number of nephridia is just 40 to
50 per segments. These segment are 15th and the last. The septal nephridia
are enteronephric as they pour their contents into the gut to make the
absorbtion and utilization of water from the excretory wastes possible. Septal
neprhidia are the complete nephridia due to having a funnel or nephridio-stome
that is why called holonephridia. They are the typical nephridia.
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Fig. 11.10: Pheretima. Location of the Three Types of Nephridia

Each nephridia consists of three main parts: (i) Nephrostome or funnel,
(ii) Main body, and (iii) Terminal duct.

Nephrostome or Funnel

Anterior end of each septal nephridium is dilated one and forms a cliated
funnel called nephrostome or nephridiostome. Each nephrostome lies in
segment preceding the one containing the main body of nephridium. The funnel
hange freely in the coelomic cavity and is connected to the body of the nephridium
by a short narrow neck. The nephrostome is bounded by two lip like structures
which impart it a funnel shaped form. Upper lip like structure is composed of one
central cell and 8 or 9 marginal cells. Similarly the lower lip is composed of 4 to 5
cells. All cells are ciliated making the entire funnel—a ciliated structure. These cilia
help in drawing the nitrogenous wastes into the body of nephridium. There is a
narrow canal leads from the mouth of funnel into the body of nephridium. This part
of the nephridium is called neck. It is also a ciliated structure. It encloses intracellular
canal. It carries the filtered contents from nephrostome to the body of related
nephridium. It is a rounded bilobed structure, having a slit-like opening by which
nephridium communicates with a ceolom. The neck joins the main body of the
nephridium.

Main Body

It consists of a short straight lobe and a long spirally twisted loop. The straight
lobe is rounded at its distal free end but it continued at its outer end into the
twisted lobe, which is more than double the length of the straight lobe. The
twisted lobe has 9-13 loops and can be distinguished into proximal and distal
limbs, which are spirally twisted around one another. The distal limb is connected
with the straight lobe, while proximal limb is connected with the neck, ciliated
tube from the funnel enters the proximal limb of the twisted lobe and after taking
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several turns in the body of the nephridium, leaves the proximal limb as the terminal
duct. There are four ciliated tracts along the nephridial tubule. The nephridium is
made up of a glandular mass. There is a single tube in the neck terminal duct, while
there are four in the straight lobe, three in the base of each of distal and proximal
limbs of the twisted lobe and similarly there are two in each limb of the apical part
of the twisted lobe and only one in the terminal duct.

Fig. 11.11: Pheretima. A Diagrammatic Representation of Arrangement of Septal
Nephridia on a Septum

Terminal Duct

The terminal duct of nephridia open into a pair of septal excretory canal,
which runs inwards along the septa which are described above.

All terminal ducts of septal nephridia related to the same septum into
the same septal excretory canal present in the related septum. The number of
septal excretory canals depends upon the number of setpa containing or bearing
septal nephridia i.e. from 15 to last. Both the ends of a septal excetory canal run
upwards along the septum and open into a pair of supra intestinal excretory
ducts. Both the supra excretory canal lie close together just above the intestine and
below the dorsal vessel from segments 15 to last. The supra intestinal excretory
ducts pour the contents into the gut by a minute ductule in each segment near the
septum and thus the contents are discharged into the gut.

11.5.2 Integumentary Nephridia
Integumentary nephridia are small sized less tan half the size of the septal
nephridia, they have no funnel or nephrostome and are of the closed type with no
opening into the coelom. Each integumentary nephridium is V-shaped with a short
straight lobe and a twisted loop, its lumen has two ciliated canals, these nephridia
are attached inside the lining of the body wall from the 2nd to the last segment
there are  about 200-250 integumentary nephridia in each segment, except inside
the clitellum where they number 2000-2500 in each clitellar segment. Due to their
enormous number in clitellum they are called the forest of nephridia. Each
nephridium opens by a nephridiopore, on the outer surface of the body wall.
Because the integumentary nephridia discharge their wastes externally they are
exonephric nephridia.
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Fig. 11.12: Pheretima. A Septal Nephridium. A–Entire Nephridium.
B–Nephrostome in L.S.

The pharyngeal nephridia are as large as he septal nephridia. The
pharyngeal nephridia resemble the septal nephridia in structure. However,
they are without nephrostome, or coelomic funnels. These nephridia occur
in paired massed, in segments 4th, 5th and 6th lying besides the pharynx and
oesophagus. These nephridia are also associated with the blood glands and
thus also help in the removal of wastes.

The Products of Hemoglobin Destruction

The pharyngeal nephridia also help in changing the acidic effect of humic
acid to the alkaline for easy and smooth enzymatic action that is why called
the peptonephric nephridia. The terminal ducts of all the nephridia of a
single bunch join together to give rise ultimately to one duct and then there
are three pairs of ducts: one pair on each of the segments 4th, 5th and 6th.
The ducts of the pharyngeal nephridia of the segment 6th open into the buccal
cavity in the 2nd segment, where as the ducts of the nephridia of segments
5th open into pharynx in 3rd segment, similarly. The ducts of pharyngeal
nephridia of segment 4th open in gut and in body segment. The pharyngeal
nephridia are interwined with blood glands referred to above.

11.5.3 Physiology of Excretion
Nephridia are chief organ of osmoregulation. Nephridia are richly supplied
with blood vessels and lined by cilia. The epithelial cells extract nitrogen
waste material, chiefly in the form of urea and ammonia from the blood capilaries
into the nephridium. Excretory products also diffuse out from the various body
organs into the coelomic cavity. It is nephrostome that sweeps the coelomic fluid
into the nephridium with the help of its cilia. Thus the nephridia of earthworm
removes the excretory matters from the blood and coelom. The waste material
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travel from the body of the nephridium to its terminal duct which discharges it
either directly to the exterior or into the alimentary canal.

Working of nephridia includes three mechanisms, filtration, reabsortion and
chemical transportation. In septal nephridia filtration takes place at the funnel
but in other forms of nephridia i.e. integumentary and pharyngeal filteration takes
place through the walls of nephridia. Filtrtion through nephridial walls from
surrounding blood vessels also takes place in the septal nephridia where its parts
are quite narrow. The filterate consists of blood plasma minus the colloid together
with coelomic plasma. As the filterate pases through the fine vessels in the nephridia
large amount of useful substances are reabsorbed like glucose, aminoacids,
phosphates, chlorides etc. This process is called selective reabsorption. Finally
a protein free urine containing ammonia, urea and allantoin is put of the nephridia.

The urine of earthworm is hypotonic as contains a far lower concentration
of salt than do the blood and coelomic fluid. Some excretory matter also got rid
off when the coelomic fluid passes out through the drosal pores. Though the
Pheretima excretes urea and uric acid, but still it is called the ammonotelic becaue
it excretes ammonia as main nitrogenous waste. Other waste substances are
excreted out in small quantities under normal condition of adequate water supply,
the nephridia produce a urine volume of about 60 percent of the body weight in 24
hours, however, in summer hot and dry season the amount of urine is reduced and
more water is conserved. Since the pharyngeal nephridia are associated with the
blood glands present in segments 4, 5, and 6, they are employed in the removal of
the products of haemoglobic destruction that is why some parts of the pharyngeal
nephridia are filtered with haemochrome pigments.

Check Your Progress

13. Define the term excretion.
14. How many types of nephridia are found in earthworm?
15. What is the number of integumentary nephridia per segment in clitellum

region?
16. What are the parts of septal nephridia?

11.6 NERVOUS SYSTEM

It is the integrated system, derived from the embryonic ectoderm. It is a
polarized nervous system as the worm has a definite pole in the form of CNS
to receive impulses from various body organs and receptors. The wall
developed nervous system of earthworm is composed of the following three parts:

Central nervous system.
Peripheral nervous system.
Sympathetic nervous system.
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11.6.1 Central Nervous System
It is the part of nervous system present along with the mid ventral side of the
body. It is ganglionic and the number of ganglia depends upon the number of body
segments. Since the body of Pheretima is divisible into 100-120 segments, there
are 100-120 pairs of ganglia in its CNS. The central nervous system is further
divided into a nerve ring and a ventral nerve cord.

Fig. 11.13: Pheretima. Nervous System in the Anterior End of Body in Dorsal View.

Supra pharyngeal ganglia or cerebral ganglia or brain present dorsally
in the third segment in the depression between the buccal cavity and the pharynx.
A pair of thick stout circum or peri pharyngeal connectives arise from them
laterally, embracing the pharynx, and meet ventrally in pair of fused sub pharyngeal
ganglia lying beneath the pharynx in the fourth segment. In this way, a complete
nerve ring is formed around the pharynx. The nerve ring is prsent in the first four
segments of the body.

Fig. 11.14: Pheretima. Nerve Ring and Ventral Nerve Cord in the Anterior End of
Body in Lateral View.

The ventral nerve cord, arising from the sub pharyngeal ganglia, runs backward
in the mid ventral line to the posterior end of the body. In each segment, it present a
slight enlargements or ganglion. The ventral nerve cord appears to be ring but in a
cross section it appears double, consisting of two compactly united right and left
cords all along their length. Each segmental ganglion also represents the fussion of
pair of a ganglia one belonging to each cord of the double ventral nerve cord. A
common sheath is developed around the nerve cord.
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Fig. 11.15: Pheretima. Ventral Nerve Cord in T.S.

The entire nervous system contains nerve cells or neurons but these are
more common in the ganglia. As revealed in a transverse section, the core of
ventral nerve cord consists of two bundles of closely packed nerve fibres,
transversely cut in the section between intervene connective tissue fibres. The
periphery is thin and contains, in the ventral and later zones, neurons, these are
also nerve fibres.

Fig. 11.16: Pheretima. A Segmental Nerve Ganglion in T.S.

11.6.2 Peripheral Nervous System
Various nerves, which are originated from the central nervous system and
supply different parts of the body comprise peripheral nervous system. Eight
to ten pairs of nerves arise from the brain two nerves arise from each side of
the brain, and innervate the prostomium and buccal chambers. Circum
pharyngeal connectives give off nerve arising from subpharyngeal ganglia,
innervate 3rd and 4th segments. From each ganglionic swelling of the ventral
nerve cord arise three pairs of segmental nerves, out of which 1st pair arises
in the anterior part of the segment, a little behind the anterior septum of this segment.
Similarly the nerves of second and third pairs arise close together from the segmental
Ganglion. These nerve innervate the body wall, gut wall and other internal organs
of their related segment. These nerves are of the mixed type consisting of both
sensitive or afferent fibres and motor or efferent fibres. The afferent fibres
connect the sensory impulses ganglia change the sensory impulses into motor
impulses which pass on to the muscle cells. The sensory impulses may be transmitted
to the muscles of the same segment or may transmit along the nerve cord and thus
be transmitted to the muscles of other segments. This arrangement serves for the
coordination of the activities of the different parts of the body.

There are four giant nerve fibres extending the whole length of the nerve
cord. One of them is median in posterior and second one is submedian and lies
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below the median fibre along the mid dorsal line of the body. The remaining two
nerve fibres are laterally placed. They are instrumental in rapid transmission of
impulses involving the entire body. These fibres carry impulses about sixty times
faster than fibres. The two nerve fibres present along the mid dorsal side of the
body carry impulses from the head end to the tail end. Similarly the lateral giant
fibres carry the impulses in reversed direction i.e. from tail end to the head end.
The giant fibres respond the strong stimulation, or injured with the sharp object or
exposed to a strong light at night, it contracts quickly. Longitudinal muscles of the
worm are brought into action simultaneously in the entire body and thus these
fibres are instrumental in rapid transmission of impulses resulting into sudden
contraction of the whole body of earthworm.

11.6.3 Sympathetic Nervous System
Autonomic nervous system has only the sympathetic nerves. Parasympthetic
nerves are absent Sympathetic nervous system comprises an extensive nerve
plexuses situated in the wall of alimentary canal and other organs of the body.
These plexuses are connected with the circum pharyngeal connectives by fine
nerve fibres.

Working of the Nervous System

In earthworm there are two types of neurons: sensory and motor fibres
there by called mixed nerves. After receiving stimuli from the skin or receptors,
the sensory fibres carry them to the nerve cord where they transfer the stimuli
first to the association fibres and then to motor fibres to activate muscles to
bring about contraction. This circuit of stimuli or impulses forms a simple
reflex arc. All ganglia of the body are capable of automatic action. If the
body of earthworm is cut into several pieces, each pieces shows independent
movement. The earthworm from where brain has already been removed, crawls
eats and even copulate normally, however, it appears restless.

Check Your Progress

17. Define the nervous system.
18. Write down all the three division of nervous system.
19. What do you mean by a ganglion?
20. What is the nature of nerve cord in earthworm?

11.7 REPRODUCTIVE SYSTEM

The Pheretima reproduces only sexually. Asexual reproduction does not occur.
The worm is monoecious or hermaphrodite and has both male and female
reproductive organs in the same individual.
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Fig. 11.17: Pheretima. Reproductive System.

Reproductive organs are restricted to a few anterior segments of the body.
In earthworm male reproductive organs become functional earlier than the male
gametes are produced first. This stage is called protandrous and it makes the
corss fertilization necessary. Thus hermaphroditism seems to be of no use to the
earthworm. The worm reproduces during the months of July to October.
Reproductive organs of earthworm are as given below:

11.7.1 Male Reproductive Organs
The male reproductive system is formed of testes, seminal vesicles, spermiducal
funnel, vasa defrentia prostate glands and accessory glands.

Testes

There are two pairs of testes which produce sperms. These are minute, white
and lobed structures. One pair is situated in the 10th segment and the other in
the 11th segment on either side of nerve cord. Each testis is of digitate type
and is made up of a compact narrow base, from which arise 4-8 finger-like
processes containing spermatogonia.

Each pair of testes is enclosed in a thin-walled, fluid filled bag, the
testis-sac. Thus there are two testis-sacs situated ventrolaterally, one behind
the other, in segments 10th and 11th respectively. The posterior testis sac is
larger than the anterior one.
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Fig. 11.18: Pheretima. T.S. 11th Segment of Body Passing Through the Testis Sacs,
Testes and Seminal Vesicles.

There are two pairs of spermatic funnels or spermiducal funnels in the two
pairs of testies sacs. Each funnel is a ciliatd structure and lies immediately behind
its own testis and opens into a ciliated sperm duct or vas deferens.

Seminal Vesicles

There are two pairs of large, white seminal vesicles, one pair in each 11th and 12th
segments respectively. The testis sac of 10th segment communicates with 11th
segment and the testis sac of 11th segment with the 12th segments. The seminal
vesicles of 11th segment is not visible as they remain enclosed in the testis sac of
that segment. However, the seminal vesicles of 12th segment lie free.

Vasa Deferentia

Each spermiducal funnel leads posteriorly into a fine ciliated duct, the vas deferens.
The vasa deferentia of the same side travel and come together, and meet a short
prostatic duct of that side in the 18th segment.

Prostatic Glands

There is a pair of large, flat, white irregular organs situated one on the either side of
the intestine from 16th or 17th upto 20th or 21st segment, each prostate gland
gives off a short duct on its inner side. The prostatic duct joins the two vasa
deferentia, of own tide and common prostatic and spermatic ducts and open to
the outside ventrally on the 18th segment by the male genital pore. The opening
of the male genital pore is actually a group of three apertures, a large prostatic
aperture and two small apertures of vasa deferentia. The function of the vasa
deferentia is to convey the seminal fluid to the outside for fertilization during
copulation.
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Fig. 11.19: Pheretima. T.S. 12th Segment of Body, Passing Through Seminal Vesicles
and Vasa Deferentia.

Fig. 11.20: Pheretima. T.S. 17th Segment of Body Passing Through Prostate Gland
and Genital Papillae.

Accessory Glands

The accessory glands are two pairs of rounded masses lying in the 17th and
19th segments just internal to the prostate glands. They open to exterior by a
number of ducts on the genital papillae situated on the 17th and 19th segments.
Their secretion helps probably in uniting the two worms during copulation.
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From the testes the spermatogonia are shed into the testis sacs, from
where they pass into the seminal vesicles where they develop into spermatozoa
by an elaborate process of spermatogenesis. Each spermatozoan consists of a
head vibratile tail. The sperms come back into the tstis sacs and find their way
into the spermiducal funnel and travel along the vasa deferentia and finally
pass out through the male genital pores during copulation, into the spermatheca
of another worm.

11.7.2 Female Reproductive Organs
The essential organs of the female reproductive system consists of a pair of
ovaries, oviduct and 4 pairs of spermathecae.

Ovaries

The ovaries hang in the 13th segments, being attached to septum 12/13, one
on either side of the nerve cord. Each ovary is a minute whitish mass in which the
ova, in various of developments, are arranged in a linear series.

Fig. 11.21: Pheretima. Ovary

Oviducts

The oviducts are short conical tubes, each with a large oviducal funnel which
is more or less saucer-shaped structure with folded and ciliated margins, and
lies immediately behind the ovary. The oviducts run behind, perforate the
septum 13/14 and converge finally meet in the body wall beneath the nerve
cord to form a short common duct that open outside through the female
genital opening on the 14 segment. Internally the oviducts are ciliated.

Spermathecae

There are four pairs of spermathecae situated in the 6th, 7th, 8th and 9th
segments. Each spermatheca is a flash-shaped structure, the body of which is
known as the ampulla. From the narrow neck arises a simple elongated
diverticulum which stores the spermatozoa in Pheretima. In other worms, the
spermatozoa are stored in ampulla.
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11.7.3 Copulation
During rainy season when the weather is both warm and moist, the earthworms
come out of their burrows at night and copulate in pairs. During copulation two
earthworms become closed applied to each other by their ventral surfaces, with
the heads pointing to the opposite directions so that the male genital pore of one is
opposite to the spermathecal pore of the other. The area of male genital apertures
is raised into papillae which are inserted successively into the various pairs of
spermathecal pores from behind forwards thus filling the spermathecae with
spermatozoa and prostatic fluid. After the completion of this process both the
earthworms are separated and prepare for laying eggs.

Fig. 11.22: Pheretima. T.S. Body Through Spermathecae

Fig. 11.23: Pheretima. Two Worms in Copulation

11.7.4 Fertilization
Cocoon formation is not well known in Pheretima, however, it has been studied
in other worms like Eisenia and Rhynchelmis etc. The cocoons are formed usually
during the months of August to October. If the conditions are favourable the
cocoons are also laid in April, May and June.

The cocoon is a product of clitellum which is a gridle around the segments
14-16. It has swollen epidermis containing three types glands in three distinct
layers, they are unicellular mucous glands which secrete mucous for copulation,
cocoon-secreting glands secrete the wall of cocoon, the albumen glands
produce albumen in which the eggs are deposited in cocoon. The cocoon-secreting
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glands produce a viscid substance which forms an elastic membraneous tube around
the ciltellum on coming in contact with air. The earthworm now starts moving
backward so that this tube is pushed forward. The eggs come out of female gential
pore are collected in it. By gradual backward movement of the worm, this tube
reaches over the spermathecal pores and the sperms are released from
spermathecae. Thus the fertilization is external. As soon as the earthworm
withdraws itself from the tube, the opening due to elasticity become closed at the
both the ends and, becomes a small rounded capsule, called the cocoon. The
cacoon thus formed is left in the soil, it is light yellowish in colour and about 2-2.4
mm in length and 1.5-2 mm in width. Each cocoon contain sixteen fertilization
eggs but only one of them develops into earthworm while the remaining fifteen
serve the purpose of nourishment for the developing embryo.

Fig. 11.24: Eisenia Foetida. Stages of Cocoon-formation. A–Slime Tube and Cocoon
Formed. B–Earthworm Withdrawing Posteriorly. C–Cocoon Left in its Slime Tube.

D–Cocoons with Fertilized Egg and Developing Young.
E–Young Worm Hatching Out of the Cocoon.

When the cocoon is laid on the ground it is generally left in the subsoil or
under the stones. Different genera of earthworms have different types of cacoons
in colour and size but the average size is equal to a pea and the colour is dark
brown. In earthworm development is direct and is without any larval form.

Check Your Progress

21. Whether earthworm is monoecious or dioceous?
22. How many pairs of spermathecae are found in earthworm?
23. Write down the names of male reproductive organs of earthworm.
24. Mention the cacoon forming place in earthworm.
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11.8 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The peristomium is the first segment which is prolonged anteriorly into a
small fleshy lobe called the prostomium.

2. In the adult earthworm the four segments from 14 to 17th segments are
swollen into a ring like structure called clitellum.

3. In Pheretima, the setae are arranged in a ring in each segment. Such
arrangement of setae is called perichaetine.

4. Nephridiopores are the minute pores scattered irregularly over all
segments except first two.
On the ventral side of the 14 segment there is a single median genital
pore. A pair of male genital pores lie on the 18th segment. Segments 17
and 19 bear a pair of genital or copulatory papillae.

5. The gut is divided into four zones: ingressive, progressive, degressive
and egressive.

6. Typhlosole is the greatly enlarged mid dorsal villus present in segments
from 26th segment to the 23-25 segments infront of anus.

7. It is the gizzard–a prominent, oval, hard, thick walled and highly
muscular organs lying in the 8th or 8th and 9th segments. Here the
food is ground up into a fine state.

8. The three types of digestive glands are: pharyngeal mass, gastric glands
and intestinal glands.

9. There are four pairs of hearts, one pair in each in 7th, 9th, 12th and
13th segments.

10. There are two pairs of anterior loops, each pair is found in 10th and
11th segment.

11. There are several small red follicular bodies just above the pharyngeal
mass in each of 4th, 5th and 6th segment.

12. The colour of blood in earthworm is red due to the presence of
haemoglobin in dissolved form in plasma.

13. Excretion is the removal of nitrogenous metabolic wastes.
14. In Pheretima there are three types of nephridia. These are septal

nephridia, integumentary and pharyngeal nephridia.
15. The number of integumentary nephridia varies from 200-250 in each clitellar

segment.
16. Each septal nephridium consists of three parts: nephrostome or funnel, main

body, and terminal duct. Main body has a short straight lobe and a twisted
lobe. Twisted lobe is further made up of two limbs: the proximal and the
distal.

17. Nervous system is the integrated system of the body and controls the various
activities mechanically.
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18. Nervous system is divisible into three parts: central nervous system,
peripheral nervous system and autonomic nervous system.

19. Ganglion is the accumulation of two or more than two cytons or cell bodies.
20. In earthworm the nerve cord is double, solid and ganglionic.
21. Earthworm is monoceious or bisexual or hermaphrodite.
22. There are four pairs of spermathecae in earthworm.
23. Male reproductive organs include two pairs of testes, two pairs of seminal

vesicles, two pairs of vasa differentia, a pair of prostate glands and two
pairs of accessory glands.

24. Cacoon is formed in the clitellar region of earthworm.

11.9 SUMMARY

Earthworms are cosmopolitan in distribution except Arctic and Antarctic regions.
The earthworms live in moist soil rich in dead organic matters or humus. The body
of earthworm is long narrow and bilaterally symmetrical. There is a band like area
called clitellum having abundant cacoon secreting glands. The body bears large
number of nephridiopores, dorsal pores and gonopores. Mouth at one end and
anal aperture at the extreme other end. The worm is detritus in its feeding nature
and possesses a straight and uncoiled gut for digestion. Respiration is through
moist integument. All the three types of nephridia (septal, pharyngeal, and
integumentary) help in excretion. Closed and single blood circulation is there. The
colour of blood is red due to the presence of haemoglobin in the dissolved form in
plasma.

There are four pairs of hearts and two pairs of anterior loops. The mid
dorsal vessel is pulsatory and is also provided with valves hence correlated
with the pulsating heart. The worm has all the three types of nervous system
(central, peripheral, and autonomic). Nerve cord is solid, double and
ganglionic. The worm is bisexual, however, cross fertilization is common due
to its protandrous condition. Development is direct i.e., without any larval
form.

11.10 KEY TERMS

Detritus: Organism feeding upon decaying organic matter present in mud.
Digenic: In those cases where female gametes mature earlier than the male
gametes, the stage is called digenic.
Seminal vesicle: The place where maturation of sperms occur.
Sanguivores: Blood sucking organisms having an anti-coagulant in their
saliva.
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11.11 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Why earthworm is said to be the friend of farmers?
2. Write notes on clitellum.
3. Describe all integumentary perforations.
4. What is pulsating heart?

Long Answer Questions
1. Write an essay on earthworm.
2. Describe the digestive system of earthworm.
3. Explain the circulatory system of earthworm.
4. Discuss the reproductive system of earthworm.

11.12 FURTHER READING

1. Ayten Karaca. Biology of Earthworm.
2. Edwards, C. Biology of Earthworm.
3. Jerry Minnich. The Earthworm Book: How to Raise and Use Earthworms

for Your Farm and Gardens.
4. Sally Coulthard. The Book of the Earthworm.
5. Wendy Pfaffer. Wiggling Worms at Work.



NOTES

Metamerism in Annelida

Self-Instructional
246 Material

CHAPTER 12 METAMERISM IN
ANNELIDA
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12.0 INTRODUCTION

Division of the animal body into an anterio-posterior row of similar parts, or
segments, is called metamerism. Each metamere typically repeats some or
all of the various organ units. The term metamerism is applied only when
organs of mesodermal origin are so arranged. Each segment or metamere
contains nephridia, blood vessels, reproductive organs, nerves, muscles etc.
The segments work in co-operation with all other segments. They are
integrated into a single functional unit. The segmental organs are
interdependent.

Metamerism is always limited to the trunk region of the body. The
head, represented by the prostomium and bearing the brain and sense organs
and the pygidium represented by the terminal past of the body which carries
anus, are not metameres. new segments arise just in front of the pygidium,
thus, the oldest segments lie just behind the head.

12.1 OBJECTIVES

After going through this unit, you will be able to:
Know the meaning of metamerism in Annelida.
Describe the types of metamerism.
Explain the origin and evolution of metamerism.
Describe the significance of metamerism.

12.2 METAMERISM IN ANNELIDA

The metameric repetition of body organs is first seen in Annelida in the animal
kingdom. It is also of considerable importance as the most evolved group of
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animal kingdom i.e., Arthropoda and Vertebrata also show their body parts
metamerically repeated. In annelids, the metamerism is clearly visible both
externally as well as internally, but in arthropods, it is mainly external. In man
and other vertebrates, there is an internal segmentation of body muscles, nerves,
vertebrae and few blood vessels.

Thus, metamerism is a feature of evolutionary advancement that has
contributed towards the greater complexity of animal bodies.

12.2.1 Types of Metamerism
Following types of metamerism are seen:

True metamerism. True metamerism is seen in annelids, arthropods
and chordates. In true segmentation, the segmentation of the body is
based on the segmentation of mesoderm. New segments are formed
posteriorly.

Fig. 12.1: True Metamerism and Pseudometamerism

External metamerism. In arthropod, the metamerism is external, internally
the segments are not marked by partitions.
External and internal metamerism. Metamerism is well marked in most
annelids. The metamerism is external as well as internal. Internally, the
segments are separated by transverse partitions or septa. Only the alimentary
canal remains uneffected.
Complete metamerism. When segmentation is seen in all the organs, the
metamerism is called complete metamerism. Example: Annelids.
Incomplete metamerism. When the segmentation is not seen in all the
organs, the metamerism is called incomplete metamerism. Example:
Arthropods and Chordates.
Homonomous metamerism. When the segments are all alike, the
segmentation is called homonomous segmentation. Each metamere
has segmental blood vessels, nerves, nephridia and coelomoducts. This
is a primitive condition and is not found in any existing animal as atleast
a few of anterior segments are always specialized to form the head.
The specialization is called cephalization. The closest approach to
homonomous segmentation is seen in Neanthes.
Heteronomous segmentation. If the segments are dissimilar, the
segmentation is called heteronomous segmentation. Examples:
Arthropods and Chordates.
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Fig. 12.2: Neanthes. Showing Homonomous Segmentation

Pseudometamerism. True metamerism must not be confused with
pseudometamerism or strobilization of the tapeworms. Here the
segmentation of the body is based on the segmentation of ectoderm.
New segments are formed at the anterior end unlike the posterior region
of body as seen in true metamerisms. The youngest segments are formed
just behind the scolex whereas oldest lie towards the posterior end of
the body. All the segments work as independent units, hence there is no
co-operation between the segments. These segments are called
proglottids.

12.2.2 Origin and Evolution of Metamerism
There are conflicting views regarding the origin of metamerism. Various
theories have been proposed to explain the origin of metamerism, but all of
them are lacking to provide ample evidences and thus none is acceptable. The
various theories are as follows:

Corn or fission theory
Pseudometamerism theory
Cyclomerism theory
Locomotory theory and
Embryological theory.

Corn or Fission Theory

According to this theory, a segmented animal is really a chain of individual
zooids. Each segment represents a zooid. The supporters of this theory believe
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that metameric segmentation resulted when some non-segmented ancestors divided
by transverse fission repeatedly or by asexual buddings producing a chain of sub-
individuals or zooids, united end to end due to their incomplete separation. These
segments gradually become integrated morphologically as well as physiologically
and merged into one complex individual.

Fig. 12.3: Mysis

The chief objection to this theory is the lack of gradations of age in such a
chain of zooids, which is true of segments in a metameric animal, such as an annelid.
Another objection is that reproduction by fission in usually confined to the fixed
animal, whereas the ancestors were probably free-swimming.

Fig. 12.4: Origin of Metamerism by Fission

Pseudometamerism Theory

According to another view, in the ancestral forms, the various body organs
have repeatedly spread out in the entire body. Hence, the metamerism had
resulted by the segmental division of these organs, such as nerves, nephridia,
blood vessels and coelom, within a single individual and not by the formation
of new individuals as stated by fission theory. The division of body into
segments occured as a result of the formation of cross-partitions or septa
with each segment receiving a repeated part of each system. This theory is
supported by Hyman (1951) and Goodrich.

Cyclomerism Theory

This theory was proposed by Sedgwick (1884) and supported by Remane
(1950, 1963). This theory assumes that coelom originated in some ancestral
actinozoan coelenterate, through the separation of four enterocoelic pouches
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from the gut or paragastric cavity. Further, division of two pouches into three pairs
of coelomic cavities viz. protocoel, mesocoel and metacoel in the ancestral
coelenterate. Loss of protocoel and mesocoel led to the formation of unsegmented
coelomates such as molluscs. Later, sub-division of metacoel produced primary
segments leading to the segmented annelids.

Locomotion Theory
According to this theory, metamerism evolved as an adaptation to locomotion of
different kinds. Annelid metamerism probably evolved as an adaptation for
burrowing and chordate metamerism as an adaptation for serpentine swimming
movements.

Embryological Theory

According to this theory, the mechanical stress in the mesoderm of elongating
embryo or larva resulting in the fragmentation leads to the segmental repetition
of mesodermal derivatives in the adult.

12.2.3 Significance of Metamerism
Metamerism gives many advantages for the animals. It helps in locomotion
by many ways. Fluid-filled coelomic compartments provide hydrostatic
skeleton for burrowing in annelids, and metamerism offers divisions of labour.

Check Your Progress

1. Define the term metamerism.
2. What do you mean by pseudometamerism?
3. Name all the theories regarding the origin of metamerism.
4. Write notes on the significance of metamerism.

12.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Division of the animal body into an anterio-posterior row of similar
parts, or segments, is called metamerism.

2. In true metamerism the body is divided not only superficially but
internally as well, whereas in pseudo-metamerism body is divided only
superficially.

3. The various theories regarding the origin of metamerism as follows:
Corn or fission theory
Pseudometamerism theory
Cyclomerism theory
Locomotory theory and
Embryological theory.

4. Metamerism gives many advantages for the animal. It helps in
locomotion by many ways. It helps in developing the hydrostatic skeleton
that helps in burrowing. The metamerism also offers division of labour.
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12.4 SUMMARY

Division of the body into an antero-posterior row of similar parts or segments, is
called metamerism. Each metamere typically repeats some or all of the various
organ units. Metamerism is always limited to the trunk region of the body. The
head, represented by the prostomium and bears the brain and sense organs, similarly
the pygidium represented by the terminal part of the body carries anus, are not
metameres. In annelids the segmentation is external as well as internal. Whereas in
most of other higher invertebrates and vertebrates the external segmentation is not
distinct, however internal segmentation of body muscles, nerves, vertebrae and
few blood vessels are there. In annelids there are several types of metamerism
including true metamerism, external metamerism, external as well as internal
metamerism, complete metamerism, incomplete metamerism, homonomous,
heteronomous and pseudometamerism etc. Several theories have been proposed
to explain the origin and evolution of metamerism. It includes corn and fission
theory, pseudometamerism theory, cyclomerism theory, locomotory theory and
embryological theory.

12.5 KEY TERMS

Cranial nerves: Nerves arising from brain are called cranial nerves.
Heteronomous metamery: It is the condition where metameres have
grouped together to perform similar tasks.
Segmentation: Metameres are the segments and like wise metamerism is
called segmentation.
Somites: Metameres are also called somites.

12.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Describe the metamerism.
2. Write notes on incomplete metamerism.
3. Differentiate homonomous metamerism from heteronomous

metamerism.
4. What is pygidium?

Long Answer Questions
1. Write an essay on the metamerism in annelids.
2. Describe the various types of metamerism.
3. Write notes on the origin and evolution of metamerism.
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4. Write short notes on:
Pseudometamerism.
Homonomous metamerism.
Corn or fission theory.
Significance of metamerism.

12.7 FURTHER READING

1. Cinquin O (2007). Understanding the Somatogenesis Clock; What’s
Missing, Mech. Dev. 124(7-8) 501-517.

2. Shull, Franklin, George Roger Larue, Alexander Grant Ruthmen (1920).
Principles of Animal Biology.

3. Tautz, D (2004). Segmentation. Dev. Cell 7(3): 301-312.
4. Weisblat DA; Shankland M (1985). Cell Lineage and Segmentation in

the Leech.
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13.0 INTRODUCTION

In Annelida, the larval forms are represented only by Polychaetes and
Archiannelids and the typical larva is called as trochophore. In Oligochaetes
and Hirudinia, the larval stage is passed in egg resemblances the parents in most of
the characteristics i.e. development is direct. The trochophore larva is also
represented in other phyla such as Mollusca, Phoronida, Echinodermata and
Hemichordata.

13.1 OBJECTIVES

After going through this unit, you will be able to:
Occurrence of trochophore larva in different group of invertebrates.
Write down the development of trochophore larva.
Describe the structure of a typical trochophore larva.
Discuss the significance of trochophore larva.

13.2 STRUCTURE AND SIGNIFICANCE OF
TROCHOPHORE LARVA

As soon as gastrulation is completed, the development of trochophore larva
starts. The first quartent of micromeres differentiated into apical place, at the
top of the presumptive end, which further differentiates into cerebral ganglia
and a tuft of cilia. A tuft of cilia develops slightly behind the apical plate and
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is called pototroch. An ectodermal invagination develops in the form of
stomodaeum which is a rudiment of mouth and oesophagus. A similar
invagination called the proctodaeum is formed at the position of blastopore.

The resultant cells by the multiplication of first and second somatoblast
are arranged on the presumptive ventral side of the embryo and form the
ventral plate. Along the ventral side are present the ectodermal cells which
are thickened into ventral nerve cord. The deeply situated derivatives of
somatoblast give rise to mesodermal bands which develops into muscles of
the body wall and alimentary canal.

13.2.1 Studies of a Typical Trochophore Larva
A typical trochophore is free swimming larva. It is ciliated and transparent. It is
oval or pear shaped in appearance. Its anterior end is broad and posterior end is
narrow. The mouth lies on the ventral side at the anterior end and leads into
oesophagus. The oesophagus further bends at right angle to give rise to a bulging
stomach. It leads into a long narrow intestine which opens out through the anus.
Some of the ectodermal cells become thickened above the mouth region to form
a band over which the cilia developed. This band of cilia is called pre-oral band
of cilia or prototroch. Similarly behind the mouth there is an another band of cilia
known as post-oral band of cilia or metatroch. These cilia beat in a regular
manner so as to help the larva in swimming. These cilia give it an appearance of
rotating wheel, hence the larva is known as trochophore larva (Trochos=wheel,
phoros=to bear). In some cases yet another band of cilia may be present encircling
the anus and is called as peri-anal or circum anal band of cilia. At the anterior
most end some ectodermal cells get thickened to form an apical plate which
bears a tuft of cilia. It also bears two eye-spots and the nervous tissue.

Fig. 13.1: A Typical Trochophore Larva

13.2.2 Larval Forms in Polychaeta
Two types of larvae are represented in Polychaeta, one possessing a well developed
blastocoel during the earlier stages of development while the others without a
blastocoel. The former is seen in Pomatoceros where the ectoderm and endoderm
do not touch each other. The another or later type the ectoderm and endoderm
both lie in contact with each other except at the place where mesodermal band is
situated as in Nereis or Neanthes.
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Depending upon the distribution of cilia on the body surface, the larvae are
classified as:

1. Atrochal larva. Definite bands of cilia are totally absent and cilia are
distributed all over the body of larva. Such larvae are rare and
represented by Lumbriconereis.

2. Prototrochal larva. Here there is only one band of cilia i.e., pre-oral
band, infront of the mouth and this larva is represented in the
development of Polynoe.

3. Telotrochal larva. Here the larva possesses the pre-oral and post-oral
bands of cilia, but in addition a ring of cilia present around anus. This type of
larva is seen in Spio and Nephthys.

4. Polytrochal larva. The larva are represented with a number of cilia on the
body between mouth and anal region.

Gastrotrochal larva. The larva is provided with incomplete rings of
cilia on the ventral surface in addition to pre-oral and post-oral bands
of cilia situated anterior and posterior to the mouth respectively.
Amphitrochal larva. It is exactly similar to gastrotrochal larva except
for the appearance that it is provided with incomplete rings of cilia
on the dorsal side.
Nototrochal larva. Here the ciliary bands are present on dorsal side
and are incomplete.

5. Mesotrochal larva. The pre-oral and post-oral bands of cilia are
completely absent, but instead a single or more row of ciliated rings
present in the middle of the body of the larva.

13.2.3 Larval Forms in Archiannelida
The larva is a typical trochophore as seen in Polygordius. It has broad anterior
and narrow posterior end. The apical plate thickening of ectodermal layer at
the anterior end and gives rise to the cerebral gangliaon and eyes. A strong
pre-oral band of cilia is the characteristic feature. A comparatively weaker
band of cilia is present on post-oral portion. There is a pair of mesodermal somites
present at the hinder end and a nephridium. With the advance of metamorphosis
mesoderm gives rise to body segments and the anterior part of larva diminishes in
size and modifies to form head-region.

13.2.4 Trochophore Theory
It is based upon the conservation already developed by Hatschek (1878). He
suggested that the trochophore is a larva of an ancestral from Trochozoon
which was a common ancestor, at least, a few phyla. According to this theory
the trochophore closely resembles a rotifer. However, it is to be noted that
the trochophore is regarded as the recapitulating larva of an ancestor but
there is no palaeontological evidences for this theory.
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13.2.5 Significance of Trochophore
The trochophore larva has much importance since it is found widely in different
groups such as mollusca, bryozoa, turbellaria, nemertinea, annelida etc. It resembles
a lot with the adult rotifers. The early development of the animals of these groups
is quite similar and their trochophore stages are also identical in many respects.
The difference in their development arises after the trochophore stage. The
polychaetes also reproduce asexually by budding. This power is closely associated
with the power of regeneration. In many cases, it has been observed that if the
body is cut in two parts, the anterior part will produce a new hind end, and the
posterior part a new head.

13.2.6 Affinities
The affinities of annelid trochophore can be discussed as follows:

Affinities with Adult Ctenophore

Similarities
o Shape of the body in both the cases is oval or pear-shaped.
o In ctenophore, an aboral sense organ is present which is comparable

with the apical sensory plate of trochophore.
o Sub-ectodermal radiae nerves are comparable in both the cases.
Dissimilarities
o Trochophore possess anus which is absent in ctenophores.
o Cleavage pattern is different in both.

Affinities with Rotifera

The adult rotifer shows the following similarities:
Ciliated bands are present in both.
Position of anus is similar in both the cases.
Presence of nephirdia.
Disposition of brain and sense organs.

Affinities with Muller’s larva of Turbellaria
Muller’s larva of Planocera shows the following similarities:

Position of ciliated bands is similar
Similar position of eye-spots at the aboral end.
Similarity in the development.

Check Your Progress

1. What is the trochophore larva?
2. Draw a labelled diagram of trochophore larva.
3. What is the function of cilia in trochophore larva.
4. Describe the affinities of trochophore larva with adult ctenophore.
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13.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Trochophore is the free swimming larva represented in Annelida (poly-chaetes
and arachiannelids), Mollusca, Echinodermata and Hemichordata.

2. See text.
3. Trochophore larva is ciliated structure and the cilia present in the forms of

pre-oral band of cilia, post-oral band of cilia circum, anal band of cilia,
apical plate. The cilia help in locomotion, in traping food particles, and also
in establishment of kinship with other groups.

4. Both trochophore and adult ctenophore have similar body shape, apical
sensory plate and sub-ectodermal radiating nerves. However, they vary
in their cleavage pattern as well as in presence or absence of anus.

13.4 SUMMARY

In Annelida, the larval forms are represented only by polychaetes and
Arachiannelids and the typical larva is called as trochophore. It is a free
swimming larva. It is oval or pear shaped more or less transparent and ciliated.
Its anterior end is broad and posterior end is narrow. The mouth lies on the
ventral side at the anterior end and leads into the oesophagus. Oesophagus is
connected with broad stomach and narrow intestine which opens out through
anus. The larva is also provided with pre-oral, post oral and circum anal
bands of cilia. The trochophore larva has much significance since it is found
widely in different groups such as Turbellaria, Mollusca, Bryogra, Nemertinea,
and Annelida etc. The affinities of annelidan trochophore have clearly been
observed with adult Ctenophores, Rotifers and Muller’s larva of Turbellaria.

13.5 KEY TERMS

Meta-trochophore: A type of larva developed from the trochophore larva
of a polychaete annelid.
Muller’s larva: It is a larva of some polycladida. It is ciliated and has
several paired and unpaired lobes. The cilia on the lobes are longer
than found on rest of the body.
Planktotrophic: Organisms feeding upon plankton species.
Protonephridia: Protonephridia are a type of nephridia that occur in
invertebrates. They are close to the flame cells.

13.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What animals have trochophore larvae?
2. In which Phylum is the larva trochophore found?
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3. Describe the ciliary bands of trochophore larva.
4. Discuss the feeding habits of trochophore larva.

Long Answer Questions
1. Write an essay on the structure and significance of trochophore larva.
2. Describe the structure of a typical trochophore larva and also discuss

the various larval forms of polychaeta.
3. With the help of labelled diagram describe the structure, affinities and

significance of trochophore larva.
4. What is the evolutionary significance of trochophore larva?

13.7 FURTHER READING

1. Lacalli, T.C., Structure and Organization of the Nervous System in the
Trochophore Larva of Spirobranchus.

2. Loven. Trochophore Larva: Historical Retrospect, Structure and
Affinities.

3. Nezlin, B.L.P. and Voronezhskaya, E.E., Posterior Sensory Organs in
the Trochophore Larva of Phyllodoce Maculate (Polychaeta).

4. Nielson C (2004). Trochophora larva: Cella Lineages, Ciliary Bands.
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UNIT - IV
CHAPTER 14 PRAWN (PALAEMON)
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14.0 INTRODUCTION
Palaemon, commonly known as prawn, is found in fresh water streams, ponds,
rivers etc. It serves as a good example to exhibit the characteristics of class
Crustacea. A large number of species of genus Palaemon are distributed in fresh
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water streams, rivers, lakes, ponds all over India. The common Indian species of
Palaemon are : P. carcinus, P. idas, P. Malcolmsonii, P. rudis and P. lamarrei.
Several species of Palaemon are also found outside India etc. P. jamricensis in
West Indies and P. heterochirus in Mexico, while a number of other species
range over the isles of the Pacific and Australia. Palaemon malcolmsonii which
is studied in most of the Indian Universities is a typical representative of class
crustacea, is described here in detail.

A number of species of Palaemon, such as P. carcinus, P. malcolmsonii
etc., are found in the fresh water streams, ponds etc. of India, Bangla Desh
and distant countries such as West Indies, Mexico and Australia. These animals
generally live in slow-running waters and are bottom-feeders. It walks slowly
at the bottom with the help of walking legs and swims actively at the surface
with the help of pleopods. They are nocturnal in habit and come out in the
night in search of food. The food is generally algae or other water plants and
sometimes, insects i.e., it is omnivorous. P. malcolmsonii breeds in May, June
and July and the females carry eggs attached to their abdominal appendages.

14.1 OBJECTIVES

After going through this unit, you will be able to:
Know the habits and habitat of Palaemon.
Describe the external features including appendages of Prawn.
Discuss the various systems of Prawn (digestive, respiratory, excretory,
nervous, circulatory and reproductive system).
Describe all the systems with the help of labelled figures.

14.2 EXTERNAL MORPHOLOGY AND
APPENDAGES

14.2.1 Shape and Size
Palaemon is a bilaterally symmetrical animal. The body is elongated and
spindle-shaped and is well-adapted for swimming in water. The size of the
adult Palaemon varies considerably in different species. P. carcinus measures
about 75 cm in length (found in Travancore). P. malcolmsonii from Central
India, Tamilnadu and Bengal in about 25-30 cm in length P. lamarrei, common
in lakes and ponds is quite small about 2.5-5 cm. in length. P. vulgaris, a
common prawn of America, measures 30 mm. in length.

14.2.2 Colouration
The embryonic stages of prawn are usually transparent, pale yellow or whitish
in colour. Adult animals of different species are of different colours. It is pale-
yellow or greenish with a brown tinge or with orange-red patches or dull
pale-blue. The preserved animals assume deep orange-red colour on a white
or yellow background.
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14.2.3 Division of Body
The body is divisible into two distinct regions:

I. Anterior, immovable and unjointed cephalothorax.
II. Posterior, movable and jointed abdomen.

Fig. 14.1: Palaemon Malcolmsonii (Lateral View)

Cephalothorax

Segmentation. It is rigid and immovable. It is straight and oval in cross
section. No external segmentation is marked. It is composed of 13
segments. In the embryonic condition, cephalothorax consists of first
14 fused segments and a pre-segmental region. Later on during
development, first segment of the embryo disappears in the adult, while
13 segments remain. There are 13 pairs of appendages in these thirteen
segments. The pre-segmental region is also found in adults and it
possesses a pair of stalked compound eyes.
Exoskeleton. The cephalothorax is covered by a large chitinous shield,
comprises two parts: dorsal shield and the ventral sternal plates.
The dorsal shield further consists of anterior dorsal plate and posterior
carapace but there is no line of demarcation between two. The dorsal
plate is triangular representing the fused terga of the head segments
and it extends forward as a laterally compressed process, the rostrum.
The upper and lower margins of the rostrum are serrated and densely
fringed with setae. At the base of rostrum, on either side, there is an
orbital notch to which movable jointed stalk of the compound eye is
attached. Just below each orbital notch, the dorsal plate bears a
prominant antennal spine. Behind each antennal spine there is a
relatively small hepatic spine.
The carapace covers the thorax dorsally and laterally, and represents
the fused thoracic terga and pleura. On either side of the body, the
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carapace hangs freely as a convex gill cover or branchiostegite. It encloses
a narrow gill-chamber, to house the gills. On the ventral side of head and
thorax are chitinous sclerites called sterna. The sternal plates form the floor
of the cephalothoracic box. The sternal plates of the segments 5-13 are
ventral in position and clearly distinguishable while those of the anterior four
segments are vertical in position due to the cephalic flexure. The anterior
sternal plates include a rod like ophthalmic sternum, from before backwards.
These sternum extends traversely between the eye stalks. A large rectangular
antennular sternum with a bilobed protuberance and a small triangular antennal
sternum or epistome joined to the antennular sternum by a longitudinal rod.
The mandibular sternum is perhaps fused with the epistome and maxillular
sternum with the maxiliar sternum. Close behind the epistome is a large
shield shaped labrum or upper lip. The latter is regarded an outgrowth
and not a sternum.

Abdomen

Segments. The abdomen is rounded dorsally and laterally compressed
and is jointed i.e. external segmentation is clearly marked. It consists of
6 posterior movable segments and a terminal conical structure, the
telson. The telson articulates with the 6th abdominal segment by a pair
of hinge-joints. The abdomen is often turned downwards. Each segment
of the abdomen carries a pair of jointed appendages called pleopods or
swimmerets.

Fig. 14.2: Palaemon. A Diagrammatic Hand Section Passing Transversely Through an
Abdominal Segment to Show the Sclerites.

Exoskeleton. Each abdominal segment is covered dorsally by a convex
sclerite, the tergum and ventrally by the sternum. The tergum extends
downwards on either side as a free flap, the pleuron. The pleuron covers
the base of the appendage of its side, and is connected with it by a small
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sclerite, the epimeron. Pleura of the 2nd abdominal segment are largest
and differ from others in overlapping the pleura of both the Ist and the 3rd
segments. Pleura of the 6th segment are small, do not cover the bases of the
appendages of this segment and are produced into a short backwardly
directed spine each. The adjacent terga and sterna are connected by flexible
arthrodial membranes called the intertergal and intersternal membrane
respectively of uncalcified cuticle. The adjacent terga articulate by a hinge-
joint on either side. However, the hinge joint between the 3rd and 4th
segments are lacking. These joints allow only up and down movement of
the segments. In the abdomen each segment articulates with the other laterally
by pair of hinge-joints made of a ball and socket which permits movement
of a segment on another in a ventral plane, but there is no movement from
side to side.

External Apertures

Mouth is silt-like aperture opening mid-ventrally at the anterior end of the
cephalothorax. It is surrounded by maxillipedes and maxillae. Anus is in the
form of a longitudinal aperture, located ventrally at the base of telson. One
pair of renal apertures open on raised papillae on the inner surface of the
coxa of the antennae. Sexes are separate. Paired female genital apertures
situated at the inner surface of the coxae of third walking legs in female. The
paired male genital apertures are located on the inner surface of coxae of
the 5th pair of walking legs in male. The openings of the statocysts are two
lying one in a deep depression dorsally on the basal segment of each antennule.

14.2.4 Appendages
The appendages of prawn show considerable diversity in structure. In different
regions of the body the appendages are well-adopted for different functions.
All the appendages are biramous (L., bi=two + ramus=branch), except the
first pair which are uniramous (L., uni=one + ramus=branch). These
appendages are homologous as all have the same typical structure and
development.

Appendages appear very different from one another and can be reduced
to a general type of appendage called, stenopodium. A stenopodium consists
of two parts (i) protopodite or sympod or stalk and (ii) rami supported on
the protopodite. The protopodite is a two jointed structure: the proximal
podomere with which the appendage is attached to the body is coxopodite or
coxa, and the distal joint is known as basipodite or basis. The rami are leaf
like structures, the outer one is called exopodite, and inner one is endopodite.
When there is only one ramus the appendage is called uniramous and when
both are present it is a biramous appendage. The first appendage is not
comparable in detail with the others, it is uniramous. Each appendage has a
cuticular exoskeleton which is divided into tube-like segments or podomeres
connected to one another by soft articular or arthrodial membrane, thus, a
joint is created at each junction, these joints enable the podomeres of appendage
to move. In each podomere are two protractor and two retractor muscles
attached to the inner surface of cuticle. Flexion and extension are brought by the
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muscles, with the muscles and cuticle acting together as a lever system. This co-
ordination of muscular and skeletal systems for locomotion is essentially the same
as in vertebrates. The only difference is that in arthropods muscles are attached to
the inner surface of an exoskeleton, whereas in vertebrates the muscles are attached
to the outer surface of an endoskeleton.

There are 19 pairs of appendages which can be studied as follows:

Cephalic Appendages

As in all arthropods, there are 6 segments in the head. On the first, there is a
pair of compound eyes. The cephalic appendages are not serially homologous
with the other appendages, since they arise in a different way. Thus there are
5 pairs of appendages in cephalic region. These are antennules, antennae,
mandibles, maxillulae and maxillae. Of these five pairs of cephalic appendages
the first two i.e., antennules and antennae are pre-oral, while mandibles
maxillulae and maxillae are post-oral.

Antennules. These lie just beneath the eye stalks one on either side.
Antennules are uniramous. Each consists of a protopodite, which is made up
of three podomeres called precoxa, coxa and basis. The basal podomere, the
precoxa is very large and hollow. The precoxa is very large and flattened and
bears on its upper side a depression bordered by setae. On its proximal part,
the depression has an opening of the statocyst covered by small fold of skin.
From the outer margin of precoxa arises a spiny lobe, the stylocerite. The
coxa is short and cylindrical. It bears setae on its inner and anterior borders.
The basis is longer than the coxa and lacks setae. It bears a pair of long,
slender, many-jointed, tapering processes, the feelers, with swollen bases,
which are probably not homologous with the exopodite and endopodite of a
typical appendage. The inner  feeler is unbranched but the outer one is divided
into two unequal branches, the inner smaller branch bearing special olfactory
setae. The feelers bear pulmose setae on the proximal part and spine-like
setae on the distal part. The antennules are tactile in function and its statocyst
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is for equilibrium. Antennules are homologous with the antennae of other mandibulate
classes.

Fig. 14.3:  Palaemon. Cephalic Appendages

Antennae. The antennae belong to third segment, each with one feeler,
situated immediately below and behind the antennules. The protopodite has
two podomeres, the coxa and basis, which opens by minute renal aperture on
the inner margin of coxa. The coxa is small in size. The basis bears two rami:
a long, slender, many jointed feeler with a swollen base and a broad leaf-like
squama. Of these the feeler corresponds to the endopodite and the squama
the exopodite. The penduncle or protopodite is swollen due to the presence
of excretory organ inside it. It consists of a small coxa having the renal aperture
on its inner margin and a relatively large basis bearing a spine on its outer
border. Squama acts as a balancer in swimming, is fringed with setae along its
inner border. Its outer border is smooth terminating in a small spine in front.
The antennae are tactile, excretory and balancing in function.

Mandibles. The mandibles belong to the fourth segment, lie on the
sides of the mouth. They are very stout and highly chitinized. The protopodite
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has two podomeres coxa and basis. The coxa is very large and can be divided
into two parts: proximal, spoon-shaped hollow apophysis, and the distal
solid, head. The head is formed of two processes—a molar process having
5-6 yellow dental plates and a plate like incisor process ending in three teeth.
The basis is small and is inserted over the coxa outside the incisor process.
The endopodite is two jointed and lies over the basis. Each mandible bears
three segmented mandibular palp that arises from the outer border of the
head. The basal segment of the palp represents the basis of protopodite, the
outer two segments represent the endopodite, and the exopodite is absent.
The mandibles are masticatory in function.

Maxillulae. The maxillulae lie just behind the labium or lower lip. These
are small thin, and leaf-like appendages of 5th segment and lack the exopodite
like the mandibles. Coxa and basis are broad, and project inward as
gnathobases or jaws, fringed with stiff spines and setae. Endopodite forms a
curved process bifurcated at the apex, it has small hooks. The maxillulae help
in the manipulation of food.

Maxillae. The maxilla lie behind the maxillulae and are thin, flattened
and delicate leaf-like structures present in the last cephalic segment. Maxilla
are thin and foliaceous like maxillulae but possess exopodite. Coxa is small
and incompletely divided into two representing a fusion of precoxa and coxa.
The basis is large and produced into a forked and strongly setose gnathobase,
the limbs of the fork are called endites. Endopodite is small and unjointed but
the exopodite is large, flattened and fan-like called scaphognathite. It bears
pulmose setae all along its pre-border and projects into the respiratory chamber.
The movement of scaphognathite creates a water current passing over the
gills. It also bears sensory setae along its free margin. The maxillae help in
manipulation and respiration.

Thoracic Appendages

There are 8 pairs of thoracic appendages in prawn. Anterior 3 pairs are called
maxillipedes (Gr., maxilla=jaw + podos=foot) or foot jaws and remaining 5
pairs of paraeopods or walking legs.

First maxillipedes. These are foliaceous. The coxa and basis of their
protopodite extend inwards as two gnathobases, each bearing two rows of
spines on the inner border. On its outer side coxa bears a bilobed leaf like
epipodite which acts as a gill. The endopodite is small and unsegmented. The
exopodite is longer and bears a thin plate-like expansion from its base. The
margin of exopodite and endopodite are fringed with setae. The maxillipedes
help in feeding and respiration.

Second maxillipedes. The second maxillipedes are less  foliaceous than
the first. The protopodite is represented by a coxa, which is short and bears
setae on the inner side and a small epipodite and a gill on the outer border.
Basis is short and is immovably joined with the endopodite which consists of
five podomeres: (i) ischium, (ii) merus, (iii) carpus, (iv) propodus and
(v) dactylus. Last two are bent backwards and inwards and lie parallel and form
a cutting plate with bristles. The dactylus bears spines on its outer border.
Exopodite is long, slender, unjointed and is fringed with setae. The functions
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of second maxillipedes are also the same as those of the first maxillipedes i.e.
to help feeding as well as respiration.

Fig. 14.4: Palaemon. Maxillepedes. A–First Maxillipede. B–Second Maxillipede.
C–Third Maxillipedes.

Third maxillipedes. These are leg-like in appearance but possess same
parts as 2nd maxillipedes. The exopodite is slender, unjointed and beset with
setae at the margins. The coxa bears an epipodite on the outer side and setae
along the inner border. The basis carries outer unsegmented exopodite and
an inner three-jointed endopodite consisting of three podomeres. The
exopodite is thickly covered with setae all along its length. The first podomere
represents fused ischium and merus, the 2nd carpus and the third represents
fused propodus and dactylus. Third maxillipedes are also tactile, food
capturing and respiratory in function.

Walking legs. The 5 pairs of walking legs differ from the maxillipedes
in the absence of exopodite and epipodites. Thus they have two segmented
protopodite and a five segmented endopodite. These 7 segments are arranged
in a row. The fourth pair of legs represent the typical structure. It contains all
the 7 podomeres as coxa, basis, ischium, merus, carpus, propodus and
dactylus.

These podomeres articulate with one another by hinge joints. The bend
between the merus and the carpus is termed as knee. In the first and second
pairs of walking legs the propodus is prolonged distally beyond its articulation
with dactylus and thus forms a long forceps-like structure. Infact, dactylus is
movably articulated to propodus. The structure is called chela or pincer and
the leg is called chelate leg. The chela is covered with setae and bears teeth
on the adjacent edges. The chelate legs are used to catch the prey and transfer
it to the mouth and also serve as the organs of offence and defence. In male
the 2nd pair of chelate legs are larger and more stronger than that of female.

The third, fourth and fifth pairs of walking legs are typical and non-
chelate. In female, each of the third leg bears a crescentic female genital
aperture on the inner side of its coxa, while in male, each of the fifth leg bears
a slit-like male genital aperture on its inner side of the arthrodial membrane
connecting the leg and thorax. The legs are used for holding the food and
transferring it into the mouth. They are also employed for offence and defence.
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Fig. 14.5: Palaemon. Thoracic Legs.

Abdominal Appendages

There are 6 pairs of abdominal appendages. These are collectively called
pleopods or swimmerets. These are biramous and simple appendages and
help in swimming.

Third abdominal appendages. In a typical swimmeret (the 3rd
abdominal appendage) the protopodite consists of two podomeres, a short ring-
like segment devoid of setae is known as the coxa and the basis which is cylindrical,
bears setae on its surface and carries exopodite and endopodite. The endopodite
is a leaf-like structure and gives to a small, rod-like structure, the appendix interna,
with a knob-like head bearing many hook-like processes. In the female, second,
third, fourth and fifth abdominal appendages serve to carry eggs in the breeding
season. The appendix interna of each of these appendages becomes interlocked
with its fellow of the opposite side, thus, leading to the formation of a series of
bridges on the ventral side of the abdomen which serve to carry eggs.
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Differences from the typical swimmeret described above, are to be seen in
the 1st, 2nd and 6th abdominal appendages of male and 1st and 6th of the female.

First abdominal appendages. In these appendages the endopodite is
reduced and appendix interna is absent.

Fig. 14.6: Palaemon. Abdominal Appendages.

Second abdominal appendages of male. These are typical in female but
in male the appendix interna gives out a rod-shaped process on its inner side
called appendix masculina. It is present in between appendix interna and
endopodite. It is covered with setae.

Sixth abdominal appendages. The sixth pair of abdominal appendages,
called uropods, are large and lie one on either side of the telson forming tail-
fin which enables the prawn to take a backward stearing in water. The coxa
and basis fuse together to form a triangular sympod, bearing the oar-shaped
endopodite and exopodite. The exopodite is bigger than the endopodite and
incompletely divided in the middle by a transverse structure. Their margins, except
the outer border of the exopodite, are fringed with numerous setae. The endopodite
is slightly smaller and is undivided. The two uropods with the telson form a fan-like
tail fin which causes the strong and rapid backward spring of prawn in swimming.
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Check Your Progress

1. How many segments are there in the body of Palaemon?
2. What is carapace?
3. Name all the cephalic appendages.
4. Which appendages represent the sexual dimorphic character?

14.3 RESPIRATORY SYSTEM

The respiratory organs in prawn are well developed and are located in the gill
chambers, between the branchiostegite and the thorax. These are:

Branchiostegite or gill cover.
Three pairs of epipodites
Eight pairs of gills or branchiae.

14.3.1 Branchiostegite
Each gill chamber is enclosed between the branchiostegite or carapace on the
outer side and the thoracic wall on the inner side. The gill chambers open on
all sides except dorsally. The inner lining of branchiostegites is thin,
membranous and highly vascular containing minute blood lacunae. These are
constantly bathed in fresh water, thus forming the respiratory surface through
which exchange of gases takes place between blood and water.

14.3.2 Epipodites
These are thin, three paired leaf-like processes which are the outgrowth of
the coxal podomeres of three maxillipedes. These epipodites are full of blood
lacunae and, infact, constitute primitive type of gills. The epipodites lie in the
anterior part of the gill-chamber below the scaphognathites. The epipodites
of first pair are bilobed and larger than the others. Exchange of gases between
blood and lacunae takes place between water and blood in epipodites. Thus
they serve as respiratory organs like primitive gills.

14.3.3 Gills
There are 8 pairs of gills. These arise from the modification of epipodites.
These branchiae or gills lie inside each gill chamber but only seven of them
are exposed at once on the removal of gill cover. The eight gill remains hidden
beneath the dorsal part of the second gill. The branchiae or gills are somewhat
crescentric in form, lie vertically one behind the other in a row and increase in
size from before backwards. The gills are attached by their middle part, being
free in the upper and lower regions. The attached part of the gill is called the
root. The blood lacunae and nerves enter and leave the gill through its root.
According to their attachment, the gills of Palaemon can be distinguished into
three types:
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Fig. 14.7: Palaemon. A Section Through the Cephalothrax to Show the
Two Gill Chambers.

Podobranch or foot gill. When a gill is attached to the coxa of an
appendage, it is called podobranch or foot-gill. In Palaemon one
podobranch is carried by the coxa of each 2nd maxillipede.
Arthrobranch or joint gill. When a gill is attached to the arthrodial
membrane connecting the appendage to the thorax it is called arthro-
branch or joint gill. Each 3rd maxillipede bears two arthrobranches.
Pleurobranch or side gill. When a gill is attached to the lateral wall of
the segment bearing limb, it is called pleurobranch or side gill. The
last five gills on each side are pleurobranch attached to the lateral wall
of the thoracic segments bearing five walking legs.
Branchial formula. The number and position of epipodites and gills

can be illustrated by the branchial formula which is given in the following
table:

Appendage Epipodite Podobranch Arthrobranch Pleurobranch Total

I. Maxillipede 1 — — — 1
II. Maxillipede 1 1 — — 2

III. Maxillipede 1 — 2 — 3
I. Walking leg — — — 1 1

II. Walking leg — — — 1 1
III. Walking leg — — — 1 1
IV. Walking leg — — — 1 1
V. Walking leg — — — 1 1

Total 3 1 2 5 11

Structure of Gill

The gills are almost crescentic or semilunar in shape with a gradual increase
in size antero-posteriorly i.e., each gill is larger than one in front of it. The
dorsal end of each gill projects into the antero-dorsal depression of the gill-
chamber, while its ventral end lies close to the lower margin of the gill cover. Each
gill consists of a central axis or base from which arise two rows of rhomboidal gill-
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plates or lamellae, leaving a deep groove called median longitudinal groove
between the two rows, such a gill is known as phyllobranch. The gill plates found
in the middle of gills are large and gradually become smaller towards both the
ends. Between the two rows of gill plates runs a deep longitudinal groove which
opens into the gill-chamber at both the dorsal and ventral end of the gill. In the
middle of gill arises a small structure called gill-root by which it is attached to the
thorax. Nerves and blood vessels enter or leave the gill through the gill roots.

Fig. 14.8: Palaemon. A–Left Gill-chamber Exposed to Show the Gills.
B–A Phyllobranch.

The base of the gill appears triangular in a cross section. It is made up of
loose connective tissue which is bounded by epidermis and cuticle. There is a row
of epithelial cells in each gill-plates, outside which is a thin layer of cuticle. The
cells are of two types viz, pigmented and transparent alternating with each
other.

Circulation of Blood in Gills

The gills are profusely supplied with blood. Three blood vessels run vertically
in each axis—two lateral longitudinal channels along the two lateral margins
and the third one is the median longitudinal channel which runs through
the apex of gill base below the median groove of the gill. The lateral longitudinal
channels are connected with each other by transverse connective, one of
which, near the gill-root, communicates with the afferent branchial channel
and receives blood from it. Each lateral channel gives a delicate marginal
channel into each gill-plate which runs along the outer margin of the gill-
plate and finally opens into the median longitudinal channel. Afferent branchial
channel brings non-aerated or impure blood from the body to the gills. This
afferent branchial channel opens into a transverse connective lying immediately
against the root of the gill. The blood then flows into both the lateral
longitudinal channels and passes through the marginal channels and reaches
the median longitudinal channel. During this course the blood gets oxygenated.
From the median longitudinal channel of each gill all the oxygenated blood is
carried by an efferent branchial channel to the pericardial sinus and heart.
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Fig. 14.9: Palaemon. A–Blood Supply in Gill Plate.
B–A Diagrammatic Representation of the Ladder of Blood Channels in a Gill.

Mechanism of Respiration

The exopodite of maxilla, called scaphognathite, is so situated that its anterior
end penetrates into gill chamber and the posterior end lies outside. The gill
chamber itself is covered dorsally and laterally but is open ventrally. The
vibrating action of the scaphognathite bales out water from the anterior end
of the chamber and simultaneously pushed a water current movement of the
bales results in continuous entry of fresh water from behind and its subsequent
exit from front. The incoming water current not only passes over the gills,
epipodites but also washes the branchiostegites. The gills and epipodites are
richly supplied with blood and exchange of gases takes place on the surface
of gill and epipodites. The oxygen dissolved in water is taken into the blood
and carbon dioxide passes out. The respiratory pigment, haemocyanin remains
dissolved in blood.

The action of scaphognathite is supplemented by the movement of the
exopodites of maxillepedes. However, the haemocyanin content in the blood
is low, therefore, the major part of oxygen is taken in as simple solution in
plasma. The lining of the branchiostegites, epipodites and gills has very thin
cuticle, containing blood and is constantly bathed with fresh water. Therefore,
the oxygen of the water diffuses into the blood flowing in these respiratory
organs and the carbon-dioxide of the blood diffuses into the water. This
exchange of gases occuring in the respiratory organs is called the external
respiration. The oxygenated blood comes back to the heart and is supplied to
the body where it is supplies oxygen and collects carbon dioxide. This exchange
of gases is called internal or tissue respiration. Oxygen is used by the tissues
in the oxidation of food, and energy is liberated for life activities carbon-
dioxide and water are produced. Water is retained inside the body during
external respiration while the carbon-dioxide is eliminated.
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Check Your Progress

5. Define the term respiration.
6. What are the main respiratory organs in Palaemon?
7. Differentiate epipodites from true gills.
8. What is the branchiostegite?

14.4 CIRCULATORY SYSTEM

In prawn the circulatory system is open or lacunar type, in which the veins
and capillaries are totally absent. The blood vessels (arteries) open into spaces.
These spaces are without a proper epithelial lining and are called lacunae or
sinuses. The sinuses together form the body-cavity which looks like a coelom,
but filled with blood and devoid of epithelial lining, is known as haemocoel.

The circulatory system of Palaemon consists of:

14.4.1 Pericardium
It is a wide spacious thin-walled chamber around the heart lying just below
the dorsal wall of the thorax and above the reproductive organs and
hepatopancreas remains filled with haemo-coelomic fluid. Its floor is in the
form of a thin horizontal septum which is attached in front and behind to the
dorsal body wall and on two sides to the lateral walls of the thorax along the
lateral aspect. The pericardial cavity pumps blood into the heart. It is
incompletely filled with blood which it gets from the channels and passes into
the heart, enclosed within the pericardium.

14.4.2 Heart
The heart is a triangular, muscular structure with its broader base facing
posteriorly and the apex in front. It is found in the pericardial sinus along the
median dorsal part of thorax. It has muscular contractile wall and its cavity is
traversed by several inter lacking muscle fibres, making it spongy in texture.
A median longitudinal strand, the cardiopyloric strand, extending from the
apex of the heart to the dorsal wall of the pyloric stomach, and two lateral
strands, stratching from the lateral angles of the heart to the body wall, support
the heart in the pericardium.

There are 5 pairs of valvular openings, the ostia, in the heart. Each
ostium is a small, slit-like opening and its lips acts as valves allowing blood to
flow only in one direction i.e., from pericardial sinus into the heart and not
vice versa. The first pair of ostia is situated in the mid-dorsal region. The
second pair is found mid-ventrally. The third pair lies on the posterior border.
The fourth pair lie anterio-laterally and the fifth pair posterio-laterally. In a
transverse section, the heart appears like a thick spongy meshwork of muscle
fibres, the small cavities of which represent the cavity of the heart. The cavity
of heart is not continuous but is traversed by a large number of interlocking
muscle fibres.
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Fig. 14.10: Palaemon. Heart Showing Ostia. A–Dorsal View; B–Ventral View;
C–Lateral View.

14.4.3 Pericardial Sinus
In the dorsal part of the thorax a large space is present which contains heart.
Dorsally, it is bounded by the thoracic wall and ventrally by a horizontal
partition, the pericardial septum. This pericardial septum stretches just above
the gonads and hepatopancreas and is attached in front and behind to the
dorsal body wall and on the sides to the lateral thoracic walls. The pericardial
sinus receives blood from the gills by efferent branchial channels and sends it
through the ostia into the heart.

14.4.4 Arteries
The arteries are thick-walled muscular tubes, which arise from the heart and
supply blood to different organs of the body. The oxygenated blood flows
from the pericardial sinus into the heart, when the heart contacts, it pumps
out all its blood into narrow tubes which are thick, strong and muscular are
called arteries. The main arteries are as follow:

Fig. 14.11: Palaemon. Heart and Principal Arteries.

Median Ophthalmic Artery

It arises as a single median cephalic or ophthalmic artery from the apex of the
heart. It runs forward just below the carapace along the mid-dorsal line of the
renal sac between the mandibular muscle. Anteriorly it reaches the roof of the
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oesophagus where it joins the two antennary arteries. It supplies blood to the
oesophagus, cardiac stomach and the head.

Antennary Arteries

A pair of these arteries arise from the apex of the heart one from either side of
the median ophthalmic artery. Each runs obliquely forward along the outer
border of the mandibular muscle. During its course it gives out the following
branches:

Pericardial branch to the pericardium.
Gastric branch to the cardiac stomach, and
Mandibular branch to the mandibular muscles.
Each antennary artery passes forwards and divides into two sub-

branches.
Dorsal branch. The dorsal branch extends forwards for a short distance
and splits into two branches—outer and inner. The outer branch is called
optic artery and supplies the eye of its side. It bends inward to meet its
fellow of the opposite side forming a circular loop-like artery the circular
cephalicus, which gives off a pair of rostral arteries to the rostrum.
Ventral branch. It also divides into sub-branches, one of which supplies
the antennule called antennulary. Second redivides into two: an
antennal artery to antenna, and other renal artery to the renal organ.

Hepatic Arteries

These are also paired arteries, which arise from the heart on the ventro-lateral
sides of the roots of antennary arteries. They ramify in the hepatopancreas, as
soon as they arise.

Median Posterior Artery

It is small but stout artery which arises from the posterio-ventral surface of
the heart and runs backwards. It immediately bifurcates into two branches:

Supra-intestinal artery. The supra-intestinal artery is a slender artery
and passes straight backwards along the dorsal surface of the intestine
extending up to the hind-gut, while it divides into two branches one on
each side of the hindgut supplying blood to the intestine and the dorsal
abdominal muscles.
Sternal artery. The sternal artery is the stoutest of all others. It runs
downwards and forwards through the hepatopancreas and after passing
through an aperture in the middle of the ventral thoracic ganglionic
mass to reach the ventral side, it gets divided into two branches. The
ventral thoracic branch runs anteriorly up to the mouth. It supplies
blood to the ventral thoracic wall and sends paired arteries to the anterior
three pairs of walking legs, maxillipedes, maxillae and maxillulae. The
ventral abdominal branch runs posteriorly upto the anus and supplies
blood to the ventral abdominal region, last two pairs of legs, pleopods
and hindgut, etc. The arteries branch extensively in their organs, forming
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very fine vessels that open into the sinuses. The ultimate branches of the
arteries differ from the capillaries in being open at one end.

14.4.5 Blood Sinuses
The various arteries, on reaching the organs, branch repeatedly into minute
branches which do not form capillaries but end into wide spaces, blood sinuses
or blood lacunae since the veins are entirely absent in Palaemon. All the
blood lacunae of the body collectively form a pair of elongated but ill-defined
ventral sinuses. These lie below the hepatopancreas and above the floor of
thorax. The ventral sinuses communicate with each other at various places.
The two ventral sinuses are inter connected by a number of small connecting
sinuses. Exchange of materials between the blood and tissues takes place
when the blood is flowing through the sinuses. Thus, the blood collecting in
the ventral sinuses is non-aerated and rich in food.

14.4.6 Blood Channels
In Palaemon, there are 6 pairs of afferent branchial channels and 6 pairs of
efferent branchial channels. These channels are lacunar in nature. The
afferent branchial channels run along the inner surface of the thoracic wall
and reach the gills through the gill-roots. Here each channel opens into the
transverse connective. The first afferent channel takes the blood to the
podobranch and two arthrobranches. Remaining five channels supply the blood
to the five pleurobranches. The oxygenated blood from the gills of each side
returns to the pericardial sinus through another series of six efferent branchial
channels which also leave the gills through their gill roots.

Fig. 14.12: Palaemon. Blood Channels in Cephalothorax.

Course of Blood Circulation

The blood is pumped out of the heart into the arteries which carry the
oxygenated blood to all parts of the body due to the rhythmic contraction of
the heart. It can be represented diagramatically as shown below.

14.4.7 Blood
The blood is a thin, watery, almost colourless liquid containing floating
colourless amoebocytes or leucocytes which are phagocytic in nature. The
colour of the blood is faintly bluish, when it is oxygenated. The colour is due
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to the presence of a respiratory pigment i.e., haemocyanin which remains dissolved
in the plasma of the blood. It is a compound of copper and protein. There is also
a lipochrome pigment called zoanerythin in the blood. The blood has the power
of coagulation when it comes in contact with air.

Fig. 14.13: Palaemon. A Diagrammatic Representation of the
Course of Circulation of Blood.

The function of blood are as usual the plasma helps in transportation of
food, oxygen, carbon-dioxide and waste materials to the desired organs. The
corpuscles helps in protecting the animal from microbial invasion. Clotting
prevents bleeding from injured parts.

Check Your Progress

9. What do you mean by open or lacunar type of circulation?
10. How many pairs of ostia are found in the heart of Palaemon.
11. Explain the blood sinus.
12. What is the colour of blood of Palaemon?

14.5 DIGESTIVE SYSTEM

The digestive system comprises, alimentary canal and digestive glands.

14.5.1 Alimentary Canal
The alimentary canal is complete and straight tube-like structure of varying
diameters. It communicates with the exterior in front by mouth and behind
the anus. It comprises:

Foregut or stomodaeum
Midgut or mesenteron
Hindgut or proctodaeum
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Fig. 14.14: Palaemon. Alimentary Canal in Lateral View.

Foregut

The foregut comprises the mouth, buccal cavity, oesophagus and stomach.
Foregut is ectodermal in origin hence it is internally lined by ectoderm and
cuticle.

Fig. 14.15: Palaemon. V.L.S. of the Foregut.

Mouth. The mouth is large slit-like aperture situated on the ventral side of
the head below the anterior end between third and fourth segments. It is
bounded anteriorly by a shield shaped labrum or upper lip, laterally by the
incisor processes of mandibles and posteriorly by a thin labium or lower
lip or metasoma having two lobes, the paragnathae. Mouth leads into the
buccal cavity.
Buccal cavity. The buccal cavity is small, vertical antero-posteriorly
compressed chamber with irregularly folded thick chitinous lining. The
molar processes of mandibles project into it and lie opposite each other
for mastication of food.
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Oesophagus. The oesophagus is a short, wide, vertical tube joined with
the buccal cavity and stomach. Its inner wall is muscular and is produced
into four longitudinal folds projected inside the lumen: an anterior fold which
is short, a posterior fold and two lateral folds, which are large and more
prominent. Each of the lateral folds are sub-divided into two smaller unequal
folds.

Fig. 14.16. Palaemon. T.S. of Oesophagus.

The internal cuticle of oesophagus is covered with various bristles. The
oesophagus leads above into the stomach by a wide aperture. The
posterior and lateral folds of the oesophageal wall extend into this
aperture and together serve as a valve to check the return of food from the
stomach into the oesophagus.
Stomach. It is a spacious chamber which occupies most of the
cephalothoracic region. It is surrounded ventrally, laterally and
posteriorly by hepato-pancreas. The stomach is divided into two parts.
(A) Cardiac stomach and (B) Pyloric stomach. Both parts are saperated
by a number of valves.
Cardiac stomach. It is the anterior sac-like part of the stomach in

which the layer of cuticle on the inner surace is raised into many fine and
indistinct longitudinal folds which bear fine bristles. The wall of stomach is
supported by a number of cuticular plates embedded in its internal lining.
These plates are as follows:

Fig. 14.17: Palaemon. Floor of Cardiac Stomach.
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Circular cuticular plate is present in front of oesophageal aperture forming
its anterior wall.
Lanceolate plate is embedded mesially in the roof of the stomach just
behind the circular plate.
Hastate plate is a triangular plate embedded in the middle of floor of
stomach. This plate has a median ridge on the sides of which it
progressively becomes thinner towards the margins. The posterior part
of the plate becomes thinner backwards. Its upper surface is covered
with a thick growth of delicate setae. The posterior broad margin is
depressed and fringed with setae to form the anterior valve of the cardio-
pyloric aperture. The lateral margins of the hastate plate are supported
by two circular supporting rods. A narrow lateral groove runs along
the outer border of each supporting rod.

Fig. 14.18: Palaemon. Floor of Cardiac Stomach Cut Across, the Hastate Plate.

Groove plates form the floor of lateral grooves and are in the form of open
drain pipes.
Combed plate. Each lateral groove on its outer side is supported by a long
ridge plate or combed plate. The two combed plates are united anteriorly
but remain separate posteriorly by cardio-pyloric apertures. The inner border
of each combed plate is beset with a row of long delicate bristles which
bridge over the lateral groove and partially overlap the lateral margins of the
hastate plate. The bristles remain in constant movement. Each lateral groove
has at its floor a groove plate having the form of an open drain pipe.
Just outside the combed plates, the wall of cardiac stomach is folded on

each lateral side to form guiding ridges or lateral longitudinal folds. These
ridgs are low in front but gradually increase in high behind, but posteriorly the high
walls of these folds bend inwards over the cardiopyloric aperture, forming lateral
valves. Thus these valves guard the passage of food towards the cardio-pyloric
aperture.

The cardio-pyloric aperture is narrow x-shaped and is guarded by four
valves. The anterior valve is formed by the low lying posterior triangular area
of hastate plate. The lateral valves by the large flap-like posterior ends of
guiding ridges and posterior valve by a semi-lunar fold of posterior wall of
cardiac stomach. The opposed margins of the valves bears a dense fringe of setae
that acts as a sieve, permitting fluid or very fine food particles to pass into pyloric
stomach. The cardio-pyloric aperture leads into the pyloric stomach.
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Pyloric stomach. Pyloric stomach is a short, narrow chamber. It is the
posterior part of the fore-gut situated below the posterior end of the cardiac
stomach. Its lateral walls are thick and muscular and project into the lumen as
thick, longitudinal folds dividing it into a dorsal and a ventral chamber. These
two chambers are connected by a narrow vertical passage. The lateral grooves
on the sides of the hastate plate open behind into the ventral pyloric chamber.
The cuticular lining of the ventral chamber of the pyloric stomach is also
thickened at certain places to form plates.

Fig. 14.19: Palaemon. Structure of the Pyloric Stomach (Left Wall Removed).

There is a pair of thin triangular plates on the anterior wall. These plates
extend vertically downwards from the posterior end of the hastate plate. The
floor of the ventral chamber is elevated into a median longitudinal ridge so as
to form two lateral compartments. The floor is provided with an ‘A’ shaped
filter plate or pyloric filter. It bears a series of longitudinal ridges having
bristles and grooves. Thus, an efficient strainer or filter is formed, which
allows only liquid food through it. Just behind the filter plate, the ventral
pyloric chamber receives a pair of hepatopancreatic duct. At the posterior
end of the chamber just behind the pyloric filter, there is a pair of small openings
by which digestive juice from the hepatopancreatic duct is poured into the
pyloric stomach. These openings are provided by posteriorly directed setae,
which act as valves to control the direction of the flow of the secretion.

Fig. 14.20: Palaemon. A–T.S. of the Pyloric Stomach; B–Part of the Pyloric Filter.

The dorsal chamber gives out a small blind caecum dorsally and opens into
the mid-gut. The junction of dorsal chamber and midgut is guarded by the median
dorsal and two lateral groups of elongated setae The setae project into the intestine
and serve as a valve to present regurgitation of food from the intestine into the
pyloric stomach.

Midgut or Mesenteron

The midgut is a long, narrow, straight and slender tube running back along
the median line above the mass of the ventral abdominal muscles upto the
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sixth abdominal segment. The internal lining of midgut is formed by epithelium
which in the posterior part is thrown into many longitudinal folds thus greatly
reducing its lumen.

Fig. 14.21: Palaemon. T.S. of Midgut.

Hindgut or Proctodaeum
It is the last part of alimentary canal which is internally lined with cuticle. The
hindgut extends from the posterior end of the midgut to the anus and forms
the shortest portion of the alimentary canal. Its anterior enlarged muscular
part is called the intestinal bulb and the posterior less wide part is the rectum.
The rectum bears several thick longitudinal folds which project into the lumen
of the hindgut. It opens out through the anus which is placed at the base of
the telson.

Fig. 14.22: Palaemon. T.S. of Hindgut.

Anus

It is a longitudinal slit with tumid lips situated on a raised papilla on the ventral side
of the anterior part of the telson. It is surrounded by circular and radial muscle
fibres.The circular muscle fibres forms a sphincter to close. The anus while the
radial muscle fibres forms a dialating device to open the anus during defaecation.
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Histology
The wall of midgut consists of 4 layers. Beginning from inside, these are

An epithelial layer of tall columnar cells resting on a basement membrane,
having small basal or replacing cells.
A thin layer of circular muscle fibres.
A thick layer of longitudinal muscle fibres enclosing a plexus of blood lacunae.
A connective tissue sheath.
The rectum also has the same layers except that its epithelial lining is

covered by cuticle and there is an additional layer of longitudinal muscle
fibres inside the circular muscle fibres. A hepatopancreatic tubule is lined by
columnar epithelium resting on a basement membrane and having four kinds
of cells—granular cells, hepatic cells with fat globules, ferment cells and basal
or replacing cells. The epithelium is surrounded by connective tissue or tunica
propria having circular and longitudinal muscle-fibres.

14.5.2 Digestive Gland
The hepatopancreas is a large and physiologically very important gland. It
occupies a considerable area of the cephalothoracic cavity. It consists of a
pair of orange-red coloured compact glandular lobes lying close to each other
surrounding the cardiac stomach and has a massive appearance. It is a racemose
gland which arises as a pair of tubular outgrowths from the midgut. These
outgrowths grow, divide and redivide, thus forming a compact network which
is held together by connective tissue.

The wall of each tubule forming the gland is made up of four layers: the
inner most layer of epithelial cells, a thin basement membrane on which
epithelial cells rest and the outer most layer or tunica properia formed of a
network of connective tissue and muscle fibres. The epithelial layer has four
kinds of cells (i) Hepatic cells which are columnar shape and with their
cytoplasm filled with fat droplets (ii) Granular cells (iii) Irregular scattered
ferment cells and (iv) Basal or replacing cells. The canal of numerous tubules
unite together at intervals forming larger and larger canals, finally forming
the two large hepatopancreatic duct which open into the ventral chamber of
pyloric stomach just behind the pyloric filter plate, one on each side.

The hepatopancreas performs following functions:
It secretes enzymes for digestion of carbohydrates, fats and proteins.
It serves to store glycogen, calcium and fat.
It helps in absorption of digested food material.

14.5.3 Food and Feeding
Palaemon is omnivorous, feeding upon aquatic weeds, algae, mosses, insects
and debris of bottom. It feeds at night. The chelate legs, aided by the third
maxillipedes, capture and convey the food to the mouth. The gnathobases of
the maxillulae, maxillae and maxillepedes also transfer small food particles to
the mouth. The coxae of the second maxillipedes hold the food, while the
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incisor processes of mandibles cut it into smaller pieces which are swallowed with
the help of maxillipedes, maxillulae and maxillae. Inside the buccal cavity the molar
processes of mandibles crush the the food by working against each other. The
masticated food passes into the cardiac stomach by peristaltic action of the
oesophageal wall. Passage of food into the stomach is also assisted by the sucking
action of the stomach which contracts and expands as the prawn feeds.

14.5.4 Digestion
From the cardiac stomach the smaller food particles are passed on to the
pyloric stomach. The digestion of food starts in the cardiac stomach where
the hepatopancreatic juice from the pyloric stomach ascends up and mixes
well with the food. The juice comes through the hepatopancreatic duct into
the ventral pyloric chamber, where it passes into the cardiac stomach by the
way of cardio-pyloric aperture and lateral groove. The juice contains
amylolytic, lipolytic and proteolytic enzymes that digest the starches, fats and
proteins respectively. Due to the alternate expansion and contraction of
stomach wall the food is well churned. While passing over the hastate plate
the food particles are still reduced to minor pieces so that the food is converted
into a paste. This paste is filtered through the bristles of combed plate and is
carried to the pyloric stomach.

The food in the semi-liquid and semi-digested condition is carried into
the ventral chamber of pyloric stomach. The digested and liquified food is
filtered through the pyloric filter and it again enters the hepatopancreas through
the hepatopancreatic ducts and then becomes absorbed. The hepatopancreas
serves for digestion as well as for absorption. The residual food material,
consisting of undigested particles, passes on to the midgut and the remaining
digested food is absorbed in the midgut. The undigested faecal matter pass
on to the posterior side of the hindgut and ultimately expelled through the
anus.

14.5.5 Absorption
Absorption of food takes place in the hepatopancreas and the intestine. The
major part of the food for absorption passes into the hepatopancreas through
hepatopancreatic duct, and a small part gets access into the intestine via dorsal
pyloric chamber. The large undigestable food particles left over the pyloric
filter are passed upward into the dorsal pyloric chamber from where they go
to the intestine. They gradually pass backwards in the intestine by peristalsis
and finally reach the rectum. Here they change into faeces by absorption of
water from them and are eliminated out.

Check Your Progress

13. What are the different parts of alimentary canal in Palaemon?
14. What do you mean by hepatopancreas?
15. Define the hastate plate.
16. Which part of the stomach is membranous and least muscular?
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14.6 NERVOUS SYSTEM AND SENSE ORGANS

The nervous system of prawn is similar to that of earthworm in many respects. It
consists of:

Central nervous system
Peripheral nervous system
Autonomic nervous system.

14.6.1 Central Nervous System
The central nervous system includes a pair of cerebral ganglia, a pair of circum-
oesophageal commissures ventral thoracic ganglionic mass and a double ventral
ganglionic nerve cord.

Cerebral or Supra-oesophageal Ganglia

The cerebral ganglia is a bilobed structure situated at the base of rostrum in
front of the oesophagus. It is embedded in a thick mass of fat and fused to
form a white bilobed mass, the brain. It is formed by the fusion of several
ganglia as it appears from the fact that several nerves arise from it to innervate
the eyes, antennules, antennae and labrum etc. However, from the segmentation
point of view it is supposed to be formed of protocerebrum, paired optic
ganglia, mesocerebrum and metacerebrum.

Circum-oesophageal Commissure

There are two stout nerves, which arise from the posterior end of brain and
run backwards and downwards around the oesophagus. These unite ventrally
with the sub-oesophageal ganglia which form the indistinguishable anterior
part of the ventral thoracic ganglionic mass. Each commissure bears a small
commissural ganglion near its anterior end, and gives off small nerve to the
mandible of its side. It is called mandibular nerve. The two circum-oesophageal
commissures are connected with each other by a slender transverse
connective near the posterior end.

Ventral Thoracic Ganglionic Mass
The ventral thoracic ganglionic mass is an elongated oval structure situated
immediately above the thoracic sternal plates in the mid-ventral line. It is a
composite mass which is formed as a result of fusion of the eleven pairs of
ganglia. It gives off eleven pairs of nerves on the lateral sides. The first three
pairs are of cephalic nerves, supplying the mandibles, maxillulae and the
maxillae respectively. The last eight pairs are of the thoracic nerves, of which
the first three pairs give off branches to the three pairs of maxillipedes
respectively and the remaining five pairs supply the five pairs of walking legs.
Each nerve before entering the leg gets bifurcated.

Ventral Nerve Cord

The ventral thoracic ganglionic mass is continued posteriorly into the ventral
or abdominal nerve cord. It lies in the mid-ventral line of the body just above



NOTES

Prawn (Palaemon)

Self-Instructional
             Material   289

the sternal plates. The ventral nerve cord is actually double but due to fusion
it has lost its double nature. It runs posteriorly along the the mid-ventral line
of the abdomen up to the last segment.

Fig. 14.23: Palaemon. Nervous System in Dorsal View.

In each abdominal segment there is an abdominal ganglion. The ventral
nerve cord and the abdominal ganglia are double. Each of the first five
abdominal ganglia gives of three pairs of nerves in its segment, (i) a pair of
pedal nerves supplying the pleopods, (ii) a pair of nerves to the extens or
muscles of its segment, (iii) a pair of nerves to the flexor muscles of the
succeeding segment. The last abdominal ganglion or stellate ganglion is larger
than others due to having several post-abdominal ganglia fused with it. This
ganglion supplies two pairs of nerves to the flexor muscles of the sixth segment,
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two pair of nerves to uropods, two pairs of nerves to the telson, and a single
median nerve to the rectum and hindgut.

14.6.2 Peripheral Nervous System
It is formd by the paired nerves which arise from the various parts of central
nervous system.

Five pairs of nerves arise from brain or cerebral ganglia are:
o Antennulary nerves. A pair of antennulary nerves arise from below the

origin of optic nerves. They are stout and leave the brain antero-ventrally.
Each nerve enters the antennule of its side into two branches—inner and
outer. The inner branch innervates the three feelers by three separate
branches. The outer branch innervates the muscles of the antennular stalk
and sends one branch, the statocystic nerve, to the statocyst.

o Optic nerves. A pair of stout optic nerves arise from the dorsal surface
of the brain, one on each side, and supply the eye-stalks. They extend
outwards and forwards through the eye-stalks and innervate the retinal
part of the eyes. Each nerve bears an optic ganglion on it.

o Opthalmic nerves. A pair of opthalmic nerves arise from the brain,
one on each side and supply the occular muscles in the eye-stalks.

o Antennary nerves. A pair of stout antennary nerves originate from
the ventral surface of the brain just behind the antennulary nerves.
Each nerve divides into the branches, the outer innervating the squama
and the inner innervating the feeler of antenna.

o Tegumental nerves. A pair of slender tegumental nerves arise just behind
the origin of antennary nerves. These nerves innervate the labrum.

Mandibular nerve. It arises from the outer side of each circum-oesophageal
connective and supplies the mandible of its side.
Nerves from cephalothoracic ganglionic mass. 11 pairs of nerves are
given out from the mass.
o Mandibular nerves for mandibles.
o Maxillulary nerves for maxillulae.
o Maxillipede nerves. There are three pairs of maxillipede nerves which

supply to maxillipedes.
o Peraeopod nerves. These are 5 pairs in number and supplying to the

walking legs.
Nerves from abdominal ganglia. Each of the first four abdominal
ganglia gives off following pairs of nerves in each segment.
o Pedal nerves. A pair of pedal nerves to pleopods.
o A pair of nerves to the extensor muscles.
o A pair of nerves to the flexor muscles of the succeeding segment.
o The Vth abdominal ganglion sends two pairs of nerves to the flexor

muscles of sixth segment, two pairs of nerves to the uropods and
two pairs of nerves to telson.
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14.6.3 Autonomic Nervous System
The autonomic nervous system comprises a few small ganglia and nerves. A
small nerve arising from the mid-posterior part of the brain, bears two visceral
oesophageal ganglia, lying one behind the other. The first ganglion is jointed
with the two commissural ganglia by a pair of connectives. A slender median
nerve originates from the sixth abdominal ganglion and branches over the
hind gut.

Histology

Both neurons and fibres are present in the central nervous system. The neurons
are confined to the ganglia and the fibres to the connectives only. The nerve
supplying the eyes, antennules and antennae have both afferent fibres emanating
from the receptor cells of these organs and efferent fibres going to their
muscles. The remaining nerves are formed mainly of afferent fibres. In the
nerve-cords there are four giant fibres—two dorsal and two ventro-lateral.
They form synapses with the motor cells in the ganglia of the nerve cord and
are capable of more rapid impulse conduction than the ordinary (small) nerve
fibres. The dorsal giant fibres starts from the brain and through the circum-
oesophageal connectives it extends into the nerve-cord. They conduct impulses
backward and are responsible for the sudden back-darting of the prawn. The
ventro-lateral giant fibres start from the last abdominal ganglion and conduct
impulses forward.

14.6.6 Sense Organs
The sense organs of Palaemon are:

Statocyst
Olfactory setae
Tectile setae
Compound eyes.

Statocysts

A statocyst lies attached to the dorsal wall of the precoxa of each antennule
and opens through an aperture on the dorsal concave surface. Each aperture
is covered by a fold of skin. A statocyst is a subspherical small, white, hollow
cuticular sac about 11/2 mm wide. Each statocyst is supplied by the statocystic
branch of antennulary nerve. The base of each statocyst is slightly depressed
and the neck opens to the outside by a minute aperture situated on the concave
roof of the precoxa of antennule. The opening is covered by a small fold of
integument.

The cavity of the capsule possesses a heap of sand particles lined by a
number of delicate elongated statocystic setae. Each seta consists of a swollen
base and a long shaft. The base movably articulates with the wall of the sac
by means of an arthrodial membrane and receives a fine branch from the statocystic
nerve. The shaft is bent about the middle of its length. The bent portions points
towards the centre of the oval ring and is fringed with fine bristles.
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Fig. 14.24: Palaemon. A–Precoxa of Antennule Showing Statocyst in situ.
B–T.S. of Statocyst. C–A Single Receptor Seta (Highly Magnified). D–A Tactile Seta

(Tangoreceptor). E–An Olfactory Seta (Chemoreceptor).

The statocysts are the organs of orientation and equilibrium. In the normal
swimming position. The sand grains lie on the floor of the statocyst under the
influence of the force of gravity. When the body of  swimming prawn gets tilted to
one side it causes the displacement of sand particles in the same direction. This
presses the sensory setae and stimulates them. The stimulated setae transmit this
feeling to the brain through the nerves and the prawn knows about its position and
balances itself accordingly. In moulting of prawn, the lining of the statocyst and its
statoliths are cast off and then renewed.

Olfactory Setae

These are also known as aesthetases and are found in a longitudinal groove
on the small middle feeler which lies between the two feelers of each antennule.
Each seta consists of a basal segment or shaft and is attached segment of
blade. Shaft is hollow and is attached to the integument while the later (blade)
is free and bluntly rounded and is covered with a thin membrane. An olfactory
seta has two segments—proximal and distal. The proximal segment movably
articulates with the feeler by a flexible membrane and receives a nerve fibre
from the olfactory branch of the antennulary nerve.

Tactile Setae

These are situated on the elongated feeler of the antennae and other parts of the
body, especially on the appendages. Each tactile seta is a hollow cuticular outgrowth
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containing a slender prolongation of the ectoderm and the muscle fibres are also
supplied with a nerve fibre and consists of two segments. Each seta consists of a
swollen base or shaft and a distal segment or blade with its central axis. The
blade is tapering and slightly inclind distally and has two rows of barbs. The tactile
setae are sensitive both to the surface as well as water current but get stimulate
only when moved and not on being touched.

Compound Eyes

There is a pair of compound eyes, which are black and hemispherical. Each eye is
situated at the base of short, movable and two jointed stalk. Each eye is contained
in an orbital notch of the rostrum. Each eye stalk consists of two segments—the
short ring-like proximal segment attached to the integument by a flexible membrane
and a long cylindrical distal segment bearing the eye at its free end. Each eye is
actually a composite structure being composed of a large number of structural and
functional visual units called ommatidia or ocelli lying radially. There are about
2500 such ommatidia in a compound eye. The surface of the eye is roughly
hemispherical and is divided into a large number of small square facets. Each facet
corresponds to a single ommatidium. All the ommatidia are similar, displayed radially,
lying side by side and separately by a dark pigment cells. Each ommatidium consists
of following parts:

Fig. 14.25: Palaemon. A–Compound Eye; B–A Diagrammatic L.S. of Compound Eye
Showing Arrangement of Ommatidia.

Cornea. The eye is protected externally by a transparent covering of cuticle
known as cornea. It is distinguished into facets like those of graph paper.
These facets are thickened in the centre to give them the appearance of a
biconvex lens. Thus each cornea facet behaves like a lens and shed off at
the time of moulting, and again secreted by the underlying cells.
Corneagen cells. These are flat, one pair, and of epidermal in origin. They
secrete a new corneal layer at the time of ecdysis.
Cone cells. Beneath the corneagen cells lie four elongated cone cells or
vitrellae, which constitute a transparent, retractile homogenous crystalline
cone which works like a second lens. The inner ends of cone cells are long
and tapering.
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This part of the eye from the cornea to the posterior end of the cone cells is
called dioptrical region as it is concerned with the focusing of the light on
the underlying region known as receptor region.
Retinal cells. The cone cells are followed by a group of seven elongated
cells forming the proximal part of the axis of an ommatidum. These
cells are elongated and provided with distally placed dilations having
nuclei.
Rhabdome. The inner ends of cone cells lie upon an elongated, spindle-
shaped, transversely striated structure known as rhabdome. It is
secreted and surrounded by a group of seven elongated retinal cells.
The inner end of the rhabdome is supported by a basal membrane beyond
which it is continuous with the nerve fibres. The rhabdome and retinal
cells form the receptor region.

Fig. 14.26: Palaemon. A–Three Ommatidia in L.S. (Semi-Diagrammatic);
B–T.S. of an Ommatidium Through Cone-Cells;

C–T.S. Through Basal Ends of Cone-Cells;
D–T.S. Through Retinal Cells and Rhabdome.

Basement membrane. It is the innermost layer of a thin fenestrated
membrane that marks the internal boundary of the ommatidia in a
compound eye. The ommatidia are innervated by the optic nerve fibres,
coming from optic ganglia, through fenestrae in the basement membrane.
The retinal cells and rhabdome upto the basement membrane constitute the
receptor region, its function is to receive the light rays focussed by the
dioptrical region.
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Nerve fibres. The ommatidia are innervated by nerve fibres of the optic
ganglion.
Each omatidium is cut off from its neighbouring ommatidia by a sheath

of dark pigment formed by the surrounding amoeboid chromatophores which
are arranged in two groups. The two sets of these pigmented cells: the iris
pigmented cells forming the iris sheath, round the dioptric region, and the
retinal pigmented cells that form the retinal sheath round the receptive
region. The amoeboid pigment cells take up different positions according to
the changes in the intensity of light.

Working of the Eyes

The eye of prawn is so constricted that while it can swiftly spot out moving
objects and is an efficient photoreceptive organ, it can neither focus properly
nor can form a good clear image. Mounted on a movable stalk, it can move
on the head and gives the animal almost 3600 vision. Thus the working of the
compound eye is very complex. In the formation of an image, several adjacent
ommatidia take part and light enters through them. Each ommatidium of the
compound eye produces a separate image of an object present just infront of
it. Therefore, the image formed of an object by this eye consists of several
pieces contributed by many adjacent ommatidia just like a mosaic-art net.
That is why it is called a mosaic vision. The nature of the image depends
upon the intensity of light. In diurnal crustaceans the compound eyes are adapted
for bright light and it produces an apposition or mosaic image. But in nocturnal
forms, like Palaemon, it is adapted for seeing in weak light and supraposition
image is formed.

Apposition image. In bright light the pigment cells spread in such a
way that they completely separate optically one ommatidium from adjacent.
No light can pass through the chamber walls from one ommatidium to the
other. In this condition the rays of light, which strike the cornea obliquely are
absorbed by the pigment cells without producing a visual effect. Only those
rays of light, which pass directly through the centre of cornea, can travel
through the ommatidium and reach the rhabdome to form an image of a part
of object. As a result the complete image formed is a mosaic of several
components, places in juxtaposition. Such an image is called apposition image,
in which the rays are received simultaneously by distinctly separate visual
elements i.e., ommatidia and the image is made up of several components
placed in juxtaposition. Such an image is called apposition image. The
sharpness of the image depends upon the number of ommatidia involved and
the degree of their isolation from one another, the larger number of ommatidia and
more complete their isolation from one another, results more sharper image.
However, an eye adapted for this type of image formation functions best at short
distances only. It is, therefore, most of the arthropods are short sighted, and such
arthropods are usually night blind eg., butterflies.
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Fig. 14.27: Palaemon. Diagrammatic Representation of Image Formation by a
Compound Eye. A–Apposition or Mosaic Image; B–Superposition Image.

Super-position image. In the weak light, the pigment cells migrate partly
towards the outer and partly towards the basal ends of the ommatidia. When this
is the condition, even the oblique rays of the source of light are capable of forming
a point of image, after passing through a number of ommatidia. Thus a combined
image is thrown on the retinular layer. In this way, an erect superposition image is
formed as the rays refracted by several crystalline cones are superimposed on the
focus of retina. In this case, the vision is not distinct but the animal is able to have
some sort of idea of its surrounding objects specially of their movements. In some
insects, like fire-flies and some moths, the eyes are permanently set in the way that
they are adapted for vision in the dim light i.e., at night they are day-blind e.g.,
moths fireflies. It is probable that the Palaemon like most of the arthropods can
adjust its eyes so as to form both the types of images according to the intensity of
light available.

Check Your Progress

17. How many ganglia are there forming CNS in Palaemon?
18. How many pairs of nerves are coming out from fused thoracic

ganglionic mass?
19. What is statocyst?
20. Write down the number of ommatidia present in the compound eye.

14.7 EXCRETORY SYSTEM

The excretory system of adult Palaemon consists of a pair of antennary or
green glands opening at the base of the antenna, a median sac termed as
renal sac maxillary glands opening at the base of maxillae. Generally one gland
function at a time in one animal. One gland may succeed the other during the life
history. In most crustacea antennary glands are found in the larva, while maxillary
glands are functional in adult, but in decapoda antennary glands are functional in
adult and they sometime use the maxillary gland during larval period.
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Fig. 14.28: Palaemon. Excretory Organs in Dorsal View.

14.7.1 Antennary or Green Glands
The antennary glands are opaque white organs of the size of a pea-seed or
gram-seed are enclosed inside the coxae of each antenna. Each gland consists
of 3 parts:

End sac

It is a small bean-shaped structure lying in between the labyrinth and bladder.
Its cavity contains a large blood-lacuna and communicates with the labyrinth
by a single aperture. Its wall is produced internally into folds and consists of
two layers, outer thick layer of connective tissue with a number of small
blood lacunae, and an inner thin layer of excretory epithelium. The cells are
large with finely granular cytoplasm and rounded nuclei. The cavity of end-
sac contains a large blood lacuna and communicates with the labyrinth by a
single aperture.

Labyrinth

The labyrinth or glandular plexus is quite larger in size than the end sac and lies on
its outer side. It is a mass of highly convoluted and extensively branched excretory
tubules. The latter one held together by connective tissue that contains a network of
blood-lacunae. The tubules open, on one side, into the end-sac by an aperture and
on the other side, into the bladder by several apertures.

The wall of each excretory tubule is formed of a single-layered excretory
epithelium whose cells have spherical nuclei and striated border. Each tubule has a
small lumen while the intertubular spaces between adjoining tubules and filled with
connective tissue containing blood lacunae.



NOTES

Prawn (Palaemon)

Self-Instructional
298 Material

Fig. 14.29: Palaemon. Antennary Gland in Section.

Bladder

The urinary bladder is a thin-walled sac which consists of a single layer of
excretory epithelial cells. It is situated on the inner side of the end-sac.
Internally, its inner wall is continued as a short, excretory duct or ureter,
which opens to the outside by a small renal or excretory aperture located on
a papilla on the inner side of the coxal podomere of the antenna and in front
of the labrum. The wall of the bladder consists of a single layer of epithelial
cells resembling closely those of the excretory tubules.

From the bladder, a narrow lateral duct runs posteriorly along the
oesophagus. The lateral ducts of both the sides are joined by a transverse
connect ive. These lateral ducts open into an elongated renal or
nephroperitoneal sac.

14.7.2 Renal Sac or Nephroperitoneal Sac
It is a large median elongated sac lying just beneath the dorsal shield. It covers
the entire cardiac stomach and reaches the gonads posteriorly. Anteriorly it
communicates with bladder of each side by the lateral duct. The wall of renal
sac is made up of a single layer of flattened excretory epithelial cells.

Physiology of Excretion

The antennary glands perform two functions, excretion and osmoregulation.
These glands are complex nephridia-like and extract nitrogenous waste
products and excess of water from the blood in the same manner as the
vertebrate kidney do. These glands are richly supplied with blood so that by
ultrafilteration, the water and dissolved substances are passed into the end
sac. The filterate passes into the labyrinths. Where selective reabsorption takes
place. The useful substances are pass back into the blood. The remaining
fluid, better to say the urine is first collected in the urinary bladder and then
expelled outside through the renal apertures. The urine contains water, excess
salts and nitrogenous wastes. The nitrogenous wastes consists mainly
ammonium compounds (about 60%) but some urea and some amino acids are
also present.
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14.7.3 Osmoregulation
Palaemon is a fresh water crustacean so that due to higher salt concentration
of body the surrounding water continually diffuses into the blood through
highly permeable gills. Excessive water is eleminated along with nitrogenous
wastes that is why the urine of prawn is hypotonic.

Ecdysis bring about excretion in young stages of prawn. The thick
chitinous layer of the integument consists of non-living nitrogenous product
which is get rid by moulting.

14.7.4 Integument
The integument is also regarded as an organ of excretion in young stages.
The non-living nitrogenous wastes are deposited over the integument, which
is cast off now and then during ecdysis.

Check Your Progress

21. Define the term excretion.
22. What are the excretory organs in Palaemon?
23. What is renal sac?
24. What are the main excretory products in Palaemon?

14.8 REPRODUCTIVE SYSTEM

The sexes are separate and there is a well marked sexual dimorphism. The
males and females differ in several respects.

The males are larger than females.
Males have thoracic legs more closely arranged than in the females.
Males have narrower abdomens than those of the females.
The second pair of chelate legs in males are longer and have a thicker
covering of setae and spines than in females.
Males have appendix masculina arising from the appendix interna of
each pleopod of the second pair.
In males, the epimeres of abdominal segments are smaller in size,
whereas they are bigger in size of carrying eggs in case of females.
In males, the paired genital and thoracic openings are situated on the
arthrodial membrane between the 5th pair of the walking legs covered
by a flap of integument, while in the females, the genital apertures are
situated on the coxae of 3rd pair of the walking legs.
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14.8.1 Reproductive Organs
Reproductive organs comprises gonads which are similar in shape, size and position.
They are situated in the posterior region of the thorax dorsally above the hepato
pancreas and below the pericardium. Gonads are the hollow enclosing remains of
coelom, they are continuous with their ducts because of the reduction of the coelom.

Male Reproductive System
The male reproductive system comprises:

Testes
Vasa deferentia
Vesicula seminalis or seminal vesicles.
Testes. The two testes are long narrow median dorsal structures situated

in the posterior part of the thorax above the hepatopancreas and below the
pericardium. They extend anteriorly upto the renal sac and posteriorly upto
the first abdominal segment. These are soft white structures which are fused
anteriorly to from a single lobe, while at the posterior end these remain in
close contact. The two testes lie side but leave a gap between them near their
middle for the passage of the cardiopyloric strand. Their anterior ends are
fused together. This cardiopyloric strand connects the heart to the cardiac
stomach.

Fig. 14.30: Palaemon. A–Male Reproductive Organs in Dorsal View;
B–T.S. of a Portion of Testis; C–A Spermatozoon Magnified.

Histologically, testis reveal that it consists of a large number of lobules
compactly hell together by the connective-tissue. Each testis consists of a
large number of coiled, hollow thin walled seminiferous tubules buried in
connective tissue. The cavity of each tubule is lined by a single layer of
epithelium. The lumen of the lobules is always filled with spermatocytes, the
cells of which undergo spermatogenesis to form the spermatozoa. A mature
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sperm consists of a rounded cytoplasmic body, containing a large, dark crescentic
nucleus, and a tail-like blunt process.

Vasa deferentia. From the outer surface of the posterior end of each
testis arises a very long and narrow tube, the vas deferens. It is differentiated into
two parts: the proximal highly convoluted part which emerges out of the testis near
its hind end and immediately coils up over the hepatopancreas and the distal straight
part which runs vertically downwards between the abdominal flexor muscles and
the thoracic wall. Each runs inwards to open into the vasicula seminals.

Seminal vesicles. The distal part of each vas deferens enlarges to form a
seminal vesicle or vesicula seminalis near the coxa of 5th walking leg. It is
club-shaped structure which opens to the outside through the male genital pore on
the arthrodial membrane of the coxa of 5th leg. The male genital pore is covered
by a small flap-like piece of skin. The vesicula seminalis store the sperms in the
form of white compact bodies called the spermatophores.

Male genital aperture. It lies on the arthrodial membrane on the inner
side of the last pair of walking legs. Each aperture is covered by a small
tongue-like flap of integument.

Female Reproductive System

The female reproductive system comprises following organs:
Ovaries
Oviducts
Ovaries. A pair of ovaries which are compact and sickle-shaped bodies

touching each other at both the ends but leaving a gap in the middle for the
passage of the cardiopyloric strand. They are situated above the
hepatopancreas and below the pericardial sinus and heart. This shape and
size of the ovaries vary with age and the season of the year. Like the testes,
the ovaries extend up to the renal sac and posteriorly up to the anterior margin
of the first abdominal segment. Each ovary is enclosed within a membranous
capsule and is made of numerous radial rows of ova at various stages of
development. The immature ova lie towards the centre while the mature ova
towards the surface of the ovary. Each developing ovum is surrounded by a
large number of small nutritive cells. A mature ovum has a rounded appearance
with a large nucleus and a cytoplasm full of yolk granules. Each ovary is
enclosed within a membranous capsule.

Oviducts. From the middle of the outer surface of each ovary arises a
short thin-walled tube known as oviduct. Its anterior end is broad and forms
the oviducal funnel. It lies opposite to the surface of ovary. Each oviduct runs
vertically downwards to open to the exterior by female genital pore. The
pore is situated on the inner side of coxa of 3rd walking leg.

Female genital aperture. It lies on small papillae on the inner side of
the coxae of the third pair of walking legs.
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Fig. 14.31: Palaemon. A–Female Reproductive Organs.
B–A Portion of Ovary in Section (Magnified).

14.8.2 Fertilization
Breeding season in Palaemon is form May to July. During the season, the
females carry eggs attached to their pleopods. Except in breeding season, the
females are found without eggs. In copulation a male puts the female down
on her back and deposits sperms on the ventral surface near the female genital
pores.

As the egg come out of the genital pores, they are fertilized by the
sperms already present there. Thus fertilization is external. When ova are
laid, they are attached to the setae on the pleopods with the help of a sticky
secretion of glands situated both on the appendages and on the body segments.
The male, later on, deposits spermatophores near the gential opening, where
fertilization takes place.

Slow movements of the prawn and its pleopods keep the eggs and
embryos well aerated. Young prawn suffer a heavy mortality during floods in
rainy season due to lack of any device to resist swift water currents. Some
sink to the bottom and survive. The young prawn moults several times before
becoming adults. The adults also moult, though less frequently to allow growth.

Check Your Progress

25. Is there clear cut sexual dimorphism?
26. Write down the names of the various parts of male reproductive organs.
27. Mention all parts of female reproductive organs.
28. What is the breeding season of Palaemon?



NOTES

Prawn (Palaemon)

Self-Instructional
             Material   303

14.9 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. There are 19 segments in the body of Palaemon: 5 in head, 8 in thorax,
and 6 in abdomen.

2. The chitinous covering present around cephalothoracic region is called
carapace.

3. There are five pairs of cephalic appendages: antennule, antenna,
mandible, maxillula, and maxilla.

4. Second pair of chelete legs are larger and more stronger in males than
females. Second abdominal appendage or pleopod of male bears a rod
shaped process the appendix masculina.

5. Respiration is the energy liberating process.
6. In Palaemon branchiostegite, epipodites (three pairs) and true gills (eight

pairs) are the main respiratory organs.
7. Epipodites are thin leaf like blind structures having no means for

ventilation whereas true gills are laminated structure with proper
ventilation.

8. The inner free margins of carapace become highly vascular to make the
exchange of gases possible.

9. In open or lacunar circulation blood vessels (arteries) open directly
into spaces which are without proper epithelial living. These spaces are
the lacunae, hence the circulation is called lacunar circulation. Veins
and capillaries remain absent.

10. There are five pairs of ostia in the heart of Palaemon.
11. In Palaemon the various arteries on reaching the related organs do not

form capillaries, and end into the wide spaces called blood sinuses or
blood lacunae.

12. The blood is thin watery and almost colourless liquid. When oxygenated
it is faintly bluish due to the presence of haemocyanin.

13. The alimentary canal has mouth (anterior open end of gut), buccal cavity,
oesophagus, stomach, intestine, rectum and anus (the posterior opening
of gut).

14. Hepatopancreas is a large and physiologically very important gland of
the digestive system.

15. Hastate plate is a triangular plate embedded in the middle of floor of
stomach.

16. Cardiac stomach is the anterior sac like membranous structure.
17. There are ninteen pairs of ganglia forming the CNS in Palaemon.
18. Eleven pairs of nerves leave fused thoracic ganglionic mass to innervate

eleven pairs (3 cephalic + 3 maxillepedes + 5 walking legs) of
appendages, in addition to the body parts present in their respective
segments.
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19. Statocyst is the organ of orientation and equilibrium. In the easiest language
it is a balancing organ while the organism is in motion.

20. There are about 2500 ommatidia in a compound eye of Palaemon.
21. Excretion is the removal of metabolic or nitrogenous wastes.
22. In Palaemon, antennary or green glands (one pair), renal sac or

nephroperitoneal sac (one), and integument are the excretory organs.
23. Renal sac is a large median sac made up of a single layer of flattened

excretory epithelial cells.
24. The urine of Palaemon contains mainly ammonium compounds some

urea and amino acids.
25. In Palaemon sexes are separate and there is a clear cut sexual

dimorphism. Males are larger than females. Males have biggest second
pair of thoracic/chelate legs. Males have appendix masculina in the
second pleopod.

26. Male reproductive organs include one pair of testes, vasa diferentia,
and seminal vesicles.

27. In female a pair of ovaries and a pair of oviducts are the main
reproductive organs.

28. Breeding season in Palaemon is from May to July.

14.10 SUMMARY

Palaemon, commonly known as prawn, is found in fresh water streams, ponds,
rivers etc. It is nocturnal in habit and feeds upon algae or other water plants
and sometimes, insects. The body is elongated, spindle shaped and bilaterally
symmetrical. Ninteen segmented body is divisible into cephalothorax (13
segments) and abdomen (6 segments). It bears 19 pairs of appendages.
Alimentary canal is provided with three plates (circular, lanceolate and hastate)
in its cardiac stomach. Hepatopancreas is the large digestive gland. For
respiration there are branchiostegite, epipodites and laminated true gills. There
is open circulation with more or less bluish blood. Triangular and muscular
heart has five pairs of ostia. Palaemon is ammonotelic as well as ureotelic
and has paired antennary glands, end sac and single renal sac for excretion.
Nervous system is ganglionic (19 pairs of ganglia) and ventral statocyst,
olfactory setae, tactile setae and a pair of compound eyes are the sense organs.
A single compound eye has 2500 ommatidia developing apposition and super
position images in bright light and weak or dim light respectively. Sexes are separate
with clear cut sexual dimorphism. Breeding season is from May to July and
development is direct i.e., without larva.
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14.11 KEY TERMS

Exopodite: The outer branch of the biramous limb or appendage of a
crustaceans.
Ommatidium: It is the structural and functional unit of compound eye.
Parapyletic: Descended from a common evolutionary ancestor or ancestral
group, but not including all the descendant group.
Podobranch: In Palaemon and other crustaceans the gill attached with the
appendage or limb is called podobranch.

14.12 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Write notes on maxillepedes.
2. What are arthrobranch and pleurobranch gills?
3. Describe the end sac of Palaemon.
4. Describe the Apposition image.

Long Answer Questions
1. Write an essay on the appendages of Palaemon.
2. Give an account of the digestive system of Palaemon and its mechanism

of feeding.
3. Draw a neat and labelled diagram of T.S. of Palaemon passing through

the gill region.
4. Describe the urinary and genital system of Palaemon.

14.13 FURTHER READING

1. Forster, J.R.M. Further Studies on the Culture of the Prawn: Palaemon
Serratus Pennant, with Emphasis on the Post Larval Stages.

2. Michael Robert Reeve. The Laboratory Culture of the Prawn Palaemon
Serratus.

3. Patwardhan, S.S. Palaemon (the Indian River Prawn) (The Indian
Zoological Memories on Indian Animal Types).

4. Wickins, F. John. Development in the Laboratory Culture of the
Common Prawn, Palaemon Serratin Pennant.
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CHAPTER 15 LARVAL FORMS OF
CRUSTACEA

Structure
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15.1 Objectives
15.2 Various Larval Forms in Crustaceans

15.2.1 Nauplius Larva
15.2.2 Metanauplius Larva
15.2.3 Cypris Larva
15.2.4 Protozoea Larva
15.2.5 Zoea Larva
15.2.6 Mysis or Schizopode Larva
15.2.7 Alima Larva
15.2.8 Metazoea Larva
15.2.9 Erichthus Larva

15.2.10 Calyptopsis Larva
15.2.11 Megalopa Larva
15.2.12 Phyllosoma Larva

15.3 Answers to ‘Check Your Progress’
15.4 Summary
15.5 Key Terms
15.6 Self-Assessment Questions and Exercises
15.7 Further Reading

15.0 INTRODUCTION

In a majority of invertebrates the embryonic development is indirect resulting
a free swimming and feeding larval stage. In those cases where eggs are not
provided with sufficient food to supply nutrients to the developing foetus till
the embryonic development is completed, a feeding stage–the larval stage is
temporarily formed to accumulate the food in desirable amounts. When it is
done the larva stops feeding and undergoes drasting changes called
metamorphosis. In some animals the larva is migratory to avoid the struggle
for existence. In crustaceans inspite of these activities the larva helps in
establishing the evolutionary kinship between not only the members of the
related group but also between the unrelated animals or groups.

15.1 OBJECTIVES

After going through this unit, you will be able to:
Know the purpose of the larval development.
Describe the various larval forms of crustaceans.
Explain the existence of same larval forms in several different crustaceans.
Establish the evolutionary relationship between them.
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15.2 VARIOUS LARVAL FORMS IN
CRUSTACEANS

Occurrence of larval forms is one of the most important features of a large
groups of crustaceans. The embryonic development is followed by
metamorphosis which may be either very well marked or supressed. In most
of the crustaceans the egg hatches to produce Nauplius larva which is free
swimming but in some cases like Nebalia and mysis where the metamorphosis
take place inside the egg case the nauplius stage is passed within the egg so
that there is no free swimming nauplius larva produced after hatching. There
are only some crustaceans like Palaemon, Astacus where the newly hatched
young ones resemble the adults i.e., the development is direct. In other several
larval forms are met within Crustacea and special terms are applied to each
one of them. Following larval forms are met within Crustacea:

15.2.1 Nauplius Larva
In the majority of crustaceans, the first formed larva is the nauplius. This
name was first given by O.F. Muller to the early stage of the development of
cyclops towards the end of the 18th century. The nauplius larva is oval in
shape behind any sign of external segmentation. It occurs in ostracod,
copepoda, Branchiura, cirripedia and primitive Decapoda. Nauplius stage is
the initial stage in all crustaceans but it may be a free swimming larva in some
and embryonic in others. It is characterised by the presence of 3-pairs of
appendages. The first pair later on becomes antennules and the 2nd and 3rd
pairs becomes antennae and mandibles. The antennules are uniramous where
as the antennae and mandibles are biramous. The antennae are provided with
jaws whereas the mandibles are without jaws.

Fig. 15.1: Nauplius Larva of Cyclops.

Thus the antennae have masticatory function. The head possess a sessile
median eye which is the only organ of vision. It is usually made of three or
sometimes four ocelli which are pigmented cups with no lens, and are
innervated by the protocerebrum. The median eye may persist or degenerate
in the adult crustaceans. Besides eye there is a pair of antennal glands. The
mouth lies at the base of the antennary and mandibular appendages and is
guarded by a large labrum and the alimentary canal is straight and made up of
foregut, midgut and hindgut. Heart and ventral nerve cord are absent. The
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anus may or may not present at the time of hatching. A heart is still not formed. At
the posterior end there are two pairs of setae. The nauplius swims in water by the
stock of all the appendages. In Branchiopoda and Ostracoda the nauplius larva
undergoes a series of moultings or ecdysis to become the adult. During gradual
process the adult characters are gradually attained.

In order Cladocera the development is direct so that the nauplius stage
is passed in the egg and when the egg hatches an adult type of crustacean is
produced. In one of the cladoceran, Leptodera there are two types of eggs
i.e., summer and winter. In the former the development is direct while in the
later nauplius occur in the development.

In subclass Ostracoda the nauplius is peculiar in having a bivalve covering
and is produced without biramous appendages i.e., all the appendages are
uniramous.

In subclass Copepoda immediately after hatching a nauplius is produced
and after moult it is converted into metanauplius larva.

15.2.2 Metanauplius Larva
Metanauplius is the proceded nauplius instar and results by the process of
moulting and growth. It is characterised by the presence of several pairs of
appendages. Besides 3-pairs of each antennules, antennae and mandibles, it
develops another four pairs of appendages. These appendages become the
maxillulae, maxillae and first two pairs of maxillipedes of the adult. Mandibles
become well developed and functional with the result larva starts feeding.
Even stumpy rudiments of thoracic legs appear in the later stages. In some
decapods (Lucifer) and some stomatopoda, life history starts with metanauplius
stage. The body consists of an oval cephalothorax, an elongated trunk-region
and abdomen, which terminating in a caudal fork provided with setae.

Fig. 15.2: Metanauplius Larva of Apus.

15.2.3 Cypris Larva
In some of the cirripedia like Lepas and Sacculina, the Nauplius passes into
the cypris. The larva undergoes a moult which gives rise the cypris larva. The
cypris larva is characterized by the presence of bivalved shell, like that present
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in Ostracoda. In cypris larva the bases of antennules are modified into attachment
discs which give attachment to the larva aided by the secretion of cement glands.
In Lepas, the nauplius changes into a cypris which get fixed by the secretion of
cement glands. There is a pair of compound eyes near the median eye to detained
from nauplius larva. Antennae and mandibles are absent, sometimes the mandibles
are rudimentary. There are six pairs of thoracic appendages present in the thoracic
region. The abdomen is very short and ends into a pair of caudal fork or style. The
larva gets attached to some object after swimming for sometime. The attachment
disc and the secretion of cement gland help in attachment. Later it get transformed
into pupa. Later the pupa becomes adult. In the parasitic curstacean like Sacculina
free swimming nauplius and cypris are produced but the cypris larva attach itself
to a crab and gradually becomes a tumour like adult.

Fig. 15.3: Cypris Larva of Lepas.

Thus there is a gradual metamorphosis in case of Brachiopods, Ostracodes,
Copipodes and Cirripedes. The adult is formed by a series of moults. The larval
forms gradually give more and more of adult characters resembling the incomplete
metamorphosis of insect. But in the case of Malcostraca there is abrupt several
transitional changes from one larval form to another and all these forms are very
much different from their adults. The metamorphosis may be compared with
complete metamorphosis of insects, for example the silk moth.

Fig. 15.4: Protozoea Larva of Euphausia.

15.2.4 Protozoea Larva
In the case of Penaeus (decapod crustacean) the egg hatches to produce a
nauplius larva which moults to form another larval stage, the protozoea. The
anterior dorsal surface of the larva is covered by the enlarged carapace. Seven
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pairs of appendages are formed in the metamorphosis, which become well-
developed and are capable of functioning. The eye is a single median nauplius
eye. The antennae are still locomotory organs. Antennule is 4-jointed, antenna
possesses a 3-jointed endopodite and a four-joint exopodite. The mandibles
are palpless, toothed and are masticatory in function. Abdomen is still devoid
of segments and is without appendages. However, rudiments of the remaining
posterior six thoracic segments are also formed. Later on, the third pair of
thoracic limb also develops in the older protozoea which forms the third
maxillipede of the adult. Anterior five abdominal segments are also distinct.
Formation of paired eyes has also begun.

The protozoea again moults and gives rise to the zoea larva.

15.2.5 Zoea Larva
In many decapods like crabs, the young directly hatches but the zoea stage.
The body of zoea has a distinct, highly developed cephalothorax and distinctly
6-segmented abdomen. There are eight pairs of appendages, buds of six
appendages, a distinct curved abdomen and a forked telson. It resembles an
adult cyclops. Abdomen appendages are lacking. Zoea is characterized by the
absence of mandibular palps. A pair of large lateral stalked movable compound
eyes are present. The carapace is produced into long spines. A frontal spine
is situated between the two eyes, a dorsal spine and a pair of lateral spines
are also present.

Fig. 15.5: Zoea Larva of Crab.

The first two maxillipedes, are well developed and are used or swimming
appendage. The stage at which these free swimming larval forms begun varies
vary much. The free-swimming stage in some of the cases is the nauplius
which is some of the other cases is passed within the egg. Now the immediate
hatching stage is metanauplius as in Lucifer. In the case of Sergestes the egg
produces the protozoea   and in higher decapods zoea is produced immediately
hatching.
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15.2.6 Mysis or Schizopode Larva
Zoea larva in case of Panaeus instead of megalopa changes into mysis, it is so
called because it resembles the adult mysis. It possesses five pairs of posterior
thoracic legs which are biramous with flagellar exopodite and help in
locomotion. The abdomen is elongated with well developed biramous
polepods. The mysis larva metamorphoses into the adult prawn. In lobsters the
egg hatches into the mysis larva.

Fig. 15.6: Mysis Larva of Penaeus.

15.2.7 Alima Larva
In stomopoda (squilla) egg hatches out directly as alima larva, which is a modified
zoea. The body is cylindrical with a short and broad carapace. The larva differs
from zoea in the armature of the telson and in having large and raptorial II maxillipede.
Abdominal appendages are formed in the form of buds. The larva is pelagic. It is
a pelagic, transparent larva occuring abundantly in plankton.

Fig. 15.7: Alima Larva of Squilla.

15.2.8 Metazoea Larva
In older zoea, the third maxillipedes appear behind the second. This stage is referred
to as metazoea. In the case of Eupagurus (hermit crab) the hatching takes place
at zoea stage. The metazoea has well developed third maxillipedes which are
biramous in Anomura (hermit crab) and uniramous in Brachyura (crab). At this
stage pleopods also appear as buds. The 6-pairs of abdominal appendages also
appear in the form of buds. In some decapods (crab) the animal starts life history
with zoea stage.
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15.2.9 Erichthus Larva
It is found in stomatopoda. In this larval stage the carapace covers most of the
body, head is unsegmented. Thorax possess 8 segments whereas the abdomen is
unsegmented. Head consists of a median and paired eyes, and five pairs of cephalic
appendages. Thorax bears five pair of biramous swimming appendages and
abdomen has a single pair. This larva occur in hyziosquilla.

Pseudorichthus. It is found in pseudosquilla. It consists of six limbless
thoracic segments and five pairs of pelopods on abdomen.
Glacuthoe. In case of hermit crab the metazoea leads into a glaucothoe.
It corresponds to the megalopa stage in Brachyura.

15.2.10 Calyptopsis Larva
In Euphausiacea, one of the larval stage is called calyptopsis. It is similar to
zoea larva in all respects except that the paired eyes are sessile i.e. not stalked.

15.2.11 Megalopa Larva
In crab (Brachyura) the zoea or metazoea possess through successive moults
into the megalopa stage. It is crab-like creature and the cephalothorax is
broad but without spines. Eyes are stalked and large. The thoracic appendages
are 5-pairs of walking legs.

Fig. 15.8: Megalopa Larva of Crab.

The abdomen is also well formed and bears biramous pleopods. The larva
leads a pelagic life but at maturity, it sinks to the bottom to assume the ground
habits and moults into a typical crab. With successive moults, the abdomen becomes
reduced and finelly it comes to lie below the cephalothorax.

In hermit crab, the metazoea leads to glaucothoe stage. It corresponds to
the megalopa stage of Branchyura. It has a large symmetrical abdomen and adult
appendages.

15.2.12 Phyllosoma Larva
It is a modified mysis stage found in the spiny rock lobster, the palinurus in
which hatching takes place as phyllosoma larva or glass crab. It is strange
looking flattened, leaf-like, transparent, with eyes at the ends of long stalks.
The broad depressed cephalic and thoracic shields transparent like glass. The
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abdomen is very small and is limbless. Only 6-pairs of thoracic appendages are
present in newly hatched larva. The maxillipedes are rudimentary or absent, the
second are uniramous followed by 4-pairs of very long biramous legs. Phyllosoma
undergoes several moults before reaching the adult stage.

Fig. 15.9: Phyllosoma Larva of Palinurus.

Check Your Progress

1. Define the stage larva in embryonic development.
2. How many types of larval forms have been reported in different crustaceans?
3. Which is the most common larval form of crustacea?
4. In which crustacean the Alima & Phyllosoma larvae are found.

15.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Larva is the intermediate motile free swimming embryonic stage developed
for a specific function or functions.

2. There are about eleven different types of larval forms developed in different
crustaceans.

3. Nauplius is the most common type of larva developed not only in one type
of crustaceans but also in different crustaceans.

4. After hatching the egg of Squilla produces Alima larva which is a modified
zoea. Similarly Polinurus (rock lobster) egg hatches out directly as
Phyllosoma larva or glass crab, which is a greatly modified mysis state.

15.4 SUMMARY

In those animals where the eggs are either oligolecithal, centrolecithal or mesolecithal
or telolecithal having not sufficient amount of yolk, the development is indirect i.e.,
through a motile intermediate stage–the larva. It is free swimming and in majority
of cases capable of feeding. The purpose is either to accumulate desirable amount
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of food to complete the embryonic development or to establish evolutionary kinship
between the members of same or different crustaceans. In such organisms the egg
hatches to produce a larval stage. The various larval forms occurred in crustacea
are: nauplius, metanauplius, cypris, protozoea, zoea, mysis or schizopode, alima,
metazoea, calyptopsis, megalopa, and phyllosoma larva. The same larva may
appear in the embryonic development of two or more than two different crustaceans
thereby showing a sort of relationship to prove the evolutionary status of those
organisms.

15.5 KEY TERMS

Aesthetases: A long tubular, sensory seta having thin cuticle, found on the
antennula or antenna.
Allometric growth: Growth of one part of the body relative to another
part in which there is a change in relationships of proportions and / or shape.
Anamorphic development: In which a series of similar larval stages are
passed through hatching.
Metamorphosis: The conversion of a larva into an adult only after showing
major morphological changes is called metamorphosis.

15.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Any five crustaceans where the development is direct i.e., without any

larval from.
2. In some crustaceans the nauplius is not a free swimming stage, instead

it passes into the egg. Name all such curstaceans.
3. What is the characteristic feature of zoea larva?
4. Name the larval form produced in the embryonic development of Squilla,

Eupagarus and rock lobster (Palinurus).
Long Answer Questions

1. Write an essay on the larval forms of crustacea.
2. With the help of labelled figures explain Megalopa, Alima, Mysis, Zoea

and Nauplius larval forms.
3. On the basis of larval forms explain the evolutionary status of different

crustaceans.
4. Write notes on the significance of crustacean larvae, and name all

crustaceans developing nauplius in their life cycles.
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15.7 FURTHER READING

1. Elena Mente. Reproductive Biology of Crustaceans.
2. Emma Carlson Berne. Crustaceans
3. Joel W. Martin, Jergens Olesen and Jens T. Heeg. After of Crustacean

Larvae.
4. Waldo L. Schmitt. Crustaceans.
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CHAPTER 16 INSECT AS VECTORS OF
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16.0 INTRODUCTION

Many insects play a great role in spreading serious diseases of man and other
domestic animals. They often act as vector for transmitting various disease
producing organisms either by infecting them in blood stream e.g., malaria,
or by contaminating the food e.g., bacteria. Diseases like malaria, filaria,
cholera, typhoid, dengue, plague, kala-azar, sleeping sickness, oriental sore,
etc. are transmitted by insects. Few insects like mosquitoes, bugs, lice fleas,
flies etc. are directly or indirectly involved in the welfare of humans causing
their health problems.

16.1 OBJECTIVES

After going through this unit, you will be able to:
Know the meaning of vectors.
Explain the insects species capable of spreading diseases to human beings.
Describe the various diseases spreaded by insect species.

16.2 INSECT VECTORS AND THEIR DISEASES

16.2.1 Mosquitoes
Three genera of mosquitoes, Anopheles, Culex and Aedes cause maximum
sickness among human beings. The mosquitoes feed by sucking the blood of
man and transmit a number of deadly disease in this process. Aedes mosquitoes
spread diseases like dengue, chikan gunya, lymphatic filaria, Rift-valley fever,
yellow fever, zika. Anopheles mosquitoes spread malaria, a lymphatic filaria, Culex
mosquitoes spread Japanese encephalitis, lymphatic filaria.
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Dengue Fever

A tropical disease caused by an arbor (arthropod borne) virus, maintained as a
reservoir in the jungle, probably by monkeys, and transmitted to man by the
mosquito Aedes aegypti – which also transmits yellow fever. Dengue is
commonest in Africa, India, the Caribbean and parts of the Far East. It is an
acute disease with sudden onset of high fever, prostration, severe headache,
aches in the bones, joints and muscles, and enlargement of lymph nodes. After
two to four days the symptoms settle and for about a day the affected person
feels well. But the sense of recovery is illusory for a second rise of temperature
then occurs accompanied by a skin rash covering most of the body but sparing
the face. The palms and soles are bright red and swollen. Recovery is slow
and for weeks the victim feels weak and unwell. There is no treatment for
dengue, but one attack gives immunity for at least a year. Dengue can be
eradicated by getting rid of Aedes mosquitoes.

Chiken Gunya

Chiken gunya is caused by a viral infection. Chiken gunya is among some of the
commonly occurring diseases during the mansoon season. This disease is caused
in humans when the mosquitoes carrying the chiken gunya virus bite them. The
Aedes aegypti and Aedes albopictus mosquitoes are the ones which carry them.
In chiken gunya fever, coconut water helps detoxify the body, while keeping you
hydrated. Symptoms include fever and joint pains. These typically occur two to
twelve days after exposure. Other symptoms include headache, muscle pain, joint,
swelling, and a rash. Symptoms usually impose within a weak, however,
occassionally the joint pain may last few months or years.

Filariasis

Filariasis is caused by a helminth parasite, Wuchereria bancrofti. Its vector is
Culex fatigans. The disease begins with a slow inflammatory swelling of limbs,
scrotum or mommae. Filariasis may eventually cause Elephantiasis, if left
unattended. The pathogenic effects of filariasis are produced by the adult
Filaria either living or dead. When microfilariae are circulating in the blood,
no pathogenic effects are produced. The adult worm causes an inflamatory
reaction of the lymphatic system or lymphangitis. The metabolities of the
growing larvae cause allergic manifestations such as urticaria, fugitive, swelling
i.e., raised, painful, tender red area of the skin at extremities and
lymphoedema. The cause of lymphangitis are mechanical irritation, liberation of
metabolities, absorption of toxic products and bacteria infection. Later when
lymphangitis passages are severaly blocked by the adult and microfilariae
elephantiasis results.

Yellow Fever

An acute infectious disease occurring in tropical America and Africa, caused
by the flavivirus and transmitted by the bite of the mosqito Aedes aegypti. The
reservoir of infection is believed to be the ‘canopy’ monkeys who inhabit the tops
of trees. Canopy mosquitos occasionally transmit the disease to a forest worker
who returns to a town and starts an epidemic. It has been a plague to mankind
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through the ages, and has caused millions of deaths. In the early 1960s an epidemic
in Ethiopia affected over 100,00 people with 30,000 deaths. In Brazil, in 1971,
21,000 people were infected.

The disease may be mild and over in three days, but yellow fever is often a
severe illness with high fever, a slow pulse rate, severe headache, general aches
and pains, bleeding from the nose and gums, nausea and vomiting. The liver is
commonly severely damaged by fatty degeneration and the pigment normally
excreted by the liver accumulates to cause yellowing of the skin (jaundice). The
kidneys are also affected and kidney failure may result. Usually, the temperature
drops to normal about the third day of illness, but then rises again. Intestinal bleeding
often causes vomiting of blood from and block stools. Severe bleeding from the
bowel and the womb (uterus) may occur and these are grave signs, often followed
by agitation, delirium, coma and death.

The mortality varies from 5 to 10 percent and those who recover are immune
for life. There is no specific treatment, but vaccination confers protection for at
least ten years.

Encephalitis

Encephalitis is caused by a virus and is spread by various species of Culex and
Aedes. Most cases are caused by infection, especially by viruses. Primary
encepahlitis is caused by direct infection with Herpes simplex, Herpes zoster,
tick-borne or mosquito-borne arboviruses, polioviruses, echoviruses or
coxsackie viruses. Herpes encepahlitis is rare except in the case of people
whose immune systems have been compromised by natural immune deficiency,
by AIDS or by necessary medical treatment. The other forms tend to occur in
epidermis.

Cases of secondary encephalitis usually occur as a complication of viral
infections and, since the viruses are seldom if ever isolated from the affected brains,
are thought to be a form of allergic hypersensitivity. They may follow mumps,
measles, rubella, and chickenpox. In these cases, the effect on the brain is a
local loss of the insulating sheaths of the nerve fibres (demyelination) and the
condition is sometimes called acute disseminated encephalomyelitis.

Encephalitis causes severe headache, fever, vomiting, sickness, often a stiff
neck and back, and epileptic fits, and may progress to mental confusion, coma
and death. A fatal outcome may occur within hours of onset, but even gravely ill
patients may make a full recovery.

Malaria

Malaria is deadly human disease. It is caused by a protozoan, Plasmodium. It is
transmitted by female Anopheles. In malaria there is high recurring fever
accomplished by chills and shievering. The disease occurs anywhere in the
world where the Anopheles mosquito exists – and that is almost everywhere,
including Russia – and where active cases are occurring in people. Malaria is one
of the most efficient of all killer diseases and is responsible for at least a million
deaths a year, worldwide. It is also responsible for an immense amount of human
suffering, disability and ill-health. Some 100 million cases occur every year.
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Malraia parasites are single-celled organisms called protozoa. When a
female anopheles mosquito sucks blood from a person with malaria, some of
the red blood cells taken up may contain the parasite. If so, these continue
their life-cycle in the mosquito, producing large numbers of infective offspring
which accumulate in great masses in the mosquito’s salivary glands.

The mosquito then flies to settle on its next victim and inserts its proboscis
through the skin into a small blood vessel. To clear its proboscis, which is often
blocked by malarial parasites, it first injects this material into the blood, then
proceeds to feed. The parasites, now in the bloodstream, travel to the liver, settle
there and begin to reproduce in some of the liver cells. These, when filled to
capacity with newly developed parasites, burst and release them into the blood.
The parasites now enter red blood cells, where they also reproduce until the red
cells, too, are burst, releasing further parasites to maintain the cycle.

Malaria has something in common with the laser, in that the cycles of invasion
and bursting of the red cells, like the light waves in the laser, quickly fall into phase
with each other so that the effects, including the symptoms, become regularly
periodic. There are several different types of malaria caused by different species
of the genus Plasmodium. Plasmodium falciparum causes a 24-hour cycle, with
bouts of fever, shaking, headache and general aches and pains occurring every
day. The common Plasmodium vivax, and the Plasmodium ovale have a 48-
hour cycle and Plasmodium malariae a 72-hour cycle.

This parasite also often causes so much red blood cell destruction that the
released haemoglobin colours the urine dark red or black, giving the name
‘blackwater fever’, This is a sign of dangerous disease and is often associated
with serious kidney damage. The spleen has to copy with the products of so
many destroyed red blood cells that it often becomes greatly enlarged. The ‘malarial
spleen’ is liable to fatal rupture on injury and a blow to the spleen has been a
popular method of murder in malarial areas.

16.2.2 Flies
Some species of flies also transfer disease causing agents. This category includes
tse-tse fly, sand fly, and house fly.

Tse-tse fly is large biting fly that inhabits much of tropical Africa. Tse-tse fly
includes all the species in the genus Glossina, which is placed in its own family,
Glossinidae.

Sand flies are small; a body size of about 3 mm in length is typical for many
species. Adult sand flies are golden, brownish or grey coloured. They have long
piercing mouth parts that are well adapted for sucking blood from their selected
hosts.

House fly. House fly is the most common insect on the planet. It is a well
known cosmopolitan pest of both farm and home. Its dark grey body with yellowish
tinge on the ventral side, has four longitudinal lines on the thorax and one black
streak on the abdomen. These flies (tse-tse fly, sand fly and house fly) spread the
following diseases in human population.
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Sleeping Sickness

T. gambiense causes the disease of West African Sleeping Sickness or Gambian
trypanosomiasis in man. It is different from Encephalitis or the so called American
Sleeping Sickness which is caused by a filterable virus.

Bite of tse-tse fly cuases local irritation which subsides after a few days.
Infection is caused by the inoculation of trypanosomes into human blood stream.
Besides undergoing development in blood plasma, they also invade the lymphatic
glands causing their swelling. The disease sleeping sickness is caused when the
parasites invade cerebrospinal fluid of central nervous system. An irregular recurrent
fever is the first symptom of the disease. Other symptoms which follow are
weakness, loss of weight, anaemia, increase in pulse rate and severe headache. In
due course the patient falls asleep, first at regular intervals and then lies prostrate in
coma. Death is always the ultimate fate.

The cause for the injury of the host by the parasite is not known, but Laveran
(1913) and Rondoni (1913) attribute it to toxicity. The toxic effect is produced
when the trypanosomes die in the cerebrospinal fluid and their autolytic
decomposition starts.

Kala Azar

A type of leishmaniasis, caused by parasites of the genus Leishmania and
spread by biting sandflies. It occurs in the Mediterranean area, north and east
Africa and India, but is now beginning in spread westward into Europe. In
endemic areas, street dogs form a reservoir for the disease. The parasite is
present in the human blood and multiplies in scavenging white cells
(macrophages), causing fever, malnutrition, loss of immune capacity (immuno-
suppression), anaemia, enlargement of the lymph nodes, spleen and liver, and
damage to the bone marrow.

Kala azar can be diagnosed by the ELISA test and is treated with drugs
containing antimony.

Cholera and Diarrhoea

Cholera is an acute epidemic tropical disease due to the Vibrio cholerae and
Comma bacillus. The incubation period varies from a few hours to several
days.

The disease begins with vomiting and diarrhoea, there is severe cramp-
like abdominal pain accompanied by muscular contraction, the legs being
drawn up during a spasm of pain. Very soon the stools have the typical
appearance of rice water.

The patient becomes dehydrated and collapsed, the skin is cold, and
the face pinched, the skin becomes shrivelled and wrinkled in appearance. The
pulse is weak and rapid, the temperature subnormal, urine is suppressed. An attack
may end fatally about 24 hours after the onset, it is said that if a patient with
cholera survives 36 hours he will get better. Improvement is shown by a decrease
in the number of stools, increase in body warmth, and improvement in colour.
Relapses occur.
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16.2.3 Flea
Flea, the common name for the order Siphnoptera, includes 2500 species of small
flightless insects that survive 90 external parasites of mammals and birds. Fleas
live by consuming blood, or haematophagy, from their hosts. Rarely fleas can
make their way onto human hair. In the absence of household pets the cats and
dogs, fleas may decide to approach their next victim, as humans, for their regular
blood meals.

Bubonic Plague

The most well known rat flea (Xynopsylla cheopis) transmitted disease is the
bubonic plague and the causative agent is bacillus Pasteurella pestis. Plague
is conveyed to man by the rat flea which has lived on plague-infected rats and
by droplet infection from patients with pneumonic plague. The organism of
plague is Pasteurella pestis. The manifestation of plague in man may be met
with in three varieties:

Bubonic plague, the commonest type, which after a short incubation
period, is manifested by haemorrhagic enlargement of the glands in the
region of the bite, in the groin when feet and legs have been flea-bitten. The
temperature is high, there may be delirium, prostration and a haemorrhagic
rash.
Pneumonic plague is rare, the patient is cyanosed, the sputum blood-red
and frothy, there is great prostration.
Septicaemic plague. This is manifested by a general infection with extreme
prostration and delirium with high fever.

Lice
Human lice are apterus ectoparasite of mammals. Pediculus humanus is a notorious
species infecting humans. Two subspecies are distinct: (i) head louse P. humanus
capitis found on the skin and in hairs of the head and (ii) P. humanus corpous
found in the clothes. Human lice cause typhus fever.

Typhus Fever

Typhus fever has also been called Jail and camp fever, as it is prevalent where
overcrowding, combined with bad hygienic conditions, prevail. It is due to
Rickettsia prowazeki conveyed by lice. As a result of the improvement in personal
hygiene and sanitation the disease is practically extinct in this and many other
countries.

The incubation period is 5 to 21 days. The onset is sudden, with headache,
dizziness, malaise, general pains, there may be shivering and vomiting. In a day or
two the temperature has risen and may reach 40° to 41°C (104° to 106°F), and
on the third day the rash appears. It consists of dull mottled spots, which first
appear on the axillary folds, chest and abdomen, and spread over the body. At
first it disappears on pressure but later, owing to the haemorrhagic elements, it
does not do so.

The course of the disease is about 3 weeks’ duration. The patient is very
ill, headache is severe, hyperpyrexia may occur, the pulse is rapid, the blood pressure
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markedly low, the respirations are considerably increased, and there is a tendency
to develop pneumonia. The mouth is dry and the tongue coated, the urine is scanty,
albuminuria is present, and there is usually constipation. Mental changes include
torpor, convulsions and delirium. The patient becomes very emaciated and pressure
sores and liable to them. After 2 weeks of fever, the temperature declines either by
crisis or a short lysis, and the patient is left in a weak, prostrated condition,
Convalscence is protracted.

16.2.4 Bug (Triatoma)
The member of the Triatommae, a subfamily of the Reduvidal, are also knwon as
conenose bugs, kissing bugs, or vampire bugs. Other local names for them used in
Latin America including barbeiros, vinchucas, pitos, chipos and chinches etc. These
bugs usually share shelter with nesting vertebrates, from which they suck blood. In
areas where chagas disease parasite Trypanosoma cruzi, but only those species
(such as Triatoma infestans and Rhodnius prolixus) are well adapted to living
with humans are considered important nectors.

Chagas Fever

It is also called the trypanosomiasis, South American. Often called Chagas’
disease after the Brazilian physician and microbiologist Carlos Ribeiro Chagas
(1879-1934) who first described it, South American trypanosomiasis occurs
only in scattered areas of South and Central America, including Chile, Argentina
and Mexico. Fifteen to 20 million people are affected in endemic areas.

The disease is transmitted by the ‘kissing’ or ‘assassin’ bug which resides
in the thatch and the cracks of cheaply constructed dwellings. The kissing
bug bites the sleeping person painlessly, usually around the mouth, and the
Trypanosoma cruzi parasite enters the bite wound from the deposited faeces
of the insect. The long-term results may be extremely serious. In the affected
geographic areas, Chagas disease is the main cause of heart disease and is
responsible for a quarter of the deaths in people twenty to forty years old.
The parasite causes progressive damage to the heart muscle, often very slowly
over the course of many years, but in the end, heart failure or sudden cardiac
arrest are common.

Check Your Progress

1. Define the term vector.
2. Name the insect species spreading diseases in humans.
3. Write down a list of human diseases caused by insect vectors.
4. Give reason why malarial agent (Plasmodium) is transmitted by female

Anapheles, not by male.

16.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Vectors are simply the carrier of disease carring agents either by infecting
them in blood stream e.g. malaria, or by contaminating the food e.g., bacteria.
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2. Insect species like mosquitoes (Anophles, Culex and Aedes), bed bug,
fleas, flies etc directly or indirectly involved in the welfare of humans causing
their health problems.

3. Deseases like malaria, dengue fever, yellow fever, sleeping sickness, chagas
fever, kala azar, cholera, diarrhoea, typhus fever and bubonic plague etc.
are transmitted by different insect species.

4. Female Anopheles and female Culex are capable of sucking human blood
due to the presence of needles like maxillae and mandible (not found in
male members).

16.4 SUMMARY

Insect vectors are the disease spreading agents. They are capable of spreading
various disease producing organisms either by infecting them in blood stream
of the host e.g. malaria patients or Plasmodium, or by contaminating the food e.g.
bacteria. Three genera of mosquitoes: Anopheles, Culex, and Aedes cause
maximum sickness among human beings. The mosquitoes feed by sucking the
blood of man and transmit a number of deadly disease causing agents. Aedes
mosquitoes spread diseases like dengue, chikangunya, filaria and yellow fever etc.
Anopheles mosquitoes spread malaria, a lymphatic filaria. Culex mosquitoes spread
Japanese encephalitis and lymphatic filaria. Some flies also transfer disease causing
agents. This category includes tse-tse fly, sand fly. The tse-tse fly transmits and
sleeping sickness causing agents (Trypanosoma) to human beings. Sand flies are
small, a body size of about 3 mm in length. It causes kala-azar. Houseflies are the
most common insects on the plannet and are cosmopolitan in distribution. They
have a characteristic marking over the body. These insects may cause cholera and
diarrhoea. Fleas are the flightless insects and cause bubonic plague. Human lice
are the ectoparasites. There are two species of human lice: (i) head louse P.
humanus found as the skin and in hairs. (ii) P. humans corpus. Human lice may
cause typhus fever.

16.5 KEY TERMS

Antennal article: An individual segment of an antenna.
Carina: An elevated ridge.
Dipause: A condition of suspended animation, no activity or development
process.
Elytra: First pair of wings that are modified to form a hard shell.
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16.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Write notes on Anopheles, Culex and Aedes mosquitoes.
2. Which is the vector host for african sleeping sickness?
3. Name the diseases caused by fleas and bugs.
4. Write down a complete list of diseases caused by insect vector in humans.

Long Answer Questions
1. Write an essay on insect vectors for human diseases.
2. Describe all the mosquitoes vectors host and their diseases to human

populations.
3. Write notes on chikengunya, dengue fever and filariasis.
4. Describe the Plasmodium, Trypanosoms, Bubonic plague and typhus

fever.

16.7 FURTHER READING

1. Edward Arther Steinhaus. Insect Pathology: An Advanced Treatise.
2. Muirhead R.C. Thomson. Ecology of Insect Vector Population.
3. Tyagi, B.K. Vector Borne Diseases: Epidemiology and Control.
4. William C. Marquardt. Biology of Disease Vectors.
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17.0 INTRODUCTION

The apple snail or Pila globosa is a common example of univalve molluscan
found in fresh water ponds, tanks, pods, lakes marshy and paddy fields etc.
Sometimes they are found in rivers and streams, which are rich in succulent
aquatic vegetation e.g., Pisua and vallisnaria on which they normally feed.
The gastropods are very successful in water but many like snails and slugs
have invaded the land. Hence they are amphibious being adapted for life in
water as well as on land. It is a various feeder, feeding upon plant scrapping with
the help of its chitinous jaws and radular teeth. It is provided with a pulmonary sac
for aerial respiration and a gill or ctenidium for aquatic respiration. Pila creeps with
the help of its ventral muscular food very slowly covering about 5 cm. per minute.
Its movement can be compared with the gliding movement of planaria. It does not
leave its shell house during feeding and moving, it is always on its back. If it is in
danger, it quickly retreats into the shell and closes he aperture with the operculum
or lid attached to its foot. During drought conditions it becomes dormant and can
remain so for years burried in the mud. This period of inactivity is called aestivation
or summer sleep. During rains, it leaves the pond and makes long excersions on
land.

17.1 OBJECTIVES

After going through this unit, you will be able to:
Know the habits and habitat of apple snail.
Describe the morphological and histological features.
Explain the structure and physiology of various systems.
Describe the reproductive behaviour of Pila globossa.

17.2 EXTERNAL MORPHOLOGY

17.2.1 Shell
Internal skeleton is absent in pila and in its place, a shell is secreted which
serves as an exoskeleton. The shell is lemon yellow, brownish or blackish and
composed of a single piece i.e., it is univalve, coiled around a central axis in a
right-handed spiral called the collumela. These are usually 61/2 whorls in the shell
of P. globosa. At the extreme top of the shell is the apex, which is the smallest the
oldest part secreted firstly by the larve. It is called the first shell or the protoconch.
Starting from the first shell, the whorls successively increase in size, ending in the
last whorl. The first two whorl, the penultimate and the body whorl are exceptionally
large and lodge most part of the animal. All the whorls of the shell are in open
communication with one another there being no separating partitions between
them and such a shell is called unilacular. Usually in all shells, the first two to three
whorls are eroded. The whole series of whorl except body whorl are collectively
known as spire.
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Fig. 17.1: Pila globosa. Shell Seen from Ventral Surface.

Externally, successive whorls are demarcated by lines, called sutures, which
is between every two whorls. The surface of the shell is marked by numerous lines
of growth or fine ridges running parallel to the margin of aperture these indicate
period of temporary cessation of shell secretion called varices. Mouth or the
aperture is present on the ventral surface of the shell and is the exterior wide
opening of the body, whorl. The margin of the mouth is smooth and continuous
and is known as peristome. It’s outer margin is called outer lip, while the inner
margin which is lying next to the collumella is twisted, hollow and rod like structure
which opens exteriorly through a narrow aperture called the umbilicus situated
opposite the apex of the shell near the collumellar lip at the end. The shell with an
umbilicus is known as umbilicated or perforate as present in case of Pila, wherever
the one without an umbilicus is called unumbilicated or imperforate as in case of
Triton.

Fig. 17.2: Pila globosa. Shell Seen from Dorsal Surface.

If the shell of pila is seen with its apex away or held upwards, and the
aperture facing the observer the mouth of the shell comes to lie on the right
hand side. Such type of a shell is known as dextral, clock wise or right handed
and is of normal occurrence in Pila and a big majority of gastropods. But if
the aperture lies left of the observer and the shell displays an anti-clockwise
coiling, then it is called senistral shell or left handed which is very rare and
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abnormal. The shell of the males are comparatively smaller and less inflated than
those of the females.

17.2.2 Microscopic Structure of the Shell
The shell is composed of following three layers:

Periostracum. It is the outermost layer of the shell and is made up of
horny organic conchiolin (Protein). This layer has a large number of
bands clearly visible in the early stages of the animal but undistinguishable
in the adults.
Ostracum or prismatic layer. It is the middle layer and thickest of the
three made up of calcium carbonate. Calcium carbonate is deposited in
the form of lamellae or plates over a thin organic matrix. They are
disposed as plates running in the direction of shell coiling and the plates
are further made up of fibrils.
Hypostracum or nacre or the mother of pearl. It is innermost layer
made up of plates consisting of fibrils running longitudinally. It is also
calcareous i.e., made up of calcium carbonate. In this layer the plates
are arranged parallel to the margin of the aperture. The shell secreted
by the underlying mantle.
The colour of the shell is produced by the pigments found in the outer
or middle layer. The structure of the two inner layers is similar, but the
calcareous plates in the two zones lie at right angles to one another.
Chemically the shell of mollusca is made up of:

Conchiolin. It is horny albuminous substance which acts as matrix.
Calcium carbonate. It occurs as crystals of calcite or aragonite.

All the three layer of the shell are distinct and separate on the basis of
deposition of the crystals matrix.

Fig. 17.3: Pila globosa. Operculum. A–Outer View; B–Inner View.

17.2.3 Operculum
When the animal is withdrawn in the shell completely the aperture gets tightly
closed by a thick oblong plate, the operculum which is attached dorsally to
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the hinder part of the foot. It is a calcareous plate formed by cuticular secretion of
the glandular cells of the animal foot. It is flat externally but slightly concave on its
inner attached side. On its outer surface are present a large number of lines of
growth which are concentric with a well-marked nucleus. On its inner surface
there is an area known as boss which is elliptical area, creamy in colour surrounded
by a shallow groove for attachment of the opercular muscles.

17.2.4 Body
The body of the animal is firmly attached to the shell by means of the columnar
muscle which arise from the foot and is inserted on the columella. After the
removal of the shell the soft parts of the animal are visible. The body is divided
into four distinct regions namely, head, foot, visceral mass and mantle or
pallium. The head and foot collectively form the head foot complex which
retains the bilateral symmetry on the other hand the visceral mass and palium
together form the visceropalluim which has secondarily lost the bilateral
symmetry and become asymmetrical.

Fig. 17.4: Pila globosa. Front View of the Animal after Removal of the Shell.

17.2.5 Head
The head is well marked, anterior most part of the body overhanging the foot. It is
prolonged into a contractile snout, which is also prolonged along its antero-lateral
edges into small and contractile labial palps or the first pair of tentacles. The snout
bears the mouth in its anterior surface below the palps. Mouth is a vertical slit like
aperture. A little posterior to them, one on either side, are a pair of true or second
tentacles. These are very long and highly contractile, measuring about 5 cm in
length, when fully expanded and only 1.5 cm. They are also contractile and can be
withdrawn by invagination when contracted. An eye is situated on a small stumpy
stalk the ommatophores at the base of each tentacle. The two side of the head are
connected with a mantle by two fleshy structure. The nuchal lobes or pseudepipodia
which are prolongation of the mantle itself, the left nuchal lobe is larger than the
right. They play an important role in respiration. The femur is used for taking the
water in while through the later water is expelled out.
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Fig. 17.5: Pila globosa. A Female Individual Dissected to Show the Organs of Pallial
Cavity.

17.2.6 Foot
Foot is the large, muscular, strong ventral part of the body present below the
head. Its lower surface is gray and flattened sole. It is roughly triangular in
shape when fully expanded with backwardly directed apex. Its dorsal surface
bears an operculum on its posterior end called operculiferous lobe and a
sole on its ventral surface, which is broad, flat, smooth and grey, meant for
creeping. The mouth of the shell is closed by the operculum when the foot is
withdrawn. In the foot is present a pedal mucous gland which forms a slime
trail during the locomotion. This is a lolcomotor organ and is highly muscular.
The contraction of the foot is brought about by vertical muscles. The transverse
muscles extend the foot forwards while the contraction of longitudinal muscle
pull the posterior end of the foot forwards.

17.2.7 Visceral Mass
Visceral mass is present above he head- root complex containing the main
organs. It contains all the visceral organs and fills all the whorls of the shell. It
is spirally coiled like the shell in which it lies, occupying the body whorl as
well as the spire. It is soft and grey to dark brown in colour. Coiling results
from faster growth on the side of the visceral mass away from the columella.
The visceral mass exhibit the phenomenon of Torsion which is distinct from
coiling.

17.2.8 Mantle
A thin and delicate covering formed by the skin of the visceral mass is called
mantle or pallium, which is the characteristic organ of mollusca. Anteriorly the
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free end of the mantle becomes thickened and pigmented possessing shell-secreting
glands which serves as a protective hood over the head and its appendages. When
the animal is retracted. There is a long, narrow supra-marginal groove along the
thick free-edge of the mantle. Behind this groove, there is a slight thickened band
which has shell-secreting glands. The shell is secreted and lined by the mantle. The
groove and the shell glands secretes the periostracum and the ostracum of the
shell respectively. Whereas the hypostracum is secreted by the general epithelial
covering of the mantle which also serves as an additional organ of respiration.

17.2.9 Mantle Cavity and Pallial Complex
The mantle encloses a large cavity called the mantle or pallial cavity which is
dorso-lateral in position. This cavity serves for the protection as the animal retracts
its head and foot into this cavity whenever in any danger or at rest. The head is
retracted first and is followed by the foot. Towards the right side runs a prominent
ridge called epitaenia arising from the anterior edge of the right nuchal lobe and
extending upto the posterior end of the cavity. It divides the mantle cavity into a small
right branchial chamber and a left pulmonary chamber. These two chambers play an
important role in respiration. In this cavity lie a number of structures collectively
called the organs of pallial complex which may be summarized as below:

Organs of branchial chamber
o Ctenidium or gill. Towards the extreme right of the mantle cavity lies

the cteniduim or the gill, hanging vertically downwards from the dorso
lateral wall of the mantle cavity. Being monopectinate (comb-like) its gill
filaments or lamellae, which are somewhat triangular in shape, hang freely
in the branchial chamber.

o Rectum. It lies to the left of the cteniduim of on the floor of the branchial
chamber. It is a raised tube-like organ, extending from the extreme
posterior end of the mantle cavity and terminating a little behind the right
nuchal lobe. Its exterior opening or the anus is surrounded by a rosetle of
minute papillae.

o Genital opening. Male or the female duct lies next to the rectum. In
male the penis arises as a separate appendage from the edge of the
mantle. It becomes connected with the end of the male duct only
during the act of copulation.

o Hypobranchial gland. It is the glandular thickening present at the base
of the penis sac, its secretion helps in the act of copulation.

o Renal opening. The anterior chamber of renal organ projects into the
right or the ctenidial part of the pallial cavity as an elliptical reddish colour
area near the posterior termination of the epitaenia. Its external opening
is an oblique slit situated in a shallow depression slightly behind the
termination of the epitaenia.

Organ of pulmonary chamber
o Pulmonary sac. It is a bag like structure hanging downwards from the

roof of the mantle cavity, occupying a larger area of the pulmonary
chamber. It communicates with the pulmonary chamber through an
elongated opening. It helps in aerial respiration.
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o Osphradium. Osphradium is a gill like structure arising from the mantle,
adjacent to the left nuchal lobe and situated on the left side of the
pulmonary chamber. It is elongated oval in outline. It is bipectinate (Feather
like) and consists of 22 to 28 fleshy and somewhat triangular leaflets. It
helps in detecting the physical and chemical qualities of water entering
and aids in the selection of food.

17.2.10 Integument
The skin varies greatly in thickness. It is formed of an outer epidermis and
more complex inner dermis. The epidermis, covering the whole body, consists
of a single layered epithelium which is ciliated at places and is not protected
by the shell. In it some unicellular glands are found from which mucus, pigment
and line are secreted. The gland cells are exceptionally abundant on the mantle
edge. The dermis or lower comprises muscle fibres and connective tissue and
is not clearly marked off from the underlying tissues. It is rich in pigments.

Check Your Progress

1. Which is the largest fresh water snail?
2. The shell of Pila is coiled around a central axis. What is this axis called?
3. How many layers are there in the shell of Pila when viewed

microscopically?
4. What is the exact location of eyes in Pila?

17.3 DIGESTIVE SYSTEM

17.3.1 Alimentary Canal
In Pila, the alimentary canal is a coiled tube like structure extending from the
mouth and terminating at the anus. Its anterior part is especially modified.
The entire canal is divisible into:

The foregut which includes mouth, buccal cavity and oesophagus.
The midgut or mesenteron which includes stomach and intestine.
The hindgut which includes rectum and anus. The foregut and hindgut
are lined by ectoderm, while the midgut is lined by endoderm.

Foregut

Mouth. It is vertical slit at the tip of snout. True lips are absent. Folded
edges of mouth acts as secondary lips.
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Fig. 17.6: Pila globosa. Alimentary Canal.

Buccal cavity. The mouth leads into a chamber called the buccal cavity. It
is lined by cuticle and surrounded by a large thick walled, highly muscular
and pear-shaped structure called the buccal mass. The buccal mass enclosing
a buccal cavity is mainly meant for mastication of food, it has a several set
of muscles and a number of cartilages. These different set of muscles are
meant only for the movement of buccal mass but also for the movement of
radula and jaws.

Fig. 17.7: Pila globosa. Vertical Longitudinal Section of the Vuccal Mass About the
Middle.

The protactor muscles are well developed out of several set of muscles,
and they include:
o A median dorsal, three pairs of anterior dorso-laterals and two pairs

of posterio dorso-laterals on the dorsal surface.
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o On the ventral surface are three anterior muscles and a pair of long and
strong latero-ventral forward muscles.

These muscles are usually concerned with the protrusion of lateral cartilages
and also assists in the protrusion and depression of the buccal mass.

Fig. 17.8: Pila globosa. Buccal Mass in Transverse Section.

Vestibule and jaws. The Jaws divide the buccal cavity into two section.
The anterior part of the cavity of buccal mass is called vestibule and a large posterior
part. There are two chitinous jaws in the dorsolateral walls of the anterior part of
buccal cavity. These are formed by thickened cuticle. Both jaws remain connected
together by a thin cuticular membrane. The anterior cutting edge of each jaw is
increased and serrated, bearing numerous small and two to three large tooth like
processes. The wall of the vestibule is beset with longitudinal muscle fibres that
form the mouth sphincter. The sphincter regulates the opening of the mouth and
operates the jaws at the time of feeding. Jaws help in ingestion and mastication.

Fig. 17.9: Pila globosa. A Single Row of Radular Teeth.

Odontophore. Behind the jaws, the floor of the posterior part of the buccal
cavity is raised up as fleshy outgrowths. It is called tongue mass or odontophore.
There are two sets of cartilages which supports the odontophore in addition with
the protactor and retractor muscles.

A pair of S-shaped lateral cartilages, with thick ventral edges and thin dorsal
edges, lying on the sides.
A pair of more or less triangular superior cartilages lying below the epithelium
at the top of the odontophore. The anterior end of the odontophore has a
rounded process—the sub-radular organ. Beneath it the floor of buccal
cavity has a small pouch like sub-lingual cavity. The odontophore acts as a
cartilagenous base of radula.
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Fig. 17.10: Pila globosa. The Radula.

Radula. A brownish, chitinous, curved, ribbon like structure present in the
buccal cavity which is called lingual ribbon or radula. It runs longitudinally over
the entire length of the odontophore. The radula is continued posteriorly into a
short band like structure called, the radular sac. The sac is band-like 2 mm wide
and flexed behind and below the buccal mass. The secretion of the epithelial lining
of the radular sac forms the radula below which lies a delicate and elastic, sub
radular membrane. Teeth are arranged in numerous transverse rows on the dorsal
surface of the radula. Each row posses seven teeth in a definite sequence, a Central
tooth in the middle (west Indian) flanked by one lateral, one inner marginal and
one outer marginal tooth, on each side giving the formula 2, 1, 1, 1, 2. The radula
moves forward and backwards on the odontophore mass in a typical fashion
called ‘chain-saw-movements’ by Huxley. These movements are brought about
any concerted action of jaws, radula and muscles. When the jaw protrudes, leaves
of aquatic plants get caught and cut. A second movement speadily takes back the
jaws inside so that the cut pieces of leaves are left at the base of the anterior end
of radula. Now the radular movement picks up the pieces, cuts them further and
transports them to the posterior end of the buccal cavity. Therefore the radular
movements serves two functions-cutting leaf pieces to smaller pieces and
transporting them to the posterior part of the buccal cavity. It acts like a saw
as well as a chain.

Fig. 17.11: Pila globosa. Jaw.

Oesophagus. The oesophagus is a long narrow tube arising dorsally from
the posterior edge of the buccal mass extending to a short distance. The oesophagus
turns to the left in the middle line, to open into the stomach before entering the
visceral mass. There is a pair of oesophageal pouches lying one on each side of
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the oesophagus. Each pouch is a cream-coloured sac-like structure. Each
oesophegeal pouch opens by a short duct at the junction of buccal mass and
oesophagus. The pouches are the projections of oesophageal wall but their function
is not well known probably they secrete digestive enzymes. They are also used to
store food for some times.

Midgut

Comprising stomach and intestines.
Stomach. The stomach lies on the left side below the pericardium and looks

like a rectangular mass of dark red colour. Its leumen is a U-shaped cavity and is
distinctly divisible into a narrow anterior pyloric chamber and broad posterior
cardiac chamber. Pyloric chamber gives rise to the intestine. The lining of the
stomach is much folded, cardiac stomach folds are less and run from right to left
while those of pyloric stomach are somewhat prominent and run transversely. A
short, blind pouch like structure, the caecum, originates from the lower outer wall
of the pyloric chamber, it is devoid of crystalline cone which has been observed in
many other gastropods, and is simply a diverticulum of the stomach. The digestive
glands opens into the stomach by means of a duct at the junction of cardiac and
pyloric stomach.

Intestine. The pyloric chamber leads into the long and coiled intestine (which
runs along the digestive gland below the posterior renal chamber). It then turns
into the visceral mass and forms 21/2 or 3 coils between the several vesicle or the
uterus and the digestive gland. Finally it enters the mantle cavity as rectum.

Hindut

Comprises rectum and anus.
Rectum. Rectum is the posterior terminal part of the gut and forms the

hind gut. It is a thick walled chamber extending into the branchial chamber of
the mantle cavity between ctenidium and genital duct. The rectum opens out
through anus which lies about 1/2 cm. from the margins of the right nuchal lobe.

17.3.2 Glands Associated with Alimentary Canal

Salivary Glands

There are two salivary glands lying on either side of the posterior limit of the
buccal mass and partially covering the oesophagus. Each glands appears like
a branching mass because the surface and margins of each gland are greatly
cut up. From each gland arises a duct which enter the mucus of the buccal
mass and then opens into the buccal cavity in the area of dorsal buccal glands.
Salivary gland secretion contains mucus or mucin like substance and a specific
enzyme which digest starch.The mucus lubricates the radula and in
transportation of food.

Digestive Glands

Digestive gland is somewhat triangular plate or cone like structure with outer
convex and more or less flatened inner surface. It occupies the great part of
the visceral mass. These glands are often referred to as liver or hepatopancreas of
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pila, which is also coiled and is brownish to dirty green in colour. This gland consists
of two lobes, the smaller one remains in contact with the stomach and the longer
extending to the apex of the spiral. These two lobes gives rises to two saperate
ducts which unite together to form a common duct before opening into the stomach.
These ducts branches repeatedly into the digestive gland and end blindly in a very
large number of small tubules, the alveoli. These alveoli are lined with a digestive
epithelium and is made up of three types of cells.

Fig. 17.12: Pila globosa. Digestive Gland and Associated Structures Seen from
Inner Side.

Secretory cells. They produce a ferment which digest the cellulose of
plant cells.
Resorptive cells. These produce protolytic enzymes,which digest
protein and engulf protoplasm of the food and digest it intracellularly.
Lime containing cell. These cells store calcium phosphate semi-
digested food enters these alveoli, where the digestion of cellulose and
protein takes place.

Oesophageal Pouch

A pair of oesophageal pouches lie beneath the salivary glands. They are
rounded, cream coloured sac and open into the buccal cavity at its junction
with the oesophagus. These pouches probably secrete some digestive enzymes.

Buccal Glands

A pair of dorsal buccal glands are present at the roof of the buccal cavity a
little in front of its function with the oesophagus. Each gland is like an elliptical
paired with an oblique longitudinal furrow and several transverse grooves.
The exact function of the gland is not known, but most probably they are of the
nature of accessory digestive glands.

17.3.3 Food and Feeding
The food of pila consists of sacculent aquatic plants like vallisnaria and pistia. In
some cases, it has been found to feed on dead organic tissues also. The food is
taken into the buccal cavity by the “chain-saw” movements of radula and by the
contraction of sphincter and protactor muscles of the buccal mass. The Jaws



NOTES

Type Study of Pila

Self-Instructional
338 Material

move into the mouth and cut thin pieces of plants. The protruding jaws reach the
mouth opening, cut the leaves of plants and hold them tightly. Retraction of the
jaws drops the leaf parts in the vestibule where they get entangled with the teeth of
the radula. The pulley like movement of the radula transport the leaf pieces to the
posterior end of the buccal cavity and the radular teeth cut the leaf piece further.
Thus the food is cut and masticated inside the buccal cavity.

17.3.4 Digestion
In the buccal cavity the food is masticated by jaws and is mixed with the
saliva also. The salivary glands pour their secretion by means of their ducts
into the buccal cavity where it mixes with the food. It contains an enzyme
carbohydrase which converts starch into sugar. The stomach has no digestive
function of its own. Here, the food is retained and digested by enzymes coming
from other sources, particularly the digestive gland. The products of digestion
pass into the ducts of digestive gland for absorption. The digestive gland has
ciliated tubes and glandular alveoli. In the latter was found various cells that
are secretory and resorptive. The secretory cells produce enzymes for digestion
and the resorptive cells also posses proteolytie enzymes for intracellular
digestion. Food parlicles are drawn in by the lowered pressure within the
lumen of the ducts induced by the progressive absorption of food or by
squeezing action of stomach muscles. (Campbell 1965). Wastes and rejected
materials from the ducts are carried by excurrent ciliary tracts back to the
intestine and added to the faeces of the intestine. The faeces finally expelled
into the branchial chamber through anus from where it goes to the outside
along with the outgoing water through the right nuchal lobe.

Check Your Progress

5. What is radula?
6. What are oesophageal pouches?
7. From which part of stomach emerges intestine?
8. Name all the glands associated with alimentary canal.

17.4 RESPIRATORY SYSTEM

Both aquatic and aerial mode of respiration are shown by pila. These two
types of respiration are carried out by gill or cteniduim for aquatic and
pulmonary sac or lung for aerial respiration. The left and right nuchal lobes
acts as accessory structures.

17.4.1 Respiratory Organs

Gill or Ctenidium

Gill or ctenidium is an elongated structure lying in the right side of the branchial
chamber hanging from its dorso-lateral wall. It consists of a long axis, which
remains attached to the mantle wall called the ctenidial axis. Such type of gill is
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called monopectinate gill (comb-like). The ctenidial axis is provided with an afferent
and efferent blood vessel. The afferent blood vessel carries deoxygenated blood
to the gill and the efferent blood vessel carries oxygenated blood from the gill to
heart. The axis bears a large number of triangular leaflets known as the lamellae
which are arranged in one row that is why called monopecinate. These lamellae
are unequal are attached to the mantle by their broad bases while the apices hang
into the chamber. The two free sides of lamella are unequal, the shorter side receives
blood from the afferent blood vessel and so is called afferent side and the other
one in which the blood flows into efferent blood vessel is called efferent side. The
lamellae are not of same size, these are largest in the middle, and have a large
number or highly vascular transverse ridges, the pleats, on both anterior and
posterior surfaces. These contains branches of blood vessels through which he
blood flows from the afferent blood vessel to efferent blood vessel.

Fig. 17.13: Pila globosa. Respiratory Organs. A–A Monopectinate Ctenidium;
B–Stereogram to Show Water Current Through Gill-lamellae; C–A Single Lamella to

Show Flow of Blood within it; D–A Lamella in T.S.

The ctenidium is provided by nerves from the left pleural and supraintestinal
ganglia.This nerve supply gives the indication that it is actually an organ of the left
side has shifted to the right side during development (torsion).

Histology of ctenidium. A lamella is a hollow structure having a narrow
cavity lined on both sides by epithelium in which three kinds of cells can be
distinguished, i.e., non-ciliated columnar cells, ciliated columnar cell and a
few glandular cells. The epithelium rests upon a thin basement membrane below
which there are connective tissue cells, obliquely remaining muscle fibres and few
slattned nucleus. Inner to the basement membrane lies the pallial epithelium.
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Pulmonary Sac

The pulmonary sac is a large, closed bag that develops from the mantle and hangs
from its roof into the pulmonary chamber. Its dorsal pigmented side is attached to
the mantle while its free ventral side is creamy white in colour and has an opening
into the pulmonary chamber of aperture. This opening is guarded by two flaps
which open or close it. The wall of pulmonary sac are richly supplied with blood
vessels. A pulmonary sinus lies in the wall of sac and a pulmonary vein collects
blood in the wall of the sac and carries it to the heart.

The walls of the pulmonary sac are highly vascular and consists of fine
layers, namelly, the outer most epithelium, the basement membrane, the
connective tissue with muscles and blood vessels, the inner basement
membrane, and the inner epithelium.

Nuchal Lobes

These are highly contractile and fleshy structure of the mantle present on
either side of the head, called nuchal lobes or pseudepipodia. Left nuchal lobe
is longer than the right. These lobes transforms into funnel or siphons during
respiration.

17.4.2 Mechanism of Respiration
Two types of respiration takes place in pila i.e., branchial (aquatic) respiration
and pulmonary (arial) respiration.

Aquatic Respiration

True aquatic respiration takes place while the pila is lying at the bottom or is
suspended in mid water or while it is attached to some plant or weed in water.
At this stage, the animal projects its snout with appendage and also the foot out of
the shell i.e., the animal is fully expanded. Both the right and the left nuchal lobes
also expand equally so as to form shallow channels. Soon after, the left nuchal
lobe expands to form a funnel shaped structure a current of water after entering
through the left nuchal lobe takes an oblique course. The water reaches the posterior
part of the pulmonary chamber so as to cross the epitaenia. Finally, the water
reaches the branchial chamber where gills are lodged. The water leaves the body,
after bathing the gill. As soon as the water enters, just of all it comes in contact with
the ospharidium. Here the nature of water is tested, and if the water is impure all
the organs are withdrawn into the shell. As the water with its oxygen bathes the
ctenidium or gill, oxygen diffuses from water into the blood of gill and carbondioxide
from the blood to the water. In this respiratory exchange no active transport
mechanism are involved so far is known. The flow of water into and out to mantle
cavity is maintained by the alternate lowering and raising of the floor of the mantle
cavity, by the protrusion an retraction of the snout with appendages, and by beating
of the cilia of the ctenidium.
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Fig. 17.14: Pila globosa. Diagram Showing Mechanism of Respiration.
A–During Aquatic Respiration; B–During Aerial Respiration.

Aerial or Pulmonary Respiration

Aerial respiration occurs through the pulmonary sac or lung. Pila respires
through lung when the water is polluted or becomes oxygen difficient and
when it makes long execursions on land. When the animal is to respire by
atmospheric air it must reach the surface of water. Swimming is brought
about by the lashing movements of tentacles and it crawls upwards if it is in
contact with the walls of the water reservoir. The left nuchal lobe begins to
increase in length and width, when the animal moves upwards and finally
forms a long siphon, which reaches above the water level. The animal remains
suspended by this tube.

Fig. 17.15: Pila globosa with its Siphon Up for Breathing Air.

The pulmonary sac at the time becomes fully expanded so as to cover
about two third of the entire pulmonary chamber. Air row rushes in to fill it
through the left nuchal lobe. The branchial chamber is completely saperated by the
epitaenia. As a result of contraction of the pulmonary sac, air is pushed out of its
opening into the pulmonary chamber. Inspiration and expiration are therefore,
brought about by alternate contraction and relaxation.
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The animal respires alternately under normal conditions, by the aquatic and
pulmonary method but one type may be preferred to the other according to the
conditions. The animal respires by the arial method if the water is not changed and
is deffecient in oxygen. During the migration of the animal from one water area to
another by land, it respires by the arial method. At the time of draught it is capable
of hibernation under the dry mud of pool. The air imprisoned in the pulmonary sac
suffices respiratory needs in this condition. The wall of the lung are richly supplied
with blood vessels and sinuses. The blood takes up oxygen from the air and gives
out carbondioxide.

Check Your Progress

9. Define the term respiration.
10. Write down the name of all respiratory organs present in Pila.
11. Name the cavity of Pila bearing ctenidia or gills.
12. What is the role of ospharidium?

17.5 BLOOD VASCULAR SYSTEM

The blood vascular system is highly developed owing to a double mode of
respiration. Both aerial and aquatic. It is of open type and very much
complicated. It consists of: (i) Pericardium, (ii) Heart, (iii) Arteries, (iv) sinuses
and (v) veins, through which the blood flows.

17.5.1 Pericardium
The pericardium is a thin walled, ovoid chamber present in between the
pulmonary sac and posterior renal sac on the anterior side of the body whorl
and the posterior part between the stomach and digestive gland. The renal
sacs are present on its dorsal side while the oesophagus is found on its ventral
side. Its cavity is a true coelom as it communicates with renal organs and the
reproductive organs develop from its wall in early stages of development.
The posterior renal chamber communicates with the pericardium by reno-
pericardial aperture. Heart, aorta and ampulla lie in the pericardial cavity.

17.5.2 Heart
The heart is bichambered with a single auricle and ventricle. It remains enclosed
within the pericardium. Physiologically, the heart is said to be myogenic.

Auricle
Structurally, the auricle is a thin walled, highly contractile and roughly
triangular sac, located in the dorsal part of the pericardium. Three main veins
supply blood to the dorsal apex of the auricles which are—the efferent ctenidial
vein from the gill, efferent renal vein from the posterior renal chamber and the
pulmonary vein from the pulmonary sac. Ventrally, the auricle opens into the ventricle
through an auriculo-ventricular opening. It is provided with two semilunar valves,
so placed as to permit the flow of blood into the ventricles but not in reverse
direction.
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Fig. 17.16: Pila globosa. Heart.

Ventricle

Below the auricle is present an ovoid sac like structure called the ventricle. Its wall
is muscular, thick and spongy and a reduced cavity because of the presence of
course meshwork of muscular strands. There arises a large artery from the lower
end of the ventricles called the aortic trunk. There are two semilunar valves which
guard the opening between the ventricles and the aorta and prevent the flow of
blood back into the ventricles.

17.5.3 Arteries
The aorta immediately divides into two branches—an anterior cephalic aorta
and a posterior visceral aorta, each breaking up into numerous arteries. This
division occurs inside the pericardial cavity.

Cephalic Aorta

It bears a bulb like, thick walled and highly contractile structure called the
aortic ampulla at its base. The presence of this structure is a characteristic of
all the members of the family pilidae. Alternate contraction of ampulla help in
blood circulation. The opening of the ampulla into the aorta is without valves.
Immediately after the ampulla three arteries arise from the outer side of aorta:

A thin cutaneous artery supplies blood to the body wall.
A thick oesophageal artery supplies blood to the oesophagus.
A stout left pallial artery supplies blood to the left side left side of
mantle, left nuchal lobe and the osphradium.
A pericardial artery arises from the inner sides of the aorta. It supplies

blood to the pericardium and then enters the posterior renal chamber and
supplies blood to both the renal chambers through renal branches and to a
part of genital organs.



NOTES

Type Study of Pila

Self-Instructional
344 Material

Fig. 17.17: Pila globosa. Heart and Blood-Vascular System.

Cephalic aorta after giving off the above branches runs along the left side of
the oesophagus and soon crosses over to the right side. It sends many fine branches
to the oesophageal wall and the floor of mantle cavity. A large branch arises from
the right side of the aorta and soon divides into these activities:

A right pallial artery to the right part of the mantle.
A right siphonal artery to the right nuchal lobe.
A penial artery to the copulatory organ or penis.
The cephalic aorta finally divides into:
o A radular sac artery to the radular sac.
o Optic arteries to the eye stalk and eye.
o Tentacular artery to the tentacles, and
o Pedal arteries to the foot into which they form an irregular network.

Visceral Aorta

The visceral aorta runs posteriorly into the visceral mass and supplies the visceral
organs through a series of numerous branches, which are as:

A small pericardial artery to the wall of pericardium, body wall and digestive
gland.
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A large gastric artery to the stomach.
Several intestinal arteries to the intestine.
Several renal arteries to the roof of the posterior renal chamber.
A large artery to digestive gland and gonad.
A second set of several intestinal arteries to the intestine.
Several renal arteries to the roof of the anterior renal chamber.
Several arteries to the terminal part of the genital duct.
Finally the visceral aorta terminates in the wall of the rectum after giving

out these branches.

17.5.4 Sinuses
The blood distributed to the different parts of the body is collected into small
spaces, called lacunae. Some of the lacunae, like capillaries connect arteries
with veins while other join to form larges spaces called sinuses. The sinuses
and lacunae collectively form the general haemocoel. The spaces between the
visceral organs and the body wall is called the sinuse. These are with out
definite wall. The blood from the sinuses is drained by veins. There are four
main sinuses in Pila which are as follows:

Peri-visceral sinus. It lies in the floor of the mantle cavity and surrounds
the anterior part of the alimentary canal. It collects blood supplied by
the cephalic aorta except the peri cardial cavity and some branches of
visceral aorta. These carry blood from this sinus to the renal chamber
and the pulmonary sac. It contains deoxygenated brood.
Peri-intestinal sinus. It lies along he coils of the intestine within the
visceral mass. Blood from the viscera, digestive glands and great part
of the reproductive system is collected in this sinus. Further, it gets
branched into a tubular form to supply blood to renal chambers.
Branchio-renal sinus. It lies to the right side of the anterior renal
chamber. It collects blood from the renal chamber through efferent
branches from their roofs.
Pulmonary sinus. It lies in the wall of the pulmonary sac. It receives
large amount of blood from the peri-visceral sinus.

17.5.5 Veins
Veins carry blood from the different part of the body to the gill and kidney for
purification and then to the auricles. Main veins are as follows:

Afferent ctenidial vein. It collects deoxygenated blood from the peri-
visceral sinus, branchio-renal sinus, rectal wall and terminal part of the
genital duct through many branches. This blood is carried to the
ctenidium for its oxygenation.
Efferent ctenidial vein.  Aerated blood from the gill lamella is collected
by efferent ctenidial vein and conveyed to the auricle of the heart. This vein
also receives branches from the mantle and the copulatory organs.
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Afferent renal vein. It is a branch of peri-intestinal sinus. Blood from the
posterior renal chamber is carried by afferent renal vein to the auricles of
the heart. Some blood, however, also flows from the anterior renal chamber
to the posterior renal chamber.
Efferent renal vein. It collects blood from the posterior renal chamber
and carries it to the auricles.
Afferent pulmonary vein. It collects blood from the perivisceral sinus
being a branch of pulmonary sinus.
Efferent pulmonary vein. It is the main pulmonary vein into which
the blood passes after aeration and then it is conveyed to the auricles of
heart.

17.5.6 Blood
Blood serves many important functions like transportation of nutrients, oxygen
and waste products from one part of the body to the other. There are some
colourless stellate amoeboid cells in the blood of Pila. Respiratory pigment is
the haemocyanin, which is dissolved in plasma and is very common among
molluscs. This pigment provides a blue-lint to the oxidised food. It is similar
to haemoglobin except that it contains copper instead of iron and is less
efficient. The amoeboid cells are phagocytic in nature. They help in the removal
of waste substances as well as in the intracellular digestion.

Fig. 17.18: Pila globosa. Diagrammatic Representation of the Course of Circulation.

Course of Circulation

The auricle of the heart is the receiving chamber while the ventricle is the
distributing chamber. From the ventricles the heart pumps blood through
branches of the cephalic aorta to the head, mantle, buccal mass, oesophagus,
copulatory organs, foot and general viscera etc. through visceral aorta to the
visceral mass. It is then collected in the peri-visceral and peri-intestinal sinuses.
From the former blood passes into the branchio renal sinus which send it either
through:

The afferent ctenidial vein to the ctenidium from where it goes to the auricle
through efferent ctenidial vein, or
Pulmonary sac from where it goes to the auricle through pulmonary vein.
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During aquatic respiration the major part of the blood passes along the first
course and during pulmonary respiration along the second course.

The blood from the peri-intestinal sinuses enter the anterior renal
chamber. After the elimination of waste products, here the blood from the
posterior chamber goes to the auricles through efferent renal vein. This blood
is not aerated. The blood from anterior renal chamber enter the ctenidium
and hence to the auricles along the efferent ctenidial vein. This blood is aerated.
Hence, the aerated and non aerated bloods are mixed up in auricle. It is this
mixed blood that passes into ventricles to be pumped again to all parts of the
body.

Check Your Progress

13. How many chambers are there in the heart of Pila?
14. Which is thin walled chamber of heart?
15. What is the colour of blood?
16. Name the respiratory pigment present in blood.

17.6 EXCRETORY SYSTEM

17.6.1 Renal Organ
The excretory organ in Pila is a large kidney or renal organ or organ of Bojanus.
This large kidney is actually an organ of the left side, like the gills. The right
kidney is modified to form a genital duct. This left kidney communicates with
the pericardial cavity representing true coelom or the one hand with the
exterior. On the other hand is therefore a coelomoducts. It has two chambers
a small anterior on the right and a large posterior on the left side.

Anterior Renal Chamber

It lies in front of the pericardium. It is more or less oval in shape and reddish in
colour. It opens into the mantle cavity through a slit like elongated opening to the
right of the epitaenia. On the other end it also communicates with the posterior
renal chamber through another internal opening. The lumen of the chamber is
much obliterated because of the presence of a large number of triangular leaf like
processes or lamellae arising from its roof and floor and alternating with each
other. The dorsal surface of the chamber shows shallow transverse grooves
corresponding to these internal lamellae hanging from the roof with the cavity.

The lamellae on the roof are arranged on either side of a median longitudinal
axis, or the efferent renal sinus. The floor is similarly possessing an afferent renal
sinus which too has lamellae on both sides. The afferent renal sinus is actually the
right branch of the peri-intestinal sinus. It breaks up into several branches which
supply the lamellae on both side of the axis.



NOTES

Type Study of Pila

Self-Instructional
348 Material

Fig. 17.19: Pila globosa. Pericardium and Two Chambers of Renal Organ.

Posterior Renal Chamber

Behind the anterior renal chamber present a broad, brownish or grey coloured,
hook shaped chamber called the posterior renal chamber. It lies to the right of
the pericarduim and digestive gland and to the left of the rectum. Its large
internal cavity encloses a part of genital duct and a few coils of the intestine.
It is separated from the pericarduim by a reno-pericardial septum which has
an elongated slit like reno-pericardial communicates with each other. The
roof of the chamber is highly vascular due to repeated branching of afferent and
efferent renal vessels. The floor of the chamber consists of a thin lining of tissues.

17.6.2 Physiology of Excretion
Both the renal chambers are truely excretory in function and are richly supplied
with blood from which the nitrogenous waste product are separated. The
nitrogenous waste matter in the blood is removed in the posterior renal chamber
then passed to the anterior renal chamber. From here it is passed to the mantle
cavity through external renal aperture. Finally, it is expelled from the body
through the right nuchal lobe along with the outgoing water current.

Pila shows an adaptation for water conservation during terrestrial phase
by converting ammonia into the insoluble uric acid. Pila excretes ammonia in
its aquatic phase, and during terrestrial phase it excretes uric acid. Thus it is
both ammonotelic and uricotelic. In most of the gastropods, the digestive glands
also form an organ of excretion. It contains some excretory cells which engulf and
store the excretory wastes and later pass out through the stomach and intestine.
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Check Your Progress

17. Define the term excretion.
18. What are the excretory organs?
19. Which organs is said to be the kidney in Pila?
20. What are the main excretory products?

17.7 NERVOUS SYSTEM

The nervous system of Pila is well developed and consists of a large number
of paired and unpaired ganglia with their commissures and connectives. Two
similar ganglia are connected with each other by commissures while
connectives connect two dissimilar ganglia. The nervous system of Pila includes
the following ganglia. Their connectives’s commissures:

One pair of cerebral ganglia.
One pair of buccal ganglia
Paired pleuro-pedal ganglionic mass
One pair of visceral ganglia
The only unpaired supra-intestinal ganglia
Nervous system of Pila shows two features—(a) all the ganglia form a

ring like structure around the buccal mass except the visceral ganglia. (b) The
visceral loop is twisted to form the shape of “S” due to torsion.

17.7.1 Cerebral Ganglia
A pair of cerebral ganglia, are one either side on the dorso-lateral aspects of
the anterior part of the buccal mass. Dorsally, the two ganglia are connected
with each other by a thick based-shaped cerebral commissure and ventrally
they are connected by a thin labial commissure. Each ganglion is connected
with the buccal ganglion of its own side by a cerebro-buccal connective.
From the lower end of each cerebral ganglion are given off a cerebral-pleural
and cerebral-pedal connective which run towards the ventral side and are
connected to the corresponding pleural and pedal ganglion respectively. Each
cerebral ganglion gives rise to a number of delicate nerves from its anterior
and outer posterior region.

17.7.2 Buccal Ganglia
There are two triangular ganglia, which lie one on either side, partly embedded
in the muscle of the buccal mass on the dorso-lateral side of its posterior
region. These are connected with each other by a stout buccal commissure
which run ventral to the oesophagus and also with the central ganglion of their own
side.
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Fig. 17.20: Pila globosa. Nervous System.

17.7.3 Pleuro-pedal Ganglionic Mass
The plural and pedal ganglia of each side are fused together to form a large
rectangular mass. The pleuro-pedal ganglionic mass with only a slight notch
demarcating the two. They are connected with the central ganglia. The pedal
ganglia are connected with each other by pedal commissure. A number of
nerve arises from the anterior as well as the posterior margins of the pedal
ganglia, which inaccurate the foot.

The pleural ganglia form the posterior and outer sides of the two
ganglionic masses. The right pleural ganglion is fused with a small infra-
intestinal ganglion. The latter gives off a infra-intestinal nerve, which connects
the pleural ganglia with each other. The left pleural ganglion is similar to the
right one except that it is not fused with any ganglion corresponding to the
infra intestinal.

17.7.4 Supra-intestinal Ganglion
A fairly stout connective arises from the posterior end of the left pleural
ganglion which run backwards. At a little distance from the ganglion it becomes
swollen to form a supra-intestinal ganglion, which lies in a sinus. From the
inner side of this ganglion arises a delicate supra intestinal nerve which runs
oblique forward and passes over the oesophagus to come on the right side where
it gives the right pleural ganglion.
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17.7.5 Visceral Ganglion
It is formed by the fusion of two spindle shaped masses and is situated near
the anterior lobe of the digestive gland on the right side of the pericardium.

Visceral Connectives
From the posterior end of the supra-intestinal ganglion arises a nerve, the
supra-intestinal visceral connective which runs backward and join the visceral
ganglion. This connective gives off a number of line nerves. The fused right
pleural and infra-intestinal ganglia send off posteriorly the infra intestinal
visceral connective which runs backward and joins the visceral ganglion. Its
delicate branches innovate the parietal wall.

Nerves to Different Part of the Body

The different parts of the body are innervated by the nerves from the various
ganglia:

Each cerebral ganglion gives off nerves, supplying the snout, skin,
tentacle, and buccal mass anteriorly and the eye, statocyst and tentacle,
posteriorly.
The buccal ganglion, of each side, send nerves to innovate the buccal
mass, radular sac, salivary glands, oesophagus and oesophageal pouches.
The pedal ganglia give off nerves, anteriorly as well as posteriorly, to
innervate the foot. The statocyst, on each side, is also connected by a
band of connective tissue to each pedal ganglion.
The left pleural ganglion innervates, the parietal wall, mantle, and
osphradium, left nuchal lobe, columnar muscles and anterior part of
the gill.
The right pleural ganglion innervates the parietal wall, epitaenia right
nuchal lobe, copulatory organ, columellar muscle and rectum.
The supra intestinal ganglion gives off stout nerve to innervate the mantle
and the anterior part of ctenidium while its connective with the left
pleural ganglion sends a few nerves to the parietal wall.
The nerves from the visceral ganglion supply the renal organs, genital
organs, pericardium, stomach, intestine, digestive gland, etc.

17.7.6 Sense Organs

Osphradium
There is a single osphradium in Pila. It is situated on the left side of the animal
hanging from the roof of mantle cavity close to the left nuchal lobe. In this
way it lies just at the entrance of water current into the mantle cavity. It is a
small, elongated oval structure measuring above 6-7 mm. in length with a
broad middle portion, a pointed left or outer end and a bluntly rounded right
or inner end. It is bipectinate consisting of nearly 28 thick, fleshy, roughly
triangular leaflets arranged in two rows on both sides of a slightly elevated median
or central axis. Each leaflet is attached to the mantle by its base and to the central
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axis by its smaller inner side but its outer larger border is free. The osphradium is
supplied by a nerve from the left pleural ganglia.

Fig. 17.21: Pila globosa. Osphradium.

Histologically the leaflet of osphradium are covered by single layered
epithelium. The epithelium rests on a their basement membranes. The epithelial
cells are elongated, possessing basal nuclei and they are of three types—
(i) Sensory (ii) ciliated and (iii) glandular.

The ciliated cell line the attached margin, while the sensory cell are
devoid of cilia and cover the osphradium. The glandular cells are flask shaped
and found scattered among the sensory cells.

Fig. 17.22: Pila globosa. T.S. of Osphradium.

Osphraduim serves as a olfactory organ, its name has been derived from a
greek word, meaning to smell. It serves to test the physical and chemical properties
of the respiratory current. If the water is foul, its entry is prevented into the mantle
cavity by the closure of the left nuchal lobe. It also exerts a selective influence with
regards to food material.

Eyes

A pair of small, black and somewhat circular eyes are located on short fleshy
and stump like stalks or ommatophores, behind the second pair of tantactles.
The eyes are situated a little below the tip of the outer side of the stalks. The
general epithetical covering of the body continues over the eyes forming their
outermost layer, the outer cornea or pellucida externa, it consist of single
layer of similar non-sensory cells of sqvish outline. Beneath this layer lies a thick
coat of connective tissues having a large number of scattered nuclei. It encloses an
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ovoid body, the optical vessicle and the optic nerves. The core of the optic vessicle
is made up of an ovoid strucutreless hyaline body the lens which is surrounded by
all sides except all its outer end by a sensory, pigmented layer, the retina containing
two kind of large cells:

Broad visual cells having a brush of hair like processes on their outer ends.
Narrow supporting or packing cells lying in between the visual cells.

Fig. 17.23: Pila globosa. Horizontal Longitudinal Section of the Eye.

The retina continues in front of the lens near the outer end of the vesicle into
a transparent inner cornea or pellucida interna, consisting of low cubical, non
pigmented cells, having small spherical nuclei. A tough connective tissue layer
surrounds the retina and the optic nerve from behind. Inspite of their elaborate
structure of eyes, Pila is not able to distinguish objects, however it responds the
variation in light intensities and can detect quick movements. Hence the eyes are
not the true organs of sight. Most of the snails feed at night probably because their
eyes are adapted to dim light. Infact in some snails the lost eye can be replaced by
regeneration.

Statocyst

There is a pair of small globular pyriform, and cream-coloured sac called the
statocyst lying one on either side of the pedal ganglion, connected by a band of
connective tissue. Each statocyst is a hollow capsule surrounded by an outer thick,
tough, leathery covering of connective tissue. The wall of the capsule is made up
of single layer of ectodermal cells and supplied by a nerve from the cerebral ganglia.
The cavity of the statocyst is filled with a fluid in which numerous oval, minute
calcareous particles are found floating. These particles are called statoconia.
This organ serve for the maintenance of equilibrium.
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Fig. 17.24: Pila globosa. Statocyst.

Rhinophor or Tentacles

Tentacles especially the second pair acts as olfactory organs. Tentacles are a
pair of long, tapering, filamentous and highly contractile whip like processes.
The surface of the tentacles are covered with small ciliated papillae. This
provide them a silky appearance. The tentacles are supplied with nerves from
the cerebral ganglia. Tantacles are tactile and chemosensory in function.

Check Your Progress

21. What is the difference between a commissure and a connective?
22. Name all the ganglia present in the N.S. of Pila.
23. What is the statocyst?
24. How many tentacles are found in Pila?

17.8 REPRODUCTIVE SYSTEM

Pila is unisexual, a clear sexual dimorphism is seen. Female shell is longer
than the male. The copulatory organs (penis) is better developed in males and
the female has a more swollen body whorls than the males.

17.8.1 Male Reproductive Organs

Testis

The testis is a single flat, plate-like, triangular, whitish structure lying in the
upper portion to the first 3 whorls of the shell. The cream coloured testis lies
very close, almost attached, to the brownish, or dirty green digestive gland
but is easily distinguishable. It is separated from the shell by a cutaneous
membrane. Two structurally and functionally different type of spermatozoa
are produced by the testis of pila:

Oligopyrene sperms. These are large, spindle shaped, non-motile
sperms whose body is about 33μ long and 3μ broad. It contains a broad
curved nucleus. The body is with distinct head, middle piece and tail.
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The tail consists of 4 or 5 cilia and they are incapable of fertilizing ova and
have some other secondary function.
Eupyrene sperms. These are small thread like, motile sperms, measuring
about 12μ long and 1.2μ broad. They possess a distinct head (with twisted
nucleus), middle piece and tail with a single cilium. They are capable of
fertilizing the ova.

Fig. 17.25: Pila globosa. A–Male Reproductive Organs. B–Male Copulatory Organs.
C–Sperms.

Vasa Effrentia
These are the several fine ducts, arising from the different region of the testis. The
numerous ducts until eventually to form a large common duct called vasa deferens.

Vas Deferens

It emerges from the posterior end of the testis and is differentiated into three clear
parts or regions:

Proximal thin tubular part. It is narrow and thin walled running anteriorly
along the inner or collumellar border of the digestive gland upto the posterior
renal chamber.
Seminal vesicle. It is somewhat curved, swollen and flask shaped structure
with a blind rounded posterior prolongation. It situated to the right of the
pericardium just below the junction of the two renal chambers. It is the
storehouse for the spermatozoa.
The seminal vasicle opens into a thick walled terminal glandular part of vas
deferns which run along the rectum and opens a little away from the anus by
a male genital papilla forms a bridge between the male genital aperture and
the base of the penis for the passage of sperms.

Copulatory Organ
Penis is the copulatory organ which is long stout, flagellar structure which
arises from the right side of the flap of the mantle. The penis is swollen at its
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base and taper towards the tip. It is deeply groomed all along its length and is
highly extensible. Normally it is 1.5 cm long but become 4 cm. long on erection.

The inner surface of the edge of the mantle bears a thick yellow glandular
flap which is attatched to the mantle on its right side but is free on its left side.
Its margins are rolled into a spout like sheath called penis sheath. Penis
remains enclosed in this sheath.

Hypobranchial Gland
It is an oval glandular structure with pleated surface located at the base of the
penis sheath. It consists of tall cell containing small basal nuclei. It is a
superficially seated gland without any duct and surface is directly bathed by
its secretion.

17.8.2 Female Reproductive System

Ovary

The ovary lies on the upper and inner surface of the first two to two and a half
whorl almost attached to the inner side of the digestive gland. The position
occupied by the ovary is same as that of the testis in male but is less extensive
than it and is covered by a thin stout coat of skin. Ovary is highly branched
structure, which is light orange colour in young and becomes dark orange in
adult stage. Its branches are called acini, which are single layered & flask
shaped. Their blind rounded ends projects outwards but their slender tubular
neck unite together to form minute ducts which finally join to form the oviduct.

Fig. 17.26: Pila globosa. A–Female Reproductive Organs. B–Rudimentary Penis.
C–Eggs.

Oviduct

From the middle of the ovary arises a narrow and transparent ducts called
oviduct. It runs anteriorly below the skin along inner margins of the digestive
gland. It moves a bit downward near the renal organ and then moves upward
to enter the seminal receptacle.
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Seminal Receptacle

It is a small bean shaped structure enclosed within the cavity of the posterior renal
chamber. It is closely attached ventrally to a thin walled pouch from uterine walls
called pouch of the receptacle, It serves for storing the sperms which are received
during copulation.

Uterus

It is a large pear shaped, yellow coloured structure. It lies bellow the terminal part
of the intestine and to the right of the renal chambers. Its basal part is broad and
rounded and connected to the seminal receptacle while the narrow tube like apex
continues forward as vagina.

Vagina
It is a white or cream coloured band like tube running forward first beneath the
skin. It enters the branchial cavity at its right posterior cover and runs along the left
side of the rectum to open a little behind the anus by a narrow, slit like female
genital aperture situated on a small papilla.

Copulatory Apparatus

The female pila also possess a flagellar penis which is about 6 mm. long and bears
a rudimentary groove. It is not enclosed in a penis sheath as in male but has a
glandular fold of mantle just above it. It is a rudimentary copulatory organ without
any function.

Hypobranchial Gland

It is poorly developed in the female. It has a rudimentary glandular thickening.

Copulation
During summer month after aestivation period, Pila becomes active for breeding
with the arrival of the rains. Copulation takes place in water or on moist ground
near the banks of ponds or tanks. Mating continues for more then three hours.
The male and female pila meet each other in such a way that their right nuchal
lobes lie opposite each other. The male genital aperture and the base of the penis
becomes connected through a bridge form by a genital papillae. The penis along
with its sheath are inserted into the mantle cavity of the female. Now the tip of the
penis is introduced into the vagina of the female so that the spermatic fluid is
passed on into the seminal receptacle.

Fertilization is internal and oviposition starts two days after copulation.

Ovulation
Fertilization is internal but the development of the embryo takes place outside
body of female. About 200-500 eggs are laid at a time by female pila after
two days of copulation. Egg is laid at a time in a sheltered cavity on the moist
bank but never under water. The egg come out one by one from the female
genital aperture and travel down an oblique tube which is formed by two
temporary folds on the right side of the foot. These then enter a cavity in the
earth over which the sole of the foot arches like a dome. Pila leaves the egg
mass after laying. There is no incubation of the eggs by the parents.
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Development

The eggs are left to develop by them selves. The eggs are rounded and resemble
pea-seeds. Structurally each egg consists of an outer white shell, a double
shell membrane, a thick solid mass of white albumen and a central mass of
liquid albumen containing the embryo cleavage is spiral and total, gastrulation
is by epiboly and macromeres gives rise to endoderm and mesoderm whereas
ectoderm comes from micromeres. There is a free swimming velliger larva derived
from trochophore, at the later religen stage. The visceral mass and the shell of the
embryo becomes spirally coiled. This is torsion which results in asymmetry of the
body. Young snails emerges out of the egg shells and they are similar to the adults.

Check Your Progress

25. Whether Pila is unisexual or bisexual?
26. Name all male reproductive organs.
27. Name all female reproductive organs.
28. What is hypobranchial gland?

17.9 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. It is the apple snail (Pila globossa) which is the largest known snail.
2. The central axis of shell of apple snail is called columella.
3. The shell of Pila consists of three layers: periostracum, ostracum and

hypostracum.
4. There is a pair of eyes placed on tips of short stalks or ommatophores

which arise from the outer sides of the tentacles near their bases.
5. Radula is a star shaped body bearing teeth on its upper surface. The

teeth are arranged in transverse rows.
6. There is a pair of round, coloured, sac like structures in the lateral sides of

oesophagus called oesophageal pouches. They probably secrete digestive
enzymes and also store food for some times.

7. Intestine leaves the stomach from its pyloric end.
8. Salivary glands, digestive glands, buccal glands and oesophageal pouches

are associated with alimentary canal.
9. Respiration is the energy liberating process.

10. In Pila, ctenidium, pulmonary sac and nuchal lobes are the respiratory
organs.

11. It is the branchial cavity that bears the ctenidium.
12. Ospharidium is a small sensory structure present dorsoventrally on the

roof of mantle cavity. It checks the nature of water getting into the
mantle cavity.

13. In Pila the heart is divisible into two chambers: auricle and ventricle.
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14. Auricle is thin walled chamber of heart.
15. Blood of Pila is colourless to light bluish tinge.
16. It is the haemocyanin found in the dissolved form.
17. Excretion is the removal of nitrogenous metabolic wastes.
18. In Pila, there is a single large renal organ or organ of Bojanus or kidney.

The renal organ is further made up of two parts: right anterior renal
chamber and a left posterior renal chamber.

19. The renal organ or organ of Bojanus is called the kidney in Pila.
20. The main excretory products are the ammonium substances. Pila

converts ammonia into insoluble uric acid.
21. A connective is the branch of nerve connecting different ganglia together

whereas a commissure connects two similar ganglia together.
22. The ganglia present in the N.S. of Pila are: cerebral ganglia, buccal

ganglia, pleuropodal ganglia, unpaired supra intestinal ganglion and
visceral ganglia.

23. Statocyst is a pyriform white coloured sac lying posterior to the pedal
ganglion of its side. It is the balancing (equilibrium) organ.

24. There are two pair of cephalic tentacles, anterior (shorter) and posterior.
These are tactile in nature.

25. Pila is unisexual or dioceous.
26. Male reproductive organs include: single, flat, plate like testis, several

small vasa efferentia, single long tubular vas deferens, seminal vesicle,
penis and hypobranchial gland.

27. Female reproductive organs include: single ovary, oviduct, seminal
receptacle, uterus, vagina, rudimentary penis, and hypobranchial gland.

28. Hypobranchial gland is a glandular structure present at the base of penis
sheath. It is rudimentary developed in female.

17.10 SUMMARY

Pila is commonly known as apple snail. It is the largest known fresh water
snail, inhabiting ponds, tanks, and sometimes in rivers and brackish water. Its
body is enclosed in a calcareous shell which is conical and is coiled around a
central axis. The shell consists of three layers: periostracum, ostracum, and
hypostracum. The skin of the visceral mass forms the mantle or the pallium.
There is a large space between the mantle and the dorsal suface of body
behind the head, is called mantle cavity or pallial cavity. It is the epitaenia that
divides the mantle cavity into a small right branchial chamber and the large
left pulmonary chamber. A large ctenidium or gill lies in the branchial chamber.
The ctenidium consists of numerous thin lamellae having their apices free in
the branchial chamber. The part of mantle enclosing the pulmonary chamber
is hollow and highly vascular and called  pulmonary sac. There is a pulmonary
aperture that connects the pulmonary sac and pulmonary chamber together.
Pulmonary sac is referred to as the lung of apple snail. Digestive system is
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provided with radula bearing a number of teeth arranged in transverse rows. In
addition to radula there are oesophageal pouches, caecum, digestive glands to
help in digestion. Pila has bichambered heart (one auricle and one ventricle),
arteries and veins to supply nutrients and oxygen and also to collect metabolic
impurities from various parts of the body. There is a single large renal organ
or kidney also called organ of Bojanus to help in excretion. Nervous system
is ganglionic and sexes are separate, each with a complete set of either male
or female reproductive organs.

17.11 KEY TERMS

Bioluminescent snail: Only one species of land snail is known to glow in
dark: Quantula striata,  albeit very faintly. It produces yellow green light.
Malacology: The scientific study of molluscs is called malacology.
Oyster: Commonly known as pearl oyster.
Pearl: A pearl is a concretion formed by mollusc. It is secreted by the
mantle against foreign body.

17.12 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Write notes on the shell of Pila.
2. Draw a labelled diagram of structure of mantle cavity.
3. Describe the radula.
4. What is the organ of Bojanus.

Long Answer Questions
1. Write an essay on the Pila globosa.
2. Describe either the digestive or respiratory system of Pila.
3. Write notes on the mechanism of breathing in Pila and also the

mechanism of excretion in apple snail.
4. Describe the reproductive organs of snail.

17.13 FURTHER READING

1. Beth Blaxland. Molluscs: Clams, and their Relatives.
2. Edward J. Petuch. Biogeography and Biodiversity of Western Atlantic

Molluscs.
3. Geerat J. Vermeij. A Natural History of Shells.
4. Winston F. Ponder, David R. Lindberg. Phylogeny and Evolution of the

Mollusca.
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18.0 INTRODUCTION

In molluscs the development may be direct or indirect. In the direct
development there being no larval stage. Here the young ones hatch form the
egg and resemble their parents in general appearance, except the size. The
direct development is seen in cephalopods. In the indirect development a
larval stage is seen during the development. Such a development is seen in
majority of molluscan classes.

18.1 OBJECTIVES

After going through this unit, you will be able to:
Know the meaning of direct and indirect developments.
Explain the different larval forms of mollusca.
Describe and compare the molluscan trochophore larva with the
trochophore larva of other groups of invertebrates.
Discuss the significance of molluscan larval forms.

18.2 MOLLUSCAN LARVAL FORMS

Molluscs are either oviparous (laying  eggs) or viviparous (giving birth to the
young ones). Majority of molluscs are oviparous, however, Paludina is a
viviparous form. In some cases like Littorina, Cenia etc., the metamorphosis
takes place inside the egg case, whereas in other oviparous cases it occurs
outside the egg case.

Three main larval forms are met within Mollusca. These are:
Trochophore, Veliger, and Glochidium.
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18.2.1 Trochophore
The ciliated trochophore in its typical state appears in Patella and Trochus and in
these forms it is formed at a very early period, even before the formation of the
mesoderm, and becomes free at once. It is pear-shaped and measures about 0.5
mm. in length. In some cases they are free where as in others they are enclosed in
eggs. A circlet of preoral cilia, the prototroch or velum divides the body into two
unequal parts, the upper one consists of prostomium where as the lower part
bearing mouth and anus. The preoral part is large and convex with an apical
plate bearing the long cilia called apical cilia as seen in the larvae of Patella,
Dentalium etc. Near the apical cilia there are two ciliated elevations each consisting
of a single cell. At the posterior end there are large anal cells bearing a bunch of
cilia called telotroch. Between the ciliary girdle and anus, on the dorsal side, the
area of ectoderm constitute the shell glands which secretes a thin saucer-shaped
larval shell. The trochophores of Lamellidae consists of an additional shell inside
the first one which is cast off later. A slight ridge in the neighbourhood of shell
represents the border of mantle. Alimentary canal is made up of single layered
epithelial cells in the form of a tube. It comprises mouth, stomodaeum, oesophagus,
stomach and intestine (mesenteron). A single large cell gives rise to the mesoderm.
A rudiment of radula is present in oesophagus.

Fig. 18.1: Typical Trochophores Larva.

The trochophore contains two cerebral ganglia, a pair of eyes from the
underside of apical plate.

The statolith sacs appear as depression of ecotderm at the sides of the
mouth. Soon the trochophore develops into a yet more efficient locomotor
form, the veliger.

18.2.2 Veliger Larva
The preoral ciliated area or velum begins to protrude on both sides as a
bilobed flap, that is carried in front by the larva. The velar lobes are very
delicate and extensive, and a very delicate and extensive, and a very delicate
organs of locomotion. Between the bases of velar lobes the anterior end of
the larva is provided with eyes and tentacles. The larva has a shell into which
the velar apparatus can be withdrawn and which encloses the partly developed
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viscera. Alimentary canal is complete and the anus is shifted to anterior side. A
foot usually bearing an operculum is present. In addition to velar apparatus, there
are some organs like larval heart and kidneys also present. The larval kidneys are
paired and generally symmetrical organs situated at the anterior part of the body
immediately behind the velum. Statocyst and gill-rudiments are also present.

Some gastropods have feeding veligers (planktotrophic) with a larval life
that may last as long as three months. Others have a brief yolkladen nonfeeding
veliger (lacithotrophic) life. The long cilia of the velum function not only in locomotion
but also in suspension feeding. During the course of the veliger stage, torsion
occurs and the shell and visceral mass twist 180° in relation to the head and foot.

In most of the pulmonates, the youngs are hatched out with the characters
of the adult. In the species, in which veliger stage is passed in the egg, the velar
lobes are reduced and the larva rotates in the egg with the help of velar cilia.

With the exception of Dreissena and Nausifora, which have a free-swimming
veliger larva, fresh water bivalves exhibit modified development.

18.2.3 Glochidium Larva
In the worldwide Unionacea, the Africa Mulilidae, and the South American
Mycetopodidae the veliger, called as glochidium, haustorium and lasidium
respectively, has become highly modified for a parasitic existence on fish.
The glochidium larva is enclosed by two valves, each edge of which bears a
hook. The shell valves cover a larval mantle, which bears four groups of
sensory bristles. A rudimentary foot is present, to which is attached a long
adhesive thread, the byssal thread. There is neither mouth nor ants.

Fig. 18.2: Glochidium Larva.

When mature the larva measures from 0.1 mm. to 0.5 mm. depending
upon the species. In Unio and Anodonta, the glochidium leaves the gills through
the suprabranchial cavity and exhalent aperture. In Lampsilis, the glochidia
emerge directly from gills through temporary openings. The glochidia of Anodonta
immediately clamp into the fins and other parts of body surface of the fish. The
glochidia require certain species of fish as host, others can tolerate a wide range of
host species and the byssal thread aids in initial contact and adhesion (Wood,
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1974). The larval mantle contains phagocytic cells that feed on the tissue of host
and obtain nutrition for the developing calm. The parasitic period lasts for 10-30
days. In the mean time the parasite is surrounded by the over growth of skin of fish
forming a cyst.

Some of the larger freshwater mussels may produce as many as 3,000,000
glochidia.

Check Your Progress

1. Define the term larva.
2. Differentiate direct development from indirect development.
3. What is the characteristic feature of glochidium larva?
4. Give suitable examples of specific molluscs or group of molluscs

producing these larval forms.

18.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Larva is the motile and free living transitory stage in the life cycle of an
individual.

2. In direct development the properly developed young one hatches out
without producing larva whereas in direct development, larval stage is
essentially developed.

3. Glochidium larva is characterized by a long adhesive thread–the byssal
thread, four group of sensory bristles and two valves each edge of
which bears a hook.

4. Molluscs like Patella, Trochus and Dentalium produce trochophore
larva. Veliger larva is developed in marine snails and bivalves (Dreissena
and Nausiforia). In Unio, Anodonta, Lampsilis glochidium larva is
formed.

18.4 SUMMARY

In molluscs the embryonic development may be direct or indirect. In direct
development there being no larval stage. Here the young ones hatch from the
eggs and resemble their parents in general appearance, except the size. In
Cephalopods direct development is seen in majority of cases. In other molluscs
an intermediate motile stage is developed. It is the larval stage that appears
for a short duration. When the purpose of larval development is achieved, it
undergoes metamorphosis and is transformed into adult like. In some cases
like Lithosina, Cenia etc. the metamorphosis takes place inside the egg case.
Paludina is a viviparous form and gives birth to the tiny young ones. In Mollusca
three different larval forms have been observed. These are trochophore, veliger
and glochidium. Trochophore larva is seen in Patella, Dentalium, Trochus. Veliger
larva is developed in marine snails and bivalves (Dreissena and Nausiforia). Forms
like Unio, Anodonta and Lampsilis develop glochidium larva.
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18.5 KEY TERMS

Dentalium. Dentalium is the tusk shell or tooth shell. In this mollusc both
trochophore and veliger larval forms are formed during embryonic
development.
Oviparous. Oviparous forms lay eggs to make the embryonic
development outside the body possible.
Telotroch. At the posterior end of trochophore larva there are large
anal cells bearing a bunch of cilia called telotroch.
Viviparous. Some molluscs like Paludina are viviparous. They do not
lay eggs instead give birth to young ones.

18.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Name the mollusc producing both trochophore and veliger larval forms.
2. Name all the larval form occurring in group mollusca.
3. What are the main features of trochophore larva?
4. Write down the significance of larval form.

Long Answer Questions
1. Write an essay on the larval forms of Mollusca.
2. With the help of labelled diagrams, describe all the three larval forms

(trochophore, veliger and glochidium).
3. Compare all the larval forms on the basis of characteristic features.
4. Discuss the evolutionary significance of larval forms.

18.7 FURTHER READING

1. Charles Lydeaid and Kevin S. Cummings. Freshwater Mollusks of the
World.

2. Ilizabeth Gosling. Marine Bivalve Molluscs.
3. Mathew A., Patterson, Rachel A. Mair. Freshwater Mussel Propagation

for Restoration.
4. Ramaswamy Santhanam. Biology and Ecology of Edible Marine

Gastropod Molluscs.
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19.0 INTRODUCTION

Asterias is commonly called as ‘starfish’. The name starfish is somewhat
misleading suggesting an organism to be star-like and fish but it lacks in both
the characters. However, it is appropriate to call it as sea star as it is star-like
in shape and occurs in sea. The genus Asterias includes about 150 species.

Asterias is a free-living and exclusively marine echinoderm, crawling
about slowly in shallow water to very great depths. It prefers rocky areas
where locomotion and concealment are easier. However, the species that live
more or less buried necessarily occur on the sandy bottom. The bottom living
animals are known as benthonic. The most species or Asterias are generally
solitary but many individuals gather at some place for protection from the
direct rays of sun and from excessive drying. Most of them are nocturnal,
remain quiet in day time and become active during night. It creeps slowly
along the sea bottom. In spite of having a hard integument, it can bend and
twist in a variety of ways. They are carnivorous and feed voraciously. They
mainly feed upon crustaceans, polychaetes and molluscs. Some feed largely
upon detritus.

Many species of Asterias exhibit various types of biological relationship
such as parasitism and commensalism with the members of different zoological
groups. They exhibit remarkable power of autotomy and regeneration.
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19.1 OBJECTIVES

After going through this unit, you will be able to:
Know the habits and habitat of Asterias.
Describe the external morphology of Asterias.
Explain the components of oral as well as aboral sides.
Describe the body wall and coelom of Asterias.

19.2 EXTERNAL MORPHOLOGY

19.2.1 Shape, Size and Colouration
The body is flattened in oral-aboral axis and is generally pentamerous in arrangement.
It is enclosed in tough, flexible integument, containing numerous calcareous ossicles.
The body consists of a pentagonal central disc from which radiate out five elongated,
tapering, symmetrical spaced rays or arms. 6, 7 or 8 rayed specimens are rare
and probably result due to regeneration after injury. In some genera, the number
of arms may be more than five, for example in solaster there are 7-14 arms and
more than 40 arms in Heliaster. The body has two distinct surfaces, oral and
aboral. The oral surface is flat, directed downwards having a centrally placed
mouth and is called actinal surface. The aboral surface, is convex, directed upwards
and much darker in colour. The oral and aboral surfaces are not the ventral and
dorsal surfaces but correspond to the left and right sides of the bilaterally
symmetrical larva. The axis occupied by the arms are known as radii and the
regions of the central disc between the arms interradii. A well defined head is
entirely absent.

The size varies from 10-20 cm in diameter. The smallest star fish known is
about 1 cm. in diameter and the largest 80 inches. They are usually brightly coloured
yellow, brown, or orange and purple. The colouration is due to carotenoid pigments.

19.2.2 Oral or Actinal Surface
It is lower flat surface of the body which bears a mouth and usually applied to the
substratum. It bears following structures:

Mouth

On the under surface, in the center of the pentagonal central disc is an aperture,
the actinosome or mouth. It is a pentagonal aperture with five angles, each
directed towards an arm. The mouth is surrounded by a soft and delicate
membrane, the peristomial membrane or peristome. Mouth is guarded by
five groups of oral spines or mouth papillae.

Ambulacral Grooves

Ambulacral grooves radiate out from the five corners of the actinostome and extend
one to each arm along its middle upto the distal end. Each groove is bordered by two
rows of calcareous ambulacral spines. Their bases have muscles, which can bring
about the movement of the spines overlapping the tube feet to protect them from injury.
External to the ambulacral spine are three rows of large stout immovable spines.
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Fig. 19.1: External Features (Oral View).

Tube Feet

The tube feet are soft, extensile, tubular processes arranged in four radial rows in
each ambulacral groove. Each tube foot is provided with terminal disc or sucker.
The sucker works as suction cup to afford a firm attachment on the surface to
which it is applied. These are multipurpose organs as they help in locomotion,
food capturing, respiration and as a sensory organs.

Ambulacral Spines

The spines are short, stout outgrowth from the calcareous plates, the ossicles,
embedded in the body wall and covered by epidermis. The spines are present
in a definite arrangement. They project both on the oral and aboral surfaces.
Each ambulacral groove is boardered and guarded laterally by 2 or 3 rows of
movable calcareous adambulacral spines. They can be brought together to
form a lattice work over the tube feet retracted into the ambulacral groove.
At each angle of mouth, these spines become larger, stouter and grouped
together to form a mouth papilla. Outside the adambulacral spines are three
rows of immovable spines. Then there is a row of similar spines along the
borders of the arms separating the oral from the aboral surface. The spines on the
aboral surface are whitish and immovable. They occur in irregular radial rows.

19.2.3 Sense Organs
These include five unpaired tentacles and five unpaired eye-spots. The tip of
each arm bears a small median non-retractile and sucker-less terminal tentacle. It
resembles the tube feet except that it is shorter and without a sucker. It acts as a
tactile and olfactory organ. At the base of each tentacle, there is a small, light
sensitive, bright-red spot called the eye. It is made up of several ocelli. The entire
surface of the body, including that of its outgrowths, viz, tube feet, spines, pedicellaria
and dermal branchiae, is ciliated. The ciliation helps in ridding the body surface of
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debris some authorities suggest that the cillia might be helping in transfering food to
the mouth.

19.2.4 Aboral or Abactinal Surface
The aboral side remains directed upward and usually it is orange or purplish in
colour. It bears following structures:

Fig. 19.2: External Features (Aboral View).

Anus

It is a small aperture hardly visible with the naked eyes. It is situated very nearly,
though not exactly, in the centre of the aboral surface, in an interradius next to that
occupied by the madreporite.

Madreporite

The aboral surface is marked by the presence of an asymmetrical subcircular plate
known as madreporite. It is present in the central disc in one of the interradii
close to the base of the two arms. The two rays between which the madreporite is
placed are termed the bivium, remaining three are called trivium. Madreporite
introduces bilateral symmetry, because it is only through one vertical plane, which
passes through the middle of the madreporite as well as the middle of the opposite
arm, that the Asterias can be divided into two equal, right and left, halves. The
surface of madreporite bears a number of radiating narrow straight wavy grooves
with pores in them.

Spines

The entire aboral surface is also covered with stout, blunt calcareous plates or
ossicles. The ossicles are embedded in the body wall and covered by epidermis
forming the endoskeleton. The spines are variable in size. The spines are arranged
in irregular rows parallel with long axis of the rays.
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Dermal Branchiae

The dermal branchiae or gills or papulae are very small, delicate tubular, or
conical, finger-like or thread-like, thin walled processes protruding through minute
pores in the integument between the ossicles on the aboral surface. The papulae
are hollow evaginations of the body wall and their lumen remain in continuation
with the coelom. Internally they are linked with coelomic epithelium. They can be
completely retracted into the body. They have respiratory as well as excretory
functions.

Fig. 19.3: Section Through a Papula.

19.2.5 Pedicellariae
These structures are present scattered all over the body. These are found at the
intervals between the spines of the aboral surface. But, on the oral surface, they
are attached to the bases of spines and also in the spaces between them.

These are small whitish, jaw-like or pincer-like structures. They may
be stalked or sessile. In Asterias only stalked types of pedicellariae are found.
Each pedicellaria has a short, flexible and fleshy stalk, lacking internal
calcareous support. It possesses two articulating calcareous blades or valves
which are supported and articulated by a third calcareous plates is called
basilar or basal piece. This type of pedicellaria, which is made up of three
plates is called forcipulate. The opposite surfaces of the blades or valves are
serrated and their opening and closing is controlled by one pair of abductor
and two pairs of adductor muscles respectively.

Asterias possesses two types of pedicellariae:

Straight Type or Forceps Type

The two jaws are more or less straight and attached basally to the basal piece.
When closed they remain parallel and meet throughout their length. The two
jaw work against one another like the blades of a forcep with the help of three
pairs of muscles. These are closed by adductor muscles and open by abductor
muscles. Two pair of adductor muscles are present for closing the few and a single
pair for opening.
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Fig. 19.4: A–A Cluster of Pedicellariae, Papulae and Tubercle;
B–Straight Type Pedicellaria; C–Crossed Type Pedicellaria.

Crossed Type or Scissors Type

The basal ends of jaws cross each other as a scissors, so that the basal piece is
enclosed between their crossed portions. In this type of pedicellariae, the jaws are
also operated by two pair of adductor and one pair of abductor muscles. Certain
other pedicellariae having no stalk and thus called sessile pedicellariae are also
found on the body of the Asterias. They serve as offensive an defensive organs
and provide protection to gills and general body surface. Pedicellariae are sensitive
to contact and serve to capture small prey. They also remove debris and minute
organisms such as various larvae, sponges and coelenterates which settle on body
surface and disturb the respiration by covering the dermal branchiae and tube feet.

19.2.6 Body Wall
The body wall of Asterias is made up of cuticle, epidermis, dermis, muscular coat
and coelomic epithelium.

Cuticle

The body surface is covered with a definite cuticle consisting of two layers, an
outer thick homogenous layer and an inner delicate layer.

Epidermis

Just beneath the cuticle a layer of ciliated epithelium is present which is continued
over all the external appendages such as spines, pedicellariae, tube feet and gills
etc. It is composed of ciliated columnar epithelium. The epithelium secretes
outside itself a thin two-layered cuticle. Scattered in the epidermis are few gland
cells and neurosensory cells. The gland cells are of two types (i) goblet or
mucous gland cells which are filled with finely granular substances and provide
the body surface with a protective mucous coating and (ii) muriform cells, which
are filled with coarse spherules and the pigment granules which provide characteristic
external colouration to the animal. Neurosensory cells are spindle shaped and are
connected to nerve plexus or net situated below the epidermis.
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Fig. 19.5: Body Wall in V.S.

Nervous Layer

A nervous layer is present beneath the epidermis which varies in thickness in different
areas. It is penetrated by the attenuated bases of the epidermal cells on their
elastic filaments.

Dermis

Below the epidermis is dermis which is separated from the former by a thin basement
membrane. A delicate basement membrane is present just below the nervous layer
which separate the nervous layer and epidermis from the underlying dermis. It is
formed of fibrous connective tissue and can be divided into two regions (i) the
outer and (ii) inner. In the outer region, there are self-secreted calcareous plates or
ossicles which form the hard endoskeleton. It is to be specially noted that in other
invertebrates the endoskeleton is ectodermal in origin (if present) where as in
Asterias it is mesodermal. The inner region of the dermis consists of smooth or
involuntary muscle fibres. It is differentiated into an outer circular muscle layer
and an inner longitudinal muscle layer. The longitudinal muscle is thicker and
better developed on the aboral side than the oral side and brings about bending of
the arms. The inner dermal region also contains numerous blood containing spaces
called perihaemal spaces.

Coelomic Epithelium
The inner most layer of the body wall is the parietal coelomic epithelium or the
peritoneum and it lines the coelom. It is composed of flagellated cuboidal cells of
mesodermal origin.

19.2.7 Endoskeleton
The rigidity of body of Asterias is due to the presence of definite skeleton. The
endoskeleton in Asterias is unique in being mesodermal in origin instead of
ectodermal as in other invertebrates. As already stated, the endoskeleton consists
of rod-like calcareous ossicles of various shapes and are bound together by
connective tissue. They form a reticulate skeleton, leaving spaces for the emergence
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of groups of papulae. The endoskeleton has a crystalline calcite structure. The
flexibility of the body results from the fact that the ossicle are not united into an
entirely rigid covering, but remain distinct and bound together by connective tissue
and muscle that is why movements are possible.

Fig. 19.6: A Cross-Section Through an Arm of Sea Star to Show Endoskeleton.

On the aboral side the ossicle are irregularly arranged around the mouth but
on the sides of the ambulacral groove they lie in two rows which meet together at
the apex of the groove like the rafter supporting the roof of a shed and forming a
conspicuous ambulacral ridge. These ossicles are elongated and are called the
ambulacral ossicles. The ossicles of the two opposite rows are arranged like an
inverted ‘V’ their aboral ends meeting at the apex of the V, like the rafters supporting
the roof of a shed forming a conspicuous ambulacral ridge. The two rows of the
ambulacral ossicles can be approximated and separated to close or open the
ambulacral groove. The ambulacral ossicles do not bear any spines, tubercles or
other external appendages. The two notches of the adjacent ossicles together
form an oval aperture, the ambulacral pore, for the passage of a tube-foot. The
ambulacral pores are so arranged that they form two rows on each side of the
ambulacral groove. At its outer end, each ambulacral groove articulates with one
adambulacral ossicle forming the edge of the groove and bearing two or three
movable spines on small tubercles. Next to the adambulacral ossicle there are two
rows of the ossicles called supra and inframarginal ossicles.

Section of an Arm

A thin two-layered cuticle, a ciliated epidermis and an underlying thick dermis
which has many perihaemal spaces and ossicles covers the arm all around.
Epidermis and dermis are thinned over the projecting spines, pedicellariae
and papulae but they wear off from spines. The oral side is like an inverted L
and the aboral side is a thick convex arch. An ambulacral groove is present in
between the two limbs of the L. A perivisceral coelom is enclosed by the arm. A
number of irregular fenestrated calcareous ossicles are present on the aboral wall,
on some ossicles rest projecting spines. Dermal papillae project out from the
aboral side, the coelom is continued into the papulae. Pedicellariae are present in
between the spines and are attached to them. Each lateral margin of the arm has
two large spines, they are a supramarginal spine below it an inframarginal. The
arm has a large cardinal spine present mid-dorsally.
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Fig. 19.7: Diagrammatic V.S. of Oral Disc and Arm.

The ambulacral groove is supported by two elongated ambulacral ossicles
on the oral surface. These ossicles meet at the summit of the groove. An
adambulacral ossicles and spine is present at the end of the ambulacral groove.
The ambulacral ossicles form two columns in the oral surface of each arm and on
each side there is a single column of adambulacrals. The adambulacral spine can
bend inwards to protect the ambulacral groove and it can touch the substratum. A
radial canal runs above the ambulacral groove which on each side is joined by a
podial branch to two ampullae and one tube foot. A radial hyponeural sinus enclosing
a radial haemal channel is present below the radial canal.

19.2.8 Muscles
An apical longitudinal muscle is present on the medium aboral side of the body
below the body wall for stretching the arm. Each pair of ambulacral ossicles has
an upper and a lower transverse ambulacral muscle. The upper muscle is called
the superior transverse ambulacral muscle, it helps in widening the ambulacral
groove. The lower muscle is called the inferior transverse ambulacral muscle, it
helps in narrowing the ambulacral groove. A longitudinal ambulacral muscle is
present between the adjacent ambulacral ossicles of each side. It functions by
shortening the arm and ambulacral groove. A lateral transverse ambulacral muscles
which widens the ambulacral groove connects the outer end of each ambulacral
ossicle to the adambulacral ossicle.
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Fig. 19.8: Diagrammatic T.S. of an Arm.

19.2.9 Nerves
A radial nerve cord in the shape of a V is present in the middle of the ambulacral
groove above which are two large nerves. Close to the outer end of each ambulacral
ossicles is a marginal nerve. Each prodium has a nerve ring. Inside the perivisceral
coelom of the arm is a pair of pyloric caeca, each suspended by two longitudinal
mesenteries from the aboral surface. If the section passes through the base of the
arm the perivisceral coelom has a pair of gonads attached by means of their ducts
to the body wall.

19.2.10 Coelom
Coelom is true and spacious in Asterias. The coelom is present in the form of a
large cavity situated below the body wall and extends into the arms. It is lined by
ciliated epithelium. This is a large perivisceral coelom extending into the central
disc and the rays and surrounding the visceral organs. Besides, there are also a
number of other coelomic compartments such as the water vascular system,
axial sinus, perihaemal canals and sinuses, and the genital sinuses etc. These
are spaces in the dermis which are without definite lining and, therefore, not regarded
of true coelomic origin. The coelomic epithelium is not only applied to the inner
surface of the body wall as parietal layer but also invest the visceral organs as
visceral layer.

The coelom is filled with colourless, alkaline coelomic fluid containing
dissolved nutrients such as amino acids, fatty acids, glycerol and glucose etc.
Besides nutrients, the coelomic fluid also contains two main types of phagocytic
amoeboid corpuscles. The amoebocytes and coelomocytes—Amoebocytes are
with ordinary slender pseudopodia and coelomocytes are with petaloid
pseudopodia. The composition of this fluid is like that of sea water. The coelomic
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fluid, like haemolymph of arthropods, serves to bathe the tissues in the absence of
true blood. The cilia of coelomic epithelium serve for transportation of materials
between various parts of the body. The amoebocytes collect the excretory
substances which, when collected in sufficient quantity, are expelled out through
some papillae. The amoebocytes also act as phagocytes for removing harmful
foreign substances. Some coelomocytes have respiratory pigment. Oxygen is taken
into the coelomic fluid and carbon dioxide eliminated into the surrounding sea-
water through the thin walls of skin.

Check Your Progress

1. Define ambulacral groove.
2. What are pedicellariae?
3. Explain the term actinosome.
4. Write the various components of body wall.

19.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Ambulacral is an anatomical part of the phylum Echinodermata that includes
ossicles, plates, spines and suckers. This part of the body has an ambulacral
groove on its oral side called ambulacral groove.

2. Pedicellariae are small whitish jaw like or pincer like structures present all
over the body.

3. Actinosome is the mouth of Asterias present on the undersurface in the
centre of the pentagonal central disc.

4. The body wall of Asterias is made up of epidermis (composed of
columnar epithelium), dermis (fibrous connective tissue), muscular coat
and coelomic epithelium.

19.4 SUMMARY

Asterias is a free living and marine echinoderm, crawling about slowly in
shallow water to very great depths. Asterias is solitary as well as benthonic
species. It is nocturnal, carnivorous and feeds voraciously. It has remarkable
power of autotomy and regeneration. The body consists of a pentagonal central
disc from which five arms radiate out. The body has two distinct surfaces,
oral and aboral. The oral side bears a mouth, ambulacral grooves, tube feet,
ambulacral spines and sense organs. Likewise aboral surface is directed upward
and bears anus, madreporite, spines, and dermal brancheae (pedicellar-straight
or forcep type and crossed or scissor type). The body wall of Asterias is made
up of epidermis, dermis, muscular coat and coelomic epithelium. Epidermis
is composed of ciliated columnar epithelium. Some cells are modified into
gland cells (globlet or mucous gland cells and muriform cells. Neurosecretory
cells are spindle shaped and are connected to nerve plexus. Dermis is formed
of fibrous connective tissues. The inner region of dermis has smooth or involuntary
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muscle fibres (circular and longitudinal). The inner most layer of body wall consists
of cilated epithelium.

19.5 KEY TERMS

Aboral surface: It is the upper more or less convex surface of central disc
of Asterias.
Benthos: Bottom dwellers.
Radial symmetry: A pattern of symmetry in which identical segments of
the body are arranged around the central axis.
Regeneration: Recovery of the lost part.

19.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Describe the role of all the three parts of a tube foot.
2. Write notes on the habits and habitat of Asterias.
3. What are ambulacral spines?
4. Describe the location of mouth, anus and madreporites.

Long Answer Questions
1. Write an essay on the external features of Asterias.
2. Describe the oral as well as aboral sides of Asterias.
3. Write notes on the spines and dermal branchiae.
4. Draw a labelled figure of V.S. of disc and arm.

19.7 FURTHER READING

1. Amro Hamdaun, Kathleen Foltz. Echinoderms.
2. Barker Ed. Echinoderms 2000.
3. Sastry D.R.K. Echinodermata of India: An Annolated List.
4. Timothy, O. Hara, Maria Byrne. Australian Echinoderms: Biology,

Ecology and Evolution.
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CHAPTER 20 WATER VASCULAR
SYSTEM OF STARFISH

Structure
20.0 Introduction
20.1 Objectives
20.2 Water Vascular System or Ambulacral System

20.2.1 Madreporite
20.2.2 Stone Canal
20.2.3 Ring Canal
20.2.4 Tiedmann’s Bodies or Racemose Glands
20.2.5 Polian Vesicles
20.2.6 Radial Canals
20.2.7 Lateral Canals
20.2.8 Tube Feet
20.2.9 Locomotion

20.3 Answers to ‘Check Your Progress’
20.4 Summary
20.5 Key Terms
20.6 Self-Assessment Questions and Exercises
20.7 Further Reading

20.0 INTRODUCTION

Astrias (starfish) is a free living and marine echinoderm, crawling about slowly in
shallow water to very great depths. The body is flattened in oral-aboral axis and is
generally pentamerous in arrangement. The body has two distinct surfaces, oral
and aboral. Oral surface is flat and directed down wards having a centrally placed
mouth. The aboral surface is convex and directed upwards and bears anus and
madreporite. Oral surface shows ambulacral grooves, tube feet, ambulacral spines
and sense organs. Similarly the aboral surface bears dermal branchiae, spines and
pedicellariae. Water vascular system is the  characteristics of starfishes and begins
with the madreporite and spreads through out the body. The basic function of this
system is to help in locomotion.

20.1 OBJECTIVES

After going through this unit, you will be able to:
Know the necessity of this system.
Describe the various components of water vascular system.
Write down the functions of different components of this system.
Describe the role of this system in food capturing, attachment to the
substratum and locomotion.
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20.2 WATER VASCULAR SYSTEM OR
AMBULACRAL SYSTEM

The ambulacral system is derived from the coelom, from which it separate
during development of the animal. It consists of a system of canals filled with
sea-water having certain corpuscles. It plays most vital role in the locomotion
of the animal. It can be distinguished into following parts:

20.2.1 Madreporite
The madreporite is a light coloured, sieve like, circular skeletal plate present inter-
radially on the aboral surface of the disc. Its surface is marked by a number of
radiating narrow, straight or slightly wavy grooves or furrows which provide it a
characteristic appearance. Each furrow is furnished with minute pores which open
into a sac-like ampulla through minute pore canals. The number of pores may be
250. The pore canal unite to form the collecting canals which open into an ampulla
beneath the madreporite. The ampulla leads into a S-shaped stone canal or
madreporic canal.

Fig. 20.1: A–Madreporite Seen From Outside. B–V.S. Through Madreporite.

20.2.2 Stone Canal
The ampulla opens into a S-shaped stone canal. The stone canal extends
downwards and open into a ring canal, around the mouth. The walls of stone
canal are supported by a series of calcareous rings. The lumen of stone canal
is lined by very tall flagellated cells. In embryonic stages and in young Asterias,
the stone canal remains a simple tube but in adult, lumen of stone canal
possesses a prominent ridge with two spirally rolled lamellae which by
branching become more complicated in structure. During its course, the stone
canal along with axial organ is ensheathed by a wide, thin-walled tubular
coelomic sac, called axial sinus. The three together called axial complex.

20.2.3 Ring Canal
It is a wide, somewhat pentagonal canal forming a ring around the oesophagus. The
angles of pentagon are situated in the radial position and is located to the inner side
of the peristomial ring of ossicles and directly above to the hyponeural ring sinus.
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Fig. 20.2: Water-Vascular System.

20.2.4 Tiedmann’s Bodies or Racemose Glands
These are small rounded yellow, glandular sacs which open into a ring canal on its
inner side, between each radius and interradius except where stone canal opens
into the ring canal, there is one Tiedmann’s body. Thus there are in all nine Tiedmann’s
bodies. The Tiedmann’s bodies rest upon the peristomes ring of ossicles. Thus
each consists of a peritoneum enclosing a stroma of connective tissue and muscle
fibres having many radiating tubules. Recently, studies with the electron microscope
pointed out that each cell of radiating tubules has flagellum in the midst of microvilli
like processes. The function of Tiedmann’s bodies is not yet known. However, it is
believed that they serve for filteration or as enzyme forming structures or lymphatic
glands which produce phagocytic amoebocytes to be set free in the water vascular
system.

20.2.5 Polian Vesicles
In most sea-stars, but not in Astrias, the ring canal gives off in each interradius
one, two or even four large, thin-walled, pear-shaped sacs known as polian
vesicles. They are contractile structures and perform several functions.
According to some workers they serve as central organs for regulating pressure
in the ambulacral system. According to others they are some sort of lymphatic
glands which give rise to amoebocytes of the ambulacral system.

20.2.6 Radial Canals
From the outer surface of the ring canal are given out five radial canals, one to
each arm upto its extremity through the ambulacral groove of the arm. Each runs
passing above the radial nerve and terminating in the lumen of the terminal tentacle.

20.2.7 Lateral Canals
In each arm, the radial canal gives out two series of short, narrow, transverse
branches called lateral or podial canals. Each lateral canal is attached to the
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base of a tube foot and is provided with a valve to prevent backward flow of fluid
into the radial canal.

20.2.8 Tube Feet
There are two double rows of tube feet in each arm, one double row in relation to
each series of alternately placed long and short lateral canals. Each tube foot has
the form of a closed thin-walled tube. It extends through a gap, called the ambulacral
pore, which lies between two adjacent ambulacral ossicles. Each tube foot can be
distinguished into three regions:

Ampulla. It is a rounded sac-like structure situated above the ambulacral
ossicles and projecting into the coelom. The ampulla lies within the
arm, projecting into the coelom above the ambulacral pore which is a
gap between the adjacent ambulacral ossicles for the passage of the
podium.
Podium. It is a median tubular part which extends through the
ambulacral groove.
Sucker. It is cup-like structure situated at the lower end of podium.
The tube feet have strong longitudinal muscles. They are the chief

locomotory and respiratory organs of Asterias. The various parts of ambulacral
system have a muscular wall lined internally by ciliated epithelium according
to their position, by epidermis or coelomic epithelium. The whole system is
filled with a watery fluid which is identical to the sea water. Water enters
through the pores of madreporite and circulates through the system by the
action of cilia.

Functions

The ambulacral system chiefly helps in locomotion. It also helps in food capture
and attachment of the substratum.

20.2.9 Locomotion
In sea star, there is no head or anterior end. It can move in any direction and any
arm can take the lead for locomotion. Locomotion is achieved with the help of
water-vascular system which maintains a hydraulic pressure. The beating of cilia
of the water vascular system causes the sea water to enter through the madreporite.
After passing through the stone canal, ring canal, radial canals and lateral canals, it
reaches the tube feet and their ampullae.

Locomotion on a Horizontal Surface
When the sea star desires to more on horizontal surface, the tube feet push
the body forwards. The ampullae of raised arms contract, the valve in the
podial canals close and the water of ampullae is forced into podia. The podia
elongate in the general direction of movement due to hydrostatic pressure
products by the influx of water into them.

The terminal suckers of the tube feet are brought in contact with the
substratum and their central parts are withdrawn to form suction cups. Due
to the vaccum so produced, the suckers acquire a firm grip over the substratum.
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The adhesion is further strengthened by mucous secreted by the tips of tube feet.
The tube feet now pivot forward on their attached suckers, assuming vertical
position and thereby pushing the body forward. The tube feet then shorten by
contracting their longitudinal muscles and forcing some water back into their
ampullae and releases their suckers. The ampullae then contract again and whole
sequence of events is repeated.

Fig. 20.3: Locomotion in a Starfish. 1. Water Enters the Radial Canal, 2. Water Fills
the Ampulla, 3. Podium Swings Forwards, 4. Podium Contracts and Vaccum is Created
Below the Sucker, 5. Sucker is Released and Podium is Pulled Back, 6. Water Fills the

Ampulla Sac Before, and 7. Podium Swings Forwards to Catch the Substratum.

Locomotion on a Vertical Surface

On climbing a vertical surface, the tube feet pull the body forwards. By the alternate
contraction and expansion of tube feet and by adherance of suckers of tube feet
on surface Asterias climbs on the vertical surface.

The tube feet, however, may or may not work in coordinated manner.
As a result, the Asterias moves forwards steadily but slowly, at a speed of 15
cm per minute. The tube feet are employed when the substratum is hard. On
soft mud or sand the suckers of tube feet become useless. On such surface the
animal walks on its extended tube feet which now act like small legs.

Check Your Progress

1. What is water vascular system?
2. What are the components of water vascular system?
3. Describe the term madreporite.
4. Describe the three regions of a tube foot.
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20.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The water vascular system is a hydraulic system used by echinoderm for
locomotion, food and waste transportation, and respiration. The system is
composed of canals connecting numerous tube feet.

2. The water vascular system comprises of madreporite, stone canal, ring canal,
Tiedmann’s bodies, pollen vesicles, radial canals, lateral canals and tube
feet.

3. The madreporite is a light coloured calcareous opening used to filter water
into the water vascular system in echinoderms.

4. Each tube foot is distinguished into three regions: ampulla, podium and
sucker.

20.4 SUMMARY

Water vascular system is a hydraulic system used by echinoderms for locomotion,
food and waste transportation, and respiration. Water vascular system is also
called the ambulacral system. It is peculiar to Echinodermata and not met within
only other group of Animal Kingdom. Since the entire system is derived from the
coelom, the system is lined with a ciliated epithelium and filled with a watery fluid
and contain corpuscles. This system is basically used for locomotion. It probably
functions in collecting and distribution of food.

The water vascular system consists of madreporite, stone canal, ring canal,
radial canal, and tube feet. Madreporite is a light coloured, sieve like, circular
plate marked by a number of radiating narrow straight or wavy furrows. Each
furrow is furnished with minute pores which open into a sac like ampulla. The
ampulla leads into a more or less S shaped stone canal that extends down into a
ring canal which is a wide, somewhat pentagonal forming a ring around the
oesophagus. The ring canal bears nine Tiedmann’s bodies probably synthesizing
coelomic corpuscles. From the outer surface of radial ring canal, five radial canals
emerge out which further give rise to lateral canals, and each lateral canal leads
into a tube foot. Finally tube foot is differentiated into an ampulla, a tube and a
sucker.

20.5 KEY TERMS

Autotomy: The regeneration of body part given off willingly.
Pollen vesicles: In most sea stars, but not in Astrias, the ring canal gives
off thin walled pear shaped sacs known as pollen vesicles.
Respiratory tree: In holothurian the remarkable system of highly branched
tubules is called respiratory tree.
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20.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What do you mean by water vascular system?
2. Describe all the components of water vascular system sequence wise from

madreporite to the tube feet.
3. Describe the tube foot.
4. What are Tiedmann’s bodies.

Long Answer Questions
1. Write an essay on the water vascular system of a starfish.
2. With the help of labelled diagram describe the functions of water vascular

system.
3. Write notes on the movement and role of water in the system.
4. Write short notes on:

Tube feet
Pollen vesicles
Tiedmann’s bodies
Madreporites

20.7 FURTHER READING

1. Heinke A.G. Schultz. Hand Book of Zoology: Echinodermata, Volume I.
2. John M. Lawrance. Echinoderms.
3. Matranga. Echinodermata.
4. Ole Theodor Jensen Mortensen. Hand Book of the Echinoderms of the

British Isley.
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21.0 INTRODUCTION

In echinoderms although the sexes are separate but there is no sexual
dimorphism. The gametes are released directly in sea water where fertilization
occurs. The development may be direct or indirect. In the direct development
there is no larval stage but in the indirect development different kinds of free
swimming larval forms are found. In each class, a few members, chiefly polar
or deep-sea species, are viviparous. They rear the young in the brood pouch-
like structure found in their body. The most striking features of the larva is
bilateral symmetry, which is in marked contract to the radial symmetry of the
adult. After a free swimming life, the bilateral larva undergoes metamorphosis,
in which the radial symmetry of adult is developed.

21.1 OBJECTIVES

After going through this unit, you will be able to:
Differentiate oviparous echinoderms from viviparous echinoderms.
Describe the various larval forms of different classes of Echinodermata.
Differentiate the larvae of class Asteroidea from those found in other class
or classes.
Discuss the significance of larval forms.

21.2 DIFFERENT LARVAL FORMS

Echinoderms are divided into five classes. Several members of each class undergo
indirect development i.e., through a larval form or forms as shown in the following
lines:
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Class-I. Asteroidea (Bipinnaria larva and Brachiolaria larva)
Class-II. Echinoidea (Echinopluteus)
Class-III. Ophiuroidea (Ophiopluteus)
Class-IV. Holothuroidea (Auricularia and Doliolaria)
Class-V. Crinoidea (Doliolaria)

21.2.1 Class-I. Asteroidea

Bipinnaria Larva

The egg hatches into a larva which develops the cilia and starts swimming freely.
The alimentary canal is formed and larva feeds on diatoms. In the wall of the gut,
powerful ciliary band is present which helps in ingestion. Later the cilia of the body
become restricted to the two ciliary bands characteristic of Eleutherozoan larvae.
The two lateral bands connect in front of the mouth as a pre-oral loop and infront
of the anus as a pre-anal loop. The pre-oral loop later separates or in some cases
develop independently into an anterior ciliated band around the body. Three lateral
lobes are formed on either side of the larva. The larva at this stage is called bipinnaria
larva. Its development is completed between 2-7 days.

Internal development of bipinnaria. The tip of archenteron gives rise to
the mesenchyme. The archenteron gives rise to a coelomic sac, the
hydroenterocoel, on each side. The two occupy, the right and left of the
archenteron and gradually elongates anteriorly in the plan of the long axis of
the larva to form U-shaped coelom. The posterior ends of the lateral pouches
become cut off from anterior axocoels and hydrocoels as right and left
somatocoels. The left hydrocoel connects with the dorsal surface to form the
hydropore without ectodermal invagination. On the ventral surface the
invaginated part of the ectoderm is connectd with the endoderm. The
alimentary canal of the larva can be divided into mouth, oesophagus, stomach,
intestine and anus. The blastopore forms anus.

Fig. 21.1: Stages in Development of Bipinnaria Larva.

At the time of metamorphosis, the right somatocoel and axohydrocoel are
reduced while the left axocoel gives rise to water ring and radial canals. The axocoel
separates from hydrocoel and contributes to stone canal. The madreporite is either
formed by rearrangement of the mesenchyme cells or by invaginated part of right
axohydrocoel. After swimming for a few weeks the bipinnaria larva changes to
next larval stage, the brachiolaria.
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Brachiolaria Larva

At the time of the changing of the bipinnaria into the brachiolaria, three additional
arms are formed in the preoral lobe. These are called brachiolar arms of these
one is median and two are laterals. These arms contain coelomic extensions and
adhesive cells at their tips. An adhesive glandular region is found at their bases. It
acts like a sucker. The appearance of sucker markes the beginning of
metamorphosis.

Fig. 21.2: Brachiolaria Larva.

Metamorphosis. The bilaterally symmetrical larva gradually metamorphoses
into the radially symmetrical adult. After about 6 or 7 weeks the brachiolaria settles
down on some solid object or to the bottom where it remains temporarily attached
by its fixing processes. The anterior end of the larva degenerates and forms only
an attachment stalk, and the adult body develops from the posterior end of larva.
The left side becomes the oral surface and right side aboral. The adult arms appear
as extensions of the body. Internally the entire digestive tract degenerate. All these
parts are formed a new and in a position conciding with the adult radial symmetry.
The somatocoel forms the major part of the coelom. The left axohydrocoel forms
the water vascular system and the hydrocoels develop five pairs of projections,
two in each of the developing arms. These projections represent the cavity
and coelomic lining of first pair of podia in each arm. As about the time, sea
star is not more than 1 mm in diameter.

In some species, Astropecten, the development is shortened. Here the
brachiolaria larva disappears and the bipinnaria larva metamorphoses into the
adult after about three months. In Asternea gibbosa, the bipinnaria larva is
not formed, the larva develops an adhesive apparatus, homologous to the
brachiolar arms and sucker, which metamorphoses in adult. In Luidia a giant
and peculiar larva is formed known as bipinnaria asterigeara.

21.2.2 Class-II. Echinoidea

Echinopluteus

In Echinoidea, free swimming, microscopic echinopluteus larva is formed after
gastrulation in about 7-30 days. The gastrula becomes somewhat cone-shaped
and gradually develops into echinopluteus. The invaginated part of stomodaeum
becomes connected with the archenteron and the gut is differentiated into mouth,
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oesophagus, stomach and intestine. The blastopore forms the anus. It bears six
pairs of arms called preoral, anterio-lateral, anterio-dorsal, post-oral, postero-
dorsal and postero-lateral. The postero-lateral arms are very short and directed
outwards or backwards. In some cases, the anterio-dorsal arms may not develop.
Thus there may be 5 or 4 pairs of arms in place of six pairs. The ends of these
arms are pigmented and the skeleton is made up of calcareous rods, present in
arms. These rods are originated from spicules secreted by mesenchyme. These
rods may be thorny or simple or fenestrated or branched. The locomotion is
performed by ciliated bands. In some cases the bands become thickened and
known as epaulettes. In Arbacia and Cidaris, the ciliated lobes are formed
between the bases of the arms which are known as vibratile lobes, auricular
lobes or auricles.

Fig. 21.3: Echinopluteus Larva.

The archenteron gives off hydroenterocoels which continue to axocoel,
hydrocoel, and somatocoels. The ectoderm forms an invagination on the left
side which enlarges and forms a vestibule. The hydrocoel gives off five radial
canals and give primary podia. The lantern of Aristotle is formed from left
somatocoel.

Metamorphosis. The echinopluteus gradually sinks to the bottom.
There is no attachment as in asteroids. Metamorphosis is rapid, taking place
in about an hour. Internal development is basically like that of asteroids
although differing in detail. Young urchins are no larger than 1 mm.

21.2.3 Class-III. Ophiuroidea

Ophiopluteus

The pluteus larva is also formed in the brittle stars and it is called ophiopluteus. It
is similar to echinopluteus but the number of arms is less in ophiopluteus. Its postero-
lateral arms are formed first. The postero-lateral, postoral and posterodorsal arms
are developed respectively on 4th, 10th and 18th days. The ciliated bands
accompany the arms edges. The coelomic chamber and archenteron are found in
larva. The internal development follows the same pattern as in other classes.
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Fig. 21.4: Ophiopluteus Larva.

Metamorphosis. Metamorphosis starts after the appearance of the skeleton
in larva. Metamorphosis takes place in free swimming stage. In viviparous species
like Amphiura vivipara, the pluteus stage is absent. In Ophionotus hexactis
development takes place in ovary.

21.2.4 Class-IV. Holothuroidea

Auricularia

After the gastrulation and formation of coelomic sacs and gut, within three days a
free swimming auricularia larva is formed. It is transparent and pelagic in nature. It
measures 0.5 to 1 mm in length. It swims with the help of ciliated bands. One of
these bands encircling the mouth and is called pre-oral loop. Similarly, the ciliated
band around the anal opening is called the anal loop. Internally, the larva contains
a curved gut. The stomach is sacciform. Hydrocoel and the right and left
somatocoels are also present. Lobes appear in the hydrocoel by means of a duct.
Some giant auricularia of unknown adults measuring 15 mm in length, have been
reported from Bermuda, Japan and Canary islands. They possess a frilly flagellated
band.

Fig. 21.5: Auricularia Larva.
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Doliolaria

The auricularia larva soon changes into a barrel-shaped form, the doliolaria larva.
In doliolaria stage, the continuous ciliated bands break to form 3-5 flagellated
spheres. The mouth has shifted to the anterior pole and the anus to the posterior
pole.

Fig. 21.6: Auricularia to Doliolaria.

There are some species of holothuroids that possess a non feeding barrel
shaped vitellaria. This type of larva, which is found in crinoid and a few ophuroids,
possesses ciliated bands but no arms. In Cucumeria planci, the auricular stage is
ommited and the embryo directly develops into the doliolaria larva. In Holothuria
the embryo directly develops into young stage from the egg.

Metamorphosis. Gradual metamorphosis, forming a young animal but with
little loss of larva features, takes place during the latter part of planktonic existence.
The tentacles, which are equivalent to buccal podia, appear prior to the appearance
of the functional podia. At this stage, the metamorphosing animal is sometimes
called pentaculata larva. Finally the young sea cucumber settles to the bottom
and assumes the adult mode of existence.

21.2.5 Class-V. Crinoidea

Doliolaria

After gastrulation and embryonic development of coelom and gut, the larva hatches
as doliolaria larva. It is free swimming. An apical sensory plate, possessing a bunch
of cilia is present at its anterior end 4 to 5 ciliated bands are also present on its
body. Near the apical plate in midventral line the larva has an adhesive pit over the
first ciliary band. The stomodaeum or vestibule is present between 2nd and 3rd
ciliated band. The skeleton also develops at this stage. The larva attaches itself to
some object after the development of the prospective organs of the coelomic sac
and its internal organs rotate at an angle of 900 from the ventral to the posterior
direction. The larva forms a stalk and at this stage it is known as the cystidean or
pentacrinoid larva. After sometime, it metamorphoses into the adult.
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Fig. 21.7: Doliolaria Larva.

Significance. All the larval form of echinoderms have a bilateral symmetry.
Hence it is believed that the ancestor of echinoderms was bilaterally symmetrical
animal. According to Semon (1888) the radial symmetry secondary as the primary
radial symmetry is seen in coelenterates and poriferans. The adult echinoderms
are more primitive than their larvae because the adults possess the characters of
the lower animals like coelenterates etc. During metamorphosis the advanced larva
becomes a primited adult. Such a metamorphosis is called retrogressive
metamorphosis.

Check Your Progress

1. Name the larval forms occurring in Astrias and Astropecten.
2. How many arms are present in the Echinopluteus larva?
3. Name the echinoderms showing pluteus larva in its embryonic development.
4. Which larva is barrel shaped?

21.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Bipinnaria and Brachiolaria are the two larval forms occurring in the members
of class Asteroidea.

2. There are six pairs of arms in Echinopluteus larva, these are preoral, antero-
lateral, antero-dorsal, post oral, postero-dorsal, and postero lateral.

3. Echinoderms like Echinus, Cucumaria, Thyone, Arbacia and Clypeaster
etc. develop echinopluteus larva in their embryonic development.

4. Doliolaria larva is a barrel shaped form and is found in crenoid and few
ophuroid forms.

21.4 SUMMARY

In Echinoderms although the sexes are separate but there is no sexual dimorphism.
The gametes are released directly in sea water where the process of fertilization is
completed. The development may be direct or indirect. In direct development no
intermediate free moving or feeding stage is developed whereas in indirect stage
an intermediate or free swimming stage–the larval staged is formed. The larva may
be feeding or migratory or both. The most striking feature of the larva is bilateral
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symmetry, which is in marked contrast to the radial symmetry of the adult. During
metamorphosis the bilateral symmetry of larva is changed to radial symmetry in
adult.

Different larval forms have been reported from all the five classes of
Echinodermata. In class Asteroidea, bipinnaria and brachiolaria larval forms have
been observed. In class Echinoidea, echinopluteus is the only larval stage reported
so far. Similarly Ophipluteus larva from class Ophiuroidea, auricularia and doliolaria
from class Holothuroidea, and doliolaria from class Crinoidea have been observed
and studied.

21.5 KEY TERMS

Inchworm: The larva of any of a large group of moths in the order
Lepidopteria. Because the larva lack the middle pair of legs, it moves in a
characteristic inching or looping gait by extending the front part of the body
and bringing the rear up to meet it.
Metamorphosis: Metamorphosis, in biology, striking change of form or
structure in an individual after hatching or birth.
Moult: It is the shedding or casting off of an outer layer or covering and the
formation of its replacement.
Ossicle: Ossicles are small calcareous elements embedded in the dermis
of the body wall of echinoderms.

21.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Describe direct or indirect developments.
2. Write notes on the significance of larval forms.
3. Name all the larval forms occurring in different classes of Echinodermata.
4. Draw a labelled diagram of Bipinnaria larva.

Long Answer Questions
1. Write an essay on the larval forms of echinoderms.
2. Describe the various larval forms of class Asteroidea and class

Holothuroidea.
3. Write notes on the metamorphosis occurring in the larval forms of different

classes.
4. With the help of labelled diagram describe the various larval forms of

echinoderms.



NOTES

Larval Forms of
Echinodermata

Self-Instructional
             Material   393
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22.0 INTRODUCTION

Ectoprocts are minute, sessile colonial, unsegmented coelomate animals. They
possess a circular or crescentric lophophore. The digestive tract is U-shaped,
with anus opening near the mouth but outside the lophophore. Development is
indirect including a free-swimming larva which lacks nephridia and a circulatory
system.

Ectoprocts are found permanently attached to rocks, shells, sea weeds,
pilings or any other type a stable substrate. Most of the ectoprocts form
sessile and marine colonies and get attached to substrate. In their larval stages
they are strictly benthonic and pelagic. They are found in all seas, at all latitudes
and almost at all depths. Since they resemble the plants, they get confused
with the sea-weeds. Some large forms grow so luxuriantly so as to form
miniature forests. They are strictly non-parasite, but some of its forms may
be found living in intimately associated with other organisms like hydroids, molluscs,
barnacles etc. Membranipora tuberculatum habitually lives on the floating
Sargassum.
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On the other hand the phylactolaemata are freshwater ectoprocts found
everywhere in shallow running water, like rivers, stream, and even in stagnant
water like ponds and lakes. They are abundantly found in clear and oxygenated
water, which is rich in submerged vegetation.

Geologically, the Ectoprocta are a very ancient group, preserved since
the cambrian period. Their calcareous covering occurs in Palaeozoic and
Mesozoic formation.

22.1 OBJECTIVES

After going through this unit, you will be able to:
Know the habits and habitat of ectoprocta.
Describe the external characteristics of ectoprocta.
Physiological activities of various systems.
Write nots on the polymorphism in ectoprocta.

22.2 MORPHOLOGY, PHYSIOLOGY,
REPRODUCTION AND AFFINITIES

A complete colony of the ectoprocta is known as zoorium. It consists of several
individuals called zooids.

22.2.1 Zooids
Zooids are the units of individuals of an ectoproct colony. These zooids rsembles
the hydroid polyps in their general appearance, but their microscopic study reveals
that they are triploblastic animals. A non-living exoskeletal case is secreted typically
around each zooid, the nature of which varies greatly, this case is called zoecium.
The living parts which are present within the body wall are known as polypide.

22.2.2 Zoecium
It is the non-living exoskeletal covering around each zooid. It may be horny,
coriaceous or rarely gelatinous. It is actually the cuticle of the zooid which is secreted
by the underlying epidermis. The arrangements and shape of zoecia varies in
different families and genera. The zoecia of a colony may have common walls as in
case of Cryptosula or it may be separated like in Aetea. The arrangement of the
branches of a colony may be uniserial, biserial or multiserial. The shape of the
zoecium may be tubular, cylindrical, ovoid, vase-like or polyhedral.

The external opening of the zooecium is called orifice, it is meant for the
protrusion of the lophophore. Orifice is a circular, semi-circular, or crescentric
aperture. The orifice rim may be protected by spine like projection (e.g.,
Aeverrillia) lobes or lips (Furrella). It may be closed by a movable, hinged
operculum (e.g. Beania) or it may be extended into a collar-like extension known
as orificial collar (Lagenipora). Bugula lacks any special closing apparatus.
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Fig. 22.1: Bugula avicularia. Two Zooids Magnified.

The body wall, for some distance is generally interned at the orifice to form
a chamber called the vestibule. The bottom of the vestibule is restricted by a
perforated diaphragm, through the opening of which the lophophore can be
retracted or protracted. A sphincter is present at the opening of the diaphragm.

22.2.3 Polypide
The non-living zoecium occupied by the living individuals is called polyp. It consists
of an anterior introvert and the trunk or the main body.

Introvert

It is the oral or anterior part of the polypide which can be protruded or retracted
through the orifice. The mouth is present at the free distal end of the introvert.
The opening of the mouth is surrounded by a circlet of long ciliated tentacles. The
disc bearing the mouth and tentacles is called the lophophore, which closely
resembles that of the phoronids. Lophophore may be circular (gymnolaemates) or
horse-shoe shaped (phylactolaemates) and embraces only the mouth, but never
anus. There is a single row of simple, filiform, ciliated, hollow, 16 to 106 tentacles
at the edge of the lophophores. Each tentacle contains a narrow prolongation of
the ring coelom in the Lophophore base, when the lophophore is expanded, the
tentacles diverge to form a food-catching funnel with mouth at the base. The
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tentacles helps in driving food towards the mouth with the water current by vibrating
their cilia actively. Thus the tentacles acts as tactile and respiratory organs. Below
the lophophoral base, the protrusible neck-like region of the introvert is present
which is called the tentacle sheath. It is continuous with the fixed part of the body
wall.

Fig. 22.2: Schematic Zooids in an Ectoproct Colony,
A–Retracted Zooid; B–Extended Zooid

Trunk

It is the immovable part of the polypide, which remains permanently fastened in
the zoecium and contains the coelom and other internal organs.

22.2.4 Body Wall
Body wall of Bryozoa consists of outer most cuticular covering of zoecium. Under
the cuticle is present a single layer of flattened polygonal epidermal cells which
are firmly joined together by their edges. A muscle layer is present in
phylactolaemates and is absent in gymnolaemates. Muscle layer consists of a
outer layer of circular fibres which are separated by a basement membrane from
an inner layer of longitudinal muscle fibres. Finally, in phylactolaemates the coelom
is lined by a definite layer of ciliated peritoneal cells but in gymnolaemates it is
lined by an irregular tissue or parenchyma.
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22.2.5 Coelom
The body cavity is a true coelom and is quite spacious. It is divided into parts by
an incomplete transverse septum which are—(i) the general or trunk coelom,
and (ii) the ring coelom of the lophophore with prolongations into the tentacles.
There are numerous radiating strands which crosses the coelom. The strands are
composed of spindle-shaped cells. Usually two mesentric double bands suspend
the alimentary canal from the body wall—(i) An anterior band attached near the
mouth and (ii) A posterior band or funiculus, attaching the stomach caecum to the
aboral wall of zoecium. In phylactolaemates, the cavity of epistome is considered
to be most anterior coelom or protocoel. The coelom is either lined by a definite
ciliated peritoneum or by a thin irregular parenchyma. Coelom is filled with a
colourless fluid which consists of several kinds of suspended coelomocytes. They
also help in distributing the food in absence of a circulatory system.

22.2.6 Muscular System
There are several muscle strands found traversing the coelom. Movements of the
introvert is controlled by special musculature. It comprises of the parieto-visceral
and retractor muscles running from the alimentary canal to the body wall. Other
muscles are concerned with the operation of the vestibule, diaphragm, tentacles
sheath, and operculum etc.

22.2.7 Digestive System
Digestive tract is complete, U-shaped and bent on itself. It is suspended fully in the
body cavity by means of mesodermal strands from the body wall. Mouth is simple
and rounded and is present in the centre of the circular or horse-shoe shaped
lophophore. In some aquatic forms there is an epistome which is a sensory structure
and present just above the oral opening in the form of a projection. It is a movable
and ciliated structure and can be correlated with the epiglottis. In gymnolaemates,
it is absent.

There is short and broad muscular pharynx in which the mouth leads.
Pharynx is lined by a columnar ciliated epithelium and it passes into a long
and narrow oesophagus. Cilia are completely lacking in the lining of the
oesophagus. It terminates into a large U-shaped stomach. The anterior tubular
part of stomach is lined by glandular epithelium and is known as stomach
sac. Its long and conical aboral prolongation called caecum. It remains attached
to the zoecium by its funiculus. The last tubular part is known as pylorus. It
is directed upwards and is lined by ciliated epithelium. In some cases, a thick
walled and rounded chamber called the gizzard is present. It is lined by
chitinous teeth and exists between the oesophagus and stomach. The pylorus
by means of a constriction leads into the narrow intestine which is generally
known as rectum. It runs anteriorly, almost parallel to the oesophagus and
opens by means of a rounded anus. It is present near the mouth, but outside
the lophophore, on the dorsal side of the tentacle sheath. It can be distended
to a considerable size.

Bryozoans are ciliary feeder. A water current is created by beating the
tentacular cilia strongly which the water along with the nutritive particles move
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down the tentacular funnel towards the mouth. Food of the Ectoprocts consists of
microscopic plants and animals, especially diatoms. According to Ries (1936),
the digestion of protein and starches takes places extracellularly while fat is digested
intracellularly.

22.2.8 Excretion
Excretory organs are absent like circulatory and respiratory organs. It is assumed
that the coelomic leucocytes and some of the cells of funicular cells collects and
store the nitrogenous waste products. These collected waste products are either
ejected out through the alimentary canal or through the intertentacular organs or
brown bodies.

22.2.9 Nervous System
The nervous centre is in the form of single or bilobed ganglion present in the ring
coelom between the mouth and anus. From this ganglion nerve passes to various
parts of the body. Special sense organs are lacking. A general sub-epithelial nervous
network exist almost throughout the walls of the zooids.

22.2.10 Asexual Reproduction
Asexual reproduction in Bryozoa takes place by following methods:

Budding

In ectoprocts the formation of a colony takes place mainly due to gemmation or
budding of the sexually produced cilited larva. The colony get expanded and zooids
increase in number as a result of prolonged or continuous process of budding.

Statocyst

Altman gave the name statoblast to certain peculiar asexual reproductive bodies
which are found only in the phylactolaemata. These statoblast are the internal buds
formed from the masses of cells, which are found on the funiculus, mainly towards
the end of the summer. The form of statoblasts differ in different genera but usually
their shape resembles a biconvex lens. Statoblast is enclosed in a hard chitinous
shell, which is made up of two distinct watch-glass shaped valves. In a complete
statoblast there is a central rounded or oval mass of peritoneal germinal cells
which are surrounded by the chitinous capsule or shell. The peripheral part is
known as pneumatic ring, annulus or float. This float sometimes consists of air
filled cells like in Hyalinella and sometimes a crown of projecting spines like in
case of Cristatelia.

In winter, the phylactolaemata usually die down and its statoblast are
set free by the death and decay of the parent colony. Each statoblast with the
approach of spring time germinates to give rise to a small zooid. It fixes itself
and by budding develops into a colony. Thus, in the adverse conditions the statoblast
serves to perpetuate the species.
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Hybernacula

These are the external buds formed in some freshwater ctenostomes like
Plaudicella and Victorella, when the colonies die down in winter. These external
buds or the hybernacula continue to live with arrested development and growth
with the approach of favourable condition. These forms new colonies.

Brown Bodies

In most of the Ectoprocta, specially in case of Gymnolaemata, the polypides
undergoes a constant process of degeneration and regeneration with the formation
of certain remarkable structures called internal buds known as brown bodies.
These are reddish-brown in colour and are ball-like masses. They are derived by
the breaking down of the tentacles, alimentary canal and nervous system. A new
set of these organs regenerates from the persistent wall of such a partially
degenerated polypide. These brown body can remain in the zoecium or may pass
into new stomach, where they may undergo distintegration and finally escapes
through the anus.

In Phylactolaemates also, a similar process of degeneration occur but
there is no difinite formation of brown bodies.

The degeneration of individuals was considered due to the accumulation
of excretory wastes because the formation and removed by brown bodies
through digestive tract was believed to be excretory in nature.

Regeneration

Regeneration power is exceptionally in ectoprocts so that replacement of injured
or lost body part takes place easily.

22.2.11 Sexual Reproduction
Ectoprocts are hermaphrodite including a few exceptions. Ovary and testis are
present in the same individual. Ovary is one, sometimes may be two, whereas the
testis may be one or more in number. Gonads develop on the peritoneum of the
body wall, digestive tract or funiculus. Generally, the ovary is located distally towards
or about the middle of the oral end. The testis is present at the proximal end
towards the base or on the funiculus of the zooid. Inside the ovary is present a
clusters of rounded ovocytes with large nuclei. They are enclosed in a thin
peritoneum. The testis is subdivided into groups showing all stages of
spermatogenesis. A spherical mass of cells called spermatidia are given out from
testes which develops into mature sperms. Sperms are provided with a long motile
tails in the coelom. Maturation of testes and ovary takes place at different time.
Gonoducts are absent. Fertilization takes place into the coelom where the ripened
ova reaches. Some of the ctenostomes like Alcyonidium albidum, Membranipora
pilosa shed their eggs directly into the sea by the way of an intertentacular organ
or a supraneural pore. The intertentacular organ is a fine ciliated tube present
between the mouth and the base of dorsal tentacles whereas the supraneural pore
is a simple aperture which is same in its position. The pore or the tube is formed
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only during the breeding season. They communicate lophohoral coelom with the
exterior and serve for the exit of the eggs and sperms. Cross-fertilization occurs in
ectoprocts.

22.2.12 Development
Early development takes place under parent’s protection.

22.2.13 Brooding Chambers
In different species, brooding arrangements vary greatly, it may take place in the
coelom like in Nolella dilatata or it may be in a special diverticular which serves
a brooding chamber. There are some other structures which act as brood chambers
like tentacular sheath (Bowerbankia caudata) of an imperfectly formed zooid,
ovicell or oecium which is an outgrowth of a zoecium eg. Bugula, tubular orificial
collar eg. tubucellaria, and may be a rudimentary polypide bud like in
phylactolaemata.

22.2.14 Larvae
Cleavage is nearly equal and is holoblastic. Gastrulation takes place by delamination
at the vagital pole which results into a coeloblastula stage, more or less a modified
trochophore larva. The ciliated embryos in case of brooding species escapes either
through the intertentacular canal, or through the supraneural pore, or by a rupture
of the body wall of the parent, or by the degeneration of its polypide.

The larva shows great variation in its form. The typical larva of the oviparous
or non-breeding forms is called cyphonautes. The side view of the larva is
compressed laterally and looks triangular. The whole body of the larva is bell-
shaped. The base of the bell is the ventral surface which is surrounded by a ciliary
girdle or corona forming a thickened edge. It is the chief organ of locomotion due
to which the body surface is divided into two distinct region, oral and aboral. The
right and left shell valves meet in front and behind but the gap ventrally. There is an
opening between the two valves at the aboral apex through which a knob-like,
ciliated, retractile disc called the apical organ or calotte projects out. During
swimming this organ is carried forward. There are two epidermal invaginations on
the oral concave surface. The anterior end is a complex of gland cells associated
with a ciliated depression or ciliary cleft and is called pyriform organ. At the
interior end of ciliary cleft there is a tuft of long cilia called the vibratile plume.

The posterior end is the invagination of thickened ectoderm and is known
as sucker or the adhesive organ the larvae attaches themselves by means of
this adhesive organ. There is a spacious non-ciliated cavity or vestibule present
in between the pyriform organ and the adhesive sac. Mouth is present at the
bottom of the vestibule. Larva consists of a complete U-shaped alimentary
canal accompanied with ciliated pharynx, oesophagus, stomach and intestine.
Intestine opens on the oral surface by anus, present just behind the adhesive sac.
Muscular and nervous tissue are quite developed, and the apical organ is the main
nervous centre. The cyphonautes swims actively for several weeks and feeds on
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micro-organism brought in by the ciliary currents, during which the dispersal of the
species also takes place. The larva, finally comes to rest and gets attached to a
suitable substrate and undergoes further metamorphosis.

The larva, in the majorities of brooding species like Ctenostomes and
Cheilostomes becomes further specialized. The species like mytili, Bugula, the
shell is lacking. The shape is rounded or oval. In the species like Flustrellidra
hispida, Alcyonidium mytili, the alimentary canal is absortive because the intestine
and anus are absent. In Bugula, the alimentary canal is absent. The apical organ is
larger at the aboral end. It forms a little turret surrounded by a mantle groove
often with a scalloped edge. Red pigment spots with tufts of cilia are often present.
Remaining structures are similar to those of Cyphonautes.

22.2.15 Metamorphosis
In all Gymnolaemata, the process of metamorphosis is same. The larva attaches
itself by the ventral adhesive sac, which is suddenly everted and spread out over
the substrate as a flat disc of ectoderm. The alimentary canal disappears and the
two shell valves are shed. All the larval organs undergo histolysis, so that the larva
becomes reduced to a layer of epithelium surrounding a loose mass of cells and
debris. An outer cuticle is secreted by the ectoderm. A vesicle or the primordium
of the polypide is formed when the aboral ciliated disc starts proliferating and
invaginates inwards. This ectoderm of the vesicle also contributes to the mesoderm
besides forming the lining of the alimentary canal, the ganglion, covering the tentacles
and the tentacular sheath etc. Thus the primary zooid called the ancestrula is
formed which gives rise to the future colony by means of asexual budding.

The larva, in the phylactolaemata, when comes out of the brood chamber is
itself is cystid or primary zoecium of develop, increasing its number during swimming.

22.2.16 Affinities of Ectoprocta
Under the old phylum poloyzoa or Bryozoa, formerly the ectoprocta and entoprocta
were linked together as classes because of the following similarities:

Presence of crown of ciliated tentacles.
Presence of looped digestive tract.
But in all the sessile animals these features are common. The circlet of
the tentacles serves a good catching device, while the approximation
of mouth and anus prevents the accumulation of faeces around the
animals.
There is a well marked superficial resemblance between the cyphonautes
larva of Ectoprocta and the larva of Entoprocta. But all the pelagic
larvae shows certain similarities. There has been pointed out a very
sharp difference the two larvae. The ectoproct larvae has no adhesive and
pyriform organs, instead it has a rudiments of cerebral ganglion. There is
also some difference in their further development and metamorphosis.
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The two groups also differ basically in their anatomical feature which are
tabulated as follows:
S.No Entoprocta Ectoprocta

1. Pseudocoelomate i.e. lacks the true 1. A true coelom is present i.e., they are
coelom. coelomate.

2. Mouth and anus, both are included 2. Tentacular crown or lophophore
within the crown of tentacles which embraces only mouth but not anus.
 is not a lophophore.

3. Tentacles and lophophore cannot 3. Tentacles and lophophore can be
be retracted into the body cavity i.e., retracted into the body cavity i.e. they
they are non-retractile. are retractile.

4. Nephridia are present 4. Nephridia absent.

5. Gonoducts are present 5. Gonoducts absent.

Thus, in comparison with the coelomate ectoprocta, the pseudo-
coelomate entoprocta are much lower in organisation. There is really no close
relationship between them and they must not be placed together under the
same group.

Affinities with Other Lophophorate Phyla

It was Prof. Caldwell (1882) who first of all suggested the close affiniteis of
Ectoprocta, Brachiopoda and phoronida. Hatschek (1888) made these three group
classes of the phylum Tentaculata. But instead of Tentaculata Hyman (1959) named
it Lophophorata. The three Lophophorate phyla appear to have some body plan
and shows the following close similarities:

Presence of similar anatomical and histological construction of a horse-
shoe shaped tentaculate lophophore.
Lack of cephalization with a poor development of epistome and
protocoel.
Dorsal body surface is reduced with approximation of mouth and anus.
Coelomate animals with same regions of body and coelom, with a
definite internal septum between mesosome and metasome.
Looped digestive tract.
Sub-epidermal nervous plexus is present, whereas the main nervous
system is in the form of a peripharyngeal nerve ring in mesocoel.
Chitinous secretion is common.
There is superficial resemblance between the free-swimming and ciliated larvae.
But other than the above similarities, the anatomical differences and the differences

in their development are highly enough to place the three groups as independent phyla.
The resemblances probably developed due to sessile mode of life.

22.2.17 Conclusion
The available information about the anatomy and development of ectoproct suggest
it to be an independent phylum with clear similarities with other lophophorate
groups i.e., Brachiopoda and phoronida.
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The phylactolaemates should be considered as the most primitive existing
ectoprocts because of following features:

Preservation of fundamental cylindrical shape of the zooids.
Absence of polymorphism.
Horse-shoe shaped, simple lophophore.
Lack of elaborate devices for operating the lophophore and closing to orifice.
Body is differentiated into protostome or epistome, mesosome or
lophophoral region and metasome or trunk with a definite through
incomplete septum between mesocoel and metacoel.
Body wall is muscular, constituting simple mechanism for protrusion
of the polypide.

Check Your Progress

1. What is lophophore?
2. Which systems of body are not present in Ectoprocta?
3. How many species are there in Ectoprocta?
4. Which name is given to the complete colony of Ectoprocta?

22.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Lophophore is a circular or horseshoe-shaped organ about the mouth
especially of a bryozoan that bears tentacles and functions especially in
food capturing.

2. Both excretory and circulatory systems remain absent in ectoprocta.
3. There are about 4000 living and 15,000 extinct species in the phylum

ectoprocta.
4. A complete colony of the ectoprocta is known as zoorium. It consists of

several individuals called zooids.

22.4 SUMMARY

Ectoprocts are minute, sessile colonial, unsegmented coelomate animals possessing
circular or crescentric lophophores. Most colonies are white or pale in colour,
however some exhibit red, orange, brown, blue or violet colouration. A complete
colony of ectoprocta is known as zoorium. It consists of several individuals called
zooids. These zooids resemble the hydroid polyps in their appearance. Each zooid
secretes a non-living exoskeleton called zoecium. It may be horny, coriaceous or
rarely gelatinous. The zoecium is occupied by living individual called polyp. The
anterior part of the polyp that can be protruded or retracted through the orifice.
Mouth is present at the free distal part of introvert. Mouth is surrounded by a circlet
of long ciliated tentacles. The disc bearing mouth and tentacles is called the
lophophore. Digestive tract is complete, U shaped and bent on itself. There is a short
and broad muscular pharynx. There is a long tube like oesophagus. It terminates into
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a large U shaped stomach sac. Remaining part of gut includes small intestine, large
intestine or rectum. It is a ciliary feeder and feeds upon microscopic plants and
animal, especially diatoms. Excretory organs, circulatory organs and respiratory
organs are absent. Asexual reproduction takes place by means of budding,
hypernacula and brown bodies. Development is indirect through a larval form.

22.5 KEY TERMS

Bugula: Bugula avicularia is a common marine ectoprocta. Its stem is
dischotomously branched and includes four longitudinal rows of
numerous biserially arranged zooids.
Cyphonautes: The typical larva of the oviparous or non-breeding form is
called cyphonautes.
Introvert: It is the oral or anterior part of the polypoid which can be
protruded or reracted through the orifice. The mouth is present at the
free distal end of the introvert.
Phylactolaemates: This term is applied to the horse shoe shaped
lophophore that embraces only the mouth, but never anus.

22.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define the term lophophore.
2. Write down the characteristic features of ectoprocta.
3. Describe the habits and habitat of ectoprocta.
4. Write notes on the body wall.

Long Answer Questions
1. Write an essay on the Ectoprocta.
2. Differentiate ectoprocta from endoprocta.
3. Write notes on the digestive and nervous systems.
4. Describe the reproduction and also the embryonic development.

22.7 FURTHER READING

1. Frank K. McKinney. Ectoprocta (Bryozoa).
2. Kotpal R.L., Minor phyla – Zoology Phylum.
3. Pandian, T.J. Reproduction and Development in Minor Phyla.
4. Robert M. Woollacott. Russel L. Zimmer. Biology of Bryozoans.
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23.0 INTRODUCTION

Rotifers are usually microscopic and free living aquatic animals. The body is
unsegmented and bilaterally symmetrical. For locomotion they consists of
typical ciliary apparatus called corona present at the anterior end of the body.
It also helps in food-capturing. The animals are also provided with a muscular
pharynx containing movable jaws. Excretory organs are the typical flame-
bulb nephridia which opens into the cloaca. Sexes are separate with clear cut
sexual dimorphism. Circulatory and respiratory system are wanting.

Locomotion or movement in rotifers is brought about either by creeping
on the bottom in a leech-like manner aided by foot or by means of active
swimming which is fascilitated by beating cilia of the corona. Food of the
rotifers include unicellular algae, and other microscopic organism. The food
is caught with the help of lashing cilia. They in turn may also serve as food for
crustaceans, worm, thus, they participate in the food chain of freshwater.

Regeneration is not found, but they can withstand drying even for years.
They undergo desiccation becoming shriveled and wrinkled and reduced much
in volume. It does not secretes any protective cyst. Resistance to low
temperature and lack of moisture in the dessicated condition is remarkable.
Rotifers can survive for 3 to 4 years in dormant state. At the arival of water, the
dried creatures swells the body get unfolded and it resumes its normal activities
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and starts reproduction. Being small in size and great resistance to draught, they
are easily disposed by birds and wind. Sometimes, the animal itself dies, but the
eggs contained in it may survive till the animal of the moisture. All these factors are
responsible for its cosmopolitan distribution.

23.1 OBJECTIVES

After going through this unit, you will be able to:
Know the definition and ecological status of rotifers.
Describe the external features of rotifers.
Write notes on various systems of the body.
Describe the affinities of rotifers.

23.2 GENERAL MORPHOLOGY

23.2.1 Shape, Size and Colouration
The rotifers are microscopic aquatic creature, some of which are not larger than
the protozoans. Many species are much smaller than amoeba and are engulfed by
it. Their size ranges from .04 to 3 mm in length. Although they are microscopic
they are the true metazoans provided with an enteric canal, nephridia, gonads,
ganglia, sense organs etc. The body may be slender, worm-like, broad, flattened
or even spherical. They does not have any direct importance to man. Rotifers are
usually colourless and transparent. But the enclosing cuticle may impart slight
yellowish colour.

23.2.2 External Feature
The body of rotifers is elongated and is divided into three distinct region:

An anterior head
A middle trunk
A posterior foot.

Head

It is the anterior part of the body, it may be narrow or lobed but typically broad
and truncate. On the head there is present a characteristic retractile ciliary crown
or disc called corona or trachial disc. This disc is provided with a central unciliated
apical field. The distribution of crown cilia varies in different species. The corona
or trochal disc in some cases like Epiphanes is surrounded by a double ciliated
ring which is called velum. It is made up of two ciliary band, outer one is called
angulum and inner one is called trochus. In the common type of crown for eg.
Philodina, the cilia are arranged in two lobes or discs their cilia beat in a circular
manner, one clockwise and other anticlockwise. This movement looks like two
wheels spinning, hence, the name ‘Rotifera’ is given. Locomotion is fascilitated by
the beating of cilia. The cilia helps in carrying water current towards mouth which
contains oxygen and food. The water also carries away the waste material. The
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rotifers are often called Trochelminthes because of this characteristic organ, ‘the
trochal disc’.

Fig. 23.1: Brachionus rubens. (Female).

Trunk

It is the middle elongated region of the body consisting of the main visceral
organs. It is generally surrounded by a shell-like transparent, flexible, circular
covering called the lorica. It is often provided with spines. It is folded into section,
and when the animal contracts these folds can be telescoped one into other.

Fig. 23.2: Brachionus rubens. (Male).

Foot
Tail or foot is the post-anal or terminal, gradually tapering part of the body.
Sometimes, its cuticle is ringed. It may be long or short and terminates either
in an adhesive disc or in one to form pointed, movable finger like projection
called the toes. The foot is provided with cement or pedal glands whose
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ducts opens at the tip of the toes. These glands secretes viscous secretion when
helps in anchoring the animal temporarily during feeding. Other than this or being a
clinging organ it also helps in locomotion.

23.2.3 Body Wall
Body wall of rotifers constitute the cuticle, epidermis and sub-epidermal
muscles—cuticle is the protective, non-cellular, thin layer secreted by the
epidermis. Cuticle consists of scleroproteins and some species it forms a rigid
shell or lorica around the trunk. It is provided with spicules, may be ringed or
annulated to permit telescoping the body. The epidermis is a thin syncytium
layer consisting of a fixed number of scattered nuclei. Epidermal glands are
scanty. A retrocerebral organ is present near the brain, whose duct opens on
the apical field, which the ducts of pedal glands opens at the tips of the toes.
Definite muscles are absent, but passing from lorica to trochal disc and tail
there are several bands of unstriped muscles which acts as retractors.

23.2.4 Pseudocoel
The body wall and the gut encloses a spacious cavity which is called the
pseudocoel. It is derived from the embryonic blastocoel. It does not contain
epithelial lining. It is filled with fluid consisting loose syncytial mass. This
mass contains amoeboid cells which are most probably phagocytic and
excretory in nature.

23.2.5 Digestive System
The food of rotifers includes protozoa minute organism and organic debris.
The food material is brought into the mouth by the sweeping action of cilias.
Cilias are prsent in the centre or near the ventral edge of corona. The mouth
leads into pharynx through a short buccal cavity. Pharynx is a rounded,
elliptical, or elongated and highly muscular structure, and is provided with an
efficient chewing apparatus characteristic of rotifers alone. Internally, it is
provided with hard chitinous teeth or jaws called trophi, and it projects into
the lumen. The trophi is divided into seven main, six paired and one piece.
There is a forked structure called the incus present in the middle bline. It
possess a small, mid-ventral base called the fulcrum. It further consists of
two antero-dorsal branches called the rami. A hammer-shaped malleus is
present on either side of the incus. The malleus is embedded in the muscles
and is also provided with a toothed claw or incus. The pointed end of the
manubrium on the posterior side is called cauda. In between unci and rami,
small pieces may be intercalated which are known as subunci.

The muscles keep the trophi in constant motion, due to which the living
rotifer can be differentiated from outer organism. They are variously used to
grasp, cut and grind the food. According to their feeding habits, they vary in
their shape and size. They are of malleate, virgate, cardata, forcipate, incubate,
ramate, uninate and fulcrate type. There are two to seven salivary glands on
the wall of mastax.

Pharynx leads into a large, thick-walled sac-like stomach through a
short, narrow and dorsal oesophagus. In the anterior part of the stomach are
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attached a pair of digestive or gastric glands. The stomach passed into an oval
cloaca through a short, almost straight intestine. The cloaca opens to outside through
the anus or cloacal opening which is situated mid-dorsally at the junction of trunk
and foot. In the pelagic forms like Ascomorpha, Asplanchna etc. intestine, cloaca,
and cloacal opening are absent. They suck their prey and have no indigestible
remnants for defaecation. The whole of the digestive tract is lined by cilia except
pharynx. Digestion takes place in the stomach whereas absorption takes place in
the stomach and intestine.

23.2.6 Excretory System
In Rotifers, excretory system consists of a pair of lateral, convoluted protonephridia
or excretory canals. They are present one on each side of the alimentary canal.
The protonephridia gives off irregular tag-like processes, which ends in two to
eight flame cells. The canals connect by a transverse renal commissure anteriorly
and is called Huxley’s anastomose. They open into a common pulsating vesicle
or urinary bladder posteriorly. This urinary bladder contracts periodically to expel
its fluid contents outside through the cloaca. In a few freshwater species, after
every 13 minutes the bladder eliminates a bulk of liquid equal to that of animal.
Such a high rate of discharge is evidence of the osmoregulatory function of the
protonephridia. Respiration takes place through the general body surface.

23.2.7 Nervous System
Nervous system of rotifers includes brain, which consists of a bilobed
suprapharyngeal ganglion. It is located in the head above the pharynx. From
the brain arises various nerves which innervate different organs and sensory
centres of the body. The rotifers are quite active creatures which shows that
nervous system has a well co-ordination with the musculature.

23.2.8 Sense Organs
Sense organs of rotifers include bristles, membranelles, styles or feelers,
papillae, ciliated pits, antennae and eye spots. The antennae which are
sometimes two in number are antero-mid dorsal in position. They are present
just behind the trochal disc. The lateral antennae are present one on each side
of the trunk. These are small, cylindrical and finger like processes tipped with
stiff, sensory tufts. Eye spot or ocelli are placed dorsally and are provided
with red pigment. These may be 1 to 3 in number or may be entirely absent.
Inside the brain there is a retrocerebral organ whose function is not known
however according to Hyman this organ is homologous to the frontal organ
of flatworms.

23.2.9 Reproduction
Rotifers are unisexual with a clearly marked sexual dimorphism. Sexual
reproduction occurs.

The females are larger than the males. The males being smaller in size
are often degenerate, without digestive organs. They occur in few number
because of two reason, firstly because of their brief existence and secondly
because they are produced in few numbers. The large part of the male body is
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occupied by a large, sacciform testis. It opens by means of a ciliated sperm duct
either dorsally in a protrusible pairs or in the foot. There may be a many prostatic
glands which open into the sperm duct. The males usually die after mating.

Fig. 23.3: Diagram of a Rotifer Showing the Internal Structures.

Females are large in number and one quite common. There is a single,
bulky and syncytial ovary present below the stomach. Ovary constitutes two
main parts—(i) small ovary proper or germarium and (ii) large yolk gland or
vitellarium. The yolk gland supplies yolk to the egg. From the ovary, a short
oviduct arises and leads into the cloaca.

23.2.10 Life History
Fertilization is internal. Copulation procedes by a hypodermic impregnation
in which the male stabs the female on any part of her body with his body.
Now through her body wall the sperms are injected into the pseudocoel.
Male produce two types of sperms, one for fertilization and other for
penetration. Life cycle in rotifers is seasonal. Eggs are either laid on the
substratum or are glued to the body of the female or even to any, other animal.
In the order Seisonida, all egg require to be fertilized and hatch as either male
or female. In the order, Bdelloida the males are not known and the eggs
develop parthenogenetically into females. In the order Monogonontida, two
kinds of females occur without external distinction:

Amictic Females
These types of females, during most of the year produces, large, thin-walled,
diploid eggs. These eggs are known as amictic or parthenogenetic or
summer eggs. They are not able to get fertilized and develop into females. In
this way many generation of females are produced.

Mictic Females

The sexual season appears in the later part of the year, and during this part
the female lays mictic eggs characterised by being small and thin walled.
They are haploid and can be fertilized, If in case they are not fertilized, they
develop parthenogenetically into males, and if fertilized they become thick-
walled and diploid. At this stage it is called resting, dormant or winter eggs,
these can survive in unfavourable conditions like drought and cold. During winter



NOTES

Rotifera

Self-Instructional
412 Material

they remain quiescent but at the arival of spring they hatch into mictic females who
progeny may be amictic as well as mictic females.

The word ‘mictic’ derived from Greek miktos, means mixed. It refers
to the fact that mictic females produce both infertilized male producing eggs,
and fertilized female producing eggs if males are available. Any given female
is either mictic or amictic and cannot produce eggs of both kinds. The
alternation between parthenogenetic and sexual reproduction is termed
heterogenous, and is characteristic of the order Monogonontida.

23.2.11 Development
Cleavage is spiral and determinate. Gastrulation is epibolic, and the ectodermal
invagination form the stomodaeum and proctodaeum. Development is direct
without any larval stage. They are mostly oviparous but some like Philodina
are viviparous. The living young one comes out by breaking the parental
body as a result the parent dies.

23.2.12 Importance of Rotifera
Rotifera are small creatures, but reproduce rapidly, due to which the zoologist
found it convenient for the experimental studies in the laboratories.

Rotifers play an important role in cleaning up natural and pollutional
waste but their abundance may create a problem in water filteration. They
also participate in food chains which leads to man. For the animals like small
crustaceans and fishes, the rotifers acts a food sources.

An outstanding significance is the striking resemblance of some adult
rotifer to the trochophore larva of some higher animals, which concludes that
early ancestors of higher animals were rotifer like in nature.

In rotifers the adult possess fixed number of cells and surprisingly
constant except in gonads i.e. why they are known as ‘cell constant’ animals.
Rotifers lack the power of regeneration because the body cells do not divide.

23.2.13 Distinctive Characters of Rotifera
They are almost microscopic and freshwater animals, but rarely may be
parasitic or marine.
Body is bilaterally symmetrical, unsegmented, triploblastic and non-
coelomate.
Division of body into 3 parts—head, trunk and tail.
Anterior end of the head consists of a trochal disc or corona, which is
retractile and ciliated. It is used for locomotion and food capturing.
Posterior region or tail is mobile, telescopically segmented, usually
forked and is also provided with pedal or cement glands.
Body wall is syncytial and is covered with a cuticular exoskeleton
forming lorica. It is often ringed, especially over the foot.
Most of the tissues in adult body are syncytial, whereas the total number of
nuclei in the bodies of different species remains constant.
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Body cavity is quite spacious, and is devoid of epithelial lining.
Digestive system is provided with a muscular grinding pharynx or mastax
which possess internal jaws.
Nervous system is simple with a dorsal cerebral ganglion and several
nerves.
Special respiratory and circulatory system are absent.
Sense organs are tuft-like or as eye spots.
Sexes are separate with a clear cut sexual dimorphism. Males are smaller
than the females and degenerate. Females may be oviparous or
viviparous.
Reproduction is sexual or may be parthenogenesis. Development is
direct without any larval stage.

23.2.14 Affinities of Rotifera

Affinities with Arthropoda

Cuticle covers the body.
Superficial metamerism is exhibited.
Two jaws are present.
The moving bristle-hearing anus of pedalia suggest the appendages of
a crustacean larva.

Affinities with Trochophore

There is a close similarities in between some of the adult rotifers and the free-
swimming trochophore larvae of Annelida, Mollusca, Nemertinea and
Bryozoa. Trochosphaera which is a peculiar rotifer appears almost like a
sexually trochophore with a pharynx. Its ciliary girdle, bent intestine and excretory
organs are topographically similar to corresponding part of the trochophore. Due
to this strong similarity Hatschek propounded his famous trochophore theory which
maintains that the living rotifers are closely related to the ancestral mollusca, Annelida
and few other groups. In short, the annelid theory concludes that the rotifers are
simply annelids which have remained in a larval condition. But this theory fails
when it is established that Trochosphaera is merely a peculiar rotifer with a modified
girdle type corona, which resembles prototroch of the trochosphere only
superficially. Corona, of the rotifers on the other hand is large primitive and ventrally
placed. It although differs from the ciliary circlets of the trochophore.

Nowadays, it is believed that the similarities of rotifers and certain
trochophores is merely coincidential. It may be the result of adaptive radiation
and does not show any evolutionary significance. The rotifers do not show
any other ancestory with other group, rather than this, they are known to be
the simplified forms showing persistance of many larval characters.
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Affinities with Platyhelminthes

The anatomy and embryology of rotifers combinely suggest that they have originated
from a low grade creeping bilateral like primitive turbellarian.

Corona of rotifera which is quite primitive is supposed to be derived from a
comple or ventral ciliation as in turbellarians.
Formation of cuticularized parts like trophi, is also common in turbellarians.
Excretory organs, the protonephridia ending in flame bulbs, recalling that of
rhabdocoel, shows that the rotifers are definitely drived from any higher
group.
Retrocerebral organ is probably homologous with the frontal organs of
turbellarians.
Female ovary is divided into germarium and vitellarium, resembling
the flatworms.
Rotifers on the other hand shows some dissimilarities with the flatworms:
Anus is present.
Sub-epidermal continuous muscles are absent.
Sub-epidermal nerve plexus is absent.
Due to the small size of the rotifers, it is not necessary that the sub-

epidermal nerve plexus should be absent. However, the nervous system shows
a general similarity to that of flatworm.

Affinities with Nematoda

The rotifers and nematodes resembles in being composed of relatively few
cells with a nuclear constancy. The body cavity and syncytial epidermis does
not possess any special lining.

23.2.15 Conclusion
Rotifer’s embryology does not show traces of coelom or endo-mesoderm
during development, which suggest that they have not been derived by
retrogression of higher groups. Among the invertebrate groups, they show
greatest resemblances to the Turbellaria. But in structure, they show an
amazing variety and does not resemble any one group of animals. Therefore,
rotifers are justified with a separate and independent phylum.

Check Your Progress

1. What are rotifers?
2. What are the main divisions of the body of a rotifer?
3. Which type of coelom is found in rotifers?
4. What are protonephridia?
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23.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Rotifers are microscopic and free living aquatic animals. The body is
unsegmented and bilaterally symmetrical.

2. The body of rotifer is elongated and is divided into three parts: an
anterior head, a middle trunk and a posterior foot.

3. The body cavity of rotifer is the pseudocoel.
4. Protonephridia are the convoluted excretory tubules, present on each

side of the alimentary canal.

23.4 SUMMARY

Rotifers or wheel bearer or wheel animalcules are free living, creeping, swimming
or pelagic, or sessile animals found in fresh water bodies, seas, and the soil both
moist or dry. They are triploblastic, unsegmented and acoelomate. There is a
syncytial epidermis that secretes the outer protective covering of cuticle which is
often ringed and gives a segmented appearance. Though body muscles are present,
but do not arranged in layers. There is a well marked and prominent mouth provided
with a characteristic ciliated trochal disc to help in food capturing as well as in
locomotion. The rotifers are also provided with a muscular pharynx bearing movable
jaws. Excretory organs are the typical flame bulb nephridia pour their contents
into the cloaca. Circulatory and respiratory systems are wanting. Sexes are separate
with clear cut sexual dimorphism. Fertilization is internal. Eggs are either laid on
the substratum or are glued to the body of female or even to any other animal.
Some eggs develop only after fertilization whereas some develop
parthenogenetically. In majority of cases males are diploid and are developed
from fertilized eggs whereas females are haploid and are developed
parthenogenetically from unfertilized eggs. Rotifers play an important role in cleaning
up natural and pollutional waste but their abundance may create a problem in
water filteration.

23.5 KEY TERMS

Amictic and mictic females: Amictic females are those laying their shelled
large sized eggs which develop parthenogenetically into amictic females,
whereas mictic females produce smaller eggs, which give rise to mictic males.
Pilidium: The free swimming hat shaped larva of various nemertean worms
in whose interior its young worms develops.
Solenocytes: These are excretory structures and help in removing the
excretory products from the body.
Trochal disc: The expanded flat to some what funnel shaped disc at the
anterior end of a rotifer’s body that serves to draw in food or to propel the
animal.
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23.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What are the wheel animalcules?
2. What is the nature of coelom in rotifers?
3. Define parthenogenesis.
4. What are amictic and mictic females?

Long Answer Questions
1. Write an essay on Rotifers.
2. Describe the distinctive characters of Rotifers.
3. Write notes on the affinities of Rotifers.
4. Describe the external features of Rotifers.

23.7 FURTHER READING

1. Astushi Hagiwara, Tatsuki Yoshisaga. Rotifers.
2. Donner, Josef. Rotifers.
3. Esther Lubzens; M.R. Miracle, John Gilbert. Rotifers Symposium VI:

Proceedings of the Sixth International Rotifer Symposia, Hold-B.
4. Robert Abernathy. The Rotifers.
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24.0 INTRODUCTION

Balanoglossus usually lives in burrowing condition but some times it may be seen
under the stones, rocks etc. It has a world-wide distribution. It is exclusively
marine and chiefly found in shallow, intertidal water along the warm and temperate
oceans. These animals burrow in the sandy mud and secrete the integumentary
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mucous to cement the sand grains. The burrow is usually ‘U’ shaped. It has two
openings, the anterior opening is large and funnel shaped while the posterior opening
is small and circular and concealed below the spirally coiled faecal matter of the
animal. The faecal coil resembles the castings of earthworms. The anterior opening
may give out side branches. In its burrow Balanoglossus lies in twisted condition
but its anterior and posterior extermities are straight.

Balanoglossus feeds on planktons and organic debris. It is a sluggish and
inactive creature. It was reported by Knight Jones (1952) that the animal moves
in its burrow slowly with the help of cilia present all over the body. They have
numerous gill clefts but have no anus. Sexes are separate and the development is
through larval stage known as tornaria larva. Asexual reproduction is absent but
power of regeneration is well marked.

About 20 species of Balanoglossus are present all over the world, a few
of them are B. australiensis, B. camosus, B. jamaicensis, B. gigas,
B. misakiensis etc. and allied genera emit bright greenish luminescence emanating
from a slimy substance discharged from body surface.

24.1 OBJECTIVES

After going through this unit, you will be able to:
Habits and habitat of Balanoglossus.
Describe the external characters and body wall of the tongue worm.
Explain all the systems of the body of Balanoglossus.
Describe the reproductive behaviour, spawning, and development of
Balanoglossus.

24.2 EXTERNAL MORPHOLOGYAND BODY
WALL

24.2.1 Shape and Size
It is an elongated, cylindrical, worm-like animal without external appendages or
exoskeleton. Being a soft animal, its body is richly supplied with cilia all over. Its
body is flaccid and fragile and remains covered in thick, slimy secretion of
integumentary mucous glands. It is bilaterally symmetrical with definite dorsal and
ventral surfaces. The animal measures 10-50 cms. in length. B. gigas is largest
measuring over 1.5 m long.

24.2.2 Colouration
Colour is bright or drab with reddish or orange tints. Young forms are usually
reddish. Several species are luminiscent due to mucus. They have an offensive
colour. Colour makes marked sexual dimorphism during the breeding season.
Branchiogenital and hepatic regions are brownish in colour.
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Fig. 24.1: External Features.

24.2.3 Division of Body
Externally the body is divisible into three regions : The proboscis or protosome,
collar or mesosome, and trunk or metasome.

Fig. 24.2: T.S. of Proboscis.

Proboscis
It is the anterior-most part of the body and is conical in form, tapering anteriorly.
Posteriorly, it continues into a narrowed proboscis stalk which is mostly
concealed under the collar and is continuous with the inner surface of the
dorsal wall of collar. Below the stalk base the proboscis bears a ‘U’ shaped
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ciliated depression called the preoral ciliary organ which is a chaemoreceptor.
The proboscis is hollow and has thick muscular walls. Proboscis encloses protocoel
or coelom of proboscis. The proboscis coelom opens out through the proboscis
pore situated mid-dorsally near its base. There are two proboscis pores in certain
cases. Whereas in some species the proboscis pore does not communicate with
the proboscis coelom and terminates blindly. It may send off a narrow tubular
diverticulum which opens into the neurocoel. The proboscis sits in the collar
somewhat like an acorn in its cup, and this character has given the name ‘acorn
worm’ to this group. Mouth lies on the ventral side and its lip are the ventral edges
of the collar region. The mouth always remains wide open, as it is incapable of
closing completely.

Collar

It is the middle, short and thick belt-like part of body, lying posterior to the proboscis
and anterior to the trunk. It is a short cylinder usually with same length and width
but mostly shorter than the proboscis although sometimes longer. Its surface is
often marked with circular grooves or elevations. The anterior funnel-like part of
collar that encircling the proboscis stalk and the posterior part of the proboscis is
called collarette. Ventrally, below the proboscis stalk, the collarette encloses a
wide aperture, the mouth. The collar is sharply demarcated from the trunk
posteriorly by a circular indentation. The collar has thick musculature and encloses
the collar coelom. sometimes the collar coelom is divided into left and right parts
by dorsal and ventral mesenteries. The coelomic cavities of collar are completely
cut off form the proboscis cavity. Numerous tissue corsses the collar cavity as well
as the probsocis cavity due to which it becomes spongy in appearance. The collar
coelom opens by a pair of collar pores and short ciliated tubes into the first pair of
branchial sacs or gill pouches.

Fig. 24.3: T.S. of Collar.

The functional significance of the cavities and water pores in the collar and
proboscis may be explained best through a description of burrowing habits. When
the Balanoglossus is on the surface of the sandy bottom, it pushes the tip of the
proboscis into the sand. The proboscis is made to move around by muscular
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contraction until a shallow, cylindrical hole is made. Water contents are emptied
out from the proboscis through its pore and collapses. This allows the collar to
enter the hole. The collar expands to fit tightly into a hole like a cork in a bottle
after taken in water through the pores. The null-filled collar then gives a point of
resistance for further rooting movements of the refilled proboscis, which loosens
sand and slows it into the scoop-shovel mouth. Both proboscis and collar are
relaxed and the collar squirms deeper into the hole before tighting its hole again.
The animal makes rapid progress and soon buries itself once the collar gets a firm
grip. The tail end is left near the surface, and at intervals comes out and deposits a
pile of castings somewhat like earthworm.

Trunk

It is the elongated posterior and largest part of the body. It is somewhat flattened
and usually shows superficial annulations. It is also marked by mid-dorsal and
mid-ventral longitudinal ridges. It is differentiated into three regions: the anterior
branchio-genital region, middle hepatic region and posterior abdominal
region. The branchio-genital region is distinguished by the presence of a longitudinal
row of gill-pores on either side of mid-dorsal ridge. Each row of gill-pores is
mounted on a prominent ridge-like elevation and is situated in a long furrow. The
sides of branchio-genital region are thin and leaf-like and are referred to as genital
wings, containing the gonads. The gonads open out through gonopores which are
microscopic apertures. The genital wings are usually curved and folded as the
dorsal side coming close together in the median line thereby concealing the gill-
pores.

Fig. 24.4: Cross Section Through Genital Wings.

The hepatic region is marked by numerous small, paired, transverse folds,
the hepatic caeca, on the dorsal side. It is dark brownish or greenish in colour.

The post-hepatic region or abdominal region gradually tapers behind and
bears a terminal anus.

24.2.4 Locomotion
Balanoglossus moves chiefly with the help of epidermal cilia. The ciliary action is,
however, assisted by peristaltic contraction of the body.
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24.2.5 Burrowing
Balanoglossus burrows by means of proboscis and collar. These parts are stiffened
by taking sea-water into their cavities through the pores on the dorsal surface and
then pushed into sand or mud. This is aided by peristaltic contraction of trunk. As
the animal burrows, the sand and mud pass through permanently open mouth into
the alimentary canal, making room for the body to panetrate.

24.2.6 Body Wall
The body wall consists of epidermis, musculature and peritoneum. The dermis is
absent.

Epidermis

The body consists of a single layer of ciliated epithelial cells which are much
elongated except over the hepatic sacculations. Among the epidermal cells
occur numerous gland cells and some sensory cells. The epithelial cells are
elongated and multinucleated. The epidermal cells are of columnar type and
have their nuclei near their broader basis. The cytoplasm is uniform. At the
outer margin numerous cilia are present. Each cilium emerges out from a
basal granule. All the basal granules are connected with rhizoplast or
neurosome. These cilia move in metachronal rhythm.

Fig. 24.5: V.S. of Epidermis.

Gland cells are lying interspersed between the ciliated epidermal cells. Three
types of gland cells are present, which are given below:

Mulberry cells. These are filled with coarse cytoplasmic granules which
are grouped in such a way that it looks like mulberry. They secrete
amylase. They are also known as granular gland cells.
Reticulate gland cells. These cells contain large number of vacuoles. The
cytoplasm is in a very small quantity. These cells secrete mucous that spreads
over the body surface.
Goblet cells. Each cell is with a large flask shaped expansion and a slender
proximal stalk. The nucleus is present in the swollen part. Each cell gives
rise slender cytoplasmic stalk which tapers towards the base. These cells
are secretes mucus.
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The gland cells are numerous in the collar region. Besides, neurosensory
cells are present in the epidermis of proboscis and anterior part of collar.
These cells take dark stain. Posteriorly the fibres of these cells synapse with
tripolar or quadripolar nerve cells which are present in the mesh-work. The
mucus secreted by gland cells covers the animal and lines the burrow. The
muscus has an obnoxious smell. Below the epidermal cells is a thick nervous
layer consisting of a network of nerve cells and fibres. Below the nervous
layer is a thick basement membrane which supports the epidermis. The
basement membrane has a special significance, because it gives rise to the
proboscis skeleton.

Musculature
The musculature is poorly developed. The muscles are smooth and characteristically
arise from coelomic epithelium, therefore, they mostly tend to occupy the coelomic
space. The muscle of body wall and gut wall are greatly reduced and more or less
replaced by muscles arising from the coelomic epithelium. The muscle fibres are
smooth and of circular, longitudinal and diagonal type. The muscle layer lies below
the basement membrane. In the proboscis an outer layer of circular muscle fibres
and inner layer of longitudinal muscle fibres are present. The longitudinal muscle
fibres obliterate the proboscis coelom and some of the fibres cross one another
diagonally. The collar musculature is confined to collareth and consists of an
inconspicuous layer of circular fibres and prominent bands of longitudinal and
diagonal fibres. The collar coelom is also traversed in a criss-cross pattern by the
longitudinal and diagonal fibres along with the connective tissue. In the trunk region
only the longitudinal muscle fibres are present which are better developed on the
ventral side. The muscle layer is interrupted by the dorsal and ventral mesenteries
and the lateral septa. Several radial muscle fibres are also found in the trunk region.
The radial muscle fibres extend between the digestive tract and the body wall and
traverse the trunk coelom.

Peritoneum
It covers the muscles internally, lining the coelom.

Functions of Body Wall
It protects the internal organs from injury.
Mucous, secreted by gland cells, adheres the sand particles for lining the
burrow in which the animal lives.
Sensory cells receive external stimuli.
Musculature brings about the movement.

Coelom

Early development stages of Balanoglossus possess a spacious coelom lined
with peritoneum formed as outgrowth of the enteron thus it is enterocoelous
in origin. As the adult condition is attained, the coelomic epithelium gives rise
to the connective tissue and muscle fibres. Hence the coelomic cavity is obliterated.
The coelom as a whole is divided into three parts completely separated from each
other by septa. These include one cavity in proboscis, the protocoel, two in collar,
the mesocoel, and two in trunk the metacoel.
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Fig. 24.6: Diagram of Tripartite Embryo Showing Coelomic Cavities.

Protocoel. In the proboscis, the coelom is a small, unpaired cavity into
which several structures like buccal diverticulum, central sinus, heart vesicle,
glomerulus etc. project from the base of the proboscis. Dorsally, towards the
posterior side, the proboscis coelom is divided by a dorsal mesentry into right
and left dorso-lateral compartments which extend into the proboscis stalk.
The left compartment is larger than the right and communicates with the
exterior through the proboscis pore situated mid-dorsally at the base of the
posterior stalk. Ventrally the proboscis coelom is divided by a ventral mesentry
into right and left ventro-lateral compartments which are continuous behind
the mesentry.

Mesocoel. In the collar the coelom consists of two separate sac-like
cavities on left and right side between the collar wall and buccal cavity due to
the presence of incomplete dorsal and ventral mesenteries. The collar coelom
does not communicate with the proboscis coelom, but posteriorly, its each
cavity opens into the first gill sac of its side by a canal called collar canal.
They communicate with the first part of gill-sac by a pair of collar pores. The
collar coelom is greatly obliterated by the collar musculature and connective
tissue.

Metacoel. In the trunk the coelom consists of a pair of cavities lying
between the body wall and alimentary canal, which are separated by an
incomplete mid-dorsal and complete ventral mesenteries. In the branchio-
genital region each cavity is further divided by a lateral septum into a dorso-
lateral and ventro-lateral compartments. The trunk coelom is separated from
the collar coelom by a collar trunk septum. The trunk coelom is obliterated
by the trunk musculature. The trunk coelom is filled with coelomic fluid containing
amoeboid corpuscles, the coelomocytes. They originated from coelomic
epithelium. According to Spengel (1893), the coelomocytes secrete a membrane
around any foreign particle which invade the animal thus behaving like leucocytes.

The proboscis and collar coeloms communicates with the exterior and get
filled with sea-water which keep them turgid.
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Endoskeleton

A definite endoskeletal system is absent in Balanoglossus but the basement
membrane becomes extraordinary thickened and lamellated to perform the function
of skeleton. Following are the skeletal elements.

Proboscis skeleton or nuchal skeleton. It is a ‘Y’ shaped structure,
partly secreted by the basement membrane and partly by coelomic tissue
by becoming thick to form a laminated plate from which arise two thin
horns or cornua. It resembles to a hyoid apparatus in general appearance.
It consists of a median plate in the proboscis stalk continued behind into
two narrow horns which extend into the roof of buccal cavity. The median
plate produced ventrally into keel. The median plate lies below the buccal
diverticulum.
Buccal diverticulum. It is short, hollow and stiff tube-like projection extends
forward through the proboscis stalk into the proboscis coelom. Bateson
(1885) referred to it as alleged notochord. It is termed as stomochord by
Willy (1899) and Dawydoff (1948). On the assumption that it represents
the anterior portion of the notochord of chordates. Hymen preferred to call
it as the buccal diverticulum. Its wall is composed of a single layer of tall,
slender, vacuolated endodermal cells. The buccal diverticulum extends
forward in some enteropneusts as a slender vermiform process or appendix.
The buccal diverticulum is neither analogous nor homologous with the
chordate notochord, histologically it is identical with the wall of the buccal
cavity. Silen (1950) has concluded it as an extension of the preoral-region
of the digestive tract.
Branchial skeleton. It is also formed by the thickening of basement
membrane. The pharynx is perforated with ‘U’ shaped gill-slit are
supported by thickening of pharyngeal epithelium. Branchial skeleton
is a trifid structure and it consists of numerous ‘M’ shaped chitinous
rods. Its median bar is situated in the septum and the lateral bars traverse
in the tongue bars of adjacent gill-slits. Only the median bar bifurcated
ventrally.
Pygochord. It is a mid-ventral longitudinal band of the cells extending
backwards from the wall of intestine to the body wall. Its cells are
vacuolated. Term pygochord was given by Willy (1899) to this rod-like
structure. Its true function is not known, probably it serves to support
the soft caudal region of the trunk.

Check Your Progress

1. What are the three divisions of the body of Balanoglossus?
2. Name the coelom present in proboscis, collar and trunk region of the body.
3. What is buccal diverticulum.
4. Define pygochord.
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24.3 DIGESTIVE SYSTEM

The alimentary canal is a straight tube which starts from mouth and terminates into
the anus. It is ciliated and is supported by dorsal and ventral mesenteries. The
alimentary canal comprises, mouth, buccal cavity, pharynx, oesophagus, intestine
and anus.

Fig. 24.7: V.L.S. Anterior region to Show the Alimentary Canal.

24.3.1 Mouth
The mouth is a large circular opening situated on the ventral surface of the base of
proboscis stalk and collarette. Previously it was supposed to be permanently open
by according to Knight Johnes (1952) it can be closed or opened. Its opening is
regulated by two sets of muscles, the radial muscle fibres open it and the
concentric muscle fibres close it. The posterior opening or the anus is a circular
aperture at the extreme posterior end of the trunk. Between the mouth and anus,
the alimentary canal can be distinguished into four regions—buccal tube, pharynx,
oesophagus and intestine. Their walls are composed of ciliated epithelium lined
externally by basement membrane and devoid of muscle fibres. The mouth leads
into the buccal cavity.

24.3.2 Buccal Cavity
It is a short, anterior-most part of the alimentary canal which lies in the collar
region and extends back upto the collar-trunk septum behind whicn it continues
into the pharynx. It is lined with tall, vacuolated and ciliated cells. Anteriorly,
its roof extends as a short, stiff and hollow inpushing which is termed as the buccal
diverticulum. Buccal diverticulum projects into the proboscis coelom. A few
goblet cells are also present in the lining of buccal cavity.

24.3.3 Pharynx
Behind the collar-trunk septum, the buccal cavity leads into the pharynx lying in
the branchial region of the trunk. The pharynx is differentiated into two parts: the
dorsal as branchial part bearing gill-slits for respiration and the ventral as digestive
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part. The branchial and digestive parts are demarcated by the presence of lateral
longitudinal constructions called parabranchial ridges consisting of tall columnar
cells. These ridges and constructions incompletely divide the pharynx into a dorsal
branchial portion and a ventral digestive portion. The branchial part is perforated
dorso-laterally by two rows of ‘U’ shaped ciliated apertures called, gill-slits or
branchial apertures. These slits develop as outgrowth of the pharyngeal wall. In
an adult worm their number may be from 40-50 pairs. It is concerned with
respiration. The digestive part is unperforated and bears ciliated epithelium and
gland cells. This portion of pharynx is concerned with food concentration, digestion
and absorption of food.

Fig. 24.8: T.S. Through Pharyngeal or Branchio-genital Region.

24.3.4 Oesophagus
It lies immediately behind the last gill-slit. In Balanoglossus, the differentiation of
dorsal and ventral parts of pharynx continues for a short distance into the
oesophagus. In the oesophagus, the dorsal part is called postbranchial canal
which is lined by a thick glandular and folded epithelium. The posterior part
reduces in diameter and possesses deeply furrowed epithelium. In some species,
(Harimania, Saccoglossus etc.) the oesophagus communicates with the
exterior by means of 1-15 pairs of minute oesophageal openings out by dorsally
situated minute pores. The oesophageal canals are present in the posterior
part of oesophagus and are supposed to be remnants of gill-slits.

24.3.5 Intestine
It is the longest part of the alimentary canal lying behind the oesophagus. It is
distinguishable into anterior hepatic region and posterior post-hepatic
region. The dorsal wall of the hepatic region is thrown into numerous
prominent outgrowths called hepatic caeca. The hepatic region is richly
supplied with food. Histologically, it shows the presence of many epithelial
gland cells containing green or brown inclusions. This region cannot be called
as hepatic because it does not show any homology with the liver of vertebrates.
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Fig. 24.9: T.S. Through Post-hepatic Region of Intestine.

The post-hepatic part runs straight upto anus. It has wide lumen. It is lined
with ciliated epithelium. Its walls are provided with numerous sinuses filled with
blood. Dorso-laterally, the intestine shows the presence of two well-developed
ciliated grooves, sunken in the depression symmetrically on both the sides. The
hinder-most part of the intestine provided with a stiff pygochord, which is connected
with ventral body wall. In Harrimania the last part of intestine is distinguished as
a short rectum. The anus is the last part of alimentary canal provided with anal
sphincter.

24.3.6 Feeding Mechanism
Balanoglossus is a ‘ciliary feeder’. Its food comprises microscopic organism and
minute organic particles present in water and mud or bottom sand in which it
makes its burrows. The feeding mechanism of Balanoglossus is based on the
studies of Barrington (1940) and Knight Johnes (1953). It feeds on sand particles
along with organic food particles through the mouth. It digests the organic particles
and discharge the sand out from the anus in the form of characteristic castings.
Some forms neither eat sand nor emit castings. These forms also feed on diatoms
and other micro-organisms.

The feeding is of mucociliary type. The epidermal cells of proboscis secrete
large amounts of the mucous which flows in the form of strands. The food particles
are entangled in the mucous and passed back along the proboscis to the collarette.
The mucus is secreted by the gland cells of the proboscis epithelium. Cilia covering
the proboscis direct the mucus string, containing food particles towards the pre-
oral ciliary organ at the base of the proboscis. From here the mucus string is
passed back into the mouth by the action of the proboscis cilia, assisted by the
main water current entering the mouth. Organic particles present in the mud or
sand ingested directly along with mud or sand at the time of burrowing. The feeding
is also assisted by powerful currents of water caused by the cilia of gill-slits. Dorsal
cilia at the base of the proboscis beat latero-ventrally to direct the mucous strands
towards the centrally situated mouth. In lateral cilia lining the gill-slits set up a
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current of water directed backward which enters through the mouth, takes its
course through the buccal tube, pharynx, gill-slits and branchial sacs and leaves
through gill-pores. This is called respiratory-cum-food current. Some food particles
directly enter the mouth with this current, while some in contact with the proboscis
and are entangled in the mucous that covers it.

Fig. 24.10: Anterior End of Body Showing Feeding Current in Lateral View.
Arrow Indicate the Direction of the Current.

An ‘U’ shaped epidermal groove, the preoral ciliary organ, is situated at
the base of proboscis and bordered by strong cilia, tastes the quality of the food
and water entering the mouth. Large unsuitable particles are effeciently rejected
from entering the mouth by the ventral part of the collarette which does so by
covering the mouth. Consequently the rejected particles, instead of entering the
mouth pass back over the collar. Backward movement of food through the
alimentary canal is maintained by the cilia lining its wall. In the pharynx, the food
passes through the ventral digestive portion.

24.3.7 Digestion
The entire alimentary canal is lined with minute cilia which direct the food laden
mucous cord backward. The physiology of digestion is poorly known. However,
the digestion of food is brought about by the enzymes secreted by proboscis,
gland cells of the pharynx, oesophagus and hepatic region of the intestine.
Barrington (1904), reported that the slime of proboscis contains potent amylase
which probably helps in digestion of glycogen. According to him the cells of hepatic
caeca secrete amylase, maltase, a weak protease and lipase, thus proteins, fats
and carbohydrates, all, are digested. The enzymes digest the organic particles in
the mud or sand. Knight Johnes has claimed that peristalsis occur in the proximal
part of oesophagus.

The undigested waste is removed in the form of casting which are in the
form of coils, round and aperture of the burrow.

Check Your Progress

5. What is the feeding nature of Balanoglossus?
6. What is the exact location of mouth in Balanoglossus?
7. How much gill slits or branchial aperture are found in Balanoglossus?
8. What are hepatic caeca?
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24.4 RESPIRATORY SYSTEM

The respiration in Balanoglossus is purely aquatic i.e., it takes oxygen from the
water by the process of diffusion. The branchial apparatus comprises: (i) Gill-slits
and (ii) Branchial sacs.

24.4.1 Gill-Slits
As previously mentioned that the pharynx is differentiated into two regions, a
dorsal branchial and a ventral digestive. Both are separated by the two lateral
longitudinal parabranchial ridges. The branchial part is perforated on dorso-
lateral sides by a number of ‘U’ shaped openings, the gill-slits. Their number
varies and increases as the worm grows older. Actually, in the beginning, the
gill-slits are broad and oval and are separated from one another by solid gill-
septa. Later, a hollow projection of dorsal pharyngeal wall grows into the slit
making ‘U’ shaped. This projection is called tongue-bar. The tongue-bar is
hollow and encloses the coelomic cavity. It never touches the ventral side of
the gill-slit. A tongue-bar is connected with adjacent gill-septa by short
transverse bar called synapticula.

Fig. 24.11: Development of Tongue bars.

The gill-septa and tongue bars are ciliated on the pharyngeal faces and are
supported by ‘M’ shaped chitinous rods. The middle arm of a M-shaped rod is
bifurcated at the free end and lies in a gill-septum, while its outer arm lies in adjacent
tongue bars. Thus, each tongue bar contains two arms of two adjacent skeleton
rods. The cilia on the pharyngeal surface are called frontal cilia and along the
lateral side are termed lateral cilia.

24.4.2 Branchial Sacs
The gill-slits do not open directly on the surface of the body but they first open into
a branchial sac which lies between the body wall and the pharynx. Which opens
out through a branchial pore. Usually one gill-slit opens into one branchial sac
but sometimes their number increase upto four. The number of branchial pores
vary in the same worm according to age. The branchial sac is lined with cuboidal
cells. The collar coelom communicates with the branchial sac of its side through
collar canal. The gill pore are visible externally in two longitudinal rows, one on
each side of the mid-dorsal ridge in the branchio-genital region of the trunk.
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Fig. 24.12: 3-dimensional View of Two Gill-Slits and Two Branchial Sacs.

Mechanism of Respiration

The lateral cilia of gill-slits by constant beating maintain a regular respiratory cum
food water current. The water current enters the pharynx via mouth and buccal
cavity and goes into the branchial sacs through the gill-slits. From branchial sacs it
goes out through branchial pores which are situated on dorso-lateral sides in two
longitudinal rows. As the gill-septa and the tongue bars are highly vascular structures
exchange of gases occur here. Dissolved oxygen in water is taken and carbon
dioxide is returned to the water.

Check Your Progress

9. Which type of respiration is seen in Balanoglossus?
10. What are the main respiratory organs in Balanoglossus?
11. What is the synapticula?
12. Describe the role of lateral cilia present on the pharyngeal surface.

24.5 BLOOD VASCULAR SYSTEM

The blood vascular system is of closed type, consisting of a small pulsatory organ,
the central sinus or heart, definite blood vessels, a system of sinuses and
blood.

Most of the blood vascular system is located between the lamellae of the
basement membrane and leaves of the mesentery. There are two main longitudinal
vessel, the dorsal and ventral vessel running along the length of the body. The dorsal
vessel is situated just below the dorsal nerve cord and above the alimentary canal
and runs through the dorsal mesentery. The blood flows anteriorly through the dorsal
vessel. The ventral vessel is located in the ventral mesentery and the blood flows
posteriorly in it. These two vessels are highly contractile and their walls are composed
of an inner endothelium surrounded by muscle layer. The dorsal vessel extends from
the anus to the collar where it occupies a median position between two peri-haemal
cavities. The dorsal vessel is dilated at the front of the collar, forming a venous sinus
which passes anteriorly into a central sinus or heart.
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Fig. 24.13: Blood Vascular System in Anterior end in Lateral View.

24.5.1 Central Sinus
It is a small, elongated structure situated just above the buccal diverticulum in the
lower part of proboscis. It is covered by a thin contractile fluid filled sac, the heart
vesicle or cardiac-sac. The heart vesicle contains muscle fibres in its ventral
wall. It contracts rhythmically assisting the circulation of blood. From the central
sinus, the blood directly passes into the glomerulus, where nitrogenous waste
products are removed from blood.

24.5.2 Blood Vessels and Sinuses
Four arterial vessels take the blood from the glomerulus. Two of them run forward
into the proboscis and two backward into the rest of the body. Of the former, one
is mid-dorsal proboscis artery and other is mid-ventral proboscis artery.
They supply blood to the dorsal and ventral wall of proboscis. Remaining two are
called efferent glomerular arteries. The efferent glomerular arteries ran
backward, one on either side of buccal diverticulum so as to encircle the buccal
cavity as peribuccal vessels and unite to form a single large longitudinal ventral
vessel. The ventral vessel runs upto the posterior end of the body in the ventral
mesentery. In its course it gives a third ventral collar that supplies to the collar. It
gives a ring-vessel in collar-trunk septum. From the ring-vessel two lacunar
networks are originated, one in the body wall and other in the buccal cavity. The
ventral vessel gives out an afferent branchial artery to each gill-septum in while
it bifurcates to supply two adjacent tongue-bars. All along its length, the ventral
vessel supplies the body wall and gut wall by an elaborate network of sinuses.

Fig. 24.14: Lymph Sinusoids in a Portion of the Branchial Wall.



NOTES

Hemichordata –
Balanoglossus

Self-Instructional
             Material   433

The dorsal vessel is also a longitudinal vessel running within the dorsal
mesentery. It starts near the anus and during its forward course it receives blood
from body wall, gut wall etc. In the branchial region it receives blood by efferent
branchial veins. Each efferent branchial vein lies in the tongue bar. At the anterior
end of collar, the dorsal vessel dilates to form the sinus venosus. Sinus venosus
receives a lateral proboscis vein from each side of proboscis, than it narrows
and opens into the central sinus.

In some forms, a lateral longitudinal vessel takes its origin from the
subepidermal plexuses in branchial region and runs obliquely backward, in
the intestine it forms a network.

The dorsal and ventral vessels are contractile in nature, consisting of an
endothelium and a muscular coat. Blood flows backward in ventral vessel
and forward in dorsal vessel. The central sinus lacks musculature, therefore,
it is non-contractile in nature. The heart vesicle in contractile.

24.5.3 Blood
The blood is colourless and contains few cells which are probably detached
endothelial cells. It is devoid of respiratory pigment.

Check Your Progress

13. Define the closed type of blood vascular system.
14. What is central sinus?
15. Which is the largest vessel in Balanoglossus?
16. What is the colour of blood?

24.6 EXCRETORY SYSTEM

The excretory organ is glomerulus or proboscis gland lying infront of central-
sinus and projecting into the proboscis coelom. Bateson (1885), Koehler
(1886) and Schimkewitsch (1888) accepted its excretory functions. The name
glomerulus is given by Spengeal (1893) because it resembles with the glomerulus
of vertebrate kidney. It is made up of several tubular projections formed by the
peritoneum that covers the buccal diverticulum, visceral sinus and heart vesicle.
The tubular projections of glomerulus  filled with blood which is confluent with the
blood of the central sinus.The peritoneal cells become cuboidal, columnar or conical
in glomerulus. These cells are pale with little amount of cytoplasm. They may
contain brown inclusions. From glomerulus the excreted substances pass on into
the proboscis coelom and finally to the exterior through the proboscis pore.

Check Your Progress

17. Define the term excretion.
18. Which is the excretory organ of Balanoglossus?
19. Who has coined the term glomerulus?
20. Excretory substances removed out through a pore. Name it.
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24.7 NERVOUS SYSTEM AND SENSE ORGANS

The nervous system is purely of intra-epidermal and primitive type resembling that
of coelenterates and echinoderms. It consists of a plexus of nerve-cells and nerve-
fibres situated in the deeper part of the epidermis outside the basement membrane
all over the body. Thread like processes of the epidermal cell contribute to the
network or nerve net. The nervous layer is composed of longitudinal nerve fibres.

Fig. 24.15: Nerve Cords in the Anterior Region of the Body.

In the network there are bipolar and multipolar nerve cells. Along the mid-
dorsal and mid-ventral lines of the nerve net is thickened to form a dorsal and
ventral nerve cords. The two nerve cords are connected by a circum-enteric
nerve ring at the junction of collar and the trunk. The ventral nerve cord ends at
the collar-trunk septum. The dorsal nerve cord, extends strand called anterior
nerve ring. From the anterior nerve ring longitudinal nerve fibres are given out,
these nerve fibres are called subsidiary longitudinal cords of proboscis. In the
collar region, dorsal cord leaves the epidermis and projects into the collar coelom.
This part is known as collar cord. The collar cord is hollow and encloses a cavity,
the neurocoel. The collar cord presumably represents the nervous center but
lacks the usual characteristics of the brain. Spengel (1893) discovered the presence
of the giant cells. The number of giant cells vary from 10-160 in different species.
The giant cells give their fibres in the dorsal and ventral nerve cords. The giant cells
were also observed by Hess (1937), Bullock (1944), Solen (1950) and Knight
Johnes (1952). They are responsible for rapid conduction of stimuli leading a
quick retraction of body parts. Although the collar cord is the most complex part
of the nervous system, it is no more than a conduction parts and the site of giant
neuron formation.
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24.7.1 Sense Organs
Sense organs of Balanoglossus are simple and consist of:

Neurosensory cells. The entire body wall is provided with large number
of neurosensory cells (Bullock, 1945) which are connected to the nerve
net. Each nerve cell is innervated with nerve fibre and has a long sensitive
fibre. Their number is higher in proboscis.
Pre-oral ciliary organs. It is a ‘U’ shaped depression bounded by an
epidermal ridge. It was discovered by Brambell and Cole and is composed
of tall cells with long cilia joined with the nerve net. In the centre of this
organ the proboscis stalk is present. It tests the quality of food and water
hence it is a chaemoreceptor.
Photoreceptor. Hess (1938) reported about the specialized photo-receptive
cells. These are modified neurosensory cells. They are negative to normal
light intensities, but sudden exposure to a bright light induces burrowing.
The entire body appears to be photosensitive, but the proboscis is specially
sensitive to light.

Check Your Progress

21. How many nerve cords are present in Balanoglossus?
22. What is circum-enteric nerve ring?
23. Name the sense organs present in Balanoglossus.
24. Which part of the body is most sensitive to light?

24.8 REPRODUCTIVE SYSTEM

24.8.1 Asexual Reproduction
It is of rare occurrence. It is reported by Gilchrist (1923) in Balanoglossus
capensis. During summer the juvenile phase reproduces by cutting off small pieces
from the tail end. The separated part later on develops completely into an adult
sexual type in next winter.

24.8.2 Regeneration
Balanoglossus has a great power of regenerating lost parts of the body. Posterior
part of the trunk, it cut off, is readily regrown. Anterior part, including proboscis,
collar and branchio-genital region can also be formed.

24.8.3 Sexual Reproduction
The sexes are separate but there is no sexual dimorphism except in case of the
colour of the ripe gonads shown through the body wall in the living animal. The
males are fewer in number than females (1:60). The gonads occur in one or more
longitudinal rows to the sides of the alimentary canal lying within the genital pleurae
in the anterior part of the trunk. Gonads develop from the coelomic wall, though
they have no connection with coelom in the adult. The gonads are generally sacciform
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bodies but may be elongated or lobulated and secondary gonads may arise by
subdivision of the primary ones through lobulation. The gonads are similar in size,
shape and disposition. They are paired, branched or unbranched coelomic sacs
found in the branchiogenital region. Each sac is lined with germinal epithelium
which is continuous with the ectoderm. By the proliferation of germinal epithelial
cells sperms and ova are produced. The ripe sperms and ova are shed in water
through a gonopore. The gonopores are generally located to the lateral side of the
gill-pores in the same branchio-genital groove. The ova are larger in size and are
of two types. The small ovum measures about .06 mm in diameter and undergoes
indirect development with a pelagic larva called tornaria larva, while the larger
ovum measures .4 mm in diameter and undergoes direct development without
larval stage. The mature sperm and ova are shed into the burrows where fertilization
takes place. The sperms are provided with round head and a flagella like tail. The
acrosome is small but distinct. Fertilization is external.

24.8.4 Spawning
The breeding season is from May to June. The suitable temperature needed for
the purpose is 160C. About 2000-3000 eggs are laid embedded in a mass of
mucous escape from the burrow of the female. After about 20 minutes or so the
mass of sperms is discharged that leave the male burrow. According to available
evidences maturation starts some four hours before ovulation and that the egg is
generally in the metaphase of the first meiotic division when shed. It is at this
condition the egg is fertilizable. Fertilization of eggs within 6 to 7 hours after shedding
yields a high percentage of normal development. The spermatozoan is able to
enter eggs at dry point over the entire surface. Fertilization takes place in sea
water. The mucous mass is soon broken by tidal currents and eggs are dispersed.

24.8.5 Development
In Balanoglossus, the eggs are microlecithal i.e., contain small amount of yolk.
The development is indirect with a tornaria larva. In Saccoglossus kowalevski,
the development is direct without any larval stage.
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Fig. 24.16: Stages of development. A–Zygote; B–2-cell stage; C–Morula;
D–Coeloblastula; E–Gastrulation; F–Gastrula; G–Early tornaria; H–Young tornaria

in section; I–Young tornaria; J–Fully formed tornaria;
K to N–Metamorphosis of tornaria into a young Balanoglosus.

After about six to seven hours of the fertilization the development starts.
The cleavage is holoblastic, equal and radial type. The first cleavage is
vertical dividing the egg into two equal blastomeres. The second is also
vertical but at right angle to the first results in four blastomeres. The third
cleavage furrow is horizontal resulting in eight blastomeres, the upper four
are slightly smaller than lower four and are called micromeres. The lower are
macromeres. The cleavage continues for 6-12 hours and results in the
formation of hollow blastula or coeloblastula. The coeloblastula is single
layered and encloses a central fluid-filled cavity, the blastocoel. Now the
blastula flattens along the animal vegetal axis and invagination takes place on
the ventral surface. The invagination deepens to form the archenteron. The
archenteron opens to outside through a pore, the blastopore. The blastopore
soon closed and the embryo now called gastrula. The gastrula now elongates
along the antero-posterior axis and becomes ciliated. The archenteron divides
into an anterior protocoel and a posterior gut. The protocoel forms the coelom
of proboscis, thus its origin is enterocoelic. The protocoel becomes triangular
in shape its one end gets attached to the underside of the apical thickening
and another end opens outside through an aperture, the hydropore, present
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on dorsal side. As the protocoel is formed, the inner end of gut moves towards the
ventral side and opens out through the mouth. The protocoel and hydropore
represent the future proboscis coelom and proboscis pore respectively. The closed
blastopore is reopened as anus. The gut is differentiated into oesophagus, stomach,
and intestine. Now the embryo is known as Tornaria larva and it comes out of
egg membrane to lead a free swimming life.

Tornaria larva

The tornaria larva was described by Muller (1850). It has an oval, transparent
body measuring upto 3 mm. It has a ventral mouth near the equatorial plane
of the body. At its anterior end, it bears a thickened plate, the apical plate
which bears a tuft of cilia and a pair of eye spots. The gut is differentiated
into oesophagus, stomach and intestine. The cilia form two bands on the
body surface. The anterior ciliary band follows a winding course over most
of the preoral surface. It helps in nutrition by directing the water current
towards the mouth. The posterior ciliated band or telotroch is ring like in
front of anus. The cilia in this band are long, powerful and act as chief
locomotor organ of tornaria. A ciliary wave passing along the telotroch causes
the larva to rotate constantly in swimming. At the anterior end is the apical
plate of thickened epidermal cells. The apical plates bears a pair of eye spots
or ocelli and a tuft of sensory cilia called apical tuft or ciliary organ. The
protocoel is in the form of a thin sac which opens out through hydropore
present on dorsal side of larva. To the right side of hydropore lies the pulsating
heart vesicle which develops in the later stages of the tornaria larva. In the
older the collar and trunk coeloms appear as thin walled sacs in close contact
with the stomach.

24.8.6 Metamorphosis
After swimming for sometimes, the larva sinks down the bottom and
metamorphoses into an adult worm. First of all the larva decreases in size and
develops an epidermal constriction making the proboscis-collar boundary. Its
transparency is lost and the ciliated bands gradually disappear. The eye spots
and apical tuft of cilia are also lost. The body elongates and is distinguished
into proboscis, collar and trunk by the appearance of two constrictions, and
the trunk region is elongated. By further elongation and growth, the adult
condition is attained. The hydropore persists as proboscis pore. Buccal
diverticulum and gill-slits appear as out-growth of the gut. The reproductive
organs make their appearance, probably from the mesoderm. Thus the larva
gradually changes into the adult. The adult leads a banthonic life.

24.8.7 Adaptations
Important adaptations of Balanoglossus are as follows:

Long, slender body, tapering proboscis capable of being stiffened, and lack
of appendages fascilitate burrowing in sand or mud. Epidermal gland helps
in this work by secreting mucus which help in cementing the walls of the
burrow.
Living in the burrow and foul smell keeps them safe from the predators.
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Filter feeding best suits the sluggish life of Balanoglossus in a burrow. Water
current maintained by ciliary action brings food and oxygen into the burrow
for use and remove waste material and carbon-dioxide.
Locomotion is bring about by epidermal cilia in the absence of appendages.
Multiple gonads ensure continuation of the race by producing enormous
young ones.
Survival of the race is also aided by the great power of regeneration.
Dispersal is caused by free-swimming larva, which is essential for a sluggish
creature.

Check Your Progress

25. Which type of reproduction occurs in Balanoglossus?
26. Who has reported asexual reproduction in Balanoglossus?
27. Mention the place of fertilization of ova.
28. Which is the breeding period of Balanoglossus?

24.9 ANSWERS TO ‘CHECK YOUR PROGRESS’
1. The body of Balanoglossus is divisible into proboscis or protosome, collar

or mesosome, and trunk or metasome.
2. The coelom of proboscis is called protocoel, and that present in collar is

called collar coelom or mesocoel. Similarly metacoel is the coelom of trunk
region.

3. Buccal diverticulum is the short, hollow and stiff tube like projection extends
forward through the proboscis stalk into the proboscis coelom.

4. Pygochord is the rod like structure of unknown function, probably supporting
the soft caudal region.

5. Balanoglossus is muco-ciliary feeder and traps food particles with the help
of strands of mucous.

6. In Balanoglossus, mouth is a large circular opening situated on the ventral
surface of the base of proboscis stalk and collarette.

7. There are 40-50 pairs of gill slits or branchial apertures in the pharyngeal
wall of Balanoglossus.

8. The dorsal wall of the hepatic region is thrown into numerous prominent
outgrowths called hepatic caeca.

9. The respiration in Balanoglossus is purely aquatic i.e., it takes oxygen from
the water by the process of diffusion.

10. Balanoglossus has gill slits and the branchial sacs as the respiratory organs.
11. A synapticula is a short transverse bar connecting a gill bar with adjacent gill

septa together.
12. The lateral cilia of the gill slits by constant beating maintain a regular

respiratory cum food water current.
13. A closed blood circulation is that where blood flows in definite blood vessels

(arteries-capillaries-veins).
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14. Central sinus is a small, elongated structure situated just above the buccal
diverticulum in the lower part of proboscis.

15. Mid dorsal vessel is the longest vessel in Balanoglossus.
16. In Balanoglossus the blood is colourless and contains few cells.
17. Excretion is the removal of nitrogenous metabolic wastes from the body.
18. In Balanoglossus the excretory organ is glomerulus or proboscis gland.
19. The name glomerulus is given by Spengel due to its resemblance with the

glomerulus of vertebrate kidney.
20. The excretory substances are removed out through the proboscis pore.
21. There are two nerve cords in Balanoglossus: dorsal nerve cord, and ventral

nerve cord.
22. Circum-enteric nerve ring connects both dorsal as well as ventral nerve

cords together at the junction of collar and trunk.
23. Neurosecretory cells, pre-oral ciliary organs and photoreceptors are the

main excretory structures present in Balanoglossus.
24. Proboscis is most photosensitive part of the body.
25. Balanoglossus reproduces asexually as well as sexually. Sexual reproduction

is more common.
26. Gilchrist reported asexual reproduction in Balanoglossus.
27. Fertilization is external and takes place outside the body in water.
28. In Balanoglossus the breeding season is from May to June.

24.10 SUMMARY

Balanoglossus usually lives in burrowing condition but sometimes it may be
seen under the stones, rocks, etc. It has a world wide distribution. The faecal
coils resemble the castings of earthworms. The body of Balanoglossus is divided
into proboscis, collar and trunk regions. Each one is provided with separate
coelom: protocoel, mesocoel and metacoel respectively. The body wall consists
of epidermis, musculature and peritoneum. The dermis is absent. A definite
endoskeletal system is absent. It has proboscis skeleton, buccal diverticulum,
branchial skeleton and pygochord. Alimentary canal is a straight tube which
starts from mouth and terminates into the anus. It comprises mouth, buccal cavity,
pharynx, oesophagus, intestine and anus. Balanoglossus is muco-ciliary feeder.
Undigested waste is removed in the form of castings. Respiration is purely aquatic
and it has gill slits and branchial sacs for the purpose. The blood vascular system
is of closed type, consisting of the central sinus or heart, blood and blood vessels.
For excretion it has glomerulus or proboscis gland lying infront of central sinus.
Nervous system is primitive, and sense organs are simple and consist of
neurosecretory cells, pre-oral ciliary organ, and photoreceptor. Balanoglossus
reproduces asexually as well as sexually. Fertilization external and development
indirect through tornaria larva.
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24.11 KEY TERMS

Cephalodiscus: A sedentary and gregareous hemichordate.
Holoblastic: It is a type of cleavage where the entire egg or embryo is
divided by cleavage division.
Peritoneum: Inner lining of body coelom.
Proboscis gland: Another name of glomerulus.

24.12 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Describe the habits and habitat of Balanoglossus.
2. Write notes on the proboscis of Balanoglossus.
3. Describe the central sinus.
4. Explain glomerulus.

Long Answer Questions
1. Write an essay on the morphology and body wall of Balanoglossus.
2. Describe the digestive system of Balanoglossus.
3. Write notes on the blood vascular system.
4. Describe the reproductive system of Balanoglossus.
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25.0 INTRODUCTION

The hemichordates have the most controversial position in the scheme of
classification because they possess many characters of invertebrates on one
hand and on the other hand, they show marked resemblances with chordates.
Bateson (1885) proposed the name Hemichordata and also proposed its
chordata affinities. But Vander Horst (1939), Dawydoff (1988), Marcus (1958)
and Hyman (1959) ranked the hemichordates as invertebrates on the basis of
their greater resemblances with the echinoderms than the chordates. However,
the hemichordates show the following affinities with different phyla.

25.1 OBJECTIVES

After going through this unit, you will be able to:
Know the co-relative characteristics of Balanoglossus.
Describe the similarities and disssimilarities of Balanolossus with chordates.
Explain the similarities and dissimilarities of Balanoglossus with Annelids.
Discuss the affinities of Balanoglossus with Echinodermata, Phoronidae
and Pogonophora.

25.2 GENERAL CHARACTERS AND
AFFINITIES

Hemichordates have the following characters:
The hemichordates are solitary or colonial mostly tubicolous, soft and fragile
animals.
Body is divisible into the proboscis, collar and trunk.
They are vermiform, unsegmented, bilaterally symmetrical and triploblastic.



NOTES

Affinities of
Balanoglossus

Self-Instructional
             Material   443

The appendages are absent. In some the collar may bear arms with tentacles.
Body wall with single layered epidermis. Dermis is absent.
Coelom is enterocoelous divisible into protocoel or proboscis coelom,
mesocoel or collar coelom and metacoel or trunk coelom.
Buccal diverticulum, wrongly named as notochord, is present.
Alimentary canal is complete, in the form of a straight or ‘U’ shaped tube.

· Respiration by gill-slits, one to several pairs are present. One pair in
Cephalodiscus, several in Balanoglossus and absent in Rhabdopleura.
Circulatory system is open type with a central sinus, heart vesicle, dorsal
and ventral vessels, sinuses and lateral vessels.
Excretion is performed by the glomerulus present in proboscis coelom and
connected with blood vessels.
Nervous system is primitive comprising mainly of an intra-epidermal nerve
plexus.
Mode of reproduction is sexual but some of them also exhibit asexual
reproduction.
Development may be direct i.e., without larval stage or indirect i.e. with a
Toronaria larva.
The hemichordates are exclusively marine and all feed on micro-organisms
and debris by ciliary mechanism. There are about 70 species.

25.2.1 Affinities with Chordates
Majority of the zoologists were of the opinion that the Balanoglossus is a chordate
though a primitive one.

Similarities

Bateson (1885) strongly pleaded to include the hemichordates in phylum Chordata
on the basis of presence of (a) Notochord, (b) Dorsal tubular nervous system,
and (c) Gill-slits.

Notochord. In Balanoglossus, there is a short diverticulum of the gut called
buccal diverticulum or stomochord, which extends forward into the
proboscis. Bateson regarded this structure to be homologous with the
notochord of chordates.
Nervous System. The dorsal hollow collar cord of hemichordates is single
and non-ganglionated and can be comparable to the neural cord of
vertebrates.
Gill-slits. These are similar to those of chordates in development, blood
supply, function and in the formation of tongue bars (in some members).

Dissimilarities
Notochord. The characteristics of chordate notochord are: it is a solid
structure made up of vacuolated cells and surrounded by notochordal sheath.
It lies over the dorsal blood vessel and has a supporting function. The
stomochord is a hollow structure and made up of non-vacuolated cells.
Moreover, it is not surrounded by sheath. It also differs in its position, it lies
below the dorsal nerve cord and itself is supported by the proboscis muscles.
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Nerve cord. The dorsal tubular nerve cord is confined to the collar region.
Elsewhere, it is replaced by solid intra-epidermal nerve strands. Moreover,
circumenteric connectives are present. The ventral nerve cord, which is
absent in chordates, is present in hemichordates.
Gill-slits. Gill slits of hemichordates are dorsal in position instead of lateral
as in chordates.
The hemichordates further differ from the chordates in the absence of paired

appendages, metameric segmentation, absence of exoskeleton, endoskeleton,
dermis, liver, red blood corpuscles, cloaca haemoglobin etc. The division of coelom
is peculiar. The body wall is composed of single-layered ciliated epithelium, hepatic
caeca are present, position of heart vesicle is dorsal showing forward flow of
blood in the dorsal and backward in the ventral vessels as in non-chordates, having
open neurcoels, blood is colourless and numerous gonads are present.

25.2.2 Affinities with Annelida
Spengel (1893) first established affinities between the hemichordates and the
annelids. He opposed the view of Bateson.

Similarities
Both are similar in their morphological features, habits of burrowing and
feeding.
The proboscis of Balanoglossus resembles with the prostomium of the
annelid worm.
Collar of Balanoglossus is similar to clitellum of the earthworm.
In Balanoglossus, dorsal and ventral blood vessels are present. In annelids
also both the vessels are present. Moreover, the flow of blood is similar in
both.
Heart is dorsal in both the cases.
The alimentary canal is straight and tubular.
The tornaria larva of hemichordates resembles trochophore larva of the
polychaete annelids. In both the larvae, apical tuft of cilia, primitive gut, eye
spots and ciliary bands are similar. Both the larvae are pelagic.

Dissimilarities
Pharyngeal gill-slits are absent in annelids.
Stomochord present in Balanoglossus is absent in annelids.
The nervous system of hemichordates is intra-epidermal. The collar cord is
dorsal and hollow. The ventral nerve cord is without ganglia. In annelids, a
definite nervous system is present that in comprising nerve ring, paired ventral
nerve cord and segmental ganglia.
In annelids, excretion is performed by nephridia while in hemichordates by
glomerulus.
Hepatic caeca are absent in annelids.
The origin of coelom is schizocoelous in annelids. In hemichordates, it is
enterocoelous.
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Cleavage is spiral in annelids but holoblastic in hemichordates.
The archenteron is formed by invagination in hemichordates whereas in
annelids it is by gradual migration of cells.
The trochophore differs from tornaria in the presence of nephridia, in the
absence of protocoel, blastopore becomes the mouth in trochophore, in
the case of anterior it becomrs ciliary band.

25.2.3 Affinities with Phoronida
Masterman (1897) advocated relationship of Balanoglossus with Phoronis.

Similarities
Similar nature of the epidermal nervous system.
Paired gastric diverticula of Phoronis like the buccal diverticulum of
Balanoglossus.
The Actinotroch larva of Phoronis has many features of tornaria larva.
Location of lophophore present on mesosome in Phoronis and the
tentaculated arms of Cephalodiscus is same.
Both have great power of regeneration.
Both are tubiculous, vermiform, coelomic bilateria.

Dissimilarities
Pharyngeal gill-slits are absent in Phoronida.
Excretory organ in Phoronis is a pair of metanephridia while it is glomerulus
in hemichordates.
The actinotroch larva possesses larval tentacles.

25.2.4 Affinities with Pogonophora
Marcus (1958) tried to relate Hemichordata with Pogonophora.

Similarities
The protocoel remains undivided and contains a pair of coelomoducts and
pores to the exterior.
Intra-epidermal nervous system.
Location of gonads in the trunk.
Presence of pericardial sac in some pogonophores.
A distinct septum separates the mesocoel from the trunk coelom or metacoel.

Dissimilarities
The main nervous mass is located in the protosome.
The tentacles originate from the protosome and protocoel extends in all
tentacles.
The heart and gonopores are dorsal in Hemichordata and ventral in
Pogonophora.
The Pogonophora lack the gill-slits and alimentation.
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25.2.5 Affinities with Echinodermata
Metschinkoff established the affinities of Balanoglossus with echinoderms. An
adult hemichordate differs from the adult echinoderm, so that one can hardly suspect
a relationship between them. But there are several points of similarities between
the larva of Balanoglossus i.e., tornaria larva and the bipinnaria larva of star-fish.
In fact, the tornaria larva was regarded an echinoderm larva for a long time. Both
the larvae show following similarities:

Similarities
The larvae are pelagic and transparent.
The ciliary band taking up similar course.
The nature of alimentary canal is similar.
Anus develops  at blastoporal end.
Early cleavage and gastrulation is same in both.
Origin and arrangement of coelom is similar. Proboscis coelom which opens
out by hydropore in tornaria is comparable to hydrocoel of dipleurula larva
of echinoderms.
The adults show following resemblances:
o Coelom is enterocoelous.
o Heart vesicle and glomerulus of Hemichordata are considered to the

dorsal sac and axial gland of echinoderms. Both the structures are
closely associated and combine vascular and excretory function.

o Nervous system is poorly developed consisting of an epidermal nerve
plexus.

o Larva. Tornaria larva of Balanoglossus and bipinnaria larva of starfish
have an oval, transparent body with identical external ciliated bands,
sensory cilia at the anterior end, complete digestive tract with ventral
mouth and posterior anus and the same number of coelomic spaces,
the anterior of which opens out by a dorsal pore.

The hemichordates and the echinoderms also have common habits and
ecological niches and possess a remarkable power of regeneration.

Dissimilarities
The apical plate with eye-spots and apical tuft of cilia are present in tornaria,
which are however, absent in bipinnaria larva.
The telotroch is absent in bipinnaria larva.
Adult echinoderms are radially symmetrical while Balanoglossus is bilaterally
symmetrical.
Conclusion. On the basis of above similarities between hemichordates and

echinoderms, it can be concluded that both the groups have arisen from a common
ancestor. There are two views regarding their common ancestory.

Bather’s View

Bather (1900) referred to the Diplurula larva as a common ancestor. The
Diplurula larva is very similar to the mature stages of the tornaria and the echinoderm
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larva. However, this view is regarded to be unsatisfactory as it fails to explain the
ambulacral system of echinoderms.

Grobben’s View

Grobben (1923) regarded the common ancestor as an unattached creature, somewhat
like Cephalodiscus with a tentacular apparatus of five arms on each side. Resemblance
of hemichordates with chordates and echinoderms shows that they are related to
one another. This relationship is strengthened by embryological, serological and
biochemical studies. Embryological studies show that in all these groups, cleavage of
the zygote is equipotential and radial coelom develops from the gut as an outgrowth
and mouth develops opposite the blastopore, which forms the anus.

Besides the anatomical and larval resemblances, the serological evidence
also carries much importance. The serological studies show that the proteins
of hemichordates are related to the echinoderm and chordate proteins.
Phosphogens, which are important for muscular tissues, also show similarities
between hemichordate, echinoderm and chordate.

Barrington (1965) has the opinion based on the deuterostome line of chordata
evolution. According to him, the echinoderms deviated from the ancestral stock and
formed a hind branch in the main line of evolution. Hemichordates also diverged
from the main line of chordate evolution. The main line continued to give rise to the
chordates. Thus, hemichordates are placed in a separate invertebrate phylum
Hemichordata between echinodermata and chordata.

Check Your Progress

1. Describe all the three chordate characters present in Hemichordates.
2. Write down any significant similarity between Hemichordata and annelida.
3. Mention atleast three similarities between Hemichordata and

Echinodermata.
4. What is Bather’s view?

25.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. These three characters are: notochord, nerve cord and gill slits.
2. The tornaria larva of Hemichordates resembles with trochophore larva of

polychaete annelids.
3. Enterocoelic coelom present in both. Heart vesicle and glomerulus of

Hemichordata are considered to the dorsal sac and axial gland of
echinoderms. Early cleavage and gastrulation is same in both.

4. Bather referred the Diplurula larva as a common ancestor. This larva shows
great similarities with the tornaria and the echinoderm larva.

25.4 SUMMARY

Balanoglossus is a burrowing marine animal chiefly found in shallow, intertidal water
under stones, rocks etc. It feeds upon planktons and organic debris. It is dioceous
(sexes are separate) and the development is through a larval stage–the tornaria
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larva. It has all the three chordate characters (notochord, nerve cord and gill slits).
However, it has stromochord (notochord) made up of non-vacuolated cells. Its
nerve cord is ventral in position. Spengel first established affinities between the
hemichordates and the annelids. The proboscis of Balanoglossus resembles with
the prostomium of annelida. Collar of Balanoglossus is similar to the clitellum of
earthworm. Heart is dorsal in both the cases. Tornaria resembles with the trochophore
larva of annelids. Similarly Masterman advocated relationship of Balanoglossus
with Phoronids. Marcus tried to relate hemichordates with Pogonophora.
Metschinkoff established the affinities of Balanoglossus with echinoderms.

25.5 KEY TERMS

Castings: The undigested waste is removed in the form of small ball like
castings giving the smell of indoform.
Deuterostome: Animals characterized by their anus forming before their
mouth during embryonic development.
Stomochord: It is a flexible, hollow tube found in hemichordates. It extends
dorsally from pharynx into the proboscis.
Tornaria: A tornaria is the planktonic larva of some species of Hemichordata
such as Balanoglossus.

25.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Who has strongly pleaded to include hemichordates in the Phylum chordata?
2. Which character of Balanoglossus resembles the most with the annelidan

character?
3. Name the scientist advocated to relate Hemichordata with Pogonophora.
4. There are two views regarding their common ancestry. Name those views.

Long Answer Questions
1. Write an essay on the affinities of Balanoglossus.
2. Describe the similarities and dissimilarities between Hemichordata and

Annelida and, Hemichordates and Echinodermata.
3. On the basis of similarties and dissimilarities, explain the ancestry of

Balanoglossus.
4. Describe stepwise the affinities of Balanoglossus.

25.7 FURTHER READING
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