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UNIT - I
PRINCIPLES OF CLASSIFICATION & PROTOZOA

LEARNING  OUTCOMES :

By completion of this unit, the student should be able....

* to know the need for classification.

* to learn the principles of Taxonomy.

* to know the binominal nomenclature.

* to learn the five kingdom classification.

* to know the outline classification of the kingdom Animalia.

* to study the general characters of Protozoa.

* to classify the Protozoa upto classes with examples.

* to study the morphology, life processes and reproduction of
Elphidium.

* to know types of locomotory organelles and types of locomotion

in protozoans.

* to learn types of nutrition in protozoans.

* to know types of reproduction in protozoans.
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INTRODUCTION
Life processess like growth, metabolism, response to stimuli and

reproduction are  exhibited by the living organisms.  They include microbes,

plants and animals.  About 1.7 to 1.8 million organisms are described so far. It

is impossible to study all living organisms. It is necessary to understand  specific

means to make this possible.

Protozoa includes unicellular consumers. Protozoa (proto = first, zoon=

animal) means first animals. About 92,000 species of protozoans are described

so far.

Carl von Linnaeus was born on May 23, 1707 in Sweden.

Linnaeus had been impressed  by  what he read  about the

stamens and pistils of flower as sexual organs.  His

publication

 Systema Nature  (1735) established   him  as  a  Taxonomist.

He was called  father of Taxonomy  for his system of

classification of plants and animals. He explained binomial

system of nomenclature in the 10th edition of  systema naturae.

Libbie Henrietta Hyman (1888 - 1969) of USA

performed research on lower invertebrates like Hydra

and planarian. She wrote the widely used Laboratory

Manual for Elementary Zoology and A Laboratory

Manual for Comparative Vertebrate Anatomy. She

preferred working with invertebrates, and became

authority on invertebrate taxonomy. She wrote

comprehensive reference series The Invertebrates

(6 Volumes :1940-1968).
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








       
       








 
 
          
        

        



       
    

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CHAPTER - 1

PRINCIPLES OF CLASSIFICATION

The process by which any thing is grouped into convenient categories
based on some easily observable characters is known as Classification. The
scientific term used for these categories is Taxa (taxon : singular). The taxa
can indicate categories at very different levels. Animals, mammals, rabbits
are all taxa - but one must know that rabbit is a mammal and mammals are
animals. Hence animals, mammals, rabbits represent taxa at different levels.

The theory and practice of identifying, naming and classification of
organisms is known as Taxonomy. The word of Taxanomy was proposed by
A.P. de Candolle. The branch of science that deals with the vast diversity of
life is the Systematics. Systematics is a key part of Taxonomy. Systematics
also reveal the trends and evolutionary relationships of different groups of
organisms. These relationships establish the phylogeny of organisms.

Taxonomic hierarchy includes seven obligate categories namely
kingdom, phylum, class, order, family, genus and species. There are other
intermediate categories like sub kingdom, grade, division, sub division,
subphylum, super class, sub class, super order, sub order, super family, sub
family and sub species. Adding the suffix idea to the type generic name forms
the name of the family. The name of sub family can be coined by adding the
suffix inae to the type generic name. The name of super family by adding the
suffix oidea.

1.1.1. Binomial nomenclature and Rules of Nomenclature

The process of naming of animals with distinctive scientific name is
called nomenclature. The widely used system of nomenclature is the
Binominal Nomenclature. Carolus Linnaeus popularised the Binomial
Nomenclature and described it in the 10th edition of his book Systema
Naturae. The Binomial nomenclature of Linnaeus is now referred to as
Binominal Nomenclature.

In Binominal Nomenclature, each organism is provided with an
appropriate scientific name consisting of two words, the binomen. The first
word refers to the genus. Genus is a noun  and the word is the species and is
mostly an adjective. The generic name begins with a capital letter and the
specific name with a small letter. Names must be latin or latinised form and
are usually printed in Italic font.
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 The name of the taxonomist follows the scientific name either in full form
or in an abbreviated form. e.g., Felis leo Linnaeus. The year of discovery is
written after the name of the person who discovered it. e.g., Felis leo Linnaeus
1758.

International Congress of Zoology (ICZ) (1895) in its third meeting
appointed a committee to draw the International Rules of Zoological
Nomenclature. These rules were adopted by the fifth International Congress
of Zoology (1901), as International Code of Zoological Nomenclature (ICZN).
The code established a permanent International Commission on Zoological
Nomenclature (ICZN). It has power to interpret, amend or suspend provisions
of the code.

The code states that if two or more names are published for the same

organism, the senior synonym is the correct name and the later names are

junior synonyms. The earliest published of the two or more identical but

independently proposed names for different organisms of the same or different
taxa is the senior homonym, whereas the other names are junior homonyms.

Statement of principle of priority states that the valid name of a taxon
is the oldest available name applicable to it, unless that name has been
invalidated or other name is given procedure by any provision of the code or
by any ruling of the commission.  When the name of the genus is not the one
under which original author placed a species, or if its generic name is changed
subsequently, the name and the year of the original author are written in
parenthesis e.g., Panther leo (Linnaeus, 1758). It is written so because
Linnaeus originally placed the species name leo under the generic name  Felis
and it was shifted to the generic name Panthera.

1.1.2 Concept of  Whittaker five Kingdom Classification

R.H. Whittaker (1969) proposed the Five Kingdom classification
based on cell structure, thallus organisation, mode of nutrition, reproduction
and phylogenetic relationships. These kingdoms are Monera, Protista, Fungi,
Plantae and Animalia. Characteristic features of these five kingdoms are
described in the table.
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Earlier systems of classification included bacteria, blue green algae, fungi,
mosses, ferns, gymnosperms and angiosperms under plants. The common
character to keep them in plants is the presence of cell wall in their cells. But
they differ widely in other characteristics. The same classification include
prokaryotes and eukaryotes and unicellular and multicelular organisms together.
This classification did not differentiate between heterotrophic and autotrophic
organisms (e.g. green plants). Their cell wall composition in also different (Fungi
have chitin and green plants have cellulose). Hence, fungi were placed in a
separate kingdom (Fungi). All prokaryotes were placed in kingdom Portista
.Chlamydomonas and Chlorella (have cell wall) were placed in Protista along
with Paramoecium and Amoeba (lack cell wall). This happened because the
criteria for classification changed. These types of changes will take place in
future also depending on the improvement or in understanding of characteristics
and evolutionary relationships over time, an attempt has been made to evolve a
classification system which reflects the morphological reproductive and
phylogenetic similarities. Components of five kingdom classification are
summarised here under:
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Kingdom I -  Monera

- Archaebacteria - Eubacteria

Kingdom II - Protista
- Crysophytes - e.g. Diatoms

- Dinoflagellates - e.g. Gonyaulax

- Euglenoids - e.g. Euglena

- Slime moulds - e.g. Saprophytic protists
- Protozoans - e.g. Amoeba, Paramecium, Plasmodium

Kingdom III - Fungi

- Phycomycetes - e.g., Rhizopus
- Ascomycetes - e.g., Pencillium

- Basidiomycetes - e.g,  Agaricus

- Deuteromycetes - e.g., Trichoderma

Kingdom IV -  Plantae

- Algae - e.g., Spirogyra

- Bryophyta - e.g, Marcarita
- Pterydophyta - e.g., Selaginella

- Gymnosperms - e.g., Cycas

- Angiosperms - e.g., Hibiscus
Kingdom V - Animalia

- Porifera - e.g., Sycon
- Cnidaria - e.g., Obelia
- Acnidaria - e.g., Pleurobrachia
- Platyhelminthes - e.g., Fasciola
- Nematoda - e.g., Ascaris
- Annelida - e.g., Pheretima
- Arthropoda - e.g, Palaemon
- Mollusca - e.g. Pila
- Echinodermata - e.g, Asterias
- Hemichordata - e.g., Balanoglossus
- Chordata - e.g., Oryctolagus
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1.1.3 Classification of Animal Kingdom

1.1.3.1. Basic body plans (bauplans) of animals

I. Number of primary germ layers in embryo

1. During development from a single called zygote, animals form layers
of cells to form an adult.

2. The embryos of diploblastic animals have two cell layers, namely , an
outer ectoderm and an inner endoderm.

3. The emryos of triploblastic animals have three cell layers, namely,  an
outer ectoderm, middle mesoderm and an inner endoderm.

4. The existance of three layers distinguishes them into protostomes and
deuterostomes.

II. Division of Labour

1. Cellular grade - The specific body functions are
of organisation performed by cells.

2. Tissue grade organisation - The specific body functions are
performed by tissues.

3. Organ and organ system - The specific body functions in the
grade organisation body are performed by organ or
organ systems.

III. Body cavities

1. Based on the type of body cavity, animals can be divided into three
major groups namely acoelomates, pseudocoelomates and coelomates.

2. Acoelomates lack body cavity e.g.,  Platyhelminthes.

3. Pseudocoelomates have a fluid filled cavity called pseudocoelom

                 e.g, Nematoda.

4. Coelomates have coelom that is lined by mesoderm

                 e.g., Annelida to Chordata.
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IV. Symmetry :

1. Radial Symmetry - Primitive than bilateral symmetry

2. Bilateral symmetry - Advanced and is often associated with
cephalisation.

V. Fate of blastopore

1. Protostomes - Embryonic blastopore develops into mouth.

2. Deuterostomes - Embryonic blastopore becomes anus and
mouth is formed later at its opposite end.

VI. Gut
1. Intracellular digestion and extracellular digestion.

2. A sac like gut with only one opening called mouth.

3. A complete gut has two openings namely mouth and anus.

VII. Circulation of blood

1. Blood is circulating in open cavities called sinuses (open type of
circulation)

2. Blood is circulating only in the blood  vessels (closed type of circulation).

1.1.3.2  Kingdom Animalia

Kingdom Animalia is divided into two subkingdoms based on the body
organisation.

Sub kingdom 1. Parazoa : These are multicellular animals without
the formation of well defined tissues

                                                               e.g., Phylum - Porifera.

Sub kingdom 2. Eumetazoa : These are multicellular animals with
well defined tissues in the body.
Eumetazoa includes two grades.

Grade A. Radiata or Diploblastica : These are eumetazoas with primary
radial symmetry and diploblastic body
.
e.g.,Phylum Cnidaria and Phylum
Ctenophora.
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Grade B. Bilateria or Triploblastica: These are eumetazoans with bilateral
symmetry with triploblastic body.
Bilateria includes two divisions,
namely Protostomia and Deuterostomia.

Division a. Protostomia : These are metazoans in which
blastopore develops into mouth .
Protostomia is divided into three sub
divisions, viz. ., Acoelomata,
Pseudocoelomata and Schizocoelomata.

Sub division i. Acoelomata : These are eumetazoans without body
cavity.

e.g., Phylum Platyhelminthes

Sub division ii :Pseudocoelomata : These are eumetazoans with a body
cavity. But it is not true coelom as it is
not lined by peitoneal layers.

e.g., Phylum Nematoda.

Subdivision iii .Schizocoelomata: These are eumetazoans with a true
coelom, which is formed by splitting of
mesoderm.

e.g., Phylum  Annalida, Arthropoda and
Mollusca..

Division b. Deuterostomia : These are eumetazoans in which anus
is formed from the blastopore of the
embryo. Later mouth is formed at the
opposite end. This division includes one
sub division viz, Enterocoelomata.

Subdivision : Enterocoelomata : These are eumetazoans with true
coelom which is formed from the
archenteron.

e.g., Phylum Echinodermata,
Hemichordata

                                                                and Chordata.
* Schizocoelomates and eunterocoelomates are together called eucoelomates.
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 PHYLUM : PROTOZOA

Protozoa included the unicellular consumers. It was a phylum under
Animal Kingdom as per two kingdom classification. Protozoans are placed in
the Kingdom Protista as per five kingdom classification. Protozoa means first
animals. Anton van Leeuwenhock was the first to observe a protozoan (Vorticella
convellaria) under microscope. He called them are animalcules. The term
Protozoa (protos - first, zoo - animal) was coined by Goldfuss. Hyman called
the protozoas as acellular animals.

1.2.1. General Characters of Protozoa

1. Protozoans are unicellular animals. They are often called acellular
animals, because a single cell performs all life activities.

2. They may be solitory (e.g, Amoeba) or coloneal (e.g, Cladospongia).
They may be free living or symbiotic.

3. Body symmetry is spherical (e.g., Actinophyrs), radial (e.g., sessile
forms), bilateral (e.g, Giardia) or asymmetrical (e.g., Amoeba).

4. Body is nacked, or bound by pellicle. Some forms  are provided with
shells.

5. Locomotory organelles are pseudopodia, flagellae or cilia. In some
myonemes help in locomotion.

6. Nutrition is holozoic, holophytic or osmotrophic (saprophytic or
parasitic). Digestion is intracellular.

7. Exchange of respiratory gases takes place through general body surface
by diffusion. In parasitic forms, respiration is anaerobic.

8. Excretion occurs through general body surface by diffusion or by
contractile vacuoles. Contractile vacuoles are mainly osmoregulatory
organelles and are common in fresh water forms.

CHAPTER - 2



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 12

9.   Protozoans reproduce asexually and sexually. Binary fission, multiple
fission,  plasmotomy, budding etc. are asexual methods of reproduction.
Syngamy, conjugation etc., are sexual methods of reproduction.

10.  Most of the protozoans undergo encystment to overcome unfavourable
conditions.

11.   Protozoans are said to be immortal (exempt from natural death)
because somatoplasm and germ plasm are not different..

e.g., Amoeba, Plasmodium, Paramoecium

1. 2. 2. Classification of Protozoa

Protozoa is a large, varied group and hence, it is difficult to classify.
Many people pro posed the classification in various ways. The classification
proposed by B. M. Honigberg et. al. was adopted here. They classified the Pro-
tozoa into four sub phyla, viz., Sarcomastigophora, Sporozoa, Cnidospora and
Ciliophora.

Sub Phylum I. Sarcomastigophora

1. Locomotory organelles in these protozxoans are pseudopodia and flagellae.
2. Sarcomastigophora includes three super classes, viz., Mastigophora,
   Opalinata and Sarcodina

Super class 1. Mastigophora

1.Body of these protozoans is covered by pellicle

2. Locomotory organelles are flagellae.

3. They reproduce asexually by longitudinal binary fission.

4. Mastigophora includes two classes, viz.,phytomastigophorea
    and Zoomastigophorea

Class A : Phytomastigophorea

1. These are free living protozoans.
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





       
      
    
    







       




         






         




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2. Euglenoids and some dinoflagellates have chlorophyll bearing
chromatophores.

 Class B : Zoomastigophorea

1. These protozoans are mainly parasitic.

2. Chloroplasts are absent

3. Nutrition is holozoic, saprobic or parasitic.

e.g., Trichonympha, Trypanosoma.

Super class 2 Opalinata

1. These protozoans are commensals or parasites in the gut of frogs
and toads.

2. Body is covered by cilia, which are arranged in oblique rows, but
lack infra ciliary system.

3. Some are binucleate and others are multinucleate, but all are
homokaryotic.

4. Longitudinal binary fission and plasmotomy are the asexual
methods of reproduction. Sexual reproduction occurs by
anisogamy.

e.g., Opalina, Zelleriella

Fig. 1. 2. 1 .Euglena Fig. 1. 2.2 . Trypanosoma

e.g,. Euglena, Noctiluca .

3. Nutrition is autotrophic or heterotrophic
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











      

     

       



       





        

     

CO2 H2 O








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Super class 3 : Sarcodina

1. These protozoans move with pseudopodia.
2. Sarcodina includes three classes, namely, Rhizopodia, Piroplasmea

and Actiropodea.

                 Fig. 1. 2. 3. Opalina               Fig. 1. 2. 4. Amoeba
Class A : Rhizopodea

1. These protozoans are amoebas, foraminiferans and mycetozoans
(slime moulds).

2. Body is nacked (e.g., Amoeba) or covered by a test (e.g., Arcella).
Forminiferans have a calcareous porous shell.

3. Locomotory organelles are pseudopodia.
e.g., Amoeba, Entamoeba, Elphidium.

Class B : Piroplasmea
1. These are parasitic protozoans.
2. Locomotory organelles are absent.
3. spores are absent.

e.g., Babesia.

 Fig. 1. 2. 5. Babesia
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
     

         













         

        

       

        





        



       






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Class C : Actinopodea :

1. Heliozoans, radiolarians and acanthareans are included in this
group.

2. Locomotory organelles are axopodia (a type of pseudopodia).

3. These protozoans have skeleton in the form of silicious shell,
strontium sulphate spines or silicious scales and spines.

4. Shells of dead radiolarians accumulate on the ocean floor and form
radiolarian ooze.

e.g., Collozoum, Actinophrys, Acanthometra.

Sub Phylum II : Sporozoa or Apicomplexa

1. These are parasitic protozoans.

2. Locomotory organelles are absent (Pseudopodia, if present, are
useful in ingestion)

3. Sporozoites have apical complex that helps to penetrate into host cells.

4. Sporozoa includes three classes, namely, Telosporea, Taxoplasmea
and Haplosprea.

Class 1 : Telesporea

1. Sporozoites of telosporeans are long

2. Reproduce asexually and sexually. Sexual reproduction by isogamy
or anisogamy.

e..g, Plasmodium, Monocystis.

Fig. 1. 2. 6. Actinophrys
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Class 2 : Toxoplasmea

1. Spores are absent in toxoplasmeans.

2. These animals reproduce only by asexual method called
endodyogeny (Internal budding wherin two daughters are
produced within a mother cell and the mother cell is destroyed in
the process).

e.g., Taxoplasma.
Class 3 : Haplosporea

1. Spores are amoeboid

2. Reproduction is only asexual (by multiple fission).

e.g., Haplosporidium

Sub Phylum III : Cnidospora
1. These are parasitic protozoans
2. Special locomotory organelles are absent.
3. Spores are provided with one or more polar filaments.
4. Cnidosporea includes two classes, namely, Myxosporidea and

Microsporidea.

Class 1 . Myxosporidea

1. These protozoans are extracellular parasites.

2. Spores are typically with two polar filaments.
e.g., Myxobolus.

Fig. 1. 2. 7. Monocystis
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Class 2 . Microsporidea
1. These protozoans are intracellular parasites.

2. Spores are typically with single polar filament
e.g., Nosema.

Sub phylum IV. Ciliophora
These are complex protozans and this sub phylum contains a single class, namely,

Ciliata.

Class : Ciliata

1. These protozoans have cilia which are useful in locomotion and food
capture. Suctorians are sessile forms and have cilia in young stages only.

and polyploid and micronucleus is reproductive and diploid.

4. Asexual reproduction is by binary fission or budding.

5. Sexual reproduction is by conjugation  which brings about nuclear

reorganisation.

e.g. Paramoecium, Vorticella

Fig. 1. 2. 8. Paramoecium                              Fig. 1. 2. 9. Vorticella

2. They have infra ciliary system.

3. They exhibit nuclear dimorphism - macronucleus is vegetative
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1.2.4. Locomotion in Protozoa
Movement of organisms from one place to the other is known as

locomotion.  It is performed in serach of food, shelter, mate and to escape from
the predators.  Locomotion is influenced by external and internal factors.

Protozoans move with the help of locomotory organalles like flagellae,
cilia, cellular extensions such as pseudopodia and myonemes.  Pseudopodia
help in ameboid movement (e.g., Amoeba), cilia and flagellae help in swimming
in Paramoecium and Euglena respectively.  Myonemes help in gliding movement
in Euglena and sporozoans.

Locomotory Organelles

1. Pseudopodia - Lobopodia : e.g., Amoeba
Filopodia :  e.g., Euglypha

Reticulopodia or : e.g., Elphidium

Myxopodia

Axopodia or : e.g., Actinophrys
                                   Actinopodia

2. Flagellae- Stichonematic : e.g., Euglena

Pantonematic : e.g., Paranema

Acronematic : e.g., Chlamydomonas

Pantracronematic : e.g., Urceolus

Anematic : e.g., Chilomonas

3. Cilia* e.g., Paramoecium

            4. Myonemes -       Contractile fibrils present below the pellicle in
                                   ectoplasm  e.g.,  Euglena

* A group of cilia that form a bundle is known as cirrus

* A row of adhering cilia forming a long sheet is known as

             undulating membrane

* Smaller rows of adheing cilia form the membranelles.
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1. Amoeboid Movement

Locomotion effected by pseudopodia is known as amoeboid movement.
It is common in rhizopodeans like Amoeba, Entamoeba etc.  Besides these
protozoans, amoeboid movement is exhibited by amoeboid cells, macrophages
and phagocytic leucoytes like neutrophils, monocytes etc., of metazoans.

Many theroies were proposed to explain the amoeboid movement.  Out
of them sol-gel theory or change of viscosity theroy proposed by Hyman was
widely accepted and was confirmed and explained by Pantin and Mast.
According to this theory, the outer cytoplasm of Amoeba (i.e., ectoplasm) is
called plasmagel (viscous, thin, non granular, tranparent and contractile) and
the inner cytoplasn (i.e., endoplasm) is called plasmasol (less viscous, fluid
like, more granular and opaque).  Plasmagel and plasmasol are interconvertible.
Formation and disapperance of pseudopodium are due to interconvetiblity of
plasmagel and plasmasol, which is physico chemical change. Gel becomes sol
by absorbing water and sol becomes gel by losing water.  During Amoeboid
movement :

i. Amoeba attaches to the substratum by plasmalemma at the temporary
advacing end.

ii. The hyline layer of plasmagel (ectoplasm) at the advaning end form a
hyaline cap.  Behind this cap, a point of weakness in the elasticity of
plasmagel is formed.  Hence the inner plasmasol (endoplasm) flows
forward, forming a pseudopodium and plasmasol that flows outward
behind the hyaline cap changes the colloidal state form sol to gel and
joins the plasmagel.

iii. The outer region of the plasmasol, which is flowing forward undergoes
gelation and produces a regid plasmagel tube.  The gelation of
plasmasol extends the plamagel tube forward.

iv. At this stage two ends apper in Amoeba.  The advancing end is smooth
and round, and the trailing end (called uroid) has wrinkled surface.

Fig. 1. 2. 10. Amoeboid movement



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 23

v. Around the region of hyaline cap, an annular region of sol to gel
tranformation is formed.  It is called zone of gelation.  Uroid is the
zone of soaltion where gel becomes sol.

vi. Plasmagel at uroid changes into sol and flows forward continuously
through the gel tube.  As the plasmasol flows forwards, the
pseudopodium elongates further and the body of Amoeba moves in
that direction.

vii. The gelation at advacing end and solation at uroid occur
simulatneously at the same rate.  Due to this Amoeba moves forward
continuously

Explanation of sol-gel theory on molecular basis

I. Goldacre and Lorch explained the gelation and solation on the basis
of folding and unfolding of two contractile proteins present in the
cytoplasm, viz., actin and myosin.

II. They explaned that when these molecules unfold, the cytoplasn
gelates and when they fold, the cytoplasm solates.

III. The proteins in plasmasol are in folded state.  They unfold at the
place of gelation by losing water at the advacning end.  These
unfolded proteins at the uroid fold due to absorption of water.

IV. These events leads to the formation of a pseudopodium which leads
to amoeboid movement.

V. The energy required for this process is available from the ATP.

Allen proposed that plasmosol flows forward the to pulling force caused
by sliding action of the actin molecules over the myosin at the advacning end.
This is referred to as Fountain Zone therory

2. Swimming

The locomotion in protozoans brought about by the flagellae and cilia is
known as swimming locomotion.  Hyman called  the flagellae and cilia as
undulopodia, because they casue progression by beating. They are useful in
bringing about
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locomotion in water (In case of parasitic forms, they cause locomotion in body

fluids of the host).

A. Flagellar movement

Locomotion brought about by flagellun is called flagellar movement.

Flagellum shows undulation movements, sidewise lashing movements and spiral

gyration.

i Undulation movement

Undulation from base to tip cuses a pushing force (like propeller of a

boat) and the organism is pushed forwards. Undulation from the tip to base

cuases a pulling force (like propeller of an aeroplane ) and the organism is

pulled forwards.  If flagellum bends to one side and shows.a wave like movement
from the

Fig. 1. 2. 11. Undular movements of flagellum

base to the tip, the organism moves laterally in opposite direction.  When the
undulations are spiral, they cause rotation of the organism in the opposite
direction, which is called gyration.

ii. Sidewise lashing movements

The flagellar movement of many flagellates is a sidewise lash or paddle
beat, consisting of two strokes, viz., the effective stroke and recovery stroke.
Energy required for these movements is obtained from ATP.
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Effective stroke : Flagellum becomes rigid and starts bending the one side
beaitng fastly against the water.  This beating is at right angles to the longitudinal
axis of the body and the orgainsm moves forward.

Recovery stroke : Flagellum becomes comparatively soft, so as to offer least resistance
to water and moves backwards to its original position.  It is called recovery stroke.

iii. Simple conical gyration movement

In simple conical gyration, the flagellum turns like a screw.  This exerts
the propelling action that pulls the organism forward through water with a spiralal
roation around the axis of movement and gyration on its own axis.

B. Ciliary movement :

Locomotion brought about by cilia is called ciliary movement and is
observed in ciliates.  Cilium shows pendular movements - swing back and forth.
These are called effective stroke and recovery stroke respectively.  Cilurm
moves the water parallel to the surface of its attachment similar to paddle stroke
movemenet.

 Fig. 1. 2. 13 Ciliary movements

i. Effective stroke

Cilium bends and beats against the water.   It is called effective stroke.
Body moves forwards in this stroke as the cilium pushes the water backwards.

Fig. 1. 2. 12. Sidewise lashing movements of flagellum
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ii. Recovery stroke

 After the effective stroke, cilium comes to its original position by its
backward movement without any resistance.

In Paramoecium, cilia are arranged in longitudial rows as well as
transeverse rows.  The direction of effective stroke of cilia is oblique ot the long
axis of the body.  Hence Paramoecium swims in a spiral way rotating on its own
axis.  Cilia show two types of coordinated rhythms, viz., synchronous rhythm
and metachronous rhtyhm.  In synchronous rhythm the cilia in transeverse
rows beat simultaneoulsy.  In metachronous rhythm, cilia in longitudinal rows
beat one after the other.  Hence a metachronal wave passes from anterior end to
the posterior end.  When Paramoecium comes in contact with undesirable object,
the beating of cilia is reversed and the organism moves backward for a short
distance.  The ciliary movement is coordinated by infraciliary system through
a neuromotor centre called motorium present rear the cytopharynx.  The infra
ciliary system together with motorium forms the neuromotor system that
coordinates the beating of cilia.  Hence, ciliary movement is the fastest
locomotion in protozoans.

3. Gliding

Certain protozoans have contacticle filaments present below the pellicle
in ectoplasm. They are called myonemes.  The small zig zag movement in
protozoans caused by the contraction and relaxation of myonemes is called
gliding movement.  It is exhibited by flagellates, sporozoans, cnidosporans and
some ciliates.

4. Metaboly

Pellicle of protozoans contain proteinaceous strips supported by dorsal
and ventral microtubules. In many protozoans the strips can slide past one another,
causing wriggling locomotion called metaboly.  In this process, temporary chagne
in shape of the body occurs.
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1.2.5. Nutrition in Protozoa

The process of taking in food and using it for growth, metabolism and
repair of damaged tissues in the body is called nutrition.  Some of the protozoans
can synthesise their food by photosynthesis and others obtain nourishment in
many ways.  The following are the various types of nutrition in protozoans.

1. Holozoic nutrition : Nutrition in majority of protozoans is holozoic type.
Like animals, they ingest solid food. The food of protozoans include bacteria,
diatoms, algae,  rotifers, other protozoans, crustacean  larvae etc.  Holozoic
nutrition involves the processess like ingestion, digestion, absorption, egestion
etc.

A. Ingestion : Intake of food is described as ingestion.  The mode of ingestion
in most of the protozoans is by phagocytosis.  Colourless flagellates capture
their food with the help of their flagellae.  Rhizopods ingest their food with the
help of pseudopodia. Ciliates ingest the food through a well developed oral
apparatus.

Fig. 1. 2. 14. Nutrition in Amoeba

Suctorians feed with the help of tentacles.  The free end of each tentacle has a
knob, and the tentacle has a tube in the centre.  Whenever the prey is come in
contact with the knob of the tentacle, it is paralised by some toxin.  Then prey is
sucked through the tube of the tentacle.
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B. Digestion : Digestion in protozoans is intracellualr and it takesplace in food
vacuoles.  The contents of food vacuole are acidic in the beginning and thus the
prey dies.  Then the contents in food vacuole becomes alkaline. Lysosomes
filled with enzymes are fused with the food vacuoles.  Proteolytic enzymes digest
proteins into amino acids and cabohydrate spliting enzymes digest them into
simple sugars.  Some protozoans can digest fats.

C. Absorption and assimilation  : Digested food diffuses into the endoplasm
where it is utilised for metabolic activities.  Excess food is stored in the endoplasm
in the form of glycogen, fat droplets, paramylum, chromatoid bodies etc.

D. Egestion : Elimination of undigested matter is called egestion.  Ciliates egests
the undigested matter though cytopyge.  In other protozoans undigested matter
is egested through the body surface.

Ingestion of liquid food through the body surface may occur in certain
protozoans by the process called pincocytosis or cell drinking.  Pinocytic
channels are formed on body surface to enclose the liquid food from the
surroundings.  Lower ends of these channels are pinched of as pinosomes which
later become food vacuoles.

2. Holophytic Nutrition (Autotrophic Nutrition)

Protozoans having chlorophyll or some allied pigment can prepare
complex molecules of organic food by photosynthes using inorganic substances
like water, CO2 in presence of sunlight.(like green plans)   e.g., Euglena.

Some protozoans harbour chlorophyll bearing algae like Zoochlorellae
which manufacture organic food for themselves as well as for the host by
photosynthesis.  e.g., Paramoecium bursaria

3. Saprozoic Nutrition

Some protozoans absorb complex organic substaces in solution through
the body surface form the surrounding medium by osmosis.  The method of
getting food by this process is called osmotrophy.  Protozoans that adopt  this
method of nutrition are called saprozoic forms.  Some protozans adopt holozoic
nutrition, but absorb certain organic compounds through body surface. e.g,
Balantidium coli. Clourless flagellates (e.g., Polytoma) also absorb organic fluids
through body surface.
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4. Parasitic Nutrition
i. Some of the parasitic protozoans feed upon the undigested or digested

food of their hosts.  They are called food robbers. In this process, they
may adopt holozoic or saprozoic methods to get nourishment

              e.g., Balantidium, Nictotherus

     ii. Some parasitic forms feed on the living tissues of their hosts causing
harm to them. They absorb the food thorugh body surface or ingest by
phagocytosis

              e.g., Trypanosoma, Plasmodium

5. Coprozoic Nutrition

 The type of nutrition in which the protozoan feeds on the faecal matter
of other organisms is known as coprozoic nutrition.

e.g., Dimastigamoeba, Clamydophrys

6. Mixotrophic Nutrition

Some protozoans adopt more than one method of nutrition to nourish
themselves. This is called mixotrophic nutrition.

e.g., Euglena (autotrophic and saprozoic)

1.2.6. Reproduction in protozoans

One of the important life processess is producing young ones of same
kind, the reproduction.  As the protozoans are unicelluar organisms, gonads are
lacking.  Protozoans mainly reproduce asexually.  In some forms, sexual
reproduction also taken place.  In some, asexual method is the only type of
reproduction.

2.6.1. Asexual reproduction in protozoans

Reproduction without the fusion of pronuclei is called asexual
reproduction.  Genetic recombination does not occur in it.  The young one show
uniparental inheritance, without any genetic variations.  Generally protozoans
reproduce asexually during favourable conditions.  The asexual methods include
binary fission, multiple fission, budding (gemmation) and plasmotomy.
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1. Birary fission
Binary fission is the most common method of asexual reproduction in

protozoans.  In this process the parent is divided into two daughter individuals.
It involves division of nucleus (called karyokinesis), followed by the division
of  cytoplasm (called cytokinesis). The plane of binary fission ,may be irregular
(e.g., Amoeba), longitudinal (e.g., Euglena) or  transeverse (e.g., Paramoecium).
In ciliates exhibiting nuclear dinorphisn, the macronucleus divides amitotically
and the micronucleus mitotically.

The daughter individuals fomed by binanry fission carry all the organelles
of parent organism.  Some organelles like mitochondria divides at the time of
division.  Certain organelles lke oral apparatus, flagellae, contractile vacuoles
etc, are received by one daughter individual and are formed afresh in the other
daughter individual.

Fig. 1. 2. 15. Binary fission in Paramoecium
2. Multiple fission

Division of parent protozoan into many daughter individuals is known
as multiple fission.  In free living forms multiple fission takesplace during
unfavoruable conditions.  In multiple fission, nucleus divides into many daughter
nuclei followed by the cytoplasmic division and thus many daughter individuals
are formed.  It is common in rhizopods and sporozoans.

a. Asexual multiplication in sporozoans is often discribed as
schizogony.  The resultant daughter individuals grown into
trophozoites.

b. Gamogony and sporogony are multiple fissions in protozoans
related to sexual reproduction.
i. Gamogony is the multiple fission by which gametes are formed
ii. Sporogory is the multiple fission by which spores or sporozoites

                         are formed.
c. Sporulation is the multiplication of Ameba proteus without

encystment.
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Fig. 1. 2. 16. Multiple fission in Amoeba

3. Buddidng or Gemmation

Budding is a common method of asexual reproduction in suctorians (e.g.,
Acineta).  Bud is a smaller individual formed after nuclear division.  Monotonic
budding is seen in ciliates like Vorticella, in which only one bud is formed at a
time.  Multiple buds are formed in suctorians.  Budding may be exogenous
(e.g., Ephelota) (in which buds are formed on the surface of the parent) or
endogenous (e.g., Acineta) (in which buds are formed inside the body of the
parent).
4. Plasmotomy :

Division of a multinucleate protozoan into multinucleate daughter
individuals by cytopsmic division (but without nuclear division) is called
plasmotomy.  The nuclei of the parent are distributed among the daughter
individuals. e.g., Opalina

Fig. 1. 2. 17. Plasmotomy

2.6.2. Sexual reproduction in protozoans
Sexual reproduction takesplace by the fusion of pronuclei with the

formation of gametes, or without the formation of gametes.  Genetic
recombination occurs in sexual reproduction during the formation and during
fusion of gametes.  Sexual reproduction in protozoans occur by syngamy,
conjugation etc.
1. Syngamy : Complete fusion of two gametes, resulting in the formation of

zygote is known as syngamy.  Fusion of gametic pronuclei is
called amphimixis and the resultant nucleus is called zygote
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nucleus or synkaryon.  Syngamy in protozoans can be divided into the following
types :

   a. Isogamy  : the fusion of pronuclei of similar gametes is known as
isogamy.  Isogamy is common in foraminiferans,
gregarinians, phytomondines etc.
e.g., Elphidium, Monocystis, Chlamydomonas

  b. Anisogamy: The fusion of pronuclei of dissimilar gametes is known as
anisogamy.  Generally, the smaller and motile gametes are
called microgametes or male gametes.  The larger and
nonmotile gametes are called macrogametes or female
gametes.  Anisogamy is common in sporozoans and
phytomonadines.
e.g., Plasmodium, Volvox

c. Autogamy : Fusion of gametes or pronuclei derived from the same
parent individual is called autogamy.  it is seen in certain
ciliates and heliozoans
e.g., Paramoecium aurelia, Actinophrys.

d. Hologamy : In this process, gametes are not formed. Ttwo mature
organisms which act as gametes are fused to form a zygote.
e.g., Trichonypha, Copromonas

2. Conjugation : Temporary union of two senile
ciliates of two different mating
types for the exchange of nuclear
material and its reorganisation is
known as conjugation.  It
restores the vigour and vitality
which are lost due to
chromosomal imbalance in their
macronuclei due to repeated
amitotic divisions during birary
fission.  Unfavourable conditions
also induce conjugation. Fig. 1. 2. 18. Conjugation

in Paramoeciume.g., Paramoecium caudatum, Vorticella
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1.5 Elphidium
Systematic position

Phylum : Protozoa
Sub phylum : Sarcomastigophora
super class : Sarcodina
Class : Rhizopodea
Order : Foraminiferida
Genus : Elphidium

Species : crispa.

1.5.1. Habit and habitat

Elphidium is a marine, free living protozoan found creeping about on

sea weeds. It is a dimorphic solitory and free swimming organism.

1.5.2 Morphology

Elphidium has a pale yellow, transluscent spherical or oval shell, formed mainly

by calcium carbonate.  Shell measures about 1 mm is diameter.  Shell has many

chambers (muitilocular or polythalamus) and are arranged in a planospiral way.

Each chamber is convex anteriorly and concave posterorly. The concave surface

possess retral processess (filled with cytoplasm). Minute
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Fig. 1. 5. 1 Elphidium

 pores are present among the retral processes, through which cytoplasm extends

out as pseuopodia of reticulopodia type.  They help in locomotion and food

collection. Central part of the shell is  round and convex and is called umbo.

Peripheral part of the shell consists of a rim called keel. Shell is formed as a

single chamber called proloculum.  As the animal grows, successive chambers

are formed is a spiral manner.  Each chamber is larger than the preceeding one.

Posterior edges of the chambers overlap the preceeding chambers and these

overlapping portions are called alar processess.
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Megalospheric form Microspheric form

1. Size is comparatively large 1. Size is comparatively small

2. Proloculum is larger 2. Proloculum is smaller

3. Uninucleate form 3. Multinucleate form

4. Reproduces sexually and produce 4. Reproduces asexually and

     microspheric forms  produce megalospheric forms

In megalospheic form, one of the chambers contain a single nucleus.
Whereas the microspheric form contans many muclei, which are irregularly
distributed in all chambers.  Each nucleus contains many nucleoli.

1.5.3 Nutrition

Nutrition in Elphidium is holozoic.  It feeds on minute organisns such as
diatoms, crustacean larvae and other protozoans. Reticulopodia form a net and
secrete mucous layer to trap the prey organisns.  Substances in mucous layer
paralyse the prey and the enzymes initiate digestion.  Then the prey is enclosed
in a food vacuole and is drawn into endoplasm. Generally digestion is completed
outside the shell and the digested food diffuses into lthe endoplasm.

1.5.4 Reproduction

Elphidium is a dimorphic animal and the two forms are megalospheric
form and micorspheric form.  Megalospheric  forms sexually reproduce and
produce the microspheric forms.  Microspheric forms asexually reproduce and
produce megalospheric forms.  Hence, the life cycle of Elphidium exhibits a
definite alternation of generations.

1. Gamogony or sexual phase

The megalospheric form of Elphidium is larger, uninucleate and is with
a large proloculum. Megalospheric form (or gamont) produce numerous
gametes.  All gametes are similar (isogametes) and each is provided
with a pair of flagellae.  The nucleus of megalospheric form undergo
many divisions

Elphidium  is a dimorphic form - the two forms are megalospheric
form and microspheric form.  Their morphology is similar but differ from
each other in the following features.
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and each nucleus is surrounded by some cytoplasm, and organises into
a biflagellate isogamate.

                    

Fig. 1. 5. 2. Elphidium - Life history

These isogametes reach the surrounding sea water through the pores of the shell.
In sea water, the isogametes of different parents (i.e., gamonts) unite and fuse in
pairs (as the two gametes are similar, the syngamy is described as isogamy)
forming zygotes.

2. Agamogony or asexual phase

The zygote formed at the end of sexual phase secretes the shell around
the small proloculum and becomes a young micorspheric form.  Its nucleus first
divides by meiosis and then by many mitotic divisions.  As the individual grow,
new chambers are added and thus a multinulate and mulilocualr adult agomot,
schizont or microspheric form is formed.

Microspheric form reproduces asexually and the asexual phase is called
schizogony.  During this process entire cytoplasm along with nucleui creeps
out of the shell as a lump.  This lump is organised into a large number of amoeba
like uninucleate cells called agametes or amoebulae.



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 37

The amoebulae are detached from the parent body. Each amoebula
secretes a large proloculum with shell chambers and becomes a megalospheric
form or garmont. Gradually it grow in size secrete additional chambers and
becomes an adult.

GLOSSARY

   Actin and myosin : Contractile proteins in the cytoplasm of
Amoeba

   Amphimixis : Fusion of pronuclei of gametes
   Classification : The process by which any thing is grouped into

convenient
categories based on some easily observable
characteristics.

   Coelom :   Body cavity lined by mesodermal peritoneum.

   Deuterostomes : Animals in which embryonic blastopore becomes
anus

INTERACTIVE LINKS

* https://www.biologydiscussion.com/invertebrate-zoology/protozoa/
    nutrition-  and-protozoa-with-diagram/28389

* https://micorbiologynote.com/reproduction-in-protozoa/
* https://www.slideshare.net/Hemantkrdu/reproduction-in-protozoa

CURRICULAR ACTIVITIES
I. Class room seminars :

1. Principles of classification
2. Binominal nomenclature
3. Five kingdom clasification
4. Elphidium - structure and life history

II. Group discussion
1. Principles of classification and nomenclature
2. Locomotion and nutrition in protozoans

3. Reproduction in protozoans.
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III. Field work

1. Observation of various categories of organisms on the college campus
     and nearby agricultural farm

2. Collection of sample of water from nearby pond  and observe
    locomotion in various protozoans.

IV. Self Assessment

A. Choose the correct answer :

1. First act in Taxonony is

1. Identification 2. Nomenclature
3. Classification 4. Ordering the taxa

2. Echinoderms and chordates are
1. Radially symmetrical 2. Schizocoelomates
3. Protostomes 4. Deuterostomes

3. Assertion (A) : Linnaeus system of classification is essentially an artificial
 system..Yet, it has become a natural system.
Reason (R) : Similarities forming the basis of his classification are
indicative of genetic relationships
1.Both A and R are true.  R is correct explanation for A
2. Both A and R are true.  R is not correct explanation for A
3. A is true. But R is false
4. A is false.  But R is true.

4. Non cellulose cell wall is present in
1. Protista 2. Plantae 3. Animalia 4. Monera

5. Study the following statements and pick up the correct ones :
I. Multicellular animals without tissues are included in Platyhelminthes
II. Annelids are protostomes and schizocoelomates
III. Deuterostomes with pentaradial symmetry in adults are included in

             Mollusca.
IV. Chordates exhibit bilateral symmetry and are deuterostomes.

1. I, II 2. II, IV 3. III, IV 4. I, IV
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6. Flagellae are locomotory organelles in

1. Sarcodina 2. Mastigophora

3. Ciliata 4. Sporozoa

7. Statement I : In Elphidium, megalospheric form produces the isogametes

Statement II : In Elphidium, microspheric form reproduces sexually and
produce megalospheric forms.

1. Both statements I and II are correct

2. Statements I and II are false

3. Statement I is correct, but II is false

4. Statement I is false,but I is correct

 8. In metachronal rhythm, cilia moves

1. At a time in a transeverse row

2. One after the other in an oblique row

3. Alternately in any row 4. In an undular pattern

9. Nutirtion in colourless flagellates like Polytoma

1. Holozoic 2. Saprozoic    3. Holoplytic 4. Parasitic

10. Match the following :
List - 1 List - 2
A. Isogamy I. Plasmodium
B. Anisogamy II. Actinophrys
C. Autogamy III. Monocystis
D. Hologamy IV. Trichonympha

V. Amoeba proteus
A           B          C            D

1.           III I II IV
2. III V II IV
3. IV II I III
4. IV III II V
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B. Fill in the blanks

1. The branch of science that deals with the vast diversity of life is the
___________

2. Binomial nomenclature was described in the 10th edition of
_______________

3. Mode of nutrition in Plantae is __________

4. Undulation movement is effected by ______________

5. Syngamy in Plasmodium is ___________

C. Short answer type questions

1. Define Taxonomy.

2. What is the full form of ICZN ?

3. Name the five kingdom in Whittakar’s classification

4. What are protostomes and deuterostomes ?

5. What are the two forms of Elphidium ?

6. What is metagenesis ?

7. What are plasmagel and plasmasol ?

FOR IGNITED MINDS

CHAPTER 1

1. A group of closely related organisns which are capable of interbreeding
and produce fertile offspring is known as a species.

2. There are two types of classification - artificial and natural
i. Artificial classification is based on one or a few easily observed

characterstics and is usually designed for a practical purpose with an

emphasis on convenience and simplicity.

ii. Natural classification tries to use natural relationships among
organisms.  It consider more evidence than artificial classification,

including internal as well as external
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3. In binominal nomenclature, each organism is named by using two

words - genus and species.  Trinominal nomenclature is the

extension of binominal nomenclature.This system permits the

designation of sub species. Hence the scientific name consists of

there words - trinomen.   The word indicating sub species also begins

with a small letter and it is a latinised word

e.g., Corvus splendens insolens ,Corvus splendens protegatus

4. The practice of naming animals, in which the generic name and the
species name are the same is known as tautonymy.
e.g., Axix axis- Spotted deer ; Naja naja- Indian cobra

FOR IGNITED MINDS
CHAPTER 2

1.   Protozoans are unicelluar organisms and some of them are parasitic
and cause various diseases in human beings. Some of them are -
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2. Noctiluca, Certium are bioluminiscent protozoans

3. Trichonympha is a symbiont in alimentary canal of termites.

Trichonympha secretes cellulose digesting enzyme glucosidase, in turn

termites nourish Trichonympha. (Mutuatism)

4. Protozoans help indirectly in purification of water of water bodies by

feeding on putrifying bacteria.  Planktonic protozoans provide directly

or indirectly the source of food supplies to man, fish and other animals.

The microscopic skeletons of dead pelagic Foraminiferida, Radiolaria,

Heliozoa sink to the bottom forming oozes on the ocean floors
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Learning outcomes

On completion of this chapter will be able to

• Contrast the characters of phylum porifera form other phyla

• Understand Canal system of sponges

• Learn Skeleton in sponges and its importance

UNIT-II

 PHYLUM : PORIFERA

Learning outcomes
On completion of this unit will be able to

• Classify the representatives of phylum Porifera up
to classes

• Assess the importance of skeleton in sponges
• Perceive the functioning of the canal system in

sponges
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Introduction:

Sponges are sessile (sedentary) aquatic organisms. They comprise a highly

successful and variable group, inhabiting both marine and freshwater habitats.

R. E. Grant (1830) grouped sponges into phylum Porifera, (L. pore bearing

animals). Due to unique Cellular organisation in these animals, Huxely (1875),

Sollas (1894) thought of ungrouping them from Metazoa.  Tuzet (1963)

mentioned that though sponges bear most primitive characters they were

considered as the diverse animals formed during the evolution of Metazoans

and considered them as Parazoa.Sponges have endo skeleton made of spicules
composed of either calcium carbonate or silica, which are present in many
species. Spicules come in an array of forms, their type, shape, combination and
arrangement help in   the identification of a specimen.

Sponges are of great ecological, commercial and evolutionary
importance. Sponges may act as bioeroders and environmental quality indicators.
In the past, sponges were used as household items, for personal hygiene, for the
relief of pain, for treating disease, and in art. More recently, interest in sponges
is largely due to their production of novel bioactive compounds, which may
have potential biomedical and anti-fouling applications. In addition, their skeletal
structures have instigated further interest due to their unique optical and
mechanical properties, which may enable future manufacturing of advanced
materials.

General Characters
Sponges are the first multicellular organisms   with cellular level body/level
organization.    Specific   tissues or organs are absent.

 All are aquatic, mostly marine, a few freshwaters (family Spongillidae),
 Solitary or colonial, all lead a sessile mode of life.
 Body    shape may be    vase-like, cylindrical, tubular, cushion-shaped,

many-branched, etc.
 Exhibit radial symmetry or asymmetrical.

Body wall with outer pinacoderm (dermal epithelium), inner
choanoderm (gastral epithelium) and gelatinous non-cellular matrix
(mesohyl) in between.

 Mesohyl consists of skeletal components and free amoeboid cells.
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







       





      








       




 




 





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 Body Cells loosely   arranged    and   do not   form definite layers,
hence regarded not truly diploblastic.

 Body with many incurrent pores (ostia) through which seawater enters
into the body cavity.

 Body cavity divided into canals and chambers (Canal system) that
serve for the flow of seawater.

 Through one or more excurrent pores (osculum) seawater exits from
the body cavity (Canal system).

 Choanocytes or flagellated   collar cells usually line   chambers of the
canal system.

 Skeleton is in the form of   calcareous or siliceous spicules or   in the
form of protein - spongin    fibres, or both, or absent.

 Digestion intracellular.
 Specific Respiratory and Excretory organs absent, canal system

performs the function of respiration and excretion.
 Primitive nervous system is present with poorly developed neurons.
 All sponges are hermaphrodite, but exhibit cross fertilization.
 Asexual   reproduction    by buds or gemmules.  Sexual reproduction

is by formation of   ova and sperms.
 Exhibits well-developed regeneration power.
 Cleavage holoblastic.
19. Development includes a free-swimming ciliated larva amphiblastula

or parenchymula.
Classification :

Classification of Phylum porifera is based chiefly on types of skeleton.
This phylum has been classified variously but the classification suggested by
Hyman in 1940 and Burton (1967) are of considerable importance. The phylum
porifera is divided into three classes:



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 47

CLASS 1:  CALCAREA

 These are small sized calcareous sponges (10cm in height).
 Solitary or colonial.
 Body cylindrical or vase like in shape.

Fig. 2.1.1 Sycon  Image Source: Wikimedia Commons

 Skeleton formed of calcareous spicules which may be one, three, or four rayed.
 All are marine animals.
 Body organisation may be Asconoid, Syconoid or leuconid type.

e.g. Leucosolenia, Scypha, Granita, Scycon

CLASS 2: HEXACTINELLIDA

 Generally found in medium size but some time few sponges reached
one meter in length.

 They are commonly known as glass sponges.
Body shape cylindrical, funnel shaped or cup shaped.

 The canal system is very typical and body organization Syconoid type.
 These are found in deep marine water.

e.g. Euplectella (Venus flower basket), Hyalonema (Glass- rope sponge)
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Fig. 2.1.3 Specimen of Euplectella
Source: Wiki Media commons

Fig. 2.1.2 Specimen of Euplectella, collected by HMS Challanger, preserved
at Natural History Museum, London

(Image Source: wiki media commons)
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CLASS-3:  DEMOSPONGIAE

• Solitary or colonial.
• Body is cup or vase shaped.
• Demospongiae showed both small and large size.
• Spicules are seen monaxon or tetraxon.
• The canal system is leuconoid type.
• All are marine poriferans except freshwater sponges of family

Spongillidae.
e.g. Chalina, Microciona, Haliscara

Fig. 2.1.3 Chalina (Image source Wiki Media Commons)

2.2. Skeletal system in sponges

Sponges possess endo skeleton that gives their bodies shape and structure.
All the sponges have a skeleton embedded in the mesenchyme. Skeleton consists
of separate spicules or interlacing sponging fibers or both. Skeleton supports
and protects the soft body parts of the sponges. Skeleton also serves as the basis
of classification of the sponges into various classes like Calcarea, Hexactanellida
and Desmospongia.

Spongin

Spongin is an organic, horny, elastic substance which resembles silk in
chemical composition. It is a scleroprotein containing sulphur and chemically
related to collagen.

In the class Desmospongia, spongin fibers occurs in various forms. It may
occur as a cement connecting together siliceous spicules.  It may be found in the
form of branching fiber in which siliceous spicules are embedded.  In Keratosa,
spicules are completely absent and spongin alone is formed.
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Development of spongin

Spongin fibers are secreted by flask-shaped mesenchyme cells called as
spongioblast cells. During the development the spongioblast cells are arranged
in rows and the spongin rods secreted by them are fused with the neighbouring
cells to form a long fiber. Later the spongioblasts vacuolated and finally get
degenerated after secreting certain amount of spongin.

Spicules

Structure and types

Spicules are microscopic crystalline structures which gives the sponges their
rigidity and form. Spicule consists of spines or rays that radiate from a point.
These are secreted by special mesenchymal amoebocytes called scleroblast cells.

The following are various types of spicules:

On basis of type of deposit on core organic matter: All kinds of spicules
have a core of organic material around which either calcium carbonate or colloidal
silica is deposited. Accordingly, spicules are of two types:

Calcareous spicules: The organic material in this type of spicules is calcium
carbonate or calcite. This is the characteristic of the sponges of class Calcarea.

Siliceous spicules: The organic material in this type of spicules is Colloidal
silica or Silicon. These types of spicules are the characteristic of the sponges of
class Hexactanellida.

On the basis of size and function: Spicules can be of large size or small size.
Accordingly, spicules can be of two types:

Megascleres: These are larger spicules constituting main skeleton of sponge body.
Microscleres: These are the small spicules occurring interstitially.

On the basis of number of axes and rays: Spicules may occur in several forms
like the simple rod form or in the form of forks, anchors, shovels, stars, plumes etc.
The spicule forms depend on the presence of number of axes and rays. Accordingly,
they can be dividedintothe following forms:
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Monaxon: These kinds of spicules are formed by the growth along one axis.
They may be straight needle-like or rod like or may be curved. Their ends may
be pointed or hooked or knobbed. Monaxons can be both calcareous and siliceous types

Fig.2.2.1 Monaxon spicules

Triaxon: These spicules have three axes that cross one another at right angles
to produce six rays. Thus, it is also called hexactinal spicule. These triaxon
spicules are characteristic of glass sponges of the class Hexactanellida

Polyaxon: These are the spicules

with several equal rays radiating from

a central point. They may be grouped

to give star-like appearance. Polyaxon

spicules are found along with

microscleres.

Fig. 2.2.4 Polyaxon spicules

 Fig.  2.2.3 Triaxon spicule
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Development of spicules

The calcareous spicules are secreted by special type of cells called as
sclerocytes. These sclerocytes are derived from binucleated mesenchymal
scleroblasts. A monaxon spicule or each ray of the triradiate spicule is secreted
by a group of two sclerocytes.

Fig. 2.2.5. Secretion of Monaxon Spicule
Among these two sclerocytes one acts as thickener cell and the other acts as

the founder  cell.

The initiation of the formation of the spicule starts with the deposition of a
particle of calcium carbonate between the two nuclei of the binucleated
mesenchymal cells. This particle grows drawing apart the two nuclei and then
two sclerocytes are formed. Now the thickener cell lays down additional layer
of calcium carbonate adding to the thickness of the spicule. When the spicule is
fully formed, both the cells i.e., thickener cell and the founder cell wander into
the mesenchyme. The scleroblast secreting a calcareous spicule is called as
calcoblast, while the scleroblast secreting a siliceous spicule is called silicoblast.

Fig.2.2.6. Secretion of Triaxon Spicule
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2.3. Canal system in sponges
Introduction

Water circulatory system of sponges also called as canal system is the
characteristic feature of the phylum Porifera. Canal system is also known as
auriferous system. The canal system of sponges helps in food acquisition,
respiratory gas exchange and also in excretion.

Numerous perforations on the body surface of the sponges are for
ingression and egression of water current are the main constituents of the
canal system. Inside the body, the water current flows through a certain system
of spaces where by the food is captured from the incoming water and the
excretory material is sent out into the outgoing water.

Various components of canal system are as follows:

1. Ostia or dermal pores: The external grooves of body surface is covered
by a thin pore membrane. It bears two or more openings, the ostia or the
dermal pores. These pores are surrounded by contractile myocytes. These
can reduce the diameter of dermal pores and thus regulate the amount of
incoming water. These open into the incurrent canals.

2. Incurrent canals: These are narrow space placed radially between adjacent
radial canals and resemble them in shape and size. These are lined with
pinacocytes. These open to the outside through ostia but are blind at their
inner ends.

3. Prosopyles: Incurrent canals communicate with radial canals through
prosopyles. Each prosopyle is a perforation in a single tubular cell, the
porocyte.

4. Radial or flagellated canals:  These chambers are lined by flagellated
choanocytes and are called flagellated chambers or radial canals. The radial
canals and the incurrent canals lie parallel and alternate to each other
being separated by the mesenchyme.  They are arranged in such a way
that in vertical section of the body wall, each radial canal appears to be
surrounded by four incurrent canals and likewise each incurrent canal is
surrounded by four canals. Radial canals end blindly at their outer ends
but open into spongocoel at their inner ends.

5.  Apopyles: The openings of radial canals into spongocoel are called
apopyles or gastric ostia. These are surrounded by contractile myocytes
which regulate the diameter of the apopyles.
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6. Spongocoel: It is the large central cavity into which the radial canals

open through their apopyles. It is the central space all along the length

of the body.

7. Osculum: The spongocoel opens to the outside through a terminal

opening, the osculum. The osculum is surrounded by special contractile

myocytes. These form a sphincter which regulates the rate of flow of

water from the body. Water current plays the most vital role in the

physiology of the sponges. The water current is caused by beating of

flagella of the collar cells.

All exchanges between sponge body and external medium are

maintained by means of this current.  Food and oxygen are brought

into body through this water current.  Also, the excreta are taken out of

the body with the help of this water current.  The reproductive cells are

carried out and into the body of the sponges by the water current.

Types of canal systems

Different sponges have different arrangement and grades of complexity

of internal channels and accordingly the canal system is been divided into

the following three types:

Ascon type of  Canal system

This canal system is the simple of all the three. It is found in asconoid

type of sponges like Leucosolenia and also in some of the developmental

stages of all the syconoid sponges.

The body surface of the asconoid type of sponges is pierced by a large

number of minute openings called as incurrent pores or ostia. These pores

are intracellular spaces within the tube-like cells called porocytes. These

pores extend radially into mesenchyme and open directly into the

spongocoel.
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The spongocoel is the single largest spacious cavity in the body of the sponge.
The spongocoel is lined by the flattened collar cells or choanocytes. Spongocoel
opens outside through a narrow circular opening called as osculum located at
the distal end and it is fringed with large monaxon spicules.

The surrounding sea water enters the canal system through the ostia. The
flow of the water is maintained by the beating of the flagella of the collar cells.
The rate of water flow is slow as the large spongocoel contains much water
which cannot be pumped out through a single osculum.

Course of water current in Asconoid type canal system

Fig.2.3.1 Ascon type of Canal system
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Sycon type of canal system

Sycon type of canal system is more complex compared to the ascon type.

This type of canal system is the characteristic of syconoid sponges like Scypha.

Theoretically this canal system can be derived from asconoid type by horizontal

folding of its walls. Also, embryonic development of Scypha clearly shows the

asconoid pattern being converted into syconoid pattern.

Body walls of syconoid sponges include two types of canals, the radial canals

and the incurrent canals paralleling and alternating with each other. Both these

canals blindly end into the body wall but are interconnected by minute pores.

Incurrent pores also known as dermal ostia are found on the outer surface of the

body. These incurrent pores open into incurrent canals.

The incurrent canals are non-flagellated as they are lined by pinacocytes and

not choanocytes. The incurrent canals lead into adjacent radial canals through

the minute openings called prosopyles. On the other hand, radial canals are

flagellated as they are lined by choanocytes. These canals open into the central

spongocoel by internal ostia or apopyles.

In sycon type of canal system, spongocoel is a narrow, non-flagellated cavity

lined by pinacocytes. It opens to the exterior through an excurrent opening called

osculum which is similar to that of the ascon type of canal system.

Course of water current in Syconoid type canal system
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Sycon canal system takes a more complex form in few species like Grantia,
where the incurrent canals are irregular and branching forming large sub-dermal
spaces. This is due to the development of cortex, involving pinacoderm and
mesenchyme spreading over the entire outer surface of sponge.

Leucon type of canal system
This type of canal system results due to further folding of body wall of the

sycon type of canal system. This canal system is the characteristic of the leuconoid
type of sponges like Spongilla. In this type the radial symmetry is lost due to the
complexity of the canal system and this result in an irregular symmetry.

The flagellated chambers are small compared to that of the asconoid and
syconoid type. These chambers are lined by choanocytes and are spherical in
shape. All other spaces are lined by pinacocytes. The incurrent canals open into
flagellated chambers through prosopyles. These flagellated chambers in turn
communicate with the excurrent canals through apopyles. The excurrent canals
develop as a result of shrinkage and division of spongocoel.

Fig. 2.3.2 Sycon type of canal system
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The large and spacious spongocoel which is present in the asconoid and
syconoid type of canal systems is absent. The spongocoel is much reduced. This
excurrent canal finally communicates with the outside through the osculum.

Course of water current in Leuconoid type canal system

Leucon type of canal system has the following three successive grades in its
evolutionary pattern:

Fig. 2.3.3 Leucon type of canal system
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Eurypylous type: This is the simplest and the most primitive type of leuconoid
canal system. In this type the flagellated chambers directly communicate with
the excurrent canal through broad apertures called the apopyles.

Ex: Plakina
Aphodal type: In this type of canal system the apopyles are drawn out as a
narrow canal called aphodas. This connects the flagellated chambers with the
excurrent canals.

Ex: Geodia
Diplodal type: in some of the sponges, along with aphodas another narrow
tube called prosodus is present between incurrent canal and flagellated chamber.
This arrangement gives rise to diplodal type of canal system.
Ex: Spongilla

GLOSSARY

Acellular Without cellular organisation.
Amphiblastula Blastula-like sponge larva.
Asconoid Type of sponge structure in which canals pass

directly from the ostia to the Spongocoel, which
is lined with collar cells.

Apopyle Pore leading from the chamber into the central
cavity in sponge.

Choanocyte Flagellated collar cells found in sponges. Cleavage-
Series of early division of an egg into cell.

Sponges are the highly peculiar and diversified animals
of the animal kingdom. Since their origin they were
surviving with very minute modifications in the body
structure. Their body structure with the endoskeleton

frame of spicules is drawing the attention of structural
engineering models. Poros nature of sponge body is

another area of research poroelasticity peculiar
biological phenomenon.



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 60

Endoskeleton A supporting framework on the inside of an
animal, whether it be cartilaginous, bony.

Exoskeleton A supporting structure on the outside of an animal
body.  The skeleton of an invertebrate is usually
an exoskeleton.

Leuconoid Type of Canal system in sponges
Osculum Relatively large external opening of the central

cavity through which water leaves a sponge.
Ostium An opening to a passage or to a canal system in

sponges.
Porocyte Water intake cell of certain sponges, characterised

by canal passing through it.
Syconoid Type of canal system in sponges

SELF ASSESSMENT

1. First formed multicellular animals of the animal kingdom are
1) Protozoa 2) Porifera 3) Annelida 4) Mollusca

2. Outer layer of the porifera body
1. Endoderm 2. Protoderm 3. Pinacoderm 4. Choanoderm

3. Inner layer of the porifera body
1. Endoderm 2. Protoderm 3. Pinacoderm 4. Choanoderm

4. Special system seen only in the phylum porifera
1. Reproductive system 2. Respiratory system
2. Canal System 4. Endocrine system

5. Skeleton system in sponges is mainly supported by
1. Spines 2. Spicules 3. Spongin fiber 4. Both 2 & 3

6. Ostia of canal system helps in
1. Ingress of seawater in to the canal system
2. Expulsion of seawater from the canal system
3. Exchange of respiratory gases
4. All the above
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7. Calcareous spicules are characteristic of the class………….

8. Siliceous Spicules are characteristic of the class…...

9. Incurrent canal and radial canal are connected by …………...

10.   …………… Secrete Spicules

11. Porocyte is …………….

12. Apopyle is………….

Key

1-2, 2-3, 3-4, 4-2, 5-4, 6-1, 7- Calcarea, 8 - Hexactinellida   9 -Prosopyles, 10 -

Sclerocytes, 11- Water intake cell 12- Pore leading to the central cavity.

INTERACTIVE LINKS

1. https://www.notesonzoology.com/protozoa/phylum-porifera-classification-

and-features-protozoa/1429

2. https://animaldiversity.org/site/accounts/information/Porifera.html

3. https://www.youtube.com/watch?v=IWlTK0-jWOQ

Sponges’ museum specimens (Source: P R Government College (Autonomous),
Kakinada- Zoology Museum)

Legend: 1. Grantia 2.  Scycon 3. Leucosolenia 4. Chalina 5. Poterion
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FOR IGNITED MINDS

1. Arrangement of Spicules in the sponge body is considered for the
  structural designing. https://science.sciencemag.org/

2.https://manoa.hawaii.edu/exploringourfluidearth/biological/
invertebrates/ phylum-porifera/ for research and additional information
on the evolutionary significance and areas of current research on porifera
visit the site.
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Introduction :

Cnidarians are aquatic, mostly marine (except Hydra is a Freshwater
Cnidarian), Solitary or Colonial, Radially Symmetrical (Sea anemones
exhibits bi-redially symmetry) Diploblastic animals.  Previously cnidaria
and Ctenophora phyla are included in the phylum coelenterata, due the
presence of coelenteron. At present these two groups are separated into two
individual  phyla according to the presence or absence of cnidoblasts or
cnidocytes.  Cnidarians are a group of individuals,  possessing cnidoblasts
for anchorage, defense and capture of prey.  Cnidarians are the first metazoans
to reach tissue level organization and attains primitive type nerve net like
nervous system.

Phylum cnidaria includes diverse animals like hydra, jellyfish, sea
anemones and corals.  Lions mane jellyfish (Cyaneacapillata) or Arctic  red
jellyfish is the largest non-colonial cnidarian. whereasPsammohydrananna
(Hydra) is the smallest cnidarian.  Phylum cnidaria now contains nearly
11000 species.  The name cnidaria comes from the greek word “Cnidos”
means stinging as all these individuals contain Cnidoblasts or stinging Cells.

The unique nature of cnidarians has they have two basic body forms
i.e., sessile cylindrical polyp (Ex Hydra, Sea Anemone) and Free swimming

  Learning Outcomes

  To Identify the structural organization of Phylum Cnidaria

  To understand the taxonomic position of Cnidaria

  To understand the evolution of digestion process in animal   kingdom.

  To Describe the progressive development of tissues.

  To Identify two general body forms found in the Cnidaria.

  To Understand the identifying features of the Cnidarian classes.

2.4. Phylum Cnidaria General
Characters and classification
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umbrella-shaped, medusa (Ex : Aurelia) many Cnidarians forming colonies that
are single individuals composed of both medusa and polyp forms (Ex.Obelia)

General Characters :

1. These are mostly marine.  A few like Hydra live in freshwater.

2. Many are colonial (e.g.Hydractinia, Pennaria,Campanularia) and some are
Solitary.
3. Few are sessile or sedentary (e.g.Obelia, Sea Anemone) and Some others are
free Swimming (e.g. Aurelia).
4. Cnidarians are the first organisms to exhibit tissue level of organization.
5. Most of the Cnidarians are Radially Symmetrical, Sea anemones show biradial
symmetry.
6. Cnidarians exhibit two basic body forms i.e., polyp and medusa
Polyp : It is cylindrical, sessile (Rarely free), solitary or colonial.
Manubrium and tentacles are face upward.
Tentacles usually 24.
Reproduces asexually by budding.
Medusa : It is umbrella or bell-shaped free swimming and solitary.

Manubrium and tentacles  are downward. 16 tentacles in young medusa numerous
in adult. Reproduces sexually by gametes.

Fig.2.4.1 Morphological differences between Polyp and Medusa
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


     





        

        

 

         

         















 


 


 

 

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Even though polyp and medusa forms show differences, but they are strictly
homologous  or fundamentally similar structures.

Similarities between polyp and medusa :

Both are radially symmetrical.

Both are diploblastic derived from germ layers, ectoderm and endoderm.
 Mouth is homologous in both.

Anus is absent in both.
Both are carnivorous.
Gastro vascular cavity lined by gastrodermis in both.

In colony forming Cnidarians, (e.g.Physalia, Velella, Porpita) these Polyp and
Medusa are slightly modified into some other forms to perform different
functions.  This phenomenon is called Polymorphism.

7.  Some Cnidarians (e.g. Alcyonium, Tubipora,Fungia, Madrepora) have an
exoskeleton composed of calcium Carbonate.  These calcareous horny
exoskeletons are called coral.  Most of the Anthozoa organisms form corals.
Exo skeleton is almost absent in Hydrozoa, Scyphozoa classes   (Millepora,
Stylaster are the hydrozoan organisms exceptionally forms corals )

8. Body wall of all cnidarians composed of an outer epidermis and inner
gastroderms.  In between these two layers a gelatinous mesoglea is
present.Mesoglea is acellular (Hydrozoa class) or cellular (Scyphozoa, Anthozoa
classes)

9. The body wall contains stinging cells or cnidoblast or cnidocytes (hence
the name Cnidaria) is the unique characteristic feature of Cnidarians.  Each
Cnidocyte contains a fluid filled membranous capsule called nematocyst.
Cnidocytes helps in defence, adhesion and capturing the prey.

Structure of Cnidoblast :

A cnidoblast is an oval or rounded cell. Single prominent nucleus present on the
basal region.The interior of cnidoblast contains one giant  secretory organelle
called cnidocyst or nematocyst that can deliver sting to other animals.Some
Nematocysts are filled
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 



 
      



 


    




 




















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with a toxic fluid hypnotoxin, which is chemically a mixture of proteins and
phenols.The narrowed outer end of nematocyst contains long, hollow filament
called thread tube.

Fig. 2.4.2 Structure of Cnidoblast
The base of the thread tube is swollen to form butt. Butt contains three large
spines called barbs or stylets and three spiral rows of minute spines called barbules
or spines.The butt is covered externally by little lid like structure the operculum.
The outer end of the cnidoblast projects a tiny, pointed hair like process called
cnidocil(The trigger of Cnidoblast).

Fig. 2.4.3 Difference between closing and opening of nematocyst

Cnidoblasts are occurred in all cnidarians.They are especially abundant in the
oral region and on tentacles. Cnidoblasts located on epidermis (e.g. Hydrozoa)
or on both epidermis and gastrodermis (Ex : Scyphozoa, Anthozoa).

Types of Nematocysts: About 30 different kinds of nematocysts are found among the
different Cnidarians.  Penetrant, Volvent, Stereolineglutinant (Atrichous Isorhizas)
Streptolineglutinent (Holotrichous Isorhizas) – Found in Hydra. Penetrants occur in
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

 















             











        








       





       


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Obelia. Stereolineglutinants, strepolineglutines and micro-basic euryteles are
found in Aurelia.

Penetrants (Stenotele):

Largest and most complex nematocyst.

Thread tube contains stylets and spines.

Thread tube is open at the far end.

Hypnotoxin is present that paralyzes the prey.

Fig. 2.4.4 Penetrant Nematocyst

Volvent (Desmoneme)

Smaller than penetrant.

Butt, stylets and spines are absent.

Thread tube closed at far end.

Coils the prey. Hypnotoxin is absent.

         Fig. 2.4.5 Structure of Volvent
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

         












        



  


 

             




 

 

 




    CaCO3    

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Stereolineglutinant : (Atrichous isorhiza)

Small and oval nematocysts.

Butt, stylets and spines are absent.

Thread tube opened and secretes sticky substance to capture the prey.

Hypnotoxin is absent.

Fig. 2.4.6 Structure of Stereolineglutinant
Streptolineglutinents : (HolotrichousIsortiza)

Large oval nematocysts.

Butt is absent.

Fig. 2.4.7 Structure of Stereolineglutinant

Thread tube bears spiral rows of spines.

Micro-basic eurytele :-

Nematocyst is small.

Thread tube opens at the tip.

Butt bears unequal spines.
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




 





 

 

 





        





 






 

 

 



             
CaCO3
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Fig. 2.4.8 Structure of Micro-basic eurytele

10. The cavity present in the cnidarians is called Coelenteron or gastrovascular
cavity. It opens out through the mouth surrounded by tentacles.  Mouth serves
for ingestion as well as for egestion.
11. Digestion is both extracellular and intracellular.  Extracellular digestion
takes place in coelenteron whereas  intracellular digestion takes place in the
nutrito muscle cells of gastrodermis.
12. Respiration and excretion are simple through the process called diffusion.
13. Neurons are interconnected to form primitive net like nervous system.
(Nervous system first appeared in Cnidaria)
14. In Obelia sense organs are statocysts for equilibrium.  In Aurelia tentaculocyst
or rhopalium are the sense organs for equilibrium, photoreception and
chemoreception.
15. Asexual Reproduction takes place by budding (e.g. :Hydra, Sea Anemone),
Fragmentation  (e.g.Sea Anemone) and strobilation (Ex : Aurelia Scyphistoma
larva).
16. Cnidarians are generally unisexual or dioecious (Ex : Aurelia, Sea Anemone)
but some are bisexual or hermaphrodite or monoecious (Ex : Hydra)
17. Fertilization is mostly external but in Aurelia it is external (takes place in
oral arms) or internal (takes place in stomach).
18. Development is indirect and includes a free-swimming ciliated larva called
planula.
19. In obelia which exists in both polyp and medusa forms exhibit alternation
of generations (Metagenesis) i.e., polypoid forms produce medusa asexually
and medusa produce the polypoid forms sexually.
20. Cleavage is holoblastic and equal.
Classification of the phylum Cnidaria :-
Phylum Cnidaria is classified into three classes.  Namely 1. Hydrozoa
2. Scyphozoa  3. Anthozoa.
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


 

 





 















       











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Class-1: Hydrozoa
These are mostly colonial.  (Ex :Physalia, Halistemma,  Stephalia) and some
are Solitary (Ex : Hydra).
Many hydrozoans are marine  but Hydra lives in freshwater.
Common forms in this class are Hydras and sea furs.
Both Polyp and medusa forms are present in the life cycle of hydrozoans.
Coelenteron is undivided.
Mesoglea is simple and acellular.
Cnidoblasts are located on epidermis only.
Exhibits a high level of Polymorphism.
Some hydrozoans forms corals (Ex: Millepora, Stylaster ).
Gonads are derived from epidermis.
Indirect development which includes free swimming planula  larva and
sedentary Hydrula larva.  (Ex : Obelia), Actinula larva (Tubularia)
Examples :Hydra (Freshwater Polyp), Obelia (Sea fur), Physalia (Portuguese
man of war), Hydractinia (Hedgehug hydroid), Millepora (Fire coral or stinging
coral), Velella (little sail), Porpita (Blue button), Halistemma, Campanularia,
Plumularia, Tubularia

Fig. 2.4.9Different Hydrozoan Cnidarians.
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Class-2 :Scyphozoa
All of the scyphozoans are Solitary.
Exclusively marine organisms.
This class includes jelly fishes and moon jellies.
Predominantly in the medusoid stage.  Polyp stage is reduced and restricted to
larval stage only (Scyphistoma,Ephyra  larva in Aurelia).
Coelenteron is divided into four chambers (gastric pouches) and some Canals.
Mesoglea contains amoebocytes.
Cnidoblasts occurs both in ectoderm and endoderm.
Polymorphism is absent.
Coral forming animals are absent.
Gonads are derived from endodermis or gastrodermis.
Indirect development which includes planula larva, Scyphistoma larva and
Ephyra larva.
Examples: Aurelia (Jellyfish or moonjelly), Rhizostoma, Cyanea, Catostylus
(Blue jelly blubber).

Class 3 : Anthozoa :  These are solitary (Ex: Sea Anemone) or colonial
(Tubipora, Alcyonium, Heliophora).

Exclusively Marine. This class includes Sea Anemones and Coral animals.
All are Polyps, no medusa form is found in anthozoans.
Coelenteron is divided into eight or more septa or mesenteries.
Mesoglea contains connective tissue.
Cnidoblasts occur both in ectoderm and endoderm.
Gonads are derived from endoderm.
Development is indirect which contains planula larva.
Examples: Metridium, Adamsia (Sea anemones), Edwardsia, Actinia, Utricinia,
Corallium rubrum (Red stone coral),Gorgonia (Sea fan), Pennatula (Sea Pen),

Alcyonium (Dead man finger), Heliopora (blue coral), Renilla (Sea pansy),
Antipathes dichotoma (Black Coral),Fungia (Mushroom Coral), Astraea (Star

Coral), Madrepora (Staghorn Coral), Meandrina (Brain Coral).

Fig. 2.4.10 Structure of Aurelia
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Fig. 2.4.11 Different Anthozoans

INTERESTING FACTS ABOUT CNIDARIANS

Cnidarians can have a life span of about a few months to more than
4,000 years, while some are even immortal. Most cnidarians that include
jellyfish are short-lived, like for example, the Moon Jellyfish (Aurelia)
live approximately for 8 to 12 months only. Immortal jellyfish (Turritopsis
dohrnii) is the one species of Jellyfish that is almost immortal.Sea
anemones are known to live more than Jellyfishes. They can live for as
long as 60 to 80 years of age because they are able to clone themselves
and as such, they don’t get old so easily. Other cnidarian species
like Hydra are known to reach maturity in about 5 to 10 days, with having
a lifespan of at least 4 to 6 years. Phylogenetic studies and Molecular
Clock.analysis show that Cnidarians have evolved on earth around 740
million years ago.
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Obelia is commonly called as Sea fur.  Obelia is a typical hydrozoan
because it is colonial, strictly marine and having both Polyp and medusa
stages in its life cycle.

Habits and Habitat : Obelia is a sedentary, marine, hydroid colony.  It is
abundant in both Atlantic and pacific coastal waters and found upto the depth
of 80 meters.  It occurs both in asexual and sexual forms.  The asexual form
is predominant, branched hydroid colony found attached to the  rocks, stones,
shells of animals, wooden piling.  It looks like a delicate, whitish or light
brown almost fur-like growth.  The sexual form is an inconspicuous bell or
an umbrella shaped free-swimming stage called medusa.

Hydroid colony : It is delicate, semitransparent and whitish or light brown
in colour.  It consists of horizontal root like stolon or hydrorhiza and vertical
branching stem like

Systematic Position :
Phylum :  Cnidaria
Class :  Hydrozoa
Order :  Hydroida
Sub order :  Leptomedusae
Genus :  Obelia
Species :  geniculata

2.5. Metagenesis in Obelia geniculata

  Learning Outcomes:
  To Understand the alternation of generations.
  To Identify the differences between asexual and sexual forms of obelia.
  To Understand the structural organization in Cnidarians.
  To Identify different zooids in Obelia.
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hydrocauli(Singular, hydrocaulus).  Hydrocaulus rises upto 2-3cm from
hydrorhiza. Each vertical stem  or hydrocaulus produces branches in an alternate
manner.  Each branch ends with Polyp or hydronth.  In the axis of older Polyp,
reproductive Zooids, called blastostyles or gonozooids are produced.  At this
stage the obelia colony contains two types of zooids hence it is called as
dimorphic form.  When blastostyles develop medusa, the colony becomes
trimorphic.

Components of Hydroid colony :

The Hydrorhiza, hydrocaulus and the zooids basically consists
of an inner coenosarc and outer perisarc.

Fig.2.5.1 Obelia Colony

Coenosarc : Branches and zooids of the colony consist of an inner tubular
living Coenosarc. It consists of an outer epidermis and inner gastrodermis.

In between these two layers gelatinous mesoglea is present.  Coenosarc
contains a cavity called the gastrovascular cavity.
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Perisarc : Coenosarc is surrounded by an outer yellowish or brown, tough,
transparent and non-living chitinous layer called perisarc.  It is secreted by
epidermis of Coenosarc.  Perisarc protects the colony and acts as a supporting
exoskeleton. At the base of each zooid, perisarc bears annular constrictions called
perisarcal annuli.  The annuli permit limited swaying movements under the
influence of water currents.

Zooids : The term zooid is used for an individual form of Coelenterate colony.
Hydroid colony of obelia exhibiting two types of zooids.

1. Polyp (or) Hydranth : It is the nutritive zooid of the colony. Nutritive Zooid
is also called gastrozooid or trophozooid.  It is yellowish in colour and radially
symmetrical, cylindrical structure. The proximal end of the polyp is narrow and
continuous with coenosarc of hydrocaulus.   The distal end of the polyp is
produced into a conical elevation, the manubrium or hypostome.  The terminal
end of the hypostome bears mouth.  Rising from the base of Hypostome,  Thirty
filiform tentacles are present.  The perisarc which surrounds the hydranth is
called hydrotheca.

2.Blastostyle : When the hydrocaulus has reached its full development, it
produces special club-shaped bodies called blastostyles, or blastozooids, or
gonozooids.  A blastostyle has the form of a narrow elongated tube without
mouth and tentacles.  The perisarc, covering blastostyle, forms a loose,
transparent, vase-like capsule called gonotheca.  The distal end of gonotheca
contains an aperture called gonopore.The blastostyle undergoes  lateral asexual
budding to produces sexual individuals called medusae  or gonophores.  Fully
formed medusae detach from blastostyle to escape into surrounding water through
gonopore.  Gonotheca together with blastostyle and medusae is referred to as
the gonangium (Gr., gonos: Seed + angeion: vessel).  Now the hydroid  colony
with medusa becomes trimorphic.

3. Medusa :  Medusa are modified zooids meant for sexual reproduction. A full
grown medusa of obelia is a tiny umbrella, or bell shaped structure measuring 1
or 2 mm in diameter. The outer convex surface is called ex-umbrellar surface
and the inner concave surface is called sub-umbrellar surface. From the centre
of the concave sub-umbrellar surface hangs down a short, hollow, handle-shaped
process, the manubrium bearing mouth at  its free distal end.
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Perisarc : Coenosarc is surrounded by an outer yellowish or brown, tough,
transparent and non-living chitinous layer called perisarc.  It is secreted by
epidermis of Coenosarc.  Perisarc protects the colony and acts as a supporting
exoskeleton. At the base of each zooid, perisarc bears annular constrictions called
perisarcal annuli.  The annuli permit limited swaying movements under the
influence of water currents.

Zooids : The term zooid is used for an individual form of Coelenterate colony.
Hydroid colony of obelia exhibiting two types of zooids.

1. Polyp (or) Hydranth : It is the nutritive zooid of the colony. Nutritive Zooid
is also called gastrozooid or trophozooid.  It is yellowish in colour and radially
symmetrical, cylindrical structure. The proximal end of the polyp is narrow and
continuous with coenosarc of hydrocaulus.   The distal end of the polyp is
produced into a conical elevation, the manubrium or hypostome.  The terminal
end of the hypostome bears mouth.  Rising from the base of Hypostome,  Thirty
filiform tentacles are present.  The perisarc which surrounds the hydranth is
called hydrotheca.

2.Blastostyle : When the hydrocaulus has reached its full development, it
produces special club-shaped bodies called blastostyles, or blastozooids, or
gonozooids.  A blastostyle has the form of a narrow elongated tube without
mouth and tentacles.  The perisarc, covering blastostyle, forms a loose,
transparent, vase-like capsule called gonotheca.  The distal end of gonotheca
contains an aperture called gonopore.The blastostyle undergoes  lateral asexual
budding to produces sexual individuals called medusae  or gonophores.  Fully
formed medusae detach from blastostyle to escape into surrounding water through
gonopore.  Gonotheca together with blastostyle and medusae is referred to as
the gonangium (Gr., gonos: Seed + angeion: vessel).  Now the hydroid  colony
with medusa becomes trimorphic.

3. Medusa :  Medusa are modified zooids meant for sexual reproduction. A full
grown medusa of obelia is a tiny umbrella, or bell shaped structure measuring 1
or 2 mm in diameter. The outer convex surface is called ex-umbrellar surface
and the inner concave surface is called sub-umbrellar surface. From the centre
of the concave sub-umbrellar surface hangs down a short, hollow, handle-shaped
process, the manubrium bearing mouth at  its free distal end.
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Fig. 2.5.2 Obelia Medusa

Circular edge of the umbrella is produced inwards into a very narrow,
rudimentary fold called velum.  A fleshy budded medusa bears only sixteen
(16) tentacles.  The number of tentacles gradually increases with age.  The
rectangular mouth leads into a narrow passage running through the manubrium
called gullet.  It is followed by dilated stomach.  Four radial canals extend
from the stomach and open into a circular canal or ring canal, running close
to the free margin of the umbrella. Medusa has eight marginal receptor organs
or statocysts, these are situated at the bases of eight adradial tentacles on
subumbrellar surface, inside the bell margin.  Statocysts are considered to be
the organs of equilibrium and muscular coordination.

Madusa are dioecious i.e., testes and ovaries are in separate
individuals.  Each medusa bears only four gonads situated on the subumbrellar
surface, one in the middle of each radial canal.  Outer wall of mature gonads
ruptures to release the gametes in the water.

Life History of obelia :

Life-history of obelia includes both asexual (hydroid colony) and
sexual (Medusa) generations. These are regularly alternate with each other to
complete the life cycle, hence the life cycle is called alternation of generations
or metagenesis.

Fertilization: The male and female gametes of obelia released into water and
fertilization takes place in water, hence fertilization is external.

Development: Fertilized egg or zygote undergoes equal and complete or
holoblastic cleavage that produces a solid ball of cells called morula.  This
morula undergoes further cleavages to produce blastula and gastrula.  Finally
the gastrula elongates, to produce ciliated free swimming larva known as planula.
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Planula larva : The anterior end of planula is broader than its posterior end.
The cavity present inside the larva is called enteron.

Hydrula larva : After a brief and active free-swimming existence, the planula
larva settles down. The larva attaches itself by its anterior end to stone, weed,
wood or some other solid objects in the sea and becomes a Hydrula larva.  The
larva now closely resembles a simple Polyp or hydra with manubrium and
tentacles.  By repeating asexual budding, hydrula gradually changes into a new
complex of branching obelia colony similar to parent.
A Metagenesis in obelia :

Alternation of generations may be defined as a phenomenon where by in
the life history of an organism a diploid asexual phase and a haploid sexual
phase regularly alternates with each other.  This type of alternation of generations
is common among plants like mosses and ferns where an asexual diploid
(Sporophytic) and a sexual haploid (gametophytic) generation alternate regularly
in their life cycle .

In obelia life cycle, diploid asexual hydroid colony undergoes lateral
budding to produce medusa.  The diploid sexual medusoid form undergoes
sexual reproduction to give rise to hydroid colony.  This fact apparently seems
to have given rise to the idea of alternation of generations.  In fact, both asexual
and sexual forms in the life cycle of obelia are diploid so the exact alternation of
generations are not applicable to obelia.  It is a regular alternation between fixed
asexual hydroid and free swimming sexual medusoid phases, both of which are
diploid. However, few workers termed the life cycle of Obelia as metagenesis.

Fig. 2.5.3 Obelia Life Cycle
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The occurrence of more than one type of individuals within the same
species, which differ in form and function is known as polymorphism (Gr,
Polys; many + morphea; form).  This ensures an efficient division of labor
between the several individuals.  In cnidarians the different zooids often get
united in the form of a colony.  A polymorphic colony contains many
individuals called zooids, they are derived from two basic forms i.e., polyp
and medusa.

Polyp: A polyp has a cylindrical body with a mouth surrounded by tentacles.

Medusa: A medusa has an umbrella shaped body with marginal tentacles
and mouth is located at the end of manubrium.

Importance of Polymorphism:Polymorphism is essentially a phenomenon
of division of labor.  Different functions are assigned to different individuals,
rather than to the parts or organs of one individual.  Thus, polyps are meant
for feeding, protection and asexual reproduction while medusa are concerned
with sexual reproduction.

Generally Polypoid forms are gastrozooids, dactylozooids,   gonozooids
whereas medusoid forms are pneumatophores, bracts, nectopore (or)
nectocalyx (or) swimming bells and gonophores.

2.6. Polymorphism in cnidarians

Learning Outcomes:
  To Identify the basic forms polyp and medusa in Cnidarians.
  To Understand the origin of other zooids from basic forms.
  To Understand the essentiality of division of labor among the
   individual  zooids.
  To Identify the functions of different zooids in Cnidaria.
  To Understand about the formation of colonial individuals.
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(I) Polypoid forms:

1. Gastrozooids:

The nutritive Polyps are called gastrozooids.

They alone take up nutrition in the colony.

Mouth is present.

A single,long and contractile tentacle consists of batteries of nematocysts.

Lateral branches of tentacles are called tentilla.

2. Dactylozooids :

These are called palpons, feelers or tasters.

Mouth is absent.

Unbranched basal tentacle is present, equipped with batteries of nematocysts.

These zooids are protective in function.

3. Gonozooids :

These are reproductive Polyps.

Produces sexual medusa or gonophores.

(II). Medusoid forms :

1. Pneumatophore :

It is a bladder like medusa filled with secreted gas.

Performs floating function.

2. Nectophore (or) Nectocalyx or swimming zooid :

It is a muscular bell without manubrium or tentacles.

Helps in locomotion of the colony by swimming.
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3. Phyllozooid or Bract :

These are also known as hydrophyllia.

Contains leaf-like structure.

Protects other zooids of the colony.

4. Gonophores :

These are bearing gonads.

Producing gametes.

Pattern of Polymorphism:

The degree of Polymorphism varies greatly in different groups of
hydrozoans according to the number of zooids that occur in the colony. When
the colony contains two zooids it is dimorphic, three zooids it is trimorphic and
many zooids it is polymorphic.

1.Dimorphic: Simple and common pattern of Polymorphism is exhibited by
many hydrozoan colonies like Obelia, Tubularia, Campanularia.  They have
only two types of Zooids i.e., Gastrozooids or hydrants for nutrition and
Gonozooids (or) blastostyles  for asexual reproduction. Such colonies, bearing
only two types of zooids, are called dimorphic.

Note : In obelia once the gastrozooid produces  medusa then it is called
trimorphic form.

Trimorphic : Some forms like Plumularia are trimorphic, besides gastrozooids
and gonozooids they also possess a third type of zooids called dactylozooids for
protection.

Polymorphic : The Cnidarian individuals having more than three zooids in
their colony are called Polymorphic.  Siphonophora order organisms exhibits
high level of Polymorphism.

Examples: Hydractinia, Halistemma, Physalia, Velella, Porpita.

Hydractinia : In Hydractinia a greater degree of Polymorphism is found with
five types of zooids, all are derived from Polyp.  Each zooid performs a
specialized function as shown in the following.
1.  Gastrozooids – Feeding
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2.  Dactylozooids – Protection

3.  Tentaculozooids – Sensory cells

4.  Skeletozoods – Spiny projections of chitin

5.  Gonozooids -  Production of gametes

Halistemma : This is a floating form having six types of zooids. Out of these
six types of zooids, three are derived from Polyp and remaining three are derived
from medusa.

Polypoid forms :Gastrozooid, Dactylozooid, Gonozooids

Medusoid forms : Pneumatophore, Nectocalyses(or) swimming bells, Bract
(or) hydrophilia.

A small Pneumatophore or float represents the first part of the stem for floating.

Pneumatophore is followed by several pairs of closely-set transparent medusa
like, known as swimming bells or nectocalyses for swimming.

Below nectocalyx, the axial stem gives at regular intervals closely set zooids
called cormidia.

Each cormodium has been protected by bract or hydrophyllia, consisting of
gastrozooids, gonozooids and dactylozooids.

  Fig. 2.6.1 Hydractinia Colony
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Physalia : It is commonly called  Portuguese man of war.

This is a free floating, pelagic, colonial form.
Four types of zooids occur in the colony of physalia.
1. Pneumatophore : Medusa is modified into a large sac-like structure called
Pneumatophore.
It is filled with 90% Nitrogen 1.5% Argon and with other gasses.

Performs floating function.
2. Gastrozooids : These are modified Polyps meant for nutrition.
3. Dactylozooid:These are modified Polyps for protection.
4.Gonozooids :These are modified Polyps for Reproduction.

Fig. 2.6.2 Halistemma Colony

Fig.2.6.3 Physalia Colony
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Porpita : It has a medusoid disc like large pneumatophore and chitinous shell
with many concentric gas chambers.

On the ventro central region is a single large gastrozooid which is surrounded
by clusters of small gonozooids.

and the edge of the disc tentacle like dactylozooids armed with nematocysts.

Fig. 2.6.4Porpita Colony

Velella :

It is a close relative of physalia.

Pneumatophore is flat, chambered with a chitinous disc.

Colony has a clear, transparent and vertical ridge passing obliquely across
the dorsal surface of  pneumatophore called as sail.

Single gastrozooid is present at the centre for nutrition.

Gonozooids surround the gastrozooid.

Dactylozooids located at the margin for protection.
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Origin of Polymorphism :

Polymorphism is one of the unique characteristics of cnidaria. The origin
of polymorphism has been explained by many theories as shown below.

Poly-organ theory : This theory was proposed by Huxley (1859),
Eschscholtz (1829), E.Metchnikoff (1874) and Muller (1871).

According to this theory, a polymorphic colony is supposed to be a single

medusoid zooid.  Its various components are regarded to be the modified  organs

of this medusoid zooid.  The various parts of the zooid i.e., manubrium, tentacles,

umbrella etc., multiply independently from one another and they have assumed

different forms to perform different functions.

Poly-Person theory : This theory was first proposed by Leuckart (1851),

Vogt (1848), Gegenbaur (1854), Kolliker (1853), Clans (1863) and later strongly

supported by E. Halckel (1888), Balfour (1885) and sedgewick (1888).

This theory explained that a colony is not a single individual but various

parts of the colony are modified individuals which have changed their structure

due to division of labour.  They are all modified from the primitive zooid which

was Polyp.

Fig.2.6.5Velella Colony
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Medusa theory : This theory proposed by Haeckel (1888) as a compromise

between the above theories.  This theory says that the siphonophores formed

from gastrula was a medusoid individual, from which zooids or persons appeared

by budding from the subumbrella.

Significance of Polymorphism :

The phenomenon of Polymorphism is essentially one of division of labor

in which specific functions are assigned to different  individuals.  Thus Polyps

are modified for feeding, protection and asexual reproduction, while medusa

are concerned with sexual reproduction.  This distribution of functions among

diversified individuals and their subsequent modifications in cnidarians may

have resulted from their initial simple  organization and lack of organ

specialization.  Polymorphism gave the colonies a competitive edge in protection,
food gathering and eventual survival.

INTERESTING FACTS ABOUT JELLY FISHES

              The dangerous Carukia barnesi, one of the known species of box

jellyfishwhich can cause Irukandji syndrome. Jellyfish stings killed about

1,500 people in the 20th century and cubozoans are particularly dangerous.

The “sea wasp” Chironex fleckeri has been described as the world’s most

venomous jellyfish.  On the other hand, some large jellyfish species of the

Rhizostomae order are commonly consumed in Japan, Korea and Southeast

Asia. Jellyfish is very low in cholesterol and sugars, but cheap preparation

can introduce undesirable amounts of heavy metals. A number of the

parasitic Myxozoans are commercially important pathogens in salmonid

aquaculture.
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Corals are calcareous exoskeletal structures of Cnidarians. Coral
forming animals are marine, mostly colonial, polypoid cnidarians.  Most of
them belong to the class Anthozoa and few to the class Hydrozoa.

Structure of coral Polyp: A typical coral polyp forms a colony measuring
about 10 mm. long and 1 to 3 mm in diameter.  Solitary coral polyps are
measures up to 25cm indiameter.  In all coral polyps basal disc is absent
because the basal region of polyps is surrounded by a calcareous exoskeleton.
Oral disc bears numerous tentacles in several rows around an elongated oral
or circular mouth. Pharynx is short without siphonoglyphs.  Mesenteries are
restricted to the upper part of coelenteron. Living Polyps are found only on
surface layers of coral masses.  They feed at night both by raptorial and
suspension feeding.  Most of the corals symbiotic with zooxanthellae.

Structure of coral skeleton:

A coral formed by solitary Polyp is called corallite.  A group of colonial
Polyps to form a skeletal mass called corallum.  The basal part of each corallite
is called, basal plate.  Theca surrounds the aboral portion of Polyp.  Cavity of
the cup contains vertical radiating ridges called sclerosepta.  The inner ends
of sclerosepta fused at the center to form columella.

2.7. Corals and Coral reefs

Learning Outcomes:

  To understand the formation of corals and coral reefs.

  To understand the composition of corals.

  To Identify the role of corals in wild life protection.

  To Identify differences between hard and soft corals.

  To Differentiate between fringing reefs, barrier reefs and atolls.
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Fig. 2.7.1 Coral polyp

Formation of coral skeleton:

The coral polyp begins to secrete a basal plate at the base region.  Following it,
radial folds develop which secrete sclerosepta.  At the same time, a rim is built up as
thecal wall around the coral polyp.  Coral colony grows in size continuously by budding
of new Polyps, particularly along the surface layers of coral masses.

Types of corals in different groups:

1. Hydrozoancorals: Some of the hydrozoan animals secrete corals called
hydroid corals.  Skeleton is secreted by modified epidermal cells called
calicoblasts.  All hydroid corals are colonial and branched.

Examples :Millepora, stylaster

2. Octocoralliacorals : The order Alcyonacea includes colonial, soft corals.
Secrete soft, internal skeleton of protein (collagen) with calcareous spicules.

Examples :Alcyonium (Dead man’s finger), Tubipora (organ pipe coral),
Heliopora (Blue cord), Gorgonia (Sec fan), Corallium (Red coral ), Eunicea
(Sea Rods), Pennatula (Sea pens).

3.Hexacorallia Corals : Order madrepora includes stone corals or true corals.  Polyps
secretes, heavy, calcareous external skeleton.  These are either solitary or colonial.
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Examples for Colonial corals :Madrepora (stone coral or stag horn coral), Favia,
Oculina, Acropora, Meandrina (Brain coral).

Solitary corals :Fungia (Mushroom coral), Flabellum, Caryophylla.

Coral Reefs :

Coral colonies grow continuously in size by budding of new
Polyps and form coral reefs. Coral reefs are basically made up of CaCO3 secreted
by coral polyps. Most coral reefs are built from stone corals.  Other contributors
of coral reefs are hydrocorallines and alcyonarians.

Most coral reefs are found in shallow tropical and semitropical
waters.  The optimum temperature for the growth of corals is in between 220C-
280C and at depths corals ranging from 50-200 ft. Coral reefs are also called
rainforests of the sea as they provide a shelter for at least 25% of all marine
animals.  Coral reefs first appeared 485 million years ago in the early Ordovician
period.  Coral reefs are now under threat due to Eutrophication, high
temperatures, ocean acidification, overfishing and El Nino effect.

Types of coral reefs :Depending upon their formation, coral reefs are classified
into three types.

1.Fringing reefs : A fringing reef grows directly from shore line.  It may extend
out to a distance of ¼ th mile from shore.  The reef flat (reef back) is the
shoreward, flat broadest area of the reef. It is exposed during low tide. The reef
slope found at the outer edge of the reef closest to the open ocean.

Corals grow much more abundantly on this slope.  The upper portion of
this slope is called the reef crest.  A shallow water channel, 50-100 meters
broad, lies between the reefedge and shore is called lagoon.  The largest fringing
reef in the world is the Ningaloo reef stretching to around 260 km along the
coastline of Western Australia.

           Fig.2.7.2Fringing reef
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2. Barrier reef :  Barrier reefs are like fringing reefs but they are located half
mile to 10 miles away from the shore.  Lagoons  30-70m deep and are best
suited for navigation.

Ex :- Great Barrier reef of Australia about 2000 km long.

3.Atolls : These atolls are also known as coral islands or lagoon islands.  They
are ring-like or horse-shoe shaped reefs which encircle a lagoon but not an Island.
The atoll of  Bikine lies in the pacific ocean is famous.

of Petroleum deposits.

Coral reefs form rich biodiversity in oceans.

Corals are also have decorative value.

Coral reef organisms are used to treat cancer, arthritis and Alzheimer’s disease.

Coral skeletons also serve as raw material for preparation of lime, mortar and
cement.

Fig. 2.7.4 Atoll

Importance of coral reefs :

Coral reefs are highly favorable sites for the accumulation 

Fig. 2.7.3 Barrier reef
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Ecologically coral skeletons act as natural barriers against waves, hurricanes,
sea erosion and cyclonic storms.

Coral reefs serve as good nursery grounds for commercial fishes.

Destruction of Coral reefs :

As global temperatures increase, corals are in danger of extinction.  Coral
reefs are unseen back bones of the earth’s ecosystem.  The following are the
main causes of destruction of coral reefs.

1.Reef  bleaching : Increase in water temperature leads to expelling of
zooxanthellae symbiotic algae by corals leads to destruction of coral reefs.

2.Poison fishing :It is unfortunately common practice to use the cyanide to
capture the aquarium fishes by stunning them for domestic saltwater
aquariums.This causes destruction of coral reefs.

3. Water Pollution : Water pollution is perhaps the most obvious cause of coral
reef destruction.  Reefs are harmed and destroyed when oil, fertilizer are dumped
in the coral area.

Formation of coral reefs :  Many theories have been advanced to explain the
formation of coral reefs.  But only a few of them are satisfactory.  The following
are the theories which satisfactorily explain the formation of coral reefs.

1. Subsidence theory : This theory was proposed by Darwin.  According to
this theory, all known coral reefs are found in the regions where subsidence of
land has taken place.  He explains that initially the corals grow as fringing reefs
on the shores of islands in a shallow tropical sea.  Subsidence of the islands
commenced so that the fringing reef became a barrier reef, separated by, wide,
deep-water channel called lagoon.  While further sinking of the island leads to
disappearance of the island to form an atoll.

2. Glaciation control theory : This theory was proposed by Albrecht Penck
and Reginald Daly.  They advocated that during the glacial period formation of
ice-caps lowered the level of the ocean by 60-70m.  At that time extreme cold
temperatures prevailed.  Subsequently ice melted and the temperature rose.  The
corals began to grow on the flat platform of the ocean bottom and kept pace
with raising levels of the ocean forming gigantic reefs.
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GLOSSARY
Alternation of generation: Alternate succession of sexual (haploid) and
asexual (diploid) generation in the life cycle of an organism.

Atoll: Horse shoe or ring like island consisting of a belt of coral reef
surrounding a central lagoon.

Barrier reef: Reef separated from shore by wide deep channel.

Basal disc: Flattened foot of some coelentrates which attaches to
substratum by secreting some sticky substance.

Budding: A form of asexual reproduction in which a new individual
develops from some generative anatomical point of the parent organism.

Calcareous: Containing lime or calcium.

Cnidaria or Coelentrata: Phylum including animals possessing
cnidoblast structures.

Cnidoblast: Type of cell in which nematocyst is found.

Dactylozooid: Sensory polyp of Hydrozoa.

Dioecious: Having male and female reproductive organs in separate
individuals.

Diploblastic: Derived from two embryonic germ layers, ectoderm and
endoderm.

Ephyra: Free swimming larva of scyphozoan coelenterates.

Fringing reef: Coral ridge build up from ocean bottom.

Gastrovascular: Serving the function of both digestion and circulation.

Hydranth: Expanded end of a branch of hydroid colony specialized for
vegetative  function.
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Hydrocaulus: Main stalk like stem of a hydroid colony.

Hydrorhiza: Basal root like portion of a hydroid colony used for attachment
with the substratum

Hydrotheca: Transparent membrane that extends from the perisarc and
surrounds the main part of the hydranth.

Hypostome: Structure surrounding mouth in coelentrates.

Lappet: Flap like projection.

Manubrium: A structure projecting from the middle of sub-umbrellar
surface of  medusa.  It bears mouth at its freeend.

Mesogloea: Non cellular jelly like substance present between ectoderm and
endoderm in coelentrates.

Metagenesis: Alternation of sexual with asexual generation in the life  cycle
of coelentrates.

Metazoa: Multicellular animals.

Monoecius: Organism having both male and female reproductive organs.

Nematocyst: A stinging capsule found in coelentrates it is produced by a
cell called cnidoblast.

Pelagic: Inhabiting in open water away from shore.

Regeneration: Replacement by growth of lost part of the body.

Strobilation: Budding in the segments of sessile scyphozoan coelentrate
larvae

Tentaculocyst: Sense organs of some coelentrates.

Zooid: A single animal form that is a part of polymorphic colon
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SELF ASSESSMENT

1. Identify fresh water Cnidarian from the following.

1. Hydra 2. Obelia 3. Physalia 4. Aurelia
2. Diploblastic body wall and Radial symmetry are present in

1. Protozoa 2. Cnidaria
3. Echinodermata 4. Annelida

3. Dactylozooids of cnidarians like physalia are useful for
1. Protection 2. Reproduction 3. Nutrition 4. Floating

4. Polymorphism is exhibited by
1. Hydra   2. Sea anemone 3. Physalia 4. All the above

5. Highest degree of polymorphism is exhibited by
1. Hydra 2. Physalia 3. Obelia  4. Halistemma

6. The most important character of the phylum cnidaria is
1. presence of tentacles around the mouth
2. presence of large quantities of mesoglea
3. exhibition of polymorphism
4. presence of cnidoblasts

7. In cnidarians extracellular digestion occurs in
1. Nutritive muscular cells of the endoderm
2. Coelenteron 3. Choanocytes
4. Musculo epithelial cells of the ectoderm

8. Polymorphism is seen in
1. Porifera 2. Cnidaria
3. Platyhelminthes 4. Nematoda

9. The stinging cells present in cnidarians are
1. Interstitial cells 2. Cnidoblasts
3. Archeocytes 4. Neoblasts

10. Nerve cells and sensory cells 1st appear in the phylum

1. Porifera 2. Cnidaria
3. Platyhelminthes 4. Nematoda



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 101

11. The characteristic larva present in Cnidarians is

1. Amphiblastula    2. Ephyra    3. Planula   4. Muller

12. Only free-floating forms are included in this class of the phylum cnidaria

1. Hydrozoa 2. Scyphozoa 3. Anthozoa 4. All the above

13. Exclusively sedentary forms are included in this class of the phylum
cnidaria

1. Hydrozoa 2. Scyphozoa 3. Anthozoa 4. All the above

14. Noncellular mesoglea is present in

1. Hydrozoa 2. Scyphozoa 3. Anthozoa 4. All the above

15. Cnidoblasts occur in the ectoderm only in

1. Hydrozoa 2. Scyphozoa 3. Anthozoa 4. All the above

16. Germ cells are derived from ectoderm in

1. Anthozoa 2. Scyphozoa 3. Hydrozoa 4. All the above

17. Metagenesis is exhibited by

1. Hydra 2. Obelia 3. Adamsia   4. Pennatula

18. Portuguese man of war is

1. Obelia 2. Aurelia 3. Gorgonia    4. Physalia

19. Identify a set of Hydrozoans from the following

1. Adamsia and pennatula2. Aurelia and Rhizostoma

3. Physalia and Halistemma  4. Hydra and Adamsia

20. Jelly fishes belong to the class

1. Hydrozoa 2. Scyphozoa 3. Anthozoa 4. All the above
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STATEMENTS
21. The following are the statements regarding Hydrozoans.

I.  Mesoglea is cellular
II. Cnidocytes are present both in ectoderm and endoderm
III. Germ cells are ectodermal
IV. Life history includes polyp and medusa
The correct combination is
1. I and II 2. III and IV 3. II and III 4. I and IV

22. The following are the statements regarding Anthozoans.
I. Life history includes both polyp and medusa stages
II. Mouth leads into stomodaeum and mouth bears ciliated grooves
    called siphonoglyphs
III. Gastrovascular cavity is divided into many compartments by

            mesenteries
IV. Germ cells are Ectodermal in origin.
The correct combination is
1. I and IV 2. I and III 3. II and IV     4. II and III

23. Study the following 3 columns matching.
Class         Character                            Example
I. Hydrozoa      Non-cellular mesoglea    Hydra
II.Scyphozoa    Large uantities of mesoglea  Rhizostoma

    with amoebocytes
III. Anthozoa    Cellular mesoglea with    Gorgonia

    connective tissues
Which of the above are correct?
1. All     2. All except I   3. All except II     4. All except-III

SEQUENCES
24. Arrange the cnidarians in a sequence belong to the classes Scyphozoa,

Hydrozoa and Anthozoa respectively.
A)  Gorgonia        B) Halistemma        C) Rhizostoma
1. C-B-A 2. A-B-C 3. B-A-C 4. C-A-B

ASSERTION AND REASON
25. (A) : The phylum coelenterate now renamed as phylum cnidaria.

(R) : The coelenterates with cnidoblasts or stinging cells are called
        cnidarians
1. Both A & R are true.  R correctly explains ‘A’
2. Both A & R are true.  But ‘R’ cannot explain ‘A’
3. ‘A’ is only true.  But ‘R’ is not true
4. Both A & R are not true
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Ctenophora is a small Phylum of marine animals.  Which are
commonly known as comb jellies (Greek Cten, “comb”; phere, “to bear”),
Sea gooseberries or sea walnuts.  They are free swimming, transparent,
jelly like, soft bodied, exclusively marine animals having biradial symmetry.
Unique characteristic features of Ctenophores are that they contain 8 comb
like ciliary plates, for locomotion, the lasso cells or colloblasts for catching
small prey.

In previous classifications, ctenophores have been placed in subphylum
Acnidaria under the phylum Coelenterata.  But the present tendency is to
consider them as separate Phylum due to their unique characteristic features.
Hatschek placed them under a distinct phylum Ctenophora.  Phylum
Ctenophora includes less than 100 species only.

General Characters :

1. All are exclusively marine.

2. All are solitary and free-swimming animals.

3. Exhibit tissue level organization.

4. Most of the body structures are radially arranged but tentacles are paired
hence, they exhibit biradial symmetry.

2.8 Phylum Ctenophora

  Learning Outcomes:
  To Understand the evolutionary pattern of animal kingdom.
  To Identify unique structures in Ctenophora.
  To Know about the comb jelly.
  To Explore the structures and adaptations of Ctenophores.
  To Describe the function of lasso cells.
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5.Eight longitudinal rows of transverse plates, bearing fused  cilia, called comb
plates help in locomotion.  (Absent in Ctenoplana and Coeloplana) Ctenophores
are the largest non colonial animals that use cilia as the main method of
locomotion.

6. A pair of long, solid, retractile tentacles are present at the aboral region.  The
surface of the tentacles bears specialized glue cells called colloblasts or lasso
cells which secrete a sticky substance that facilitates catching small prey.

7. The body is diploblastic having ectoderm and endoderm.  The body has
outer epidermis and inner endodermis, middle jelly like mesoglea with scattered
cells, and muscle fibers. So, Ctenophores may also be considered as triploblastic.

8. Gastrovascular cavity consists of a pharynx.  Stomach and a system of
gastrovascular canals and two aboral and pores.

9. Digestion is both extracellular and intracellular.

10. Nematocysts are completely absent.

11. Respiratory circulatory, skeletal and excretory systems are completely absent.

Fig. 2. 8.1 Pluerobrachia
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12. The Nervous system is diffused type and the aboral end bears a sensory
organ called statocyst.
13. Asexual reproduction and alternation of generations are absent.
14. Only sexual reproduction occurs.
15. All are monoecious (Hermaphrodite).
16. Gonads originate from endoderm.
17. Fertilization is external.
18.Development is determinate and indirect with characteristic cydippid larvae.
19. Regeneration and bioluminescence are common.
Classification :

Phylum Ctenophora is classified into two classes according to the
presence or absence of tentacles.
Class -1 :Tentaculata
Adults possess two long aboral tentacles.
Some organisms possess two large oral lobes and four slender flap like auricles
around the mouth.
Examples :Pleurobrachia(Sea gooseberry),Hormiphora, Mnemiopsis (Sea
Walnut), Cestum (Venus girdle),Velamen, Ctenoplana, Caenoplana

Class-2 : Nuda
Tentacles are absent both in larval stage
and adult stage.
Example :Beroe (Comb Jelly)

Fig. 2.8.3Beroe

Mnemiopsis                 Cestum                   Ctenoplana
Fig. 2.8.2Tentaculata organisms
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Affinities:

Different workers have dissimilar views regarding the origin and
relationship of Ctenophores.  No fossil record is available due to their soft
bodies.  In the absence of fossils, the Ctenophore's origin remains uncertain.
Affinities with Cnidaria:
Resemblances with Cnidaria
Biradial symmetry.
Body parts arranged through oral - aboral axis.
Presence of gelatinous mesoglea.
Tissue level organization.
Coelom is absent.
Single gastrovascular cavity.
Diffused type nervous system.
Gonads originate from endoderm.
Differences from Cnidaria:
Presence of oppositely placed aboral tentacles.
No polymorphism, No colony formation.
All are monomorphic (Zooids are absent).
Nematocysts are absent.  Instead, special sensory cells or colloblasts are
present on tentacles.
Presence of 8 comb plates for locomotion.
Mesenchymal muscles are present.
Statocyst present aborally but not marginally as seen in obelia.
Presence of anal pores.
Determinate type of development.
Affinities with Platyhelminthes:
Platyctenea ctenophores show certain resemblances with Platyhelminthes
turbellarians.
Dorso ventrally flattened body.
Crawling mode of life. Ciliated ectoderm. Presence of mesenchyme with
muscle fibers.
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Position in Animal Kingdoms:

Ctenophora are believed to have diverged group from the
ancestral medusoid Cnidarians.  Later they developed 8 rows of comb plates
and specialized capturing lasso cells.  However, they represent blind offshoots
as they cannot give rise to any higher animals.  Presence of mesodermal muscles,
gonoducts, and a determinate type of development are the advanced characters
of Ctenophores than Cnidaria.  Therefore, it is suitable to treat Ctenophora as a
separate phylum rather than a subphylum of Coelenterata.

Bioluminescence
Bioluminescence is a form of chemiluminescence where light energy

is released by a chemical reaction. This reaction involves a light-emitting
pigment, the luciferin, and a luciferase, the enzyme component. The gut of the
deep-sea genus Bathocyroe is red, which hides the bioluminescence of
copepods it has swallowed. The comb rows of most planktonic ctenophores
produce a rainbow effect, which is not caused by bioluminescence but by the
scattering of light as the combs move. Most species are also bioluminescent,
but the light is usually blue or green and can only be seen in darkness. However,
some significant groups, including all known platyctenids and the cydippid
genus Pleurobrachia, are incapable of bioluminescence. In ctenophores,
bioluminescence is caused by the activation of calcium-activated proteins
named photoproteins in cells called photocytes, which are often confined to
the meridional canals that underlie the eight comb rows. In the genome of
Mnemiopsis leidyi ten genes encode photoproteins. These genes are co-
expressed with opsin genes in the developing photocytes of Mnemiopsis leidyi,
raising the possibility that light production and light detection may be working
together in these animals. Fireflies, glow worms, railroad worms, certain
centipedes such as Geophilus carpophagus, certain millipedes such as
Motyxia,, Anglerfish, Lanternfish, Viperfish, Sea pens, Renilla reniformis,
Aequorea victoria, Tomopteris ,Hinea brasiliana, Latia are the other animals
exhibits bioluminescence.
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SELF ASSESSMENT - CTENOPHORA

1. Ctenophore are commonly called
1. Jelly fishes   2. Sea biscuits   3. Sea walnuts 4. Sea lions

2. Ctenophores are characterized by
1. Segmentation 2. Polymorphism
3. Cnidoblasts 4. Bioluminescence

3. Bioluminescence exhibited by
1. Physalia 2. Pleurobrachia
3. Velella 4. Pennatula

4. Ctenophores differ from cnidarians by the presence of
1. Choanocytes 2. Cnidocytes
3. Comb plates 4. Tentacles

5. A characteristic feature of ctenophore is
1. Fresh water habitat 2. Asexual reproduction
3. Locomotion by ciliated comb plates
4. Absence of larval form

6. Ctenophores share more similarities with
1. Porifera 2. Platyhelminthes
3. Cnidaria 4. Annelida

7. Tentacles are absent in
1. Pleurobrachia 2. Hormiphora
3. Coeplana 4. Beroe

8. Tentacles of ctenophora bears
1. Scleroblasts 2. Colloblasts
3. Cnidoblasts 4. Condroblasts
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UNIT - III
HELMINTHES

LEARNING OUTCOMES

By the completion of this unit, the student should be able  -
* to learn the distinctive characters of Platyhelminthes and Nemathel-

minthes
* to know the clasification of phylum Platyhelminthes and phylum

Nemathelminthes.
* to learn the morphology, life cycle and pathogenesity of Fasciola

hepatica
* to learn the morphology, life cycle and pathogenesity of Ascaris

lumbricoides.

INTRODUCTION

Helminthes (Gr. helmins means worm) includes two groups of

primitive, bilaterally symmetrical and triploblastic organisms, viz., Platy-

helminthes and Nemathelminthes.  They exhibit organ system grade

organisation.  Platyhelminths are acoelomates and are mostly parasitic

forms.  Nemathelminths are pseudocoelomates, in which some are free

living and others lead parasitic life.
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Platyhelminthes (Gr. Platy - flat, helminth - worm) includes the

planarians, flukes and tapeworms.  They are bilaterally symmetrical and

triploblastic acoelomates.  The evolution of triploblastic condition and

bilateral      symmetry coincide with the evolution of organs and organ

systems and centralisation of the nervous system.  The body of

platyhelminths is dorsoventrally flattened (flat worms) with solid bauplan

with parrenchyma between the gut and body wall.

3.1.1 General Characters

1. Animals included in phylum Platyhelminthes are commonly called
flat worms because their bodies are dorsoventrally flattened and
leaf like.

2. Most of the flatworms are parasitic.  Some are free living.  Free
living forms are mainly aquatic and majority of them are marine.
Few forms live in most soil.

3. These are triploblastic animals with organ grade organisation.
4. Body of flat worms is bilaterally symmetrical and exhibit

cephalisation.
5. Body cavity is absent.  Hence these are described as acoelomates.

Between the body wall and gut, connective tissue is present called
parrenchyma.

6. Parasitic forms have hookes and/or suckers for attachment to host
tissues.

7. Flatworms have digestive system with mouth and branched intestine.
Anus is absent.  Ingestion and egestion occurs through mouth.
Digestion is intracellular and extracellular.  In tapeworms, digestive
system is absent.

8. Respiratory and circulatory systems are absent

CHAPTER - 1

PHYLUM - PLATYHELMINTHES
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


     
   
     





    



     

      
       






         





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9. Cerebral  ganglia (brain) are present in the anterior part, from which
longitudinal nerve cords extend posteriorly.  They are joined by
commissures at regular intervals.

10. Flame Cells (Protonephridia) are primarily useful in osmoregulation
and secondarily excretory in function.  Most of the excretory materials
diffuse across the body wall.

11. Free living flat worms have sense organs like ocelli and ciliary receptros.
12. Turbellarians can reproduce asexually by fission or by budding.
13. Most of the  flat worms are hermaphrodites.  Few forms (like Schistosoma)

are unisexual.  Fertilisation is internal.
14. Development is indirect or direct.  Life history is simple in free living

forms and is complex in parasitic forms.  In trematodes polyembryony
is common.

15. Planarians have great powers of regeneration
                                              e.g., Planaria (Dugesia), Fasciola, Taenia
3. 1. 2 Classification of Platyhelminthes

Phylum platyhelminthes is divided into there classes, namely,
Turbellaria, Trematoda and Cestoda.
Class 1. Turbellaria

1. These flatworms are commonly called planarians.
2. These are usually free living forms.
3. Body is unsegmented and is covered by glandular ciliated epidermis.

Epidermal calls secrete rod like       inclusions called rhabdites.  When
they are released to the surface, they become mucus.

4. Mouth is ventral.  In some forms pharynx is protrusible.
5. Most of the planarians are bisexual forms.  Some of the turbellarians

reproduce asexually.
6. Planarians have remarkable powers of regeneration
7. During development of some forms Muller’s larva or Goette’s larva is formed.

 e.g., Microstomum, Prorhynchus, Dugesia, Planocera

   

    Fig. 3.1.1 a. Planocera      Fig. 3.1.1 b. Schistosoma  Fig. 3.1.1 c. Taenia
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



      






   










       
     

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Class 2. Trematoda
1. These flatworms are commonly called flukes and are parasitic.  (ecto-

parasites - e.g., Diplozoon or  endoparasites - e.g., Fasciola).
2. Body is unsegmented and is covered by a thick tegument.
3. Around the mouth there is an oral sucker.  A ventral sucker or acetabu-

lum is usually pretent.  Suckers are useful in attachement to host tissues.
4. Intestine is bifid.
5. There are three pairs of longitudinal nerve cords.
6. Few forms are unisexual (e.g., Schistosoma) and majority forms are bisexual.
7. In ectoparasites development is usually direct and in endoparasites, it is

indirect with many larvae.  Life cycle is completed in one or more hosts.
8. In the development of a typical fluke, five larvae are formed, such as

miracidium, sporocyst, redia, cercaria and metacercaria.
                                       e.g., Diplozoon, Fasciola, Schistosoma, Aspidogaster

Fig 3. 1. 1. d  Aspidogaster
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Class 3. Cestoda
1. These flatworms are commonly called tapeworms and are endopara-

sitic in the alimentary canal of          vertebrates.
2. Body is long, narrow, ribbon like and is segmented

(pseudometamerism).
3. Body of tapeworms is divided into scolex, neck and strobila.  Strobila

is divided into many proglottids
4. Scolex is with suckers and hookes, and is the organ for attachement to

host tissues.
5. Digestive system is absent. Sensory structures are also absent.
6. Each mature proglottid contains both male and female reproductive

organs.  Hence, tapeworms are bisexual forms.
7. Life cycle is complicated with one or more hosts.
8. In the development, onchosphere, hexacanth, cysticercus stages are

present.  e.g., Gyrocotyle, Taenia, Echinococcus

Fig 3. 1. 1. e Echinococcus
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3. 1. 3. 2. Morphology
Fasciola hepatica is commonly called sheep liver fluke.  It is an

endoparasite.  There may be about 200 flukes in the liver and bile passages of
the sheep.  Fasciola hepatica is oval in out line, dorsoventrally flattened and
leaf like.  At the anterior part of the body, there is a conical projection called
oral cone.  On the tip of the oral cone, mouth is present, which is surrouned by
an oral sucker.  Behind the oral sucker, on the mid ventral side there is a ventral
sucker or acetabulum.  In front of the acetabulum, there is a common gentital
aperture.  An excretory pore is present at the posterior end on the ventral side.  During
breeding season only, a temporary opening of Laurer’s canal appears little anterior
to middle of the body on the dorsal side.  Entire body of liver fluke is covered by
a thick tegument with backwardly directed spinules.

                              

                Fig. 3.1.2 Fasciola hepatica                        Fig. 3. 1.3. Flame cell
Fasciola is an acoelomate.  It has an incomplete gut. Mouth opens into

a muscular pharynx. Pharynx leads to an oesophagus. Oesophagus opens into
the intestine, and is bifurcated into left and right branches.  Anus is absent.
Digestion is extracellular.  Fasciola respires anaerobically.  Excretory system
consists of large number of flame cells or protonephridia.

3. 1. 3. 1. Systematic Position
Phylum    : Platyhelminthes
Class       : Trematoda
Order      : Digenea
Family     : Fascioliodae
Geneus   : Fasciola
Species  : hepatica

3. 1. 3 Fasciola hepatica
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They are connected with each other through an intricate system of ducts.
These ducts unite with one another and finally form a median longitudinal ex-
cretory canal. It opens out through an excretory pore.  Nervous system is in the
form of a cerebral ring (brain), from which there pairs of longitudinal nerves
extend posteriorly. Fasciola is a hermphrodite.  Reproductive organs occupy
major part of the body.  Male and female reproductive organs open out through
a common goropore.
3. 1. 3. 3 Life Cycle

Fasciola hepatica completes its life cycle in two hosts, viz., sheep (pri-
mary/definitive host) and snails of the genera Lymnaea, Planorbis etc.  (inter-
mediate hosts).  Genereally cross fartilisation takes place.  Self fertilisation is
rare.  Fertilisation is internal.
1. Eggs or capsules

The fertilised ovum (zygote) is surrounded by yolk cells.  Shell glob-
ules of yolk cells form a hard shell around the yolk cells and zygote.  The egg
shell is yellowish brown.  The eggs are oval and are provided with a lid or
operculum.  Each liver fluke can produce about 3,000 eggs at a time.
2. Cleavage and embryonic development

Zygote in the egg begins to cleave in the uterus of liver fluke itself.
Cleavages are unequal and holoblastic.  After first cleavage, two unequal blas-
tomeres are formed - a larger somatic cell and a smaller propagatory cell.
Somatic cell divides and produce larval ectoderm and tisues.  Propagatory cell
divide once and form two cells - one cell divide and form the  larval body and
the other cell divide many times and form a mass of germ cells. Capsules leave
the body of the fluke through its gonopore into the intestine of the sheep.  From
the intestine capsules comes out along with faeces of the host.  Further development of
the embryo takesplace when the capsules come in contact with moisture.

Fig. 3. 1. 4. Faciola Reproductive system
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3. Miracidium
Under favourable conditions the emboryo in the capsule develops into

a miracidium  larva in 4-15 days.  It hatches out and swims freely in the water
film. Miracidium is a minute and richly ciliated larva. It is an oval larva with a
broader anterior part and a narrow posterior part.  In the middle of the anterior
part, an apical papilla or terebratorium is present.  Body of the miracidium is
covered by 21 ciliated epidermal cells which are arraged in five tiers.  Below
the epidermis, there is a fine layer of muscles (formed by outer circular and
inner longitudinal muscle fibres).

Opening on the tip of of the apical papilla, there is an apical gland.
A pair of penetration glands or cephalic glands is present one on each side of
the apical gland.  They also open on the apical papilla.  Below the second row of
the epidermal cells, brain is present.  Associalted with the brain nerve fibres are
present. Two crescentic pigmented cells or eye spots are present.  They are
visible below the second tier of epidermal cell.  A pair of protonephridia or
flame cells is present and they open out through a pair of excretory pores.  In the
posterior half of the body, laterally, germ cells lie in groups (=germ balls).

 Miracidium can live for about 24 hrs.  It does not feed.  If it comes in
contact with suitable intermediate host (snails of the genera Limnaea, Bulinus,
Planorabis etc), the larva is attached to it and penetrates into its body with the
help of flesh dissolving larval secretions.  During peneration, it lost its ciliated
epidermis. In about 14 days, the miracidium reaches the digestive gland of the
snail and develops into a sporocyst .

 Fig 3.1.5.a. Miracidium
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4. Sporocyst
Sporocyst is an elongated sac like larva.  In place of ciliated epidermis

of miracidium (which is lost during penetration), sporocyst is covered by cuticle.
Apical papilla, apical gland, penetration glands, brain, eye spots etc.,  will
disappear.  Each protonephridium divides into two flame cells and opens out
through an excretory pore.      Sporocyst absorb nutrients from the host tissues.
The germ balls develop into next stage larvae called rediae.   Each sporocyst
can produce about 5 - 8 rediae.

5. Redia
Redia larvae are released by the rupture of the body wall of sporocyst.

Redia is an elongated and cylindical larva having a mouth at the anterior end.
Near the anteior part, redia has a muscular collar.  Behind the collar, there is a
birth pore.  In the posterior part, towards ventrolateral parts, there is pair of
projections called procruscula or lappets. Mouth opens into a short, muscular
pharynx. Pharynx is continued as a sac like intestine, which is lined by a single
layer of cells. Opening into the pharynx, there
are numerous pharyngeal glands.  Protonephridia
on each side divide further and form branched
system.  All the flame cells of each side opens
into a common excxtory duct. It opens out
through a common pore.  Inside the redia, germ
balls and mesenchyme are present. During
summer, the germ balls of redia develop into
second generation of redia, which comes out
thourgh the birth pore    (polyembryony). During
winter, germ balls develop into the next stage
larvae called cercariae.  Each redia can produce
14-20 cercariae and they come out through the
birth pore.

Fig 3.1.5.b. Sporocyst

Fig 3.1.5.c. Redia
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6. Cercaria
Cercaria larva has almost oval body and a long tail.  Body wall is similar to that

of sporocyst. On the surface, cercaria has backwardly directed spines.  Beneath the body
wall of cercaria, there are numerous cystogenous gland cells.  In the anteior part mouth
is present. Mout is surrounded by an oral sucker.  Behind the oral sucker, ventrally
there is an acetabulum.  Mouth opens into a muscular pharynx. It opens into the
intestine, which is divided into two branches.  Number of flame cells increase.
Flame cells of each side open into excretory tubules. These tubules unite at the
base of tail and form an excretory vesicle.  An excretory duct arises from the
vesicle, extends into the tail, divides into two branches and opens out through a
pair of excretory pores.  Germ cells present in the body represent the rudiments
of adult reproductive system.

Fully grown cercariae reach the

pulmonary sac of the snail and from where, they

escape to the  surroundings. Cercaria swims

about in the surrounding moisture and crawl

about on the leaves of grass.     (grass blades).

After 2-3 days of active life, the cercaria is

attached to the grass blades and loses its tail.

The        cystogenous gland cells secrete a thick

and white cyst around the cercaria.This encysted

cercaria is now called metacercaria.

7. Metacercaria

Metacercaria is spherical in shape and is also

called marita.   Cystigenous gland cells

dispapear.  The excretory bladder  directly opens

out through a single pore.  Cyst provides

protection.

Fig 3.1.5.d. Cercaria

Fig. 3.1.5.e. Metacercaria
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8. Infection to the sheep (i.e., primary host)

When the sheep consumes the leaves and grass baldes to which

matacercariae are attched, the metacercaria reach the anteiror part of the intestine

of the sheep. In the intestine the cyst dissolves.  Then the embryo  penetrates

through the intestinal wall, reach the coelom and then liver.  In liver it feeds on

the surrounding tissues and grow.  Finally it reach the bile duct and attain sexual

maturity.

3. 1. 3. 4. Pathogenicity

The disease caused by Fasciola hepatica in sheep is known as liver

rot or fascioliasis.

1. In bile duct and hepatic ducts it causes inflammation and hepatitis

resulting in thickening of the wall of the bile duct and then calcification

resulting in the formation of calculi.

2. In severe infection, liver flukes upset the normal metabolism of the liver

due to haemorrhage caused by the spines on its body.

3. The main symptoms of fascioliasis are loss of appettite, irregular

rumination, fever, increased breathing rate, cornea becomes whitish

yellow, falling of hair (wool) etc.  Other symptoms are oedema of jaws,

great reduction in breedig and lactation.  Due to all there chages, the

sheep generally will die.

4. Infection of Fasciola hepatica causes large scale death of sheep every

year.
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Formerly the taxa containing pseudocoelomates such as Gastrotricha,
Kinorhyncha, Rotifera, Nematoda and Nematonorpha were included in a taxon
called Nemathelminthes or Aschelminthes.  Round worms were       included
in Nematoda (Gr. nema-thread, eidos - form).  Nematoda is one of the largest
groups of Metazoa and the nematodes are triploblastic animals with a
pseudocoelomate bauplan.

3. 2. 1 General Characters of Nematoda
1. Majority of nematodes are parasitic.  Free living forms inhabit

marine, fresh water or terrestrial habitas.
2. Parasitic nematodes are much larger, where as, most of the free living

nematodes are microscopic.
3. Body is long, cylindrical and unsegemented
4. Nematodes are triploblastic, bilaterally symmetrical animals with

organ-system grade organisation.
5. Body cavity is pseudocoelom (It is not lined by mesodermal perito-

neum internally). It is filled with pseudocoelomic fliuid that acts as
hydraulic skeleton and  also helps in circulation.

6. Body is covered by cuticle.  Below the cuticle there is syncitial
epidermis.  It is followed by a layer of longitudinal muscles (circular
muscles are absent).

7. Alimentary canal is a straight tube with mouth and anus/cloaca.
Digestion is intracellualr and extracellular.

8. Specialised respiratory and circulatory systems are absent.
9. Excretory system consists of excretory glands, H-shaped excretory

canals or both
10. Nervous system is intraepithelial in the epidermis and in the wall of

gut.  There is a circum pharygeal nerve ring, from which nerves are
formed anteriorly and posteriorly.

CHAPTER - 2
NEMATHELMINTHES
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
    

       

 
       
H
          





      



  


        

     
      






APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 124

11. Sense organs include papillae, amphids and phasmids. Amphids are

present in all nematodes and are   located in the anterior part and are

mechano and chemosensory.  Phasmids are found in majority of nema-

todes and are located in the prosterior part.  They may be chemosensory,

secretory or excretory.

12. Nematodes are unisexual animals.  Most of then exhibit sexual

dimrophism.  Fertilisation is internal.
13. Nematodes exhibit eutely.  It is a phenomenon in which cell divisions

(except in gonads) cease near the end of embryonic development.  Hence
the number of cells is adult is constant and is characteristic of each spe-
cies.  Growth is due to increase in cell size reather than cell number.

14. Development is usually indirect.
           e.g., Ascaris, Wuchereria, Trichinella

  Fig 3. 2. 1 Wuchereria male and female          Fig 3. 2. 1 Trichinella

3. 2. 2. Classification of Nematoda
Nematoda is divided into two classes, namely Aphasmidia and Phasmidia
Class 1.  Aphasmidia or Adenophorea

1. These are mainly free living forms.  Few forms are parasitic
2. Amphids are present and are with various shapes
3. Phasmids are absent
4. Excretory system is poorly developed.

               e.g., Greeffiella (free living), Trichinella (Parasitic)
Class 2. Phasmidia or Secernentea

1. These are mainly parasitic forms.  Few forms are free living.
2. Amphids are pore like.
3. Phasmids are present.
4. Excretory system is well developed.

             e.g., Ascaris, Enterobius, Ancylostoma, Wuchereria



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 125

     


 

H



      


        



   
      










        
           



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3. 2. 3.  Ascaris lumbricoides

3. 2. 3. 2.  Morphology
Ascaris lumbricoides is commonly called common round worm.  It is

one of the  most common       endoparasites of man.  Ascaris is a coelozoic
enteric parasite found in small intestine of man, particularly in children.  It is
cosmopoliton in distribution.  Body of Ascaris is long (females upto 40 cm and
males upto 20 cm), cylindrical and unsegnemented with pointed ends.  It is light
pink or light yellow in colour.  Along the lenth of the body, there are four lines
(one dosal, one ventral and two lateral). In the anterior end of the body, mouth
in present.  It is surrounded by there lips - one is dorsal and the two are ventro-
lateral.  Lips have minute denticles.  Outer surface of each lip bears minute
sensory papillae.  Near the papillae of each lateral lip is an amphid.  Papillae
are tangoreceptors and amphids are believed to be the chemoreceptors.

Fig 3. 2. 3. Ascaris male and female

3. 2. 3. 1. Systematic position
Phylum    - Nematoda
Class        - Phasmidia
Order      - Ascaroidea
Family     - Ascaridae
Genus     - Ascais
Species   - lumbricoides
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The posterior end of female is straight and that of male is curved like a
hooke.  In the posterior end of female, there is an anus on the mid ventral side.
In the posterior part of male, cloacal aperture is present, which is a common
opening for digestive system (i.e., anus) and male genital ducts.  Cloaca con-
tains a pair of chitinous pineal satae, which help in copulation.  Phasmids are
chemoreceptory unicellualr glands present one on each side of the tail

Body wall consists of outer thick, tough, transparent cuticle, followed
by syncitial epidermis and longitudinal muscles.  Along the lateral lines, the
lateral excretory canals and along the dorsal and ventral lines, nerve cords ex-
tend.  Body cavity is pseudocoelom.  It is the persistant embryonic blastocoel.
There is a complete and straight alimentary canal with mouth, pharynx, intes-
tine, rectum and anus/cloaca. Ascaris respires mainly by anaerobic mode.  It is
belived that is can respire aerobically whenever free oxygen is available in the
intestine of the host.  Excretory system is in the form of H - shaped tubes.  There
in an excretory pore on the midventral side little behind the anterior lip.  Male
Ascaris has a single testis and female has two ovaries.  Sperms are amoeboid
and ova are elliptical.

Sexual dimorphism in Ascaris

3. 2. 3. 3. Life cycle of Ascaris
Copulation takesplace in the small intestine of man.  Fertilisation is

internal.  The ovum contains glycogen and lipid globules.  After fertilisation,
glycogen form a chitinous shell around the egg.  Then lipid globules formed
into thin layer beneath the shell.  When the egg passes through the uterus, the
cells of uterine wall form an yellowish brown albuminous coat with rippled
surface around the shell.  Hence the eggs are descibed as mamillated eggs.

                               Male Ascaris                                        Female Ascaris
1. Male is (10 cm to 20 cm) shorter than female. 1.Female (20 cm to 40 cm) is longer than male.

                Diameter is about 2 mm to 4 mm     Diameter is 4 mm to 6 mm
2. Posterior end is curved like a hooke 2. Posterior end is straight
3. In the posterior part, cloacal aperture is present. 3. In the posterior part, anus is present.  Little

                 (common for digestive and reproductive system)      above the middle part of the body, female
      genital aperture is present.

4. Protruding out from the cloaca, there is a pair of 4. Pineal setae are absent.
    pineal setae.
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1. Eggs
In Ascaris, the uteri of a mature female contains about 27 million eggs,

with an average production of around 2 lakhs eggs per day.  These eggs pass out
through the faeces of man.  Under favourable conditions the zygote in the egg
develops into a larva whcih resembles the nematoda Rhabditis.  Hence it is
called rhabditiform larva (First stage). Rhabditiform larva (fist stage) undergo
first moulling in the egg and become second stage rhabditiform larva. It is
capable of intecting a new host. Under favourable conditions, the embryonated
eggs of Ascaris are known to viable in the soil for about six years.
2. Infection

The eggs of  Ascaris containing second stage rhabditiform larva reach
the small intestene through contaminated food and water.  As the eggs are minute
and light, they reach human food or water by wind. Insects like house flies also
transfer the eggs from faeces to food.  In the small intestine, due to the action of
digestive enzymes, the egg shell is dissolved and the second stage rhabditform
larva is released.

3. Extra Intestinal Migration
The second stage rhabditiform larva penetrates through the wall of human

small intestine, enters the hepatic portal circulation (hepatic portal vein) and reaches the
liver. From the liver, it enters the post caval vein through hepatic veins and reach the
heart.  From the heart, the larva reaches the alveoli of lungs through pulmonary arteries.
In alveoli, the larva remains for about 10 days.  After 6th day, the second stage rhabditiform
larva undergo second mounlting and become third stage larva.  After four days, the thrid
stage larva undergo thrid moulting and becomes fourth stage larva. The fourth stage
rhabditoform larva leaves the alveoli of lungs and reach the pharynx through bronchi,
trachea, larynx and glottis.  From the pharynx, the fourth stage larva reaches the small
intestine through oesophagus and stomach.  In the small intestine, the fourth stage larva
undergoes fourth moulting and becomes an young worm. It gradually becomes an adult.
The journey perfomed by the rhabditiform larva of Ascaris through various organs of
man is known as extra intestinal migration.
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                           Fig 3. 2. 4. Life History of Ascaris

2.3.4. Pathogenisity of Ascaris
1. The disease caused by the common roundworm in man is known as as-

cariasis

2. The disease is almost asymptomatic, if the number of adult worms in the

intestine is less.  If the infection is severe, the worms obstruct the flow of

food and cause colic pains, abdominal discomfort, vonitings and nutri-

tional deficiency in the host.

3. Larvae cause haemorhagic condition as in intestinal wall, alveoli etc.  In

severe infection, the juveniles in alveoli cause acute pneumonia.

4. In Ascariasis children suffer from stunted growth besides other symp-

toms.  It is believed that the chemical substaces relased by Ascaris in-

hibit the synthesis of growth hormone by the pituitary gland.
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GLOSSARY
Acoelomates : The animals in which the space between body wall and gut is

filled with parrenchyma. Animals  without body cavity.  e.g.,
flatworms.

Amphids : Mechano and chemoreceptors present in the anterior part of
nematodes

Eutely : Cease of cell divsions (except in gonads) near the end of em-
bryonic development.

Flame cells : A specialised excretory cells found in flat worms.  Their pri-
mary function in flatworms is osmoreglation.

Liver rot : Disease caused by Fasciola in sheep.
Mamillated eggs : The eggs with rippled surface.
Miracidium : Minute clilated first larval form of Fasciola.
Phasmids : Chemosensory, secretory or excretory structures found in the

posterior part of majority of   nematodes.
Polyembryony : Production of same young stages (i.e., larvae) by an young

stage (i.e., larva).
Redia : Larva of Fasciola formed from sporocyst in the body of snail.
Rhabdites : Rod like inclusions formed in epidermal cells of turbellar-

ians.
Strobila : Part of the body of tape worms excluding scolex and neck.  It

is divided into segments called  proglottids.
Syncitium : Multinucleate mass of cytoplasm resulting from fusion of cells.

 INTERACTIVE LINKS / ONLINE RESOURCES
* https://www.online bilogynotes.com/phylum-platyhelminthes-general-

characterstics-clasification/
* https: / /www.biologydiscussion.com/inventerbrate-zoology/

platyhelminthes-characters.and-clasification/28930
* https://youtu.be/4cTdYfirBcM
* https://youtu.be/wMMzijUpalE
* https://youtu.beYy-SeHxjOjE
* https://youtu.bek17RxaCrWAc
* https://youtu.be/K-J9DLnCFYM
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CURRICULAR ACTIVITIES
I. Class room seminars

1. General characters and classification of Platyhelminthes.
2. Life history of Fasciola.
3. General characters and classification of  Nematoda.
4. Life history of  Ascaris.

II. Group discussion
1. Life history of Fasciola
2. Life history of Ascaris

III. Field work
1. Visit a nearby Veterinary Hospital and collect the data regarding the cases

of sheep suffering from the infection of Fasciola and try to learn the
symptoms of the disease in live.

2. Visit a nearby clinical laboratory and observe a sample of stools
containg eggs of Ascaris

IV. SELF ASSESSEMENT

A. Choose the correct Answer
1. Bilaterally symmtrical and toiploblastic acoelomates are included in

1. Nematoda 2. Nemathelminthes
3. Platyhelminthes 4. Rotifera

2. Primary function of flame cells is
1. Excretion 2. Respiration
3. Egestion 4. Osmoregulation

3. Match the following :
   List - 1      List - 2
A. Duegsia I.   Nematoda
B. Schistosoma II.  Cestoda
C. Taenia III. Turbellaria
D. Ascaris IV. Trmatoda
A. B. C. D.

1. III II IV I
 2. III IV  II I
3. I II IV III
 4. IV III I II
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4. The following are the different larvae formed during the development
of Fasciola
hepatica
A. Ridia B. Matacercaria      C. Sporocyst
D. Miracidium E. Cercaria
Arrange them in correct sequence.
1. D, C, A, E, B 2. D, C, E, A, B
3. B, E, A, C, D 4. A, D, C, B, E

5. Polyembryory is seen in
1. Miracidium 2. Sporocyst
3. Cercaria 4. Redia

6. Bilaterally symmetrical and triploblastic pseudocoelomates belong to
1. Platyhelminthes 2. Trematoda
3. Nematoda 4. Cestoda

7. Statement I : Male Ascaris is longer than the female Ascaris
Statement II : Posterior and of male Ascaris is curved like a hooke, where
it has a cloacal aperture
1. Both statements I and II are correct
2. Both statements I and II are wrong
3. Statement I is correct, but statement II is wrong
4. Statement I is wrong, but statement II is correct

8. During the development of Ascaris, thrid moulting of rhabditiform larva
takes place in
1. Egg when it is outside the body
2. The alveoli of lungs of man
3. The liver of man
4. The intestine of man

9. Assertion (A) : Due to Ascaris infection stunted growth is observed in
children
Reason (R) : Chemicals released by Ascaris inhibit the secretion of growth
hormone by pituitary
1. Both A and R are true R is correct explanation for A
2. Both A and R are true R is not correct explanation for A
3. A is true But R is false
4. A is false. But R is true
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10. Extra intestenal migration is exhibited by
1. Ascaris lumbricoides 2. Micorfilaria
3. Wuchereria bancrofti 4. Rhabditiform larva

B. Fill in the blanks

1. Platyhelminths are commonly called ____________________

2.  __________ is an unisexual trematode

3. In the life history of turbellarians _______________ larva is formed

4. Flukes are included in class __________________ of Platyhelminthes

5. Suckers present in Fasciola are ___________ and _________

6. Larva emerged from the egg of Fasciola is ___________

7. ___________ is the tailed larva in the life cycle of Fasciola

8. Disease caused by the Fasciola in sheep is ___________

9. Primary host of Fasciola is ___________ and intermediate host is

___________

10. Flat worms without digestive system are included in the class __________

11. Body cavity found in nematodes is __________

12. Mechano and chemoreceptors present in the anterior part of nematodes

are known as ________

13. Trichinella belongs to the class ________ of Nematoda

14. Cloaca, curved tail, pineal setae are characterstic of _______ Ascaris

15. Epidermis of Ascaris is in __________ state

16. Muscles present in the body wall of Ascaris are _________ muscles.

17. Total number of moults that take place during development of Ascaris is

________

18. Cease of cell divisions near the end of embryonic development in nema-

todes is called __________

19. Disease caused by common round worm in man _______________

20. Number of lips encircling the mouth in Ascaris is ______________
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C. Short Answer Questions :

1. Why Platyhelminths are called flat worms and acoelmates ?
2. What are the primary and secondary funcitons of flame cells in Fasciola
3. Name the larva formed in Fasciola
4. Which larva of Fasciola exhibits polyemoloryoury ?
5. Name the suckers of Fasciola
6. Which class of Platyheminthes include the tapeworms ?
7. Name the body cavites of flat worms and round worms ?
8. Explain sexual dimorph9ism in Ascaris
9. Sketch the route of extra intesternal migration

10. What is meant by eutely ?

FOR IGNITED MINDS
Chapter 1

1. Planarians have great powers of regeneration.  Linear polarity is main-
tained due to metabolic gradient.  It means in the anterior part metabolic
activity is more and gradually decrease towards posterior side.  If a pla-
narian is cut into any number of pieces, anterior end of each piece has
more metabolic acativity and it develops into anterior part of the body.

2. Schistosoma haematobium is commonly called human blood fluke,
which is unisexual flat worm and exhibits sexual dimorphism.

3. Opisthorchins sinensis is the human liver fluke.  It completes its life
cycle in there hosts - man (primary host),  snail and fresh water fish
(intermediate hosts)

4. Diphyllobothrium latum is the longest and most dangerous tapeworm,
where as Hymenolepis nana is the dwar tape worm (2 to 4.5 cm long)

5. Parasitic forms have well developed reproductive system
6. Due to Fasciola hepatica number of cells is increased in the wall of bile

duct and the phenomenon is called hyperplasia
7. Due to larvae of Fasciola the size of the host (snail) increased.  This

phenomenon is called  gigantism.
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Chapter 2
1. Wuchereria bancrofti is the filarial worm.  It is an ovoviviparous form.

Its larva microfilaria exhibits nocturnal periodicity.
2. Ancylostoma dnodenale is lthe hooke worm found in the intestine of

man and is infected when man walks on contaminated soil bare footedly.
It causes severe anaemia because it sucks the blood from the wall of
intestine

3. Intestinal nematod parasites secrete antienzymes to neutralise the en-
zymes of the host.

4. Rarely the Rhabitiform larva of Ascaris fails to follow the usual route of
extra intestinal migration and reaches the brain, spinal cord etc (where
they die and enclosed by calcareous cysts).  This is called aberrant mi-
gration

    REFERENCES
* Modern Text Book of Zoology - Invertebrates by R.L. Kotpal,

               Rastogi Publications.
* Invertebrate Zoology by P.S.Dhami & J.K.Dhami, R. Chand and

Company
* Inverterbrate Zoology by E.L. Jordon & P.S.Verma, S. Chand & Co.
* Text Book of Invertebrates by Marshall, Parker & Haswell

               E.L.B.S. and Mac millan, England
* Biological Science by Taylor D.J, N.P.O. Green & Stort G.W

              Cambridge University Press.

FOR IGNITED MINDS

1. Fitness of an individual organism to its environmentis known as adaptation.
As the parasitic helminths live in  very specialised environment, they undergo
various modifications to live successfully in it. these modifications  are called
parasitic adaptations.They are classified into two types, viz., morphological
and physiological.

A. Morphological adaptations
a. Body covering of thick tegument or enzyme resistant cuticle
b. Hookes, suckers or both for attachment to host tissues.
c. Degeneration of nervous system and sensory structures
d. Well developed reproductive system
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B. Physiological adaptations

a. Secretion of antienzymes by the gut parasites
b. Anaerobic respiration
c. Osmoregulation
d. Production of vast quantity of eggs

2. Majority of helminths are parasites. Some of them are human parasites
and cause various  diseases. Some of  them are as follows:

a.  Opisthorchis sinensis - Chinese liver fluke

b.  Schistosoma haematobium- Blood fluke

c.  Paragonimus westermani - Lung fluke

d.  Taenia solium - Pork tape worm

e.  Taenia saginata - Beef tape worm

f.  Diphyllobothrium latum - Fish tape worm

g.  Hymenolepis nana - Dwarf tape worm

h.  Echinococcus granulosus - Dog tape worm

i.  Ascaris lumbricoides - Ascariasis

j.  Wuchereria bancrofti - Filarial worm

k.  Ancylostoma duodenale - Hooke worm

l.   Dracanculus medinensis - Guinea worm

m. Loa loa - African eye worm

********
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Introduction
The annelids (Latin, annulus : little ring and Greek; edios; form) are

also known as the ringed worms or segmented worms.  Annelida is a large
phylum, with nearly 22000 extant species including ragworms, earthworms
and leeches.  They may be aquatic (marine and freshwater) and terrestrial.
Most of the Annelids are

Fig.4.1.1Annelidans
worm-like hence the early zoologists included other worms in the group of
vermes.  But in the year 1798 Cuvier separated Annelids from unsegmented
worms of the vermes group.  The term Annelida was coined by Lamarck in
the year 1809.
General Characters :
1. Annelids are triploblastic, bilaterally symmetrical, coelomates and segmented

metazoans.
2. They are mostly free living but leeches are ectoparasitic.

4.1. Phylum Annelida
General Characters and classification

  Learning Objectives:
  To Describe the morphological and anatomical features of annelids.
  To Understand about true segmentation or metamerism.
  To Understand the formation of Coelom.
  To Know about different individuals in Annelida Phylum

  To Understand the increasing complexity in the organ systems of
   animal  kingdom.
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3. Mostly aquatic, some are terrestrial burrowing or tubicolous.
4. Cephalization is more pronounced with a distinct head, bearing tentacles, eyes

and palps in Polychaetes.  But the head is indistinct in earthworms and leeches.
5. The body is divided for the first time in the animal kingdom into

metamerically arranged segments or metameres, which are separated from
one another externally by intersegmental grooves and internally by inter
segmental septa (septa are absent in leeches).  In leeches segments are
subdivided externally into annuli.

6. Body is divided into three regions i.e., prostomium, trunk and pygidium.
The first segment is peristomium  and the last segment is pygidium.

7. Growth results from the addition of new segments from the teloblastic
growth zone located just in front of the pygidium is called true metamerism.

8. Body wall consists of cuticle, epidermis, dermis, musculature and parietal
peritoneum.  Body wall has both Longitudinal and circular muscles which
helps in locomotion.

Fig.4.1.2 T.S of Earthworm body wall through pharynx
9. Locomotor organs are segmentally arranged parapodia with setae (Ex:

olychaetes) or exclusively setae (Ex : Earthworms) or Suckers (Ex :
leeches).

Fig.4.1.3 Setae of Earthworm
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









         






 


 

        


 (Cephalization)



      
        


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10. Coelom is derived from splitting of mesoderm hence Annelids are
Eucoelomates and schizocoelomates.  Coelom is filled with fluid called
coelomic fluid that acts as an hydrostatic skeleton and aids in locomotion.
In Leeches coelom is reduced and confined only to gonads and haemocoelic
ducts due the presence of botryoidal tissue, filling the entire coelom.

Fig.4.1.4 Coelom in Annelida
11. Alimentary canal is a straight muscular tube.  Digestive glands occur in the

wall of the alimentary canal.  In polychaetes buccal cavity and pharynx are
everted as proboscis to capture and ingest the prey.

12. Exchange of respiratory gasses takes place by diffusion through the body
wall (In most of the annelids) called cutaneous respiration.  In polychaetes
parapodia are highly vascular and help in respiration.

13. A closed type blood vascular system appeared  for the first time in annelids
and haemoglobin, dissolved in blood plasma.  Chlorocruorin (Green) is a
respiratory pigment that occurs in sabella and serpula.  Another Violet –
pink respiratory pigment hemerythrin found in siphunculata organisms.

14. Excretory organs are segmentally arranged ectodermal metanephridia.  Most
of the Annelids are ammonotelic but earthworms are ureotelic. chloragogen
cells that are accessory excretory organs in earthworms.  Botryoidal tissue
in leeches performs excretion for some extent.

15. Nervous system consists of a nerve ring and double ventral nerve cord.  Nerve
ring comprises  a pair of supra pharyngeal ganglia, a pair of
circumpharyngeal connectives and a pair of subpharyngeal ganglia.
Suprapharyngeal ganglia are  generally called the brain in annelids.
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       

       
        


 
         


 


 

 

 
        



 


 


 










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Fig.4.1.4 Annelidan Nervous System
16.In Annelids, different classes contain various sense organs.  Polychaetes

possess two pairs of simple eyes, two pairs of tentacles and a pair of palps.
Earthworms and leeches possess simple receptors like photoreceptors and
ocelli.

17.Reproduction is usually sexual.  Polychaetes are dioecious (unisexual),
Earthworms and leeches are monoecious (hermaphroditic or bisexual).

18. Gonoducts are absent in Polychaetes.
19.Clitellum is present either permanent (earthworms) or temporary (leeches).

Clitellum is absent in Polychaetes.
20. Fertilization is external, except in leeches.  Cleavage is holoblastic and

spiral.
21. Development is direct in earthworms and leeches.  Whereas indirect in

Polychaetes includes a Trochophore larva.
Ex :Nereis, Pheretima (Earthworm), Hirudinaria (leech)
Classification of Annelida :

Phylum Annelida is classified into three classes  1. Polychaeta  2.
Oligochaeta 3. Hirudinea
Class-1 : Polychaeta (Gr. Poly = many, chaite = setae)
These are commonly known as bristle worms.
All are marine.
They are free swimming, crawling, burrowing or living in tubes.
Segmentation internal and external.
Head is distinct with eyes, tentacles and Polyps.
Clitellum is absent.
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Each segment has a pair of lateral outgrowths of the body wall called parapodia.
Parapodia bear numerous chitinous setae.  Parapodia help in locomotion and
respiration.
Buccal cavity and pharynx are everted as proboscis to capture and ingest the
prey.
Excretory organs are metanephridia.
They are dioecious.  Gonoducts are absent.  Gametes are shed into the coelom.
They are passed out through nephridiopores of metanephridia or by the rupturing
of the body wall.
Fertilization is external.
Development includes a trochophore larva.
Polychaeta class in divided into two subclasses according the habit of organisms.
1. Sub Class :Errantia
Sub Class 2  :Sedentaria
Sub class 1 :Errantia Subclass 2 : Sedentaria
Free swimming, crawling,   Sedentary and living in
Burrowing, or tube   burrows or tubes.
dwelling.
Prostomium distinct with   Prostomium is reduced.
Sensory structures.

Fig. 4.1.5 Polychaeta Organisms
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III

                



III 
      




 



 



     
  
       


       
       



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Ex: Nereis (Ragworm (or) Examples :Chaetopterus
Clamworm) (Paddle worm)
Alitta (sand worm) Arenicola (lugworm)
Polynoe (Scale worm) Sabella(Fan worm
Aphrodite (Sea mouse) (or) Feather duster worm
Glycera (Blood worm) (or) pencil worm)
Eunice (palolo worm) Serpula

(Calcareoustube worm)
Class-2 : Oligochaeta
This class includes earthworms.
They are terrestrial or freshwater (Ex : Tubifex) or marine species.
Segmentation is external and internal.
Head is reduced without eyes and tentacles.
Clitellum is persistent throughout life.
Each segment has fewer number of setae for locomotion.
A dorsal median fold of the intestine called typhlosole is present, helping in
increasing the area of absorption.
Nephridia are the excretory organs.  They are generally three types
i.e.,Integumentarynephridia,Pharyngeal nephridia, Septal nephridia
Earthworms are hermaphrodite (bisexual).
Fertilization is external and occurs in cocoon.
Development is direct i.e., without a larval stage.
Examples:Pheretima, Megascolex, Lumbricus, Eisenia, Tubifex (Fresh water
earthworm).

         

Fig. 4.1.6 Oligochaeta Organisms
Class 3 : Hirudinea
This class includes leeches.
All are ectoparasites.
Majority of the leeches live in freshwater, some are marine and others are
terrestrial. Body is dorso-ventrally flattened with a definite number of segments.
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


          





      






       
 





          






 


 


          
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Segments are externally sub divided into annuli.
Internal segmentation is absent.
Anterior and Posterior suckers help in locomotion.
Salivary glands secrete saliva containing an anticoagulant called hirudin.
Clitellum is conspicuous during the breeding season only.
Coelom is reduced due to the presence of botryoidal tissue performing
excretion, storage of iron and revascularization in areas of injured blood vessels.
Circulatory system contains 4 longitudinal haemocoelic channels hence it is
called Haemocoelic system.
Excretion is performed by 17 pairs of nephridia.  Nephridia are two types
i,e.,Testicular nephridia (11 pairs) and Pretesticular nephridia (6 pairs).
Nervous system is of typical annelidan type.
Five pairs of simple eyes are present on the first Five pairs of anterior segments.
They are monoecious.
Males possess a copulatory organ, the penis and females contain vagina.
Fertilization is internal, takes place in vagina.
Development is direct.
Examples :- Hirudinaria (freshwater leech), Pontobdella (marine leech or Skate
sucker), Haemadipsa (Terrestrial leech), Hirudo (medicinal leech),
Ozobranchus (Gilled leech), Acanthobdella (Leech with setae)

                                  Fig.4.1.6 Hirudinea Organisms
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Coelom :
In animal kingdom evolution of tissues (In Cnidaria) is the first key

transition in the animal body plan, second key transition is appearance of
bilateral symmetry (First seen in Platyhelminthes).  A third key transition in
the evolution of animal body plan was the formation of body cavity or coelom.
It is the vacant space in between the body wall and Alimentary canal.  Triploblastic
organisms (Phylum Platyhelminthes, Nematoda, Annelida Arthropoda, Mollusca,
Echinodermata, Hemichordata, Chordata) are classified into Three groups
according to the presence or absence of coelom. i.e., 1. Acoelomata  2.
Pseudocoelomata  3. Ecucoelomata.
1. Acoelomata :Flatworms of Phylum Platyhelminthes are acoelomates.  They
exhibit a solid body plan with a dense parenchyma between the gut and the
body wall in the adults.  The space around the internal organs is filled with parenchyma
or mesenchyme tissue.  Hence there is no body cavity surrounding the internal organs.
(Fig : 4.2.1).  Mesenchyma restricts the movement of internal organs and slows down
the diffusion of nutrients from the gut towards the body wall.

Fig.4.2.1 Acoelom in Platyhelminthes

Learning Outcomes:
To Understand the formation of Coelom in animal kingdom
To Identify the differences between Pseudo coelom and Eucoelom.
To Know about the significance of Coelom
To Understand the functions of Coelomoducts and nephridia
To Know about different kinds of nephromixia.

4.2. Evolution of Coelom and
Coelomoducts
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2.PseudoCoelomates : Animals of Aschelminthes (rotifers, nematodes) possess
a Pseudocoelom or blastocoel.  It is neither formed from mesoderm nor is lined
by mesodermal peritoneum.  The mesoderm is present as scattered pouches in
between the ectoderm and endoderm.  During their development mesoderm
only lies with ectoderm.  The unoccupied portion of blastocoel persists as
Pseudocoelom.

Fig.4.2.2 Pseudocoelom in Nematodes

(Fig.4.2.2).  In the  evolution of animals, a “tube within a tube” arrangement
is seen for the first time in Pseudocoelomates.

 

    Fig.4.2.3 Pseudocoelom in Nematodes
As mesoderm is confined only with the body wall as  parietal peritoneum,

the musculature is restricted to the body wall.  The gut or intestinal wall is made
up of only endoderm.  Hence the digested nutrients are directly absorbed into
Pseudo coelomic fluid by diffusion through the gut wall.  Despite the name
“Pseudocoelom”.  It is functional body cavity.  It serves as a hydrostatic skeleton,
protects the internal organs from
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mechanical shocks, provides space for the movement of internal organs and
helps in circulation of the nutrients and storage of nitrogen wastes.
3. Eucoelomates : The term "coelom" was coined by Ernst Haeckel.  Animals
containing true coelom are called Eucoelomates. (Ex : Annelida, Arthropoda,
mollusca, Echinodermata, Hemichordata, Chordata).  A true coelom is lined by
outer parietal peritoneum or somatic layer and inner visceral peritoneum or
splanchnic layer.  These parietal and visceral peritonea are derived from
embryonic mesoderm.  A double layered peritoneum called mesentery connects
some visceral organs to the body wall.  In Annelids, the dorsal and ventral
mesenteries divide the coelom into paired compartments. Some organs of
vertebrates (Ex : Kidneys) that occur outside the coelom and are covered with
parietal peritoneum only on the surface facing the coelom are called
retroperitoneal organs.  Based on the mode of formation of coelom, the
coelomates are classified into two types.i.e.,  A. Schizocoelomates
B. Enterocoelomates.
A. Schizocoelomates : Annelids, arthropods, molluscs are schizocoelomates.
These forms undergo spiral and determinate cleavage.  A single blastomere is
called 4d blastomere or mesentoblast present at the rim of blastopore lips.
These mesentoblasts are divided further to form mesodermal blocks.  A split
appears within  each block making them hollow.

Fig.4.2.4 Schizocoelom in Annelida, Arthropoda, Mollusca
  Coelom that arises from splitting of mesoderm is called schizocoelom.  In
arthropods and molluscs schizocoelom is reduced and the functional body cavity
is haemocoel.  The embryonic blastocoel (primary body cavity replaced with
coelom (secondary body cavity) in Eucoelomates.  Blastopore is converted into
mouth hence these schizocoelomates are proterostomes.
B. Enterocoelomates : Echinoderms, hemichordates and chordates are enterocoelomates.
Enterocoelom is also derived from mesoderm but it is formed by the evagination of
mesoderm from the wall of archenteron, not from splitting if mesoderm. These
mesodermal pouches evaginates from archenteron are extended and fused  with
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Fig.4.2.5Enterocoelom in Echinodermata, Hemichordata, Chordata

Fig.4.2.6Proterostomes and dueterostomes
one another to form enterocoelom.  All the enterocoelomates exhibit radial and
indeterminate cleavage. Blastopore is converted into anus hence these
enterocoelomates are deuterostomes.
Advantages of true Coelom over  Pseudocoelom
The visceral organs of coelomates are muscular so they contract  and relax freely
without depending on movements of the body wall.
In coelomates regional specialization of the gut such as the development of
gizzard, stomach etc.,
In the case of the pseudocoelomates due to the absence of such a contact between
gut and mesoderm, the wall of the gut does not show regional specialization.
Coelomoducts and Nephridia :

In annelids certain tube-like structures are found and they are
repeated in successive segments called segmental organs.  These tubes help in
reproductive and excretory functions. Segmental organs are primarily divided
into three types 1.Coelomoducts (derived from mesoderm), 2. Nephridia (derived
from ectoderm), 3. Nephromixia
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1.  Coelomoducts : These are derived from mesoderm.  They are formed from
coelom.  Typically, a coelomoduct opens, to the exterior by a genital pore and
into the coelom through a ciliated funnel called coelomostome.  These
coelomoducts act as genital ducts.  These Coelomoducts are confined to only a
few reproductive segments.  In the earthworms, the reproductive funnel and
ducts are  coelomoducts.  The uriniferous tubules of vertebrate kidney are
modified coelomoducts and perform excretion.
2.  Nephridia :These are segmentally arranged coiled tubes of ectodermal origin
developed as invaginations of ectoderm into coelom.  They open outside through
nephridiopores located on the body wall.  Internally, they may end as a blind
tube (Protonephridia) or may open by small ciliated funnels called nephrostomes
(metanephridia).  Nephridia are primarily excretory in function and secondarily
perform osmoregulation and convey the genital products to exterior.
Types of Nephridia :
1.According to the presence or absence of nephrostomes nephridia are classified
into two types.  A. Protonephridia.  B.  Metanephridia.
A. Protonephridia : These are more primitive type nephridia.  They terminate
in the coelom as blind tube.  The closed end and the tube are provided with
specialized excretory cells called tube cells or solenocytes.  Protonephridia are
found in some adult polychaetas such as vanadis, phyllodoce, Tomopteris,
Glycera, Nephthys.
B. Metanephridia : This type of nephridia is  advanced and found in most
Polychaetas, all earthworms and leeches. The inner end of metanephridium opens
into the coelom by a ciliated funnel called nephrostome.  The outer end opens to
the exterior through nephridiopore, thus open at both ends.  Solenocytes are
completely absent.

Fig. 4.2.7 Protonephridium and Metanephridium
II. According to their size and number :

Nephridia are classified into two types on the basis of their
size and number i.e., A. Micro Nephridia or Mero nephridia  B.
Meganephridia or Holonephridia.
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Micro nephridia Mega nephridia
Small in size and numerous Large in size but generally

one pair  in each segment.
Lying on the body wall and septa They usually extend over two

segments in each segment and
their nephrostomes open into the
segments next in front.

Found in Pheretima. Found in Polychaeta, Hirudinia
III.  According to the opening of nephridia into exterior or Alimentary

canal
Nephridia are classified into two types according to the opening of

nephridia into exterior or Alimentary canal i.e., A. Exonephric nephridia
B. Enteronephric nephridia.

A. Exonephric nephridia B. Enteronephric nephridia
 They are directly open to the They lack nephridiopores
exterior through nephridiopores. and open into the excretory

canals or alimentary canal.
Ex :- Hirudinaria, Nereis, Lumbricus Ex : Septal and pharyngeal
and integumentary nephridia of   nephridia of pheretima.
Pheretima.

3.Nephromixia : In some Polychaetes, coelomoducts become fused partially or
wholly with nephridia to form compound segmental organs called as
nephromixia. They consist both of ectoderm and mesoderm and performs both
excretion as well as discharge of gametes.  Nephridia and the coelomoducts
show various degrees of combination.  According to the degree of combination
the nephromixia are classified into four types.

i) Protonephromixium:Coelomoduct is united with a protonephridium.  It
performs both excretion and discharge of gametes.  Ex :Phyllodoce.

ii) Metanephromixium :Coelomoducts is united with metanephridium.  Ex :
Hesione

iii) Mixonephridium :Coelomoducts and nephridium are internally fused to
form a simple composite organ.  Its funnel is formed by Coelomoduct and its
duct by nephridium. Ex : Arenicola

iv) Ciliated organs : In some forms, coelomoducts are reduced to ciliated organs.
They are attached to dorso-lateral longitudinal muscles and open externally. Ex
: Nereis,Leech.
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Introduction :
Aristotle has said “Earthworms are intestines of the earth”.  Darwin was

another one who stated "No other creature has contributed to building of earth
as earthworm".  Vermiculture is the scientific process of breeding and raising of
earthworms.  It is a substantial way of reducing wastes and producing fertilizers.
Vermicomposting is the process of producing organic fertilizers from earthworms
by using biodegradable materials.  The output of vermiculture is called
vermicompost.  The product vermicompost is rich in terms of nutrients and
other plant growth promoters.  The earthworm  species typically used for
vermiculture are Eisenia fetida, Lumbricus rubellus, Eudrilus eugeniae and
perionyx excavates.
Scope of Vermiculture :

Vermiculture is the branch of science that studies the importance and
utilization of earthworms to solve the problems related to ecology and
environment.  Vermiculture is the decomposition of organic wastes that depends
upon earthworms for fragmentation, mixture and promotion of microbial activity.
It’s based on the principle that during feeding, the earthworms fragmented the
waste materials that results in increase of surface area for colonization of
microorganisms.  Now a days both developed and developing nations have
adapted vermiculture for different organic waste management practices.
Earthworm species in vermiculture

Selection of suitable earthworm species for vermicomposting is the most
important aspect of vermiculture.  Different earthworms are widely used in
vermiculture i.e., Lumbricus rubellus (Red worms), Eisenia fetida (Brandling
worms) Eudrilus eugeniae (African night crawler) and Perionyx excavates
(Indian blues).  They can tolerate high temperature at 420C and low soil
temperature below 50C.  These are also having the capacity to stabilize a wide
range of toxic organic wastes into value added products.

Learning Outcomes:
To Understand the significance of vermiculture in protecting
environment.
To Know about the species of Earthworm involved in Vermiculture.
To Understanding the potential of Vermicompost as an alternative to
chemical fertilizers.
To Know about the procedure of Vermiculture.
To Understanding the role of Vermiculture in maintain the health of
  Soil.

4.3. Vermiculture : Scope, Significance,
earthwom species, processing
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Fig.4.3.1Different Earthworm species in Vermiculture
Vermicomposting

The process of producing organic fertilizers from earthworms is called
vermicomposting.  It is one of the easiest methods to recycle agriculture wastes
and to produce quality compost.  Earthworms consume biomass and excrete it
in digested form called “worm castings”.
Process of Vermicomposting

It is an aerobic, bio-oxidation, non-thermophilic process of organic waste
decomposition into quality organic fertilizers.  The entire process of
vermicomposting steps are mentioned below.
A. Requestion selection of site :

Vermicomposting unit should be in cool, moist and shady site.  The site
should also be nearer to water resource.  Vermicomposting production unit may
be set up in cement or brick tank, wooden boxes, plastic bins and even in soil
pits.
B.  Collection of Basic raw material : Any type of biodegradable wastes like
cow dung, dry straw and leaves collected from paddy fields, weed biomass leaf
litter and soil can be used as basic raw material for vermicomposting.
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C. Procedure of Vermicomposting :
Collect the biomass and place it under the sun for about 8-12 days.  Now cut it
into the required size using cutter.
Cow dung and chopped dried leafy materials are mixed in the proportion of 3 :
1 and kept the mixer for partial decomposition for 15-20 days.
Add a layer of 2-3 inches soil at the bottom of the bed.
Now a layer of 15-20 cm of chopped dried leaves, Should be kept as bedding
material on the sand layer.
Continue adding both the chopped dried leaves and decomposed cow dung as
layer wise into the bed up to a depth of 0.5-1.0 ft.
After adding all the bio wastes, release the earthworms over the mixture and
cover the compost mixture with dry straw or gunny bags.
Water should be sprinkled immediately after the release of worms.  Also sprinkle
water on a regular basis to maintain the moisture content of the bed.Compost
will get ready in 40-45 days.
Harvesting :
When raw material is completely decomposed, it appears black and granular.
Watering should be stopped as compost get ready.
The compost should be kept over a heap of partially decomposed cow dung, so
that earthworms could migrate into cow dung from compost.
After two days compost can be separated and sieved for use.
Preventive measures:
The floor of the unit should be compact to prevent earthworms migration into
soil.
The organic wastes should be free from plastics, metals, pesticides and chemicals.
Proper aeration should be maintained in the beds.
18-250C temperature should be maintained for proper decomposition.
Significance of Vermiculture :
Vermicompost is rich in Nitrogen, Phosphorus and Potassium which are essential
for plant growth.
Improves soil structure, texture, aeration, water holding capacity and prevents
soil erosion.
Prevents nutrient losses and decreases the use of chemical fertilizers.
Vermicompost is free from pathogens, toxic elements weed seeds etc.
Vermicompost minimizes the incidence of pest and diseases.
It contains valuable vitamins, enzymes and hormones like auxins, gibberellins.
Helps in germination of seeds, plant growth and crop yield.
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GLOSSARY
Anal pore : Weak point in cell membranes for elimination of solid wastes.
Annelida : A phylum of segmented worms.Bilateral symmetry : A symmetry
with similarity on both sides.
Blastopore : A mouth like opening of the gastrula.
Blastula : An embryonic stage with blasocoel.
Castings : Undigested solids containing soil.
Chemotaxis : A movement response to a chemical stimulus.
Clitellum : A thick glandular band around an annelid worm it secretes the
cocoon.
Coelom: (Gk, koiloma. A hollow) The main body cavity of animals, formed
between layers of mesoderm, inwhich internal organs are suspended. A
secondary body cavity of vertebrates and most invertebrates,having a
membranous lining composed of specialized cells containing the internal
organs; developed between the mesoderm layers and forms, peritoneum and
pericardial cavities.
Crop : A thin walled part of the alimentary canal that serves to store the
ingested food.
Dermal : pertaining to the skin.
Dioecious : Species population in which the male and female reproductive
organs occur in separate individuals.
Epidermis : Oter layer of cells covering the surface of the body.   Evagination
: Out pocketing from any surface
Integument : Covering the body, the skin.
Monoecious : With both male and female reproductive organs.
Nephridium : A tubular excretory organ of the earthworm and other annelids
which consists of a ciliated funnel, opening to the coelomic cavity.
Oesophagus : Gullet or food tube leading from the mouth to the stomach
Parapodia : Flesh paddle like segmented appendages of polychaete worms.
Prostomium : Portion of the head situated before the mouth.
Receptor : A sensory end of the organ.
Regeneration : Act of growing a new baby part for one which has been injured
or lossed.
Schizocoel : Coelom formed by the splitting of the embryonic mesoderm.
Septum : An internal body partition.
Tentacles : Flexible arm like projections of coelenterates and some other
animals  Trochophore : A free swimming ciliated larva characteristic of
annelida and mollusca.
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SELF ASSESSMENT
 1. The term Annelida was coined by

1. Grant 2. Lamarck 3. Aristotle4. Von siebold
 2. Body cavity of annelids is

1. Enterocoel 2. Schizocoel 3. Pseudocoel 4. Haemocoel
 3. First formed eucoelomates are

1. Flat worms 2. Round worms
3. Annelids 4. Arthropods

 4. Locomotor structures of annelids are
1. Setae  2. Parapodia   3. Suckers    4. All the above

 5. Blood vascular system first appears from this phylum
1. Platyhelminthes 2. Nematoda
3. Arthropoda 4. Annelida

 6. Excretory organs in annelids are called
1. Kidneys 2. Renette glands
3. Green glands 4. Nephridia

7 . Nephridia of annelids are derived from

1. Ectoderm 2. Endoderm 3. Mesoderm 4.All the above

 8. In annelids nerve ring is formed around

1. Oesophagus    2. Pharynx    3. Gizzard    4. Stomach

 9. The only annelids with internal fertilization are

1. Earthworms 2. Bristle worms

3. Leeches 4. All the above

10. The characteristic larva of annelids is

1. Muller 2. Planula  3. Nauplius 4. Trochophore

11. Annelids with eyes, tentacles and palps are

1. Polychaetes 2. Oligochaetes  3. Leeches  4. Archiannelids

12. Locomotor structures of Polychaetes are

1. Suckers  2. Pseudopodia 3. Parapodia  4. Cilia

13. The larva of polychaetes or Bristle worms is

1. Muller   2. Trochophore  3. Nauplius  4. Bipinnaria
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14. Study the following statements regarding Polychaetes.
I. Gonoducts are absent
II. Head is distinct with eye tentacles and pedipalps
III. Clitellum is present
The correct combination is
1. Only I & II are correct  2. Only II & III are correct
3. Only 1 & III are correct 4. All are true

15. Study the following statements regarding Hirudineans.
I. Clitellum is formed during breeding season only
II. Internal segmentation is almost absent
III. Indefinite number of segments are present.
The correct combination is
1. Only I & II are correct  2. Only II & III are correct
3. Only 1 & III are correct 4. All are true

16. Match the following and choose the correct combination.
                  List – I                        List – II

A. Parapodia with many setae               I. Archiannelida
B. Setae are the chief locomotor           II. Hirudinea
     structures
C. Suckers are locomotor structures    III. Oligochaeta
D. Marine annelids without clear          IV. Polychaeta
      external segmentation
1. A-II, B-III, C-IV, D-I 2. A-IV, B-III, C-II, D-I
3. A-I, B-III, C-II, D-IV 4. A-I, B-II, C-IV, D-III

17. (A) : Clitellum is absent in polychaetes
 (R) : Polychaetes are monoecious annelids
1. Both A & R are true.  R correctly explains ‘A’
2. Both A & R are true.  But ‘R’ cannot explain ‘A’
3. ‘A’ is only true.  But ‘R’ is not true
4. Both A & R are not true
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Introduction : Phylum Arthropoda (Gr., arthros, joint + podos, foot) is the
largest phylum of  the animal kingdom including about 9,00,000 species in all
habitats, which constitute about 80% of all the known species of animals.
Arthropoda  is a highly successful group of animals on earth.  They live in all
habitats i.e., terrestrial, aquatic environment. Chitinous  exoskeleton and jointed
appendages are the keys to the success of Arthropods.  The term Arthropoda
was coined by Von siebold.  The phylum takes its name because of jointed
appendages.  Arthropods are advanced over annelids by showing an increasing
tendency of cephalization, presence of jointed appendages, striated muscles,
chitinous exoskeleton,  special respiratory organs and compound eyes.

General Characters

Arthropods inhabit types of habitats, i.e., marine, freshwater and terrestrial.

They are bilaterally symmetrical, triploblastic and metamerically segmented.
Unlike Annelids, inter segmental septa are absent.  Hence metamerism is called
heteronomous.

Appendages are jointed,  usually one pair to each segment.

Body is distinguished into three tagmata: head, thorax and abdomen.  Head
and thorax often fused to form a cephalothorax.

Phylum : Arthropoda
4.4. General Characters and
classification up to classes

  Learning Outcomes:
  To Identify the members of phylum Arthropoda.
  To Describe the characters of Arthropods.
  To Know about the heteronomous segmentation.
  To Understand the role of trachea in respiration.
  To Know about the haemolymph and haemocoel.
  To Identify different types of larvae in Arthropoda.
  To Understand the significance of chitinous exoskeleton in
   Arthropoda Phylum.
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


         




          





 


         
        


 


 
        


         



 
         
 
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Body is covered by a chitinous  exo-skeleton which provides protection and
prevents dehydration from the body.  It undergoes moulting or ecdysis to facilitate
growth.

Schizocoelic coelom is reduced and associated with gonads and excretory organs
(Coxal glands or green glands).  Body cavity or coelom is filled with blood
hence it is called Haemocoel.

First time in the animal kingdom the appearance of coiled alimentary canal is
seen in arthropods.  The Alimentary canal is distinguished into three regions
i.e., foregut, midgut and hindgut.

Specialized respiratory organs are first appeared in Arthropods.  Aquatic
arthropods (Class : crustacea) respire with gills, Terrestrial arthropods respire
with Tracheal system (class insecta, diplopoda,  chilopoda) and book lungs
(scorpions and spiders).

Muscles are mostly striated, usually capable of  rapid contraction.

Circulatory system is open type.  Heart is dorsal and tubular with many chambers.
Respiratory pigment is absent hence the blood is colourless, called haemolymph
(class : insect).  Haemocyanin is a copper containing bluish respiratory pigments
in many crustaceans, arachnids and crabs.

Excretory organs are green glands in crustacean Malpighian tubules in insects,
malpighian tubules and coxal glands in scorpions and spiders.

Central nervous system consists of a nerve ring and solid double ventral nerve
cord.  Nerve ring consists of a pair of supra oesophageal ganglia (so called
brain), a pair of circumoesophageal connectives, and a pair of suboesophageal
ganglia. Sense organs including antennae, simple eyes, compound eyes and
statocysts.

Most of the arthropods are unisexual.

Fertilization is usually internal.

Development  is direct or indirect with one-to-many larval stages.
Parthenogenesis is seen in some arthropods.

Eggs of insects are centrolecithal.
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 




 

      
       


 


 











 









 









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Classification :Phylum Arthropoda is classified into three subphyla i.e.,
1. Trilobita 2. Chelicerata   3. Mandibulata.

Subphylum-1 :Trilobita (Gr. Tri – three, lobata – lobe)

These are extinct marine arthropods.

Appendages are numerous, similar and biramous on all segments except the
last one.

A pair of longitudinal furrows  divides the body of  trilobites into three lobes.

Head is distinct, probably with one pair of antennae.

Example :Triarthrus, Dalmanites

Fig.4.4.1Triarthrus                  Fig.4.4.2Dalmanites

Subphylum-2 :Chelicerata (Gr. Chele = claw; keros = horn; Latinate = bearing)

Body is divided into cephalothorax (prosoma) and abdomen (opisthosoma).

Prosoma has six segments, whereas opisthosoma has thirteen segments .
Opisthosoma is further divided into an anterior mesosoma and posterior
metasoma.
Antennae and jaws are completely absent.
Prosoma bears six pairs of appendages of which first pair are chelicerae, second
pair are pedipalps and last four pairs of walking legs.
Chelicerata subphylum is divided into two classes i.e., Merostomata, Arachnida.
Class-1 : Merostomata
All are marine, including horseshoe crabs.
Contains simple median eyes and lateral compound eyes.
Prosoma covered by a horse shoe shaped carapace, one pair of chelicerae, four
pairs of walking legs and one pair of pusher legs are present on the first six
segments of prosoma.
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






       




















 
III

 



         

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Examples : Limulus (King crab or horseshoe crab), Eurypterus,  Pterygotus.

Fig. 4.4.3Limulus

Class-2: Arachnida

This class includes scorpions, spiders, ticks and mites.

These are mostly terrestrial.

Prosoma bears one pair of chelicerae, one pair of pedipalps and four pairs of
walking legs.

First pair of mesosomal appendages are modified into genital operculum.

Second pair of mesosomal appendages are modified into comblike sensory
appendages the pectines (scorpions) for exploring the ground and for recognition
of sex.
Last four pairs of mesosomal appendages in scorpions are modified into book
lungs.
In male spiders, pedipalps function as copulatory organs.
Opisthosoma of spiders bears 4 or 6 or 8 pairs of spinnerets are the modified
opisthosomal appendages.
In scorpions, respiratory organs are book lungs.  Respiratory organs in spiders
are book lungs or trachea or both.
In ticks trachea are the respiratory organs.
Excretory organs coxal glands and malpighian tubules.
Mostly oviparous but scorpions are viviparous.

Development is direct.
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



        





       






       



 

 

 








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Examples :Palamnaeus – Black scorpion, Buthus – Red scorpion, Centruroides,
Lycosa – wolf spider, Achaearanea– House spider, Argiope – writing spider,
Sarcoptes – Itchmite, Ixodes – sheeptick, Dermacentor – Dog tick,

Argas – Bird tick

Fig. 4.4.4Palamnaeus                   Fig. 4.4.5Buthus

Fig. 4.4.7Sarcoptes                             Fig. 4.4.6Lycosa

Subphylum -3 : Mandibulata

Body divisible into head, thorax and abdomen.

Cephalic appendages are one or two pairs of antennae, one pair of mandibles and
one or two pairs of maxillae.

This subphylum includes prawns, crabs, crayfishes, centipedes, millipedes and
insects.

Compound eyes are common.

Subphylum Mandibulata is classified into Crustacea, Chilopoda, Diplopoda and
Hexapoda.

Class-1 : Crustacea :

This class includes Prawns, Crabs, Cyclops, Lepas, Balanus, sacculina, squilla,
shrimps and Lobsters.

All are aquatic.

Head and thorax fused to form cephalothorax.
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 (BH)

 (PTTH)

 (PGH)

 (JH)


      

       



        








        








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Exoskeleton is chitinous, hard and limy (calcareous).

Head is five segmented, bearing two pairs of antennae (antennules and antennae
– unique feature) one pair of mandibles and two pairs of maxillae.

Appendages are typically biramous.

Respiratory organs are gills or branchiae.

Excretory organs are green glands or antennary glands.

Sense organs include antennae, compound eyes, statocysts.

Development is direct or indirect involving several larval stages.  The basic
larva is nauplius.

Examples :Daphnia (water flea), Cyclops,Lepas (Goose barnacle), Balanus (rock
barnacle), Sacculina (root headed barnacle), Squilla (mantis shrimp),  Palaemon
(Freshwater prawn), Penaeus (marine prawn), Lucifer (shrimp), Palinurus
(Lobster), Astacus (crayfish), Cancer (True crab),Hipaa (coconut crab), Inachus
(spider crab).

Fig. 4.4.7 Different Crustaceans
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









       




























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Class – 2 :Chilopoda

This class includes centipedes or hundred leggers.

They are terrestrial, air-breathing, carnivorous animals.

Body is divided into Head and trunk.  Trunk bears 15 to 173 segments.

Each segment of trunk bears a pair of clawed appendages.

First pair of  trunk appendages  forms poison claws.

Respiratory organs are tracheae.

Excretory organs are malpighian tubules.

Examples :Scolopendra, Scutigera.

Fig. 4.4.8 Scolopendra

Class – 3 : Diplopoda :

This class includes millipedes or thousand leggers.

These are terrestrial and detritivorous.

Body is divided into head and trunk (16 to 100 segments)

Head bears one pair of antennae, one pair of mandibles and one pair of maxillae.

Maxillae are modified into gnathochilarium.

Each trunk segment bears two pairs of legs and two pairs of spiracles.

Respiratory organs are tracheae.

Excretory organs are malpighian tubules.

Examples :- Julus, spirostreptus, Spirobolus.

Note :Chilopoda and Diplopoda are grouped under superclass Myriapoda.
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Class – 4 :Insecta (or) Hexapoda

Insecta is the largest class in animal kingdom
and includes about 80,00,000 species of
insects.
They are present in all habitats except marine
habitat.
Body is divided into head, thorax and
abdomen.
Head with one pair of antennae, one pair of compound eyes, one pair of
mandibles and two pairs of maxillae.
Thorax with three pairs of jointed legs and one or two pairs of wings.  Wings are
absent in some (Ex : Lepisma)
Respiratory organs are tracheae.
Blood is colourless hence it is called Haemolymph.
Excretory organs are malpighian tubules.

They are uricotelic.

Development is indirect with various larval stages including metamorphosis.

Examples :Lepisma (Silverfish), Poecilocercus (Grasshopper), Schistocerca
(Locust), Periplaneta (Cockroach), Gryllus (House cricket), Phyllium (Leaf
insect), Carausius (Stick insect), Ephemera (May fly), Pediculus (Human louse),
Cimex (Bed bug), Ranatra (Water scorpion), Musca (House fly),  Drosophila
(Fruit fly), Culex (Mosquito),Apis (Honey bee),Xenopsylla (Rat flea)

Fig. 4.4.9Spirostreptus

Fig. 4.4.10 Different insects
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Vision :

Most of the arthropods possess eyes, which can vary in number,
structure and complexity.  The eyes of arthropods may be in the form of
photoreceptors, i.e., simple eyes or compound eyes.  Ocelli can detect lower
light levels and have a faster response time, while compound eyes are capable
of forming images.

Simple eye (Ocelli):

The word ocelli is derived from the latin word ocellus which means
little eye.  Arachnids and jumping spiders possess simple eyes.  Arthropods
possess two types of ocelli

1)  Dorsal Ocelli

2)  Lateral Ocelli

4.5. Vision and Respiration in
Arthropoda

Learning Outcomes:

  To Know about the different types of eyes in Arthropoda.

  To Describe the structure of compound eye.

  To Understand the mechanism of vision in Arthropoda Phylum.

  To Identify different kinds of respiratory organs in Arthropoda.

  To Know the significance of tracheal system
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1. Dorsal Ocelli : These are found dorsally on carapace closely placed together
in the middle near the compound eyes.  Dorsal Ocelli are not present in those
which lack compound eyes.  Each Ocelli contains a single corneal lens present
may be curved (bees) or flat (cockroach).  They are sensitive to a wide range of
wavelengths and quickly respond to the changes in light intensity.  Simple
Ocelli cannot form an image and is unable to recognize the object.

2)   Lateral Ocelli (Stemmata) : These ocelli are always present at the lateral
sides of the head and number varies from 1 to 6 pairs.  They are structurally
similar with dorsal ocelli except they have a biconvex lens and crystalline cone
beneath the cornea with less number of rhabdomes.  Sensitive to light intensity
and capable of detecting movements of nearby objects.

Fig. 4.5.1 Ocelli in Arthropods

Fig. 4.5.2 Stemmata in Arthropod larvae
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Compound Eye :

In Arthropods generally a pair of compound eyes are present on the
dorsal side of the head.  Each compound eye is composed of structural and
functional units called ommatidia.  The outer surface of the compound eye is
divided into hexagonal facets.  Each facet is an outermost portion of a
corresponding ommatidium.  The number  of ommatidia varies from hundreds
to thousands in different adult insects.

Fig. 4.5.3L.S. of Compound Eye

Structure of an Ommatidium :

Each Ommatidium is basically contains two regions i.e., 1. Dioptical or
focussing region  2. Retinal or receptor region.  The following structures are
seen in dioptical and retinal region of Ommatidium.

1.  Cornea : It is the outermost part of ommatidium and corresponds to a
“hexagonal facet” of the compound eye.  It is biconvex and transparent.  Cornea
is secreted by corneagen cells.

2.  Corneagen cells (Lenticular cells) : These are two transparent specialized
epidermal cells that secrete cornea.  These cells later secretes iris pigment sheath.
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3.  Vitrellae or cone cells (semper cells) : These are four conical transparent
cells that lie below the corneagen cells.  They surrounded the transparent
crystalline cone.  These cells are protected by iris pigment sheath.

4.  Crystalline cone : It is the transparent conical structure that is secreted by
the vitrellae.  The region containing the cornea and Crystalline cone constitute
the dioptical or focusing region of the ommatidium.  Crystalline cone focusing
the light on to the rhabdome.

Fig. 4.5.4Periplaneta A- L.S of an ommatidium: B- T.S Through cone at A-
A; C- T.S through rhabdome at B-B.

5.  Retinulae : These are the innermost elongated cells of the ommatidium.
They are seven in number and rest on the basement membrane.  Inner facets
towards the centre of these cells contain microvilli which collectively secrete
rhabdome.  Retinulae are the nerve fibres from which sensory nerve fibres leave
to form optic nerve. Rhabdome and retinulae form the retinal or receptor region.
Retinulae are surrounded by retinal pigment sheath which absorbs light and
serve to isolate each ommatidium as an individual unit of compound eye.  This
retinal pigment sheath is movable.  In bright light, pigment sheath extends and
act as screen to prevent light rays to pass from one ommatidium to other.  In dim
light, this sheath retracts and allow light to pass from one ommatidium to other.
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Image formation

Compound eye form image with help of inputs received from
ommatidia.  Each ommatidium forms a separate image of a small part of the
object.  Depending upon the intensity of light compound eyes form two kinds of
image i.e., 1. Apposition image   2. Superposition image
1.Apposition image : The compound eye forms an Apposition image in bright
light or daylight.  In bright light both the iris pigment sheath and retinular pigment
sheath extend and act as screen to prevent light rays passing from one
ommatidium  to another.  Hence the light rays remain restricted to the axial
region of the crystalline cone and rhabdomes.  As a result the rays which
perpendicularly fall on cornea and pass through rhabdome form the part of an
image.  The rays which fall obliquely on the cornea are absorbed by the pigment
sheath and do not produce any visual effect.

The final image formed by the compound eye is a mosaic of several
small images.  Such an image is called apposition image because it is formed by
the juxtaposition of small parts of the visual field.  This type of vision is called
mosaic vision.
2.  Superposition image :These images are formed in the dim light.  Mostly the
nocturnal insects like fire flea forms this type of images.  In weak light, both
proximal and distal pigments retract.  Now the ommatidia do not remain optically
isolated and the light rays can pass obliquely from one ommatidium to another.
This results in overlapping of images.  The image formed by overlapping images
is called a superposition image.  It is not a clear image other words called as
blurred image.

Fig. 4.5.5Apposition and Superposition images in insects.
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Respiration in Arthropods :

Arthropods constitute three-fourth of the animal kingdom and inhabit a
variety of habitats that breathe air as well as perform aquatic gill breathing
respiration.  Their respiratory organs vary according to their way of living as
described below.
Respiratory organs of Crustaceans :

In the majority of crustaceans gills are the chief respiratory organs.
In prawn gills are enclosed in a gill chamber on each side of the cephalothorax
and are covered by a carapace, inner side of which is called branchiostegite and
has vascular respiratory epithelium.Epipodites also help in respiration.
Prawn respiration : Respiration in prawn performed by the following structures.
1)  Lining of branchiostegite : The richly vascularised membrane of the
branchiostegite serves as the respiratory surface, through which gaseous exchange
takes place.
2)  Epipodites : These are small highly vascularised leaf-like membranous
structures, on the coxal segment of each maxillipede.   These epipodites being
present in the anterior part of the gill chamber carry out respiratory functions.
3) Gills : Among the three respiratory organs in prawn, gills are regarded as
primary respiratory organs.  There are eight pairs of gills present at the lateral
sides of cephalothorax and beneath the branchiostegites.  Each gill is attached
with the thoracic wall by a gill root.  Seven of these eight gills are serially
arranged, while the eighth gill remains concealed under the second gill.
Structure : The gills are crescent shaped and their size increases gradually
from anterior to posterior direction.  Each gill consists of a slender axis or base
on which double rows of rhomboidal leaf-like gill plates are arranged like the
pages of a book.
Types of gills : In prawn according to their position and the mode of attachment,
the gills are three types.
1.  Podobranch : This type of gills attached to the coxa of the second maxillipede.
Example : first pair gills
2.  Arthrobranch : This type of gills attached with the arthroidal membrane of
third maxillipede.  Ex : Second and Eight gills.
3.  Pleurobranch : These gills are attached with the outer border of the thorax
and over the articulating surface of the walking legs.
Ex : Third, Fourth, Fifth, Sixth and Seventh gills.
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Respiratory organs in Arachnids :
The scorpion Respiratory system consists of 4 pairs of circular pulmonary

sacs or book lungs.  Each pair lies inside mesosomic segments from 3rd to 6th.
Each book lung consists of two pairs.  Proximal or ventral part is in the form of
a small compressed air cavity, called a trial chamber.  It communicates with the
outer air by a slit-like opening called spiracle or stigmata.  The Dorsal part of
the book lung contains nearly 150 vertical folds or lamellae.  Exchange of
respiratory gasses takes place through the lamella.Spiders are unique regarding
their respiration.  They are the only animal group that breath simultaneously
with lungs and trachea.
Respiratory organs of Insects :
Tracheal system : Most of the insects perform their respiration by means of an
elaborate and most efficient gas exchange system known as tracheal system.  In
its general plan, the tracheal system resembles the circulatory system of vertebrate
animals, as it is distributed throughout the body, so that air is brought in direct
contact with tissues and cells of the body.  In insects tracheal system serves for
transport of oxygen and carbon dioxide because the blood of insects lack of
respiratory pigment (except chironomus larvae which has haemoglobin in blood
plasma) Tracheal system consists of spiracles, Tracheae and tracheoles.

Fig. 4.5.6 Cockroach tracheal system
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Fig. 4.5.7Cockroach tracheoles in tracheal system

Types of tracheal system : According to the opening and closing of spiracles.

1.  Holopneustic : When all the spiracles remain open.

Example : Cockroach

2.  Hemipneustic : When one or pair of spiracles remain closed.

Example : beetles, butterflies.

3.  Apneustic :Spiracles are completely absent.

Example : Aquatic larval insects.

Tracheal gills :

The nymphs and larvae of many aquatic insects possess
specialized respiratory organs called Tracheal gills.  Frequently tracheal gills
are located on the abdomen and less frequently on the thorax and head.

Example : larva of plecoptera.

Blood gills : Some aquatic insects such as Trachipterus tipulid larvae, possess
gills devoid of trachea but containing blood.  These are termed as blood gills.
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The transformation of an immature larval individual into a sexually
mature reproducing adult  different from structure and habitat is called
metamorphosis.  The word “metamorphosis” comes from the Greek which
means to transform.  Insects display 4 types of metamorphosis.
1.  Ametabolous or No-metamorphosis : This type of metamorphosis is also known
as ametabolous development.  The newly hatched creature looks exactly similar to an
adult except in size and differences in armature of spines and setae.

Ex : Silverfish, Springtail, chewing lice, Sucking lice.

Fig. 4.6.1 Ametabolous development

2. Incomplete metamorphosis or hemimetabolous development : In case of
incomplete metamorphosis the immature stages are called as nymphs or naids.
These immature stages are aquatic and respire with gills.  Whereas the adults
are terrestrial and respire with trachea.

Ex : may fly, dragonflies, stone-flies.

4.6. Metamorphosis in insects

Learning Outcomes:
  To Know about different types of metamorphosis in insects.
  To Understand the role of hormones in insects meta-morphosis
  To Understand the significance of metamorphosis.
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3.  Gradual metamorphosis or paurometabolous development : In this type
of metamorphosis, the newly hatched creatures resemble an adult in general
body form.  But lacks wings and external genital appendages.  The young nymphs
undergo several nymphal stages through successive moultings to transform into
adults.

Examples : Cockroach, Grasshoppers, aphids, stink bugs.

In this type four metamorphic stages are included namely egg, larva,
pupa and adult.  After hatching, larva moults several times to become fully
grown one.  It becomes a pupa within a secreted  case called a puparium.
Inside the puparium the pupa differentiates into adult and then breaks, emerges
outside.

Fig. 4.6.2 Hemimetabolous development

Fig. 4.6.3 Parametabolous development

4.  Complete metamorphosis or Holometabolous development :
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The role of hormones in the physiology of moulting was first discovered
by V.B. Wrigglesworth in the year 1930.  He discovered neurosecretory cells in
the brain of insects.  Metamorphosis is under the regulation of following
Hormones;

1.  Brain hormone (BH) : It is secreted by neuro secretory cells of the brain.
This hormone activates corpora cardiaca to release pro thoracico tropic
hormone (PTTH) into blood.

2.  Pro thoracico tropic hormone (PTTH): This hormone is secreted by corpora
cardiaca, which in turn stimulates prothoracic glands.

3.  Pro thoracic gland hormone (PGH) : This hormone secreted by prothoracic glands
with the stimulation of PTTH.Chemically it is ecdysone.  This hormone triggers moulting
hence it is called  moulting hormone.

4.  Juvenile hormone (JH) : This hormone is secreted by another component of the
retro cerebral complex, the corpora allata.  This hormone ensures growth of

Fig. 4.6.4Holometabolous development

Hormonal control of metamorphosis :
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larva, if larva is not fully matured then juvenile hormone promotes diapauses
to maintain larval stage.  So, insects remain in the larval stage.

The following table contains the details of hormones involved in the
process of metamorphosis.
Hormone Secreted by  Chemical  Function

nature
Brain Hormone Neurosecretory Lipids Activates
(BH) cells of Brain Corpora cardiaca

Prothoracicotrophic corporacardiaca
Ecdysteroids Stimulates
Hormone (PTTH)
prothoracic glands

Prothoracic gland Prothoracic
Ecdysone Triggers moulting
Hormone (PGH) glands
Juvenile hormone(JH) Corpora allata  Lipids

Regulates Metamorphosis

Fig. 4.6.7Hormonal control in insects metamorphosis
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Peripatus is an interesting animal that exhibits some annelid characters
and some arthropod characters, besides its own typical features.  Hence
peripatus is often referred to as the connecting link between phylum Annelida
and Arthropoda.  Peripatus is conventionally with Arthropoda as one of its
classes.  But the modern system of animal classification has given it the status
of an independent onychophora phylum.  There are about 70 species in this
phylum belonging to a few genera or possibly to one genus, peripatus.

Fig. 4.7.1Peripatus

The genus peripatus is found restricted in the various places of the
world such as South Africa, Australia, New Zealand, Mexico, Central America,
West Indies, Malaya Archipelago and India.  Hence it exhibits discontinuous
distribution.

4.7. Peripatus structure and affinities

Learning Outcomes:
  To Understand the morphology of peripatus.
  To Understand the evolutionary pattern of animal kingdom.
  To Know about the taxonomic position of peripatus.
  To Describe the structure of peripatus.
  To Know about the unique characters of Peripatus
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Habits and Habitat :

It lives in a terrestrial environment, living in moist places, in
crevices of rocks.  Under bark, stones and beneath the fallen leaves.  It is generally
confined to humid habitats.  Peripatus is a nocturnal, predaceous and
carnivorous animal.  It feeds on small invertebrates such as snails, insects and
worms.

External Morphology : Body of peripatus is caterpillar like.  It is soft, elongated
and more or less cylindrical.  External segmentation is indistinct and marked
only by the present of paired appendages.  Which number from 14 to 43 pairs.
Each leg is a large, hollow, conical un-jointed protuberance bearing a pair of
terminal claws.  At the distal end of each leg on the ventral side are three to six
transverse spinaceous pads, on which the leg rests when walking.

Fig. 4.7.1 Peripatus External morphology

The skin covered by thin cuticle is soft and has a velvety texture and is
thrown into a number of fine transverse ridges bearing numerous conical papillae
or tubercles armed with little chitinous  spines.  The coloration is different in
various species  from dark grey to brown.  The entire body of peripatus may be
divided into an indistinctly marked head and an elongated trunk.  Head bears a
pair of simple eyes, a pair of antennae, a pair of jaws or mandibles and a pair of
oral papillae.  Jaws are modified as a second pair of appendages.  Each jaw is
compared to two curved, falciform pointed chitinous plates attached with striated
muscles. Third paired appendages are a pair of oral papillae.  On the terminal
end of each papilla contains an aperture of slime gland, which helps in entangling
the prey.
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Body Wall : The body wall is dermo muscular, consisting of cuticle, epidermis,
dermis and muscles.  All muscles are non-striated.  Thus, the body wall of
peripatus constructed on the typical annelidan plan.

Coelom : A true coelom is in the form of small cavities around the gonads and
metanephridia; the body cavity is haemocoel.

Digestive System : It consists of Alimentary canal and digestive glands.
Alimentary canal is simple and tube-like.  Contains mouth, pharynx, esophagus,
stomach intestine and rectum.  A pair of salivary glands are present, opening
into the pre oral cavity of  mouth.

Respiratory System : Respiration performed by tracheal tubes.  These tracheal
tubes are delicate and unbranched, communicating to outside through minute
spiracles.  Spiracles are numerous without any closing valve.

Circulatory System : The coelom of peripatus is filled with colorless blood
hence it is called haemocoel.  A single mid dorsal tube, the heart placed on the
dorsal surface of the gut.  The heart is tubular and contractile lies within the
pericardial sinus.  It is provided with a pair of lateral ostia in each segment.

Excretory System : Segmentally arranged nephridia are excretory organs in
peripatus.  A typical nephridium contains a ciliated funnel, a coiled duct and
vesicle.  A pair of large slime glands opens outside through the apertures located
on oral papillae.  Slime glands are the modified coxal glands.  When the animal
is irritated then  secretion is discharged in the form of a number of fine viscid
threads probably as a measure of defense.

Nervous System :Peripatus contains Annelidan type nervous system with a
pair of supra pharyngeal ganglia or brain, a pair of circumpharyngeal connectives
and a pair of lateral longitudinal nerve cords connected together by transverse
commissures.  Ganglia on the cords are indistinct.

Sensory Organs : A pair of simple eyes are present near the base of the antennae.

Reproductive System :Peripatus is unisexual and viviparous. Fertilization is
internal.  The cleavage is superficial.  Reproductive tracts contain cilia.

Affinities of peripatus : The genus peripatus was established in 1826 by
Guilding.  He regarded it as a mollusc, misled by its slug-like antennae and by
its moist skin.



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 191

 In 1874 Moseley first established the position of peripatus as a primitive member
of phylum Arthropoda by discovery of the trachea.   Peripatus exhibits affinities
with Annelida, Arthropoda and Mollusca as well as with its unique characteristic
features.

1)   Annelidan characters :

Vermiform body with truncated extremities.

Constant, distinct head is absent.

Dermo-muscular body wall, consisting of a thin flexible cuticle.

Body wall contains smooth muscles only.

Locomotion is slow through peristalsis as in an earthworm.

Appendages are hallow and unjointed.

Simple and straight alimentary canal with terminal mouth and anus.

Paired segmentally arranged nephridia.

Slime glands are the modified coxal glands which are similar with glands of
earthworms and leeches.

Structure of the eyes is simple and similar to Polychaetas’ eye.

Presence of cilia in the reproductive tracts.

2.Arthropodan Affinities :

Presence of Antenna.

Body is covered with chitinous cuticle like that of arthropods.

Appendages are provided with claws.

Jaws are modified appendages with striated muscles.

Body cavity is haemocoel.

Coelom is reduced to small cavities that surround the excretory and reproductive
ducts.

Presence of Salivary glands which opens into the pre oral cavity of mouth.

Presence of tracheal respiratory system.

Heart is dorsal tubular with lateral ostia.

Brain is large and resembles the brain of a typical arthropod.
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General structure of reproductive organs and the pattern of development is  same
as in other arthropods.

3.  Molluscan Affinities :

Slug like appearance of the body.

Ladder-Like nervous system as found in Amphineura.

The above characteristics led to the inclusion of peripatus among Mollusca. But

according to other evidence, these are only superficial resemblances.

4.  Onychophoran Characteristics :

Body shows indistinct segmentation.

Unique skin texture. A rough cuticle covered with numerous velvety processes

not known in other phyla.

Antennae are not exactly similar with the antennae of arthropods.

Three segmental head of peripatus exhibit a condition mid-way between that of

Annelida and Arthropoda.

Movement of jaws from anterior to posterior end.

Presence of un-jointed legs with claws.

Irregular distribution of spiracles on the body wall and devoid of valves.

Taxonomic position of peripatus :

Peripatus is of special interest because its body exhibits certain structures

characteristic of annelids and other structures found in arthropods.  Therefore,

most of them are regarded as the connecting link between Annelida and

Arthropoda.

However, onychophorans appear to be more closely allied to arthropods

than to the annelids.  But absence of exoskeleton and jointed limbs and the

primary annelidan characters present in onychophora produce serious debate.

As a matter of fact, onychophorans are neither annelids nor arthropods but possess
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Insects (such as an ant, bee, wasp & termite) that live in a colony or
community with other individuals of the same species are called social insects.
They are found in two orders of class insects namely Isoptera and
Hymenoptera.  Social insects possess large populations, parental core, Rich
nest, Polymorphism, Extrapopulation of nests, Cohesiveness of colony,
progressive provisioning of food, Trophallaxis, Swarming, communication
and protective devices.

General Characters of Social Insects

1.  Large Populations : Social insects live in integrated manner in large
groups.  Individuals in bee hives may range up to 35,000 to 50,000.  Termite’s
colonies may possess millions of individuals.

2.  Parental care : Parental care is an insect social behavior whereby the
young ones are provided with food, shelter and defense by the parents as a
part of the family relationship.  Parental care includes activities like providing
young ones  with food, cleaning the nests, feeding the young, protecting the
queen from all adversities, cooling the nest in summer season and removal of
debris.

3.  Rich nests : The nests of all social insects are rich in structure which helps
in protection, storage of food and maintenance of broods.

4.8. Social Life in Bees and Termites

Learning Outcomes:

  To Understand about division of labor

  To Identify different caste system in insects.

  To Know the characters of social insects.
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4.  Polymorphism :  It may be defined as the occurrence of several forms
within the same species.  It refers to specialization of individuals within a species,
individuals perform different works in the colony so division of labor is
prominent.  Members are differentiated into distinct castes which are structurally
and functionally different from each other.  The polymorphic individuals are
sometimes called super organisms.

5.  Extra Populations : Some aphids, beetles, mites etc. are attracted into the
nests of ants and termites by the high temperature and surplus food.  These
extra populations are protected and fed by the ants and termites.  In return the
ant and termite populations feed on a fluid secreted by them.  Some beetles live
in the nest of the ant and feed on the ant larvae. All these forms the extra
populations of the social insects.

6.  Cohesiveness of the colony : Cohesiveness means living together and
cooperating with each other.  Various casters in social insects differ in structure
and physiology and perform different works for the mutual benefit of each other
as a biological unit.  Individuals cannot survive independently.

7.   Progressive provisioning of food : Most of the social insects daily feed
their young ones continuously.  The young ones fed until they metamorphose
into adults is called progressive provisioning of food.

8.   Trophallaxis (Mutual feeding) : Exchange or sharing of liquid material
between two individuals (mostly members of the same colony) is called
trophallaxis.Mouth to mouth (stomodeal) transfer of food is common in arts
while anus  to mouth (proctodeal) transfer is crucial in termites.  Similarly young
ones exchange food with the adults.  Trophallaxis is an important phenomenon
in determination and regulation of castes in termite colonies.

9.   Swarming :The behavior of the insects coming out of the nest in large
numbers to relieve the overcrowding  is called swarming.  Swarming occurs for
feeding, migration, of reproduction.  The queen and male mate during swarming
for propagate colonies.  Swarming is also known as nuptial flight.



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 195

10.  Communication : It is an interesting feature found both in social and non-
social insects.  It is the exchange of information between individuals.  Insects
use chemical, visual, tactile and auditory signals as a means of communication
with each other.  Pheromones (Ecto hormones) pass out of the body and help in
regulating and coordinating the colony activities.  For example, ants deposit
substances on their way which act as trail markers and help them return to their
homes after a foraging trip.
11.   Protective devices : Social insects have protective devices like stings in
bees and ants.  Mandibles are well developed in most bees, soldiers of ants
and termites to kill their enemies.  Sometimes guards are posted near the nests
to attack the intruders.
Social organization of bees :

Honey bees are social insects.  The nest of the honey bee is known as the
beehive.  The population of an average sized bee colony consists of 35000 to
50000 individuals.  Bees are considered to be a polymorphic species because
there are three types of individuals in a colony.  Namely the queen, worker and
drone.  All these three individuals depend upon each other for their existence.
Drones and queens are concerned only with reproductive function and so workers
have to perform all the other duties of the colony.  The following is the description
of each type of individual in the bee colony.
1.   Queen :
It is the only diploid, fertile female in a beehive.
The size of the body of the queen is much larger than other castes of bees of the
colony.
The queen is responsible for laying eggs for a colony.  She lays about 1000 to
2000 eggs.  Every day and lives for about two to three years.
2.  Worker bee : It is a diploid, sterile female.The size of the worker bee is the
smallest among all the other castes but they constitute the majority population
in a bee colony.  The following are the functions of worker bees.
Collection of honey,  Producing royal jelly
Cleaning the honeycomb, Making wax
Constructing the beehive
Defending and protecting the hive
Cleaning the debris and removing dead bees.

Maintaining temperature of the hive.
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Fig. 4.8.1Different honeybees in the colony

3.   Drone : It is a haploid, fertile male.
Drone is derived from the haploid unfertilized egg through parthenogenesis.
Males are larger than workers.
They have large wings, robust body and reduced mouth parts.
There are usually 100 drones in a typical colony.
They live for about 5 weeks only.
They are designated only for mating.  The number of drones in a colony varies
from 200-300.
Social Organization of Termites :

Termites are commonly known as white ants.  Termites survive
exclusively on cellulose and carry cellulose-digesting flagellates inside their
intestine symbiotically.  They make underground nests called termitarium.  The
termite life cycle has the three castes, the reproductives, the soldiers and the
workers.  The unique nature of termite’s colony is, once the caste of an individual
is determined, development into other castes is still possible.  The following are
the individuals in the termite’s colony.
Workers : They are sterile, wingless and blind males and females.  Their cuticle
is unpigmented and not hardened therefore the animals are confined to a dark
and moist environment.  Workers build the nest and galleries, they fetch food,
care for the brood and feed reproductives and soldiers.  The lifespan of a worker
is about one to two years.
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Soldiers : Just like workers they are also sterile, wingless and blind males and
females with an unpigmented, unsclerotized cuticle.  Soldiers defend their colony
from intruders by the use of powerful jaws or by ejecting a white sticky repellent
from an opening on their head.  Soldiers cannot feed themselves; they have to
be fed by workers.  Usually, the number of soldiers is much smaller than the
number of workers.  The life span of the soldiers is about one to two years.

Fig. 4.8.1Life cycle of termites

Reproductives : These have compound eyes and are more or less brown due
to their sclerotized cuticle.  Developing reproductive have wing buds and
wings.  Reproductives can be further divided into

1)  Alates : They are young winged reproductives of both males and females.
From time to time about 100 to 1000 alates leave the colony for a mating and
colonizing flight.  After mating the pair settles down at a suitable site to
establish a new colony.
2)  Dealates : These are the alates that cast their wings after the colonizing
flight and successively turn into queens and kings.
3)  Queen and king : They are the main reproductive individuals in a colony.
Once there are many workers to help the queen her only job is to produce a
tremendous number of offspring.  A large queen may lay more than 4000 eggs
per day.  The lifespan of a queen can be as much as 6-9 years.  The king cohabits
with the female for life.
4)  Neotenic :  They assist the queen in laying eggs, once her productivity
decreases, when the queen has died or deteriorated, one of the neotenics takes
her place and so they are also known as secondary queens.  Hence, the removal
of a queen from her colony does not necessarily mean the end of the colony.
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GLOSSARY

Abductor : A muscle that draws and appendage away from the mid line of the
body
Antenna : A sensitive feeler from the animal’s head.
Anticoagulant : A substance that prevents coagulation of blood.
Appendage : A movable projecting part of the body.
Arthropoda : A phylum of segmented invertebrates with jointed legs.
Articulation : A joint between two structures.
Bioluminescence : Emission of light by living organisms.
Biramous : Possessing two branches.

Carapace : Hard covering of the crustacean Cephalothorax

Caterpillar:   Larval stage in the metamorphosis of moths and
butterflies.

Cephalic : Relating to or towards the head.

Cephalothorax : The fused head and thorax.

Chelate : Claw – possessing appendage.

Chelicera : A pair of pincer like head appendages of arachnids.

Chemoreceptor : A sense organ or cell that response to chemical
stimulus.

Chitin : A polysaccharide protein horny substance that forms the
exoskeleton of Arthropods.

Chrysalis : Pupal stage of butterfly.

Compound eye : An eye ( In Arthropods with numerous ommatidia )

Crop : A thin walled part of the alimentary canal that serves to store the
ingested food.

Ecdysis : Shedding of the outer body layer by an Arthropod.

Egestion : Discharge of undigested food from the alimentary canal.

Endoparasite : A parasite living within the host body.

Enterocoel : A coelom formed by  the out pouching of mesodermal sac
from the endoderm.

Entomology : Study of insects.
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Fertilization : The union of a sperm with an ovum resulting in a zygote.
Fossil : Any remains of the fast life of organism.
Ganglion : A mass of the cell bodies of nerve cells located outside the
central nervous system.
Haemocoel : Coelom filled with blood.
Imago : An adult insect.
Insecticide : Chemical agent that kills insects.
Insectivorous : Insect eating animal.
Metamorphosis : A marked structural change from a larva into an adult.
Nauplius : First in a series of larval stage in crustacea.
Nocturnal : Active at night.
Nymph : An embryonic stage of insect thar resembles an adult.
Ocellus : A small light perceiving eye chiefly of Arthropods.
Ommatidium : A visual unit in the compound eye of Arthropods.
Onychophora: A phylum of caterpillar- like animals structurally
intermediate between annelids and Arthropods.
Palaeontology : Study of ancient life.
Palp : A feeler like head appendage.
Papilla : A small nipple like projection.
Parthenogenesis : Development of an egg without fertilization.
Pelagic : Inhabitation in open water as in mid – ocean.
Pharynx : Part of the gut immediately behind the mouth cavity.
Pheromone : A substance secreted by an organisms to the external
environment which influence the behaviour of the other members of the
same species.
Pupa : Quiescent stage in the complete metamorphosis of an insect.
Puparium : Pupal case.
Spiracle : Surface opening of the tracheal system in insects.
Statocyst : A sense organ of equilibrium.
Telson : Terminal body part of certain Arthropods.
Trachea : Respiratory tube of an insect.
Viviparous : An animal whose female gives birth to young ones.
Zoaea : A kind of crustacean larva.
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SELF ASSESSMENT
1. The term Arthropoda was coined by

1. Jacob Klein 2. Lamarck 3. Vonsiebold 4. Aristotle
 2. Striated muscles appeared for the first time in

1. Annelids 2. Arthropods 3. Molluscs 4. Chordates
 3. The respiratory pigment present in the blood of crustaceans and arachnids

is
1. Haemoglobin 2. Haemoerythrin
3. Haemocyanin 4. Chlorocrurin

 4. Excretory organs of Arthropods are
1. Green glands 2. Malpighian tubules
3. Coxal glands 4. All the above

5. In Arthropods nerve ring is formed around
1. Buccal cavity 2. Oesophagus
3. Pharynx 4. Stomach

6. Triarthrus and Dalmanites are
1. Trilobites 2. Arachnids 3. Chilopods 4. Diplopods

7. Arthropods without antennae are
1. Chelicerates 2. Mandibulates
3. Trilobites 4. Crustaceans

8. Five pairs of walk legs are present in
1. Cockroach  2. Limulus  3. Scorpion  4. Spider

9. The number of walking legs present in spiders and scorpions is
1. Three pairs  2. Four pairs 3. Five pairs 4. Six pairs

10. The respiratory organs of Limulus are
1. Book lungs  2. Trachea   3. Book gills   4. Gills

11. Root headed barnacle is
1. Balanus 2. Sacculina  3. Lepas        4. Lepisma

12. Cray fish is
1. Sacculina 2. Lepisma 3. Astacus 4. Balanus

13. Ship barnacle or goose barnacle is
1. Balanus 2. Lepas       3. Sacculina         4. Daphnia

14. Respiratory structures of insects are
1. Lungs 2. Book lungs 3. Trachea  4. Branchiae

15. The largest class in the kingdom Animalia is
1. Crustacea 2. Nematoda 3. Arachnida 4. Insects
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16. The following are the statements regarding Arthropods
I. These are unsegmented schizocoelomates
II. Exoskeleton of these animals helps in protection and prevention of loss
of water from the body
III. Pharyngeal nerve ring is present
IV. Appendages are jointed.
The correct combination is
1. I and II 2. II and III 3. II and IV 4. I and IV

17.The following are the statements regarding Diplopoda.
I. These are millipedes or thousand legged worms
II. Maxillae fused to form gnathochilarium
III. Single genital aperture present at the posterior end of the trunk.
IV. The first few trunk segments bear one pair of legs but all other

      trunk segments hear two pairs of legs each.
The correct combination is
1. All except – I 2. All except – II
3. All except – III 4. All except – IV

18 (A) : Open type of blood vascular system is present in Arthropods.
 (R) : In Arthropods blood always flows in blood vessels.
1. Both A & R are true.  R correctly explains ‘A’
2. Both A & R are true.  But ‘R’ cannot explain ‘A’
3. ‘A’ is only true.  But ‘R’ is not true
4. Both A & R are not true
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  UNIT- 5

 Learning outcomes
On completion of this unit will be able to

 Understand the general characters and classification of phylum
Mollusca.

 Know the natural pearl formation in pelecypods

 Understand the structure of sense organs of molluscs

 Understand the general characters and classification of phylum
Echinodermata

 Understand the structure and functioning of water vascular system
of Echinoderms

 Differentiate the adaptations of Echinoderm larvae

 Understand the structure and affinities of Balanoglossus

  PHYLUM MOLLUSCA

Introduction

Phylum Mollusca is one of the most prominent invertebrate animals.
The Phylum Mollusca consists of almost 1,00,000 species and is the second
largest animal phylum.  Individuals of this phylum range from minute
planktonic and interstitial species to 20 m long giant squid (Largest
invertebrate). Generally have well  deve­loped eyes and brain however in
some they are absent. (Among invertebrates). They may be found in all
habitats; deserts, forests, lakes, rivers, abysses of sea, coral reefs, underground
or even as parasites on other animals. They may be found clinging to the
rocks, crawling, swimming, burrowing or even digging. .  This phylum was

established by Cuvier (1798).
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
• 
• 
• 
•       


• 
• 


        





      



Radula
Ctenidia






     

        
       
CaCo3





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UNIT- 5
5.1 GENERAL CHARACTERS AND  CLASSIFICATION OF

  PHYLUM  MOLLUSCA UPTO CLASSES

General Characters
 The adults are triploblastic, bilaterally symmetrical animals with a

soft unsegmented body. However, the bilateral symmetry may be lost
in some adult mollusc due to torsion.

 Most of them are enclosed in a calcareous shell. The shell may be
external or in a few molluscs it may be internal, reduced or absent.

 They have a well-developed cephalisation
 The body is divisible into head, mantle, foot and visceral mass.
 The visceral mass is enclosed in a thick muscular fold of the body

wall called mantle which secretes the shell.
 Body cavity is a haemocoel.
 True coelom is schizocoel and reduced to cavities of pericardium,

gonads and kidneys.
 The buccal cavity contains a rasping organ called radula. It helps the

animal in feeding. In Pelecypoda instead of radula crystalline cone is
present.

 A ventral muscular foot is an adaptation for locomotion, primarily for crawling.
In some, it is secondarily modified for swimming or burrowing.

 Paired gills or ctenidia are the primary aquatic respiratory organs.
Some of the molluscs may
possess pulmonary sac for breathing atmospheric oxygen.

 Blood vascular system is of the open type with dorsal heart and a few blood
vessels. However, cephalopods have a closed type of blood vascular system.

Respiratory pigment is haemocyanin.
 Excretion is by a pair of kidneys or nephridia or organ of Bojanus.
An olfactory organ, the osphradium is situated at the base of the gills.

Osphradium tests the purity of water that enters the mantle cavity.
Majority of them are dioecious but a few of them may be

hermaphrodite.
Development is generally indirect having larval stages but direct

characteristic larvae of mollusc that have an indirect development.

development is also found in some molluscs.
17. Trochophore larva, veliger larva and glochidium larva are   
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Classification

Molluscs are classified into seven classes according to their symmetry,
shell, mantle, gills, nervous system and radula.

Class 1. Monoplacophora:

 Gr. Monos means one; plax means plate; pherein means bearing Body
is bilaterally symmetrical and covered by a mantle.

 A single dorsal shell is present which is thin and sub circular.

 Coelom is well developed

 Flat ventral foot is present.

 Mouth and anus are situated at the anteromedian and posteromedian
ends of the foot. Example: Neopilina Galatea

 Fig.5.1.1.  Neopilina(Ventral view)

 Fig.5.1.1a.  Neopilina
(Preserved specimen source wikimedia commons)
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Class 2. Aplacophora : They are found in oceans at a depth of 9000 meters.
Some live on the bottom, and others creep on hydroids and corals.

 They have a poorly developed head.
 Shell, foot and mantle are absent.
 Vermiform body, with a midventral, longitudinal groove containing

one or more ridges which are probably homologous to the foot of other
molluscs.

 They have calcareous spicules buried in the cuticle.
     Example: Neomenia

Dorsal (top) and ventral views of a large Neomenia yamamotoi, from the Gulf of Alaska.

The animal is 11 cm in length. Neomenia yamamotoi courtesy of www.jaxshells.org.

Fig. 5.1.2 Neomenia
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Class 3. Polyplacophora:

 Includes Chitons, about 500 living species and 350 fossil species.
 Bilaterally symmetrical, dorsoventrally flattened, ovoid body, with a

heavy mantle.
 Indistinct head, with no cephalic eyes or tentacles.
 The mantle cavity is posterior.
 Broad and flat foot present for attachment to the hard substratum.
 Examples: Chiton, Lepidopleurina, etc.

Fig. 5.1.3 Chiton (Dorsal View)

Source Zoological Survey of India, Poster
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Class 4. Gastropoda
 Molluscs with a spirally coiled mantle.
 Shell of one-piece en-closing a corresponding visceral mass.
 Asymmetry of viscero-pallium is its funda-mental feature.
 Predominantly developed head with eyes and tentacles are present.
 Flat Foot is present behind the head.
 Buccal cavity consists of an odontophore with a radula having rows of

chitinous teeth.
 Respiration through gills or pulmonary sac or lung.
 Nervous system having cere­bral, pleural, buccal, pedal, visceral and

ab­dominal ganglia with their connectives and commissures.

 Kidney is usually unpaired.
 Sexes are either separate or united.
 Larval development includes trochophore and veliger stages.

Examples: Pila, Murex, Conus, Aplysia (sea hare) Doris,
Helix, Lymnaea, Limax, Planorbis,

Fig. 5.1.4 Limax Fig. 5.1.4a Pila

1 2 3 4 5

1.Mitra stictica
2. Cypraea tigris

3. Cassis cornuta
4. Trochus niloticus

5.Strombus variabilis

Source Zoological Survey of India, Poster
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Class 5. Scaphopoda
 Consists of Marine molluscs.
  Body elongated worm-like enclosed in a bilaterally cy-lindrical shell.
 Curved tube-like shell open at both the ends, the opening being wider at

the oral and narrower at the other end.
 Foot is narrow and trilobed or with a terminal disc which can be protruded

through the oral opening of the shell.
 Captacula, modification of foot help in capture of prey
 Mouth opens at the end of a short buccal tube, at the base of which is a

circlet of tentacles.
 Gills absent.
 Odontophore is with a simple radula.
 Sexes are separate; the reproduc­tive elements pass out through the right

excretory aperture.
 Development includes free-swimming trochophore larva succeeded by

a veliger. Examples: Dentalium, Entalina, etc.

Fig. 5.1.5 Dentalium

Source Zoological Survey of India, Poster



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 210

Class 6. Pelecypoda or Bivalvia or Lamellibranchiata:
 Molluscs with a laterally compressed body enclosed in a bivalved

calcareous shell are included in this class.
 Exhibits bilateral symmetry
  Shell is having a dorsal hinge and ligament, and closed by one or two

adductor muscles.
 Head indistinct without eyes and tentacles.
 Foot is ventral and plough-shaped.
 Gills one or two pairs (ctenidia or branchia).
 Radula absent.
 Heart consists of two auricles and a ventricle.
 Nervous system consists of paired cerebral, pedal and visceral ganglia

with their connectives.
 Sexes are separate or united; develop­ment with a veliger or glochidiam

larva.Examples: Lamellidens, Unio, Anodonta, Mytilus, Teredo, Oyster
etc.

Class 7. Cephalopoda:
 Bilaterally symmetrical, free-swimming, marine molluscs.
 Head is surrounded by a series of arms bearing suckers, which are

modified part of the foot, rest of the foot forms a siphon on the ventral
surface of the body.

 Mantle encloses a large mantle cavity in which are situated the gills, the
renal, reproductive and the anal apertures.

 Shell may be absent or rudimen­tary; when present may be internal or
exter­nal, undivided or divided internally into a series of chambers.

 Head bears a pair of large, simple eyes.

Fig. 5.1. 6 Unio
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 A pair of horny jaws and an odontophore with a radula are present.
 In majority, there is an ink gland open­ing in the rectum.
 Nervous system is highly devel­oped; the principal nerve ganglia are

aggre­gated around the oesophagus and a carti­laginous skeleton
supports and protects the nerve centre.

 Sexes are separate and develop­ment is direct.
Examples: Nautilus pompilius. Loligo, Sepia, Octopus

 5.2 PEARL FORMATION IN PELECYPODA

Pearls are one of the naturally occurring precious gems. These are round
structures formed in bivalve molluscs. Pearls are formed in bivalves of Pinctada
vulgaris, Pinctada fucata, Pinctada margaritifera and Pinctada maxima.
Natural pearl formation :

Causative factor in pearl formation in a pearl oyster is the presence of a
nucleus. It can be of organic or inorganic origin, such as parasites adults or
larvae, molluscan eggs, decaying parts of plants, sand grains, epithelium or blood
cells of the same animal, etc. These tiny particles or organisms enter the oyster
when the shell valves are open for feeding and respiration. These foreign bodies
may become embedded between the shell and mantle. In response to this stimulus,
the foreign body is invaginated by the outer epithelium of the mantle and a
pearl-sac is formed around it.

Fig. 5.1.7 Loligo Fig. 5.1.7a Octopus
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Pearls are not produced without the formation of the pearl-sac. The pearl-

sac is derived from the internal or external layer of the epithelium of the mantle

or of the gill plates. The epithelial cells of the pearl-sac secret the nacre which

becomes deposited over the foreign body, forming a pearl in due course of time.

These pearls are produced either within the mantle, in other soft tissues of the

oyster, or between the mantle, and the interior surface of the shell.

Distribution in Indian Waters:

Two zones in the Indian coast are well- known for pearl oysters.

a. The Gulf of Kutch along the northern coast of Gujarat.

b. The Gulf of Mannar adjoining Tamil Nadu coast.

   The beds are vast in the Gulf of Mannar. Oyster beds are present at a

depth of 10 to 20 metres and at a distance of 11 to 16 kilometres from the coast.

The area of continental shelf is maxi­mum at the eastern coast and these beds
yield high-quality pearl.

Fig 5.2.1 Preserved specimen of Pinctada fucata
 Source:https://en.wikipedia.org/wiki/en:NaturalisBiodiversityCenter
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5.2.2 Stages in pearl formation

Fig. 5.2.3 TS of Shell and mantle of Pearl oyster
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Cultured pearl

The technique of the forma­tion of natural pearl is manipulated in the
cultured pearl formation process.  Here for the formation of pearl, the two pre-
requisites are:
(1) The outer epithelium of the mantle lobe and
(2) A core substance or nucleus.
Formation of pearl sac

A small piece of mantle from a donor oyster is grafted skilfully into the
gonad of the recipient oyster along with a nucleus. The outer epithelium of the
grafted mantle piece regenerates itself around the implanted nucleus and forms
a pearl sac.  This pearl sac secretes and deposits nacre or mother-of-pearl around
the nucleus, thus resulting into a pearl

As this pearl is produced through manipulation (surgery) in the oyster
and by further cultivation of the seeded oyster, it is thus called the cultured
pearl. Secretion of pearl forming matters:

Initia­lly, after the formation of pearl sac, its internal part is alkaline and
the secretion contains organic substan­ces such as Keratin. The secretion is due
to the prismatic layer containing calcites. The internal part of pearl sac later
becomes acidic and subsequently neutral. The secretive matter ultimately
becomes pearl forming material.

Calcium absorption and formation of cal­cium carbonate:

Main ingredient of pearl is calcium carbonate (calcite and aragonite). In
pearl oysters the main source of calcium is food. However, the gill, mantle and
foot can directly absorb calcium from water.

In case of the gills, the calcium absorption power is strong and its rejection
capacity is meagre, while, in the mantle both absorption and rejection of calcium
are very strong. Thus, the gills are consi­dered to be the most ideal organ for
absorption and storing of calcium in pearl oysters.
Calcium absorbed through food and from water slowly moves into the pallium
through blood. The carrying of calcium in the body depends mainly upon the
role played by alkaline phosphatase present in the epithelial cells of the connective
tissue and mantle of the pearl sac. Alkaline phosphatase combines with the
calcium ion (Ca+2) to form phosphate and other salts.
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Calcium ion in the presence of phosphatase gains energy and passes
through the mantle to be absorbed by its epidermal cells. This is then carried to
the connective tissue of the pearl sac.

In the course of its passage the Ca+2 also unite with the cartila­ginous
sulphate (a compound protein of acidic nature). It further induces the calcium
ion to become active and is transported to the cytoplasm of nacreous layer and
ultimately excreted by the epidermal cells.

The excreted calcium then under the activity of carbonic acid combines
with the carbon dioxide (released by the body of the mussel due to metabolic
activity) and ultimately forms calcium carbonate.

It has been reported that the con­centration of carbon dioxide determines
the nature of crystal formation. In the presence of increased CO2 in the aquatic
environment calcium carbonate forms sleek-like crystals, while it takes the shape
of calcite when CO2 decreases in the environment.

The main sites of production of pearl are the Persian Gulf, Gulf of

Manaar (Ceylon), Sulusea (near Philippines). Besides these, coast of

Australia and shores of Central America (Pennama Bay, Gulf of

California) including islands of south Pacific are also important

productive places. Nowadays Japan has surpassed all the countries

in the bulk of pearl production by invention of pearl culture

techniques.

Pearl oyster beds in India are present on both eastern and western

coasts. However, the east coast is more productive and extensive

than the west coast as it extends from Cape Comorin to Kilakarai.

Major sites of pearl fisheries in India are Gulf of Manaar both on

Indian as well as Ceylonese sides,

Gulf of Kutch, Palk Bay, Baroda and Tuticorin.
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   5.3 SENSE ORGANS IN MOLLUSCA

Sense organs of molluscs include two pairs of tentacles, osphradium,
a pair of eyes (ommatidia), and a pair of statocyst.

TENTACLES :

Two pair of tentacles are present in the head region. First pair of
tentacles are contractile and are known as labial palp. Second pair is longer,
filamentous and retractile, which is the true tentacle, present behind the first
one. Both the tentacles are tactile in nature. Tentacles are innervated by nerves
from the cerebral ganglia.

OSPHRADIUM:

There is only one osphradium that lies suspended from the roof of the
mantle cavity on the left side. It is oval in shape with inner or right end
bluntly rounded while the outer or left end pointed (Fig.5.3.1) It has a central
axis to which two rows of thick, fleshy leaflets are attached. Leaflets are
larger in the middle of the osphradium. In a transverse section, the osphradium
is made up an outer layer of epithelial cells lined internally by a basement
membrane.

The epithelial cells are elongate and consists of three types of cells:

1.Sensory cells are devoid of cilia and cover the osphradium.
2. Ciliated cells
3. Glandular cells are found scattered among the sensory cells.

Fig.5.3.1 Osphradium
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Osphradium is innervated by a nerve from the left pleural ganglion. The
osphradium is an olfactory organ that lies in the path of water current entering the mantle
cavity. It enables the animal to test the physical and chemical nature of the incurrent
water and also assists in the selection of food. If the incurrent water is foul then it is
prevented from entering the mantle cavity by the closure of the left nuchal lobe.
STATOCYST :

A pair of small, pyriform, cream coloured statocyst lie one on either side
of the pleuro-pedal ganglionic mass. Each statocyst is a hollow capsule
surrounded by thick, tough, leathery covering of connective tissue. The statocyst
is ectodermal in origin, filled with a fluid containing calcareous particles known
as statolith or statoconia. Statocysts are balancing organs and regulate the position
in water and on land. It gets its nerve supply from the cerebral ganglion.

Fig.5.3.2 Statocyst
EYES :

 A pair of short, black and stalked simple eyes are present one on either
side of the head at the base of each true tentacle. The stalk is known as
ommatophore. Each eye is covered in front by the transparent cornea which is
actually the part of the general epithelium of the body.  In section, eye is in the
form of a cup like invagination called the optic vesicle lined by photosensitive
or pigmented retinal cells. The cavity of the vesicle is filled with an oval hyaline
structure called the lens. The anterior part of the optic vesicle in front of the lens
is transparent and forms the inner cornea
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The optic vesicle is surrounded by a firm sheath of connective tissue.

The optic nerve enters the retina from the posterior end of the vesicle. Although,

Pila has an elaborate visual organ with all the components for photoreception,

it is poor in sight and cannot distinguish objects.

Fig.5.3.3 Eye of  Cephalopod Mollusc
It can only respond to variations in light intensity. The eye is chiefly

adapted to work in dim light.

  Vertebrate eye Cephalopada eye

1: Retina    2: Nerve fibers 3: Optic nerve 4: Blind spot
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GLOSSARY

Captacula: In the class Scaphopoda foot modified into tentacles with a
bulbous end, known as captacula, which serve to catch and
manipulate prey.

Ctenidia: Comb like thin structures resemble gills – meant for respiration.
Foot: Muscular structure for locomotion

Hinge ligament:  Ligament Connecting the two halves of the    shell  found in
class Pelecypods.

Mantle: The mantle cavity characteristic feature of phylum Mollusca.
This cavity contains the mollusc’s gills, anus, osphradium,
nephridiopores, and gonopores.

Ommatophore: Eyestalk is   referred to in Mollusca as ommatophore.
Osphradium: A sensory structure found in the mantle cavity of most living

molluscs, broadly characterized as a pigmented patch of
epithelium on or adjacent to the ctenidia (gills).

Pearl: Bivalve molluscs secrete a fluid to coat on the foreign particles
entered into the mantle cavity. Layer upon layer of this coating
is deposited on until a lustrous pearl is formed.

Radula: Structure used by molluscs for feeding, compared to a tongue.
It is a minutely toothed, chitinous ribbon, which is typically
used for scraping or cutting food before the food enters the
oesophagus.

Spiral cleavage: Cleavage pattern seen in the development of Molluscs.
Statoconia: Statocyst consists of a sac-like structure containing a

mineralised mass (statolith) and numerous innervated sensory
hairs (setae).

Statocyst: It is a balance sensory receptor present in Molluscs.
Torsion: Rotation of the visceral mass, mantle, and shell to 180Ú with

respect to the head and foot of the gastropod. This brings the
mantle cavity and the anus to an anterior position above the
head.
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Trochophore: Small translucent, free-swimming larva characteristic of most
groups of molluscs. They are spherical or pear-shaped and are
girdled by a ring of cilia the prototroch, that enables them to
swim.

Umbo: A protuberance on each valve above the hinge, of bivalve shell.
Veliger: Larva typical of certain molluscs. Veliger develops from

the trochophore larva and has large, ciliated lobes (velum). The
velum forms from the ciliary ring (prototroch), a characteristic
of the trochophore stage.

INTERACTIVE LINKS

1. Mollusca general characters you tube video https://www.youtube.com/
watch?v=s5iio-gKlAU

2. https://youtu.be/l6jFVxUnaDg Fresh water pearl culture
3. https://youtu.be/3tfcY02avW0 Pearl Culture Video

CMFRI pearl culture
4. http://www.oceanicresearch.org/education/wonders/mollusk.html

Mollusca sense organs video
5. https://ocean.si.edu/ocean-life/invertebrates/cephalopods

Cephalopods characteristic features video.
6. https://webcourses.ucf.edu/courses/1369097/pages/phylum-

mollusca?module_item_id=14352470 web course on Mollusca.

1. Molluscs body wall is   ………………………….
(Diploblastic in nature/Triploblastic in nature). Choose the correct option.

2. Molluscs body is divisible into (    )
a. Head, Foot, Trunk, Tail
b. Mantle, Crust, Core
c. Head, Foot, Mantle, Visceral Mass
d. Head, Shell, Foot, Mantle

3. A symmetrical Molluscs belong to the class ( )
a. Aplacophora b. Polyplacophora
c. Gastropoda d. Cephalopoda

SELF ASSESSMENT
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4. In the evolutionary point of view which of the following character first is
seen molluscs. ( )

a. Chambered heart. b. Triploblastic nature
c. Bilateral Symmetry c.  Coelom Schizocoel

5. Radula absent in the class ( )
a. Gastropoda b. Pelecypoda
c. Cephalopoda c. Monoplacophora

5. Gills of molluscs referred to as ( )
a. radula b. osphradium
c. ctenidia d. crystalline cone

6. Larval forms seem in development of molluscs are (  )
a. Veliger b. Trochophore
c.  a b & d d. Glochidium

7. Excretory structures of molluscs ( )
a. Gills b. ctenidia
c. Mantle d. nephridia

8. Closed blood vascular system is seen in the class (   )
a. Cephalopoda b. Gastropoda
c. pelecypoda d. aplacophora

9. Heart of molluscs consists of ( )
a. Single chamber b. two ventricles
c. two atria d. one atrium and one ventricle

Key: 1-Triploblastic, 2- c, 3-c, 4-c, 5-c, 6-c, 7-d,8-a, 9-d

      FOR IGNITED MINDS

1. https://vikaspedia.in/agriculture/fisheries/fish-production/culture-
fisheries/culture-techniques-of-fishes/pearl-culture/economics-of-
freshwater-pearl-culture.Visit this site for resources entrepreneur
opportunities for peal culture.
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2. Visit this site for understanding artificial pearl formation  https://
www.youtube.com/watch?v=2_oA7XzW3bQ

3. https://www.youtube.com/e2e6ffd8-8815-4207-a72d-175801f33b4e

4.  Visit this site for additional information on the general characters and
classification of phylum Mollusca. https://www.onlinebiologynotes.com/
phylum-mollusca-general-characteristics-classification/

5. Visit this site for understating artificial pearl culture https://
biologyeducare.com/phylum-mollusca/

6. Visit the site for additional information of the phylum Mollusca,
general characters, classification and pearl culture.  https://
link.springer.com/chapter/10.1007%2F978-94-011-6035-310

7. Aplacophora characters and examples details https://
ucmp.berkeley.edu/taxa/inverts/mollusca/aplacophora.php

8. The classification of Mollusca followed here is from Invertebrate
Zoology by Robert D. Barnes 5th edition.
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PHYLUM - ECHINODERMATA

Learning outcomes

On completion of this unit will be able to
 Learn general characters and classification of phylum Echinodermata
 Study the structure and functioning of water vascular system of

Echinoderms
 Understand the structure and adaptations of different Echinoderm

larvae

Phylum Echinodermata consists exclusively marine animals.

Echinoderms are distinguished by a pentamerous radial symmetry,

water-vascular system of coelomic canals.  Tube feet of water-

vascular system used in feeding and locomotion. Another unique

feature is the presence of bilateral symmetry in the larva. The name

Echinodermata was first coined by Jacob Klein in 1734.

INTRODUCTION
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5.4 GENERAL CHARACTERS AND  CLASSIFICATION

UP TO CLASSES WITH SUITABLE EXAMPLES

Greek: echinos, hedgehog; derma, skin.
General Characters of Phylum Echinodermata:

 Exclusively marine forms.

 Adults with radial and five-rayed sym-metry while the larvae

are bilaterally symmetrical.

 Body distinguishable into oral and aboral surfaces and are

without any differen­tiated head.

 Body is covered by calcareous ossicles or plates, often

bea­ring projecting tubercles or spines.

 Pedicellaria are the complex calcareous structures meant for

protection and cleaning of the body.

 Digestive canal is mostly a coiled tube with the anus placed

on the aboral side.

 A characteristic water vascular system is present, which

performs many functions.
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


       
        




         



        




       


        




    
       

        

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 Tubular contractile tube feet or podia of water-vascular system used as
locomotory organ and/or feeding organ.

 Haemal circulatory system poorly developed.

 There are no definite respiratory and excretory systems.

 Nervous system sub-epidermal, in the form of a circum-oesophageal
ring from which arises diffused nerve along each ambulacrum.

 Reproduction is sexual. Gonads simple in nature. Fertilization external.

 Cleavage is radial.

 Development is indirect, includes bilateral­ly symmetrical, free
swimming larval forms.

 Some exhibits autotomy and regeneration.

Classification of Phylum Echinodermata:
The classification based on the classificatory plan of (Hyman 1995)
This phylum is divided into two sub phyla

1. Pelmatozoa

2. Eleutherozoa

Sub phylum: Pelmatozoa
 All are stalked and sedentary forms

Both mouth and anus are present on the dorsal surface of the body.
 Tube feet absent
 Tubular ciliated appendages when present are without suckers.
 Mostly extinct
 Body not pentamerous

This subphylum includes 4 classes

Class 1. Cystidea – All Extinct

Class 2. Blastoidea- All Extinct

Class 3.  Edriosteroidea – All Extinct

Class 4.  Class Crinoidea (Greek: lily-like):

 This sub phylum divided into 4 classes Stalked and free moving forms,
the oral side of the body directed upwards.



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 227





        
        










      










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Fig.5.4.1 Antedon

 Arms branched (10 to 200 or more) and bearing pinnules.
The ambulacral grooves radiate from the mouth and extend to the tip of
the pinnules.

 Madreporite is absent
 A non-contractile aboral stalk bearing whorls of cirri help for attachment.
 The arms, body and stalk contain heavily calcified plates.
 Development includes pentacrinoid larva

Examples:  Antedon, Metacrinus, Rhizocrinus

Subphylum Eleutherozoa:
 This sub phylum includes free living echinoderms
 Radially symmetrical having a body composed of a flattened disc and

radial­ly arranged arms.
 Body star shaped and remains un­attached.
 On the oral surface in the ambulacral groove, tube feet are present.
 Anus is present on the aboral surface
 This sub phylum divided into 4 classes



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 229

Class 1. Asteroidea (Greek: star-like):
 Referred as sea star or star fish
 Arms not clearly demarcated from the central disc.

Ambulacral grooves are open and a large coelomic cavity is present in
the arms.

Fig.5.4.2 Asterias
 Each ambulacral groove contains two or four rows of tube feet.
 Tube feet with or without suckers.
 Anus and madreporite are present on the aboral surface.
 Larvae are Bipinnaria and Brachiolaria.
 Examples:  Asterias, Astropecten Heliaster,  Platyasterias, Asterina

Class 2. Ophiuroidea (Greek: snake-like):
 Includes serpent stars & Brittle stars
 Arms sharply differentiated from the central disc.
 Ambulacral grooves absent the arms are filled by vertebral ossicles.
 No spacious prolongations of the coelom into the arms
 Mouth and madreporite are situated on the oral surface of the body.
 Anus lacking.
 Larva is Ophiopluteus

Examples:  Ophiura, Ophiothrix Ophioderma, Ophionereis, Asteronyx.
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Fig.5.4.3 Ophiothrix

Class 3.  Echinoidea (Greek: spiny):

 Includes sea-urchins, sand dollars, heart urchins.

 Body more or less spherical, flattened orally/aboral.

 Ossicles fused to form an internal test on which moveable spines are
mounted.

 Although the ambulacral grooves are absent, the body surface is divided
into alternate ambulacral and inter-ambulacral areas.

 The ambulacral areas extend from the oral to the aboral sides of the
body.

 Ambulacral plates have pores for the passage of the tube feet.

 Mouth is having a five jawed apparatus Aristotle’s lantern for rasping
the food. In heart urchins it is absent.

 The tube feet possess suckers.

Examples:  Echinus, Clypeaster
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Fig.5.4.4. Echinus
Class 4.  Holothuroidea (Greek: violent expulsion)

 Includes sea cucumbers
 Body elongated along the oral/aboral axis.
 Surface of the body may exhibit five ambulacral areas.
 Mouth and anus present at opposite extremities of the body.
 Oral podia modified as tentacles which may be simple or dendritic and

may or may not be provided with ampullae.
 Skeleton reduced to microscopic ossicles.
 Examples:  Holothuria, Cucumaria Thyone Molpadia

Fig.5.4.5 Thyone
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5.5 WATERVASCULAR SYSTEM IN    STAR FISH

Introduction to water vascular system:
Water vascular system (Ambulacral system) is enterocoelic in origin and

arises from the left hydrocoel. It exhibits radial symmetry from the beginning
and is equally developed in all echinoderms.  This system lies just above the
haemal system. It is primarily locomotory in function and also sub-serves the
function of tactile and respiratory organs in some cases.
General plan of water vascular system:

Fig. 5.5.1 Water vascular system in Asterias

The water vascular system in different classes of Echinodermata has
almost the same structural organisation. It comprises of a few canals together
with some appendages attached to these canals. The typical arrangement of the
water vascular system is exhibited by asterias is explained as follows

The water vascular system includes a circum-oral canal (circular
ambulacral or ring canal) situated around the mouth which gives tubular radial
extensions, called radial canals. The number of the radial canals is usually
five. But the number corresponds to   the number of the radii of the body.  Each
radial canal ends blindly at the end of   the arm and gives off along its course
lateral vessels, each joining a tube-foot.  Each tube- foot is a hollow conical or
cylindrical process with an ampulla and a   terminal sucker.
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The junction between the lateral vessels and the tube-feet is provided
with valves which assist in locomotion.    The contraction of the ampullae results
in the extension of the tube-feet. A short, slightly   curved, cylindrical and
vertically disposed stone or sand canal is present between the   madreporite
and the ring canal. The stone canal opens into the ring canal at the oral end and
into the madreporite ampulla at the aboral end.

Madreporite is a skeletal plate-like structure placed at the aboral side.
It is perforated by pores, called the madreporic pores, which lead into madreporic
ampulla or vesicle from where the stone canal starts. The stone canal is
surrounded by a wider canal, called axial   sinus, the wall of which becomes
folded to form the axial organ or dorsal organ or ovoid gland or heart. The
role of axial organ is not fully known.

Besides the main vessels, some appendages become associated with the
system. Inter-radially   located and connected with the ring canal, there are polian
vesicles and tiedemann’s bodies.   The polian vesicles are bladder-like sacs
with narrower neck.    They are contractile and usually manufacture amoeboid
cells. The tiedemann’s bodies are   glandular in nature and consist of a number
of branched tubules. They are yellowish in colour   and give origin to cells for
the water vascular system.

Functions of the water vascular system:
1. Locomotion
 The main function of the water vascular system is to help in locomotion.
  Echinoderms having suctorial podia (tube-feet) can adhere to the

substratum temporarily.
2. Respiratory and sensory:
 In Ophiuroidea and Holothuroidea the tube-feet (podia) are primarily

sensory in function. In echinoidea (Sea urchins), the tube-feet of the
aboral side lack terminal disc and are sensory in function.

3. Excretory:
 Nitrogenous wastes are eliminated through the thin areas of the body

surface such as the walls of tube-feet.



APSCHE - I SEMESTER ZOOLOGY  TEXT BOOK 234

  5.6 LARVAL FORMS OF ECHINODERMATA

Echinoderms are unisexual animals. Sexual dimorphism is absent.
Fertilisation takes place in water. The development may be direct or indirect. If
the development is indirect, it includes larval stages. In different classes of
echinoderms, different types of larvae complete the development. The larval
form is bilaterally symmetrical. It undergoes metamorphosis and radial
symmetri­cal adult is developed.

1. Bipinnaria Larva:

 It is the larval form seen in the life history of Star fish. The fertilised egg
is homolecithal. It undergoes holoblastic cleavage and develops into blastula
and gastrula stages. The gastrula elongates in length and it gives rise to Bipinnaria larva.

 It is a bilaterally symmetrical free swimming pelagic larva.
 The pre-oral region is elongated.
 Post-oral region is broad.
 The anterior end forms pre­oral lobe.
The ciliated band at the pre-oral lobe forms into 2 separate bands, pre-

oral band of cilia, and post oral band of cilia. These 2 bands of cilia are drawn
into many arms. They are nothing to do with the arms of the star fish. They are,

 Ventro-median arms.
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 A pair of pre-oral arms.
 Median dorsal arms.
 A pair of antero-dorsal arms.
 A pair of posterio-dorsal arms.
 A pair of posterio-lateral arms.
 A pair of post oral arms.
 The digestive system is developed with mouth and anus.
 This larva resembles Tornaria larva of Balanoglossus.

Fig 5.6.1. Bipinnaria Larva

 This larva slowly grows  into the next larval form called Brachiolaria
larva.
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 2. Brachiolaria Larva:
 Bipinnaria larva swims for few weeks in the marine water and finally

transforms into next larval stage called Brachiolaria larva.
 It is bilaterally symmetrical larva.
 It is pelagic larval form, it shows 3 brachiolar arms with suckers. They

are one median and two lateral in position.

 At the tip of brachiolar arms adhesive structures will make their
appear­ance and they are for attachment.

 The larva shows all the arms that are seen in the Bipinnaria, but these
arms are very long and hanging. These ciliated arms will be helpful for
swimming in the water.

 The digestive system is completely developed with definite stomach and
intestine.

 This larva after swimming for some time settle-on a solid object and
gets attached to it by its adhesive arms.

  Posterior end of the larva enlarges and lifts to the right­side. From these
rudiments of 5 arms will arise. Thus, slowly the larva metamorpho­sis
into an adult.

Fig. 5.6.2 Brachiolaria larval form is seen
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3. Auricularia Larva:

Fig.5.6.3 Auricularia larva

 It is a free-swimming pelagic larva.

 Arms are absent. Alimentary canal is developed. It opens with mouth

and ends with anus.

 Intestine is curved.

 Usually, this larva is 1 mm in length.

 Ciliated bands are well-developed. Ciliated band continues through oral

loop and anal loop.

4. Ophiopluteus Larva:

 This larva is seen in the life history of Ophiuroidea (Brittle star).

 It shows many long arms. It is bilaterally symmetrical. It is transparent.

 It is Pelagic. The arms are supported by calcareous rods.
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Fig.5.6.4 Ophiopluteus Larva

 The arms are directed upwards.

 Preoral loop is reduced.

 Ciliated band is undivided.

 Postero-lateral arms are very long and they are directed forwards.

 Digestive system is developed.

 It opens with mouth and ends with anus.

 This larva swims for some time before undergoing metamorphosis.

5.  Echinopluteus Larva: 

 It is seen in the life history of Echinoidea.

 It is a microscopic larva.

 It swims in water.
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Fig. 5.6.5 Echinopluteus Larva
 This larva shows ciliated bands which are developed into arms.
 In fully developed larva 4 or 5 pairs of arms are present. 
 The arms are supported by (CaCo3) Calcareous rods.
 The digestive system is developed which shows mouth and anus.
 It develops hydrocoel and vestibule. These parts grow on the oral side of

the animal. From the hydrocoel five radial canals will develop.
 This larva undergoes rapid metamorphosis and develops into an adult.

 6. Doliolaria Larva:

 In Crinoidea group of animals the larval form is Doliolaria larva.
 It is a free-swimming larval form.
 It contains an apical tuft of cilia which will be sensory.

        

Fig. 5.6.6.  Doliolaria Larva
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 On the mid ventral line near apical plate adhesive pit will be present.
 The body shows 4 or 5 ciliated bands
 In between 3rd and 2nd ciliated bands vestibule is present.
 After swimming for some time, it will develop a stalk. It is called

Pentacrinoid larva. It will attach to the substratum. The
internal organs will rotate at 90°. It develops into an adult.

 
Significance of Echinoderm larvae: The larval forms of all classes in
Echinodermata will show general resemblance. The Crinoidea larva differs
from this pattern. In general, all the larvae show that they might have come
from same ancestor. Hence the common ancestor is coelomate, bilaterally
symmetrical and free swimming.  These larvae also show resemblance
with Toronaria of Balanoglossus. Thus, the study of Echinoderm larva has
a phylogenetic significance.
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  GLOSSARY
Aristotle’s lantern: Aristotle’s lantern is a five  jawed conical structure

of calcareous plates and muscles supporting the
rasping teeth of a sea urchin.

Madreporite: It is the opening of the water vascular system. It
takes in water that passes through the system and
allows the sea star to move using its tube feet

Autotomy: It is an adaptive detachment of animal body   parts
where this serves a defensive function, is achieved
by an intrinsic mechanism, and is nervously
mediated.  Also known as self-amputation of body
parts as defensive mechanism

Pedicellaria: Minute pincerlike structures common to starfish
and sea urchins, used for cleaning and to capture
tiny prey.

Pentaradial symmetry: It is a type of radial symmetry, which is a
characteristic of echinoderms, in which body parts
are arranged along five rays of symmetry. It means
the organism is in five parts around a central axis.

Radial Canal:  In water vascular system from the ring canal five
radial canals arise and run throughout the entire
length of the arm. Each radial canal lies below the
ambulacral groove of the oral surface of the arm.
Each radial canal ends at the tip of the arm as a
tentacle. It is olfactory in function

Regeneration: Echinoderms can regenerate body parts and even
complete individual from a fragment following self-
induced or traumatic amputation processes

Ring canal: It connects the radial canals, and the radial canals
move water into the ampullae, which have tube feet
through which the water moves. By moving water
through the unique water vascular system, the
echinoderm can move and force open mollusc shells
during feeding.

Stone canal: Water enters the madreporite on the aboral side of
the echinoderm. From there, it passes into the stone
canal, which moves water into the ring canal.
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Tube feet: Small tube-like projections on the underside (oral
side) of echinoderms. They are part of the water
vascular system of echinoderms. Tube feet are used
to move, feed and breathe.  Tube feet allow these
animals to stick to the ocean floor and move slowly.

Water vascular system: Echinoderms possess a unique ambulacral or water
vascular system, consisting of a central ring canal
and radial canals that extend along each arm.Water
enters the madreporite on the aboral side of the
echinoderm. From there, it passes into the stone
canal, which moves water into the ring canal.

SELF ASSESSMENT

1. In the animal kingdom complete marine animals are found in this phylum
a. Mollusca b. Annelida c. Echinodermata d. Porifera

2. Echinoderm larvae exhibit the following ( )
a. Biradial symmetry b. Bilateral symmetry
c. Peta radial symmetry d. Radial symmetry

3. Which of the following not related to tube feet? ( )
a. Feeding b. Respiration c. Locomotion d. Reproduction

4. Blood vascular system of Echinoderms is. ( )
a. Closed type b. Semi closed type
b. Open type d. Chambered

5. Excretion in Echinoderms is assisted by ( )
a.Ring canal c. Stone canal
b.Tube feet d. Madreporite

6. Through this water enters into the water vascular system ( )
a.Pedicellaria c. Madreporite
b.Mouth d. Anus

7. S- shaped canal of the water vascular system is ( )
a.Radial canal c. Ring canal
b.Stone Canal d. Lateral canal

8. Larva of sea lilly is ( )
a.Bipinnaria c. Doliolaria
b.Pentacrinoid d. Echinopleuteus
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9. Larva of Star fish ( )
a.Bipinnaria c. Doliolaria
b.Penta crinoid d. Echinopleuteus

10. Larva of sea cucumber is ( )
a.Bipinnaria c. Doliolaria
b.Penta crinoid d. Echinopleuteus

KEY: 1-c, 2-b, 3-d, 4-b, 5-b, 6-c, 7-b, 8-b, 9-a, 10-c

INTERACTIVE LINKS

1.https://bio.libretexts.org/Bookshelves/Introductory_and_General_Biology/
Book%3A_Introductory_Biology_(CK-12)/11%3A_Invertebrates/
11.12%3A_Echinoderms Detailed notes on Echinodermata characters and
classification.

2. https://youtu.be/D3W4OCnHyCs Sea-urchin video BBC

3.  https://youtu.be/OqUI4lvkDew Echinoderm Larva

4. https://youtu.be/rRej1VKDgcE  Feather star movement.

FOR IGNITED MINDS

1. http://bncollegebgp.ac.in/wp-content/uploads/2020/04/BSc-Zoology-
Part-I-Larval-forms-in-Echinoderms.pdf  For additional information on
the general characters and classification of Echinoderms.

2. https://www.onlinebiologynotes.com/phylum-echinodermata-general-
characteristics-classification/ For additional information on the general
characters and classification of Echinoderms.

3. https://www.bioscience.com.pk/topics/zoology/item/565-forms-of-
echinodermata-larva for additional information on Echinoderm larvae.

**************
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  PHYLUM - HEMICHORDATA

Learning outcomes
On completion of this unit will be able to

 Understand the structure and affinities of Balanoglossus
 Follow the classification of hemichordata

    5.7 General characters and classification up to
classes   with suitable examples

Introduction:
Hemichordata (Gr., hemi, half; chorde, cord) means they are ‘half’

of ‘part’ chordates, a fact that is disputed. They are usually vermiform,
solitary, or colonial enterocoelous coelomate animals with an intra-epidermal
nervous system and a pre-oral with or without gill-slits and without typical
nephridia.

General Characters:

1. They are exclusively marine, solitary or colonial, mostly tubicolous.

2. Body is soft, fragile, vermiform, unsegmented, bilaterally
symmetrical, and triploblastic.

3. The body is divisible into proboscis, collar, and trunk.

4. Body wall with a single-layered epidermis with mucous glands. No
dermis.

5. Coelom enterocoelous, divisible into protocoel, mesocoel and
metacoel.

6. Buccal diverticulum, earlier considered as the notochord, present in
the proboscis.

7. The alimentary canal is a straight, complete, or U-shaped tube.
8. Dorso-lateral pharyngeal gill-slits, when present, one to several pairs.

Ciliary filter feeders.
9. Simple, open, and well-developed circulatory system, including a

dorsal heart and 2 longitudinal vessels, one dorsal and one ventral.
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


        


   


 
      


 
 
 


 
 




 
 


 


       




  


        





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10. Excretion by a single glomerulus situated in the proboscis.
11. Primitive type nervous system consisting mainly of subepidermal nerve

plexus. Dorsal collar nerve cord hollow.
12. Reproduction is mainly sexual. Sexes usually separate. Gonads one to

several pairs.
13. External fertilization in seawater.
14. Development direct or indirect with a free-swimming tornaria larva.

   Phylum Hemichordata Classification :

Hemichordata includes about  eighty  known species and has been divided
into 4 classes.
Class 1. Enteropneusta
(Gr., enteron, gut +pneustos, breathed)

 Commonly called “acorn” or “tongue worm”.
 Solitary, free-swimming, or burrowing animals.
 Elongated, vermiform body with no stalk.
 The body consists of the proboscis, collar, and trunk; collar without

tentaculated arms (lophophore).

 Proboscis cylindrical and tapering.
 Straight alimentary canal; mouth and anus at opposite ends. Filter feeding.
 Numerous pairs of U-shaped gill-slits.
 Two pairs of hepatic caeca present in the middle of the trunk.
 Sexes separate. Gonads numerous sac-like.
 Development with or without tornaria larva.
 Asexual reproduction is lacking.

Examples: Balanoglossus, Saccoglossus, Protoglossus, Ptychodera.
Class 2. Pterobranchia (Gr., pteron, feather + branchion, gill)

 Sedentary, solitary or colonial, sessile, and tubicolous.
 Living inside secreted chitinous tubes.
 Body short, compact, with stalk for attachment.
 Proboscis with ciliated tentacles to produce ciliary feeding currents of water.
 Collar bearing ciliated arms(lophophore).
 One pair of gill-slits or none.
 U-shaped alimentary canal. Anus dorsal lying near the mouth.
 Separate or united sexes. Gonads single or one pair.
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 Development direct, may or may not include a free-swimming larval
stage.

 Asexual reproduction by budding in some form.
Example: Rhabdopleura.

Class 3. Planctosphaeroidea
 Class is represented by a few small, rounded, transparent, and pelagic

larvae, supposed to be specialized tornaria of some unknown

hemichordate termed Planctosphaera pelagica.

 Larval body covered by extensively branched ciliary bands.

 The alimentary canal is L-shaped.

Class 4. Graptolite

 Extinct colonial hemichordates, mainly known from fossil structures of

their tubes.

 These are abundant in the Ordovician and Silurian periods.

 Each animal is housed in a zooid.

 Their tubular chitinous skeleton and colonial habits show an affinity

with Rhabdopleura.

Example: Dendrograptus.

 5.8 BALANOGLOSSUS - STRUCTURE AND
         AFFINITIES

Habit and Habitat :
Balanoglossus is a burrowing and exclusively marine animal. It is found

in shallow waters between tide marks along the coast of warm and temperate
oceans. Balanoglossus is world-wide in distribution. Balanoglossus is tubicolous
living in U-shaped burrows excavated in the sandy bottom. The walls of the
tube are lined with mucus secreted by the mucous gland of the animal.

The burrows are open at both ends, and spiral coils of faeces like the castings of
earthworms may be seen at the posterior opening. In its burrow, Balanoglossus lies in a
twisted condition but its anterior and posterior extremities are straight. Knight Jones
(1952) reported that the animal moves in its burrow with the help of cilia present all over the body.
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5.8.1 Tubicolous Balanoglossus
External Morphology of Balanglossus:

 The body of Balanoglossus is soft, elongated, cylindrical, being richly
ciliated all over and covered with mucus.

 The length of animal varies from 2 cm to 2.5 meters.
  Most forms are drab coloured, though reddish tints are present, several

species are luminescent due to mucus. They have an offensive odour.
 The body is bilaterally symmetrical and divided into three regions, viz.,

proboscis or protosome, collar or mesosome, and trunk or metasome.
Proboscis:

 The proboscis forms the anterior part of the body and is either rounded
or conical in shape. It is continued posteriorly into a short, narrow neck
or proboscis stalk.

 Proboscis is hollow and has thick muscular walls. Its cavity opens to the
outside by means of a small opening called the proboscis-pore. In certain
cases, there are two proboscis-pores.

 Proboscis sits in the collar somewhat like an acorn in its cup, a character
that has given the name ”acorn worms” to the group.

 Mouth, which is always wide open and incapable of closing completely, lies on
the ventral side and its lips are the ventral edges of the collar region.
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Fig 5.8.1   Balanoglossus external characters
Collar:

 The collar lies posterior to the proboscis and anterior to the trunk.
 It is a short cylinder usually about as wide as long and mostly shorter

than the proboscis although sometimes longer.
 The funnel-like anterior part of the collar, the collarette, embraces the

proboscis stalk and usually also the posterior part of the proboscis.
 Posteriorly the collar is sharply demarcated from the trunk by a circular

indentation.
 Surface of the collar is often marked with elevations, depressions, and

specially circular grooves. It  is also muscular and possesses two coelomic
cavities. The right and left coelomic cavities are separated from one
another by dorsal and ventral mesenteries. The coelomic cavities of collar
are completely cut off from the proboscis cavity.

 The collar cavity as well as the proboscis cavity are crossed by numerous
strands of connective tissue which give the region a spongy appearance.
The collar cavity communicated with the exterior by a pair of collar-
pores, and short ciliated tubes (canals) leading into the first gill pouches.
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 The functional significance of the cavities and water pores in the
proboscis and collar may best be explained through a description of the
burrowing habits. When on the surface of the sandy bottom Balanoglossus
pushes the tip of the proboscis into the sand, moving it around by muscular
contractions until a shallow, cylindrical hole is made.

 Then the proboscis empties its water content through its pore and
collapses. This allows the collar to enter the hole. By taking in water
through the pores the collar expands so as to fit lightly into the hole like
a cork in a bottle. The well-filled collar then gives a point of resistance
for further rooting movements of the refilled proboscis, which loosens
sand and stows it into the scoop-shovel mouth.

 Then both proboscis and collar relax and the latter squirms deeper into
the hole before tightening its hold again. Once the collar gets a firm
grip, the animal makes rapid progress and soon buries itself. The tail
end is left near the surface, and at intervals comes out and deposits a pile
of castings somewhat after the fashion of earthworms.

Trunk:
 The trunk is the elongated posterior part of the body. It is somewhat flat

and annulated on the surface. It has a mid-dorsal and a mid-ventral
longitudinal ridge.

 Trunk is divisible into three parts, an anterior branchio-genital region, a
middle hepatic region, and a posterior abdominal or post-hepatic region.

 On the dorsal of the branchio-genital region of the truck is a double row
of small pores the branchial apertures. Each row is situated in a long
furrow. These pores increase in number during growth. In some species
the most anterior are overlapped by a posterior prolongation of the collar
called the operculum.

 A pair of longitudinal genital ridges or genital wings extends throughout
a considerable part of the body behind and in the region of the branchial
apertures. In these genital ridges, gonads are situated. In some genera,
the genital ridges are so prominent that they form a pair of wing-like
lateral folds, the genital wings, but in other genera folds are absent.

 The hepatic region is marked externally with irregular elevations due to
sacculations produced by projecting hepatic caeca of the intestine. The
abdominal region is longest and cylindrical. It tapers gradually and has a
terminal anus. The coelom of the trunk is divided into two lateral closed
cavities by vertical partition.
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Affinities of Balanoglossus (Enteropneusta, Hemichordata) with chordates and
non-chordate phyla are as follows:
Affinities with Chordata:

Bateson (1887) included Hemichordata in phylum Chordata, since then
a close relationship has been acknowledged between hemichordates and
chordates. This arrangement exists even today in most of the text books.
Resemblances:

The phylogenetic relationship of hemichordates and chordates is based
on the supposed presence of the three fundamental chordate characters in both
groups, viz., a notochord, central nervous system and gill-clefts.

The buccal diverticulum or stomochord of hemichordates has been
regarded as the equivalent of a notochord since the time of Bateson.

Modern workers of hemichordates do not accept this idea and have raised
many objections:
1. The buccal diverticulum is a hollow evagination of the anterior wall of the

buccal cavity, and it is not definite whether it is endodermal or ectodermal in
origin, whereas the notochord is a long solid rod formed from the roof of the
archenteron.

2. The buccal diverticulum is generally made of ordinary epithelial cells, while
the notochord of vertebrates consists of large vacuolated cells.

3. The buccal diverticulum has no enclosing sheath as found around the
notochord.

4. The buccal diverticulum lies ventral to the dorsal blood vessel, whereas the
vertebrate notochord is always dorsal to the main dorsal blood vessel.

5. The buccal diverticulum is small and confined to the proboscis, while the
notochord extends far backwards. It can be safely concluded that there is no
representative of the notochord in hemichordates.

6. There are certain resemblances between the nervous system of hemichordates
and chordates, such as its position, formation of the dorsal nerve cord from
the dorsal epidermis, and the hollow collar cord which often has a neuropore
and is comparable with the neural cord of vertebrates. But there are major
differences, such as its superficial position in contact with the epidermis,
possession of a main ventral nerve cord, and a circumenteric nerve ring, in
these features the nervous system is distinctly invertebrate.
Thus, the invertebrate features of the nervous system of hemichordates
outweigh its chordate characters.

7. The chief link between the hemichordates and chordates lies in the pharynx
and its gill-clefts.
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The details of the branchial apparatus having tongue bars, M-shaped
skeletal rods and synapticula are exactly like those of Amphioxus. But the
endostyle and epibranchial groove are absent from the pharynx of
hemichordates. Such similarity can be only due to common ancestry, and
phylogenetic relationship of hemichordates and chordates cannot be denied.
Differences:

The inclusion of hemichordates in phylum Chordata cannot be justified
on the basis of a few similarities which are more than outweighed by important
differences.
The main differences are:
1. Chordates do not have the body and coelomic regions corresponding to

those of hemichordates.
2. The circulatory and nervous systems of hemichordates are like those of

invertebrates.
3. There is no post-anal tail in hemichordates.
4. Chordates are metamerically segmented animals, this segmentation is clearly

shown by the muscular, nervous, circulatory, and excretory systems, whereas
there is a total absence of segmentation in hemichordates.

Affinities with Annelida:

Resemblances:
The main resemblances of Hemichordata with Annelida are as follows:

 The general body form and burrowing habit of tubicolous forms are
alike and mud is ingested in burrowing. It is passed out from the anus
as castings.

 The vascular system of most hemichordates is like that of annelids with
blood flowing anteriorly in the dorsal vessel and posteriorly in the ventral
vessels.

 3. The hemichordate tornaria larva appears like a modified trochosphere
larva of polychaete worms.

Differences:
The differences between two groups are so great that there can be no

phylogenetic relationship between them.

The differences are as follows:
1. Gill-slits are absent in annelids.
2. Paired nerve cords are present in annelids.
3. The larva of Hemichordata and Annelida also differ in the following ways:
(i) Nephridia are absent in tornaria larva.
(ii) Pre-oral coelom is absent in trochosphere larva.
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(iii) In trochosphere blastopore becomes the mouth, while in tornaria it becomes
the anus.
Affinities with Echinodermata:

The adult hemichordate and adult echinoderm are so different, only
anatomical similarity between them is their nervous system which in both cases
consists of nerve net lying near the surface embedded in the epidermis.

But there is a strong affinity between the two phyla on embryological
evidence, the method of formation of the gastrula and the coelom is very similar
in the two phyla and for years the tornaria larva was considered to be the larva
of an echinoderm. The tornaria larva shows a very striking resemblance with
the Auricularia larva and specially with bipinnaria of Asteroidea.
Resemblances:
The resemblance extends into the following details:
1. The ciliated band is identical and follows the same course in the tornaria and

the auricularia and bipinnaria, though the telotroch and eye spots of the tornaria
are absent in echinoderm larvae.

2. The alimentary canal has the same shape and the same divisions into foregut,
stomach, and intestine in hemichordate and echinoderm larvae.

3. In both groups the blastopore becomes larval anus.
4. The cleavage and gastrulation follow the same pattern in both.
5. The greatest and the most convincing resemblance lies in the method of

formation and arrangement of coelomic cavities.
6. In both the coelom is of enterocoelous origin and it divides into three antero-

posterior parts. Proboscis coelom and collar coelom of hemichordates open
to the exterior by pores through short hydroporic canals, as does the hydrocoel
in echinoderms.

6. The heart vesicle of hemichordates is related to the proboscis coelom and is
homologous with the madreporic vesicle of echinoderrm larvae, and both
these structures are closely connected to the glomerulus of hemichordates
and the axial gland of echinoderms which combine the vascular and excretory
functions.

Differences:

There are following differences between two groups:

1. Eye spot is absent in bipinnaria.
2. The apical plate and telotroch are absent in bipinnaria.
3. The protocoel is paired in echinoderms, while unpaired in tornaria larva.
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The many embryonic resemblances between hemichordates and echinoderms
cannot possibly be accidental or due to convergent evolution. The only infallible
conclusion is that the two groups are closely related and that they arose from a
common ancestor.

Echinoderms have deviated greatly from the ancestral type, while
hemichordates are closer to it. The common ancestor gave rise to echinoderms
as a blind side branch, while the main line of evolution produced the
hemichordates and chordates.
Conclusion:

The above affinities have led to the conclusion that echinoderms,
hemichordates and chordates have arisen from a common ancestral stock, the
dipleura larva. Further, the echinoderms deviated greatly from the ancestral stock
and formed blind branch in the main line of evolution. The main line of evolution
continued to give rise to hemichordates and chordates.

It appears most reasonable to place them in the invertebrates as an
independent phylum which has arisen from an ancestral stock that has given
rise, on the one hand, to echinoderms and, on the other hand, to hemichordates
and chordates.

  GLOSSARY

Buccal diverticulum: It is a hollow preoral outgrowth, extending from the roof
of the buccal cavity into the proboscis. It was for a long
time also called a notochord or a stomochord on the
assumption that it represents the anterior portion of the
notochord of chordates.

Collar:   It lies posterior to the proboscis and anterior to the trunk. It is a
short cylinder usually about as wide as long and mostly shorter
than the proboscis although sometimes longer.

Hepatic caeca : The hepatic region of the intestine is highly vascular. Its
epithelial cells are dark green or dark brown and its dorsal
wall forms numerous prominent sacculations called
hepatic caeca which push the body wall outwards and are,
thus, visible externally.

Proboscis: It is the most active part of the body of Balanoglossus. Burrowing
is exclusively done by the proboscis. The proboscis becomes
elongated by the contraction of circular muscles and
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the shortening of the proboscis is caused by the contraction of its longitudinal
muscles.

Tornaria larva: Planktonic larva of some Hemichordata such as the acorn
worms. It is an oval shaped, transparent larva. The
diameter of the body is about 3 mm. It has an apical plate,
which is a thickened region provided by a tuft of cilia and
a pair of eye spots. The larva has a complete alimentary
canal.

Tubicolous: Living in a mucus lined U shaped tube is regarded as
Tubicolous nature

SELF ASSESSMENT

1. Body of hemichordates is
a.Tube like c. Rectangular
b.Ovoid d, Flat slipper like

2. Coelom of Hemichordates is
a.Acoelomate c. Schizocoel
b.Enterocoel d. Absent

3. Type of muscles found in hemichordates are
a.Radial muscles
c. Longitudinal muscles
b.Radial and longitudinal muscles
c.Striated and smooth muscles

4. Buccal diverticulum of hemichordates originates from……..
a.Notochord c. Nerve cord
b.Buccal cavity d. Gills

5. Excretory organ of hemichordates
a.Nephridia c. Ectoderm
b.Green gland d. Glomerulus

6. Fertilization in hemichordates is
a.External c. Internal
b.Absent d. On the collar

7. Characteristic larva of hemichordates is
a.Bipinnaria c. Tornaria
b.Auricularia d. Doliolaria
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8. Which helps in the locomotion of Tornaria larva
a.Amphotroch c. Telotroch
b.Peritroch d. Middle cilia

9. No of eye spots seen in the tornaria larva are:
a.Two c. Two pairs
b.Three 4. One

10. Which of the following is regarded as the larval neuro centre of tornaria
larva?
a.Telotroch c. Periotroch
b.Eye spot d. Collar

Key: 1-a, 2- b,3-b, 4-b,5-d, 6-a,7-c, 8-c, 9-a, 10-b

  INTERACTIVE LINKS

1. https://microbenotes.com/phylum-hemichordata/

2. https://www.youtube.com/watch?v=LX0ir6MiBbU

3. https://www.britannica.com/animal/hemichordate

4. https://microbenotes.com/phylum-hemichordata/
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Nonchordates at a glance
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Nonchordates at a glance
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Nonchordates at a glance
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Phylum Class Organism Larva

Porifera Calcaria Sycon Parenchymula, Trichimella 
, Amphiblastula

Cnidaria Hydrozoa Obelia Planula, Actinula

Scyphozoa Aurelia Planula,Scyphistoma, 
Ephyra

Anthozoa Sea Anemone Planula
Ctenophora Tentaculata Pleurobrachia Cydippid
Platyhelminthes Turbellaria Dugesia Muller

Trematoda Fasciola Miracidium, Sporocyst, 
Redia, 

Cestoda Taenia solium Hexacanth, cysticercus, 
Onchospere

Nematoda Phasmidia Ascaris Rhabditiform larva
Phasmidia Wucheraria Mircro filaria larva

Annelida Polychaeta Nereis Trochophore
Arthropoda Xiphosura Limulus Trilobite larva

Crusacea Penaeus monodon
Naplius, Protozoea, Zoea, 
Mysis, Megalopa

Crab Megalopa
Palinurus Phyllosoma
Squilla Alima
Lepas cypris

Insecta Anopheles Rigler, Tumbler
Musca Maggot
Beetles Grub
Butterfly Caterpillar

Mollusca Gastropoda Snail Veliger (Modifed 
Trochophore)

Bivalvia Unio Glochidium larva
Polyplacophora Chiton Trochophore

Echinodermata Crinoidea Sea lily Doliolaria, Pentacrinoid 
larava

Asteroidea Asterias Bipinnaria, Brachiolaria
Echinoidea Echinus Echinopluteus larva
Ophiuroidea Ophiothrix Ophiopluteus
Holothuroidea Holothuria Auricularia larva

Hemichordata Enteroneusta Balanoglossus Tornaria larva

Nonchordate Larve at a glance
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Phylum Class Organism Respiratory organ

Porifera All All Diffusion

Cnidaria All All Diffusion
Ctenophora All All Diffusion
Platyhelminthes All All Diffusion
Nematoda All All Diffusion
Annelida Polychaeta Nereis Parapodia, Skin

Oligochaeta Earthworm Skin (Cutaneous 
Respiration )

Hirudinaria Ozobranchus Gills
Arthropoda Xiphosura Limulus Book Gills

Crusacea Penaeus monodon, 
Crab, Palaemon

Gills

Insecta All insects Tracheal System
Larva of May fly Tracheal gills
Nymphs of insects Rectal Gills
Tripulid Larva Blood Gills

Arachnida Scorpion Book Lungs
Spider Book lungs and Trachea

Mollusca All Classes Snail, Unio, Chiton, Ctenidia, Mantle

Echinodermata

Crinoidea, 
Asteroidea, 
Echinoidea, 
Ophiuroidea

Sea lily ,                     
Asterias,                              
Echinus,                             
Ophiothrix

Papulae or Dermal 
branchiae

Holothuroidea Holothuria Respiratory trees
Hemichordata Enteroneusta Balanoglossus Gills

Respiratory organs in Nonchordates
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Hormone Secreted by Chemical Nature Function
Brain Hormone (B.H)Neuro Secretory cells in BrainLipid Activetes corpora cardiaca

Pro Thoracico Trophic Hormone (P.T.T.H )Corpora cardiace Ecdysteroid Stimulates Prothoracic glands

Prothoracic Gland Hormone ( P.G.H)Prothoracic glands Ecdysone Triggers moulting
Juvanile Hormone (J.H)Corpora allata Lipid Regulates metamorphosis

Hormones in insects Metamorphosis

Phylum Class Organism Respiratory organ

Porifera All All Diffusion

Cnidaria All All Diffusion
Ctenophora All All Diffusion

Platyhelminthes All All Protonephridia (Flame 
cells )

Nematoda All All Renette gland cells
Annelida All All Nephridia

Arthropoda Crusacea All Antennary glands or 
Green glands

Insecta All insects Malpighian tubules

Arachnida Scorpion
Coxal glands and 
Malpighian tubules

Spider Malpighian tubules

Mollusca All Classes All except unio Renal organs or Nephridia

Unio
Organs of bojanus and 
kebers organ (Pericardial 
gland )

Echinodermata All All Water vascular system. .

Hemichordata Enteroneusta Balanoglossus Glomerulus

Excretory organs in Nonchordates
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