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Introduction to ClassificationZOOLOGY

INTRODUCTION TO CLASSIFICATION

STRUCTURE ;
The Significance of Classification and Naming Animals
Study of Museum Specimens of Protozoa
Study of Museum Specimens of Porifera
Study of Museum Specimens of Coelenterata
Study of Museum Specimens of Piatyhelminthes
Study of Museum Specimens of Nemethelminthes
Study of Museum Specimens of Annelida
Study of Museum Specimens of Phylum Mollusca
Study of Museum Specimens of Phylum - Echinodermata
Study of Museum Specimens of Phylum - Arthropoda
Ecology Exercises
Evidences from Embrylogy
Evidences from Homology and Analogy (Homoplasty)
Animal Behaviour Experiments 
Study of Territorial Behaviour in Birds
Study of Learning or Conditioning Behaviour through Pavlov's Dog

i • •

?>■

LEARNING OBJECTIVE•Vi V-V;. /v. 
V: V.,.-

After going through this unit you will learn :
• Alternation of generation : Rhizopoda, Sporozoa, Mastigophora, Trypanosoma, Leishmania, 

Entamoeba and Plasmodium stages in mosquito.
• Euplectella, Sycon, Spongilla, Aurelia.
• Obelia (WM), Medusae of obelia (W.M.), Adamsia, Pennatula.
• Taenia solium and Fasciola.
• Ascaris and Annelida.
• Pila and its direction of nervous system.
• Honey bee (Apis), Pediculus, Flea, Life cycles of Anopheles and Culex, Bombyx (Silk moth).
• Lite History of Termite and Balanoglossus
• Study of pyramids and study of food chain.

• INTRODUCTION TO CLASSIFICATION
Now students devote comparatively less time in acquiring detailed knowledge of 

animal forms and classification, which is primary to know the subject of Biology. 
Classification is of great importance for identification and interpretation of the animal 
or plant to study the action of the drugs for the study of Physiology, Biochemistry and 
Ecology. In Ecology, identification of different animals that are found in ponds or 
forests or any other habitat is essential. The first step is the identification of the — 
Phylum class and order — to which the flora or fauna belongs. This book of Practical 
Invertebrate Zoology helps in placing different animals into exact phylum, class and 
order and to provide characters on which they are identified and classified.
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The Significance of Classification and Nanjingof Animals
Classification is a human invented'System for orderly arrangement of different 

animals. In the nomendature-of^animals, the name given to animals has specific 
meaning, i.e., the name "Physalia" means to zoologists not only a particular genus of 
enedaria but also a particular body form, mode of life and so forth. Biological 
classification is based on the bionomial system of nomenclature introduced by 
Linnaeus (1707-78) who is referred to as father of Taxonomy. International rules for 
zoological nomenclature were laid down in 1931. Linnaeus subdivided plants and 
animals into groups or taxas as follows :

Empire

Zoology and Botany Practical

Kingdom
Class ,

Order
Genus

Species
Variety

The above is called Linnaedn Hierarchy. Students must remember how to write 
generic and specific names.the first name is the generic name. It should be written 
either in all capital letters in all italic letters ov underlined. Hhe first letter must 
always be written with capital letter. In the same way while writing the specific 
name, either it should be written in capital letter or italicised or underlined but 
the first letter is always written with a small letter. For example, the name of 
amoeba can be written in any of the following ways :

(i) AMOEBA PROTEUS or (2) Amoeba proteus.
Recent trend is also to use the trinomial nomenclature, i.e., the roundworm 

Ascoris is written-Ascarts lumbricoides var, Humanis (Ascaris of man) or Ascaris 
lumbricoides var suis (Ascaris of pig).

• STUDY OF MUSEUM SPECIMENS OF PROTOZOA
Diagnostic Characters

1. They are acellular and microscopic eucaryotes.
2. Body is enclosed in plasma membrane or pellicle and therefore they are called 

naked. In some cases, however, calcareous or silicious shell is present outside 
pellicle.

3. They may be solitary or colonial.
4. Their body shape may be round, flat, elongated, oval or irregular.
5. Organs of locomotion are pseudopodia, flagella or cilia and sometimes they 

are absent.
6. Nutrition may be holozoic, holophytic, Saprozoic or parasitic.
7. Respiration and excretion are performed by external body surface.
8. Contractile vacuoles are present except in marine and parasitic 

protozoans. It helps in osmo regulation.
9. They may be solitory or colonial, sessile or stalked.
10. All physiological activities are performed by the single cell and there is no 

physiological division of labour.
11. Reproduction may be asexual or asexual and sexual both. Asexual 

reproduction may be through binary fission; multiple fission; budding or 
plasmotony. Sexual repoduction may be through syngamy, amphimixis or 
conjugation. Alternation of generation is shown by some forms.
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Introduction to ClassificationPhylum-PROTOZOA

iSubphylums

1
PLASMODROMACILLIOPHORA

1 1. Locomotion by pseudopodia or 
flagella.

2. Nucleus generally one but if 
many they are all similar.

3. Life cycle complicated. Asexua) 
reproduction by binnary fission 
and sexual reproduction by 
syngamy.

Classes

l 1
SUCTORTA

1. Cilia and other Jocomotory 
organs absent in adult.

2. Meganucleus one and micro
nuclei one to many.

3. Mouth absent but tentacles 
are present, ex., Ephelota; 
Podophyra and Acineta.

CILLIATA
1. Cilia are main locomotory 

and food capturing organs.
2. Meganucleus 

micronuclei one or two.
3. Nutrition holozoic.
4. Reproduction by Binary 

fission and also by sexual 
means through conjugation 
or Amphimixis.

andone

i Ii
PROTOC1LIATA

1. Contractile vacuoles and mouth 
, absent.

2. Nuclei two to many and similar.
3. Cilia of equal size e.g.,ppalina.

EUCILIATA
1. Mouth present.
2. Contractile vacuole present.
3. Mega and micronucleus present.
4. Cilia unequal and not uniformly 

distributed.

1Orders

I 1I
PERITRICHA SPIROTRICHA CHONOTRICHAHOLOTRICHA

1. Body attached by a 1. Cilia allover and 1. Parasite on gills of 
also in cytostome 
or gullet.

1. Mouthpresent.
2. Cilia allover 

distributed.
3. Gullet present, e.g., 

Paramaecium and 
Didiniuon.

stalk. Amphipodes.
2. Peristome funnel like 

and spirally coiled. .
3. Asexual reproduction 

by. lateral budding 
e.g., Spirochona.

2. Cilia only in oral 
zone and sometimes 2. Endoparasites in 
a posterior ring also.

3. Gullet present, e.g.,
Vorticella.

amphibians, e.g., 
Nyctotherus: 
Balantidium and 
Stentor,

Classes

1Tl
MASTIGOPHORA or Flagellata

1. Locomotory organs generally 
flagella but pseudopodia may also 
be present.

2. Nucleussingle.
3. Life simple but may be di or poly

morphic.
4. Body covering may be pellicle shell 

and may be plasma membrane or 4- Body without pellicle but
may have shell.

5. Nutrition holozoic. Generally 
free living but some are 
parasitic.

RHIZOPODA 
or Sarcodina

SPOROZOA
1. Adult without locomotory 

organs.
2. Nucleus usually single in 

adult.
3. Contractile vacuole absent.
4. Nutrition saprozoie.
5. Parasitic and shows 

alternation of generation.

1. Locomotory organs pseudo
podia.

2. Nucleus one or many but no 
mega or micronuclei.

3. Reproduction asexual and by 
binary or multiple fission.

maybe made of cellulose or silica.
5. Free living but may be parasitic 

also.
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Class : SARCODINA or RHIZOPODAZoology and Botany Practical 1
i T

LOBOSA
1. Pseudopodia lobasa 1. Body covered by 

or Pilose'(short and gelatinous covering. may be one or many
2. Pseudopodia 6ne 

3. Nuclei one or many. and radiating. gelatinous, silicious or
3. Contractile vacuole 3. Nutrition holozoic: calcareous.

4. Free living, sessile or 2. Pseudopodia are branching 
stalked, e.g.,
Actinospherium 3. Mostly marine, contractile

HELIOZOA FORAMINIFERA RADIOLARIA
1. Body enclosed in shell which 1. Body covered by a

skeleton.
blunt). chambered. Shell may be ' 2. Pseudopodia are

axopodia or filopodia.
3. Nutrition holozoic.
4. Contractile vacuole 

absent e.g., 
Lithocircus; 
Acanthometra and 
collozoum.

one or many.
4. Nutrition holozoic or reticulopodia.

Saprozoic.
. 5.^Reproduction by • andActmop/trys. vacuole absent in marine

binnary fission or forms.
4. Nuclei one or more e.g.,

Polystomella; Globigerina; 
Microgromia and 
Allogromia.

encystment.

Sub-orders :

1
TESTACEAor
Thecamoebea

NUDA or Gymnamoebea 
1. Body naked.

1. Body enclosed in a one ' 2: Pseudbpodia lobed and may . .
chambered shell. . originate from any point of 

outer membrane e.g., 
Amoeba; Entamoeba and 
Pelomyxa.

2. Pseudopodia come out of 
the single chamber of

( shell.
3. Pseudopodia finely 

branched, e.g., Diffugia; 
Ascella and Euglypha.

j '

Class - SPOROZOA

1Subclasses :

i 1
TELOSPORIDIA

1. Adult trophozoit uninucleate.
2. Sporozoits elongated and without polar 

capsule.
3. Both asexual and sexual reproduction.

Orders :

NEOSPORIDIA
1. Adult trophozoit multinucleate.
2. Sporozoits amoeboid and with polar 

capsules.

i
• i r

HAEMOSPORIDIA
1. Trophozoit amoeboid.
2. Sporozoits naked and 

zygote motile.
3. _Alternation of generation 

in life cycle.
e.g., Plasmodium.

COCCIDIA
1. Trophozoit minute.
2. Sporozoits motile and 

elongated.
3. Alternation of 

Schizogony and 
sporogony in life cycle. 
e.g., Eimieria.

GREGARINIDA
1. Trophozoit elongated and 

motile.
2. Single nucleus in young and 

many before multiple 
fission, e.g., Monocystis + 
Greqarina.

I
MYXOSPORIDIA SARCOSPORIDIA

1. Trophozoit elongated.
2. Spore cases absent.
3. Young parasites develop cysts - 

The sarcocysts.
e.g., Sarcocystis.

1. Trophozoit amoeboid.
2. Spores enclosed in bivalve 

membrane may have 2 or 4 polar 
capsules.
e.g., Mixidium and Nosema.
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Class - MASTIGOPHORA Introduction to Classification1Orders:

Tr T
CHLOROMONADINA
1. Amoeboid two 

flagellate.
2. Chromatophore 

palegreen.
3. Many mucous 

globules, e.g., 
Coelomonae.

PHYTOMONADINA
1. Enclosed in semi-cellulose 

membrane.
2. Flagellae 1-S.
3. Chromatophore green and cup

shaped.
4. Stigma red and reproduction 

both asexual and sexual, e.g., 
Volvox and chlamydomonas.

RHIZOMASTIGINA
1. Colourless amoeboid 

flagellate.
2. Flagellum one and long.
3. Pseudopodia small, e.g., 

Mastigamoeba.

PROTOMONADINA POLYMASTIGINA 
1. Colourless amoeboid or 1. Covered by pellicle.

2. Flagellae 4 but may 
very from 3-8.

3. Reproduction by longitudinal 3. Mouth long slit like.
4. Reproduction by 

longitudinal fission. 
e.g., Giardia; 
Trichomonas and 
Chilomastix.

DINOFLAGELLATA
1. Naked and have two flagellae. One 

transverse to body axis. euglenoid organisms.
2. Flagellate form has girdle and sulcus. 2. Flagellae one or two.
3. Single stigma and many 

chromatophores.
4. Life cycle may be polymorphic.
5. Some animals show phosphosesceuce. 

e.g., Noctiluea and Caratium.

fission.
4. Have an undulating 

membrane.
_ e_.g., Trypanosoma; 

Leishmania and 
Laptomonas

l I I
CRYPTOMONADINA EUGLENOIDINA

1. Body covered by Pellicle.
2. Gullet vertical and has 2. Cytopharynx and Gullet -J.

present. •
e.g., Cryptomonos and 3. Flagella 1 or 2 and arise from 

cytopharynx
4. Stigma one and red.
5. Chromatophores few or more or 

absent.
6. Reproduction by longitudinal 

fission, e.g., Euglena.

CHRYSOMONADINA
1. Amoeboid flagellates.
2. Flagella one or two.
3. Gullet absent.
4. Locomotion by pseudopodia.
5. Secrete silicious cyster test, 

e.g., Chrysamoeba.

1. Biflagellates.

O2 flagellae.

Chilomonas.

HYPERMASTIGINA
1. Large and complex flagellate.
2. Flagellae in 1, 2 or more tufts. 

e.g., Lophomonas and 
Trichonympha.

1. Trypanosoma
Classiflction :

Phylum 
Subphylum 
Superclass 
Class 
Order 
Genus 
Type

1. It is an endoparasite in the blood, lymphatic 
system and cerebrospinal fluid of ..human beings, 
causing a disease sleeping sickness.

2. The body is flat and somewhat spind/e-Zifee.
3. Body surrounded by a strong but thin pellicle.
4. Cytostome, cytopharynx and cytopyge are absent.
5. Near the posterior end from a kinetoplast originates a flagellum which runs along 

the body length connected with an undulating membrane. Part of this flagellum, 
remains free at the anterior end.

6. The body contains a large central nucleus surrounded by numerous 
metachromatic granules.

7. It showspolimorphism in its life cycle.

FLAGELLUM

Protozoa
Sarcomastigophora
Mastigophora
Zoomastigophora
Kinetoplastida
Trypanosome
Gambiense.

PELLICLE :3
J.vfcsECTOPLASM

ENDOPLASM m .UNDULATING
MEMBRANEm

tiNUCLEUS'

BASAL BODY

Fig. 1. Trypanosoma
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Zoology and Botany Practical 8. Its intermediate host is Tse tse fly-Glossing palpalis.
9. Nutrition saprozoic and reproduction through fission.

2. ENTAMOEBA 

Classifiction :
Phylum : Protozoa
Subphylum : Sarcomastigophora 
Superclass : Sarcodina 
Class

ENDOPLASM
ECTOPLASM

: Rhizopoda 
: Lobosa

INGESTED
BLOOD
CORPUSCLESubclass 

Order 
Genus 
Type

Comments :
1. It is the slide of the trophozoite 

stage of Entamoeba histolytica.
2. It is an endoparasite in the intenstine of human beings and causes dysentery.
3. Body irregular in outline and without exoskeleton but with a definite membranous 

covering of lipoprotein.
4. Cytoplasm differentiated into ectoplasm and endoplasm.
5. Endoplasm contains a large nucleus having a nucleolus but no vacuoles.
6. Pseudopodium is single, large, blunt and lobate.
7. Nutrition heterotrophic or saprozoic.
8. Infection occurs through contamination of food and utensils by the 

tetranucleate cysts.
9. Reproduction through fission and encystment.

: Amoebida
: Entamoeba 
: Histolytica

NUCLEOLUS P

NUCLEUS'

Fig. 2. Entamoeba

3. PLASMODIUM STAGES IN MOSQUITO
Classifiction : 

Phylum 
Subphylum 
Class 
Order 
Genus 
Type

Comments :

Protozoa
Sporozoa
Telosporea
Eucoccidia
Plasmodium
Vivax

1. It is the slide of different stages of Plasmodium vivax on mosquito 
stomach.

2. Plasmodium is an endoparasite in the blood cells of human beings and 
causes malarial fever.

3. This parasite completes its life cycle in two hosts i.e., schizogony in man 
and sporogony in mosquito.

4. This slide shows various stages of sporogony.
5. This stage begins when female anopheles sucks the blood of a sick person 

suffering from malaria.
6. The male and female gametocytes pass into the stomach of mosquito with human

blood.
7. The slide shows rounded balls of oocytes or ookinetes which are formed by 

union of gametes.
8. The oocyte develops into sporont stage which contains spores and gives rise to 

sporozoite.
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SPOROBLASTMALPIGHIAN TUBULES Introduction to Classification
OOCYTS

INTESTINE

OESOPHAGUS

SPOROBLAST STOMACH
Fig. 3 (a). Plasmodium stages in mosquito

sexual cycle In mosquito
•cyst walloocyst

stomach'wallnuclei

■ookinete (zygote)
cytoplasmic

masses megagamete

sorogony fertilization

formation of 
sporozoits

■microgamete
megagamete

oocyst bursts 
libratmg«^ 

sporozoits
/ xcone of reception

gametogamy
megagametesporozoits in- 

salivary gland
megagametocyte

sporozott 
entering 
a liver cell

microgametocyte
formation of gametocytes

megagametocyteaxoerythrocytic phase
merozoit

IISChizont .haemozoin

m
schizogony in 
erythrocytes

microgametocyte
s><5\ /

iver cells I
merozoit entering a*R8C

fw schuffner's 
r granulesJAQ

cryptozoits^-r6r
■schizont

amoeboid
—-stage7mRBC \t /schizont-

V

trophozoite vacuole ^signet ring stage 
erythrocytic phase

metacryptozort entering a RBC
pre erythrocytic phase

asexual cycle in man 
Fig. 3(b). Life cycle of plasmodium

9. One spore gives rise to 8 sporozoites each one of which is capable to infect 
a healthy man.

• STUDY OF MUSEUM SPECIMENS OF PORIFERA
Diagnostic Characters:

1. They are commonly called sponges and are sessile, sedentary and marine except 
spongilla which is fresh water form.
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Zoology and Botany Practical 2. Body radially symmetrical or asymmetrical.
3. They are multicellular and are made of an outer layer of ectoderm and inner 

layer of endoderm. In between the two is present a non-cellular gelatinous 
mesenchyme. Therefore, they are diploblastic.

4. Their body surface has large number of minute pores - the ostia and a single 
opening at the top - the osculum.

5. The bodywall has network of Canals lined by flagellated collared - 
choanocytes. The canals form a canal system which may be ascanoid, syconoid or 
leuconoid.

6. In the bodywall are also present ametwork of ca/careoas or silicious spicules or 
spongian fibres.

7. In the centre of the body is present the spongocoel which opens to outsie 
through osculum. „ .

8. Water enters through ostia, passes through canals and is released in spongocoel 
from where it goes out through osculum.

9. Water current provides food and helps in respiration and excretion.
10. Mouth, nerve cells and sensory cells are absent.
11. Reproduction is both asexual (by budding or by Gemule formation) and 

sexual (by the fusion of sperm and ova). The fertilization is internal. They have 
great power of regeneration.

12. Sponges have cellular grade of organisation.
Phylum — PORIFERA

Classes

1 1
CALCAREA

1. Spicules calcareous and 
monaxon, triaxonor 
tetraxon type.

2. Choanocytes are present in 
spongocoel in some and in 
canals in others.
Orders

. HEXACTINELIDA DEMOS PONG IA
1. Skeleton made ofspongin fibres or 

silicious spicules or both or may be 
absent. Spicules may be monaxon 
or tetraxon.

2. Canal system is complicated and 
leuconoid type. Spongocoel is 
absent.

1. Spicules are silicious and
are triaxon or six rayed.

2. Body of sponge is enchored 
in sand with the help of 
tuft of glassy spicules or 
simply attached to some 
object.I {Orders

1 1 1
HOMOCOELA

1. Spongocoel is lined 1. Canal system present L Spicules are six- 
and choanocyted line rayed star-shaped,
the canals and not the 2. They are not 
spongocoel e.g., Sycon attached by tuft of 
or Scypha; Grantia spicules e.^..
and Leucilla.Euplectella.

HETEROCOLEA HEXASTEROPHORA AMPHIDISCOPKORA
1. Spicules are 

amphidiscs.
2. Their body is 

attached by tight of 
glassy spicules e.g., 
Hyalonema.

by chonocytes. No 
canal system. 
e.g., Leucosolania 
and clathrina.

Subclasses

i 1 i
MONAXONIDA 

1. Spicules monaxon 
with or without 
spongin fibres

TETRACTINELLIDA
1. Sponges are solid.
2. Canal system leuconoid.
3. Spicules silicious and 

tetraxon.

KERATOSA
1. Many oscula.
2. Skeleton of spongin fibres 

but silicious spicules are 
also present, e.g., 
Euspongia and 
Hippospongia.1Orders

T ]
MYXOSPONGIDA 

1. Skeleton absent 
e.g., Oscarella.

CARNOSA CHLOR1STIDA 
1. Spicules are not differentiated 1. Spicules are 

in megascleres and 
microscleres e.g..
Chondrilla.

megascleres and 
microscleres e.g.. 
Geodia.Orders

! 1 1
POECILOSCLERINA

1. Monaxon
megascleres are of 2. Megascleres moiiaxon. 
two types.

2. Microscleres are of 
three types e.g.,
Microciona

HAPLOSCLERINA 
1. Microscleres as asters. 1. Monaxon megascleres 

are diactinal only.
3. Spongin fibres absent. 2. Microscleres absent. 

e.g., Cliona; Tethya 3. Spongin fibres present 
and Ephydatia

HADROMERINA HALICHONDRINA
1. Microscleres absent.
2. Megascleres, Monaxon 

and are of two types i.e., 
Monactines and 
diactine's.
e.g., f/olichondrio.

e.g., Chalina and 
Spongilla.
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—OSCULUM WITH 
& OSCULAR SIEVE

Introduction to Classification1. EUPLECTELLA
Classification : 

Phylum 
Class 
Order 
Genus

-RIDGES
Porifera 
Hexactinellida 
Hexasterophora
Euplectella 
Aspergillum

1. Commonly called "venus-floiver bashet"\>y\oca\ 
inhabitants.

2. The body is tubular, curved and basket-like and is 
made up of triaxon spicules,

3. At the base is present, a bunch of glassy spicules 
for attachment.

4. Body perforated by numerous apertures, which 
are not true ostia but simply parietal gaps.

5. Canal system is syconoid type.
6. Osculum is covered over by a sieve plate.
7. Radial canals are lined with choanocytes.
8. In the spongocoel often live a pair of decapod 

symbionts - Spongicola venusta, which never escape 
out of it and die inside.

9. Dried skeleton is presented in marriages in Japan. It 
is also used for drawing-room decorations. Reproduction 
both asexual and sexual.

im OSTIUM

Type
.-SPICULES

BASAL
SPICULES (ROOT)

Fig. 4. Euplectella

oseuuu nuNft'

OSCULUM

SPICULlS

OSTIA

2. SYCON
Classification : 

Phylum 
Class 
Order 
Genus

Porifera 
Calcarea 
Heterocoela
Sycon or Scypha 
Ciliata

1. It is a marine, colonial and hermophrodite sponge 
which is found attached to rocks near sea shore in shallow

Type

waters.
2. Each sponge is a vase-like cylinder perforated with 

numerous ostia all over and a large osculum at the

Fig. 5. Sycon

apex.
3. Canal system is of syconoid type. Radial canals are 

lined with chonanocytes.
4. Skeleton is made up of monaxon, triaxon and 

tetraxon calcarious spicules.
5. Reproduces asexually and sexually. OSTIA

3. SPONGILLA
OSCUM

Classification:
Phylum 
Class 
Subclass 
Order 
Genus 
Type

1. It is a common freshwater colonial sponge found 
usually attached to sticks or pieces of wood in lakes and 
ponds.

Porifera
Demospongia
Monaxonida
Haplosclarina
Spongilla
Lacustris.

WOODEN STICK

Fig. 6. Spongilla
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Zoology and Botany Practical 2. Usually yellowish brown in colour and comprised of numerous small individuals 
with a common flat base.

3. Every individual is perforated with numerous ostia and also has one osculum for 
one individual or one osculum for more than one individual. In the later case two such 
individuals are said to represent each other's branches.

4. Canal system is of rhagon type and skeleton is of spongin fibres with 
interspersed silicious monaxon spicules.

4. AURELIA
UMIUUA* SUMACEClassification:

Phylum : Coelenterata
Class : Scyphozoa
Order : Semeaostomeae
Genus : Aurelia
Type : Aurata.

1. It is a cosmopoliton jelley fish 
which is found in coastal waters.

2. The adults are exclusively 
medusoid forms.

3. The poly is represented by schyphistoma and hydratuba stages.
4. The outer convex surface of bowl is known as umbrellar surface and the lower 

concave surface as subumbrellar surface.
5. The lower concave subumbrellar surface bears a small manubrium (mouth) and 

gives off four long oral arms along the radiae.
6. Velum is absent but endodermal gastric tentacles are present.
7. In each inter-radial space is present a globular structure - the gastric pouch.
8. From each gastric pouch come out many branched and unbranched radial canals.

HAMINAl LATMT

::i?.
'V.

%III ill . ,i
;J\ SUtUMtUUA* SUMAC!

HAKOIHAIIAW1T &
jOAAL ARM

Fig. 7. Aurelia

• STUDY OF MUSEUM SPECIMENS OF COELENTERATA
Diagnostic Characters :

1. They are multicellular metazoan which are mostly marine except hydra.
2. They are diploblastic and acoelomate and show tissue grade of organisa

tion.
3. They are radially symmetrical, solitory or colonial and have a central gastro- 

vascular cavity opening by mouth surrounded by tentacles.
4. They show polymorphism and alternation of generation or metagenesis 

where asexual sessile polyp is followed by free swiming sexual medusa forms.
5. The outer ectoderm and inner endoderm are separated by a gelatinous non- 

cellular mesogloea.
6. Nerve cells, sensory cells, muscle cells and cnematoblast cells are present.
7. A larval stage - planula, ephyra, scyphostoma larvae are found in some 

coelenterates.
Phylum - Coelenterata

Classes:

1 i
HYDROZOA SCYPHOZOA ANTHOZOA

solitory, 1. They are medusoid forms 1. They are only polypoid forms,
marine colonial and may and are called Jelley fishes. Medusoid forms absent,
have calcareous skeleton. 2. Medusal are bell or 2. Gas trovascular cavity

2. Some exist as polyps, some umbrella shaped and have divided into compartments
exist as medusae and some tentaculocysts. by mesenteries,
havebothforms. 3. Mesogloea cellular and 3. Exoskeleton calcareous and

larva planula and mouth they form coral rocks, 
is croci form.

1. Freshwater
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Class - HYDROZOA Introduction to Classification
Orders :

1TI
SiphonophoraStylasterinaMilleporina

1. They have calcareous 
skeleton with pores 
for polyps.

2. Zooids are 
Gastrozoids having 
mouth and tentacles 
and Dactylozoids 
with tentacles but. 
without mouth.

3. Medusae develop in 
chambers and 
without mouth, e.g., 
Millepora.

Hydroidea
1. Polypoid 

generation well 
developed and 
they give rise to 
medusae bjr 
budding.

2. Seure organs, i.e., 
ocelli and 
statocysts are 
present on 
medusae.

1. Coral like hydrozoa. 1. Polymorphic
floating colonies. 

2. Colony has many 
polypoid and 
medusoid forms 
attached to disc.

2. Colony has
Dactylozoids and 
Gastrozoids. The
former are solid and 
without tentacles.
The latter has a cup 3. Polyp has no 

tentacles.
4. Medusae always 

incomplete.

with spine.
3. Larva planula.
4. Medusae develop in 

special cavities, e.g., 
Stylaster.

Suborders

1f
Suborders- PhysophoridaCalycophoraIi 1. Colony's upper end 1. Colony has a float or

pneumatophore, e.g., 
Physalia, Vellela; 
Porpita & 
Helistemma.

has one or more 
swimming bells.

2. Float or
pneumatophore 
absent, e.g., 
Diphyes.

AnthomedusaeLeptomedusae
1. Polyps enclosed in 1. Polyps not enclosed 

in hydrotheca and 
medusae are naked.

2. Medusae fall and bell 
like.

3. Medusae have 
eyespots but stato
cysts are absent, e.g., 
Hydra; Tubularia; 
Bougainvillia; 
Eudandrium; 
Hydractinia.

hydrotheca and 
medusae are
covered by 
go nothecae.

2. Medusae flat or 
bowl shaped.

3. Medusae have 
statocysts but 
eyespots absent. 
e.g., Obelia, 
Sertularia, 
Plumularia and 
Campanularia.

Trachylina
1. Polypoid stage reduced or 

absent.
2. Medusae large and have 

tentaculocysts and statocysts.

1Suborders
)

Narco medusae
1. Gonads and Manubrium at 

the floor of stomach.
2. Margin of umbrella elefted by 

tentacles, e.g., Cunina and 
Solmaria.

Trachymedusae
1. Manubrium long and margin 

of umbrella smooth.
2. Gonads are present on radial 

canals, eg., Gonionemas 
and Geryonia.
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Class - SCYPHOZOAZoology and Botany Practical

1 I
Stauromedusae

1. Sessile, sedentary & stalled.
2. Body trumpet shaped.
3. Gonads band-like.
4. Marginal sense organs 

absent.
5. Larva Planula.
6. Mouth cruieform, 

e.g., Lucernaria, 
Haliclystus.

Semaeostomeae
1. Common free swimming 

medusae.
2. Umbrella flat or saucer 

shaped.
3. Margin of umbrella fringed 

with hollow tentacles.
4. Tentaculocysts 8 or more.
5. Mouth square and its 

corners are produced into 
oral arms, e.g., Aurelia; 
Cynaea.

Rhizostomeae
1. Free swimming.
2. Umbrella is saucer or bowl 

shaped.
3. Mouth surrounded by 8 oral 

arms having numerous 
mouths.

4. Mouth funnel shaped.
5. 8 tentaculocysts but 

marginal tentacles absent.
6. Foul subgenital pits, e.g., 

Rhizostoma (Pilema); 
Cassiopeia.

Cubomedusae Coronatae
1. Free swimming.
2. Body conical or dome shaped.
3. Umbrella divided into an upper 

cone and a lower crown. Crown 
made of Pedalia.

4. 4-16 tentaculocysts:
5. Mouth cruciform, e.g., Pericolpa; 

Periphylla.

1. Free swimming.
2. Body cubical. ‘
3. Gonads leaf like.
4. 4 per radial tentaculocysts.
5. Four hollow inter radial tentacles.
6. Mouth cruciform, e.^., 

Charybdaea; Chiropsalmus.

Class-ANTHOZOA

ISubclasses :

1 I
Zoantharia or Hexacorallia

1. Tentacles simple, hollow, cone shaped 
numerous and arranged in multiples of 5 or 6.

2. Mesenteries arranged in multiples of 5 or 6.
3. 2 siphonoglyphs.
4. Polyps monomorphic.
5. Endoskeleton whenever present in calcareous. 

Ectodermal solitory or colonial.

Orders:

Alcyonasia or Octocorallia
1. Tentacles hollow, pinnate and 8.
2. Mesentarxes complete and 8.
3. Siphonoglyph single.
4. Polyps dimorphic.
5. Endoskeleton calcareous or horny and 

develop from mesogleal cells.
6. Colonial.

1
l

Zoanthidea
1. Mostly colonial.
2. Polyps small generally.
3. Mesenteries paired and 

in a pair one complete 
and one incomplete.

4. One siphonoglyph 
ventral.

5. Skeleton & pedal disc 
absent, e.g., zoanthus.

Antipatharia
1. Plant like colonial forms.
2. Lower end of colony has 

basal plate for attachment.
3. Tentacles & Mesentaries 

6-24.
4. Siphonoglyphs 2.
5. Skeleton in the form of 

branched chitinoid axis, 
e.g., Aritipathes.

Ceriantharea
1. Anemone like solitary forms.
2' Body cylindrical and with an 

oral disc.
3. Tentacles numerous and of 

two types. Mesentarier 
numerous but one type and 
complete.

4. Siphonoglyph on to oral.
5. Skeleton & Pedal disc 

absent, e.g., Cerianthus.
Madreporaria Actiniaria , ,

1. Solitory or colonial.
2. Body divided into oral disc, column & 

base. Aboral end has pedal disc.
3. Tentacles & mesentaries always in 

multiples of six.
4. Siphonoglyph one or more.
5. Skeleton absent,

e.g., Metridium; Adamsia, 
Edorardsia; Minyas & Actinia.

1. Colonial.
2. Polyps small and enclosed in cup like 

cavities of exoskeleton.
3. Siphonoglyphs absent.
4. Exoskeleton calcareous and secretedly 

actoderm, e.g., Astraea; Fungia 
Madrepora, Astrangia & Favia.
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i Introduction to ClassificationOrders :

TTT
Alcyonacea

1. Colony mushroom shaped 
or branched.

2. lower part of polyp fused 
into fleshy mass.

3. Polyps dimorphic in some 
. forms bearing outozooids

and siphonozooids, e.g., 
Allyonium & Hartea.

Pennatulacea
1. Colony elongated & divided 

into proximal stalk and 
distal rachis.

2. Stalk embeded in mud or 
sand.

3. Rachis bears dimorphic 
polyps on lateral branches.

4. Main stem supported by 
horny or calcareous skeleton, 
e.g., Pennatula Renilla; 
Pteroids; Covernularia & 
Virgularia.

Coenothecalia
1. Skeleton massive made by 

crystalline calcareous fibres.
2. Skeleton perforated by 

numerous large and small 
cavities, longer ones have 
lower ends of Polyps, e.g., 
Heliopora.

Telestacea
1. Colony made of branched 

stems coming out of a 
creaping base.

2. Stem bear lateral polyps.
' 3. Skeleton made of spicules

fused by horny or calcareous L Polyps arise singly from 
secretions, e.g., Telesto

Gorgonacea
1. Colony plant like made of a 

small stem arising from 
basal stolon and many 
branches bearing polyps.

2. Skeleton made of calcareous 
spicules mixed with horny 
gorgonin, e.g., Corallium & 
Gorgonia.

Stolonifera

creeping base and connected 
by one or more tubes.

2. Skeleton is in the form of
erect tubes & platforms, e.g., 
Tubipora & Clavularia.

1. OBELIA (WM) gm
Classification

Phylum
Class
Order
Genus

Coelenterata
Hydrozoa
Hydroidea
Obelia.

-LtNTftClES

1. It is found attached to submerged 
objects like rocks and weeds, etc.

2. All the individuals in a colony are 
attached through branches to a horizontal 
hydrorhiza. The branches are called 
hydrocauli.

3. Each branch bears three types of zooids 
- the polyp, the medusae and the 
blastostyles, thus making it polymorphic.

4. The polyp has a vase-like or bell like 
body enclosed in a cup-like hydrotheca. At its 
distall end lies a distinct raised area — the

-HroiOTHtc*-/z.i ■KXYF

C06N0JAKC

'ANNUO*

•KKSAAC

CONOTKSCA

-Mtousoio euos

iro»o caius

i»st iLAsrotmi

hypostome with an apical mouth sorrounded 
with tentacles.

5. The medusae are saucer-shaped zooids . 
and are produced in blastostyles.

6. Gonads are borne on medusae.

Fig. 8. Obelia

7. Life history shows alternation of generations and development through
ORAI DISC .planula larva.

MOUTH
2. ADAMSIA

ORAL
TENTACLESClassification

Phlum
Class
Subclass
Order
Genus
Type

Coelenterata
Anthozoa
Hexacorallia
Actinlaria
Adamsia
Palliatay

ill
Fig. 9. Adamsia

COLUMN

CINCUOAL TUBERCLES
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Zoology and Botany Practical 1. It is commonly called sea-anaernone and is a marine commensal which is 
frequently seen attached to empty gastropod shells in which hermit crabs (Eupagurus 
prideauxi) live.

2. The adults are exclusively polypoid, solitary and are radially symmetrical.
3. The body is cylinderical and is distinguished into a flat pedal disc, a column and 

an oral disc.
4. The oral disc is beset with a ring of hollow and unbranched tentacles and bears a 

large central mouth situated on a raised area.
5. At the joint of column and pedal disc, there are present a few rounded cinclidal 

tubercles.
6. Pedal disc is flat, sucker-like and bilobed and thus helps in attachment.
7. Skeleton is absent, tentacles and mesentaries are in multiples of six.
8. Siphonoglyphs two in the pharynx.
9. Gonads are located on mesentaries.
10. Sexes are separate and they reproduce 

sexually and asexually.

3. PENNATULA
Classification :

Phylum : Coelenterata 
Class 
Subclass 
Order 
Genus 
Type

1. It is commonly known as "sea pen" and 
is found off the eastern coasts of North 
America.

2. The colour is usually red and the fully 
formed colony measures abut 10 cm in 
height.

3. The colony is elongated dimorphic, 
feather-like and is differentiated into a lower 
peduncle or stalk and an upper rachis.

4. The peduncle is dialated at its lower tip 
into an end bulb, which remains hurried in 
mud or sari'd at the sea bottom and is devoid 
of zoids.

5. The rachis is narrow at two ends,
dialated in the middle and bears two rows of 5ND 6uL8-----
lateral branches — the pinnules.

Each pinnule is a long, slightly curved, 
flattened and fleshy projection of the rachis.

'iiii

Anthozoa
Octocorallia
Pennatulacea
Pennatula
Aculeata

ANTHOCOOIA 
ON LATERAL 
8RANCH

!ib>

■LATER*.;.
BRANCHm 3*

K.A ■ ----- rachk
SIPHONOZOOID 
ON RACHIS

PEDUNCLE
INTERNAL HORNY . 
EXIS AND SPICULES

*m •
Fig. 10. Pennatula

* StUDY OF MUSEUM SPECIMENS OF PLATYHELMINTHES
Diagnostic Characters :
1. They are bilaterally symmetrical and flat worm like.
2. Body may be long flat, long ribbon like or leaf like.
3. Anterior end is differentiated into head.
4. Ventral surface has mouth and genital pore.
5. Organs of attachment are suckers having hooks.
6. Body covered by syncytial partly ciliated epidermis or cuticle in parasites.
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Introduction to Classification7. Skeleton absent.
8. They are acoelomate and body space is filled with parenchyma.
9. Respiratory and circulatory system absent.
10. Protonephridia are organ of excretion.
11. Asexual reproduction by regeneration wherever it occurs.
12. Panthenogenesis and polyembryony occur in life cycle.
13. Some of them are endoparasites and have two hosts.

Classification
Phylum - PLATYHELMINTHES

Classes :

1
TREMATODA CESTODATURBELLARIA

1. Endoparasites.
2. Body tape or ribbon like & 

flat.
3. Without epidermis.
4. Pseudosegmentation.

G. Life cycle has polyembryony. 5. Suckers & hooks present.
G. Mouth, digestive system 

absent.
7. Excretion by flame cells & 

canals.
8. Life cycle has one cysticercus 

larva.

1. Endo or ectoparasites.
2. Body leaf like and flat.
3. Body wall without epidermis.
4. Undivided body.

1. Free living flat worms.
2. Body unsegmented.
3. Protonephridca or flame cell ' 

are organs of excretion.
4. Epidermis has rhabdites.
5. Regeneration common method 

of reproduction.

5. Suckers present.

7. Flame cells present.

Orders :

I1 I
ASPIDOTHEREA DIGEN1AMONOGENEA

1. Ecto or Endoparasites, oral 1. Endoparasites. 
sucker absent. Ant. end has 2. Oral suckers absent, 
adhesive structure.

2. Post end has adhesive disc.
3. Exe. pore paired.
4. Life cycle simple, e.g.,

Polystoinuin, Diplozoon;
Gryodactylus.

1. Endoparasites.
2. Two suckers, without hooks.

3. Ventrasucker divided into 3. Life cycle has many larval 
compartments.

4. Life cycle simple.
5. No alternation of hosts. 

e.g., Aspidogaster.

stages.
4. Excretory pore single.

c.g., Fasciola; Clonorchis, 
Schistosoma; Bucephlus, 
Pa ra mphistom u in.

Subclasses:

I[
EUCESTODA

1. Body elongated & ribbon like.
2. Body divided into many proglottids.
3. Scolex has adhesive structures.
4. Larva with six hooks.
5. Each segment has more than six rep. 

organs.

CESTODARIA
1. Body undivided.
2. Scolex absent.
3. Larva with 10 hooks.
4. Single setofRep. organs.

Subclass - CESTODARIA

1Orders :

1
Gysocotylidea 

1. Body elongated and flat.
•2. Proboscis reversible.
3. Adhesive structure on post. end.
4. Male & Female genital app. 

together in ant. half.
5. Uterus short, e.g., Gyrocotyle.

Amphilinidea
1. Body flat or oval or elongated.
2. Ant. end has reversible proboscis.
3. Post, end has adhesive structures.
4. Male and female genital pore posterior.
5. Uterus coiled
G. Scolex absent, e.g., Amphilina.
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Subclass - EUCESTODAZoology and Botany Practical
IOrders :

f T I
Tetraphyllidea

1. Scolex has 4 bothridia
2. Testes infront ovaries.
3. Cirrus hair, spines or 

hooks, e.g., 
Phyllobothriurn.

Trypanorhyncha
1. Body of moderate size.
2. Scolex has 4 bothria & 4 

protorusible proboscides, 
e.g., Tetrarhynchus; 
Haplo bothrium.

Cyclophyllidea
1. Large tapeworms.
2. Segmented body.
3. Scolex has 4 suckers.
4. Exc. system of tubes.
5. Yolk gland one, 

e.g.. Taenia, Echinococcus, 
Hymenolepis.

Diphyllidea .
1. Body has 20 segments.
2. Scolex with 2 bothria, 

e.g., Echinobothrium.

. Pseudophyllidea
1. Body may be unsegmented.
2. Yolk glands numerous.
3. Two slit like bothria, 

e.g., Diphyllobothruim, 
Bothriocephalus.

Class - TURBELLARIA ^

v

iOrders :

T 1
Acoela

1. Marine turbellarians.
~2. Digestive system has only 

pharynx & mouth.
3. Intestine absent.
4. Excretory system absent, 

e.g., Convoluta.

Rhabdocoela
1. Freshwater, marine and 

Terrestrial turbellarinns.
2. intestine present in digestive 

system.
3. Excretory system of proto- 

nephridia.
4. Nervous system has 2 tracks.

Tricladida
1. Marine, freshwater and 

terrestrial.
2. Pharynx directed backward.
3. Intestine has 3 diverticle.
4. Gonopore single.
5. Testes 2-many and ovaries 1 

paired.

AUoecoela
1. Mostly marine, few freshwater 

forms.
2. Intestine with diverticuie.
3. Excretory system made of 

protonephridia.
4. Nervous system with 3-4 tracks.

Polycladida
1. Marine.
2. Body broad & flat.
3. Intestine has many branches.
4. Yolk glands absent.
5. Testes & ovaries, numerous. 
G. Eyes numerous.

1 1Suborders : Suborders:

TI I
Chophora (1)

1. Marine
2. Pharynxplicate

e.g.,
Proporoplana

Cumulata (2)
1. Freshwater or Marine.
2. Pharynx bulbose.
3. Intestine without 

diverticula,
e.g., Hypotrichina.

Acotylea
1. Pharynx vertical & 

curtain like.
2. Sucker absent.

Cotylea
1. ' Pharynx tubular.
2. Sucker behind female 

pore.
3. Tentacles nuchal type, 3. A pair of marginal 

e.g., Notoplana tentacles, e.g., 
Thysanozoon.Suborders:1 I 1 1Lithoepitheliata (4)

1. Marine, fresh 
water or 
terrestrial.

2. Pharynx simple.
3. Yolk gland absent. 

e.g., Prorhynchus
Suborders:

Seriata (3) Maricola Paludicola
1. Freshwater.
2. Eyes, 2 ordinary or 

absent.
3. Bursa infrbnt penis.
4. Reproduction asexual, 

e.g., Planarid or 
Dugesia.

1. Marine
2. Pharynxplicate
3. Intestine and •

diverticula, -
e.g., Bothrioplana; 
Otoplana.

1. Marine.
2. Eyes one pair.
3. Panis papilla with style 

and burs a round.
4. Reproduction sexual, 

e.g., Ectoplana;
, Bdelloure.

I I
Notandropora
1. Freshwater form.
2. Pharynx simple.
3. Protonephridiaone.
1. Asexual reproduction 

e.g., Rhyncoscolex; 
catenula

Cecithopora
1. Freshwater, marine or terrestrial.
2. Paired protonephridia.
3. Reproduction sexual.
4. Pharynx bulbose.

e.g., Mesostodrim; Anoploduim.

1. Terrestrial.
2. Bursa absent,

e.g., Bipaltum, Geoplana.

Opisthandropore
1. Freshwater or marine.
2. Pharynx simple.
3. Paired nephisdia.

. 4. Asexual repreduction.
e.g., Microstomum; Macrostomum.

Temnocaphalida
1. Freshwater.
2. Ant. end has 2-12 tentacles,
3. Post, end has 2 adhisive discs,

e.g., Tenonocephala; Monodiscus.
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Introduction to Classification1. FASCIOLA
• -—MOUTH

' ■—fUCKCH 
CENITAJ. OffNINO 

___

Classification:
Phylum 
Class 
Order 
Family 
Genus 
Type

Comments:
1. It is commonly known as "Liverfluke” 

and is an endoparasite inthe bile duct of 
sheep.

2. It is cosmopolitan and pathogenic and 
measures about 20 to 50 mm in length and 5 to 
15 mm in width.

3. Body leaf-like and flattened.
4. Mouth and oral suckers are situated on a 

small protuberance — the "head".
5. A little behind the oral sucker is present a 

ventral sucker or acetabulum on the mid-ventral side.
6. In between the oral and ventral suckers, along the ventral surface, is present a 

small genital opening.
7. In the posterior part lies a sub-terminal excretory pore or "anus".
8. Among the digstive organs, the most conspicuous is intestine, which is a highly 

branched and convoluted structure.
9. They are hermaphrodite and the reproductive organs occupy almost whole of the 

body space.
10. The life cycle includes an intermediate host in the form of snail—Limnea 

(a mollusc).
11. It causes liver rot, liver cirrhosis, eosinophilia and anemia.

Platyhelminthes
Trematoda
Digenea
Fasciolidae
Fasciola
Hepatica

HEAD

SOOT

:$V1- ■

& :•
'{M

ANUS
&

Fig. 11. Fasciola Entire

2. TAENIA SOLIUM
Classification : IHMATUM SWIiENT-

Phylum : Plathyhelminthes 
Class : Cestoda 
Order : Taenioidea
Genus : Taenia 

Solium

HATU«C SfOCNT
NtO

0 RATIO SEGMENTSUCKER

.GROOVE
AOSTTU.JH'

Type
Comments :

U ,
£scotsx

1. It is commonly known as 
“Tapeworm** and is an entoparasite in 
the intestine of human beings in 
regions of the world where pork is taken 
indiscriminately.

2. Body is dorsoventrally flattened and 
is ribbondike.

3. The body exhibits pseudo- segmenta-

r
t

Fig. 12. Taenia Solium Entire
tion.

4. The body is distinguished into a
minute head — the scolex, a neck and body segments — the strobila.

5. The scolex is of the size of a pinhead and bears four suckers and a rostellum.
6. The strobila are of three types — (1) immediately behind the neck are present the 

immature segments, (2) they are followed by mature segments and ultimately (3) there 
are large rectangular or square-shaped gravid segments.

7. The mature segments contain a set of male and female organs and the gravid 
segments contain uterus which is full of eggs and a genital opening.
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Zoology and Botany Practical 8. They are hermaphrodite and their life cycle involves on intermediate 
host—the pig.

• STUDY OF MUSEUM SPECIMENS OF NEMETHELMINfHES
Diagnostic Characters:
1. They are commonly called round worms and may be terrestrial, aquatic or 

parasitic and are found in plants, animals and soil, etc.
2. Body elongated worm like and pointed at both ends.
3. They are unsegmented, pseudocoelomate, radial or radio-bilaterally symmetrical 

animals.

i

4. Body wall is covered by elastic, thick and ringed cuticle without cilia.
5. Alimentary canal straight and excretion through two tubes. Respiratory and 

circulatory systems absent.
6. Nervous system has a ring and numerous longitudinal cords.
7. Sexes separate. Male organs single and female paired, Fei’tilization internal and 

development direct.
Phylum - NEMETHELMINTHES (NEMATODA)

Orders:
\ T

Rhabditoidea
1. Parasitic or may be 

free living in soil.
2. Pharynx 

rhabditiform,
. e.g., Rhabditis.

Eroploida
1. Marine & free living.
2. Amphids present.
3. Cuticle has bristles, 

e.g., Enoplus.

Trichenelloidea or
trichuroidea

1. Endoparasites in digestive tract of 
birds and mammals.

2. Mouth without lips.
3. Pharynx slender.
4. Male without copulatory apparatus 

and female with single ovary,
e.g., Trichinella; Trichurus.Oxyuroidea

1. Very small exoparasitic 
worms.

2. Pharynx has bulb.
3. Female with long tail.
4. 3-6 lips,

e.g., Entet'obius; 
Oxylesis.

Dorilamoidea
1. Ecto parasites or plants 

^ and found in soil and
fresh water.

2. Amphids present, 
e.g., Dorylaimus; 
Xiphinema.

f T T T
Ascaroidea 

1. Endoparasite in 
intestine of 
vertebrates.

2. Mouth without lips. 2. Mouth surrounded by 3 2. Mouth without lips.
3. Pharynx muscular 

anteriorly &
glandular behind. 4. Tail in male curved and

4. Males have spicules 
and vulva of female 
in the middle, e.g.,
Dracunculus.

Dracanculoidea Strongyloidea 
1. Endoparasites in 

digestive tract of 
mammals.

Filaroidea
1. Endoparasite in 

connective tissue of 
vertebrates.

1. Endoparasites in 
lymph system or 
circulation of 
vertebrates.’

3 Pharynx without bulbs. 2. Mouth without lips.
3. Pharynx muscular 

infront and

lips.
3. Pharynx without bulb. 4. Male has copulatory .■

bursa and female with
ovijectors,
e.g., Encylostoma.

in female straight, e.g., 
Ascaris.

glandular behind.
4. Males have spicules 

and vulva in female 
anterior. Bursa 

. absent, 
e.g., Filaria.

ASCARIS
Classification

Phylum
Class
Order
Genus
Type

Nemathelminthes
Nematoda
Ascaroidea
Ascaris
lumbricoides

18 Self-Learning Material



Introduction to ClassificationComments : /.‘G.UTH-------

1. It is a common endoparasite in the 
intestine of human beings.
"2. Body worm-like and having 

pseudosegmentation.
3. Mouth is having 3 distinct serrated 

lips.

- J-'XCrU TORY PCfU----

V

----------  GDNOHCRE
r

i I
4. Pharynx is having few caeca but no 

posterior bulb.
5. The posterior end of female is straight 

and that of male is curved.

; IL/-7LRAL l INC

i

ANUS------ -‘
T J6. Male bears a pair of chitinouspenial 

setae projecting out of cloaca.
7. Excretory pore lies about 2 mm away 

from the anterior end.
8. The female genital opening lies at the 

end of anterior 1/3 length of body.
9. The fertilized eggs pass out with faeces 

and hatch into embryo in warm and moist 
soil.

1;
i

Vi :
tJ Tl

if1 r
4If. ;

1i.
I

\ h ' f'ENIAl StTAE\
AInfection 

con laminated hands
contaminated water.

through
drinking

10. occurs
and

'/ m TAIL
MALEFEMALE

Fig. 15. Ascaris (Mate and Female)

• STUDY OF MUSEUM SPECIMENS OF ANNELIDA
Diagnostic Characters :
1. They may be aquatic, marine or freshwater or terrestrial, burrowing or tubicolous.
2. They are bilaterally symmetrical, triploblastic metamerically segmented and 

coelomate worms.
3. Bodywall has external cuticle, epidermis and well developed longitudinal and 

circular muscles.
4. Body cavity divided by septa and filled with coelomic fluid.
5. Organs of locomotion are setae, parapodia and suckers and tentacles and all these 

appandages are unjointed.
6. Alimentary canal is a straight tube. Respiration by cuticle or gills. Excretior^b 

nephridia.
7. Nervous system made of ganglia arranged in a ring and connected by double soleid 

entral nerve cords.
8. Blood vascular system closed type in most of the annelids but may also be 

haemocoelomic and open type.
9. Sexes may be separate or united and development may be direct or through 

trochophore larva.

y
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Classification of ANNELIDAZoology and Botany Practical
iClasses:

I 1I
Polychaeta 

1. Head made of 
Prostomium and

Oligochaeta 
1. Distinct head,

prostomium eyes and 
tentacles absent.

Archiannelida Hirudinea
1. Prostomium pi-csent 1. Mostly ectoparasites, 

and has 2 or 3 
tentacles.

2. Setae or Parapodia 
absent.

3. Clitellum absent.
4. Segmentation faintly 

marked.
5. Unisexual or 

hermaphrodite and 
have trochophore 
larva,
e.g., Polygordius 
and Protodrillus.

Orders :

• i
2. Parapodia or setae 

. absent.peristomium which 
have eyes, tentacles, 2. Setae single and

organs of locomotion. 
Parapodia absent.

3. Clitellum present. 
Gills absent.

3. Clitellum may be 
present.

4. Suckers present on 
anterior and 
posterioer ends.

5. Hermaphrodite.

palps and cirri.
2. Setae are in bundles

and modified into 
parapodia.

3. Clitellum absent. 
Gills may be present 
for respiration.

4. Pharynx protrusible 
and sexes separate.

4. Pharynx not
protrusible and sexes 
are united.

1Orders :
( 1, i 1

Errantia Sedentaria Acanthobdellida
1. Body has 30' 

segments.
2. Anterior sucker 

absent.
3. Probaoscis short.
4. First five segments 

have double tows of 
setae,
e.g., Acanthobdellia.

Gnathobdcllida
1. Each body segment 

has five annuli.
2. Both suckers will 

developed.
3. Proboscis absent.
4. Jaws present, Blood 

red,
e.g., Hirudo; 
Haemopios; 
Hirudinaria; 
Nephelis.

Rhynchobdellida
1. Each body segment has 3, 6 

or 12 annuli.
2. Anterior sucker well 

developed.
3. Proboscis protrusible.
4. Jaws absent. Blood colourless, 

e.g., Pontobdella; Clepsine; 
BranchelUon.

i
1. Parapodia have cirri. 1. Parapodia may be of
2. .Pharynx protrusible. ■ two types.
3. Prostomium has eyes,2. Pharynx non

tentacles and palps.
4. All segments alike. 3. Prostomium in 

distinct and without

protrusible.

e.g., Nereis;
Aphrodite; Glycera; eyes and tentacles. 
Polynoe & Syllis, 4. Body segments

different in anteriorTomopteis &
and posterior regions, 
e.g., Chaetopterum; 
Sabella; Terebella; 
Arenicola; Serpula; 
Amphitrite; 
Spirorbis & 
Stermapcis.

I T
Azchioligochaela

1. Body made of few segments 
freshwater forms.

2. Setae in groups.
3. Gizzard non-muscular or 

absent.
4. Eye spots present. Clitellum 

simple.
5. Reproduction asexual & 

sexual.
e.g., Tubifex & Aelosoma.

Neooigochaeta
1. Body has many segments and 

terrestrial forms.
2. Setae singly distributed.
3. Gizzard very muscular.
4. Clitellum complicated.
5. Reproduction sexual,'

e.g., Pheretima, Lumbricus 
& Eutypheus.

-IIKAO
CTKS

5. HIRUDO (LEECH) 
Classification ; 

Phylum : 
Class : 
Order : 
Family : 
Genus : 
Type :

DdliSAL 1 
SUKKAOK ‘LU'WKIi

SUdfACl-.'m*Annelida 
Hirudinea 
Gnathobdellida 
Haemadipsidoe
Haemadipso 
Zeylonica

1. Commonly called Indian Cattle leech and 
is a fresh-water form.

sniMf-vr

SKCMKNTAI.
lil'MICHDU

H
Mi

2. Ectoparasite on cattles and even on 'annuluj
n’lifij;HgH.ANUSman.

3. Setae, prostomium, append- ages and 
distinct head are absent.

I’OSTKK Olt SLICKKK

Fig. 14. Hirudo
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4. Only a well developed posterior sucker is present, the anterior sucker being 
reduced.

5. Anterior and posterior segments smaller in size and middle ones larger. First five 
segments bear paired eyes.

6. Tri-radiate mouth is located on ventral side, proboscis non- protrusible 
and jaws three and well developed.

7. True coelom absent and haemocoel is spacious and filled with botryoidal 
tissue.

8. Male genital pore is located on 10th and 11th segments midventrally.
9. Blood red in colour and crop has paired diverticula.
10. Hermaphrodite and reproductin sexual..

Introduction to Classification

• STUDY OF MUSEUM SPECIMENS OF PHYLUM MOLLUSCA
Diagnostic Characters :
1. They are mostly marine, few fresh water and very few terrestrial animals.
2. Their body is unsegmented but bilaterally symmetrical and triploblastic.
3. Body enclosed is exoskeleton of calcareous shell of one or more pieces and 

divided into head, foot, mantle and visceral mass.
4. Foot is flat and muscular and modified for burrowing creeping or swimming.
5. Mantle is a fold of bodywall and encloses a mantle cavity around the body cavity 

is haemocoel.
6. Coelom is present only in gonads, nephridia and pericardial cavity. The body 

cavity is haemocoel.
7. Buccal cavity contains a chitinous radula except in Pelecypoda.
8. Respiration by gills except the terrestrial molluscs which also have a lung.
9. Circulatory system open type except cephalopoda. Excretion through 

metanephridia.
10. Nervous system is represented by cerebral, pleural, pedal and visaral 

ganglia and nerves connecting them.
11. Mostly diocious but few are hermaphrodite. Development direct or through 

trochophore or veliger larva.
Classification of MOLLUSCA

iClasses :

IT I
ScaphopodaMonoplacophora PolyplacophoraAplacopbora

1. Head mantle shell 1. Body segmented and 1. Body complex above 1. Marine and body 
shell of one piece.

2. Body covered by 2. Foot flat and 
calcareous spicules.

3. Mid dorsal crest is

flat below. enclosed in tusk likeand foot absent.
2. Shell made of 8 

pieces.
3. Foot flat and has a 

groove on sides 
containing gills.

4. Nephridia one pair.

shell open at both 
ends.

2. Eyes, tentacles and 
gills absent.

3. Foot modified for 
digging and reduced.

4. Mantle tubular. 
e.g., Dentalium.

nephridia five pairs. 
Gills external, 
e.g., Neopilina.present.

iOrdersr
ChaetodermatoideaNeomenioidea

l. Midventra! groove 1. Groove absent,
e.g., Chaetoderone.present,

e.g., Neomenia & 
lepidomenia. I

Lepidopleurida
1. Pieces of shell without 

insertion plates, 
e.g., Lepidopleurus.

Cbitonina
2. Insertion plates present, 

e.g.. Chiton, Tonicella & 
Cryptochiton.

TT
Petecypoda Cephalopoda

1. Body divided into head and 
trunk.

2. Shell spiral or reduced and 
internal or absent.

3 Foot modified into long arms 
having suckers.

4. Gills 2 or 4 pairs. No larva.

Gastropoda
1. Body laterally compressed. 

Shell made of two pieces 
joined by a hinge.

1. Body unsegmented. •'
2. Shell of one piece and 

spirally coiled.
3. Foot flat for creeping and has 2. Head not clear. Radula, jaws 

an operculum.
4. Visceral mass shows torsion. 3. Foot like a plough share.

Gills paired and mantle 
bilobed.

and tentacles absent.

5. Respiration by gills and by 
lung is same.

G. Larvae trochophore & 
veliger.

4. Development through 
glochidium larva.
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Class - GASTROPODAZoology and Botany Practical Subclasses :
1

Prosobranchia
1. Marine freshwater or 

trrestrial.
2. Visceral mass and visceral 

nerves are twisted into figure 
o/'S' due to torsion.

3. Shell conical and spirally 
coiled and operculum present.

4. Gills if present are located 
infront of heart.

5. Sexes separate.

OpisthobranchiaPulmonata
1. Freshwater or terrestrial, few 1. All marine. Shell usually

absent or reduced..
2. Operculum absent. Heart has 

one auricle and ventricle.
3. Gill single and usually replaced 

by dorsal outgrowth or 
secondary branchiae.

4. Nervous system concentrated 
and mantle cavity rotated to 
right side due to detorsion.

5. Hermaphrodite.

marine.
2. Shell spiral or reduced or 

absent. If present surrounded 
by mantle.

3. Nervous system secondary 
symmetrical due to shortening 
of nerves, operculum absent.

4. Hermaphrodite.

f I
Archeogastropoda

1. Operculum, proboscis siphon and 
penis absent. •

2. Nephridia, ospharidia and auricles 
two.

3. Gills one or two, bipectirate and 
internal.

4. Nervous system not concentrated 
and with pedal cords,
e.g., Haliotis; Fissurella, Patella; 
Trochus and Turbo.

Mesogastropoda
1. Operculum uncalcified and 

siphon, penis are present.
2. Nephridium, ospharidium and 2. Radula has 2-3 teeth in 

auricle single.
3. Gill one and nonopectinate.
4. Nervous system concentrated 

and without pedal cords.
5. Radula has 7 teeth in a row, 

e.g., Pila; Cypraea; Valvata,
Jonthina & Truncatella.

Neogastropoda
1. Shell with elongated 

siphonal canal.

a row,
e.g., Musex; 
Buccinum; Conus & 
Terebra.

1 I
Onchidiacea
1. Body naked and 

without shell, slug like.
2. Head has a pair of 

retractile tentacles. 
Pulmonary sac present. 
Anus and female 
gonopore at hind end 
and male gonapore at 
anterior end,
e.g., Onchidium & 
Onchidella.

Cephalaspidea Pteropoda Acochlidiacea
1. Naked without 

shell. Minute snails.
2. Visceral sac, 

parapodia and Gills 
behind the foot.

4. Hermaphrodite & 3. Sexes may be 
protandrous, 
e.g., Clione;
Spiratella &
Cavolina.

1. Shell present may be 1. Shell present or
absent.paired and 

surrounded by mantle. 2. Pelagic snails.
2. Head has tentacular 3. Swim by lateral

extensions.shield. Parapodial 
lobes present or 
absent,
e.g., Acteon; Bulla & 
Hydatina.

separate or united. 
e.g., Acochilidium.

I I I
Nudibranchia Phillinoglossacea Notaspidea

1. Shell absent.
Naked.

2. Mantle or mantle 2. Gills and head 
cavity absent.

3. Internal gills 
absent.

4. Secondary 
branchiae arranged 
in a cisclet around 
anus for 
respiration, 
e.g., Doris,; Eolie;
Armina &
Tritonia.

Saccoglossa Aplysiacea
1. Minute & naked 1. Shell present or 1. With or without 1. Snell small

shell. Pharynx 
suctorial.

2. Sperm duct 
closed.

snails. absent. and covered 
by mantle.

2. .Parapodial 
lobes
developed.

3. Paired 
tentacles & 
Rhinophore.

4. Sperm duct

2. Parapodia 
absent.

3. Mantle without 
mantle cavity. 3. Parapodia

present. 
e.g., Oxynoe.

appendages 
absent.

3. Visceral mass
separated from 4. Gills 
foot by a groove. 
e-g;
Phillinoglossa

bipectinate. 
e.g., Tylodina.

open,
e.g., Aplysia.

I II
Rhodopacea

1. Vermiform snails.
2. No appendages.
3. Protonephridia for excretion, 

e.g., Rhodope.

Pyramidellacea
1. Shell spirally coiled.
2. Radula & Gills absent-.
3. Operculum present.
4. Proboscis long,

e.g., Turbonilla & Odostomia.

Parasita
1. Endoparasites in 

Holothuriaus.
2. Degenerate snails, 

e.g., Endoconeha & 
Thyonicola.
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Subclass - Pulmonata
Introduction to ClassificationIOrder:

1
StylommatophornBassommatophora

1. Freshwater, brackish water or marine forms.
2. Shell delicate and spirally coiled having a large 

aperture.
3. Tentacle one pair. Eyes at the base of tentacle.
4. Female and male gronopores separate, 

e.g., Limnaea; Planorbis & Siphonaria.

1. Terrestrial forms.
2. Shell may be conical & spirally coiled or 

absent or internal.
3. Tentacles 2 pairs and retractile and 

Eyes at tip.
4. Female and male gonopores united. 

e.g., Helix; Limax; Retinella & 
Partula.

Class - Pelecypoda1
T 1

Pilibranchiata
1. Gills plate like. 1 pair.
2. Foot small, Byssus present.
3. Two adductors.
4. Interfilamentar and interlamellar 

junctions absent,
e.g., Mytilus & Asca.

Pseudolemallibranchita
1. Plaited Gill forming folds.
2. Shell valves unequal.
3. Adductor one. Foot 

rudimentry.
4. Junctions present,

e.g., Ostraea & Pecten.

Protobranchiata
1. Gill plum like, 1 pair.
2. Foot is flat for creeping.
3. Adductor muscles 2. 

e.g., Solenoinya & 
Niicula.

Septibranchiata Eulemallibranchiata
1. Gills basket like.
2. Foot large, Byssus small.
3. Two adductors. Siphon present.
4. Interfilamentar and interlamellar junctions present, 

e.g., Unio; Mya; Teredo; Venus; Anodonta & 
Cardium.

Class - Cephalopoda

1. Gills reduced.
2. Foot longand slender Byssus 

absent.
3. Adductors 2.

e.g., Protoinyo & CuspUloria.

iSubclasses :

1Tt
Dibranchiata

1. Shell internal, reduced and 
covered by mantle or absent.

2. Foot surrounds mouth and 
modified into 8-10 long arms 
bearing powerful suckers.

3. Funnel is a complete tube.
4. Gills, liidney.s auricles and 

branchial hearts two.
5. Inkgland, chromatophores 

present.
6. Eye large and complex.

Tetrabranchiata
1. External shell spirally coiled 

and chambered.
2. Foot suiTounds mouth and 

divided into lobes having 
tentacles.

3. Gills, kidneys & auricles 
four.

4. ink gland and 
chromatophores absent.

5. Eyes simple, funnel is not a 
complete tube.
e.g., Nautilus.

Ammonoidea
1. Shell straight or spiral.
2. External siphon, marginal 

siphuncle.
3. Has frilled septal edges.
■1. Extinct.

e.g., Ammonites.

1 Orders :

l
Octopoda

1. Body globose and without fins.
2. Arms 8 and suckers sessile.
3. Shell absent.
4. Nidamental glands absent, 

e.g., Octopus & Argonauta.

Decapoda
1. Long body with lateral fins.
2. Two long and eight short arms. Short arms 

have suckers all along the length and long 
arms have at their tips.

3. Shell internal.
4. Nidamental glands present, 

e.g., Sepia and Loligo.

1. PfLA
Classification : 

Phylum 
Class 
Subclass 
Order 
Genus

Mollusca 
Gastropoda 
Prosobranchia 
Mesogastropoda
Pila 
Globosa

1. It is commonly called “apple snail” and is found in fresh water ponds, pools and 
ditches in India and adjacent regions.

Type
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Zoology and Botany Practical
APEXSUTURE>

--------SUTURE
BODY WHORL

PENULTIMATE
WHORLn.

VARIX COLUMELLA

%
UMBILICUS

INNER LIP OUTER LIP 1
OPENING OF SHELLOPERCULUM

{B) SHELL SPLITTED(A) SHELL ENTIRE

Fig. 15. Pila

2. Shell is external and spirally coiled and is comprised of 6 whorls.
3. The axis around which coiling takes place is known as Columella, the top whorl is 

known as apical whorl and the large and ultimate whorl is known as animal chamber.
4. The animal chamber is covered over by operculum.
5. Along the animal chamber, runs a vertical groove - the varix, which connects the 

penultimate whorl and inner lip of mouth.
6. The animal comprises a head, foot and a visceral mass.
7. Foot is muscular, flat and serves for creeping.
8. Visceral mass consists of main body organs and is spirally coiled.
9. Kdney and ctenidium (gill) unpaired.
10. A part of mantle is modified into pulmonary sac and serves for aerial 

respiration.

Dissection of Nervous System of Pila

APICAL WHORL

PENULTIMATE
WHORL

BODY CHAMBER SUTURE
VARIX

$v.

ANIMAL
CHAMBER

OPERCULUM
SV: Wiigi OUTER UP

!;

UMBILICUS

INNER LIP

Fig. 16. Pila-external features

Hold the pila in left hand so that its operculum is towards the palm and apical 
whorls and apex upwards. After breaking the shell, remove the mantle by cutting it
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viscEAh MASS Introduction to Classification

4}

.HEAD

.STAUC

MANTLE EYE
fvVTv

-LEFT NUCHAL LOSE

OPERCULUMV:;:
■SECOND TENTACi:

FIRST TENTACLE FOOT

Fig. 17. Pila-animal after removing shell

SECOND TENTACUlfltCST TENTACLE

•2^- ETE

LETT ...
PSEUOCMPO0IUM • .CTENIOIUM

‘n-

•itaeniaOSPHARIDHJM

•NfTAL

•CTUM

MASS
ISCERAlI

MANTLE‘S NnS. / 
tCUT OPEN).

OPENING OF/
PULMONARY SAC ^Yj'

Fig 18. Pila-display of viscera after removing mantle

CEREERAL COMMISSURE
from either edge. You will be 
seeing the tentacles (2 pairs), 
eyes, pseudepipodia and gill 
along with the flat base of 
pulmonary chamber.

Mark the base of second 
pair of tentacles and locate a 
small raised area of buccal 
mass just behind the ^ 
tentacles. Now remove the 
tough and thick skin from the 
base of both tentacles and 
locate the cerebral ganglia.
Continue to remove the skin 
between the two tentacles, 
along the ridge, and expose 
the thick white, strap-like 
cerebral commissure. Now, 
remove the skin from above 
the buccal mass and try to locate the large yellowish or greenishpleuropedal mass on 
either postero-lateral corners of buccal mass. After locating the pleuropedal mass, 
slowly, with care, remove the buccal mass and expose the two thick strap-like nerves on

TENTACLE
CERESROPCDAL
CONNECTIVE

'iW'-triyljVJ
;,'V.

FOOT2$
OPERCULUM

PLEUROPEDAL 
MASS ’*• EYE•m

- CEREBRAL GANGUON 
___ _
\ CONNECTIVE
ftr—INFRA INTESTINAL 
W r NERVE
1^4-SUm INTESTINAL 

NERVI

WMOSPHARID/UI 1-Silip JF ■ ft imSI iimmij
•¥iSUPRAJI i SHED

INAL
GANGLION

JrMANTLE — SHEU55 a

wmmvaaRAi"
GANGLION

T. J
Fig. 19. PHa-nervous system.
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Zoology and Botany Practical either side of buccal mass and a pair of nerves along its postero-ventral surface running 
transversely. Of the two lateral nerves, one is cerebro pleural connective and the 
other is cerebro pedal connective. Of the three posterior transverse nerves, the two 
thicker ones are pedal commissure and the thinner one is infra intestinal nerve. 
Tracing this nerve is slightly difficult because it runs below the intestine and, while 
removing buccal mass, it generally breaks.

After tracing and clearing all these structures locate the visceral ganglion at the 
lower end of the visceral mass just where it starts coiling. Also, locate the supra 
intestinal ganglion along the left margin just below the ospharidiuni. Trace the 
supraintestinal nerve from supraintestinal ganglion to the right pleuropedal 
ganglionic mass. This is the most important nerve of this dissection.

Now, trace the intestinal visceral connective which joins visceral ganglion and 
right pleuropedal mass. The supraintestinal visceral connective joins supra
intestinal ganglion and visceral ganglion and the zygoneurae connects supra
intestinal with left pleuropedal mass. Black paper your dissection.

• STUDY OF MUSEUM SPECIMENS OF PHYLUM - ECHINODERMATA
Characters :
1. They are the only animals which are all marine.
2. They are unsegmented, triploblastic, coelomate and radially penta- 

meroesally symmetrical.
3. They are generally star like; round or cylindrical with clear oral and aboral 

surfaces.
4. Oral surface has ambulacral grooves.
5. Digestive tube coiled, circulatory system is haemal lacunar. Respiration 

through papulae, peristomial gills, genital busae or cloacal respiratory trees. 
Excretory organs absent.

6. Nervous system and sensory system primitive. Organs of locomotion tube feet.
7. Presence of water vascular system is the most characteristic feature.

Classification of ECHINODERMATA

iSub phylum :

i 1
Pulmatozoa

1. Body attached by aboral stalk.
2. Mouth and anus on oral surface.
3. Tube feet without suckers.
4. Body organs enclosed in calcareous test. 

They are mostly extinct.

Eleuthrozoa

iClasses :

1i
Heterostelea

(extinct)
Blaotoidea

(extinct)
Crinoidea '

• 1. Without stalk and free moving. 
Adrioasteroidea 2. Body is made of an oral cup like 

Calyx and aboral tegmen.
3. Oral surface above and arms

Cystidea
(extinct) (extinct)

excentric on oral surface.
4. Arms branched and movable.
5. Hadreporite and pedicilariae 

present.
6. Larva doliolaria.

i
order Articulata 

e.g.., Antedon
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Introduction to Classification

T 1Ti
Holothuroidea

1. Body cylindrical and 
bilaterally 
symmetrical.

2. Body surface has tube 
feet on ventral surface 
and papillae on dorsal 
surface.

3. Endo skeleton reduced.
4. Tentacles around 

mouth.
5. Cloaca has respiratory 

tree.

Echinoidea OphiroideaOphiocistioidea
(Extinct) 1. Body round disc like. 1. Body flat with 5

2. Body enclosed in shell 
covered by movable

stadums (spiny).
2. Ambulacral groove 

absent.
Asteroidea

1. Body flat star shaped
2. 5-50 arms.
3. Mouth surrounded by 

peristoma.
4. Tube feet along 

ambulacral groove.
5. Movable pedicillariae.
G. Papulae respiratory 6. Echinipluteus larva.

arms.

spines.
3. Tube feet come out of 3. Anus and intestine 

pores between plates.
4. Ambulncarl groove

absent.
• 4. Respiration by 10 

bursal.
5. Pluteus larva.

absent.
5. Aristotles lantera

present.

7. Bippinnaria & 
Bractiolaria larvae.

I
I I1 I

tierizonida
(Extinct)

ForcipulataSpinulosa
1. Arms without plates. 1. Marginal plates
2. Pedicillariae absent.

Phanerozonia
1. Arms have two rows of 

plates.
2. Pedicillariae sessile or 

alvoeolar.
3. Tube feet in two rows. 

c.g.. Luidia; 
Astropecten; 
Pentaceros; 
Archaster & 
Anthenea.

absent.
2. Aboral spines 

reticulate.
3. Pedicillariae 

pedunculate.
4. Tube feet in 4 

rows. Papullae on 
both surfaces, 
e.g., Astercas; 
Zooster and

3. Spines on aboral 
surface.

4. Ampullae single. 
Tube feet in 2 rows. 
e.g., Asteria; 
Echinaster and 
Sataster.

Platyastaroidca
(Extinct) Haliastir.

T
Euryalae

1. Ai-ms long, branched or coiling.
2. Shields on disc reduce.
3. Arm spines from hook or knobs.
4. Macheposite many.

e.g., Astrophyton, Asteronyx.

Ophiurae
1. Arms 5 simple.
2. Ossicle articulated.
3. Spines on sides of arms.
4. Single madreporite,

e.g., Ophioderous, Ophiotheix; 
ophans chbasecome.

• STUDY OF MUSEUM SPECIMENS OF PHYLUM - ARTHROPODA
Characters :
1. They are inetamerically segmented, bilaterally symmetrical and 

triploblastic animals.
2. They have paired jointed appendages in every segment.
3. Body has exo skeleton ofchitinous cuticle which is also water repalant.
4. Excretion by malpighian tubules or green gland or coxal gland and 

respiration by tracheae or booklung or gills and general body surface.
5. Fertilization internal, sexes are separate and development through larval stages.
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Classification of ARTHROPODAZoology and Botany Practical iClasses: . \ *
i T

Crustacea Onychophora
1. Terrestrial form.
2. Appendages not jointed 

but lobe like.
3. Respiration by tracheae, 

excretion by nephridia and 
sline glands present.

4. Connecting link between • 
anhelida and anthropoda, 
e.g., Peripatus.

Insecta
1. They are freshwater, marine, 

terrestrial or parasitic.
2. Head made of six segments 

which are fused with thorax 
into cephalothorax.

3. Thorax and abdomen have 
biramous appendage.

4. Excretion through green 
glands.

5. Sexual dimorphism.

1. Terrestrial or aquatic.
2. Distinct head, thorax & abdomen.
3. Head made of six fused segments 

and bear different types of mouth
parts.

4. Thorax bear 3 pairs of jointed legs 
and 2 pairs of wings.

5. Respiration by tracheae.
6. Abdomen without appendages 

except curi.
Myriapoda Arachnida

1. Terrestrial and airbveathing forms. 1, Terrestrial forms.
2. Head distinct and body segments 

have one or two pairs of legs.
3. Respiratory organs are tracheae & 

spiracles.
4. Excretory organs by unalpighian 

tubules.

2 Body divided into prosoma (cephalothorax) 
and-opisthosoma (abdomen).

3. Abdomen without appendages.
4. Respiration by both lungs and gills.
5. Excretion by coxal glands and malpighian 

tubules.
6. Development direct no sexual dimorphism.Subclasses:

T T 1
Ostracoda

1. Freshwater & 
marine.

2. Body not segmented.
3. Carapace bivalved.
4. Thoracic appendages 

two pairs.
5. Abdomen 

rudimentary.
6. Parthenogenesis and 

larva nauplius,
,, e.g., Cypris.

Branchiopoda

MelacostracaCirripedia
1. Marine and known as 

barnacles.
2. Adults fixed or parasitic.
3. Carapace forms a pair of 

folds.
4. Body imperfectly 

segmented.
5. Six pairs of biramus 

thoracic legs.
6. Abdomen rudimentary.

Mystacocarida
1. Small body and 5 

segmented thorax.
2. No abdominal 

appendages.
3. Only nauplius eye 

present,
e.g., Derocheilocaris.

Copepoda Branchiura
1. Parasitic forms.
2. Body small and flat.
3. Mouth suctorial.
4. Carapace as lateral 

expansions of head. 
e.g., Argulus.

1. Freshwater form.
2. ' Carapace as shied or 

bivalved shell.
3. Thorax has flat or 2. Body segmented, 

leaf like appendages. 3. Carapace absent and
4. Abdomen without 

appendages:
5. Parthenogenesis 

common and larva 
nauplius.

1. Free or parasitic 
freshwater and salt 
water forms.

abdomen without
appendages.

4. Eggs are carried by 
female. Larva 
naupius, 
e.g. Cyclops.

i
i T T 1

Bnostraca Notostraca Cladocera Conchostraca -
1. Carapace not 1. Carapace broad and 1. Carapace bivalved. 1. Copace is

2. Eyes sessile and 
united.

3. Bntennaebiramus, 
e.g., Daphnia.

shield like. transparent and 
bivalved.

present.
2. Body long and eyes 2. Body long and eyes 

stalked. sessile. 2. Eyes sessile and 
body elongated.

3. Antennae biramus, 
e.g., Limnetis & 
Estheria.

3. Antennae uniramus, 3. Antennae reduced,
e.g., Apus & 
Sepidorus.

e.g., Branchiops 
and
Soeptocephalus.

1 i i T
Apoda

e g., Alcippe 1. Parasitic.
2. Body maggot like, 

e.g., Proteolepas

Acrothoracica Ascothoracica, 
e.g., lauro & 

Patrarcha.

Thoracica
1. Non parasitic 

marine barracles.
2. Calcareous shell, 

e.g., Lepas & 
Balanus.

Rhizocephala
1. Parasitic.
2. Degenerate body.
3. No segmnts, 

e.g., Sacculina.
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Introduction to ClassificationSubclass - MALACOSTRACA
1. Mostly large crustaceans freshwater and marine.
2. Body segmented.
3. Thorax made of eight segments and abdomen made of 6-7 segments.
4. Cephalothorax made of chitirous exoskeleton.
5. Stalked compound eyes.
6. Development through zoea stage.

Subclass - MALACOSTRACA

1Orders:

1T T
Isopoda

1. Marine terrestrial 
freshwater or 
parasitic.

2. Carapace absent.
3. Eyes, sessile.
4. Abdomen short, 

e.g., Oniscus &
Bopyrus.

Stoma topoda DecapodaNebaliacea
1. Primitive and marine.
2. Carapace bivalved.
3. Thorax has 8 pairs of 

gills leaf like,
e.g., JVe6a/ia.

1. Marine.
2. Body long and 

abdomen broad.
3 Carapace small and 

covers 3 thoracic 
segments.

4. Eyes stalked.
5. First 5 abdominal 

appendages have gills, 
e.g., Squilla.

1. Marine.
2. Carapace large and 

covers thorax.
3. Thoracic 

appendages 8 pairs.
4. Statocyst present.

AmphipodaMysidaceae
1. Marine.
2. Body laterally compressed.
3. Carapace absent.
4. Eyes sessile.
5. 2nd and 3rd pair of thoracic 

appendage modified as 
prehensile organ,
e.g., Gammarus & Caprella.

1. Marine.
2. Carapace covers thorax.
3. Thoracic appendages 

biramus.
4. Uropoda an fan like and 

make tail fin,
e.g., Mysis.

Suborders:

[ T
Brachyura

1. Abdomen reduced and fixed, 1. Abdomen extremely reduced 
e.g., Hippa & Eupagurus. ' and folded below body,

e.g., Cancer & Carcinus.

Macrura 
1. Abdomen large,

e.g., Palaemon & Astacus.

Anomura

Class - MYRIAPODA

iSubclasses :

i
Opisthogoneata 

1. Genital aperture at posterior 
end of body.

Progoneata
1. Genital apertures near 

anterior end of body.
Orders: i i1l i

Order - Chilopoda
1. Body dorsally flattened.
2. Trunk segments many 

& each segment has 
paired legs.

3. Jaws have poison 
apparatus,
e.g., Scolopendra & 
Scutigera.

Diplopoda
1. Body cylindrical, 

trunk segments 2. Poison jaws absent.
3. Trunk has many 

segments.
4. Each segment has 

2 pairs of legs.
e.g., Pauropus. 5. 3rd segment has 

genital aperture, 
e.g., Jalus.

Symphyla
1. Trunk has 12 

segments and 12 
pairs of legs.

2. Tracheae one pair 
and branched,
e.g., Scutigerella & 
Scolopendrella.

Pauropoda
1. Body has 11

and anal
pygidium.

2. Legs 9 pairs.
3. Jaws 2 pairs,
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Class-ARACHNIDAZoology and Botany Practical iOrders:

i T T
Eurypterida 

1. Extinct palaeo zoic 
forms,
e.g., Eurypterus.

Pedipatpida
1. Prosoma 

unsegmented.
2. Opisthosoma has 1-12 

segments.
3. Chelicerae simple 

pedipolpi large 
chelate related, 
e.g., Phrynichus.

Palpigradi
1. Last two prosomal segments 

full.
2. Abdomen has 10 segments 

and is connected to prosoma 
by pedicel.

3. Chelicereae chelate & 
pcdipalpi leg like, 
e.g., Koenenia.

Xiphosura
1. Marine burrowing.
2. Prosoma convex & covered 

by carapace.
3. Opisthosoma has 6 

segments & hexagonal
4. Abdomen has operculum, 

e.g., Limulus (King (rab).

Araneida Scorpionidea
1. Prosoma unsegmented and 1. Body has prosoma, 

covered by carapace.
2. Opisthosoma unsegmented. 2. Prosoma has chelicerae
3. Chelicerae have poison 

glands.
4. Pedipalpi simple, 

e.g., Aranea & Argiope.

mesosoma and metasoma.

pedipalpi and four pairs ; 
walking legs.

3. Mesosoma has 7 segments.
4. Metasoma has sting & 5

segments.
5. Comb like pectines 

present,
e.g., Palainnaeus & 
Bullies.

i T T
Ricinulei Acarina

1. Body without segment and with 
prosoma fused to opisthosoma.

2. Chelicerae and Pedipalpi are 
associated to biting and piercing 
mouth parts,
e.g., Ixodes (tick) and 
Chorioptes (mite).

Solifugae
1. Prosoma has 3 fused and 3 free 

segments.
2. Opisthosoma has 10 segments.
3. Chelicerae chelate and 

pedipalpi leg like.
4. No poison apparatus,

. e.g., Galeodes.

1. Prosoma has movable 
cucullus.

2. Opisthosoma has 9 
segments and joined to 
prosoma by pedicel.

3. Pedipalpi & chelicerae are 
chelate,
e.g. Ciyptocellus. .

Phalangida
1. Spides like without pedicel.
2. Prosoma without segments and 

opisthosoma has 10 segments.
3. Padipalpi leg like and 

chelicerae chelate, 
e.g., Phalanguim.

Pseudoscorpionidea 
' 1. Body has broad prosoma and 10-12 

segmented opisthosoma.
2 Spinning glands present. 4
3. Pedipalpi and chelicerae scorpion 

like.
, 4. Telson absent, 

e.g., Chelifer.

Class - INSECTA

iSubclasses:

f 1
Apterygota

1. Without wings.
2. Metamorphosis primitive or absent.

Pterygota

iOrders :

4 \ I 4
Collatnboln Thysanura Protura Aptera 

1. Small blind 
insects.

1. Minute with naked 
body and without

1. Body naked and flat. 1. Body soft and
2. Long antennal and 

large compound eyes. eyes and tracheae.
2. 12 segmented

without antennal
2. Flat body biting 

mouth parts.
eyes. ’

2. Nair or scale all over. 3. 11 segmented
abdomen, many 
segmented cerci and 
median candal

3. 6 segmented 
abdomen has a

abdomen and biting 3. Metamorphosis 
mouth parts. wanting.

3. Metamorphosis little. 4. Long caudal 
filament and

tentaculum spring. 
4. Metamorphosis 

absent,
e.g., Springtails.

filament present.
4. Metamorphosis 

primitive.
e.g., Lepisma (Silver 
fish).

e.g., Acerentomon.
segmented
antennal,
e.g., Campodeu.

4 T
Exopterygota

1. Externally developed wings.
2. Primitive metamorphosis and 

Nymphs are your stage.

Endopterygota
1. Internally developed wings.
2. Complex and complete metamorphosis 

with larvae as young stage.
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Division - Exopterygota Introduction to Classificationi
T T

Phasinida
1. Body leaf o)’stick like.
2. Wings may be absent.
3. Segmented small cerci; Biting 

mouth parts and filiform 
segmented antennae,
c.g., Pkylluim &
Carausius.

Dermaptera
1. i Long body with tough

covering and biting 
mouth parts.

2. Cerci forcep like, 
e.g., Forficula.

Orthoptera
1. Fore wings leathery and 

hind wing membranous.
2. OceIli-3, Cerci segmented 

and biting and chewing 
mouth parts.

3. Simple metamorphosis, 
e.g., Locusts; Crickets & 
Grasshoppers. MantodeaBlattaria

1. Triangular head with 
biting mouth parts.

1. Wings may be absent.
2. Large pronotum projects over the head.
3. Segmented cerci; biting chewing mouth 2. Very long prothorax and

raptorial fore legs.
3. Wings large or small, 

e.g., Mantis.

parts and filiform segmented antennae. 
3. Metamorphosis simple, 

e.g., Blatta & Periplanata.

T T TT
Plecoptera

1. Long, soft and flat 
bodies.

2. Antennae filiform and 
has 25*100 segments. 
Head broad.

laopteraCorrodentiaMallophaga
1. Ectoparasites and 1. Wings compact or 1. Soft bodead, social, 

wingless.
2. No antennae and 

hypoanathous head.
3. Ocelli and cerci 

absent.
4. Reduced compound 

eyes.
5. Legs have claws, 

e.g.. Bird lice.

polymorphic &absent.
2. Antennae filiform

and head free and 2. Antennae moniliform
colonial.

and segmented.
3. Vestigial compound 3. Wings of equal size &

veined.

large.
3. Cerci and ocelli

eyes. Ocelli 2 or 
absent.

absent compound 
eyes absent, 
e.g., Book like & 4. Cerci have 2*8 . 
QustUce.

4. 11 segmented abdomen 
and cerci filiform & 
segmented.

5. Metamorphosis 
hemimetabobes.

6. Larvae are naiads, 
e.g., stone flies.

segments.
5. Wings 4 and equal 

when present. May be 
absent,
e.g., Termites.

TTT
Hemiptera

1. Antennae have 2-25 segments.
2. Piercing and sucking mouth parts.
3. Wings may be thick at the base or 

uniformly membranous.
4. Cerci absent.
5. Anal respiratory filaments 

present,
e g., Bellostoma; Nepa; Sphids, 
Cicada & scale Insects.

Odonata
1. Large, predaceous swift 

fliers.
2. Mobile head with ocelli 

and biting mouth parts.
3. Wings long and similar.
4. Hemimetabolous 

metamorphosis with 
aquatic nymphs. 
e.g., Dragonflies and 
Deinsel flies.

Anopleura
1. Ectoparasites and 

wingless.
2. Antennae 3*5 

segmented and setiform.
.3. Ocelli and cerci absent.
4. Mouth parts piercing 

and sucking type. 
Compound eyes 
reduced,
e.g., Pediculus (human 
lice).

Thysanoptera
1. Bodies soft with 3 ocelli, vestigial mouth 1. Slender, minute terrestrial, 

parts and setiform antennae.
2. Long, segmented, filiform cerci with a 

caudal filament.
3. Wings fragile one or 2 pairs.
4. Hemimetabolous metamorphosis, 

e.g., Ephemera (Nayfly).

Ephemerida

2. Antennae 6-9 segmented and body 
compressed cylindrical.

3. Piercing and sucking mouth parts.
4. 10 segmented abdomen with ovi

positor, 
e.g., Thrips.

1111 Grylloblattodea, 
e.g., Grylloblatta

Diploglassata 
e.g., Hemimerus

Zoraptera, 
e.g., Zorotypus

Embioptera, 
e.g., Oligotuma
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Division -ENDOPTERYGOTAZoology and Botany Practical iOrders:

T T T
Neuroptera LepidopteraMecoptera Trichoptera

1. Moth like, small & 
diurnal or sometimes 
nocturnal.

1. Hypognathous 1. Predaceous with 
head with widely slender & small bodies, 
separated eyes. 2. Elongated vertical

2. Filiform antennae head.

1. Scales and hair cover
the body and wings.

2. Long coiled siphoning 
proboscis.

segmented antennae 3. Larger forewings and 
and one or two

2. Long filiform
and biting mouth 3. Long, filiform &

segmented antennae.
3. Cerci absent and 4. Biting mouth parts, 

wings similar in 
shape and size.

4. Metamorphosis 
complex, 
e.g., Ch}-ysopa.

large eyes with 2 ocelli 
(may bo absent).

4. Antennae plumore or 
4. Wings covered by hair hooked or knobbed or 

or scales.

parts.
segmented cerci. 

zocelli and large and 3. Biting mouth parts, 
widely separated 
compound eyes.

5. Two segmented cerci 
and similar wings.

G. Complex
metamorphosis, 
e.g., Scorpionflies 
(Panorpa)

cearate or serrate.
5. Holometabolic meta- 5. Complex 

morphosis with 
aquatic larva, 
e.g., Caddisfly 
(Philopotamus)

metamorphosis with 
caterpillar larva. 
e.g.. Butterflies & 
Moths.

\ T T T
Siphonoptera Diptera Coleoptera Hymenoptera

1. Ectoparasites 
with laterally 
compressed body.

2. Small head

1. Integument thick 
and leathery.

2. 11 segmented 
antennae.

3. Cerci and ocelli

1. Slender diurnal & 
nocturnal harmful and 
disease spreading 
insects.

1. Parasitic or social with 
12 segmented antennae 
in male and 3 
segmented in female.

2. Biting & chewing or 
lapping and sucking 
mouth parts.

3. Abdomen connected

without eyes and 2. Antennae may have 
arista.ocelli. Cerci absent and eyes 

large.absent.
3. Piercing and 

sucking mouth 
parts and 
sucking type 
antennae.

4. Complex 
metamorphosis, 
e.g.. Fleas.

3. Large eyes with 3 ocelli.
4. Piercing and sucking or 4. 10 segmented 

sponging mouth parts.
5. Anterior wings for 

flying and posterior act 
as halters.

abdomen. Biting 
and chewing mouth 
parts. Forewing 
thick and leathery 
and don’t take part 5. Ovipositor modified 
in flight.

with Ihorax through 
pedicel.

4. Wings membranous 
and ocelli present.

G. Complex
metamorphosis.
Maggots are the larvae, 5. Metamorphosis 
e.g., Houseflies and 
Mosquitoes.

into sting.
G. Metamorphosis 

complex.
' e.g., Bees, Wasps & 
Ants.

complex,
e.g., Weevils &
Beetles. /

T T 1
Raphidiodea, 

eg., Snahe flies.
Strepsiptera, 
eg., Stylops

Megaloptera 
eg., Sialis & Corydalus.

1. APIS (Honey Bee)
Classification :

PKyTum 
Class

Arthropoda 
Insectsa 
Exopterygota 
Hymenoptera
Apis
Mellifega

1. It is commonly known as “honey bee” and is cosmopoliton.
2. Body is large, swollen and is divisible into head, thorax and abdomen.
3. Head bears paired jointed antennae large and conspicuous compound eyes and 

chewing, lapping and sucking mouth parts.
4. The head is joined to thorax through a neck and thorax is joined to abdomen 

through a small narrow pedicel.
5. Thorax bears two pairs of membranous and transparent wings and three pairs of 

joined walking legs.
6. Abdomen is thick, elongated, 6-7 segmented and bears a poison sting.

Subclass
Order
Genus
Type
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Introduction to Classification-ANTEMVA'

HEAD

L;T '•
•r.

WING
. MAtl

4

WORKER

Fig. 20. Apis Honey Bee

7. These insects are now cultivated in house holds as well as commercially 
for producing Honey.

2. PEDICULUS (Human body louse) 
Classification :

Phylum 
Class 
Order 
Genus

Arthropoda 
Insecta 
Homoptera
Magicieicada 
Septendecim

1. These are commonly known as 
sucking lice or common human body 
lice and are ectoparasites on the 
bodies of human beings, whereby 
they suck blood and also act as disease 
vector for typhus fever, transit fever kmu*. 
and relapsing fever etc.

2. These are small insects having no 
wings and measuring 1*2 mm or some claw 
times extending upto 8 mni.

3. Body flat, dorsoventrally
compressed, wingless and
differentiated into a small narrow head, 
a short and fused thorax and a well 
developed abdomen.

4. Head bears a pair of short 3-5 
jointed antennae, a pair of rudimentary 
eyes and a pair of pointed, curved and biting mandibles.

5. The thorax is differentiated into pro, meso and metathorax.

Type

ANTENNA 
____HEAD

-PROTHORAX

mesothorax

mitathorax

COXA

TIBIA
TAMSUSJV,

THORACIC leg

W.f' u u ABDOMEN

Fig. 21. Human Body Louse

3. FLEA (Xenopsylla)
Classification : 

Phylum 
Subclass 
Order 
Genus 
Type

Arthropoda
Exopterygota
Anopleura
Pediculus
Humanus.
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Zoology and Botany Practical 1. It is commonly known as 
(rat flea or Pissu) and is 
common in tropics.

2. It is an ectoparasite on 
rats and other such mammals 
and acts as disease vector for 
plague.

3. Body is laterally 
compressed and may be 
divided into head, thorax and 
abdomen, which may not be 
demarcated clearly.

4. The head bears a small 3 
to 4 jointed antennae, a pair of 
simple eyes and piercing and sucking or siphoning mouth parts.

5. Thorax bears three pairs of long, jointed and clawed legs for hopping but no wings.
6. Abdomen is swollen in middle and has 8 segments and a pair of anal styles.

ABDOMEN
TWOfUX

YQOIALBFUSTU HEAD
SI- ANTENNA

ETE
MOUTH PARTS

e
' l

i ;«ANAl STYLE

THORACIC APPENDAGF

Fig. 22. Fla (Xenopsylla)

4. LIFE CYCLE OF ANOPHELES' .v
The life cycle of Anopheles has following three stages :

The eggs
1. The eggs are whitish and boat-shaped.

RESPIRATORY TRUMPETS 

cephalotEoEax
■

EGGS
AIRFLOATiJi

OCELLUS-/

PUPA
EGGTRACHEAL GILL

LARVA

'^^-DORSALTUFT

TRACHEAL GILL
VENTRALBRUSHHEAD THORAX

Fig. 23. Anopheles Life Cycle

2. 50 to 80 eggs are laid on water-surface singly and are floating horizontally 
through air floats.

3. In 24 hrs, they hatch into larvae.

The Larva
1. The larvae are free swimming. They lie horizontally parallel to the surface of

\ i j

water.
2. Their body is elongated, somewhat cylindrical and is divisible into head, thorax 

and abdomen. The head bears paired antennae, eyes, feeding brushes and mandibulate 
mouth parts.

3. Thorax is broad unsegmented and bears tufts of hair for swimming in water. 
Abdomen is long, 9 segmented and is having palmate hairs.

4. it hatches out into pupa after 4 moultings.
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Introduction to ClassificationThe Pupa
1. The body of pupa is comma shaped (,) and is covered over with a transparent 

puparium.
2. In pupa, the head and thorax are united into cephatothordx.
3. The abdomen is long, 9 segmented, curved and flexed completely below 

cephalothorax and bears palmate hairs and a pair of paddles attached to the 8th 
segment for swimming.

4. It metamorphoses into adult after a short free swimming life.
I

5. THE LIFE CYCLE OF CULEX
The Life Cycle of Culex has the following three stages :

The Eggs
1. They are laid in rafts of about 300 eggs held together through sticky substance for 

floating along the surface of water.

RESPIRATORY TRUMPETS 
CEPHALOTHORAX'sS

/

i,

& ' -

1COMPOUNDEYE
•V

TRACHEAL GILL

PUPA

SPIRACLE

DORSALTUFT
RESPIRATORY SIPHON TRACHEAL GILLf

VENTRALBRUSH _

LARVAOCELLUS

vA-ZS'S
\ANTENNA. THORAX s
\•vrFEEDINGS

BRUSHES
IEAD

Culex life cycle 

Fig. 24. Culex Life Cycle

2. The eggs are brownish in colour and somewhat oval in shape.
3. They contain air bubbles trapped in the sticky substance to provide byoyancy.
4. They hatch after 24-48 hours into free swimming larvae.

The Larvae
1. They are the first free swimming stages in the life cycle.
2. The larva lies at an angle to the surface of water in resting condition,
3. The body is elongated and somewhat cylindrical and is divisible into head, thorax 

and abdomen. The head bears paired antennae, eyes, feeding brushes and mandibulate 
mouth parts.

4. Thorax is broad, unsegmented and bears tufts of hair for wriggling in water.
5. Abdomen is without palmate hairs.
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Zoology and Botany Practical 6. The 8th segment bears a long tubular respiratory siphon at the tip of which lies a 
spiracle.

7. Ninth segment bears two pairs of tracheal gills and two tufts.
8. It hatches out into pupa after 4 moultings.

The Pupa
1. The pupa develops from larva after seven days.
2. The body is comma shaped (,) and is covered over with a transparent puparium.
3. In pupa, the head and thorax have united into cephalothorax which has become 

greatly distended and bears paired short r espiratory siphons, compound eyes, long aiid 
jointed antennae and rudiments of appendages.

4. The abdomen is long, 9 segmented and curved but not flexed below 
cephalothorax. It, however, bears a pair of paddles and a pair of tracheal gills 
attached to ninth segment and palmate hairs on all segments.

5. It metamorphoses into adult after a short free swimming life.
6. BOMBYX (Silk moth)

Classification:
Phylum 
Class 
Subclass 
Order 
Genus 
Type

1. It is commonly called “silk- 
moth” and produces silk.

2. The body is divisible into 
head, thorax and abdomen. The 
abdomen is short and stout.
Mouth parts are of sucking type.

3. The two pairs of wings are 
always held horizontally when 
the moths are in resting position.

4. The sexes are separate and 
life history is completed through a 
larval stage - the catterpillar or 
silk worm and a pupal stage - 
the chrysalis. The female lays 
about 400 eggs at a time and dies 
after laying eggs.

5. The larva is a voracious 
feeder and during this period it moults four times. When fully grown, it stops 
feeding and starts secreting liquid silk through spinnerets. The liquid silk 
hardens into five filaments which stick together into silk thread. The silk 
threads are warpped around the silk worm and form a cocoon or pupal case. 
Inside the cocoon, the silk worm develops into a pupa in 15 days.

6. One silk worm secretes 1000-1500 meter of silk thread.

Arthropoda
Insecta
Pterygota
Lepidoptera
Bombyx
Mori
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Fig. 25. Bombyx Life Cycle

7. LIFE HISTORY OF TERMITE
1. This is the life history of termite or white ant which is a colonial social insect, 

exhibiting well developed cast system.
2. They are polymorphic insects with chewing type of mouth parts.
3. They feed on cellulose from wood, paper, cardboard and cotton cloth.
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Introduction to Classification4. They live in well formed 
nests called termatoriums in 
trees and soil etc.

5. They exhibit two main castes 
- The fertile females and males and 
sterile females and males. The 
former are called Queen & King 
and have wings in the beginning. .
The latter are wingless and are 
mainly workers and soldiers.

6. The winged male and female, 
after mating at the beginning of 
rainy season, retire into a small 
queen chamber in the soil. The 
fertile female and male shed their 
wings as soon as they finish 
mating. The Queen starts laying eggs at the rate of 4000 eggs per day which develop 
into workers and soldiers in first few years.

7. The workers are wingless, sterile and have under developed eyes and collect food, 
make nests and look after young ones and the queen.

8. Soldiers guard nests, young ones, queen and have well developed mandibles.
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Fig. 26. Termite Life Cycle

8. BALANOGLOSSUS proboscis
neckClassification :

Phylum -
Group —
Sub Phylum 
Class -
Genus —
Species -

1. Notochord is present only in anterior part.
2. Dorsal tubular nerve cord present.
3. A gill-slits pharynx is present perforated by.
4. The skull, jaws endo or exoskeleton absent.
5. In addition to dorsal nerve cord, a ventral nerve cord is 

also present.
6. Body is divisible into proboscis, collar and trunk. Tail is 

absent.
7. Trunk is divisible into anterior banchiogential region, a 

middle hepatic region and a posterior intestinal region.
8. In hepatic region are present double rows of convoluted 

hepatic caeca.
9. Anus sub-terminal and present on posterior end of body.
10. Alimentary canal straight and proboscis small (almost equal to collar).
11. Body exhibits pseudo segmentation.

oo BorChordata
Protochordata
Hemichorda
Enteropneusta
Balamoglossus
Claiigerus
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Fig. 27. Balanoglossus

• ECOLOGY EXERCISES
EXERCiSE-l

Community study by quadrat method to determine its frequency, density and 
abundance.
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Introduction to ClassificationThe community is the local gathering of several populations of different species or 
living organisms (animals and plants) in a prescribed area or habitat. A community 
structure can be studied with reference to frequency density and abundance etc.

Requirements
Meter scale; four nails and string or quadrat and notebook.

Procedure
Lay or throw a quadrat (Fig. 28) in a specific area in the field, pond or near the 

seashore or in an unspecified area in forest or garden. Note carefully the animals or 
plants of each type occurring in the squares of the quadrat. Write down the numbers 
and names of individual types of animals or plants occurring within the limits of the 
quadrat. Lay or throw the quadrat at least 10 times at random and record your data in 
the form of table given above.

(a) The % frequency is determined by the following formula :
no. of quadrats in which the sp. occurred 

total no. of quadrats studied
% Frequency (F) - x 100

The frequency is the number of sampling units or quadrats in which a 
particular species occurred.

(b) The density is determined by the following formula :
total no. of individualsDensity (D) =

total no. of quadrats studied

The density of a particular species is the number of its individuals 
occurring per unit area.

(c) The abundance may be calculated by the following formula :
total no. of individualsAbundance (A) =

total no. of quadrats of occurrence

The abundance may be described as the number of individuals occurring 
per quadrat.

Note: With the help of aforesaid formulae and table, we may also find out as to which 
species dominated the field in terms of % frequency, density and abundance etc.

EXERCISE-II
Study of Pyramids

There is a definite relationship between numbers, biomass and energy contents of 
producers and consumers of different orders in an ecosystem. The diagrammatic 
representation of these relationships is known as pyramid. The pyramids are of three 
types as follows :

(i) Food pyramid or pyramid of number.
(ii) Pyramid of biomass.
(iii) Pyramid of energy.
(A) Study of Food Pyramid or Pyramid of Number
The pyramid of number deals with the relationship between number of primary 

producers and consumers of different orders :

Procedure
Collect a representative sample of organisms from any environment (aquatic or 

trrestrial). It is easier to study an aquatic environment. Using an ordinary 
butterfly net and a scoop sample collector, take separately samples from bottom 
region, mid-water and surface region of any small pond in your vicinity. Arrange these 
samples separately.

The plants or photosynthetic organisms and phytoplanktons along the bottom 
would make the maximum number and would constitute the broad base of pyramid. 
They are primary producers. The animals collected from mid-waters would include

Self-Learning Material 39



Zoology and Botany Practical water flea, insect larvae and other larvae. Count them and enter their number in 
the second higher column of the pyramid. These all will constitute the primary 
consumers. Their, number would be smaller than the producers.

Now, collect samples from the surface of water. You would find two categories of 
organisms : (i) small carnivorous fishes, water beetles and water scorpinons, an'd 
(ii) large carnivorous fishes. The small carnivorous fishes feed on water flea, insect- 
larvae, phytoplankton, whereas water beetles feed on insects and other larvae. They 
are counted and entered in the third higher column of pyramid. They would constitute 
the secondary consumers and their number would be smaller than the number of 
primary consumers.

The second group of animals collected from the surface would be large carnivorous 
fishes. They are minimum in number and constitute the tertiary consumers. Their

LARGE FISH

MEDIUM 
SIZE FISH

SMALL OR VERY 
SMALL ANIMLS

ALGAE
(MICROSCOPIC
WATER-PLANTS)

Fig. 29. Pyramid of number of food pyramid in a pond (Aquatic Habitat)

number is entered in the top column of the 
pyramid (Fig. 29).

(B) The Study of Pyramid of Number 
from Aquatic Environment through 
Second 
Technique

In this technique, take a large carnivorous 
fish (freshly caught) and dissect out its’ gut.
The contents of stomach are washed in a large 
petridish and are sorted out under a binocular 
dissecting microscope. Although it would not 
be easy to identify the gut animals, yet you 
would be able to find one or two tadpoles or 
insect larvae or Cyclops and water flea etc. If 
the tadpole is somewhat intact you can cut it 
open and collect its gut contents in a separate 
small petridish. You will find that it is full of 
plankton remanants of plant material.

Comparatively Simple

Fig. 30. Pyramid of number in a parasitic 
food chain
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Introduction to ClassificationOn the basis of this study, you can also draw and construct food pyramid or pyramid 
of number for a parasitic habitat as shown in Fig. 30.

(C) To study and construct the Pyramid of Number or Food Pyramid in the 
area surrounding a pond or any other grassland

This is slightly difficult to construct because collection of different categories of 
animals is a tedious and painstaking job.

Collect some small plants or grasses from the surface of land and observe that small 
aphids, insect larvae or other insects are feeding on them. Collect them with a small 
suction pump or forceps and count them. They are primary consumers. Observe small 
birds, i.e., sparrow etc. hovering over the plants and feeding on them. They are 
secondary consumers. Construct the pyramid by entering their number per unit area, as 
shown in fig. (31).

QUARTERNARY
•CONSUMERS
(CARNIVORES)

TERTIARY CONSUMERS 
(CARNIVORES)

TERTIARY CONSUMERS 
(CARNIVORES)SECONDARY

CONSUMERS
(CARNIVORES) SECONDARY

CONSUMERS
(CARNIVORES)■ScsS<2HERBIVORES

•(PRIMARY-
CONSUMERS)’

PRIMARY 
PRODUCERS

/!' « 4 CONSUMERS)

PRIMARY
PRODUCERS

Fig. 31. Pyramid of numbr in (a) Grassland around a pond, or (b) Acropland

Second Simple Technique

You may use the second method of analysis of gut contents in this case also by 
catching a bird, as described above, and cleaning its stomach in a petridish after 
dissecting it. You may just find some caterpillars in the stomach contents. Now, observe 
a caterpillar feeding on plant leaves. Count animals and plants in a unit area and 
construct a pyramid.

(D) Pyramid or Energy (Its Construction and Study)
The pyramid of energy represents the 

total amount of energy utilized by different 
trophic level organisms in unit area over a 
set period of time in an ecosystem (usually 
per square metre per year).

The energy trapped by green plants 
through photosynthesis is the maximum 
and thus occupies the broad base of pyramid.
Similarly, in an aquatic ecosystem 
phytoplanktone are in large number and 
also quickly complete life cycles producing 
new population every hour or every day. The 
energy of this trophic level is quite high but 
lower than the phytoplanktons. The energy 
level of carnivorous fishes or other 
carnivorous animals living on herbivorous 
fishes is the least. This would represent an 
upright triangle with broad base and narrow tip (Fig. 32).

ert
cons.

\/ SEC.
CONS.

\/ PRIMARY
CONSUMER

PRODUCER

GRADUAL DECREASE IN ENERGY

Fig. 32. Pyramid of energy

Self-Learning Material 41



Zoology and Botany Practical EXERCISE-III
Study of Food Chain

The food chain is a series of organisms eating one type and being eaten by another 
type. There could be one or more food chains in an ecosystem which are intermingled 
and constitute a food, web.

Technique I
The web is also studied in the same way as in case of pyramid of numbers by 

collecting samples from different trophic levels or by examining the gut contents of

ISMALL FISH

t tlAQUATiC.WSECTl
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PHYTOPLAN KTOK

Fig. 33. A food web showing different food chains.

primary, secondary and tertiary consumers in the laboratory. It is difficult to recognize 
correctly the various organisms from gut content because they are masticated and 
partly digested. For this purpose techniques, such as, precipitation tests and radioactive 
tracer techniques are employed. However, the best and easiest technique is that of 
direct observation on spot.

%
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t

9 TERTIARY 
CONSUMERS

SECONDARY
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PRIMARY
CONSUMER

PRODUCERS

Fig. 34. A simple terrestrial food chain.
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Introduction to ClassificationCollect animals from different trophic levels. Dissect the stomach of vertebrates or 
crop of invertebrates. Sort out the varieties of organisms from the gut content and note 
down the preference item of food for each category of consumer and draw a line diagram 
of food chain as in Fig. 6. A simple food web in water might be made of many food chains 
intermingled. Similarly, a single food web on land may be made of many independent 
food chains intermingled with each other (Fig. 34).

The frequency index of each item is calculated as follows :
No. of digest tracts containing paricular food item 

Total No. of dig. tracts examined
Frequency index =

Technique II
The other method of studying the food chain is to use cages of known size. Place them 

at 5 places. After some time, fumigate the, cages with chloroform. Collect all animals 
and vegetable debris. Now, separate the animals as herbivores and carnivores and plot 
a food chain starting from humus as shown in fig. below :

POND HERONDUCK

DRAGONFLY

T7~T
MAY FLY

DRAGONFLY NYMPH LARVA

ZOOPLANKTON
WATER BEETLE

MAYFLY NYMPH

phytoplankton O 0 0URGE PLANTS o
Fig. 35. Diagram of a food web

In case of gut contents, the percentage of volume or weight of food item is calculated 
by following formula :

Percentage of volume or weight of food item
 Volume or weight of food item x 100
Vol. or wt. of total gut contents

Self-Learning Material 43



Zoology and Botany Practical EVIDENCES FROM EMBRYOLOGY
Embryology is the study of development of animals from egg to adult. The 

embryology also provides evidence for evolution. For example, all the multi-cellular 
animals being their life as a single fertilized cell (comparable to a Protozoa) and by 
repeated divisions, the fertilized egg produces the blastula (common stage for all 
many-celled animals), which later on produce two layered gastrula (nearly common for 
all many-celled animals).

After gastrula stage, the development becomes modified in different groups of 
animals. In many multi-called animals, the embryo hatches just after the gastrula 
stage as larva. In the higher animals, the development takes place in the body of the 
mother upto the formation of a complex young animal. In all multi-cellular animals 
(invertebrates, vertebrates, man), the egg, sperm, cleavage, gastrulation etc are almost 
similar. ......

When we compare the developmental stages of fish, amphibians, reptiles, birds 
rabbit and man, all are found to be alike in the beginning upto gastrula stage. Later, the 
embryos begin to diverse from each other.

Homology in the embryos : Naturalists believe that all vertebrate animals are 
related to each other and have descended from a common ancestor. It is evident from 
the developmental history of the vertebrates (fig. 36). The amphibians recapitulate

i
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Fig. 36. A series of vertebrate embryos compared in three stages of development

the history of the race (phylogeny), during their embryonic development (ontogeny), 
Le., the tadpole larva stage shows resemblance with adult fish. On the basis of the 
developmental history of the animals, Haeckel postulated his famous recapitulation 
theory or biogenetic law, i.e., ‘‘ontogeny (embryonic development of an organism) 
repeats phylogeny (evolutionary history of the race or phylum)”. This simply means that 
embryos, in their development, repeat the evolutionary history of their ancestors in an 
abbreviated form.

In mammals and man also the fertilized egg is first a single cell corresponding to a 
protozoan ancestor. Soon, it becomes multicellular blastula and so corresponding to a 
primitive metazoan grade of construction, hitev gastrulation, the embryo is coelenterate 
like and soon after it acquires triploblastic grade of construction, resembling with the 
plathyelminthes. Later on, fundamental chorodate characters (dorsal nerve tube,
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Introduction to Classificationnotochord and pharynx for respiration) are d.eveloped. Fish-like characters are 
developed, e.g., gill slits, aortic arches and kidney. Later, tetrapod characters are 
developed, such as pentadactyl-type of limbs and metanephric kidney. Final 
mammalian, then primate and at last human characters develop.

The development of the various systems also resembles similar structure animals. 
In earlier case of man, the heart first develops as a contractile tube (worm stage), then it 
becomes a two-chambered structure (fish stage), then a three-chambered structure 
(frog stage) and ultimately becomes four-chambered having connection between the 
right and left halves of the heart (reptile stage). At birth, the heart finally becomes fully 
man like. Similarly, the gill-slits and gill-arches during embryonic development of a 
mammal (man) resemble superficially with the gill slits and gill arches of a fish. This is 
an evidence that ancestor of all mammals of sometimes was fish like.

Von Beer says that the complexity of organs from the simple one is due to its need at 
that time. For instance, in case of mammals, in the early development, the heart is a 
simple pulsating tube which is only needed; then why the four-chambered heart should 
develops at the time. Haeckel has not considered this need of increasing complexity in 
the theory of recapitulation.

Von Beer’s principles of embryonic differentiation are as follows :
(1) The general characters appear in the development before specialized characters.
(2) An animal during development passes progressively through the form of other 

animals.
(3) Embryonic stages of an animal do not resemble with its adult but with adult of 

some early groups.

» EVIDENCES FROM HOMOLOGY AND ANALOGY (HOMOPLASTY)
Homologous organs are those which have common origin and are built on the same 

fundamental structure patterns, but perform different functions and have different 
appearance. These organs are modified due to adaptation to different functions. The 
theory of evolution tells that the hereditary characters become gradually modified and 
these modifications make the organism better suited for changed conditions of life. 
Homology is found in every organ system from fishes to mammals.

1. HOMOLOGY IN LIMB STRUCTURE OF VERTEBRATES
(a) Limbs of whales and porpoises ; The forelimbs are modified into paddles and 

retain the bones of the shoulder, forearm, wrist and fingers, all of which are enclosed in 
a fin-shaped sac.
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Fig. 37. Homology in vertebrate forelimbs
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Zoology and Botany Practical (b) Patagia of bats: As the arm in whale is modified for swimming, in the same way 
in bats, it is modified for flying. The fingers of fore limbs become enormously elongatedr 
and overspread with a membranous web. The bones of shoulder forearm, wrist are 
similar. These homologous structures, i.e., the arms of whale, bat and man are 
structurally similar but have different functions (Fig. 37).

2. HOMOLOGY IN BRAIN STRUCTURE
Since the body systems show homology, the brains of vertebrates, ranging from 

fishes to mammals, are also made of similar parts, e.g., olfactory lobes, cerebral 
hemispheres, optic lobes, cerebellum, medulla etc. As we move higher through the 
series, some lobes become more prominent than others. It is due to adaptations and

OHactory lobe
Cerebrum

Optic
lobe

Cerebellum
i.-
L1

oblonflota i].|
REPTILE AMPHIBIANFISH

Fig. 38. Brains of vertebrates

evolutionary change. As for example, the cerebral hemispheres are much smaller than 
the optic lobes in fishes, in mammals they become more prominent and much more 
complicated in man hiding the optic lobs complete. This is due to difference in 
intelligence between the fish, mammals and man that the cerebral hemispheres have 
become more developed in mammals and much more complex in man.

ANALOGOUS ORGANS
Analogous (homoplastic) organs are those which perform the same function, have 

superficial resemblance to one another, but have different origin, e.g., the wing of insect, 
the wing of a bird, wing of pterodactyle and wing of a bat which perform same flying 
function, possess superficial resemblances to each other, but their basic structure and 
origin is totally different. Similarly, the 
fins of fishes and the flippers of aquatic 
mammals (whales and seals) serve the 
same function and have a close

but

bat
PTERODACTYLINSECT

ll
superficial 
structurally are different. The above 
examples give the evidence of 
evolution. The wings of a bat resemble 
arms of a man more than the wings of a 
bird. This indicates that similarity is 
an evidence for descent from a common 
ancestor.

resemblance,

Humerus

Fig. 39. Analogous organs

• ANIMAL BEHAVIOUR EXPERIMENTS
The behaviour is what we perceive in an animal’s reaction to the environment 

around it, which in their turn, are influenced by variable internal factors. In still 
simpler words, the behaviour is a particular response of an animal triggered by a 
particular stimulus or a sequence of responses initiated by definite pattern of stimuli. 
The behaviour may basically be innate or acquired. In case of innate behaviour, the
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Introduction to Classificationorganism is generally stimulus bound, and the behaviour is generally the outcome of 
inherited properties of the nervous system of the organism. However, when the 
behaviour is more variable and modifiable after experience or learning, such behaviour 
is called acquired behaviour. The behavioural types are innate (inherent), learned, 
(acquired), reactive, active and cognitive. Of the above, we would give below the details of 
experiments to show learned and territorial (reactive) behaviour.

Animal behaviour experiments may be classified into (a) Orientation behaviour, and 
(b) Learning behaviour. The orientation behaviour may further be classified into 
phototaxis, chemotaxis and geotaxis.

EXPERIMENT-1
To demonstrate phototaxis in earthworms

Phototaxis is the phenomenon associated with light sensitivity

Requirements
Living earthworms; two T-shaped glass tubs; cotton and black paper.

Procedure
Hold the T-shaped 

glass tubes in a 
test-tube holder at an 
oblique angle in such a 
way that the vertical 
tube appears obliquely 
horizontal. Now, close 
both ends of the 
horizontal tube with 
cotton plugs. Cover the 
lower half of horizontal 
tube with black paper. Insert one or two living earthworms through the obliquely 
placed vertical tube and close it also with a cotton plug. Keep the test-tube holder in 
bright sunlight and notice the movement of earthworms.

Observations and Result
The earthworms move towards the black paper covered portion of lower part of 

horizontal tube towards darkness. This shows that earthworms are negatively 
phototactic.

cotton p'ug

T-’ube- earthworms 
moving 

towards oarx
T-tube ■earthworms

black papercotton black paperplug

/^earthworms 
inserted trom \ 

lower limb ol T-tube
cotton \i?'

cotton plugplug

Fig. 40. Experiment showing phototaxis in earthworm

EXPERIMENT-2
To demonstrate chemotaxis in living Paramacium.

Chemotaxis is the phenomenon associated with the reaction of living organisms to 
chemicals, acids and alkalis.

Requirements
Livingparamecia in culture; stereoscopic binoculars; cavity slide; dropper; 2% acetic 

acid or 0.5% KOH and a hypodermic syringe and needle.

Procedure
Put a drop of paramecium culture having living paramecia on a cavity slide in a drop 

of water with the help of dropper. Cover it with coverslip. Observe living Paramecia 
under stereoscopic binoculars. Now, introduce a drop of 2% acetic acid or 0.5% KOH on 
the edge of coverslip with the help of hypodermic syringe and needle.

Observations and Results
If you observe under stereoscopic binoculars you will find that Paramecia are 

collecting near the drop of weak acid or alkali. This is a positive response of Paramecia
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Zoology and Botany Practical to weak chemical stimuli. If you use strong acids or alkali you would find that 
paramecia are moving away from the chemical, showing negative stimulus to strong 
chemicals.

EXPERIMENT-3
To show geotax/s in living earthworms

Geotaxis is the phenomenon associated with response of living organisms to gravity.

Requirements
10 living earthworms; moist or humid soil and a small trough or a long 

wide-mouthed glass jar.

Procedure
Fill the glass through or long wide-mouthed jar at least 2/3 with moist soil and leave 

10 earthworms on the surface of soil.

Observations and Results
After two hours you would observe that all or most of the earthworms have burrowed 

into the soil, showing positive geotaxis.

• STUDY OF TERRITORIAL BEHAVIOUR IN BIRDS
The territorial behaviour in birds is primarily an innate or inborn or instinctive or 

inherent behaviour. Territorial behaviour, besides birds, can also be seen in many 
social insects like honey bee, wasps, termites and spiders etc., certain fishes and 
mammals.

In birds, this behaviour is studied under following heads :

(i) Feeding Territory, Mating or Courship Territory or Feeding and Mating 
Territory :

Certain birds, e.g., Robins select a particular territory for feeding and stay in this 
territory for entire cold season (winters) Warbler birds select the territory for feeding 
but they also use it for mating. In white bearded mankin, many males are gathered in a 
tighter or closely placed leks on which each male makes acrobatics and produces songs 
to attract the widely distributed few females. When a female selects a male both defend 
this territory for a season. However, there is no food available in this territory.

(ii) Nesting, Courstship (mating) and Feeding Territory :
Weaver bird or Baya and tailor bird in groups make beautiful nests just before the 

start of breeding season in a territory. The nests are used for courtship and for feeding

Fig. 41. Construction of nest by weaver bird (a), tailor bird
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the youngones. The weaver birds make vertically hanging, swinging, inverted and 
retort-shaped nets (Fig. 41) from long, thin and flexible grass leaves which are 
beautifully knitted. The nest has a long inverted cylindrical tubular enrance and a large 
breeding or egg chamber which is lined internally by mud so as to make it smooth and 
cushioned. This chamber is so made that the eggs may, in no case, fall or roll down the 
nest. The male makes the whisling sound to attract the female and takes the female to 
inspect the nest for approval. In case she does not approve, the male will make another 
nest nearby. Therefore, large number of nests may be seen hanging from a single tree.

The tailor bird (Fig. 41), on the other hand, stitches two closely placed leaves 
beautifully-to make a nest. For stitching, she uses long flexible soft grass leaves. The 
Eggs are laid inside and the nests are used till the youngones are able to fly (Fig. 41).

These nests are multipurpose nests or territory.

In troduction to Classification

• STUDY OF LEARNING OR CONDITIONING BEHAVIOUR THROUGH 
PAVLOV S DOG
Dogs, like many other mammals, salivate when food, especially meat, is placed 

before the dog for feeding. It is due to smell and sight of food. Ivan Pavlov, a Russian 
behaviour scientist, conducted an experiment in which he trained a dog to salivate on 
the sound of a bell.

A hungry dog was put on a platform in a comfortable position tied by leather belts. 
'Different quantities of meat powder were given to the dog through a rubber-tube and 
the secretion of saliva was measured. A standard quantity of meat powder was selected 
which triggered the flow of a certain amount of saliva. Now, the salivary duct of the dog 
was surgically connected through a transparent rubber tube to a measuring flask. A 
ringing bell device was also placed close to the dog (fig. 42).

(JLX“

A

Fig. 42. A typical experiment set up in Pavlov’s laboratory to show conditioning of Dog

To start the experiment, Pavlov gave dog the selected quantity of meat powder after 
the bell ringed. In the beginning, there was no noticeable effect of the ring on the dog 
but after five a six repeats, the dog started to salivate from the sound of the bell only 
without giving the meat powder.

This shows that the dog learned to respond (salivate) to new stimulus (ringing of 
bell) even in the absence of natural stimulus (the meat powder). Pavlov named this 
response or stimulus - the conditioned stimulus or conditioned response or 
conditioned reflex.
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i
LABORATORY REQUIREMENTS

• Instructions
• Instruments
• Instruments for Field Collection
• Dissecting Microscope
• Compound Microscope
• Preparation of Some Fixatives, Stains and Reagents
• Study of Plant Material
• Staining
• Some Double Staining Methods
• Some Methods of Permanent Slide Preparation
• Mounting
• Micrometry 

a Summary
a Student Activity 
a Test Yourself

•SSBiiHiH l -ir* *

After going through this unit you will learn :
• Perform the experiments and requisites therefore Effectively

• 1.1. INSTRUCTIONS
Observe the following when you. are in the laboratory. :
1. See that your seat is clean, contains all the apparatuses, chemicals and reagents 

required for today’s practical, and all the chemicals and reagent bottles are 
well-labelled.

2. Work :
(i) independently;
(ii) strictly according to the instructions of your teacher and;
(hi) systematically, i.e., first external morphology, then internal study and then the 

reproductive structures. (It is generally observed that students, just after getting the 
material, start section cutting without going through its external study and then they 
think of it later which is now not possible because now they do not have the required 
material or those stages which are very much required for external study).

3. Also note strictly that you are required to do practical not only work (like section 
cutting or setting the experiment etc.), but'equally important work is to :

(i) observe the details of your experiment;
(ii) note the observations and final results of the experiment;
(iii) see whether all the informations, given to you in the instructions by your 

teacher, .are present in your material or not, and;
(iv) draw the diagrams of,different stages present in your material with the unaided 

eye or with the help of a magnifying lens, dissecting microscope, binuclear microscope 
or compound microscope (Figs. 1 and 3), there itself in the laboratory.

Self-Learning Material 1
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Fig. 1.1. Compound microscope : its morphoogy, anatomy and physiology

4. Keep
(i) every thing clean;
(ii) your desk and table in order;
(iii) your hands .clean and dry at the time of mounting the ribbons on the slide in the 

process of microtomy;
(iv) tightly corked the containers filled with anhydrous solutions;
(v) the bottle of Canada-balsam away from light. ^

5. You will be provided by your teacher with a daily schedule, and you should check 
your work for the day against the schedule to make sure that no measurements or 
preparations have been overlooked.

6. Science students should have a note-book to record what they do day by day in the 
laboratory. Every thing pertaining to the provided problem should be recorded in the 
note-book. It should be kept up-to-date. One cannot work efficiently in the laboratory 
periods unless the work of the preceding period is finished.

7. Read carefully the laboratory instructions before you report to the laboratory. A 
lot of work may be there in the laboratory periods and so you must arrive knowing what 
you are expected to do.

8. You will have to perform new experiments daily in he laboratory and so a need to 
learn and use new technical words will arise. From glossary, you should see and note all 
these words.

i
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Fig. 1.2. Some laboratory instruments

9. You must do your best when you are performing an experiment with a team. In 
scientific investigations, both team-work and individual-work are very important.

10. An extremely important part of a. team-work experiment is the discussion. Note 
the following at the time of discussion :

(i) Treat the discussion time as the period of the practical class.
(ii) Review the questions asked, procedures followed and results obtained from your 

investigations.
(iii) Discuss clearly and frankly what you do not understand about the experiment 

you have performed.
(iv) Try to suggest your own ideas in which the given experiment could be performed 

in a better way than the instructions given in the laboratory.
(v) Try to develop the “etch of curiosity" about the ways and methods for the given 

experiment.

• 1.2. INSTRUMENTS
Keep with you the following instruments while you are in the laboratory :

2. Two forceps 
4. One scissor 
6. One scalpel

1. One razor 
3. Four needles 
5. Two brushes
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9. Three pencils (one each of HB, 2H and 4H)
10. One rubber
11. One scale
12. A practical record note-book (one file with drawing and ruled papers). 
Following instruments, apparatuses, chemicals and stains will be provided to a

student from the laboratory
I. One compound microscope 
3. Binocular microscope—one in between

two students
6. Twelve microscopic slides (3” x 1”)
8. One piece of soft cloth
9. One enamel tray
II. One spirit lamp
13. One ringing table
15. Six dropping bottles for reagents
16. Six staining bottles
17. A hone and a razor strap of leather 1 for a class
18. Necessary chemicals and stains.
Some laboratory instruments of common use are shown in Fig. 2.

8. One dropper

2. One dissecting microscope
4. Six watch glasses
5. Four petri dishes
1M oz. coverslips (0.17 mm 

thickness)
10. One polythene washing bottle 
12. One glass-marking pencil 
14. Microtome—one rocking and one 

rotary for entire class.

• 1.3. INSTRUMENTS FOR FIELD COLLECTION
While you are on field collection trip, you should have the following instruments 

with you :
l.One pocket lens.
2. One good fixative (F.A.A.)
3. Collection bottle (three dozen)
4. Full-sized blotting papers (three dozen)
5. Newspaper pieces (two dozen)
6. Polythene bags (four dozen)
7. Rubber bands (four dozen)
8. Plant press-made up of two flat plywood sheets and a thick, strong cord
9. Glass-marking pencil
10. Departmental labels.

• 1.4. DISSECTING MICROSCOPE
It is actually a simple microscope that consists of only one lens unit. This lens unit 

may even be an ordinary magnifying glass. Dissecting microscopic is used either for 
dissecting the material for less magnifications, i.e., only 6X, 12X or rarely 20X. it is 
mainly used for embryo separation, taxonomic studies, etc.

A dissecting microscopic (Fig. 3) consists of a basal foot and a limb. The ‘stage’, made 
up of a simple glass plate, is attached to the limb. For the light adjustment purposes, a 
mirror is attached to the limb under the stage. Mirror can be moved vertically with the 
help of an adjustment screw. At the tip of the limb is present a folded arm, on which a 
liens of definite magnification (6X, 12X. etc.) is fitted Folded arm is moved to keep the 
liens in the desired position on the stage.

The material to be viewed or dissected is placed on the stage. The eye is placed close 
to the lens. Folded arm is tilted to bring the lens over the material. Light is adjusted by 
the movement of the mirror. Focussing is done with the help of adjustment screw.
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Fig. 1.3. Dissecting microscope

• 1.5. COMPOUND MICROSCOPE
1. The instrument is so named bcause it consists of two or more lens systems (Fig. 1 

and 4).
2. At the top is present the ocular lens. It can be turned around or may be removed. 

At the top of ocular lens is written 5X or 10X signifying the 5 times or 10 times 
magnification, respectively.

3. Just below the ocular lens is a body tube, the bottom end of which contains a 
circular piece called nose piece. It contains three lenses called objective lenses. Nose 
piece can be rotated to change the position of objectives.

4. The flat platform present below the objectives is called stage.
5. On the arm of the microscope are present two knobs called coarse adjustment knob 

and fine adjustment knob.
6. Out of the three objectives, the shortest is the low power objective. It has the 

largest lens but its magnifying power is least among the objective lenses. On the 
objective may also be written 10X similar to ocular lens. It means if a 10X ocular lens is 
used to magnification is 10 x 10 = 100 times.

7. The other objective is high power objective. Its magnification is equal to the 
number written on it multiplied by the power of ocular, i.e., 5X or 10X (objective x 
ocular).
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8. The third objective is called oil immersion. Generally, it contains a black band 
around .the lower end. Use a drop of oil on the slide at the time of studying with oil 
immersion objective. Its magnification can be estimated as ocular x objective. 
yj-^The jU^e of oil (e.g., cedarwood oil) is essential in order to keep the light rays properly 
^iigne(j with the small objective.
si a&^-ust below the stage is the condenser. Its function is to gather light from the 
mirror and to direct it to the objective lens. Condenser may be lowered or raised by a 
knob,present on one side of the microscope beneath the stage.

3l-0>0Glondenser contains a shutter called Iris diaphragm.
11. Just below the condenser is present a mirror having its one surface flat and the 

other concave. Use the concave surface in day light. Flat surface of the mirror is used 
when electric lamp is used.

>;
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Precautions :
1. Clean the ocular and objective lenses with lens paper, and do not remove them.
2. While studying an object, learn to keep one hand on the fine focus knob and focus 

continuously up and down.
3. While studying any kind of preparation, do not tilt the microscope.
4. Leave the low power objective in place after finishing all the observations.
5. To examine an object, always first use the low power and then the other objectives.
6. Never allow an objective lens to strike either the stage or a slide while focusing.
7. Use always the fine adjustment with high power objective.
8. All wet mount preparations should be precovered by a cover slip.
9. Avoid the habit to remove the parts of the microscope.
10. Do not use oil immersion objective without oil.
11. Diaphragm should be wide open while using oil immersion objective.

Laboratory Requirements

• 1.6. PREPARATION OF SOME FIXATIVES, STAINS AND REAGENTS

1. Formalin-Aceto-Alcohol (F.A.A.). 
50% or 70% ethyl alcohol (90

5. Add alcohol

HC1 (10 to 20 drops)
Alcohol (100 c.c.)

6. Acid water ,
HC1 (10 to 20 drops)
Water (100 c.c.)

7. Lactophenol
Phenol (100 gm)
Lactic acid, glycerine and 

water (100 c.c. each)
8. Glycerine

Glycerine (10 to 15 c.c.)
Water (100 c.c.)
Formalin (One drop).

c.c.)
Glacial acetic acid (5 c.c.) 
Formalin (5 c.c.)

It is the most commonly used 
preservative and commonly called 
‘standard preservative’.

2. Safranin
Safranin (1 gm)

Water (or 50% alcohol or 70% alcohol) 
100 c.c.

3. Fast green
Fast green (1 gm)
90% alcohol (100 c.c.)

4. Cotton blue
Cotton blue (1 gm)

______ Lactophenol (100 c.c.)

• 1.7. STUDY OF PLANT MATERIAL
Take the fresh or preserved material and first study its external.morphology with 

unaided eye or with the help of a magnifying lens or dissecting microscope. If the 
material is microscopic, stain it with a suitable stain and mount in glycerine and then 
study under the low and high power of a compound microscope.

For observing the anatomical details, cut the sections of your material in various 
planes like transverse section (T.S.), longitudinal section (L.S.), radial longitudinal 
section (R.L.S.) or tangential longitudinal section (T.L.S.) as under :

Transverse section (T.S.): It is cut by passing the edge of the razor at right angles 
to the longitudinal axis of the cylindrical organs such as roots, stems, etc.

However, in case of the dorsiventral organs (e.g., leaf, thallus of bryophytes, etc.), the 
transverse section is cut in vertical plane and hence it is called vertical transverse 
section or V.T.S.

Longitudinal Section (L.S.) : It is cut by passing the edge of the razor at right 
angles to the transverse axis of the cylindrical organs, such as roots, stem, etc. If the
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longitudinal section is cut along one of the radii, it is called radial longitudinal section 
or R.L.S. But if the L.S. is cut along the tangent, it is called tangential longitudinal 
section or T.L.S. (Fig. 5).

Method of Section Cutting
A good quality razor should be used for section cutting. Before section cutting, the | | 

razor should be sharpened on a hone (fine grit-stone) Sharpening is done by sliding the i| 
razor obliquely and uniformly over the wet hone. This process is called honing. ;|

!i

After the honing process, the razor is further sharpened by moving for some time !' 
over a leather strap. This process is called strapping. The leather strap should be first ; ! 
oiled before being used.

Pith {i.e., pieces of carrot, potato, radish, etc.) is used for cutting sections of soft and 
dehcate materials. At the time of using the pith, cut it longitudinally upto half of the 
length, and then remove the split piece by cutting one strip transversely. Insert the 
material in the centre and replace the piece of pith over it as shown in Fig. 5.

For cutting the section, hold the pith (along with the material) in your left hand 
between the thumb and the fingers. Keep the forefinger in somewhat horizontal 
position and thumb at a little lower height. Hold the razor in your right hand in such a 
way in a horizontal position that its blade and handle form a right angle. Move the razor 
quickly over the pith (containing material) and complete the stroke in one action. Make 
10 to 15 uniform strokes of the razor one after the other. You will get a few complete and 
thin sections. Immerse the sections in a watch glass containing water with the help of a 
fine brush. The material in pith and the razor blade should be kept flooded with water

h

during the entire process. Select thin and complete sections for staining. 1

• 1.8. STAINING
Next step is staining. It is essential because different tissues and other structures 

can be easily differentiated by staining. The plant materials, in which there is no 
differentiation of tissues such as members of algae, fungi and bryophyta, are stained by 
a single staining process. But members of pteridophyta, gymnosperms and angiosperms 
are stained by the double staining method, due to the presence of different kinds of 
tissues. Members of different groups can be stained in general as follows :

i;
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Algae : Algal members are generally stained with a few drops of safranin for a few 
minutes (time is variable for different members) and mounting is done in 10% glycerine. 
Aniline blue, fastgreen, acetocarmine and haematoxylin are some of the other stains 
used for algal preparations.

Fungi: Cotton blue is supposed to be one of the good fungal stains. After staining 
with cotton blue, mount the material in lactophenol if the former is not prepared in the 
lactophenol. Cotton blue serves as a staining as well as mounting medium if prepared in 
lactophenol. Aniline blue or haematoxylin also gives satisfactory staining results in 
certain cases.

Bryophyta : Members are stained usually with safranin and mounted in 10% 
glycerine. Other good stains, to be used for members of bryophyta, are Delafield’s 
haematoxylin and fast-green.

Pteridophyta and Glymosperms: Repesentatives of these groups are stained by a 
double staining method. Undermentioned are some of the commonly used methods of 
double staining.

Laboratory Requirements

• 1.9. SOME DOUBLE STAINING METHODS
1. Safranin-Fast Green Method : Keep the material to be stained in safranin for 

three to five minutes and then wash it with water. See under the microscope that only 
thick-walled cells are stained. Excess of stain is destained by acid alcohol. Again wash 
the material very thoroughly with water so that even the traces of acid are I’emoved. 
Now stain the material with a few drops oi fast green for a few seconds. Time for keeping 
the material in fast green varies from a few seconds to one minute for different 
materials. Wash the material with glycerine and mount in a drop of glycerine.

With this method, all thick-walled, cells get red stain and all thin-walled cells the 
green stain. Entire process can be tabulated as follows :

Select a thin section Stain with safranin (for 3 to 5 minutes) -» Wash with water -> 
Destain with acid, alcohol (if need be) -> Wash thoroughly with water to remove the 
traces of acid Stain with fast green (for a few seconds to one minute) -> Wash with 
glycerine —> Mount in glycerine

2. Safranin-Aniline Blue Method : Follow exactly the same procedure as 
mentioned above except that in place of fast green use aniline blue.

3. Haematoxylin-Safranin Method: Keep the sections in Delafield haematoxylin 
for four to five minutes and remove the excess of stain with water. Wash with ammonia. 
Wash the material very thoroughly with water. Now stain with safranin for a few 
minutes. Wash the sections with glycerine for removing excess of stain and mount in 
glycerine. The entire method can be tabulated as follows :

Select a thin section -> Stain with haematoxylin (4-5 minutes) Wash with water-* 
Wash with ammonia water till stain turns blue -* Wash with tap water Stain with 
safranin (2, 3 minutes) -> Wash in glycerine Mount in glycerine.

• 1.10. SOME METHODS OF PERMANENT SLIDE PREPARATION
1. Safranin-Fast Green Combination

Select a thin section -* Stain with aqueous safranin (for 3 io 4 minutes) -* Wash 
thoroughly with water (till water remains colourlss) -* Dehydrate with 15% alcohol -> 
30% alcohol -> 50% alcohol -> 70% alcohol -> 90% alcohol -> Stain with fast green 
prepared in 90% alcohol -> Destain with 90% alcohol -+Absolute alcohol -*Dealcoholize 
with 25% xylol -> 50% xylol -> 70% xylol 90% xylol -*'Pure xylol (two changes) -> 
Mount in Canada Balsam or DPX.
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Zoology and Botany Practical 2. Crystal Violet-Erythrdsin Combination
Use aqueous crystal violet stain in place of stafranin and crythrosin in place of fast 

green in the method discussed above. Other details ^e same as in safranin-fast green 
combination mentioned above.

3. Haematoxylin-Safranin Combination
It is also similar to above mentioned safrahin-fast green combination except the 

following differences :
(i) Use haematoxylin in place of safranin.
(ii) Wash with ammonia water and then thoroughly wash with tap ..water.
(hi) Use safranin stain after 70% alcohol and destain with 70% alcohol and then use 

90% alcohol and absolute alcohol.
Other destails are same as in safranin-fast green combination mentioned above.

j! :

i

• 1.11. MOUNTING ,!
Stained material is to be mounted on a slide in a suitable mounting medium like 

glycerine, Canada balsam, etc. It is then covered with a thin, round or square piece of 
glass or plastic usually called a cover glass or cover slip. Hold clean microscopic slide 
and cover glass always by their edges. Put a drop of mounting medium on the material 
placed just in the centre of the slide. A medicine dropper may be used for this purpose. 
Fix one edge of the cover glass on one side of the mounting medium and hold the cover 
glass approximately at 45° angle to the slide. Gently lower the cover glass with the help 
of dissecting needle as shown in figure 6. Under the cover glass, there should be no air 
bubble.

; i' i

i

h

i

J f
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2
ALGAE

H wstim
• General Characteristics
• Outline of Algal Classification
• Classification of Algae
• How to Identify Genera of Algae ?
• Chlorophyceae
• Study of Plant Material
• Sexual Reproduction
• Xanthophyceae
• Phaeophyceae
• Anatomy
• Rhodophyceae

jplili-^Ri^NGi' OBJECTI
i- .Y • *

After going through this unit you will learn :
• Order classes, divisions and groups of different algae.
• Characteristics of green algae.
• Common Indian species of Volvox: external morphology, asexual reproduction and sexual 

reproduction.
• Important characteristic features of xanthophyceae.
• Aplanospores, gongrosira stage, Antheridium, Oogonium.
• Important characteristic features of phaeophyceae (brown algae).
• T.S. axis, T.S. leaf, T.S. air bladder, T.S. receptacular.

• 2.1. GENERAL CHARACTERSITCS
1. The word algae (sing. Alga) is derived from a Latin word ‘a/ga’which means ‘sea 

weeds’. The science that deals with their study is called 'algology1. The Greek word for 
algae is ‘phykos’, and, therefore, their study is also called phycology (Gr. Phykas, sea 
weeds; logos, study or discourse).

2. In different systems of classification of plants, the algae have been differently 
ranked as an order (Linnaeus, 1753), a class (Eichler, 1886), a division (Fritsch, 1935, 
1945), or a group (Chapman, 1962). They may, however, be defined as “an assemblage of 
chlorophyll-bearing autotrophic thallophytes”.

3. Algae are of universal occurrence because of their presence in nearly all types of 
habitats. They are found in fresh water (e.g., Spirogyra, Oedogonium), sea water 
(marine algae, e.g., Sargassum, Laminaria), on soil (terrestrial algae, e.g., Vaucheria), 
on rocks and stones lithophytic algae, e.g., Batrachospernium, Enteromorpha), inhighly 
concentrated salty water (halophytic algae, e.g., Dunaliella). They are also found inside 
other plants (endophytic algae, e.g., Nostoc inside the thallus of Anthocei'os, Anabaena 
in the coralloid roots of Cycas) and also in combination with fungi in the form of lichens.

4. Thallus organization in algae also varies greatly and shows a clear range. They 
may be motile colonial {e.g., Volvox), cococoid or non-motile {e.g., Chlorella), filamentous
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{e.g., Oedogonium, Cladophora), hetrotrichous (e.g., Ectocarpus), uniaxial (e.g., 
Batrachospermum), multiaxial (e.g., Polysiphonia) or even parenchymatous (e.g., 
Sargassum).

5. The size of algal members is also highly variable. It varies between 0.5 p (e.g., 
Chlamydomonas) to as much as 30 metre or more (e.g., Macrocystis). The longest plant 
in the world” (Prescott, 1969).

6. The cell wall is mostly made of cellulose but in some genera it also contains some 
other substances such as pectin, chitin, algin and fucoidin.

7. Cytoplasm contains structures such as contractile vacuoles, mitochondria, 
eyespot, chloroplast, pyrenoids, Golgi bodies, pigments and nucleus. However, in 
Myxophyceae, the membrane-bound structures are all absent.

8. Reserve food material in majority of algae is starch. However, it is in the form of 
fats and oils in Xanthophyceae and Bacillariophyceae; laminarin and mannitol in 
Phaeophyceae; floridean starch in Rhodophyceae; and myxophycean starch in 
Myxophyceae.

9. Vegetative reproduction takes place by fragmentation, fission (desmids), akinetes 
(Oedogonium), tubers (Chara) or hormogones (Myxophyceae).

10. Chief modes of asexual reproduction are zoospores (Chlamydomonas), 
aplanospores (Vaucheria), hypnospores (Vaucheria), autospores (Chlorella) and 
tetraspores (Dictyota).

11. Sexual rproduction takes place by isogamy (Chlamydomonas), anisogamy 
(Ectocarpus) or oogamy (Oedogonium).

Zoology and Botany Practical

• 2.2. OUTLINE OF ALGAL CLASSIFICATION
Fritsch (1935, 1945) divided algae into following 11 classes, and his classification is 

most suitable for practical purposes :
*1. Chlorophyceae (Isokontae)
3. Chrysophyceae 
5. Cryptophycae 
7. Chloromonadineae

*2. Xanthophyceae (Heterokontae) 
*4. Bacillariophyceae (Diatoms)
6. Dinophyceae (Peridmeae)
8. Euglenineae 
*10. Rhodophyceae*9. Phaeophyceae 

*11. Myxophyceae (Cyanophyceae).
Bold and Wynne (1978) divided algae into following 9 divisions :

■;

2. Chlorophycophyta 
4. Euglenophycophyta 
6. Chysophycophyta 
8. Cryptophycophyta

1. Cyanochloronta 
3. Charophycophyta 
5. Phaeophycophyta 
7. Pyrrhophycophyta 
9. Rhodophycophyta

• 2.3. CLASSIFICATION OF ALGAE (Selected Texa)
Sub-division : ALGAE
Class 1. CHLOROPHYCEAE (Green Algae)

Order 1. Volvocales
Family 1. Chlamydomonadaceae, e.g., Chlamydomonas. 
Family 2. Volvocaceae, e.g., Volvox, Eudorina 

Order 2. Chlorococcales
Family 1. Chlorellaceae, e.g., Chlorella.
Family 2. Hydrodictyaceae, e.g., Hydrodictyon 
Family 3. Coelastraceae, e.g., Scenedesmus

*Classes discussed in the present book.
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Order 3. Ulotrichales
Family 1. Ulotrichaceae, e.g., Ulothrix 
Family 2. Ulvaceae, e.g., Ulua 

Order 4. Cladophorales
Family 1. Cladophoraceae, e.g., Cladophora 

Order 5. Chaetophorales
Family 1. Chaetophoraceae, e.g., Fritschiella 
Family 2. Coleochaetaceae, e.g., Coleochoete 

Order 6. Oedogoniales
Family 1. Oedogoniaceae, e.g., Oedogonium.

Order 7. Conjugales
Family 1. Zygneraataceae, e.g., Zygnema, Spirogyra 
Family 2. desmidiaceae, e.g., Cosmarium 
Family 3. Mesotaeniaceae, e.g., Netrium 

Order 8. Siphonales
Family 1. Caulerpaceae, e.g., Caulepra 
Family 2. Codiaceae, e.g., Codium 

Order 9. Charales

Algae

Family 1. Characeae, e.g., Chara, Nitella 
Class 2. XANTHOPHYCEAE (Yellow-green Algae)

Order 1. Heterosiphonales
Family 1. Botrydiaceae, e.g., Botrydium 
Family 2. Vaucheriaceae, e.g., Vaucheria 

Class 3. BACILLAR!OPHYCAE (diatoms)
Order I. Centrales, e.g., Cyclotella, Melosira 
Order 2. Pennales, e.g., Pinnularia, Navicula 

Class 4. PHAEOPHYCEAE (Brown Algae)
Order 1. Ectocarpales

Family 1. Ectocarypaceae, e.g., Ectocarpus 
Order 2. Laminariales

Family 1. Laminariaceae, e.g., Laminaria 
Order 3. Dictyotales

Family 1. Dictyotaceae, e.g., dictyota 
Order 4. Fucales

Family 1. Fucaceae, e.g., Fucus 
Family 2. Sargassaceae, e.g., Sargassum 

Class 5. RHODOPHYCEAE (Red Algae)
Sub-class 1. Bangioideae 

Order 1. Bangioideae .
Sub-class 2. Florideae 

Order 1. Nemalionales
Family 1. Batrachosprmaceae, e.g., Batrachospermum

Order 2. Gigartinales
Family 1. Gracilariaceae, e.g., Gracilaria

Order 3. Ceramiales
Family 1. Ceramiaceae, e.g., Ceramium 
Family 2. Rhodomelacea, e.g., Polysiphonia 

Class 6. MYXOPHYCEAE (Blue-green Algae)
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Zoology and Botany Practical Order 1. Chroococcales
Family 1. Chrococcaceae, e.g., Gloeocapsa, Microcystis 

Order 2. Nostocales
Family 1. Oscillatoriaceae, e.g., Oscillatoria, Lyngbya, Spirulina 
Family 2. Nostocaceae, e.g., Nostoc, Anabaena 
Family 3. Scytonemataceae, e.g., Scytonema 
Family 4. Rivulariaceae, e.g., Rivulariq, Gloeotrichia 

Order 3. Stigonematales
Family'!. Stigonemataceae, e.g., Stigonema.

i

p

r-*

• 2.4. HOW TO IDENTIFY GENERA OF ALGAE ?
Sub-division ALGAE

1. Cell wall consists of cellulose;
2. Simple thallus;
3. Chlorophyll present in the plastids. 
Class CHLOROPHYCEAE

I

1. Photosynthetic pigments present in chromatophores;
2. Pyrenoids present;
3. Starch is the main reaserve food;

Order Volvocales
1. Vegetative cells of thallus are motile.
Family Chlamydomonadaceae

jinO

.mH
r/J:.Z S KfifilO

.reH .1 'folriO 
<:( .1

Unicellular plant body and palmella stage present vj;fnr’i]
Family Voluocaceae

Multicellular, colonial plant body; J ,.vv'j ...iois'jjrioO .1 ■fob-iO
Order Chlorococcales ...uusYI /'-.'A ijrrrLoH .£ -frib'fO 

1 Cells uninucleate and non-motile; HACIOYH'lOaAH'i .t ***K>
';oi!aq'fnLiob\u .1 'tob-fO i2. Reproduction by autospores.

Family Chlorellaceae
1. Non-motile coenocytic; ■rn-jlijnr.rrifnijj 'iob /O 
2. Reproduction by^zoospores-|nd:Magen^ 

e.g., Hydrodictyon. B'jlklovjA.G .8 iobiO
Family Coelastraceae

1. Reproduction by autocolony;
2. Autospores are opposed to^anojher^.^^^r s

e.g., ScenedesmiLS.^.^y^Z, .5

BDff’Ou'l .I- ’SOb'iO

Order Ulotrichales {^.Ak bAr\) &r.A>!.0YH‘7000AVA .1 srbIO
1. Uninucleate filamentous plant body with.singlejChbroplast.^^.^j^
2. Asexual reproduction by quadriflagellate zpoppijes^.Q t 
Family Ulotrichaceae

p

scobi-iolH ssixlo-duS 
1. Uninucleate, Unbranched filamente;5n.)ih.„Ia;4 j ,abl0

1

■1. (leda more in breadth tltun height: e.g.rfJlothrix. 
Family Ulvaceae
iaunv;!?

ExpandedithaHus with parietal,chlproplast j^,.1;/
Order Cladophorales Bejshns'iyC .8 •iob-.(0

Thallus branched,;filamejitQ^is ^djnulinuc)eate.;jm/,'ij
Family Clqdppjipzqceae ^^ ine.,)B;omoboi!.H S YjirorsG

1. Muitinueleate cells ^i^tipu^te^orp^t.Hqoxy^ a

14r SeffyjjtamijtgsMat&r.ial-^



Algae2. Cell wall lamellated; e.g., Cladophora.
Order Chaetophorales

1, Plants show heterotrichous habit;
2. Branches end into chaetae or hairs.
Family Chaetophoraceae

1. Cells uninucleate with laminated chloroplast.
2. Terminal cells end into chaetae; e.g., Fritschiella 

Family Coleochaetaceae
1. Epiphytic on other grasses;
2. Presence of spermocarp; e.g., Coleochaete.

Order Oedogoniales
1. Reticulate chloroplast and caps are formed during cell division;
2. Multiflagellate zoospores, androspores and antherozoids.
Family Oedogoniaceae: Same as of Oedogoniales; e.g., Oedogonium.

Order Conjugales
1. Unbranched filaments and flagellated cells are absent;
2. Reproduction by conjugation.
Family Zygnemataceae

1. Filaments unbranched and cells cylindrical;
2. Chloroplast parietal, ribbon-shaped or star-shaped; 

e.g., Zygnema, Spirogyra.
Order Siphonales

1. Thallus is coenocytic and siphon-like central vacuole present;
2. Many discoid chloroplasts present.
Family Caulerpaceae

1. Thallus is differentiated into rhizoids, rhizome and 
aerial assimilators;.

2. Trabeculae present; e.g., Caulerpa.
Family Codiaceae

1. Thallus branched, tubular and multiaxial;
2. Sexual reproduction anisogamous; e.g., Codium

Order Chorales
X. Plant body large, erect and well-branched;
2. Nodes and internodes present;
3. Zoospores absent;
4. Globule and nucule present.
Family Characeae : Same as of order Charales; e.g., Cham, Nitella. 

Class XANTHOPHYCEAE
1. Chromatophores yellow-green and reserve food material is oil;
2. Motile bodies contain unequal flagella.
Order Heterosiphonales

X. Plant body coenocytic;
2. Siphon-like vacuole present.
Family Vaucheriaceae

X. Thallus tubular, filamentous and irregularly branched; 
2. Multiflagellate zoospores; e.g., Vaucheria.

Class BACILLARIOPHYCEAE
1. Chromatophores yellow or golden yellow in colour.
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Zoology and Botany Practical 2. Pyrenoids, if present, are without starch sheath; .
3. Cell wall consists of two halves (epitheca and hypotheca);
4. Reserve food oil.
Order Pennales

\ I-v.

1. Valves bilaterally symmetrical and contain raphe;
2. Striations arranged in pinnate manner;
3. Statospores absent; e.g., Pinnularia.

Class PHAEOPHYCEAE
1. Chromatophores yellowish-brown;
2. Reserve food materials are laminarin and mannitol;
3. Flagella unqual and laterally attached on reproductive cells. 
Order Ectocarpales

1. Filamentous thallus;
2. Unilocular and plurilocular sporangia develop;
3. Alternation of generations present.
Family Ectocarpaceae

1. Plant body filamentous and heterotrichous;
2. Filaments uniseriate; e.g., Ectocarpus.

Order Fucales
1. Plant body parenchymatous;
2. Antheridia and oogonia in conceptacles.
Family Fucaceae

1. Plant body flat, ribbon-like and not foliar;
2. Oogonium with eight eggs; e.g., ‘Fucus.

Family Sargassaceae
1. Plant body distinctly foliar and Vesicles present;
2. oogonium with a single uninucleate egg; e.g., Sargassum.

Order Dictyotales ~
1. Thallus flat and dichotomously branched;
2. Growth apical;
3. Asexual reproduction by tetraspores.
Family dictyotaceae

1. Reproductive organs in sori;
2. Sporophyte with tetrasporangia; e.g., Dictyota.\

Class RHODOPHYCEAE
1. Chromatophores red-coloured;
2. Reserve food floridean starch or floridoside;
3. Male gametes non-flagellated;
4. Carpogonia, spermatia and carpospores present. 

Sub-class Floridea
1. Plants always multicellular;
2. Vegetative cells multinucleate;
3. Pit connections present;
4. Highly differentiated sex organs.

- lvOrder Nerrialioha'ies
X. Uniaxial in construction;
2. Chromatophores axial or lateral; ‘
3. Tetraspofdph'yte1 absent.0ob-uii rio woho.;

■■.t

it

p
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Family Batrachospermaceae
1. Fresh water plants;
2. Life cycle haplobiontic or diphasic; e.g., Batrachosperniuni. 

Order Ceramiales
1. Filamnts corticated;
2. Carpogonial branch four-celled;
3. Trichoblasts present;
4. Auxiliary cell develops;
5. Life cycle diplobiontic.
Family Ceramiaceae

Algae

1. Thallus monosiphonous;
2. Pericentral cells absent;
3. Tetrasporangia external; e.g., Ceramiuni. 

Family Rhodomelaceae
1. Thallus polysiphonous;
2. Pericentral cells present;
3. Tetrasporangia internal; e.g., Poly&iphonia.

Class MYXOPHYCEAE
1. Cells typically myxophycean;
2. Incipient nucleus present;
3. Plastids not organized;
4. Sexual reproduction absent. 
Order Nostocales

v

1. Thallus with trichomes;
2. Trichomes unbranched;
3. Heterocysts and hormogones pVesent.
Family Oscillatoriaceae

1. Trichoms with single row of cells tapering at ends;
2. Heterocysts absent;
3. Homogones present; e.g., Oscillatoria.

Family Nostocaceae
1. No differentiation of apex or base in trichomes;
2. Heterocysts present; '
3. Akinetes present; e.g., Nostoc, Anabaena.

Family Rivulariaceae
1. Trichomes show false branching when young;
2. Trichoms markedly attenuated from base of apex;
3. Trichomes end into a terminal pointed cells; 

e.g., Gloeotrichia, Rivularia.
Family Scytonemataceae

1. False branching common;
2. Trichomes without any marked attenuation;
3. Gelatinous sheath firm and encloses one or more 

trichomes; e.g., Scytonema.

• 2.5. CHLOROPHYCEAE
Class Chlorophyceae. members of which are commonly called 'green-algae', is 

characterized by the following features :
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Zoology and Botany Practical 1. Members enjoy a wide distribution in aquatic and terrestrial habitats. Volvocales, 
Cladophorales and Chaetophorales occur in sea as well as fresh water.

2. Important pigments are chlorophyll-a, (3-carotene, lutein and small quantity of 
chlorophyll-b, a-carotene, violaxanthin and neoxanthin. Phycobilins are completely 
absent.

3. Reserve food is mainly in the form of starch but in Siphonales it is in the form of oil
drops.

i
4. Cell wall is mainly composed of cellulose. In some genera pectin is also present in 

small quantity.
5. Pyrenoids are present in chromatophores except in Siphonales and Charales.
6. Motile bodies or swarmers contain two or more flagella of equal size, attached on 

their anterior end. Sexual reproduction ranges from isogamy to advanced type of 
oogamy through anisogamy.

7. Majority of the members are haploid with only zygote as the diploid phase.
The class has been divided by Fritsch (1935) into following 9 orders : !
1. Volvocales;
5. Chaetophorales 6. Oedogoniales
9. Charales.

2. Chlorococcales 3. Ulotrichales 4. Cladophorales 
7. Conjugales 8. Siphonais

1. VOLVOX
Common Indian Species : Volvax globator, V. prolificus, V. africanus and V. 

mereli.
Systematic Position 

Sub-division 
Class 
Order 
Family

Algae
Chlorophyceae
Volvocales
Volvocaceae

flagella --------

!j

A

r

external 
cell wall flagellum

mucilage boundary contractile
vacuole

cell

protoplasmic 
process \ Ocleus

•—rqi
\ «.

I _chlorop!ast

mucilage 
of wallc D

pyrenoid
Fig. 2.1. Volvox, (A-B), Acoenobium of V. globator and a part of the same; (C), Section 

of the periphery of coenobium; (0), Section with an enlarged cell
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Voluox
Common Occurrence : Commonly occurs in fresh water pools and ponds in rainy 

season, in the form of small balls, of the size of a pin-head.
Work to be done : Study external morphology, daughter colonies, sex organs and 

zygote with the help of given material a nd permanent slides, and identify the genus.

External Morphology
Take a few colonies, stain them with safranin, wash in water, mount in glycerine and 

study under low power and then under high power microscope :
1. In Coenobium all the cells are arranged in the periphery of mucilaginuous sphere 

in a single layer.
2. Cells are connected with each other by the cytoplasmic strands, which form a 

net-like structure in the colony (Fig. 2.L4, B).
3. All somatic cells are green in colour and show a typical Chlamydomonad 

structure.
6. Each cell remains surrounded by its individual mucilaginuous sheath. Two 

flagella of equal length are present in each cell (Fig. 2.1).
7. A single nucleus, cup-shaded chloroplast, with one or more pyrenoids and an eye 

spot are also present in each cell.

Asexual Reproduction
Study the slide of daughter colonies :
1. Asexual reproduction is with the help of daughter colonies which develop in 

parent colony.
2. Daughter colonies are present.in the posteior side of the colony and are formed by 

various divisions in some of the cells (Fig. 2.L4).
3. Daughter colonies come out by rupturing the parent colony and behave as 

individual colonies.

Sexual Reproduction
Study the slides of sex organs :
1. Sexual reproduction is oogamous and coehobia may be homothallic or 

heterothallic.
2. Homothallic species are always protandrous, i.e„ antheridia develop first and 

oogonia later on.
3. Sex organs are present in the posterior half of the coenobium.
4. Antherozoids (fig. 2.2) are formed in an enlarged cell (male gametangium), the . 

contents of which divide into 32 to 256 parts. Egg is present singly in female 
gametangium or oogonium which remains undivided.

5. Zygote is formed after fertilization, vyhich takes place in the presence of water..

Genus Algae

& IPm■lilO

anthendium'M1L rs
flagella mmmm.Wilanthendium

oogonium

. Fig. 2.2. Volvox, A male coenobium and a part of coenobium of a monoecious species
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Zoology and Botany Practical vegetative cells

SIl'TOrr,
iy^ote

•L

iUm %

/ !:
/ vegetative 

cellsmale
gametemale gametes

A B
Fig. 2.3. Volvox. (A), Male gametangium with developing spermatozoids; (B), Female 

gametangium having a developing zygote i i1-

6. Zygote (Fig. 2.3) is surrounded by a three-layered smooth or spiny wall. It contains 
an orange-red pigment called haematochrome.

Identification
(i) Thallus simple.
(ii) Cell wall consists of cellulose.
(iii) Chlorophyll present in the plastids.
(iv) Autotrophic mode of nutrition
(i) Photosynthetic pigments present in chromatophores.
(ii) Presence of pyrenoids.
(iii) Starch is the reserve food material.
(iv) Reproductive units are motile.
(v) Flagella of equal length
(i) Motile vegetative cells.
(ii) Simple and unspecialized structure of thallus.]
(iii) Contractile vacuoles present
(i) Presence of thick mucilaginous layer around the cells.
(ii) Multicellular colonial plant body.
(iii) Colony is hollow
(i) Coenobium of large number of cells.
(ii) Presence of daughter colonies.
(iii) Presence of cytoplasmic strands

(a)

Algae

(b)

:
;■

Chlorophyceae.

(c)

Volvocales.

(d)

Volvocaceae

(e)

Volvox.

• 2.6. XANTHOPHYCEAE
Name Xanthophyceae was first proposed by Allorge (1930) but Luther (1899) had 

already distinguished it as Heterokonate. The important characteristic features of this 
class are undermentioned:

1. Most of the members are fresh water and higher forms are filamentous.
2. Cell wall is made up of two layers, the main components of which are pectic 

compounds.
3. Important pigments are chlorophyll-a, P-carotene and xanthophylls.
4. Reserve food mateials are fat or oils. Starch is absent and pyrenoids are very 

rarely present. Motile bodies contain two unequal flagella.
5. Chromatophores are yellowish-green in colour and discoid in shape.
6. If present, the sexual reproduction is isogamous.
7. All the members are haploid.
The class has been divided into following four orders by Fritsch (1935):

consists of coccoid forms.
!

(i) Heterococcales
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V.' V- ; • .

(ii) Heterochloridales -
(iii) Heterotrichales -
(iv) Heterosiphonales -

Vaucheria (Named after J.P. Vaucher)

consists of motile forms, 
consists of filamntous forms, 
consists of siphoneous forms.

Algae

Common Indian Species : Vaucheria geminata, V. sessilis, V. uncinata, V. 
terrestris and V. walzi.

Systematic position 
Sub-division 
Class 
Order 
Family 
Genus

Algae
Xanthophyceae
Heterosiphonales
Vaucheriaceae
Vaucheria

Common Occurrence: It occurs in fresh water, on soil (terrestrial) and also in sea 
water. During winters it occurs as green 
matty structure on damp soil.

Work to be done; Study the external 
morphology of the thallus from the given 
mateial and also the zoospores, 
aplanospores, Gongrosira-stage and sex 
organs (antheridia and oogonia) using 
fresh material and/or permanent slides.

nuclei cnrometophores

cell wallgrtpg.way
F..J

E3 8p^
sr? :V

oil dropletsLamBJcentral
vacuole 0

sSaStisgEExternal Morphology

Stain the thallus in safranin, mount 
in glycerine and study :

1. Plant body is tubular or cylindrical 
and irregularly branched (Fig. 2.4).

2. Terrestrail species are attached to 
the substratum by rhizoids.

3. Plant body is aseptate and 
multinucleate (coenocytic). However, some septa 
formation is observed at the base of reproductive 
organs.

4. Large number of oil droplets make the 
reserve food material of the thallus.

5. A large central vacuole is present in the 
centre of the thallus, which is the characteristic 
feature of the order.

cytoplacm

,:J£ tonoplasi

Fig. 2.4. Vaucheria. T.S. vegetative thallus 
(diagrammatic)

&
& flagella^4

zoospore

Reproductive Structures

Varius means of asexual reproduction are :
(a) Zoospores, (b) Aplanospors, 

Hypnospores, (d) Cyst formation.

Zoospores

1. Zoospore is formed singly in the 
zoosporangium formed in the terminal part of the 
thallus (Fig. 2.5).

2. The multinucleated and multiflagellated 
structure is known as compound zoospore or 
synzoospore.

3. On liberation, these synzoospores loose their 
flagella and germinate.

K

w
(c)

zoosporangium

Fig. 2.5. Vaucheria. A zoosporangium 
with multiflagellate zoospore
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Zoology and Botany Practical Aplanospores
1. Aplanospores are produced at the ends of the 

terminal branches known as aplanosporangia 
(Fig. 2.6). Aplanospores are normally produced in 
the terrestrial species.

2. These are non-motile and thin-walled 
spores. They may be rounded or elongated in 
shape.

3. A single aplanospore is formed in each 
aplanosporangium.

Sexual Reproduction

1. It is of oogamous type. . _
2. Most of the species are monoecious but a few Fig. 2.6. Vaucheria. Aplanosporangium I If 

are dioecious.
3. In homothallic species, antheridia and oogonia develop side by side. More than 

one oogonium may also develop along with an antheridium (Fig. 2.10).

Antheridium .
1. It may be green or a colourless structure. ' .
2. At maturity it is separated from rest of the thallus by a septum (Fig. 2.7).
3. Uninucleate and biflagellate antherozoids are liberated through an opening 

formed at the tip of antheridium.

Oogonium

1. It is a uninucleate body with many chloroplasts. Oil is the reserve food material.
2. All the contents of oogonium become rounded and form a single uninucleate egg.
3. Mature oogonium contains a short, rounded beak, through which it receives . j- 

antherozoids.

'a

Si !(
't

aplanospore
:!

I

aplanosporangium
+

saptum

with an aplanospore

if

■ 5'

■i

1 !i

ioniumoogonium foceptiyeantheridium

■t

A B

terminal aperture

va^(>nt^0id
Mr

oogomat 
liquid ampty ^ 

antheridium PS
xygote

A
It Ik'?*■

-q'6 & e.' 0 4

c 0
Fig. 2.7. Vaucheria. A, Young sex organs; B-D Mature sex organs
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4. On fertilization, zygote , is formed. It is a multilayered structure. Zygote 
germinates by forming many tubular branches.

Points of interest in the Genus
1. Coenocytic thallus. :
2. Thallus contains a large central siphon like vacuole.
3. Instead of starch, oil is the food material
4. Synzoospores are found.

Identification
(a) (i) Thallus simple.

(ii) Cell wall consists of cellulose.
(iii) Presence of chlorophyll Algae

(b) (i) Reserve food material is qil.
(ii) Motile bodies contain unequal flagella.
(iii) Chromatophores are yellowish-green. Xanthophyceae

(c) (i) Coenocytic plant body.
(ii) Central siphon-like vacuole present. Heterosiphonales

(d) (i) Absence of pyrehoids.
(ii) Absence of siphonein and siphonoxanthin.
(iii) Tabular, irregularly'branched thallus.
(iv) Multiflagellate Zoospores

(c) (i) Coenocytic thallus.
(ii) Thallus is irregularly branched.
(iii) Sex organs are septate Vaucheria

Algae

Vaucheriaceae

• 2.7. RHODOPHYCEAE
The class Rhodophyceae, members of which are commonly called “red algae”, is 

represented by about 400 genera and 4000 species. Important characteristic features of 
the class are :

1. Members are mostly marine, except a few fresh water species.
2. Characteristic pigments are chlorophyll-a, p-carotene and r-phycoerythrin.
3. Floridean starch, floridoside and manoglycerate (small quantity) are the reserve 

products of the members of this class.
4. Cell wall is chiefly composed of cellulose. Pyrenoid-like bodies are present only in 

lower groups of the class.
5. Sexual reproduction is of most advanced oogamous type.
6. Male sex organs are known as spermatangia and female as carpogonia.
7. Each spermatangium gives rise to a single non-motile male gamete.
8. Fertilized carpogonium produces many filaments called gonimoblast filaments.
9. The tip cell of each gonimoblast filament functions as a carposporangium 

producing a single carpospore, and the whole structure is known as carposporophyte or 
cystocarp.

10. Some of the members are haploid while others are heplobiontic e.g., 
Batrachospermum, and some also show triphasic or diplobiontic-haploid type of life 
cycle, e.g., Polysiphonia.

The class is divisible into two sub-classes according to Fritsch (1945) :
1. Sub-class Bangioideae having order Bangiales.
2. Sub-class Florideae having the following orders :
(i) Nemalionales, (ii) Gelidiales, (iii) Cryptonemiales, (iv) Gigartinales, (v) 

Rhodymeniales and (vi) Ceramiales.
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Zoology and Botany Practical Pojysiphonia (Poly - many; siphonia = siphons)

Common Indian Species-Polysiphoniaplatycarpa, P. variegala, P. sevtularioides 
and P. unguiformis.

Systematic Position 
Sub-division 
Class 
Sub-class 
Order 
Family 
Genus

Algae
Rhodophyceae 
Florideae 
Ceramiales 
Rhodomelacae 
Polysiphonia ^

Common Occurrence : It occurs in the sublittoral as well as in tidal marshes, 
brackish estuaries and tidal pools.

Work to be done : To study (i) External features, (ii) T.S. of a branch, (Hi) 
Spermatangia, (iv) Carpogonia, (v) Carposporophyte and (vi) Tetrasporophyte, with the 
help of provided material and permanent slides.

r

External Morphology

1. Plant body is bush like and red or dark 
blue-coloured.

2. Prostate part of the thallus is attached to the 
substratum with the help aseptate rhizoids.

3. Upright filaments are laterally or dichotomously 
branched. Plant body is made up of many siphons.

4. Central siphon is surrounded by many (4 to 20) 
pericentral siphons (Fig. 2.9).

5. Cells of the central and pericentral siphons are 
connected with each other by cytoplasmic connections 
or pit connections.

6. Trichoblasts are present on main axis and long 
branches, and are dichotomously branched.

7. Each cell is uninucleate with many discoid 
chromatophores. Cell wall is thick and each cell 
contains a large central vacuole. Cells lack 
pyrenoids (Fig. 2.9).

T.S. of a Branch
1. In the centre is present the central siphon.
2. Central siphon is surrounded by many 

pericentral siphons (Fig. 2.11).
3. From the pericentral siphons arise many 

cortical cells.
4. All the cells are connected with each other by 

the 'cytoplasmic connections.

Reproduction
1. Following three kinds of plants complete the 

life-cycle :
(i) Gametophyte - Male and female plants. Both 

these are haploid and independent.
(ii) Carposporophyte - It is diploid and is 

dependent on gametophyte.
(hi) Tetrasporophyte - It is diploid but independent and produces haploid 

tetraspores, which germinate into male and female gametophytes.

tncho blast

;;

If

— thallus

1Fig. 2.8. Polysiphonia. External 
features

nucleus
chromatophoreU

;;pit connection 
central siphon

V

pericentral 
^ siphon<« i;

Cllong \ 
branch

t

Fig. 2.9. Polysiphonia. V.S. main 
axis showing central and pericentral 

siphons and some details of cell 
structure
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apical coll branch
^initial

Algae

(i)trichoblast

\ - long 
branch conical

(ii)

pericentral siphon central siphon

Fig. 2.10. Poiysiphonia. Surface 
view of a growing apex.

Fig. 2.11. Poiysiphonia. T.S. of branch

2. Sex organs are spermatangia and carpogonia.

Antheridia or Spermatangia
1. Branched, filamentous and red-coloured plant body bears many club-shaped 

clusters of antheridia or spermatangia.
2. A spermatangium is present on a branch of dichotomously branched male 

trichoblast (Fig. 2.12).
I

trichoblast
ri

SOMC
gOis

spermatangia
i

fertile
branch

central
siphon•soso

SHH H?C32
6

Fig. 2.12. Poiysiphonia. (4), Fertile spermatangial trichoblast; (5), L.S. of an antheridia!
branch.

3. Unisiphonous male richoblast bears many 
spermatangial cells, each of which forms many 
spermatangia.

4. In each spermatangium is present a single 
non-motile male gamete or spermatium.

Carpogonia
1. Carpogonia are present on female trichoblast.
2. Each carpogonium develops on a supporting 

cell, present on carpogonial filament.
3. Terminal cell of the carpogonial filament 

contains a globular or swollen basal carpogonium 
with a long neck-like trichogyne (Fig. 2.11).

trichogyne

1 // carpogonium 

calls of
lQ<£D( carpogonial filament 

supporting callm
Fig. 2.13. Poiysiphonia. A 

carpogonial filament bearing 
carpogonium and trichogyna
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Zoology and Botany Practical Carposporophyte or cystocarp
1. Carposporophyte is an urn-shaped (Fig. 2.14) or spherical structure opening 

outside by a pore or ostiole. It contains a placental cell or fusion cell at its base.
P>t

connection
Ottioto pericarpU ostiolecarposporangium mxcarposporM mm

carposporophyte

cystocarp r^m
Fig. 2.14. Polysiphonia. Thallus bearing cystocarps

2. From the placental cell arise many filaments called 
gonimoblast filaments.

3. Tip or terminal cell of each gonimoblast filament 
bears a carposporangium.

4. Each carposporangium contains diploid carpospore 
(Fig. 2.14).

5. Wall of the carposporophye is known as pericarp. It 
is made up of a single layer of cells.

Tetrasporophyte
1. Plant body is diploid and exactly similar in 

structure to that of gametophytic plant.
2. Many small, spherical and stalked sporangia are 

present. These are called tetrasporangia.
3. Each tetrasporangium contains four tetraspores 

arranged tetrahedrally (Fig. 2.15).

Identification

uu
0 pit connection

Ea
i

cell

tetraspores

1(1
Fig. 2.15. Polysiphonia. 
Tetrasporophytic plant 

bearing tetrasporangia and 
tetraspores

(a) (i) Simple thallus.
(ii) Cell wall is made up of cellulose.
(iii) Presence of chlorophyll . Algae

(b) (i) Red-colourd chroraatophores.
(ii) Reserve food is floridean starch.
(iii) Male gametes are non-motile.
(iv) Spermatangia and carpogonia are present.
(v) Presence of carposporophyte

Rhodophyceae
(c) (i) Pseudoparenchymatous thalli.

(ii) Presence of pit connections.
(iii) Highly differentiated sex organs.

(d) (i) Multiaxial in construction.
(ii) Carpogonia branch four-celled. 

Trichoblasts present.
Auxiliary cell present.

Florideae

(iii)
(iv)
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Algae(v) Triphasic or diplobiontic life cycle
(e) (i) Uninucleate cells with many.discoid chromatophores.

(ii) Thallus polysiphonous.
(iii) Pericentral cells present.
(iv) Male trichoblast dichotomously branched.
(v) Female trichoblast unbranched

(f) (i) Many shiphons are present.
(ii) Tetrasporangia borne singly

Ceramiales

.t. V-,

Rhodomelaceae

Polysiphonia
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Zoology and Botany Practical t iUNIT

3 I

FUNGI •i;.!

i
• General Characteristics
• Classification
• How to Identify Fungal Genera ?
• Eumycota
• Mastigomycotina
• Zygomycotina
• Ascomycotina
• Basidiomycotina
• Deuteromycotina 

o Summary
a Student Activity 
a Test Yourself

j

After going through this unit you will learn :
• Orders, classes, divisions and groups of different fungi.
• Symptoms of white rust on eruca sativa, Ipomoea and raphanus sativus.
• Rhizopus, mature mycelium : stolons, rhizoids and sporongiophores.
• Saccharomyces and its electron micrograph.
• Puccinia : heteroecious and autoecious rusts, microcyclic rusts, black, yellow and brown 

rusts.
• T.S. teleutopustule, T.S. pycnidial cup, T.S. aecial cup.
• Symptoms on Berberis plant.

• 3.1. GENERAL CHARACTERSITCS
1. Fungi (L. fungus, mushroom) are hetrotrophic, achlorophyllous, eukaryotic and 

spore-bearing organisms surrounded by a well-defined cell wall (made by chitin). 
Mycology is the study of fungi.

2. Fungi comprise molds, mildews, yeasts, smuts, rusts, mushrooms, puffballs, 
morels, etc.

3. Fungi reproduce by several types of spores. The spore germinates by producing 
one or more germ tubes. The germ tube elongates to form fine branched filaments called 
hyphae. A mass of more or less loosely interwoven hyphae constituting the vegetative 
body of majority of fungi is called mycelium.

4. The mycelium may be intercellular or intracellular.
5. If the vegetative mycelium is absent, the fungus is called holocarpic (e.g., 

Synchytrium), but if vegetative mycelium is present, it is called eucarpic (as in majority 
of fungi).

6. From the mycelium develop some special knob-like modifications called 
haustoria, through which it seeks nutrition from the host.
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TABLE 3.1 : CLASSIFICATION OF FUNGI PROPOSED BY G.C. AINSWORTH (1973) AND FOLLOWED BY J. WEBSTER (1980) IN "INTRODUCTION TO FUNGI"
AND O.P. SHARMA (1989) IN 'TEXTBOOK OF FUNGI"

MI COTA (FUNGI)
4 Divisions

1f
FUMY COTA

(Plasmodium pseudopiastnodium absent)
MYXQMYCOTA

(Plasmodium or pseudoplasmodium present) 
1 Classes

1Tt T
Plosmodiophuromycetes 

(Presence of parasitic 
plasmodium within host colls)

MyxomycetesAcrasiomycetes 
(free-living assimilatory piiase 

of amoebae unite as a pseudoplasmodium 
before reproduction)

Labyrinth ulales 
(net-plasmodium is present) (Presence of free-living

saprobic plasmodium)
Sub-divisions

Tt TT
MAST1GOMYCOTINA 

(zoospores present: perfect 
state spores are oospores)

| Classes

BASmiOMYCOTINA DEUTEROMYCOTINAASCOMYCOTINA
(zoospores and zygospores absent; 

perfect state .spores are ascospores)

Classes

Z Y GOM Y COT IN A 
(zoospores absent: perfect 

stale spores are zygospores)
(zoospores and perfect state(zoospores and zygospores absent; 

pei'fect state spores are basidiospores) spores like zygospores, ascospores
and basidiosporcs are all absent)II Classes 1Classes Classes*

1. Blastomycetes (true 
mycelium is poorly developed 
or absent; budding cells with 
or without pseudomycelium).
2. Hyphomycetes (true 
mycelium well-developed; 
budding cells absent; 
mycelium is either sterile or 
bears spores; pycnidia or 
accrvuliabsent).
3. Coelomycetes (true 
mycehitm well-developed; 
budding cells absent; spores 
developed in acervuli or 
pycnidia).

1. Chytridiomycetes 
(posteriorly uniflagellate 
zoospores contain whiplash 
type flagella).
2. Hpochytridiomycetes 
(anteriorly uniflagellate

1. Teliomycetes (parasitic on 
vascular plants; basidiocarp 
absent; teliospores arc either 
scattered within host cells or 
grouped in sori).
2. Hymenomycetes (mostly 
saprophytic, basidiocarp 
present and of gymnocarpous 
or semiangiocarpous type: 
basidiosporesballistospores).
3. Gasteromycetes (mostly 
saprophytic; hasidiocarp 
angiocarpous: basidiosporcs 
arc not hallistospores).

1. Hemiasconiycetes (ascogneous hyphae and 
ascocarps absent; thallus yeast-like or mycelia).
2. Loculoascomycetes (ascogcnous hyphae and 
ascocarps present; thallus mycelial; asci bitunicate; 
ascocarp an ascostroma).
3. Plectomycetes (asengenous hyphae and 
ascocarps present; ascospores a,septate: asci 
unitun icate).
4. Laboulbeniomycetes (asci arranged as a basal 
or peripheral layer within ascocarp: ascocarp 
pcrithocium type: exoparasites on anthropods; asci 
inopereulate).
5. Pyrenomycetes 
perifhecium: not exoparasite.s on arthropods; asci 
inoporcunte with an apical pore or slit).
C. Discoinycet.es (ascocarp apotecium; not 
exoparasites on arthropods, asci inopereulate or 
operculate).

1. Zygomycetes (mostly 
saprobic; if parasitic the 
mycelium is immersed in host 
tissue).
2. Trichomycete.s (attached 
to the cuticle of digestive tract

zoospores contain tinsel-type of arthropods; mycelium not 
flagella).
3. Oomyceles (biflagellate 
zoospores, of which posterior 
flagellum is whiplash-type 
and anterior flagellum of
tinsel-type).

immersed in host tissue).

typically(ascorcarp

*A publication of Tata McGrav''^!K Now Delhi
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Zoology and Botany Practical 7. Fungi, being heterotrophic, exist either as parasites or as saprophytes. Parasitic I 
fungi take all their nutrients from the tissues of another organisms whereas ! 
saprophytic fungi obtain all their nutrients from dead organic matter.

8. Asexual reproduction takes place by several kinds of spores, e.g:, conidia, 
zoospores, chlamydospores, basidiospores and aplanospores.

• 3.2. CLASSIFICATION
The present text follows the classification of fungi proposed by G.C. Ainsworth 

(1973) and the same is given in Table 3.1.
)

• 3.3. HOW TO IDENTIFY FUNGAL GENERA?
Kingdom MYCOTA (Fungi)
1. Chlorophyll absent.
2. Glycogen is the reserve food;
3. Cell wall of fungal cellulose.
Division MYXOMYCOTA
1. Pplasmodium or pseudoplasmodivm present.

Order Plasmodiophorales 
1. Anteriorly bitlagellate swarm cells.

Class Plasmodiophoromycetes
1. Parasitic plasmodium presnt within the host cells.

Family Plasmodiophoraceae 
1. Vegetative development within the cells of the host, 

e.g., Plasmodiophora.
Division EUMYCOTA
1. Plasmodium or pseudoplasmodium absent.
2. True mycelium presrtt.

Sub-division 1. MASTIGOMYCOTINA
1. Zoospores present;
2. Perfect-state spores are oospores.

Class Chytridiomycetes
1. Zoospores posteriorly uniflagellate;
2. Flagella whiplash type.

Order Chytridiales
1. Thallus usually unicellular;
2. True mycelium absent.
Family Synchytriaceae
1. Thallus endobiotic, holocarpic;
2. Prosorus divides into many compartments, 

e.g., Synchytrium.
Class Oomycetes ^
1. Zoospores biflagellate of which posterior flagellVi is of whiplash- 

type and anterior flagellum of tinsel type.
Order Saprolegniales
1. Aquatic and.saprophytic; .
2. Mycelium well-developed and without a definite holdfast.

Family Saprolegniacae 
1. Oogonium with many eggs;
2 Reproductive organs terminal, e.g., Saprolegriia. 

Order Peronosporales
1. Oogonium with single egg;
2. Mostly terrestrial or parasitic on vascular plants;
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3. Sexual reproduction oogamous. -
Family Pythiaceae
1. Sporangiophores similar to somatic hyphae, 

e.g., Pythium Phytophthora.
Family Peronosporaceae
1. Sporangiophores of determinate growth;
2. Sporangiohores dichotomously branched; 

e.g., Peronospora, Sclerospora.
Family Albuginaceae
1. Conidiophores unbranched;
2. Conidia basipetally arranged; ■
S.Haustoria knob-iike; e.g., Albugo.

Fungi

Subdivision 2. ZYGOHIY COTIN A
1. Zoospores absent;
2. Perfect-state spores are zygospores.

Class zygomycetes
. Mstly saprobic; if parasitic, the mycelium is immersed in host tissue. 

Order Mucorales
2. Asexual repi-oduction by non-motile aplanospores;

1

2. mostly saprobic.
Family Mucoraceae
1, Conidia absent;
2. Columella present in the sporangium; 

e.g., Mucor, fihizopus.
Sub-division 3. ASCOMYCOTINA
1. Zoospores and zygospores absent.
2. Perfect/1 pres are ascospores. 

■cetes
l^acocarps absent.
2- AscUncfetw



w

1. Conidia are chief means of multiplication;
2. Occur saprophytically or parasitically;
3. Cleistothecium present.

Family Eurotiaceae (Aspergillaceae)
1. Asci scattered and each ascus bears eight ascospores;
2. Ascospores unicellular;
3. Hymenium does not form; e.g., Aspergillus, Penicillium.

Zoology and Botany Practical

Class Pyrenomycetes
1. Ascocarp typically perithecium;
2. Asci inoperculate with an apical pore or slit.

Order Sphaeriales
1. Ascocarp develops singly or in stroma;
2. Ascorcarp surrounded by dark peridial wall;
3. Asci unitunicate.

Family Clavicipitaceae
1. Perithecia ostiolate and develop on fresh stroma-
2. Peridium absent; ’ -
3. Ascospores long and elongated; e.g., Claviceps. .
Family Xylariaceae
1. Perithecia embedded in stroma;
2. Members saprophytic; e.g., Xylaria.

Class Discomycetes
1. Ascocarp apothecium;
2. Asci operculate or inoperculate.

Order Pezizaceae
1. Apothecia fleshy and usually not in stroma;
2. Asci open by operculum or a lid.

Family Pezizaceae
i ’*1. Apothecia cup-shaped and not differentiated into stipe and pileus; I 

e.g., Ascobolus, Peziza, Pyronema. 1 I
Family Helvellaceae 1
1. Apothecia not cup-shaped and differentiated usually into stipe 1 I 

and pileus, e.g., Morchella.
Sub-division 4. BAS1DIOMYCOTINA
1. Zoospores and zygospores absent:
2. Perfect-state spores are basidiospores.

Class Teliomycetes
x

1. Parasitic on vascular plants;
2. basidiocarp absent;
3. Teliospores are either scattms^fl

Order 
1.



Fung*

2. Basidiospores develop on sterigmata;
3. Basidium is transversely septate.

Family Pucciniaceae
1. Stalked teleutospores;2. Teleutospores never in the form of layer;

e.g., Puccinia, Uromyces.

omycetes iocarpous type;Class Hymen
1. Mostly saprophytic;
2. Basidiocarp pr
3. Basidiospores 

Order Agaricales
1. Basidia develop on
2. Basidiocarp very _

Family Agaricaceae1. Fruiting body differentiated into stipe and pileus;
2. Under surface of pileus contains gills, e.g., Agaricus

Order Aphyllophorales
1. Basidiocarp not soft;2. Basdiocarp leathery and somewhat woody; 

diocarp borne gymnocarpously on the outer side.

Family Polyporaceae
1. Pores or
2. Basidia develop on inner

gemiangcarpous or
d it is of gymn0esent an

ballistospores.

lamella6'
soft.

3. Basi

tubes quite deep;
surface of pores; e.g., Polyporus;

Class Gasteromycete#
1. Mostly saprophytic;
2. Basidiocarp angiocarpous;
3. Basidiospores are not ballistospores.

Order Lycoperdales
1. Gleba powdery at maturity;
2. Glebal eavities not separating from each other;
3. Basidiospores light-coloured.

Family Lycoperdaceae
1. Common puff-balls;
2. Exoperidium and endoperidium present; e.g., Lycoperdon.

Sub-division 5. DEUTEROMYCOTINA
1. Zoospores and perfect-state spores like zygospores, ascospores and basidiospores 

absent;
2. Reproduction only by asexual methods.

Class Hyphomycetes
1. True mycelium well-developed,
2. Budding cells absent;
3. Mycelium is either sterile or bears spores;
4. Pycnidia or acervuli absent.

Order Moniliales
1. Conidia develop at the tip of conidiophores;
2. Conidia of varying shape.

Family Moniliaceae
1. Hypha not cohering in fascicles;
2. Hyphae hyaline or brightly coloured;
Family Dematiaceae ■

e.g., Piricularia.
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4. Between the two aeciospores is present a steriie 
separation disc called disjuncture or intercalary disc.

5. The wall of the aecial cup is made up of sterile layer 
called peridium. 9

6. Each aecidiospore is a polyhedral, binucleate structure, 
having an outer thick, smooth exine and inner thin intine. 
The acidiospore can infect only the wheat plant.

19
*•

diljunctor

•ocioapornPuccinia butleri on Launea
Puccinia butleri is an autoecious rust, i.e., all the stages of 

the life-cycle are present only on one host. The host Launea 
(Fig. 3.22) is a member of Compositae or Asteracea. On the 
leaves, various stages of life cycle are present 
in the form of pustules.

Symptoms on Berberis Plant
1. Berberis plant is an alternate host of 

Puccinia grarm’nis. It is a member of family 
Berberidaceae.

2. The primary host is wheat. Berberis 
plants are available only in the hilly regions.

3. Pycnidial and aecial stages of life-cycle 
are completed on this host.

4. On the upper surface of the leaf are 
present many circular spots of yellow colour, 
which are pycnidial cups (Fig. 3.23).

5. On the lower surface of the leaf are present numerous purplish or red, circular 
spots, which are the aecial stage of the fungus.

Fig. 3.21. Puccinia. 
Aeciospores on a stalk

pustule* Jv
leaf %

upper surfaea

■'J:

lower surf aca

?

Fig. 3.22. Puccinia butleri, an autoecious 
rust on Launea i

\

46 Self-Learning Material
i



* v'fife’' t
' ' R,. 

vncioa bfio '(Fu,,^
■ -0$^

a o iir« 11J *^n ole^S’ Identification
aJoo^M 

»4oovrajj3 
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Basidiomycotina iTD9U 
iMo«\acm*>0

(n) (i) Chlorophyll absent.
(ii) Glycogen is reserve food.
(iii) Cell wall of fungal cellulose.

1 (b) (i) Plasmodium absent.

•ft

- t\(«W/b-du3\\ 14-
(ii) The mycelium present.

(c) (i) Zoospores and zygospores absent.
(ii) Basidiosporcs present..

(d) (i) ‘ Parasitic on vascular plants. ’
' (ii)‘Basidiocarp absent. '
(iii) Teliospores present.

'fi'Claic.

ntFycottn* '

rrr.rn no
’//

.*
u 41

Teliomycetes
(e) (i) Obligate parasite giving rusty appearance^

, (ii) Heteroecious and polymorphic rust!*, /) t
(iii) ̂  Basidiosporcs develop on .sterigainata. ^ q
(iv) i Basidium is transversely septate.

\f*Uredinales t
(i) Four basidiospores are formed laterally.
(ii) Basidium is external.
(iii) Stalked, more than one-celled teleutospores 

\ / f Pucmiaceoe
(g) (i) Bicelled teleutospores.*

(ii) Fungus completes the life-cycle on wheat and
Berberis. ^ ^

(iii) Exhibits rusty appearance.

? t .
\\

• *i
i 0fi& ^->n 11 

caBseih ii ‘♦Hi bsaobd 4 ^p&tacpcao' 
Bdiliirb

i
(0

HT : °3 dioV/ O
f/.) «cbui» 

Fig. 3.23/A branch of Berberis plant 
infected by Puccinia grammis *1 

.wi^niA

V

a-

^ Puccinia graminis. YOO JOHq^OM JADMIH
. LJ •loqcooi^u .Qll \wwV \o Z.tV UsO\ 3.7. DEUTEROMYCOTINA )

* \ Sub-division Deuteromycotina or class Deutromycetes includes the' fungi in which 
the perfect stage or sexual stage (zygote, ascus or basidium) is either absentor has not 
been discovered so far. Due to this, these fungi are commonly called "imperfect fungi"or 
"Fungi Iniperfecli". This is, therefore, a purely artificial or temporary "assemblage/bf 
fungal species, waiting to be included under either Mastigomycptina, Zygomycotina, 
Ascomycotina or Basidiomycotina, after the discovery of their perfect stages. Majority, 
of them, however, are the conidial stages of Ascomycotina. Some of their distinguishing 
features are mentioned below : .Instd's tna 'enJeTeri erii olcA&ijW .0

> 1. Majority of these fungi are either saprobes or weak parasites. Several of thm are
I also aquatic, \\ jj -loinoU onu asnonqo.omoO

2}Except yeast-like members of Blastomycetes,valmost all'Deuteromycotina have 
/ well-developed, septate ^mycelium. ' lauxoci iaaasiq

d/Septa re'semble almost completely \vith,A*scbmydbtina.‘T9a ^ifl fcyiSrfqmbinvD -S 
df Reproduction takes place mainly by cbriidia!rSema/ Reproduction israbserit.i1iin^e 
S.^Conidia^kre non-motile and develop exogenously on conidiophores. The conidia 

are highly variable in structure, shape, size and colour. They may be oval,-elongated,
( spherical, st£rr-shaped,Mdisc-shaped,rcbiled^or curved.’ They niayibe unicellular or 
r multicellular.^ jj muibrnoo rioea .^oriqoibmto 0^ H R ft j! I

6^In several genera, th conidia^develbp^in^specialized,fruiting bodies, such^as 
acervidi, sy/iAema(o, pycnidia and sporodochia}*^*^3*1 “',i 10 ■ tl Ii \Ut fl

7.rSdme genera have been reported to show parasexuality. y 
*'Classification*'7:r GWynne-Vaughem0 and*’ Barnes°*,(1926) fdn 

Deuteromycets into'following four form-orders :^1110^ * H,H
i c'l'-rtf, * |f,^l »
1 Sphaeropsidales, Melanconiales, Moniliales and Mycelia Sterilia
Aw-.v. w v**1.* .^>A>vnu q U-U iJUO ^iiu> 1U •

f
I

1
f(

(
1

)

l

0Cercospora

- Common Species : Cercospora arachidicola, C. beticola, rC. nLcotinanae,''C.
;»4v0tBin3S1fi ,ij to BIOtAO J

.0 to BlblnOO ,(a> 
stsrtootoq

personata and C. apii.

\xixSelf-Lcarning Material 47



3. Foliose Lichens : Thallus in these lichnes is flat, leaf-like, well-branched and 
attached to the substratum with the help of rhizines, e.g., Physcia, Parnielia, Peltidea, 
etc. (Fig. 4.3).

4. Fruticose Lichens : Lichens of this category, are well-branched structures (Figs. 
4.4. 4.5), which are generally erect or sometimes prostrate, and give shrub like 
appearance, e.g., Usnea, Cladonia, Everinea, etc.

5. Filamentous Lichens : In some lichens, instead of fungal, the algal partner is 
more developed. Such algal partners of the lichens are filamentous and remain 
ensheathed or covered by only a few fungal hyphae. Such lichens are filamentous in 
appearance, have the dominance of the algal partner, and are named filamentous 
lichens by Hawksworth and Hill (1984), e.g., Ephebe, Coenogoniuni, Cystocoleus and 
Racodium.

Zoology' and Botany Practical

• 4.4. INTERNAL STRUCTURE
—- cortex

clqal: 
cell* 
hypha

Internally, a foliose lichen is divisible into four f 
different regions, i.e., upper cortex, algal zone, "I 
medulla and lower cortex.

Upper cortex is a thick, protective layer made up 
of dense, closely woven pseudoparenchymatous 
mass of fungal hypha. Outer to this, an epidermal 
layer may or may not be present.

Algal zone consists of mostly blue-green, or 
green algal filaments of Cyanophyceae or 
Chlorophycea. Some fungal hyphae also remain 
embedded in this layer. Common algal members are 
Nostoc, Gloeocapsa, Rivularia and Chlorella. This is 
also known as gonidial layer.

Medulla forms the central region of the lichen. It 
consists of loose mass of fungal hyphae.

Lower cortex forms the lower surface of lichen and from this arises rhizines. It is

sapitSa
iiifiP

medulU

^ rftieotd

tubstratum
Fig. 4.6. Structural organisation of 

a crustose lichen.

composed of densely packed hyphae.
A crustose lichen (Fig. 4.6) is internally differentiated into cortex, algal zone and 

medulla. Some hyphae of medulla form pointed rhizoids.

• 4.5. V.S. APOTHECIUM
1. Apothecium is a cup-shaped (Fig. 4.7) body.

jJr* ttci paraphytt* itcotpores
it

••/VB
m*dulla•leal

call* cort*x

Fig. 4.7. V.S. apothecium of an ascolichen.

2. In the cavity of the cup are present many asci and sterile paraphyses.
3. In each ascus are present generally eight uninucleae ascospores.
4. Other structures of the internal organization are same as those of vegetative 

thallus.
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5
GRAM STAINING

u
:«Mi
• Gram Stain
• Water and Sewage Microbiology Exercise
• Milk and Curd Microbiology Exercises
• Some Common Micro-organisms

1. Bacillus subtilis
2. Clostridium
3. Lactobacillus
4. Rhizobium
5. Streptococcus
6. Staphylococcus
7. Spirillum

m1 m
After going through this unit you will learn :
• Preparation of Bacterial slide using Gram stain.
• Determination of total bacterial population in water by SPC technique.
• Study of bacteria present in milk and curd.
• Study of some common bacteria with the help of permanent slides like : Bacillus subtilis, 

Clostridium, Lactobacillus, Rhizobium, Staphylococcus and Spirillum.

• GRAM STAIN
Gram stain is a universaily used bacterial stain. It is important because bacteria are 

separated by this stain into two individual groups, i.e., Gram positive bacteria and 
Gram negative bacteria.. It is a differential stain because Grain positive bacteria stain 
blue by this method while Gram negative bacteria take red stain.

Most of the species of cocci are Gram positive while most of the rod shaped bacteria 
are Gram negative. There are, however, exceptions to this statement.

Exercise No. 1
Object: To prepare a bacterial slide using Gram stain.
Requirements : Slides, linen cloth, coloured pencil, spirit lamp, loop, bacterial 

culture, gentian violet or crystal violet, Gram’s iodine, alcohol, acetone, safranin, oil 
immersion lens, compound microscope.

Method : There are three parts of the Gram staining process, uiz., cleaning of the 
slides, making of the smear and staining.

(i) Cleaning of the Slides .’Take about half a dozen of microscopic slides to the sink
and wash thoroughly in some cleaning preparation and rinse well in warm water. Dry 
the slides with a thin linen cloth. Do not put your fingers on the cleaned slides. Do not 
also use soap for cleaning the slide. . • ,

(ii) Making of the Smear: 1. Make a specific mark by the coloured pencil, say ‘X’, 
on one end of each slide to have an idea of the top of the slide.

2. Flame the looped needle. Remove cotton plug from one of the plant cultures and 
take a small amount of growth with the help of loop and place it bri the slide. Repeat the 
process once or twice. Now the smear is ready.
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Zoology and Botany Practical The loop should be flamed each time after using.
3. Dry the smear by taking the slides very gently to the burner flame for 3-4 times, j 

But the slide should not be overheated. j
(Hi) Staining: Following is the procedure of Gram’s staining : i
Stain with gentian violt or crystal violet or methyl violet (all basic dyes) for 30 1 

second. ;
i

Wash with tap water

;;
Flood with Gram’s iodine (for 30 second)

i
Wash with tap water

i
Decolourize with alcohol or acetone.

i '
Wash with tap water

i
Counterstain with safranin for 30 second. •j!

4
Wash with tap water

i
;iGently blot dry with blotting paper or towel

i
Observe under oil immersion lens. 

Record the results in the following Table 5.1.

S. No. Name of the microorganism Morphology Gram stain
!.1. A

2. B . . •
3. C

D. 4.

• 5.2. WATER & SEWAGE MICROBIOLOGY EXERCISE
Exercise No. 2

Object: To determine the total bacterial population in water by standard plate count !|
(SPC) technique. . ii

Requirements : Water sample, sterile petri-dishes (4), sterile glass bottle with a j! 
glass stopper, sterile pipettes, nutrient agar medium or tryptone glucose extract agar, ; \ 
incubator, glass-marking pencil. > . •!

Method: 1. Collect water sample in the sterile glass bottle within 3 hours, and if it is j
not possible keep the bottle packed in ice.

2. With the help of a glass-marking pencil, label the four sterile petri-dishes with 
sample amount, i.e., two petri-dishes with 1 ml and another two with 0.1 ml.

3. Shake the water sample vigorously, and pour 1 ml of the sample water to each of 
the petri-dishes labeled as 1 ml, and 0.1 ml sample water in another two petri-dishes 
labeled as 0.1 ml.

4. In all the four inoculated petri-dishes, add melted and cooled nutrient agar 
medium or cooled tryptone glucose agar. Rotate the petri-dishes gently so that the 
inoculum is uniformly distributed in the medium.

5. Put one set of petri-dishes in the incubator at 37°C for 24 hours and another set at , 
20°C for 72 hours.

Observation : Observe the petri-dishes carefully. The bacterial colonies appear in 
the plates. Count the number of colonies in all the four plates.

1

'i
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Result: Calculate total number of colonies/ml by multiplying the number of colonies 
in the plate by the sample size. In the petri-dishes incubated at 20°C the natural 
bacterial flora in the sample will appear. In the remaining two plates incubated at 37°C 
the fecal flora or all the microorganisms associated with the human body will appear.

Gram Staining

• 5.3. MILK & CURD MICROBIOLOGY EXERCISES

Exercise No. 3
Object: To study the bacteria present in milk.
Requirements : Slides, milk sample, methylene blue, tap water, glycerine, 

coverslips, microscope, needle.
Method: 1. Put a drop of milk on a clean and dry slide and spread it to make a thin 

smear. Allow the smear to dry and stain it for two minutes with methylene blue.
2. Drain off the excess of stain and allow it to dry.
3. Wash with tap water, drain off the excess of water and make it air dry.
4. Put a drop of glycerine and observe it under high power or oil immersion lens of 

microscope.
Observation and Result: Following types of bacteria (Fig. 5.1) are seen :

Fig. 5.1. Some microorganisms of milk (A), streptococcus tactis; (6), Lactobacillus easel;
(C). Micrococcus.

(a) Generally, long and slender rods; non-motile; Gram positive; ferments 
carbohydrates to lactic acid; generally anaerobic ... Lactobacillus casri. (Some other 
species such as L. brevis., L. plantarum and L. fermentum may also be seen).

(b) Spherical cells seen in irregular masses, Gram positive; motile or non-motile; 
aerobic; some cells with yellow, red, or orange pigment. ... Micrococcus luteus.

(c) Ovoid or ellipsoid small cells; in pairs or in short chains; non-motile; Gram 
positive; some cells bear capsules; ferments lactose to lactic acid.... Streptococcus lactis.

Exercise No. 4
Object: To study the bacteria present in curd.
Requirements: Curd, test tube, distilled water, slides, methylene blue, tap water, 

glycerine, needle, cover slips, microscope.
Method : 1. Take a small amount of curd in a clean sterilized test tube, add to it a 

little amount of sterilized distilled water and shake the mixture thoroughly. A 
suspension is formed.

2. Put a drop of this suspension on a sterilized slide, spread it to make a thin smear 
and allow the smear to dry.

- 3. Put a drop of methylene blue stain on the smear and wait for two minutes.
4. Drain off the excess of stain and allow the slide to dry.
5. Wash with tap water, drain off the extra water and again allow the slide to air dry.
6. Mount in a drop of glycerine and observe under high power or oil immersion lens of 

microscope.
Observation and Result : Rod-shaped bacteria belonging to species of 

Lactobacillus (e.g., L. casei, L. fermentii and L. bulgaricus) and spherical cells belonging 
to species of Streptococcus (eg., S. thermophillus, S. cremoris and S. lactis) are seen.
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IIIZoology and Botany Practical • 5.4. STUDY OF SOME COMMON MICRO-ORGANISMS
Exercise No. 5

Object: To study some common bacteria with the help of permanent slides.

1. Bacillus subtilis
Classification :

Kingdom 
Sub-kingdom 
Phylum 
Order

Protista.
Prokaryota
Schizophyta
Eubacteriales
BacillaceaeFamily :

Genus and species : Bacillus subtilis
Characters : 1. It is rod shaped bacterium commonly known as hay bacillus.
2. Endospore formation is very common.
3. It is commonly found in decomposing organic matters.
4. It produces an antibiotic called subtilin.
5. it is non-motile and Gram-positive.
6. It produces large quantity of extracellular hydrolytic 

enzyme “amylase”.
7. Bacterial amylase is used for the production of dextrins 

from starch. Cell organization is prokaryotic type. Fig. 5.2. Bacillus 
subtilis.2. Clostridium

Classification : Same as oi Bacillus subtilis.
Characters : 1. The members are Gram positive and rod shaped.
2. They from endospores, and the spores are more resistant to unfavourable 

conditions than vegetative cells.
3. Majority of the Clostridium species are non-pathogenic. However, C. perfringens 

causes fatal gas gangrene of wounds.

i|

*

Clostridium botullnum 

Fig. 5.3. Clostridium botulinum and C. tetani.

Clostridium tetani

4. C. botulinum, growing saprophytically in the absence of air, produces the 
poisonous toxin of botulinal poisoning.

5. Tetanus is caused by Clostridium tetani (Fig. 5.3).
6. Due to the presence of endospores, the cells are usually swollen.

3. Lactobacillus
Classification:

Kingdom 
Sub-kingdom 
Phylum 
Order

Protista
Prokaryota
Schizophyta
Eubacteriales
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Family 
Genus

Characters:
1. It is widely distributed in dairy 

products, silage or stored green cattle food 
and manure.

2. Lactobacillus cas'di rods are generally 
long and slender (Fig. bAA). These are 
non-motile and Gram positive bacteria.

3. They are generally anaerobic and 
ferment carbohydrates to lactic acid.

4. These bacteria are non-spore 
producing, and divide by binary fission.

5. They are very important in cheese 
ripening.

6. L. acidophilus is useful in making acidophilus buttermilk. It has been associated 
with dental caries.

Lactobacillaceae
Lactobacillus

Gram Staining

Fig. 5.4.(A), Lactobacillus lactis; 
(S), Rhizobium leguminosarum.

4. Rhizobium
Classification: 

Kingdom 
Sub-kingdom 
Phylum 
Order 
Family 
Genus

Protista
Prokaryota
Schizophyta
Eubacteriales
Rhizobiaceae
Rhizobium
leguminosarumSpecies

Characters: 1. It is found in the root nodules of clover, alfalfa, lentils, beans, peas, 
soyabeans and several other leguminous plants. It is capable of fixing the atmospheric 
nitrogen.

2. It actually causes the formation of nodules on the roots of legumes where it lives
symbiotically. Its rods are small.

3. It is motile when young (Fig. 5.45). It is aerobic and Gram negative.
4. Its cells utilize glucose and sometimes other sugars with little or no production of 

organic acids.
5. Its cells are non-spore producing.

5. Streptococcus
(Gr. Sfrep/os-twisted; kokkus-a seed, i.e., a twisting chain of spherical cells). 
Classification:

Kingdom 
Sub-kingdom 
Phylum 
Order 
Family 
Genus

Protista 
Prokaryota 
Schizophyta 
Eubactei’iales 
Lactobacillaceae 
Streptococcus

Characters: 1. It is a chain shaped bacterium. The cocci are round in shape.
2. These are non-motile and Gram +ve bactria.
3. The cellular organization is prokaryotic type.
4. Species are saprophytic and pathogenic.
5. It is important in souring of milk (S. lactis).

Self-Learning Material 57



1

Zoology and Botany Practical 6. S. salivaris is common in the mouth and nose ofhuman beings.
7. Streptococcus pyogens is pathogenic, causing wound 

infections, childbed fever, scarlet fever, etc.
8. S. agalactiae causes chronic mastitis in approximately 20% of 

the milk cows.
9. S. cremoris develops aroma and flavour in the creams.
10. S. Faecalis occurs in human intestine and helps in food 

poisoning.

6. Staphylococcus

i|

;!
.i

Fig. 5.5.
Streoptococcus

lactis
i.
!

i!
li3

(Gr. Staphyla, bunch of grapes, kokkus, a grain or seed). 
Classification:

Kingdom 
Sub-kingdom 
Phylum 
Order 
Family 
Genus

'!

Protista 
Prokaryota 
Schizophyta 
Eubacteriales 
Micrococcaceae
Staphylococcus ■

Characters: 1. Cells are arranged in plates or irregular masses.
2. Staphylococcus aureus is a common inhabitant of human skin, mucous 

membrane, throat and in post-nasal discharges of persons 
recovering from cold.

3. It causes the food poisoning in man and may also be 
the cause of pimples, absceses and infection of wound.

4. It is also the cause of bovine mastitis, which is an 
inflammatory disease of the udder.

5. The symptoms which are typical or staphylococcus 
infection include nausea, vomiting, diarrhoea, acute 
prostration and abnormal cramps.

6. It also occurs commonly in bakeries and kitchen products, if they are not [
immediately refrigerated at a temperature'of 4°C to 10°C. •

Fig. 5.6. Streotococcus 
pyogenes.

■

7. Spirillum
Classification: 

Kingdom 
Sub-kingdom 
Phylum 
Order 
Family 
Genus

Protista 
Prokaryota 
Schizophyta 
Eubacteriales 
Thiorhodaceae 
Spirillum

Characters: 1. These are the spiral shaped bacteria commonly called spirilli.
2. These are coiled and found in the soil and water.
3. They contain bacteriopurpurin and sulphur granules.
4. They are motile and move with their flagella.
5. Prokaryotic type of cell organization is present.

• *

i !i
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UNIT Plant Pathology

6
PLANT PATHOLOGY

(DISEASES CAUSED BY FUNGI, VIRUSES & MYCOPLASMA)

■MlfilliiilB ISiJ
• What is Plant Pathology ?
• Symptoms of Plant Diseases
• Some Diseases Caused by Fungi
• Some Diseases Caused by Bacteria
• Some Diseases Caused by Viruses

»■» m
ss>ismm BBasj

After going through this unit you will learn :
• White rust of crucifers with symptoms and causal oranism.
• Black rust or stem rust of wheat with symptoms and causal organisms.
• Yellow rust or stripe rust of wheat with symptoms and causal organisms.
• Brown rust or orange rust of wheat with symptoms and causal organisms, 

i • Tikka disease of Groundnut with symptoms.
• Red rot of sugarcane with symptoms and causal organisation.
• Bacterial disease Citrus canker with symptoms and causal organism.
• Potato leaf curl and mosaic, Tobacco Mosaic Virus (TMV), Leaf curl of Papaya and 

1 vain-clearing of Bhindi.

• 6.1. WHAT IS PLANT PATHOLOGY?
The science of the study of nature, development and control of plant diseases is 

called plant pathology or phytopathology (phytos, plant; pathos, suffering; logos, 
knowledge). According to Stakman and Harrar (1957), a plant disease is “a 
physiological disorder or structural abnormality that is harmful to the plant or to any of 
its parts or products that reduces the economic value” Three basic components of 
disease include : (i) a susceptible host, (ii) an attacking or aggressive pathogen, and (iii) 
a suitable environment.

• 6.2. SYMPTOMS OF PLANT DISEASES CAUSED BY FUNGI, VIRUSES 
AND MYCOMPLASMA
When the pathogen gets success in infecting a plant, it causes some changes in the 

normal physiology of the host. These changes result in some morphological and 
anatomical deviations in the host which are visible externally in the form of some signs 
called symptoms. Some of the common symptoms are listed below alphabetically :

1. Anthracnose: These are circular to angular or irregular spots occurring along the 
stems, petioles, leaf veins and fruits.

2. Blight: Blight is a symptom in which the diseased plant is killed suddenly. The 
pathogen rapidly kills the foliage, blossom and other above ground parts of the host.

3. Callus : This is the outgrowth of tissues in response to wounding.
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4. Cankers: These are the necrotic lesions, developing in the cortical tissues of stem, 
leaves or fruits, ultimately resulting in the corky growths in the affected parts. '

5. Chlorosis : Under this symptom, the normal green pigments of the plant are. ' M 
destroyed and the tissues become yellow.

6. Curling : Sometimes, the infection of the pathogen results in the abnormal 
bending of stem, leaves and shoots of the host.

7. Damping-off: In this symptom, the stem of young seedling is affected at the 
ground level. This results in the toppling down and ultimate death of young seedlings.

8. Discolouration : The colour of the whole plant or several of its parts is changed ' 
under this most common symptom of the diseased plants.

9. Dwarfing: This is the subnormal development of most of the plant parts resulting 
in the reduction of the size of stem, leaves and ultimately the plant height.

10. Elongated Internodes : This is the abnormal elongation of internodes of the
infected plant due to hypertrophy (increase in size of the individual cells) and/or 
hyperplasia, (increase in the number of cells due to cell division). I

11. Exudation (Bleeding and Gumrnosis) : This symptom results in the exuding of 
fluids from the diseased tissues. If the thick discoloured fluid flows regularly from the 
diseased tissues, it is called bleeding. But if a gummy substance oozes out from the 
diseased tissue and dries as a hard gummy mass, it is called gummosis.

12. Gall and Tumours : Hypertrophy results in the formation of some 
irregular-shaped galls ranging from a few mm to 2 or 3 cm. Relatively large, fleshy or 
hard galls are called ‘tumours'.

13. Mosaic : Uneven development of chlorophyll resulting in light green patches 
alternating with dark green areas is the symptom called ‘mosaic’. ,

14. Phyllody : When the infection results in the formation of floral parts (sepals, 
petals, stamens, etc.) into leaf-like structures, the symptom is called ‘phyllody’.

15. Russetting : When the infection leads to the formation of brownish, superficial 
roughening of the skin of tubers, fruits, etc., the symptom is called ‘russetting’.

Zoology and Botany Practical
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• V

• 6.3. SOME DISEASS CAUSED BY FUNGI
1. White Rust of Crucifers

The disease is caused by Albugo Candida (- Cystopus candidus), a member of 
Sub-division Mastigomycotina, Class Oomycetes, Order Peronosporales and family

i

&

hypertrophied
flowers

pustuies

f

i :
\

y,

hypertrophied *
stemB C

Fig. 6.1. (A), A leaf of Raphanus sativus infected by albugo Candida showing white 
pustules; {B-C), Hypertrophied floral parts of Raphanus sativus (B) and Eruca saliva (C)

due to infection of Albugo Candida

60 Self-Learning Material



Albuginaceae. it occurs as obligate parasite on several members of Cruciferae causing 
white rusty pustules, and hence the name of the disease “white rust of curuciers” is 
given.

Plan t Pathology

Symptoms :
1. The early symptoms appear in the form of rust-like white, shiny pustules on the 

lower surface of leaves (Fig. 6.1). The pustules are raised, 1-2 mm in diameter, and can 
be soon seen on the stem and rarely on the upper surface of leaves.

2. Several pustules coalesce to form large irrupted pustules of no definite shape.
3. The epidermis of the infected parts gets ruptured and the white powdery mass 

comes out. The disease is, therefore, called white rust.
4. The leaves, stem and other infected parts show hypertrophy and become 

malformed.
5. The floral parts (sepals, petals, stamens and ovary) are either shed off or become 

malformed beyond recognition, mainly due to hypertrophy (Fig. 6.1 B. C).
6. Even the seed-setting is checked in severe infection. The entire plant growth is 

stunted.

Causal Organism

1. The mycelium of the causal organism of white rust (Albugo Candida) is 
well-developed, branched, intercellular and coenocytic. Several spherical or knob-like 
haustoria develop from the mycelium (Fig. 6.1/1).

2. The hyphae below the epidermis produce sporangiosphores in gi-oups. Each group 
of sporangiosphores represents a sorus. Sporangibphores appear to be arranged in a 
palisade-like manner in each sox*us (Fig. 6.2B).
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DA (ftit host callepidermis
*Sn„ ho»t 

epfctermis T F.host eeH

r] m kSS'haustorlum '■L.
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host eaDai /
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E8
Fig. 6.2. albugo Candida. (A), A part of somatic hypha showing knob-tike haustoria; (6), 
Mycelium with chains of sporangia and sporangiophores; (C), A single sporangiophore 

with sporangia; (D), Sex organs; (E), T.S. host showing oospores

3. Each sporangiophore (Fig. 6.2C) is an erect, short unbranched and club-shaped 
body,. Its basal portion is thick and apical end thin. Several multinucleate sporangia 

produced from the apical end of sporangiophore. The sporangia are basipetally 
arranged.
are
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4. The pressure created by the developing sporangia and sporangiophores ruptures 
the epidermis of the host.

5. The sporangia are spherical, hyaline, multinucleate, and 14*16 x 616-20 pm in 
size. They germinate by means of a germ tube or by the formation of biflagellate 
zoospores.

6. The antheridia and oogonia are formed from the intercellular mycelium in the 
intercellular space of the host. The antheridium develops in close contact with the 
oogonium, but both develop on different hyphae.

Control: It is difficult to control white rust because of the obligate and systemic 
nature of the pathogen. However, some control measures include destruction of infected 
plants, crop rotation and spraying of seeds with fungicides, such as Bordeaux mixture.

2. Black Rust or Stem Rust of Wheat
This is still the most serious disease of wheat (Triticum aestivum) throughout the 

world. In some years, up to 90 per cent reduction in grain yield has been reported from 
some countries due to this disease. In India, the present loss in grain yield from this 
disease is estimated to be at least 15%, which amounts a loss of over Rs. 1000 million to 
our farmers.

In India black rust appears slightly late in the season, and in Northern India it is not 
seen until March. In Southern Indian states, however, it is seen during 
November-December.

Symptoms:
1. The early symptoms appear in the form of elongated, reddish-brown pustules, 

primarily on stem, followed by leaf sheaths, lamina and floral parts. Since the stem is 
most severely attacked, the disease is called ‘stem rust’.

2. These pustules of uredia (Fig. 6.3A) contain several uredospores. The uredial 
pustules enlarge, merge with each other, rupture the host epidermis and finally expose 
several uredospores.

3. Slightly late in the season, these uredopustules change into teleutopustules (Fig. 
6.35). The teleutopustules or telia are darker and change from brown to black in colour. 
Because of the black colour, the disease is also called ‘black rust’.

4. The diseased plants are stunted, and produce small spikes and shrivelled grains 
or no grain at all.

Causal Organism:
1. The disease is caused by Pucciniagraminis tritici {'Subdiuisioni-Basidiomycotina, 

C/ass-Teliomycetes, Orrfer-Uredinales, FamiZy-Pucciniaceae), a heteroecious and 
macrocyclic rust.

¥

2. The mycelium is intercellular with small, round haustoria. Uredospores develop 
in uredia or uredosori (Fig. 6.3F). Each uredospore is stalked, oval and brown coloured. 
On dissemination the uredospores germinate and propagate he disease very quickly on 
healthy plants.

3. The same mycelium, which was producing uredia early in the season, starts 
producing telia containing several teleutospcres late in the season. Telia develop more 
frequently on stem and then on leaf sheaths, lamina and other plant parts. Telia are 
oblong to linear and dark brown to black structures. Each teliospore (Fig. 6.3F) or 
teleutospore is a stalked and bicelled structure with a smooth thick wall. Each cell of 
teleutospore has a single germ pore. Two nuclei present in each cell of teleutospore fuse 
and form a diploid nucleus. Differing from uredospores, the teleutospcres cannot again 
infect the wheat plant. Each cell of teleutospore germinates to form a four-celled 
promycelium. From each cell of promycelium develops a haploid basidiospore.

4. These basidiospores cannot infect the wheat plants. They are blown by wind to 
very far distances, and infect the bushes oiBerberis vulgaris, the alternate host. These 
bushes are present on hills.

5. On the upper surface of the leaves of Berberis vulgaris, the basidiospores 
germinate and produce pycnidia or pycnia. Each pycnidium (Fig. 6.3G) is a flask shaped

Zoology and- Botany Practical
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Fig. 6.3. Puccinia graminis tritici. (A), Utredosori on leaf of wheat, (fi), teleutosori on stem of 
wheat; (C), Pycnidial uredosorus showing uredospores; (F), A teleutosorus showing 

teleutospores; (G). T.S. leaf of Berberis vulgaris showing two pycnidia on the upper surface
and one aecial cup on the lower surface

body containing an ostiole, receptive hyphae and spermatia or pycniospores. The 
receptive hyphae and spermatia undergo fusion and form the dikaryotic mycelium. 
From this dikaryotic mycelium develop acecidia or aecia or aecial cups on the lower 
surface (Fig. 6.3G) of leaf of Berberis vulgaris. ;

6. The aecia are yellow and cup shaped structures containing ariospores arranged in 
chains. The aeciospores are polyhedral, binucleate structures arranged in basipetalous 
manner. The aeciospores have six germ pores and infect the leaves of wheat plant. 

Control:
All measures of proper sanitation of crop and complete eradication of diseased 

plants should be adopted. Rust resistant varieties of wheat (e.g., N.P. 770, N.P. 809, 
N.P. 829, N.P. 846, etc.) should be used as seed as far as possible. A programme shoulcL. 
be launched to eradicate the alternate host. Mixed cropping of wheat and barley should*1
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be practiced. Spray of several fungicidies and other chemicals on leaves, and treatment 
of seeds with several chemicals, have also been quite helpful in controlling the disease. | 
These fungicides and other chemicals include Zineb, sulphur dust, Nabam, ZnSO-i, ■ 
Dithane M-45, Vitavax, Plantavax and Several antibiotics.

3. Brown Rust or Orange Rust of Wheat
Since this rust of wheat attacks only the leaves and only very rarely the leaf sheaths 

and stem, this is also called 'leaf rust’. It is also more common in northern India than in , 
south India. In U.P., Punjab and Bihar this is the earliest rust to occur on wheat and 'I | 
occurs even earlier than yellow rust sometime in November. 1

Symptoms:
1. Round or oblong, orange coloured pustules are irregularly distributed on leaves 

(Fig. 6.44).

Zoology and Botany Practical

infected uredospores
pustules

teieutosorus host epidermis teleutospores

Fig. 6.4. Puccinia recondita causing Orange rust of wheat (A), Symptoms on leaf, (B), V.S. 
through uredosorus, (C), V.S. through teieutosorus.

2. The pustules are bigger than those of yellow rust.
3. The uredosori burst usually on upper surface of leaves.
4. Telia or teleutosori develop only rarely. If present, they are small, oval to linear 

and black coloured.
Causal Organism:
1. The disease is caused by Puccinia recondita, a heteroecious rust. Its uredial and 

telial stages develop on wheat while pycnial and aecial stages on Thalictrum.
2. The uredospores (Fig. GAB) are brown or orange coloured, spherical with minutely 

echinulate wall and 7-10 germ pores. They measure 16-28 p in diameter.
3. The teleutospores (Fig. 6AC) are bicelled, oblong to cuneiform and slightly 

constricted at the septum.
Control: Same as of black rust.

4. Tikka Disease of Groundnut

This is the most common disease of 
groundnut (Arachis hypogaea) caused by 
Cercospord persondta and C. arachidicola.
This occurs commonly in India, China, Sri 
Lanka, Malayasia, Indonesia, Australia and 
U.S.A. Sometimes the yield loss is even more 
than 50%. The fungus belongs to 
Deuteromycotina, Hyphomycetes, Moniliales 
and family dematiaceae.

Symptoms:
1. Several small, dark spots are formed 

on the leaflets of groundnuts (Fig. 6.5).

infected parts

Fig. 6.5. Cercospora causing Tikka disease 
of groundnut
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2. These spots reach upto 7-9 mm in diameter, and soon coalesce and form brown or 
black blighted irregular patches.

3. Black patches soon develop on petiole as well as stem.
4. Infected leaves start falling prematurely.
5. Spots produced by Cercospora personata are more circular and very soon become 

dark brown to black in comparison to C. arachidicola.
Causal Organism:
Mycelium is well-developed, branched, septate, slender, intercellular and brown 

coloured. Branched haustoria are present in C. personata. In C. arachidicola the 
haustoria are absent.

Reproductive Parts:
1. Only asexual reproductive bodies, i.e., conidia are present. Sexual reproduction is 

absent.
2. Conidiophores are septate, dark coloured structures coming out in tufts from 

stomata.
3. Conidia develop on geniculate structures.
4. On liberation from conidiophore, each conidium leaves a small scar at the place of 

its attachment.
5. Conidiophores are 22-41 p long and 3-5 p broad.
6. Conidia are hyaline or pale yellow, obclavate, 38-108 p long and 3-6 p broad. They 

are 4 to 1£ septate. .
Control: Tikka disease can be controlled by spraying the crop with 0.5% Benomyl 

or 0.3% Carbendazim.

Plant Pathology

• 6.4. SOME DISEASES CAUSED BY BACTERIA
5. Citrus Canker

This serious bacterial disease of Citrus aurantifolia (lime), C. medica (citron) and 
several other species of Citrus occurs commonly in all citrus-growing regions of several 
countries including India, Indonesia, China, Japan and U.S.A.

Symptoms:
1. All the above-ground parts of Citrus, i.e., leaves, twigs, thorns and fruits are 

attacked. The early symptoms are seen on lower surface of leaves in the form of small, 
round and watery, translucent spots.

2. Very soon, these clearly raised spots are seen on both the leaf surfaces and other 
plant parts. These are first white or greyish and soon become brownish.

3. Finally, these spots rupture from the center and appear as rough, corky and 
crater-like structures (Fig. 6.6). Each spot soon gets surrounded by a yellow halo.

/>r:

Fig. 6.6. Citrus canker caused by Xanthomonas citri.
■v.
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4. Several such spots soon coalesce and form elongated lesions or cankers on leaves, 
twigs and fruits (Fig. 6.6). Severely infected plants may soon show defoliation. Fruit 
yield is greatly reduced and plants are stunted.

Causal Organism:
1. The causal organism is Xanthomonas citri, a Gram-negative, rod shaped 

bacterium.
2. The bacterium is serobic, contains a single polar flagellum and measures 1.5-3 * 

0.5-0.75 p.
Control: ~
1. Collection and complete destruction of diseased plants by burning them is the best 

control.
2. Periodic sprays of streptomycin sulphate or Bordeaux mixture or phytomycin also 

j prove effective.
3. Canker can also be controlled by sprinkling of neem cake suspension at least 10 to 

. 15 times during a year. Disease resistant varieties should be used.

Zoology and Botany Practical

■I

• 6.5. SOME DISEASES CAUSED BY VIRUSES
6. Potato Leaf Curl and Mosaic

Symptoms:
1. The specimen shows the curling of leaves and mosaic of potato plant.
2. Leaves are rolled towards the inner side.
3. The leaves become thick, hard and leathery, and plants show shortening of their 

' internodes.
4. Mosaic symptoms are clear.
5. The ultimate results are the stunting of growth of the plant and reduction in the 

yield of the crop.
Causal Organism : It is a viral disease of potato.
Control: ;
1. Immediate removal and burning of infected plants minimizes the disease up to 

some extent.
2. Disease-free tubers should be used for sowing.

7. Tobacco Mosaic Virus (TMV)
This is the most common viral disease and has 

been worked out in detail. .
Symptoms:
1. In the young plant downward curling and 

distortion of youngest leaves, followed by 
chlorosis, are the early symptoms.

2. On larger leaves appear dark green spots, 
which change into irregular blister-like areas.
Rest of the parts of leaf become more chlorotic.

3. On older leaves large, yellowish, scattered 
necrotic spots appear with no mottling.

Causal Organism : This viral disease of 
tobacco (Nicotiana a6ocu.ni) is caused by 
Nicotiana Vims I or Tobacco Virus I.

Control:

•i

tobacco

ecrotic

1. Infected plants should be immediately Fig. 6.7. Tobacco mosaic virus (TMV) 
caused by Tobacco Virus-1burnt.

2. Seeds should be steam sterilized.
3. All care should be taken which can help in checking the transmission of virus.

■i
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4. Resistant varieties should be used.

8. Leaf Curl of Papaya
Symptoms:
1. Early symptoms are crinkling and distortion of 

leaves. Reduction in size and clearing of veins of 
leaves are the next symptoms.

2. Interveinal areas show hypertrophy and leaves 
become leathery and brittle.

3. Downward and inward rolling of leaves to form 
cup-like structures is the next symptom.

4. Affected plants do not flower and thus do not 
bear any fruit.

Causal Organism : Leaf curl of papaya (Carica 
papaya) is caused by a virus (Tobacco Virus 16 or 
Nicotiana Virus 10).

Control : Immediate removal of the infected 
plants from the orchard is the only method to minimize the disease. No other method is 
known.

Plant Pathology

stem

infected
'leaves

Fig. 6.8. Leaf curl of papaya 
caused by tobacco Virus-16

4*

• 6.6. SOME MYCOPLASMA DISEASES OF PLANTS
Little leaf of brinjal, Citrus greening, Sesamum phyllody, Grassy shoot disease of 

sugar cane, Yellow dwarf disease of rice, Spike disease of sandalwood plants, Witches 
broom disease of alfalfa, and Purple of potato are some of the diseases caused by 
Mycoplasma Like Bodes (MLB) or Pleuropneumonia Like Organisms (PPLO).
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7
BRYOPHYTA

*1
• General Characteristics
• Classification and Identification of Some Common Texa
• Anatomy of Gametophyte
• Hepaticopsida or Hepaticae
• Anthocrotopsida or Anthocerotae

i;

1 sliwtmmfem
After going through this unit you will learn :
• General characteristics of bryophyta. . ,
• Marchantia : dorsal and ventral surfaces of thallus, rhizoids.
• Photosynthetic and storage regions of V.T.S. thallus.
• A single gemma, sex organs, T.S. stalk.
• Male receptacle, female receptacle, VLS mature and young female receptacle, mature 

sporogonium.
• Anthoceros : External features of gametophyte. . .
• Antheridia, Archegonia and Sporophyte.

K&ltJilim

It

i

• 7.1. GENERAL CHARACTERISTICS
The Bryophyta (Gr. Bryon-moss; phyton-plants) is represented by about 850 genera ' 'i 

and more than 23000 species, which are cosmopolitan in their distribution. Important 
characteristics points of the group are as follows :

1. Occurrence : Majority of the plants are terrestrial, except a few, which occur in ; 
aquatic surroundings like Riccia fluitans, Ricciocarpus natans, Riella and Sphagnum. 
They like to grow in moist shady places. Some are epiphytic, e.g., members of ; 
Jungermanniales, and even some members are saprophytes, e.g., Buxbaumia.

2. Plant body: Either thalloid, e.g., members of hepaticae, or foliose, e.g., members 
of musci. Plant body is gametophytic and green in colour.

3. Size: It is variable from microscopic as in Zoopsis (Jungermanniales), to gigantic . 
size up to 40 cm or even more as in Dawsonia.

4. Absorptive organs : These are fine thread like structures called rhizoids< 
Rhizoids are present in thalloid plants of their ventral surface, and in foliose plants on ;

' their lower side.
5. “Leaves**: In foliose plants, the leaves are present. In Jungermanniales, leaves 

are arranged in 2 to 3 rows and there is no mid rib but in mosses leaves are arranged 
spirally and a distinct mid rib is present.

6. “Axis** : Axis is present in Jungermanniales as well as in mosses. In l 
Jungermanniales, it is homogeneous structure but a conducting strand is present in J 
mosses.

7. Vegetative reproduction : Various means of vegetative propagation are by 
progressive death and decay of older parts of the plants, or by adventitious branches, 
gemmae, tubers, bulbils, and sometimes also by protonema.

i!

a

*
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68 Self-Learning Material

!l



8. Sexual reproduction : It is oogamous type, and sex organs are antheridia and 
archegonia. Antheridia are club-shaped structures and produce many unicellular, 
uninucleate and biciliate antherozoids. Archegonia are flask-shaped structures, and 
each encloses a single non-inotile egg.

9. Fertilization : It takes place in the presence of water and it's ultimate product is 
an oospore or zygote. Oospore is the first cell of sporophyte.

10. Sporophyte : Sporophyte is always dependent on gametophyte. It is 
differentiated generally into foot, seta and capsule. There may also be variations (either 
foot or seta is absent, or both are absent as in Riccia).

11. Spores: After reduction division in spore mother cell, four spores are formed, 
which remain arranged tetrahedrally. All the spores are alike (homosporous). They 
germinate into gametophytic plants.

12. Alternation of generations : This group exhibits best example of 
heteromorphic alternation of generations.

Bryophyta

• 7.2. CLASSIFICATION AND IDENTIFICATION OF SOME COMMON TAXA
DIVISION BRYOPHYTA
1. Gametophytic plant body;
2. Amphibious nature;
3. Absence of true roots;
4. Absence of vascular strands.
5. Presence of sterile layer around antheridium. 

Class HEPATICOPSIDA (Hepaticae)
1. Thalloid plant body,
2. Pyrenoids absent;
3. Scales and rhizoids present;
4. Capsule lacks columella 
Order Marchantiales

1. Scales present on ventral surface;
2. Two types of rhizoids present;
3. Air chambers present.
Family Ricciaceae

1. Simple air pores present; *
2. Air chambers lack photosynthetic filaments;
3. Foot and seta absent; e.g., Riccia.
Family Marchantiaceae
1. Barrel-shaped air pores present;
2. Air chambers have photosynthetic filaments;
3. Foot and seta present; e.g., Marchantia.

Order Jungermanniales
1. Scales absent;
2. Rhizoids only one type (smooth walled);
3. Gametophyte is internally homogeneous.

Sub-order Jungermanninae (Jungermanniales Acrogynae)
1. FoUose plant body;
2. Small leaves or amphigastria present;
3. Archegonia in terminal cluster.

Family Porellaceae
1. Rhizoids are less in number and develop at he base of 

ventral leaves;
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Zoology and Botany Practical 2. Dorsal leaves are bilobed;
3. Perianth large, inflated and bilabiate; e.g., Porella. 
Family Frullania'ceae
1. Rhizoids are many and form a tuft at the base;
2. Lateral leaves are bilobed;
3. Perianth small and triangular; e.g., Frullania. 

Sub-order Metzgerinea (Jungermanniales Anacrogynae)
1. Plant body usually thalloid;
2. Amphigastria absnt;
3. Archegonia not completely terminal.

Family Pelliaceae
1. Sex organs scattered on the thallus;
2. Archegonia develop in groups;
3. Basal elaterophore present; e.g., Pellia.

Class ANTHOCEROTOPSIDA (Anthocerotae)
1. Each cell contains a chloroplast and a pyrenoid;
2. Plant body thalloid;
3. Scales absent;
4. Rhizoids only smooth walled;
5. Thallus homogeneous;
6. Capsule contains columella;
7. Sporogenous tissue amphithecial.

Ordr Anthocerotales : Characters same as of class Anthocerotopsida.
Family Anthocerotaceae : Characters same as of class Anthocerotopsida;

e.g., Anthoceros.
Class BRYOPSIDA
1. Plant body foUose;
2. Rhizoids multicellular with obhque septa.

Sub-class Sphagnidae
1. Leaves lack mid rib;
2. Seta absent or highly reduced;- .
3. Peristome absent;

• ii

i,

4. Antheridia develop in the axil of leaves.
Order Sphagnales : Characters same as of sub-class Sphagnidae. 
Family Sphagnaceae : Characters same as of sub-class

Sphagnidae;
e.g., Sphagnum.

Sub-class Bryidae
1. Mid rib present in each leaf;
2. Seta very long;
3. Peristome present;
4. Antheridia develop at the apex of branches.

Order Funariales

i

1. Leaves ovate or spathulate;
2. Calyptra distended.

Family Funariaceae
1. Capsule is covered by calyptra;
2. Calyptra is long and beaked;
3. Seta very long; e.g., Funaria.

Order Polytrichales
1. Leaves narrow and tapering towards apex;
2. Calyptra cucculate;
3. Many lamellae present on ventral surface of leaves.
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Family Polytrichaceae : Characters same as of order 
Polytrichales; e.g., Pogonatum, Polytrichum.

Bryophyta

• 7.3. HEPATICOPSIDA OR HEPATICAE
The class Hepaticopsida or Hepaticae, members of which are commonly known as 

liverworts, is represented by about 235 genera and 8500 species, and is characterized by 
following peculiarities:

1. Except a few aquatic species nearly all members are terrestrial.
2. Plant body is thalloid or foliose.
3. On the ventral surface of thallus, some violet coloured scales are present.
4. Two types of rhizoids, i.e., smooth walled and tuberculate, are present on the 

ventral surface, e.g., Riccia, Marchantia, etc.
5. Sex organs are present on the dorasal surface.
6. Sporophyte is. simple and consists of either only capsule as in Riccia, or of foot, 

seta and capsule as in Marchantia.
7. Chlorophyll in the sporogonium is either completely absent or present in very low 

amount.
8. Columella is absent.
9. Plants show clear alternation of generations.

1. Marchantia
Common Indian Species : Marchantia polymorpha, M. simalana, M. nepalensis 

and M. palmata.
Systematic Position 

Division 
Class 
Order 
Family 
Genus

Bryophyta.
: : Hepaticopsida
: Marchantiales
Marchantiaceae 
: Marchantia

Occurrence : It is cosmopolitan in distribution, and found commonly in moist and 
cool surroundings.

Work to be done : To 
study : (i) External
features of thallus; (ii)
Anatomy of thallus; (hi)
V.T.S. through gemma 
cup; (iv) A single gemma,
(v) TS. Stalk, (vi) L.S. ' 
antheridiophore, (vii) L.S. 
archegoniephore (young 
and mature), (viii) Mature 
sporogonium, and (ix) To 
identify the genus.

—archegoniophore

EXTERNAL FEATURES 
OF GAMETOPHYTE

Study all the dorsal and 
ventral surfaces of thallus 
through a hand lens; 
separate two types of 
scales and two types of 
rhizoids from the ventral

gemma cup /
polygonal 

areas - ;

arr pores

Fig. 7.1. Marchantia. Dorsal surface of thallus with two 
archegoniophores
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Zoology and Botany Practical surface, stain them in safranin, mount in glycerine and study :
1. The plant body is thalloid, prostrate, green in colour, and larger than Riccia.
2. It is dichotompusly branched and differentiated dorsiventrally (Fig. 7.1).
3. The thalli attain a length of 2 to 10 cm or more.
4. A growing point is situated at the notch of the apex of each lobe.

!;
• 7.4. ANATOMY OF GAMETOPHYTE

Cut V.T.S. thallus, stain in safranin, mount in glycerine and study. Also cut the 
section of the thallus through gemma cup.

air photosyntheticchamber filament epidermis

storage
region

rhizoid
V scaleA

yPP«r photosynthetic air 
epidermis

jpore airfilaments chamber (■

tJ eo s

ft

storage
region

lower ^ 
epidermis

Fig. 7.2. Marchantia. (A), V.T.S. thallus (diagrammatic); (B), V.T.S. thallus (a part celiuiar)

rhixoids
B

Anatomically, the thallus is divisible into two 
clear regions, i.e., photosynthetic region and 
storage region (Fig. 7.2).

Photosynthetic Region '
Upper, dorsal, green, photosynthetic region 

consists of upper epidermis, air pores; 
chambers and photosynthetic filaments.

Upper Epidermis 
1. It is the outermost layer made up of 

thin-walled cells, having a slightly thicker outer 
wall.

epidermal
o*Hs

)■

l *poreair
• •

i

*>
A

2. Cells contain chloroplasts.
3. Function of the epidermis is protection.
4. Continuity of epidermis is broken by many 

air pores.
5. Air pores : These are barrel-shaped 

structures.
Fig. 7.3. Marchantia. An air pore 

insurface view (A) and cross section
(S)
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6. Each pore is surrounded by four to eight tires of cells (Fig. 7.3).
7. Each tier consists of 4 to 5 cells.
8. Tiers are present in the form of rings one above the other, but in sections they are 

seen to be arranged in the form of a chimney.
9. Wall of the pore lies half above and half below the epidermis.
10. Air chambers: These are arranged in a single, horizontal layer below the upper 

epidermis.
11. They are separated from each other by 2 to 6-celled partition walls.
12. Cells partition walls also contain chloroplast.
13. An air chamber opens outside by a barrel-shaped air pore.
14. Photosynthetic filaments: These are green, chlorophyll-containing filaments 

present in air chambers.
15. They are be branched or unbranched, and consist of 2 to 6 or more cells.
Storage Region :
It consists of many types of cells, conducting strand, lower epidermis, scales and 

rhizoids.
16. In the centre, it is composed of many thin-walled parenchymatous cells, but on 

the margins only 2 to 3 layers of cells are present.
17. Most of the cells contain starch and are devoid of chloroplast.
18. In the mid rib region, some cells may bear reticulate thickenings.
19. Cells of the lower epidermis contain both the kinds of scales and rhizoids.

Bryophyta

V.T.S. Thallus Through Gemma Cup
1. On the dorsal surface of the 

thallus is present a large 
cup-shaped cavity called gemma cup 
(Fig. 7.4).

2. On the floor of the gemma cup 
are present many multicellular 
discoid bodies known as Gemmae.

photosynUietic
filament

(get- air pore 
iju*-upper 
^epidermisgemma

cup

air chambergammas
Many club-shaped,

' mucilaginous hairs are also present 
in gemma cup.

4. Gemmae are the means of 
vegetative reproduction.

5. Other details of the thallus are

3. stafti 5
it

same as described above, i.e., 
photosynthetic region consisting of 

air chambers and
rhizoid*

' lower Jf/'f
epidermis storage region

Qf Fig. 7.4. Marchantia. V.T.S. thallus through gemma 
cup (diagrammatic)

Scalesair pores 
photosynthetic filaments, and 
storage region consisting 
parenchymatous cells with lower 
epidermis having scales and 
rhizoids.

Sex Organs

Study the arrangement of antheridia on anthridiophore and archegonia on 
archegoniophore; cut T.S. of receptacular stalk and L.S. of antheridiophore and 
archegoniophore, stain in safranin, mount in glycerine and study :

1. Sexual reproduction is oogamous.
2. All species are dioecious.
3. Sex organs develop on highly specialized, long branches borne terminally.
4. At the tip of each gametophore is present a disc or receptacle.
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Zoology and Botany Practical 5. Gametophre, which bears male sex organs, is termed as antheridiophore. It 
contains many antheridia.

6. Gametophore, which bears female sex organs, is termed as archegoniophore. It ; 
contains archegonia.

Antheridiophore or Male Receptacle

1. It is a stalked structure ranging from 2 to 3 cm. in length.
2. At its tip is present an eight-lobed disc (rarely four lobed).
A vertical longitudinal section(V.L.S.) through the antheridiohore and adjoining

portion of the thallus reveals the following details (Fig. 7.5).
photosymhetic air re

1ilam«nts antheridial air chambers/ .
chamber / v __ / -.«niBtG8/r

i.

I

•3

jacketandrogonial
cent

:
rhizotds

tVe*OflB005«J
scale

antheridia
.6

- stalk ■
stalk XX.

Fig. 7.5. Marchantia. L.S. antheridiophore and a single antheridium

3. Disc is bounded by a layer of epidermis, the continuity of which is broken by 
barpel-shaped air pores.

.4. Each air pore opens in an air chamber containing photosynthetic filaments.
5. Each lobe on the disc contains a growing region at its apex.
6. Besides the air chambers, there are also present certain flask*shaped cavities 

which open outside by a pore or ostiole. These are antheridial chambers.
* 7. In each cavity is present a single anthridium. . 

jf 8. These antheridia remain arranged acropetally. The oldest antheridium is present 
in the centre and the youngest near the apex of the lobe.

9. A mature antheridium is a stalked, club-shapd structure situated at the base of 
the antheridial chamber.

10. A sterile layer of jacket encloses the androcyte mother cells, each of which
- archegoniadivides into two androcytes. Androcyte metamorphoses into 

a biflagellate antherozoid.
11. The,disc is held high by a long stalk, which is the «

continuation of the thallus. J
12. Thallus is divided into same photosynthetic and ^ 

storage regions having all the same normal structures.

©//•WZiXsxi}

Archegoniophore or Female Receptacle

1. It is also a stalked structure but the stalk is . 
comparatively shorter than antheridiophore (Fig. 7.6).

2. An eight-lobed disc is also present at the apex but.the 
lobes are much dissected here. In Marchantia polymorpha, 
nine-rayed disc is present.

3. The disc is much convex than that of the disc of 
antheridiophore.

stalk

. r

Fig. 7.6. Marchantia. L.S. 
archegoniophore before 

fertilization (diagrammatic)
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V.L.S. Mature Female Receptacle (After Fertilization)
1. Each lobe of the disc contains a group of

archegonia (Fig. 7.7) in the inverted position, , 
and the youngest archegonium is near the 
stalk and the oldest away from the stalk. ]

2. From the periphery of the disc arise long, J. 
green, cylindrical elongations called rays.

3. A bilipped, pendant, one-celled thick \ 
sheath with fringed margins arises from both 
the sides of the group of archegonia. It is 
known as perichaetium (Fig. 7.7).

4. At the base of the venter of each 
archegonium . develops a ring of cells in the 
form of a collar-like structure called 
perigynium or pseudoparianth.

5. Structure of thallus is same as discussed
above. ; •

Bryophyta

air chamber 
archegonia

perigynium 
IfcpV- air pore

rash.m
V

X^younosporophytg

perichaetium ray^ 

-stalk HFr'cover cell

rbizoids

Mature Sporogonium

Cut L.S. through the disc of mature 
archegoniophore. Sporogpnia are present on 
the under surface. Stain the section in 
safranin, mount in glycerine and study :

1. A mature sporogonium is clearly 
differentiated into foot, seta and capsule (Fig. 
7.8).

neck canal 
^ cells

-ventral 
canal cellIsi

gSTegg

Fig. 7.7. Marchantia. A part of L.S. 
archegoniophore after fertilizationand a 

mature archegonium2. Foot is bulbous, multicellular, and helps 
in attachment and absorption of food.

3. Seta consists of vertical rows of cells. Its cells are 
cubical and its function is elongation.

4. Capsule is surrounded by an outer layer of 
amphithecium and inner archesporial endothecium.

5. Endothecial region is in the form of sterile 
elaters and fertile spore mother cells.

toot
perigynium

seta
V

calyptra

capsule6. Elaters (Fig. 7.9) are long, pointed at both the 
ends and spirally thickened structures (hygroscopic).

7. Spore mother cells divide reductionally, and 
change first into spore tetrads and then into haploid 
spores.

8. Young sporogonia remain surrounded by three 
types of covering, i.e., calyptra, perigynium and 
pseudoparianth or perichaetium.

9. In the earlier stages of cells of foot, seta, capsule 
and spores contain some chloroplast.

10. The spores (Fig. 7.10) are surrounded with two 
layers, i.e., an outer, thick exine, which may be smooth 
or ornamented an inner thin intine which remains smooth. The spore wall surrounds 
the granular cytoplasm and a nucleus.

wall

ii

capsule-

spores

Fig. 7.8. Marchantia. A mature 
sporogonium

Indentification
(a) (i) Plant body gametophytic and independent.

(ii) Amphibious in nature.
(iii) True roots and vascular strands absent.
(iv) Presence of a layer of sterile jacket around antheridium.
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Fig. 7.9. Marchantia. Two eiaters Fig. 7.10. Marchantia. (A), Asporemother cell; 

(8), A spore tetrad; (C), A single spore
;

(v) Presence of heteromorphic alternation of generations.
(b) (i) Plant body thalloid.

(ii) Pyreno'ids absent.
(iii) Scales and two types of rhizoids present.
(iv) Columella absent.
(v) Absence of stomata andchlorophyllous tissue in sporogonium.

(c) (i) Thallus is flat and dichotomously branched. '
(ii) Presence of scales on the ventral surface.
(iii) Photosynthetic and storage regions are present.
(iv) Presence of air chambers

(d) (i) Air pores barrel-shaped.
(ii) Presence of gemma cups on dorsal surface.
(iii) Sex organs on antheridiophore and archegoniophore.
(iv) Foot and seta present.

(e) (i) Presence of ligulate and appendiculate scales.
(ii) Presence of photosynthetic filaments.
(iii) Presenceofelaters.

Bryophyta

Hepaticopsida

Marchantiales

Marchantiaccae
r

Marchantia

• 7.5. ANTHOCEROTOPSIDA OR ANTHOCEROTAE ii

The class Anthocerotae, members of which are commonly known as horned 
liverworts, is represented by only 6 genera and about 300 species, and characterized by 
following peculiarities :

1. Each cell contains at least a chloroplast and a pyrenoid. Antberidial development 
starts from hypodermal cells on dorsal side of gametophyte.

2. Archegonia are almost completely embedded in the gametophyte with no distinct 
venter or neck.

" 3. Instead of seta, an intercalary meristematic zone is present below the capsule.
4. The sporogehous tissue is amphithecial in origin.
The class includes only one order Anthocerotales, having only one family 

Anthocerotaceae. But according to recent researches there are two families — 
Anthocerotacea and Notothylaceae. Six genera, which constitute the class 
Anthocerotae, are 1. Anthoceros, 2. Phaeoceros, 3. Megaceros, 4. Dendroceros, 5. 
Aspiromitus, and 6. Notothylcts.

if
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2. Anthoceros

Common Indian Species : Anthoceros erectus, A. himalayensis, A. crispulus, A. 
dixili, A. iongii, A. gollani.

Systematic Position 
Division 
Class 
Order 
Family 
Genus

Occurrence: It occurs in moist shady places. It avoids to grow in dry places.
Work to be Done : To study: (i) External features ofthallus, (ii) Anatomy ofthallus, 

(Hi) Tubers, (iv) V.T.S. thallus 
through antheridia and archegonia,
(u) External features and L.S. of 
sporophyte, and (vi) To identify the 
genus giving reasons.

External Features of Gametophyte
Observe dorsal and ventral 

surfaces of the thallus of different 
species, prepare a glycerine mount of 
rhizoids and study:

1. Plants are terrestrial, prostrate, 
lobed or radially dissected and pale 
green in colour.

2. Shape of the plant is variable 
(Figs. 7.11, 7.12 A-D). It is ; (a) 
elongated in A. himalayensis; (b) lobed 
in A. vesiculosus; (c) pinnately formed 
lobes in A. halli and (d) erect with the 
help of stalk-like structure in A. 
erectus.

3. Branching appears to be of a 
dichotomous type.

4. Margin of the thallus, in most of 
. the species, is irregularly lobed.

5. The gametophyte is always 
dorsiventrally differentiated.

6. A distinct mid rib or mid dorsal 
groove is absent.

• 7. Dorsal side of gametophyte is 
rough in A. Fusiformis, while it is 
smooth in A. laevis.

8. On ventral surface are present 
only smoothwalled rhizoids (Fig. 7.11

Bryophyta

Bryophyta
Anthocerotopsida
Anthocerotales
Anthocerotaceae
Anthoceros

C-r-j rhizoids
?■ »

A

Fig. 7.11. Anthoceros. (A), Ventral surface of 
thallus; (B), A few rhizoids (magnified)

spdrogonia

B).
9. Scales and tuberculate rhizoids 

are absent.
10. Many small, rounded, 

bluish-green spots are present on the 
ventral side. These are Nostoc-fiMed 
cavities.

Fig. 7.12. Anthoceros. (A), Fertile thallus of (A), 
erectus; (B), Elongated thallus of (A), 
himalayensis; (C), Lobed thallus of A. 

vesiculosus; (D). Thallus of A. fusiformis
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epidermis /7 /

Zoology and Botany Practical V.T.S. Thallus
Insert the thallus in pith, cut V.T.S., stain in 

safran in or fast-green, mount in glycerine and 
study:

mucilage
cavityr© o

-/elov

Mmsll A JjJSv^OStOC 
filaments

1. Internally, the thallus is homogeneous 
i.e., there is no differentiation of tissues.

2. A layer of upper epidermis on the upper 
side and lower epidermis on the lower side in 
present in the thallus (Fig. 7.13).

3. Thickness of thallus varies from 6 to 20 
cells with a maximum of 40 cells in A. 
Crispulus.

4. All the cells of the thallus are uniform

HttL,

I’ewrev^t'oT® o/g
e7s 15 TwVoY©

tower
epidermis

rhizold

Fig; 7.13. Anthoceros. V.T.S. thallus (a
part)

and compact.
5. Each cell contains only one chloroplast, but in 

A, pearsonii 2 chloroplaats are present and in A. 
halli 4 chloroplasts are present in each cell.

6. Each chloroplast contains one pyrenoid (Fig.

cell chloroplast
nucleus mucilage slit

. 7.14B).
7. Pyrenoid consists of 25 to 300 spindle-shaped 

bodies, aggregated in the centre, and each body is 
capable to form a rudimentary starch grain.

8. Mucilaginous cavities are present inside the 
thallus in some species, but they are absent in A. 
himalayensis.

9. Nostoc-hWed mucilaginous cavities are 
present on the ventral side on the thallus. They 
open outside through a small opening.

10. From the lower epidermis arise many 
smooth walled rhizoids.

11. Functions of the rhizoids are absorption and 
fixation.

chloroplast

pyrenoid ■

Fig. 7.14. Anthoceros. (A), single 
ceil with chloroplast; (6), A 

chloroplast with pyrenoid; (C), A 
single pore

Tubers
1. These are the means of vegetative reproduction.
2. They are formed when the conditions are 

unfavourable, and mainly in the' prolonged drought.
3. They are mainly formed on the margins in the form 

of thick, rounded structures (Fig. 7.15). However, the 
causes of their presence near the growing point or on ventral surface are also not rare.

4. Two to three surface layers of the multicellular body from thick corky wall around 
the tubers.

5. The corky layers enclose the food material which remains in the form of starch, 
protein and oil globules.

6. A. himalayensis bears stalked tubers.
7. Tubers remain alive when other parts of thallus die.
8. Tubers germinate on coming over the favourable conditions.
9. Some of the tuber-producing species are Anthoceros tuberosus, A himalayensis, A. 

erectus, A. laevis and A. pearsonii.

tubers

Fig. 7.15. Anthoceros. 
Thallus bearing tubers

SEXUAL REPRODUCTION
Cut L.S. of the thallus bearing sex organs, stain in safranin or fast-green, mount in 

glycerine and observe sex organs (antheridia or archegonia) :
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, 1. Some of the species are monoecious, such as A. crispulus and A. himalayensis
while others are dioecious e.g., A. erectus, A. laevis, etc.

2. Monoecious species are protandrous, i.e., antheridia mature first.
3. Male plants of A. erectus and A. himalayensis are smaller in size than female.
4. Sex organs develop on dorsal surface of the thallus.

Antheridia

Dryophyta

1. They are enclosed in antheridial chamber or antheridial cavity filled with 
mucilage.

2. Antheridial cavities contain a bilayered roof.
3. Number of antheridia in a single antheridial cavity is variable in different species 

as under:
A. pearsonii 
A. himalayensis 
A. punctatus 
A. cirspulus 
A. erectus

Only one antheridium;
2 to 4 antheridia;
5 antheridia;
About 7 antheridia;
Nearly 22 antheridia in each cavity.

4. Each antheridium is an ovoid, club-shaped or pouch-like, stalked, multicellular 
structure.

5. Stalk is slender and multicellular.
6. Body of antheridium remains surrounded by a single sterile layer of jacket.
7. Each cell of jacket cbntains chlorophyll, and is thus green in colour in young

stages.
8. Inside the jacket, layers are present many androcytes, 

each of which metamorphoses into a single, uninuncleate, 
biflagellate antherozoid.

cover cells

<2>.
<S>

neck canaJ 
cells

Archegonia

1. Archegonia develop on dorsal surface of thallus and are 
arranged acropetally.

2. They are sunken in slight depression in the tissue of 
thallus (Fig. 7.16).

3. In species like A. lauis archegonia are ssurrounded by a 
funnel-shaped mucilaginous mound.

4. Each archegonium contains four cover cells which 
remain outside the thallus.

5. An axial row of 4 to 6 neck canal cells, a ventral canal 
cell and an egg are present in a mature archegonium.

6. Cells of the archegonium are not 
surrounded by any sterile jacket layer.
They are in direct contact with the cells 
of the thallus, which protect the^ 
archegonium.

Sporophyte
Observe the external features of 

sporophyte, cut its longitudinal and 
transverse sectiojis, stain in safranin, 
mount in glycerine and study :

1. A mature sporophyte arises in the 
form of long, slender, tubular structure 
from the dorsal surface of thallus (Fig.
7.17).

:«

ventral 
canal cellsm \ *99W venter

thallus
Fig. 7.16. Anthoceros. A 

mature archegonium

sporophyte
columella

thallusi **IS*nzmm m iJ~ mrs7 in
/I '.AiA y-

-involucre

Fig. 7.17. Anthoceros. Thallus bearing 
sporophytes
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Zoology and Botany Practical 2. It is differentiated into a bulbous foot and a long capsule.
3. At the base of capsule is present a meristematic tissue or intermediate zone.
4. The sporophyte remains surrounded at the base by a tubular sheath called |j 

involucre (Fig. 7.17).
5. FootIt is bulbous in shape, and remains embedded in the gametophytic tissue.
6. Its cells are parenchymatous and some lower ones give rise to many tubular

rhizoid-like outgrowths. . . ^
7. Its functions are absorption and fixation.
8. Meristematic region: It is situated just above the foot at the base of the capsule.
9. It helps in elongation of capsule.
10. Capsule : It is long, upright structure reaching from 2 to 15 cm in Ingth in

different species. , ;
11. In the centre of capsule is present columella, varying from 4 to 16 cells in j; 

thickness at different stages.
12. Columella is endothecial is origin.

•r.

{•

ih

.; ■ :i
spores—^.

i-o
;pseudoelalers t

all layers-^

i columella
o

spore tetrads

pspore mother------ ;
j cells 
r pseudoelater 

mother cells

archesporium 
layers

E
i

involucre
•meristemetic

region
■i

•foot
A

Fig. 7.18. Anthoceros. (A), L.S. mature sporophyte; {B-F), Transverse sections of the 
different stages of capsule (stages are shown by arrows at different levels)

13. Just outside the columella is the region of sporogenous cells which develops from11 ! 
the inner layer of amphithecium.

14. Sporogenous tissue is 
one-celled thick in the beginning 
(Fig. 7.18F) but at maturity, it 
becomes 2 to 4 cells thick (Fig.
7.18JE).

15. Slightly above in the capsule, 
the sporogeneous tissue is

spore
tetrad

Fig. 7.19. Anthoceros. (A), A spore tetrad; (S*C), 
Spores (surface view); (D), pseudoelaters
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}
differentiated into fertile spore mother cells and sterile pseudoelater mother cells, 
arranged in alternate bands (Fig. 7.18D).

Bryophyta

16. Spore mother cells are large, oval cells with dense cytoplasm while the' 
pseudoelaster mother cells are slender and multihucleate bodies.

17. At slightly higher level and around the columella;^ 
there are present spore tetrads and spores, as well as many 
elongated, branched or unbranched, multicellular , 
pseudoelaters (Fig. 7.19 B, C).

pore18. Pseudoelaters lack spiral thickenings.
19. Capsule is bounded externally by 4 to 6-layered 

capsule wall.
20. Outermost layer of capsule wall is epidermis (Fig.

Fig. 7.20. Anthoceros. A 
stoma on the capsule 

(surface view)

7.19).
21. Epidermis contains a few stomata"(Fig. 7.20).
22. Each cell of the capsule wall contains chloroplast.

identification
(a) (i) Plant body is gametophytic and independent.

(ii) Amphibious in nature.
(iii) True roots and vascular strands absent.
(iv) Presence of sterile jacket around antheridium.

(b) (i) Each cell contains a chloroplast and a pyrenoid.
(ii) Archegonia with no distinct venter and neck.
(iii) Instead of seta, an intercalary zone is present.
(iv) The sporogenous tissue is amphithecial in origin.

Having a single order Anthocerotaceae and a single family.
(c) (i) Presence of Nostoc-filled cavities in thallus.

(ii) Presence of stomata in capsule wall.
(iii) Presence of bulbous foot.
(iv) Presence of pluricellular pseudoelaters.

Bryophyta

Anthocerotae
Anthocerotaceae

Anthoceros
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Zoology and Botany Practical UNIT

n •8
PTERIDOPHYTA

STRUCTURE
*

• Distinguishing Features
• ^Classification of Pteridophyta
• Identification of Some Important Genera

■:

LEARNING OBJECTIVE
After going through this unit you will learn :
• Characteristics of Pteridophyta and its classification.
• External features and reproductive structures of Rhynia.
• External features, anatomy, T.S. stem, T.S. root, T.S. rhizopore, T.s. leaf, spore producing 

organs and female gametophyte of Selaginella.
• Adiantum : external features of sporophyte, rhizome, rachis, reproductive structure and 

prothallus.

The Pteridophyta, commonly called vascular cryptogams, are represented by more 
than about 10,000 species, and are characterized by the following peculiarities :

• 8.1. DISTINGUISHING FEATURES
1. Members of this group are most primitive living vascular plants such as j

Selaginella, Lycopodium, Equisetum etc., and al^o fossil vascular plants such as j 
Rhynia, Horneophyton, Asteroxylon, etc. ’ I

2. Most of the plants prefer to grow in cool and shady places while some are j 
xerophytic, e.g., Selaginella rupestris, and many occur in aquatic conditions like, i | 
Marsilea, Salvinia, Azolla, etc.

3. Plant body is sporophytic and differentiated into roots, stem and leaves. In some 
plants, an intermediate stage between roots and stem, i.e., rhizophore, is present as in 
Selaginella.

4. Young sporophyte is partially or completely dependent on gametophyte for some ,!
time, but at maturity it becomes independent. j

5. The fibro-vascular cylinder, consisting of xylem, phloem, etc., is present in the j
stem of these plants. ^

6. In lower members, the stele is protostele, as in Lycopodium, Selaginella, etc., but ! 
it is siphonostele in Marsilea (amphiphloic), Equisetum (ectophloic), and dictyostele as :< 
in Pteris, Aspidium, Polypodium, Dryopteris, etc.

7. Vascular supply to the leaves takes place by leaf traces through leaf gaps of the 
vascular cylinder of stem.

8. Leaves may be simple, small and sessile, as in microphyllous types such as j 
Selaginella, Lycopodium, etc., or very large, petiolate and megaphyllous types as in the 
members of Filicinae.

9. Plants reproduce by the spores formed in sporangia. Sporangia develop either on 
the ventral surface or in the axil of leaves.

10. Plants may be homosporous, ie., all the spores are of one type as in Equisetum, or * 
heterosporous, i.e., two types of spores are present (raicrospores and megaspores) as in 
Selaginella.

y

;?
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IX. On the basis of the development of sporangia,the plants can be classified into 
following two categories:

(a) Eusporangiate type, in which the sporangium develops from a group of 
superficial initials, e.g., Selaginella, Equisetum.

• *•J"* t

(b) Leptosporangiate type, in which the sporangium develops from a single initial, 
e.g., Marsilea.

12. Spores develop into a multicellular, gametophytic body called prothallus.
13. Two sex organs, i.e., antheridia and archegonia develop on the prothallus.
14. Fertilization takes place with the help of water, and results into the formation of 

a diploid zygote. It develops into a structure bearing roots, stem and leaves. This 
structure is called sporophyte.

15. Plants show clear alternation of generations.

Pteridophyta

• 8.2. CLASSIFICATION OF PTERIDOPHYTA
Undermentioned is the outline of the classification proposed by Riemers (1954)* 

and followed by Sporne (1966) and also in this book :
Division - PTERIDOPHYTA

Sub-division1I T if T
4. Sphenopsida 

| Order
1. Hyeniales
2. Sphenophyllales
3. Calamitales 

Family Calamitaceae, 
e.g.. Catamites.

Family Lepidodendraceae, 4. Equisetales 
e.g., Lepidodendron

4. Isoetales 
Family Isoetaceae, 
e.g., Isoetes.

5. Selaginellales 
Family Selaginellaceae, 
e.g., Selaginella

3. Lycopsida 
| Order

5. Pteropsida1. Psilophylopsida 
^ Order 

Psilophyates 
| Family 

Rhyniaceae, 
e.g., Rhynia, 

Horneophylon.

2. Psilotopsida 
Order 

Psilotales
^ Family 

Psilotaceae, 
e.g., Psilotum, 
Tmesiptcris.

1. Protolepidodendrales
2. Lycopodiales 

Family Lycopodiaceae, 
e.g., Lycopodium

3. Lepidodendrales

Family Equisetaceae, 
e.g., Equisetum.

I 11 I
3. Osmundidae 

| Order
Osmundales 
Family Osmundaceae, 
e.g., Osmunda.

4. Leptosporangiatae 
^ Order

1. Filirales
Family Adiantaceae, 
e.g., Adiantum, 
Polypodium, 
Dryopteris.

2. Marsileales 
Family Marsileaceae, 
e.g., Marsilea,

3. Salviniales 
Family Salviniaceae, 
e.£., Salvinia.
Family Azollaceae 
e.g., Azalia.

2. Eusporangiatae 
| Order

1. Marattiales
Family Angiopteridaceae, 
e.g., Angiopteris

2. Ophioglossales 
Family Ophioglossaceae, 
e.g., Ophioglossum.

1. Primofilices
| Order

1. Cladoxylales
2. Coenopteridales

1. Rhynia
Name of the Species: Rhynia major and R. gwynne-uaughani. 
Systematic Position 

Division 
Sub-division 
Order 
Family 
Genus

Pteridophyta
Psilophytopsida
Psilophytales
Rhyniaceae
Rhynia
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•V

Zoology and Botany Practical Occurrence : It is a fissil genus. It was reported in district Aberdeenshire of 
Scotland by Kidston and Lang (1917).
It was present in Middle Devonian 
(about 380 million years ago) Period.

Work to be done : To study (i)
External features of plant; (ii) AnatonXy 
of rhizome; (Hi) Reproductive 
structures, and (iv) To identify the plant 
giving reasons.

External Features
Study the external features and 

anatomy of different plant parts either 
from the permanent slides or from the 
book:

.sporangia

adventitious
branches1. Plant body was sporophytic.

2. Plants had a rhizome which was 
dichotomously branched.

3. From rhizone developed many 
dichotomously branched erect aerial 
shoots towards the upper side while 
many rhizoids towards the lower side.

4. There were no roots on the plants.
5. Aerial shoots were either ending 

into simple vegetative tips or having 
terminal sporangia.

Anatomy
1. Rhizome and aerial shoots of the 

plant were internally differentiated into epidermis, cortex and stele (Fig. 8.2).

*

—aerial shootanrhizome

rhizoids

A B

Fig. 8.1. Rhynia, external features, {A), R. major; 
(B), R. gwynne-vaughani

Sporangia!
wall

epidermiscuticle.
outer cortexinner cortex

mfr
••y

ROT

stoma.
score
tetradsO _CP.

IF

i

aoO
O' Q

o'phloem y? 

xylem
BA

i;

Fig. 8.2. Rhynia. (A), T.S. rhizome; (S), L.S. sporangium

■i
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2. Stele was of a simple protostele type, (i.e., central column of xylem' was 
surrounded by phloem).

3. Xylem was made up of only tracheids.
4. Phloem was 4 to 5-cells in thickness.
5. There was no endodermis in between cortex and stele.
6. Cortex was differentiated into outer and inner cortex, and as about 10 times more 

in thickness than stele.
7. The inner cortex was made up of many spherical cells having large intercellular 

spaces.
8. The outer cortex was one to four cells in thickness and without any intercellular 

spaces.
9. Outermost layer was one-celled thick epidermis with a thick cuticle.
10. Continuity of epidermis was broken by many stomata.

Reproductive Structures

Pteridophyta

s-r

1. At the tip of some aerial branches were present sporangia singly.
2. Sporangia were oval to cylindrical in shape with a distal pointed end (Fig. 8.2B).
3. The wall of the. sporangium was many la5'ered. The outermost layer was 

cuticularized epidermis, having inside many middle layers and the innermost tapetal 
layer.

4. Many spores were present in sporangial cavity.
5. Rhynia was homosporous.
6. Some spore tetrads were also present in the sporangium.

Identification
(a) (i) True vascular strands present.

(ii) Plant body sporophytic.
(b) (i) Fossil plant.

(ii) True roots absent.
(iii) Plants homosporous

(c) (i) Dichotomousiy branched sporophyte.
(ii) "Single sporangium at the tip of erect branch.

(d) (i) Rhizome and aerial shoots were dichotomousiy branched.
(ii) Aerial branches were leafless.
(iii) Sporangia were present terminally.

(e) (i) Plant was homosporous.
(ii) Rhizoids were unicellular.
(iii) Plant had a several-cells thick jacket.

Pteridophyta

Psilophytopsida

Psilophytales

Rhyniaceac

Rhynia

2. Selaginella
Systematic Position 

Division : 
Sub-division : 
Order

Pteridophyta
Lycopsida
: Selaginellales
Selaginellaceae 
: Selaginella

Occurrence : It is worldwide in distribution and occurs commonly in tropical and 
temperate, regions. Many of them occur in damp shady habitats while some in 
xerophytic conditions, e.g., Selaginella lepidophylla, and a few as epiphytes, e.g., S. 
oregana.

Family
Genus
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Zoology and Botany Practical Work to be done : To study (i) External, features of the plant, (ii) Anatomy of stem, 
root, rhizophore and leaf, (Hi) Spore producing organs, (iv) Microspore and macrospore, 
(v) Female gametophyte, and (vi) to identify the plant giving reasons.

External Features
Observe the structure of the plant, and arrangement, types and shape of leaf ligule, 

rhizophore and roots.
1. Plant body is sporophytic and the sporophyte is evergreen and perennial.
2. Most of the species are prostrate but Selaginella trachyphylla is sub-erect and S. 

erythropus is erect (Fig. 8.3).

leaf

Slam

rhizophore

:!iroots

rhizophore—

tfmalt leaf

•«

:

;

;

Fig. 8.3. External features of some species of Selaginella. (>1), S. selaginoides; 
(8), S. kraussiana; (C), S. Braunii; (D), S. ambrosa; (£), S. Martensii

larger leaf up
smaller leaf

i

3. Size of the sporophyte ranges from few 
centimeters to several feet in different species.

4. Plant body is differentiated into stem, 
leaves, rhizophore and roots.

5. Leaves are simple, small, thin and ovate to 
lanceolate in shape (Fig. 8.4). Each leaf contains a 
midrib. In most of the species, leaves are of two 
types, i.e., smaller and larger (Fig. 8.4).

fli atom r flIHK:
rhizophoro h. (

roota^ /il
Fig. 8.4. Selaginella. Part of a plant 

showing external features

i
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6. Leaves are arranged on the stem in four 
longitudinal rows.

7. Two rows of smaller leaves are present on the 
dorsal surface of stem while remaining two rows of 
larger leaves (Fig. 8.6) on the ventral surface.

8. A pair of leaves comprises of a small leaf on 
the dorsal surface and a large leaf on the ventral 
surface of the stem.

^ 9. At the base of upper or adaxial surface of each 
leaf is present a thin membranous finger-like 
structure called ligule (Figs. 8.5, 8.7).

10. At the place of branching in stem, arises a long, 
unbranched, leafless structure towards the lower side. 
This is known as rhizophore (Figs. 8.4, 8.6).

11. Rhizophore becomes branched at its tip and 
forms many adventitious roots.

Pteridophyta

midrib

ligule

Fig. 8.5. Setaginella. Adaxial surface 
of a leaf showing ligule

K\\
\

Vj •metier leaf 
larger leaf

rhizophore
r-meinaxieANATOMY

Cut thin transverse sections of stem, root, 
rhizophore and root by inserting the material in pith, 
stain them separately in safranin-fast green 
combination, mount in glycerine and observe under 
microscope. Also compare your preparations from the 
prepared permanent slides of these parts.

roote

}4
Fig. 8.6. Selagtnella 

chrysocaulus. A part of the plant 
showing rhizophore and 
arrangement of leaves

T.S. Stem
1. Anatomically, it is differentiated into an outer 

layer of epidermis, middle layers of cortex and 
centrally located stele.

2. Outermost one-celled thick epidermis consists of cutinized cells with no stomata.
3. Cortex is completely sclerenchymatous in xerophytic species.
4. Generally, there is no inter

cellular space in the cortex.
5. Centrally located stele (or steles) 

is connected with the cortex with, the 
help of many long, radially elongated 
cells called trabeculae.

6. In between these trabaeculae, 
there are present many air cavities or 
big intercellular spaces.

7. Trabaeculae are absent in species 
like S. adunca, S. rupestris, etc.

8. The number of stele is variable 
from 1 to 16 as under :

terminal
part

V

3?: body of ligule
f'

one stele(i) S. spinulosa 
(monostelic).

(ii) S. kraussiana - two steles 
(distelic).

glossopodium
•heath

Fig. 8.7. Seiaginelia. A single ligule

(iii) S. laevigata - up to sixteen steles 
(polystelic).

9. Structurally, a stele varies from a simple protostele to a polycyclic siphonostele in 
different species. But typically, it is protostelic, i.e., xylem is surrounded by phloem 
with no pith.

10, Each stele consists of pericycle, phloem and xylem.
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Zoology and Botany Practical 11. Pericycle consists of many thinwalled parenchymatous cells.
12. Phloem consists of sieve cells and phloem parenchyma. There is no companion

cell.
13. Xylem is exarch with one ortwoprotoxylem groups. It consists of only tracheids.

T.S. Root
1. Anatomically, the root (Fig. 8.8) consists of centrally located stele surrounded by 

cortex and epidermis.
!

c uticte

mm epidermis□ £m root hair
,L

hypodermis

nm
protoxylem

-phloem

endodermisO

pericycle. cortex

Fig. 8.8. Selaginella. T.S. root

2. Outermost layer is the epidermis made up of large cells.
3. From some epidermal cells arise root hairs.

epidermis hypodermis

cuticle phloem

i £SwA

i II
cortexm Protoxylemmetaxylem

. pericycle endodermis
I

i!
'!

Fig. 8.9. Selaginella. T.S. rhizophore
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4. Below the epidermis are few layers of parenchymatous cortex. But in old roots, 
cortex is the region of thickwalled sclerenchymatous cells.

5. Usually the endodermis is not well-developed. Pericycle is one to three-layered.
6. State is monarch and exarch, and the structure of xylem and phloem is similar to 

that of the stem.

T.S. Rhizopore (Gr. Rhiza-root; phora-bearer)
Anatomically, it is similar to the root except following differences :
1. A thickwalled epidermis is the outermost layer.
2. Root hairs are absent (Fig. 8.9). Presence of a thickwalled hypodermis.
3. Presence of few thickwalled outer layer of cortex.
4. Stele is monarch and exarch like root.

Pteridophyta

T.S. Leaf 1
1. It is bounded by an upper and a lower layer of epidermis (Fig. 8.10).

tnt«c*l)ulcr«p*c* mMOphylupp*r«pid«nni»
z •.••'.••vTFv:• ••••• I * • * .• %v.*J .v.;.TT ■ 1r.VjS&iii

Mi

•Y.*/ •m, • •
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•.jj] ■ ;.y
j-.-. m !'7>:1 fr;;4

4:
« '

&■>

wl as

ff-:
k>w«r

Fig. 8.10. Selaginella. T.S. leaf

2. Cells of the epidermal layers contain chlooplasts.
3. On the lower epidermis are present many stomata.
4. Mesophyll is not differentiated into palisade and spongy parenchyma (Fig. 8.10).
5. In the centre is present a single vascular bundle surrounded by a bundle sheath, 

which encloses a layer of phloem and many centrally located xylem tracheids.

SPORE-PRODUCING ORGANS
Study first the external features of strobilus under dissecting microscope, cut L.S., 

stain in safranin-fastgreen combination, mount in glycerine and study. Also compare 
your preparations from the permanent slides of 
L.S. strobilus.

1. Spore-bearing organs are present on the 
apical part of the main axis as well as on the 
lateral branches. These are called sporangia (Fig.
8.11).

ill

sporangium
2. Sporangia are present in the axil of the 

leaf-like structure called sporophylls.
3. Each sporophyll has a ligule at its base and a

stalked sporangium on the adaxial surface, and 4 
thus the sporangium is present in between the 
main axis and the ligule of the sporophyll. /

4. Sporophylls are loosely and spirally 
arranged, usually in four rows on the axis.

>>*porophyH

Fig. 8.11. Selaginella apoda. Terminal 
part of a branch showing strobilar 

region
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Zoology and Botany Practical 5. All the sporophylls and sporangia form a four-angled loose cone called strobilus or 
sporangiferous spike.

6. Length of the strobilus ranges from V* to 1 or 2 inches in different species. \ 
Sometimes the apical portion of strobilus grows into a vegetative structure as in S. 
cuspidate. It does not bear any type of spore.

7. Two types of sporangia are present in the strobilus, i.e., macrosporangia and 
microsporangia.

■<

ii !i

I

strobilar axis

microsporangium

microspores^

miciosporophyll-

1------- ’llgule

megasporangium 

- megesporophyli

Fig. 8.12. Selaginella. (A), .S. strobilus of S. kraussiana; (6), L.S. stroblus
of S. inaequalifolia.

8. Sporophyll containing macrosporangium is known as macrosporophyll. Each 
macrosporangium contains only four macrospores. Sporophyll containing 
microsporangium is known as microsporophyll.

12. Each microsporangium contains numerous microspores.
13. In majority of the cases, as 

in S. kraussiana, lower-most one 
or two sporophylls contain 
megasporangia and rest of the 
other upper ones contain 
microsporangia (Fig. 8.12A).

14. In some species, all the 
sprophylls of one side of axis bear 
only microsporangia while that of 
the other side only macro
sporangia, as in S. Oregana, S. 
inaequalifolia (Fig. 8.125), etc.

15. In S. gracilis, a strobilus 
bears either microsporangia or 
macrosporangia.

16. Both the types of sporangia 
are stalked structures surroun
ded by a sporangial wall, 
consisting of two outer jacket 
layers and an innermost layer of 
tapetum. Tapetum (Fig 8.13) is 
very clear in young sporangia.

r

Sporangia! wail

l|
spore
tetrad

■i

*0tapetum.

/ spore

liguleOft

fo/o ol

)
*

Fig. 8.13. Selaginella. V.S. of a microsporoangium
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17. Each macrosporangium (Fig.
plate,

Pteridophytamefpsporangium
8.14)
greenish-white or orange coloured 
body, and contains only four

fur-lobed,is
Sporangia! wall

macrospores.

Microspores and Macrospores ■q¥ His'i1. Each microspore has round or 
spherical structure, an ranges from 
0.015 to 0.06 mm in diameter.

2. Microspores (Fig. 8.15) are 
surrounded by an outer thick 
ornamented exine and an inner thin,

•xina

5
a

magaaporec
•<3

•r

as

nucleus inline
ligute

axis
cytoplasm

B

Fig. 8.15. Selaginella. (A), Microspores in 
tetrad; (6), A single microspore

megaaporophyir

Fig. 8.14. Selaginella. V.S. of a megasporangium

smooth intine. The outgrowths of the
exine may be spinose or wing like. A single nucleus, surrounded by granular 
cytoplasmic contents, is present in the microspore. A microspore develops into male 
gametophyte.

3. Each macrospore is tetrahedral, and rane from 1.5 to 5 mm in diameter. It is 
surrounded by a thick, outer, ornamented eocospore, a 
middle mesospore and the innermost thin endospore.
Mesospore is not always very distinct. A single 
nucleus also remains surrounded by cytoplasmic 
contents.

r htzoids

embryo

Macrospores develop into female4.
gametophytes.

Female gametophyte

1. It is a multicellular structure (Fig. 8.16),
2. In the earlier stages, the upper cellular portion 

is separated from the lower noncellular portion with 
a diaphragm.

3. From the cellular portion arise many rhizoids.
4. Many archegonia also develop in this cellular 

portion.
5. After fertilization, the egg of archegonium becomes a diploid zygote, which 

changes into a multicellular embryo. This gives rise to sporophytic plant.

Identification
(a) (i) Roots, stem and leaves constitute the plant body.

(ii) True vascular strands present.
(iii) Plant body sporophytic.
(iv) Gametophyte small.

(b) (i) Leaves microphyllous (small).
(ii) Sporongia develop in the axil of sporophylls.

(c) (i) Plant body is herbaceous.

megagametophytft

Fig. 8.16. Selaginella. A female 
gametophyte with embryo

Pteridophyta

Lycopsida
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i:Zoology and Botany Practical (ii) Roots arise at the tip of rizophore.
(hi) Plant is heterosporous.
(iv) Leaves ligulate.

(d) (i) Absence of secondary growth in the stem.
(ii) Sporophylls are borne in strobili.
(hi) Macro and microspores are present.

(e) (i) Plant is living.
(ii) Each macrosporangium contains four macrospores.

Selaginellales

Sellaginellaceae
if

Selaginella.

3. Adiantum
Common Name : Maiden-Hair Fern.
Commonly Occurring Species: Adiantum caudatum, A. lunulatum, A. pedatum, 

A. emarginatum, etc.
Systematic Position 

Division 
Sub-division 
Class 
Order 
Family 
Genus

Occurrence: It is a terrestrial fern. It occurs in the moist shady places specially in 
all the warmer parts of the globe.

Work to be done : To study : (i) External features of the plant, (ii) Anatomy of 
rhizome, (Hi) anatomy of rachis, (iv) Anatomy of leaflet, (v) Anatomy of root, (vi) 
Sporophyll, sori, sporangia and spores, (vii) Prothallus, and (viii) To identify the plant 
giving reasons.

External Features of Sporophyte
Observe the details of roots, rhizome, leaves, 

circinate vernation of young leaves, compound 
nature of mature leaf, reflexed margins of 
leaflets, etc.

1. Sporophytic plant body contsists of roots, 
rhizome and large-side leaves (Fig. 8.16). All 
these parts, when young, remain covered with 
many maiden-like hairs called ramenta, and 
therefore it is called maiden-hair fern.

2. Rhizome . is generally prostrate. From 
rhizome arise roots towards the lower side and 
leaves towards the upper side.

3. Primary root is ephemeral, and all the 
black coloured, well-branched roots are 
adventitious.

4. Leaves are compound, very large, 
petiolate, dichotomously branched and 
arranged spirally on the rhizome. They are 
circinately coiled when young.

5. Each leaf contains many leaflets, which 
are deltoid in shape and contains 
dichotomously branched veins.

6. the margins of the fertile leaflets remain 
folded towards the lower side to form the false 
indusium.

Pteridophyta
Pteropsida
Leptosporangiatae
Filicales
Adiantaceae
Adiantum '!

'I

leaflets

li.'J

; i

C:-

A

young
-leaf ‘

rhizome
f roots

Fig. 8.16. Adiantum. External features
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7. The fertile portion of each leaflet contains many sporangia, filled with spores. Pteridophyta

ANATOMY
Cut thin transverse sections of different parts (rhizome, rachis, leaflet and root), stain 

them separately in safranin-fast green combination, mount in glycerine and observe the 
anatomical details :

Rhizome

1. Internally, the rhizome is differentiated into outermost layer of epidermis having 
many multicellular hairs, many-layered thick sclerenchymatous hypodermis, a large 
parenchymatous ground tissue and a complex type of stele, i.e., dictyostele.

2. In adiantum rubellum, the stele is amphipholic siphonostele, but in A nobile it is 
solenostele. In A. caudatum, it is dictyostele (Figs. 8.18).

epidermis hypodermis scale
/

ground tissue 

v^meristeies

rC\

v'

ZcV.Vi

V'-,
pertcycle

endodermisphtoem

protoxylem cuticle
metaxylem "

Fig. 8.18. T.S. rhizome of Adiantum capillus-veneris showing dictyostelic condition

3. Due to the presence of many leaf gaps, the stele is in the form of many separate 
strands called meristeles (Fig. 8.18).

4. Each meristele has the general structure of a protostele, i.e. xylem surrounded by 
phloem and a layer of pericycle and endodermis. There is no pith.

5. Meristeles vary from 5 to 7 in number.

Rachis
1. It is differentiated internally into outermost layer of cuticularized epidermis with 
epidermal hairs, 3 to 4-layered thickwalled sclerenchymatous hypodermis and a

multilayered parenchymatous cortex, the cells of which may contain chloroplast. A 
simple type of stele, i.e., protostele is present in the centre.

2. Stele consists of a 
endodermis,

no

pertCYCl*u pper sclerenchyma 
•pldermia \ endodermitsingle-layered 

one-celled thick pericycle and
protoxylpm

phloem, which surrounds the 
Y-shaped xylem. Protoxylem is 
present on all the three ends of Y.

Leaflet

1. Leaflet (Fig. 8.19) is bounded 
on both the sides by a layer of 
epidermis, the cells of which 
contain chloroplast. Lower 
epidermis contains some stomata.

JeSK
2]

\
to war

matophyll stoma phloem metaxylem epidermis
I

Fig. 8.19. Adiantum. T.S. petiole.
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Zoology and Botany Practical 2. In between the upper and lower layers of epidermis is present the mesophyll, 
which consists of only spongy parenchyma. A compact layer of clorophyll-containing ' 
cells it present near the lower epidermal layer.

3. In the centre is present a single vascular bundle surrounded by a thick 
sclerenchymatous sheath.

4. Each vascular bundle consists of a single-layered endodermis, unilayered 
pericycle and phloem surrounding the xylem. Protoxylem faces towards the upper 
epidermis.

Root
1. It is rounded in shape, and consists of an outer-most layer of thinwalled epidermis 

having many unicellular hairs, many layers of parenchymatous cortex and a stele in the 
centre.

2. Cortex is divisible into outer thin and inner thickwalled cortex.
3. Stele is protostelic, exarch and diarch (Fig. 8.20). it

haircuticle

epidermis ;l g
if

outer cortex

inner cortex

endodermis

pericyCle

phloem

metaxyiem

protoxylem t

Fig. 8.20. Adiantum. T.S. root

4. The stele is composed of unilayered 
endodermis, a layer of pericycle and phloem 
surrounding the xylem. Metaxyiem is 
present in the centre having two protoxylem 
groups at two opposite ends.

■:

Sporophyit

REPRODUCTIVE STRUCTURE :: 1
Observe the lower reflexed side of leaflet, < 

cut sections of. this part, study the g 
arrangement of sori and structure of 
sporangia, stain is safranin-fast green 
combination, mount in glycerine and study :

1. Spores are present in the sporangium. 
Many sporangia are grouped together to 
form a sorus.

leaflets

A B

Fig. 8.21. Adiantum. (A), Sterile leaflets; (B), 
Ventral side of fertile leaflets
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2. Many sori are present on the margin of the underside of the leaf. Sori are covered 
and protected by the reflexed margins of the leaf, which are brown membranous 
structures called false indusium. True indusium is absent,

3. The mature leaf, bearing the sori, is called sporophyll (Fig. 8.21).
4. Sporangia are present in different stages of their development in each sorus.
5. In a section of the leaflet passing through industrial portion, many sporangia are 

present on the folded false indusium (Fig. 8.22B).
6. Each sporangium is oblong in shape and remains attached to the indusium with 

the help of a long multicellular stalk (Figs 8.23B, 8.23>1, B).
falsa 

indusium

Pteridophyla

leaflet

leaflet

sporangia

,:v ...

.stalk

;^^v^C.false indusium

Fig. 8.22. Adiantum. (A), Underside of a leaflet showing false indusium; (6). 
Leaflet showing sporangia and false indusium in sectional view

annulus 
capsule.

nucleus intine
&exine

stomium m
stalk cytoplasm ^JI f

BA
Fig. 8.23. Adiantum. (A), A mature sporangium (side view); (8), Sporangium 

showing front view; (C-E), Spores in different views

7. Some cells of the thinwalled sporangium become thickwalled and called annulus. 
Few thinwalled cells on one side of annulus form stomium. Many spores are present in 
the sporangium. Adiantum is homosporous.

8. Each spore is uninucleate structure and remains surrounded by a thin intine and 
a thick, brown ornamented exine (Fig. 8.2312). It develops into prothallus.

Prothallus
Stain young prothallus in fast green, mount in glycerine and study :

■ 1. It is a thin, green, flat and heart-shaped (cordate) body (Fig. 8.24).
2. It is only one-celled thick except the region posterior to the apical notch.
3. On the underside of the posterior older portion, develop many unicellular rhizoids.
4. Cells of the prothallus are green due to the presence of many chloroplasts.
5. On the under surface of the prothallus are present the sex organs. Antheridia are 

present projecting on the posterior portion while the archegonia on the anterior portion.
6. After fertilization, the diploid zygote develops into sporophyte.
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Zoology and Botany Practical

prothallus
archegonium

anthevidia

rhizoids

Fig. 8.24. Adiantum. A mature prothallus

Identification
(a) (i) Plant body consists of toots, stem and leaves.

(ii) True vascular Strands present.
(iii) Plant body sporophytic.
(iv) Gametophyte small and independent.

(b) (i) Leaves large, megaphyllous, compound.
(ii) . Sporangia grouped on leaves in the form of sori.
(iii) Ridges and grooves absent on stem.

(c) (i) Leptosporangiate type of sporangium development, 
(ii) Jacket around sporangium only ono-celled thick.

(d) (i) Plants homosporous.
(ii) Sporocarps absent.

(e) (i) Margins of leaflets bearing sort are sharply reflexed, 
(ii) Annulus not vertical.

(f) (i) Leaves are large and dichotomously branched.
(ii) Veins in the leaflets are dichotomously branched.
(iii) Presence of false indusium.
(iv) Xylem is "f -shaped in rachis.

Pteridophyta

Pteropsida

Leptosporangiatae

Filicales

Adiantaceae

Adiantum
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Comparative Cell Structure and 
Vital Functions of Plants

UNIT

9
COMPARATIVE CELL STRUCTURE AND 

VITAL FUNCTIONS OF PLANTS

a-M'SS- STRUCTURE •
• Cell Structure from Onion Peel
• Comparative Study of Cell Structure of Plants
• Cell Structure of Spirogyra
• Some Vital Functions of Plants

: LEARNING OBJECTIVE
After going through this unit you will learn :
• Temporary stained mount of onion peel and study it under microscope.
• Study the comparative structure of cell of plants like Hydrilla/Spirogyra.
• Demonstration of some vital structures and functions of plants.

• 9.1. CELL STRUCTURE FROM ONION PEEL
Object: To make a temporary stained mount of onion peel and to study it under the 

microscope.
Requirements : Onion, forceps, watch glass or petri-dish, water, safranin, slide, 

needles, brush, blade or knife, blotting paper, glycerine, coverslip, microscope.
Method:
1. Take an onion and cut it into small pieces with the help of a knife or blade.
2. Separate a scaly leaf from one of its pieces.
3. Break the scaly leaf into two parts and remove a thin transparent peel from 

one of its parts with the help of forceps. This peel is the delicate epidermis of onion.
4. Keep this epidermal peel in water in a watch glass or petri-dish.
5. Take a clean glass slide and put a drop of safranin stain on it.
6. Now transfer the peel from watch glass to safranin with the help of brush 

and needle and wait for one to two minutes.
7. Wash it in a few drops of water gently with the brush! By doing so, the extra 

stain will be removed.
8. Cut it into a rectangular shape by a

wan cytoplasm nucleus vacuole

_jigggmmmsm
MflWWWKWBHF

aiH&SPblade.
4?9. Add a drop of glycerine over the 

rectangular stained peel and put a coverslip 
gently.

10. Press the coverslip slightly with a 
needle. By doing so, the peel and the glycerine 
will spread uniformly.

11. Remove the excess glycerine by a 
blotting paper and make sure that there is no 
air bubble in this freshly-prepared slide.

Sv

'■3

Fig. 9.1. Part of the stained epidermal 
peel to show the detailed structure
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Zoology and Botany Practical 12. The temporary stained mount of epidermal peel of onion is now ready. Study 
it first under low power and then under high power of microscope. Draw the diagram 
(Fig. 9.1G).

Observations: 1. Hundreds of rectangular cells, lying side by side, are present.
2. Each cell is surrounded by its individual cell wall.
3. A distinct nudeiis is seen lying in the centre of each cell.

. 4. The cytoplasm of each cell contains vacuoles.
5. Chloroplasts are absent.
Precautions: 1. The slide should be perfectly clean and coverslip should be new.
2. Hold the slide and coverslips always by their edges.
3. Put the coverslip gently so that no air bubble remains in the slide.
4. Put only a drop of glycerine for mounting purpose. More amount of 

mounting medium will make the slide dirty.
5. Remove the peel only from the inner and tender fleshy scaly leaves. The cells 

in these leaves will show clear nuclei.
6. Handle the peel always by the brush. Use of needle will damage the cells.
7. Always make sure that peel never becomes dry. It should always remain in 

some or other type of liquid medium, such as water, stain or glycerine.
8. Make sure that peel does not become folded during mounting process.
9. Place the mounting medium (glycerine) in the centre of the slide.
10. Over-stained peel should be washed very gently with brush in water.

• 9.2. COMPARATIVE STUDY OF CELL STRUCTURE OF PLANTS
Object: To study the comparative, structure of cell of plants like onion,

. ■ Hydrilla/Spirogyra.
Requirements: Onion bulbs producing roots, Hydrilla plants and some filaments of 

Spirogyra.
Observations: The slide of cells prepared as in earlier exercise shows the following 

details:
1. Plasma membrane: All contents of the cell are surrounded by a membrane 

called plasma membrane. It is also called cell membrane, plasmalenima or simply

iGo)# complex .oeOwsflplume membrane

rft>o*omea
endoplasmic

reticulum
('roup/)'

,v

nucleolus

nucleus

vacuole chloroplast

ptasmodesmata
cytoplasmmicrotubules r

endoplasmic redcuMn
(tmooto)

mitochondria

Fig. 9.2. A plant cell
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membrane. It is selectively permeable membrane. It controls the movement of 
substances in and out of the cells. It is made of proteins and phospholipids.

2. Cell wall: The plasma membrane is surrounded by an additional protective and 
rigid wall called cell wall (Fig. 9.2). It is mainly made of cellulose.

3. Protoplasm: All parts of the cell present outside the nucleus and inside the 
plasma membrane represent cytoplasm. The cytoplasm and the nucleus together 
constitute the protoplasm.

The protoplasm was discovered and named by J .E. Purkinje in 1839.
4. Cytoplasm: The cytoplasm is in the form of a liquid medium. It contains water, 

oxygen, carbohydrates, lipids, proteins, amino acids and several metallic ions. It 
encloses many cell organelles, such as endoplasmic reticulum, ribosomes, mitochondria, 
plastids, Golgi bodies and vacuoles.

5. Endoplasmic reticulum: Endoplasmic reticulum or E.R. is a system of 
membranes attached to the nucleus. It is of two types: rough endoplasmic reticulum 
which contains ribosomes and smooth endoplasmic reticulum which lacks ribosomes. A 
large amount of protein synthesis takes place in endoplasmic reticulum.

6. Ribosomes: The ribosomes are small bodies attached in a very large number on 
the surface of the endoplasmic reticulum. They consist of proteins and ribosomal 
ribonucleic acid (r-RNA). They are the main site of protein synthesis in the cell.

7. Mitochondria : Several mitochondria are also present in the cell. They are 
rod-shaped, mobile cell organelles. They supply all energy needed for the maintenance 
of life, and hence are called ‘‘power-houses of the cell”. They generate adenosine 
triphosphate (ATP) by aerobic respiration. Each mitochondrion remains surrounded by 
two membranes. The inner membrane remains folded in the form of several cristae. The 
liquid inside each mitochondrion is called matrix.

S.Chloroplasts: Several green-coloured plastids are present in the cell. They 
contain chlorophyll, the green pigments. These are called chloroplasts. They are the site 
of photosynthesis, the process of food preparation of plants. Each chloroplast is 
surrounded by a chloroplast envelope, made of two membranes. It surrounds the 
colourless, matrix called stroma. The stroma contains many flat membranous 
structures called thylakoids. Several thylakoids are placed one above the other like a 
stack of coins to form a granum. Thylakoids of different grana remain interconnected by 
many tubules called stroma lamellae.

9. Golgi apparatus: Several Golgi bodies are also present in the cell. Each Golgi 
body consists of several stacks of flat, expanded, interconnected, cisternae and many 
membrane-bound vesicles. Secretion is the main function of Golgi body. It helps in the 
synthesis of carbohydrates and secretion of glycoproteins, lipids and sterols.

10. Vacuoles: A few large liquid-filled spaces are present in the cell. These are 
called vacuoles. Each vacuole remains surrounded by a membrane called tonoplast. 
Liquid in the vacuole contains minerals, proteins, amino acids, sugars, esters and 
several waste products.

11. Nucleus: The cell contains either one nucleus or many nuclei. Each nucleus 
contains nucleoplasm, chromosomes and one or more nucleoli. Nucleus remains 
surrounded by a membrane called nuclear membrane. Many pores are present in the 
nuclear membrane. Nucleus controls most of the genetic activities of the cell.

Result: Due to the presence of cell wall, chloroplasts and large vacuoles, and also 
due to the absence of lysosomes, centriole and cilia, the given cell is a plant cell.

Comparative Cell Structure and 
Vital Functions of Plants

• 9.3. CELL STRUCTURE OF SPIROGYRA
Object: To study cell structure of Spirogyra.
Requirements: Permanent slide of Spirogyra, compound microscope.

. Method: Stain the material v/ith safranin, wash with water, mount in glycerine and 
study under compound microscope.
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Zoology and Botany Practical Observations: Following structures are 
visible in the cell of the given material: 
v 1: Plant body is green, multicellular and 
filamentous.

2. Filaments are unbranched (Fig. 9.3) and 
free- floating but a few species are attached to the 
substratum by a holdfast.

3. Filaments are smooth to touch and silky 
hair-like structures reaching several centimetres 
in length.

4. Each cell (Fig. 9.4) is surrounded by a cell 
wall made up of two layers. The outer layer is of 
pectic material while the inner layer consists of 
cellulose.

5. The outer portion of pectose layer changes 
into pectin which forms a mucilaginous sheath 
around the filaments.

6. : The cell wall encloses the protoplast which 
consists of a plasma membrane, cytoplasm and 
nucleus.

7. Plasma membrane is the outermost layer of the 
protoplast. Iri the cytoplasm are present many ribbon like 
or spiral chloroplasts.

8. The number of chloroplasts ranges from 1 to 14 
in each cell.

9. Many pyrenoids are present in the chloroplast.
10. Cytoplasm encloses a large central vacuole, 

filled with the cell sap. In the middle of the cell is 
present a nucleus.

11. Nucleus remains suspended in the centre with 
the help of many cytoplasmic strands.

Result: The given material belongs to Spirogyra, 
an alga of class Chlorophyceae.
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Fig. 9.3. Spirogyra. A few filaments
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Fig. 9.4. Spirogyra. A single cell

• 9.4. SOME VITAL FUNCTIONS OF PLANTS
Object: To demonstrate some vital structures and functions of plants.
Requirements: Onion bulb producing roots, Hydrilla, Crinum sp. and Cassia tora 

leaves; Janus Green B; diluted glycerine, watch glasses, slides, coverslips. .
Principle: A cell in the “living state” exhibits various structures and functions 

which denote life.
Method:
1. Take leaves from the given plants and keep them in water in separate watch 

glasses. Keep two slides opposite each watch glass and put a drop of water on each of 
them. With the help of forceps and needle, take out a peeling from the leaf and put it in 
the drop of water on the slide. Put a coverslip and observe under the high power of 
microscope.

2. Note the various details of the cells and, particularly the intracellular contents.
3. Now keep another peeling or a portion of the previous peel on the other slide in a 

drop of water. Put a few drops of 0.05% aqueous solution of Janus Green B and wait for 2 
minutes. Put the cover slip and observe under high power of microscope. (Numerous 
small globular and rod-shaped structures become visible inside the cells.).

4. The bluish green structures are mitochondria (rod-shaped) and globular 
structures are Golgi bodies.
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5. Watch carefully the movement and changing shapes of mitochondria. The 
movement is Brownian.

6. Observe some cells from the dead parts of the leaves. Such structures and their 
activities are not found in dead leaves.

Also observe the following:
(i) Cytoplasmic streaming: Choose Hydrilla leaf for studying cytoplasmic 

streaming.
(ii) Plasmolysis: Obtain fine leaf peel from the given plant material. Divide this into 

three pieces. Two peels should be processed as above and on the third put a drop of 
glycerine, place coverslip and observe under high power of microscope.

ifceosmosis resulting in the shrinkage of protoplasm will start becoming visible after 
some time.

Object: To study cyclosis (cytoplasmic streaming) in Tradescantia staminal cells or 
some other given material.

Requirements: Flowers of Tradescantia or of Rhoeo discolor or leaf of Hydrilla, 
calibrated micrometer, microscope. 1

Method: Mount the staminal cells 'of Tradescantia or staminal hairs of Rhoeo 
discolor or young leaf of Hydrilla on a slide. Warm the slide to a temperature of about 
35-40°C for 10-15 min. (This can be done by putting the slide a few inches below an 
electric light bulb). Observe under the high power of the microscope for protoplasmic 
cyclosis or cytoplasmic streaming. The chloroplasts are passively carried with the 
moving cytoplasm. Follow the movement of any granule and by means of the calibrated 
micrometer, measure the rate at which granules in the cytoplasm move. Take several 
readings. External factors (e.g. temperature, light, humidity, etc.) may be varied and 
they effect on the cytoplasmic streaming. Note various effects.

Result: Cyclosis or cytoplasmic streaming, (movement of cytoplasm within cells) is 
observed. In different plants and in different conditions, the viscosity of cytoplasm can 
vary as a result of changes in the nature of protein molecules being particularly active. 
In the fluid form it flows freely and can be observed carrying organelles and other 
inclusions in the cell. Cyclosis is very variable in plant cells. The rate of flow increases 
with rise in temperature, but is normally less than 0.1 mm per second.

Comparative Cell Structure and 
Vital Functions of Plants
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Zoology and Botany Practical UNIT

ELECTRON MICROGRAPHS OF EUKARYOTIC 

CELL AND CELL ORGANELLES
- STRUCTURE

• Plant Cell
• Plasma Membrane
• Mitochondria
• Golgi Complex
• Chloroplast
• Endoplasmic Reticulum
• Nucleus

rV-i^ LEARNING OBJECTIVE • ^ •*-

After going through this unit you will learn :
• Ultrastructure of aplant cell covered by cell wall.
• Characteristics of plasma membrane, mitochondria and golgi complex.
• Characteristics of chloroplast, endoplasmic reticulum and nucleus.

• 10.1. PLANT CELL
1. Aplautcell (Fig. 10.1) is more or less a polyhedral structure limited on the outside 

by a rigid limiting membrane called cell wall.
2. Inside, it contains the protoplast. The contents of each living cell are known by the 

name protoplast. The cell wall is not living while the protoplast is living.
3. A membrane which bounds the protoplasm of the cell is known as plasma 

membrane or cell membrane. It is made of lipids and proteins. It is found in all plants 
and animals. In plants, the plasma membrane is covered by a cell wall. The cell wall is 
absent in animal cells.

4. Protoplasm, the basic substance, is not homogeneous. Embedded in the protoplasm 
is a fairly large, spherical body, the nucleus (pi. nuclei).

5. The protoplasm surrounding the nucleus of the cell is usually referred to as the 
cytoplasm.

6. There are other smaller disc-shaped bodies embedded in the protoplasm. These 
are called plastids.

7. Studies under the electron microscope have revealed that cytoplasm contains a 
number of other much smaller inclusions which are not easily mad.e out under the light 
microscope. These include mitochondria (sing, mitochondrion) or chondriosomes, 
endoplasmic reticulum, Golgi apparatus and ribosomes, which usually occur in groups 
called polysomes.

8. Cytoplasm has a system of tubules from the plasma membrane outside the 
nucleus inside.

9. In very early stages, the cell lumen or cavity is filled with protoplasm. But as the 
cell matures, a corresponding amount of protoplasm is not synthesized to keep pace 
with the increase in its volume and so vacuoles (spaces in the protoplasm) appear.

\
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Electron Micrographs of 
Eukaryotic Cell and Cell 

Organelles

mitochondrion
vacuole

pore of-ihe 
nuclear 

membrane

lysosome
- \endoplasmtc 

\ reticulum

nucleus

nucleolus

chromosome

chloroplast

cell wall
Fig. 10.1. Ultrastructure of a plant cell covered by cell wall

10. The vacuoles are filled with a watery fluid, which is a solution of various 
inorganic substances absorbed by the plant from outside, and organic substances, 
which are synthesized by the plants.

• 10.2. PLASMA MEMBRANE
1. The membrane, which bounds the protoplasm (Fig. 10.2) of the cell of all living 

organisms, including plants and animals, is known 
as plasma membrane or cell membrane or 
plasmalemma.

2. Plasma membranes range from 7.5 nm to 10 
thickness. These are composed of

and

granular ER
nm in 
approximately 
phosphoglyceride.

3. According to Davson and Danielli (1935) 
plasma membranes are made up of a central region 
consisting of phosphoglycerides and an outer denser 
region composed of proteins.

protein 40%60%
plasma

membrane

4. The phosphoglyceride molecules are believed 
to be arranged in two rows with their hydrophilic 
polar heads towards the outer edges and their 
hydrophobic hydrocarbon tails in the centre.

5. Plasma membranes are selectively permeable, controlling the passage of 
materials into and out of the cells.

Fig. 10.2. Structure of plasma 
membrane (Diagrammatic) under 

electron microscope

6. The proteins of the membrane include enzymes and compounds of the active 
transport system.
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Zoology and Botany Practical 7. The membrane is relatively impermeable to charged ions, which enter the cell by 1 
means of active transport system.

8. The main lipid compounds are lecithin, cephalin and cholesterol.
9. Functions of plasma membrane include (i) osmosis, (ii) active transport, (iii) 

phagocytosis, and (iv) pinocytosis. .!

• 10.3. MITOCHONDRIA
1. Mitochondria are commonly called the “Power house” of the cell.
2. Benda (1897) was the first to coin the term mitochondrion.
3. Usually, mitochondria are 0.5 to 1 m in diameter and 3-6p in length. They, 

however, vary in their size and are also capable of changing their size.
4. They are generally 

rod-shaped but may also 
be in the form of granules 
or spherical bodies.

5. Their number may 
vary from 50 to 50,000 in 
different kinds of cells.

6. They are surrounded 
by two membranes, i.e., 
outer membrane and 
inner membrane (Fig.
10.3). Both these 
membranes are separated 
by a narrow gap known as 
perimitochondrial space.

7. The inner membrane 
of mitochondria has large
number of invaginations towards the inner cavity, known as cristae. They increase the 
mitochondrial surface.

8. Chemically, the mitochondria are lipoproteinaceous in nature. They consist of 
about 60-65% proteins and 35-40% Upids, mainly phospholipids. The presence of RNA 
and a little amount of DNA has also been reported.

9. Functions of mitochondria are under-mentioned:
(i) Power house of the cell: They manufacture and store the energy in the form of ATP j 

which is used for various functions of the cell.
(ii) They are the respiratory centres of the cell.
(iii) They help in fat metabolism.
(iv) They help in several enzymatic activities. '

outer chamber
granule in matrix

matrix
mitochondrial

cristae;('l

r\r
W-' ■sMMB.

1m a
n m W

. •/••tlVv*.........— Rtf:

Fi particles
outer membrane

inner membrane

Fig. 10.3. Structure of mitochondrion as seen inelectron 
microscope (Diagrammatic)

■;

■>.

• 10.4. GOLGI COMPLEX
1. The iiame “Golgi Complex” was given after its 

(1898), an Italian anatomist.
2. Golgi bodies are found in almost all the animal and plant cells/
3. Cisternae, vesicles and vacuoles are the three major parts of Golgi complex (Fig, 

10.4).'
4/Each component'of a Golgi body is bounded by double membrane, outer and inner 

membrane, with an intermembranous space; f 1
5. Both the membranes are about 60-70 A thick. Space between the two membranes 

is about 60-90 A.
6. Chemically, Golgi complex is lipoproteinaceous in nature. It contains ailmost equal !

amounts of phospholipids and proteins. tj

discoverer, Caniilo Golgi
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perforations Electron Micrographs of 
Eukaryotic Cell and Cell 
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Fig. 10.4. Structure of Golgi complex (redrawn from electron micrograph).

7. Golgi complex performs following main functions:
(i) Absorption of compounds.
(ii) Formation of enzymes.
(iii) Production of hormones. "
(iv) Storage of proteins.
(v) Synthesis of polysaccharides.
(vi) Cell wall development.
(vii) Secretion of juices and fluids.

• 10.5. CHLOROPLAST
1. Chloroplasts (Figs. 10.5- 

10.6), responsible for the 
photosynthesis of the plants, are 
the characteristic features of the

granum lamella
stroma
lamella

stroma (matrix)

osmophilic
droplet

cells of green plants.
2. Around the chloroplast is 

present a double membrane 
envelope.

3. Each membrane of chloro
plast is 35 to 50 A thick.

4. Many dark-coloured grana 
present. These

interconnected by means of 
photosynthetic lamellae or 
thylakoids.

5. A colourless matrix or stroma is 
present in the chloroplast.

6. There are present some inter
connecting intergranal projections called 
frets.

granum

double limiting 
membrane

areare
Fig. 10.5. Structure of chloroplast (redrawn after 

electron micrograph)

THYIAKOID
GRANUM

^>3
7. Park and Biggins (1964) observed some 

sphere like structures within the membrane 
component of the granular disc. These are 
called quantasomes.

8. Quantasomes are structural and 
functional units of chloroplast. About 250 
chlorophyll molecules are present in a 
quantasome.

MEMBRANE
OP

CHLOROPLAST pgCT MATRIXGRANUM IN 
LONGITUDINAL SECTION

Fig. 10.6. Three-diamentional sectional 
view of chloroplast.
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Zoology and Botany Practical • 10.6. ENDOPLASMIC RETICULUM
1. It was discovered by Porter (1945) as fine recticulum in endoplasm of cells and was 

named as endoplasmic reticulum (E.R.).
2. It is a complex interconnecting system of flattened membrane-surrounded 

channels and vesicles (cisternae) that spread throughout the cytoplasm of eukaryotic, 
cells.

3. The membranes appear to be continuous with the plasma membrane at the outer 
surface and with the nuclear membrane and vacuolar membrane(tortop/asO. 

ribosomes
tubules of ER

lumen of ER

granular ER agranular E.R.
BA

Fig. 10.7. Structure of endoplasmic reticulum. (A), Rough ER; (6), Smooth ER

4. Some cisternae of ER have a granular appearance in electron micrographs. This is 
due to ribosomes attached on them! Such an endoplasmic reticulum is called granular 
or rough endoplasmic reticulum (Fig. 10.7A).

5. Other cisternae are devoid of ribosomes and are called agranular or smooth 
endoplasmic reticulum (Fig. 10.1B).

6. In the channels of rough endoplasmic reticulum are present polypeptides.
7. The main functions of the endoplasmic reticulum include the segregation of newly 

synthesized products and their further processing and intracellular transport.

• 10.7. NUCLEUS
1. Nucleus was discovered by Robert Brown (1831).
2. It is the major part of a eukaryotic cell that contains the genetic material. 

Prokaryotic cells have no nucleus as 
such.

outer nuclear membrane
, inner nuclear 

membrane
— nuclear pore

nucleolus
3. Each nucleus remains enclosed 

in a nuclear membrane or nuclear 
envelope. It is a double membrane 
surrounding the nucleus (Fig. 10.8). 
Each layer has a typical 
plasma-membrane-like structure and 
is 4 nm to 6 nm in width. Electron 
micrographs reveal the connection 
between the outer nuclear membrane 
and the endoplasmic reticulum. A 
perinuclear space is present in 
between the membranes. At various 
points the two membranes fuse and 
form pores.

perinuclear
space

hetero
chromatin

chromatin
threads

chromocentre

karyosome

Fig. 10.8. Uitrastructure of a nucleus 
(Diagrammatic)
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4. The interphase nucleus of eukaryotic cells contains a network of chromatin fibres, 
which become organised into chromosomes before cell division.

5. The substance of the nucleus, apart from the chromatin, is called nucleoplasm or 
karyoplasm. It contains complexes and enzymes necessary for,DNA replication and 
synthesis of molecules.

6. One or more nucleoli are also present in the nucleus. A nucleolus consists of 
proteins associated with RNA. In the electron micrographs, a nucleolus shows a central 
area of short fibers surrounded by a matrix of protein material with several granules 
embedded in the peripheral region.

7. Nucleus controls all the genetic activities of the cell. In the germ cells, it carries 
hereditary information from generation to generations.

Electron Micrographs of 
Eukaryotic Cell and Cell 

Organelles
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Zoology and Botany Practical UNIT

ULTRASTRUCTURE OF VIRUSES, BACTERIA, 

CYANOBACTERIA AND EUKARYOTIC CELLS

STRUCTURE
• Ultrastructure of Viruses
• Ultrastructure of Bacteria
• Ultrastructure of Cyanobacteria
• Ultrastructure of Eukaryotic Cell

■i:-

LEARNING OBJECTIVE :
After going through this unit you will learn :
• Characteristics of viruses.
• Characteristics and ulatrastructure of bacteria.
• Characteristics and ultrastructure of cyanobacteria.

• 11.1. ULTRASTRUCTURE OF VIRUSES
1. Viruses are much smaller than bacteria. A virus particle is called virion. The 

virions vary widely in size. The smallest virus measures about 10 nm* in diameter (e.g., 
foot-and-mouth disease virus). The largest virus, (e.g., poxvirus) measures about 250 
nm, i.e., as large as the smallest bacteria or mycoplasma.

2. Being ultramicroscopic, the viruses can be seen only by an electron microscope.
3. Generally, plant viruses are smaller than animal or bacterial viruses.
4. The shape of the virions is highly variable in different groups of viruses. They may 

be rod-shaped, bullet-shaped, brick-shaped, oval, 
irregular and pleomorphic, or even like a piece of coir 
rope. hMd-

5. In ‘tailed’ or T-bacteriophages, the virion is made 
up of complex head and an attached tail.

6. A virus particle or virion consists of nucleic acid 
core surrounded by a protein coat or capsid. The capsid 
with the enclosed nucleic acid is called nucleocapsid. 
The capsid is made up of many morphological units, 
called capsomeres. Chemically, the units of capsid are 
polypeptide molecules, which form an impenetrable 
shell around the nucleic acid core.

7. The envelope of the viruses is derived from the 
host-cell membrane, and is lipoproteinaceous in nature. 
Recent researches have shown that the lipid of the 
lipoprotein is of host-cell origin, whereas its protein is of 
viral origin.

8. The tail consists of a hollow core (Figs. 11.1, 11.2) 
surrounded by a contractile sheath.

collar

t cora—
•haathtail

tail libra

end plate with 
tail spikaa

Fig. 11.1. Bacteriophage T4, a 
complex virus

* 1 nm (nanometre) = 1 millimicron (mu) = one-thousandth of a micron (n) or micrometre (mm) = one-millionth 
of a millimete (mm).
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Ultrastructure of Viruses, 
Bacteria, Cyanobacteria and 

Eukaryotic Cells
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S
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tailS3*-protein 
^3 sheath fibre*, core -t

B
Fig. 11.2. Morphology of bacteriophage virus. (A), Externalmorphology; (B), diagrammatic 

representation of L.S. of bacteriophage; (C), Various components of a bacteriophage

9. At the terminal end of the tail is present an end plate which has attached tail
fibres.

10. At the head end the tail connects the head through a thin disc or collar.
11. The nucleic acid in the head of the T-even bacteriophages is doublet-stranded

DNA.
12. The end-plate is hexagonal. It has a pin at every corner and remains connected to 

six very long tail fibres. Bacteriophages remain attached to the host cell through these 
tail fibres.

• 11.2. ULTRASTRUCTURE OF BACTERIA
1. A bacterial cell remains surrounded by an outer layer or cell envelope, which 

consists of two components - a rigid cell wall and beneath it a cytoplasmic membrane or 
plasma membrane.

2. The cell, envelope en
closes the protoplasm, made 
up of the cytoplasm, cyto
plasmic inclusions (such as 
ribosomes, mesosomes, fat 
globules, inclusion bodies, 
vacuoles) and the nuclear 
material (Fig. 11.3).

3. The cell envelope in some 
bacteria may be enclosed in a 
loose slimy layer or capsule.

4. Some bacteria also carry 
flagella.

5. Fine hair-like fimbriae or pili are also present in some bacteria.
6. Bacterial cell wall is extremely thin (10-25 nm thick) and provides rigidity and a 

definite shape to the cell.

peptidoglycan diviaion 
membran. i Par'P*Mm

pili (fimbriae)

DNA
^ IL flagellaj-.

I ; *vm -plasma
membrane

■ ♦ fir

fat inclusion 
body

Fig. 11.3. Structure of a typical bacterial cell

ribosomes mesosomeglobule

Self-Instructional Material 109



Zoology and Botany Practical 7. Chemically, the cell wall is composed of mucopeptide (murein) scaffolding or i 
platform formed by N-acetyl glucosamine and N-acetyl muramic acid molecules 
arranged in alternate chains.

8. According to Peberdy (1980), the only compound present in the cell walls of both: 
Gram-negative and Gram-positive bacteria is ‘peptidoglycan’. The cell wall of 
Gram-positive bacteria contains up to 95% peptidoglycan and up to 10% teichoic acids

Cytoplasmic membrane is a thin (5-10 nm) layer lining the inner surface of the cell. 
wall. It separates the cell wall from the cytoplasm. It functions as a semipermeable ;; 
membrane that keeps control over the inflow and outflow of metabolites to and from the 
protoplasm.

10. Chemically, the cytoplasmic (plasma) membrane consists of lipoproteins with 
small amount of carbohydrates. The lipids may reach up to 30% and proteins up to 75%.

11. Some vesicular, pocket-like structures are formed as invaginations of the 
cytoplasmic membrane into the cytoplasm. These are called mesosomes. They are 
supposed to be the principal sites of respiratory enzymes.

12. Cytoplasm is present in the form of a colloidal system of several organic and 
inorganic solutes in a viscous watery solution. It does not show the protoplasmic 
streaming.

13. Membrane-bound organelles, such as endoplasmic reticulum, mitochondria and ! 
Golgi-bodies are also absent in bacteria.

14. The bacterial cytoplasm contains several ribosomes which occupy the most part 
of the cytoplasm. These are the centres of protein synthesis. Ribosomes are the 
ribonucleoprotein particles, approximately 100 A in diameter.

15. Intracytoplasmic inclusions are volutin, polysaccharides, lipid crystals and 
vacuoles.

16. Nuclear material is present in each bacterial cell, but there is no nuclear 
membrane or nucleolus. Bacteria are, therefore, prokaryotic. The low electron-density 
regions in the cell are actually the densely-packaged DNA regions, called 'nuclear 
bodies'or 'nucleoids'. Nucleoid is, therefore, made up of DNA.

. 17. The so called bacterial 'chromosome' is equivalent to its DNA, the genetic 
material of the cell. •

18. Some bacteria possess some extranuclear genetic elements made up of DNA. 
These cytoplasmic carriers of genetic information are called ‘plasmids ‘ and ‘episomes'.

19. Flagella are long, fine, hair-like, locomiotory appendages, found commonly in 
rod-shaped and spiral bacteria.

20. Some very fine, hair-like, surface appendages, found in some Gram-negative
bacilli, are called fimbriae. , ,

>

• 11.4. ULTRASTRUCTURE OF EUKARYOTIC CELL
See Chapter 10.
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Cell-Division (Mitosis and 
Meiosis)

UNIT

CELL-DIVISION (MITOSIS AND MEIOSIS)
: STRUCTURE

• Mitosis
• Meiosis
• Permanent Slide Preparation Method for Cell Division
• Difference Between Mitosis and Meiosis

LEARNING OBJECTIVE
After going through this unit you wilt learn :
• Mitosis : Interphase, Prophase, Metaphase, Telophase and Anaphase.
• Cytokinesis and significance of mitosis.
• Four major stages of Meiosis division-1 and llnd, Significance of Meiosis.
• Preparation and study of slides for mitois using squash technique from root tips.
• Study the effect of colchicine onthe mitotic division of the root tip cells of on ion.

The process in which a cell divides to form two new cells, each containing a nucleus, 
is called cell division. It is of two types, i.e., mitosis and meiosis.

• 12.1. MITOSIS
Mitosis is a part of somatic cell division which includes the division of the nucleus 

(called mitosis or karyokinesis) and the division of the cytoplasm (called cytokinesis). 
Strasburger (1875), a German botanist, was the first to work out the details of mitosis.

In mitosis, the metabolic nucleus passes through a 
complicated system of changes in the form of four 
different stages, viz., prophase, metaphase, anaphase 
and telophase.

The cell remains in a non-dividing phase in the 
interphase, in which the cell is said to be in the “resting 
stage”. Interphase is actually a period between one cell 
division and the next. Following details are visible in 
the interphase :

1. Nucleus is large and quite clear (Fig. 12.1).
2. A nuclear membrane surrounds nucleus.
3. A network of chromatin fibres is present and this 

network is not distinguished into chromosomes.
4. A well-developed nucleolus is present.

1. Prophase (Gr. pro., before)
1. It is the first and the longest phase in mitotic cell 

division.
2. Chromosomes become visible in the nucleus as short, thick, helically-coiled 

threads (Fig. 12.2A).

mstabolc nudMfca

Fig. 12.1. Interphase stage
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chronuitido -Zoology and Botany Practical 3. Each chromosome splits into two chromatids 
(Fig. 12.2) joined at the centromere. Nuclear 
membrane starts dissolving. Nucleolus also starts 
dissolving and disappearing.

2. Metaphase (Gr. meta, between)

1. Nuclear membrane disintegrates and 
disappears completely (Fig. 12.3).

2. Nucleolus disintegrates and disappears 
completely.

3. Spindle fibres start appearing and these 
fibres get attached to chromosomes at centromei*es. 
Chromosomes become shorter and thicker.

4. Chromosomes arrange themselves in the 
centre or on the equator of spindle.

centromere

01m

!

I

ililSIslfciftSr
di.Siippcm ing nucleolus

Fig. 12.2. Late prophase stage
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fibresspindle
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=» daughter 
chromosomesinI[ ■

%

chromatid;
1 spindle

fibres

Fig. 12.3. Metaphase stage Fig. 12.4. Anaphase stage

5. At the end of metaphase, two chromatids of each chromosome also start 
separating. Metaphase changes into the next stage called anaphase.

3. Anaphase (Gr. ana, back)
1. Chromatids separate from each other at centromere and are called daughter 

chromosomes (Fig. 12.4).'
2. Daughter chromosomes move to the opposite poles of the spindle.
3. Daughter chromosomes appear ‘V\ ‘U’ or J-shaped during their movement 

towards poles. Anaphase changes into the next stage called telophase.

4. Telophase (Gr. te/o, end)
1. Daughter chromosomes are now at the end of 

the spindle, i.e., present on two opposite poles.
2. Nuclear membrane reforms around each 

group of daughter chromosomes. Nucleolus reforms 
(Fig. 12.5) .

3. Two nuclei are thus organised, one at each 
pole of the parent cell. Chromosomes begin to loose 
their compact structure. Spindle fibres disappear 
gradually.

4. Two daughter nuclei are thus formed exactly 
similar to the parent nucleus.

Cytokinesis
1. After the division of nucleus (karyokinesis), the division of cytoplasm (cytokinesis) 

takes place.

nudtofut

<5 nucteoha

daughter
nueteua

nuctear
mambfanaoeO plate

Fig. 12.5. Telophase.

t
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inuclear
membrane

nucleolus2. A cell plate starts appearing across the cell, resulting 
into the separation of two daughter cells (fig. 12.6).

3. In animal cells, instead of cell plate, a constriction 
develops in the middle of the cell. Constriction deepens and 
results into the formation of two daughter cells.

Significance of Mitosis
1. Mitosis results in the formation of two daughter cells ^ 

identical with that of the parental cell.
2. By this process, DNA, the main component of 

chromosomes, is distributed equally between the two 
newly-formed nuclei.

3. Both the daughter cells formed after mitosis are 
identical and have the same genetic constitution, 
qualitatively as well as quantitatively, as the parent cell.

4. The number of chromosomes remains the same 
from one generation to another generation.

Cell-Division (Mitosis and 
Meiosis)nx

/
I

*3

p

/
chromatin fibres nsw csNs (2) 

Fig. 12.6. Cytokinesis

• 12.2. MEJOSIS
‘Meiosis’ consists of two successive divisions of the diploid mother nucleus, L.e.,(i) 

meiosis division I in which the diploid chromosome number (2n.) is reduced to haploid 
chromosome number n, and (ii) meiosis division II 
which is a mitotic division.

Meiosis Division I
In this division, the chromosomes are reduced 

to half, and therefore this is a reduction 
division. Meiosis division I is divisible into four 
major stages.

1. Prophase I : This is a complicated and 
prolonged phase of meiosis which can be 
subdivided further into five sub-stages :

(a) Leptotene: The diploid nucleus enlarges in volume. The 
chromosomes appear as long, thin and single threads which soon 
begin to coil. Several small, bead-like granules (chromomeres) 
appear in each thread-like chromosome (Fig. 12.7 A).

Fig. 12.7. Leptotene (A) and 
zygotene (6) stages

(b) Zygotene: The homologous chromosomes come together, Fig. 12.8. Pachytene
stageget themselves arranged side by side, and form pairs or bivalents 

(Fig. 12.7B). This pairing is also called synapsis. The pairing 
chromosomes soon begin to shorten and get thickened, but there 
is no actual fusion.

(c) Pachytene: In this stage, the chromosomes becopid 
shorter, thicker and get split into chromatids linked at the 
centromeres (Fig. 12.8). From a pair of each homologous 
chromosomes are thus produced four chromatids. Identification 
of the homologous chromosomes can be made in pachytene, which 
is a long stage of prophase I.

(d) Diplotene : Centromeres of paired chromosomes move 
away from each other (Fig. 12.9). This movement is because of 
the development of some repulsive force between the homologous 
chromosomes. However, the homologous chromosomes remain 
connected at one or more points called chiasmata. The physical 
exchange of genetic material takes place at each chiasma under 
the process called crossing over. Further coiling and shortening

Fig. 12.9. Diplotene 
stage

Fig. 12.10. Dikinesis 
stage
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of chromosomes is also seen in late stage of diplotene, which soon changes into 
diakinesis.

(e) Diakinesis: In this last stage of the first meiotic prophase, the chromosomes are 
shortest and thickest. The nuclear membrane starts disintegrating. The nucleolus also 
disintegrates and disappears (Fig. 12.10). The chromosome bivalents move towards the 
periphery of the nucleus and remain connected only at the points of chiasmata. The 
chromosomes are finally released into the cytoplasm.

2. Metaphase I: Two major events of metaphase I include 
complete disintegration of nuclear membrane and the formation 
of spindle (Fig. 12.11). All the chromosomes, each along with its 
two chromatids, move to the equatorial region of the newly 
formed spindle. Differing from the metaphase stage of mitosis, 
the centromeres of chromosome pairs in metaphase stage of 
meiosis I become attached with the spindle fibres near the 
equatorial region. The centromeres remain clearly apart from 
each other and face the opposite poles while the arms of the 
chromosome pairs lie towards the equator.

3. Anaphase I: There is first a repulsion and then movement 
of the two centromeres of the homologous chromosomes towards the opposite poles of 
the spindle in anaphase I (Fig. 12.12A). A 
centromere carries either a paternal or a 
maternal chromosome to one pole but not both 
the chromosomes. This actually reduces the 
chromosome number from diploid (2n) to 
haploid (n), which is the main feature of meiosis 
or reduction division.

Zoology and Botany Practical

Fig. 12.11. 
Metaphase I of 

meiosis I

!

■4. Telophase I: A nuclear membrane 
develops around each group of homologous Fig. 12.12. Anaphase I of meiosis I; (S),

Telophase i of meiosis ichromosomes present on the two opposite poles 
in the form of a compact group in telophase I
(Fig. 12.12B). The nucleolus reappears. Both the so formed daughter nuclei contain 
haploid number (n) of chromosomes, and each chromosome contains a pair of I: 
chromatids. Both the daughter nuclei may or may not be separated by a plasma 
membrane and soon pass on to the next division, i.e., meiosis division II.

i

Meiosis Division II I j
' '!This division includes almost all the phases found in mitosis. Four different phases ]i 

which constitute meiosis division II are prophase II, metaphase II, anaphase II and 
telophase II, and main events of all these four phases are discussed below:

1. Prophase II: The chromosomes split into chromatids in both the haploid nuclei 
and cells formed after meiosis division I. The splitted chromatids remain connected : \ 
only at the centromeres. The chromosomes start coiling and become shorter and ■ 
thicker. The nuclear membrane and nucleolus start disintegrating and some spindle 
fibres also start appearing.

2. Metaphase II: The chromosomes get arranged in an equatorial position in the 
newly-formed spindle. Very soon, the chromosome pair separates, of which each i
contains its own centromere. This is a very short phase of meiosis divison II. j t

' 1 !'3. Anaphase II: In this phase, the two sister chromosomes of each pair start to move !;
towards the opposite poles of the spindle. They are drawn towards the opposite poles by 
their centromeres.

4. Telophase II : Each polar group of chromosomes gets enveloped by a nuclear 
membrane, and there is the reappearance of nucleolus. Four cells are formed by j ! 
cytokinesis, and the nucleus in all these so formed four young cells contains haploid I 
number (n) of chromosomes. In this way, four haploid cells result from a single diploid cell |! 
in the process of meiosis.
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Significance of Meiosis
In the process of sexual reproduction, the male and female gametes fuse to form a 

zygote, which gives rise to the new offsprings. If the gametes contain the same number 
of chromosomes as that of their parents, the offsprings would have an ever-increasing 
chromosomes number in all future generations to come, and this might have resulted 
always in the formation of new and peculiar types of offsprings, much different from 
their parents. To solve this problem, nature has provided the phenomenon of meiosis to 
all sexually reproducing plants and animals. Meiosis maintains the haploid nature of 
gametes.

DNA, the sole hereditary material, is distributed equally among the gametes by the 
process of meiosis.

Meiosis forms spores (n) from the spore mother cells (2n.) and thus maintains the 
alternation of generations in organisms.

Cell-Division (Mitosis and 
Meiosis)

• 12.3. METHOD OF PREPARATION OF PERMANENT SLIDE FOR CELL 
DIVISION
The slides can be prepared as follows:
1. Invert the slide in a solution of 45% acetic acid so that the coverslip floats on.
2. Pass the slide a;s well as coverslip in a grade of 45% glacial acetic acid and T.B.A. 

(1:1). Only a dip should be given.
3. Give a dip in pure tertiary butyl alcohol (T.B.A.).
4. Mount in euparol.

EXERCISE No. 1
c«lyptro0»nObject: To prepare and study slides for meiotic 

stages using plant material.
Requirements: Plant material (male flowers of 

Bajra or Maize or some other plant), needle, 
acetocarmine, slides, coverslips.

Method: 1. Take the male flower buds of the 
given material and arrange them in gradual 
sequence from smallest to largest in size.

2. Dissect out the anthers from the flowers and 
keep one of them in a drop of acetocarmine. Put the 
coverslip and press it a little with the help of needle, 
and observe whether any stage of meiosis is present 
or not. Try again and again so far as you are unable 
to get any meiotic stage.

3. Heat a little to the slide containing any stage 
and squash it again by pressing it with your thumb 
and finger, and study the various available details.

Compare and identify the stage of your slide with 
the Figs. 12.7-12.13 or Fig. 12.16.

root cap

t

ptribtem ptoromo dariMtogan

Fig. 12.13. A part of root tip
Telephase

JJSjEj Anaphase 

* Prophase

I

EXERCISE No. 2
Anaphase• mObject: Preparation and study of slides for 

mitosis using squash technique from root tips. 
Acetocarmine Technique 
Requirements: Fixed onion root tips,

acetocarmine, 45% acetic acid, slides, coverslips.
Method: 1. Cut the distal ends of the root tips in 

45% acetic acid.

* Metaphase

Fig. 12.14. Different stages of 
mitosis
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2. Stain the tips in acetocarmine and put a coverslip.
3. Squash it by gently heating and pressing.
4. Study the different mitosis stages. Compare and identify with the help of the Figs. 

12.1-12.6 or Fig. 12.15.

Zoology and Botany Practical

Leptotene Zygotene Pachytene

Uiplotene Diakinesis Metaphase I

Prop base II

Telophase IIMetaphase II Anaphase II 
Slates of melosis in plantsSlates of mitosis in plants.

Fig. 12.15. Different stages of ceil division

Aceto-orcein Technique ......
Requirements: Onion root tips, aceto-orcein solution, NHC1.
Method: Heat gently for 5 to 10 second, to the glass phial containing root tips and 

9:1 solution (9 parts of 2% aceto-orcein solution and 1 part of. NHC1). Squash the 
material in a drop of 1% aceto-orcein solution. Study it under the microscope. •

Compare and identify the different stages of mitosis with Figs. 12.1-12.6, Fig.12.14 
or Fig. 12.15. ;i

* 12.4. DIFFERENCE BETWEEN MITOSIS AND MEtOSIS (FIG. 12.16)

S. No MeiosisMitosisS. No

Meiosis occurs in the reproductive or 
germ cells.

It occurs continuously in the body or 
somatic cells.

1.1.

Its main purpose is the continuation of 
progeny.

Its main purpose is the growth in the 
body.

2.2.

It is completed in two successive 
divisions or phases which come one 
after the other.

The whole process completes in one 
sequence or one phase.

3.3.
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Cell-Division (Mitosis and 
Meiosis)

Prophase

It completes in a short period, and is 
not divided into subsequent stages.

4. 4. It completes in comparatively longer 
duration, and is divided into five 
sub-stages, i.e., leptotene. zygotene, 
pachytene, diplotene and diakinesis.

In mitosis, the homologous chromo
somes (the maternal as well as 
paternal) undergo replication and 
duplicate into two chromatids. New 
chromosomes are formed by the 
separation of two chromatids. One 
chromatid of each of this maternal and 
paternal chromosome passes into the 
daughter cell. Therefore, the character 
and number of chromosomes of 
parental cells are maintained by the 
daughtercells.

In meiosis, out of the two homologous 
chromosomes, only one type of 
chromosomes (i.e., either maternal or 
paternal) move to the daughter cells. 
Therefore, a daughter cell receives 
either a maternal or a paternal 
chromosome of the homologous pair. 
Thus, the chromosome number in the 
daughter cell remains half than that of 
the parental cells.

5. 5.

In meiosis, the pairing or synapsis 
occurs between the homologous 
chromosomes.

There is no pairing or synapsis 
between the homologous chromo
somes.

6.6.

7.7. Crossing-over takes place in meiosis.No crossing-over takes place.

Chromosome splitting or duplication 
takes place in the late prophase stage.

Chromosome duplication takes place 
in the early prophase stage.

8.8.

Pairing of homologous chromosomes 
takes place. This pairing results into 
the formation of bivalents.

There occurs no pairing of chromo
somes.

9.9.

In between the homologous chromo
somes or chromatids, the exchange of 
genetic material takes place.

In between the homologous chromo
somes there is no exchange of genetic 
material.

10.10.

Metaphase

The chromatids of two homologous 
chromosomes are in the form of 
tetrads.

The chromatids are present in the form 
of dyads.

11.11.

The centromeres of the tetrads face 
towards the poles.

12.The centromeres of the dyads remain 
directed towards the equator.

12.

The centromeres do not divide mainly 
because they represent identities.

13.13. The centromeres divide into two.

Anaphase

14. The chromosomes are thick and short.14. The chromosomes are thin and long.

The chromatids are unpaired, i.e., 
either maternal or paternal.

15.15. The chromatids are paired.

Telophase

The telophase is of universal 
occurrence.

16. The first telophase may or may not 
occur.

16.

The telophases are two in number.17.17. The telophase is single.
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Zoology and Botany Practical Significance

18. After mitosis, the chromosome number 
of each daughter cell remains the 
same as that of the parent cell.

After meiosis, the chromosome 
number in each daughter cell is 
reduced to half than that of the parent,

18. !

cell.

19, From a diploid cell, four haploid cells 
are formed in the process of meiosis.

From one diploid cell, two diploid cells 
are formed in the process of mitosis.

19. A

20. The characters shown by the parent 
cells are also shown by the daughter 
cells formed after mitosis.

The resultant daughter cells exhibit 
•characters different from that of their 
parent cells

20.
4-

•f21. Meiosis is responsible for the 
occurrence of variations in nature.

Mitosis has no effect on the occurrence 
of variation in nature.

21.

ii

« i

r

i
i

%

,>•

■1
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UNIT Karyotypes

KARYOTYPES
STRUCTURE; '

•4 What is Karyotype ?
• Study of C-Metaphase and Karyotypes

LEARNING OBJECTIVE
After going through this unit you will learn :
• Karyogram or idiogram.
• Study of C-metaphases and karyotypes.
• Calculation of F%.

• 13.1. WHAT IS KARYOTYPE?
The physical appearance of chromosomes from a species or an individual as seen at 

mitotic metaphase is called a karyotype. Cells from root meristem are commonly used 
for obtaining karyotype. These cells are suitably stained, usually with acetocarmine or 
acetic orcein.

The shape, size and number of chromosomes in a set is usually highly characteristic 
of a species and is often also constant within a genus. Karyotype is most conveniently 
studied by forming a karyogram. A karyogram or idiogram is a photograph or 
drawing- of the chromosomes present in an individual in which the chromosomes are 
arranged in homologous pairs in an agreed conventional sequence.

EXERCISE
Object: To study C-metaphases (or spreading of chromosomes at metaphase) and 

karyotypes.
Principle: At metaphase stage of mitosis, the chromosomes assume the most 

condensed structure, and their length, shape and size-differentiation assume 
cytotaxonomic importance. Individual chromosomes can be easily identified at mid- 
and /ote-metaphase.

Requirements: Onion bulbs (or leaf tips or very young buds of plants), 
paradichlorobenzene (or aesculine or toluidine blue or haematoxiline or acetocarmine 
1%), microscope, slide, coverslips, camera lucida.

Method: Give due consideration to the following to obtain C-metaphases :
1. We should know the active mitotic period of the material to be studied. This will 

ensure obtaining maximum number of metaphases at the time of pretreatment of the 
material.

2. We should know which pretreatment agent (or chemical), its concentration and 
dilution is more effective on the material. Saturated aqueous solutions of 
paradichlorobenzene and aesculine give satisfactorily good results in plants.

3. Onion roots must not be older than 48 hours. For studying karyotypes in fresh 
materials, leaf tips of very young leaves or buds can.be used.

4. Pretreatment should be done at 12-15°C as far as possible. Early morning hours 
are best for this purpose.
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Fig. 13.1. A cell showing C-metaphase in garlic; 16 chromosomes are arranged in karyotype

5. Roots should be transferred to fixative, after treatment. I
6. Stain the material with 1% toluidine blue/haematoxylin or acetocarmine and 

study under high power of microscope.
7. Measure the chromosomes with the help of your already caliberated microscope 

and draw the diagrams (Fig. 13.1).
8. Arrange the chromosomes according to the position of centromere and calculate 

the arm ratio. (First of all chromosomes should be arranged according to their total 
length, the biggest pair as first and the smallest the last. Then the chromosomes should 
be separately arranged as per position of centromere).

Calculate F% using following formula :
Length of Short Arm ^ jgg 
Length of Long Arm

While doing the karyotypic comparison of different species note the following points 
as far as possible :

(i) Variation in size of the chromosomes.
(ii) Variation in centromeres.
(iii) Position and number of satellites.
(iv) Variation in basic chromosome number.

F% =
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Special Types of ChromosomesUNIT

SPECIAL TYPES OF CHROMOSOMES
u r. 'r/.iSTRUCTURE
• Polytene Chromosome or Giant Chromosome
• B-Chromosome or Supernumerary Chromosome
• Chimaera
• Inversion Bridge
• SAT-Chromosome

LEARNING OBJECTIVE U *
After going through this unit you will learn :
• Preparation of acetocarmine squash of giant chromosome from salivary glands of Drosophila.
• Morphology of B-Chromosome in maize.
• Formation of the inversion bridge.
• Characteristics of sat-chromosome.

• 14,1. POLYTENE CHROMOSOME OR GIANT CHROMOSOME

Object : To prepare acetocarmine squash of giant chromosome or polytene 
chromosome from salivary glands of Drosophila.

Scale H---- 1 mm——|

Gonoflon
Q*oryJ L-Stemoch

Mrocheo body Salivary gland

arms of 
chromosome 11

chromocantr*'

X-chromosome £

arms of
chromosome fV chromosome Iff 
Salivary Stand Chromosoma

B

Fig. 14.1. (A), Dorsal view of a larva of Drosophila melanogaster 
showing salivary gland; (6), Giant chromosome of salivary gland
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Zoology and Botany Practical Requirements : Drosophila melanogaster larvae, NaCl, acetocarmine solution 
(1%), slides, coverslips, glacial acetic acid, rubber-fitted glass rod, filter paper, 
microscope, spirit lamp, dissection box.

Method: 1. Pick out the largest larva oiDrosophila with a fine forceps, place it on a 
clean slide and put a drop of 0.78% saline water (NaCl).

2. Dissect out the salivary gland of the larva which is a Y-shaped, bilobed structure 
with thin strips of whitish fat.

3. Put the salivary gland in 1% acetocarmine stain for about 10-15 minutes and 
transfer the stained gland on a slide.

4. Put a drop of glacial acetic acid (10%) on the stained salivary gland and then put 
the coverslip.

5. Press it by a rubber-fitted glass rod or by thumb, heat gently and squash.
6. Use a small piece of filter paper to absorb extra fluid. Observe the slide under 

microscope.
Observations: Giant chromosomes of salivary gland (Fig. 14.IB) are now clearly 

visible. These are also called polytene chromosomes. Distinct transverse bands are 
present on these chromosomes, which also show following characteristics:

1. These are commonly known as giant chromosomes or salivary gland chromosomes 
or polytene chromosomes.

2. They were first observed by Balbiani in 1881.
3. Each chromosome is made up of two homologous chromosomes which are loosely 

twisted around each other.
4. These are much larger than the somatic chromosome at metaphase.
5. Each chromosome is made up of dark and light bands.
6. Dark bands are rich in DNA. RNA and proteins are, however, also found.
7. Interbands show no staining with basic dyes. They contain small amount of 

nucleic acid and proteins.
8. Puffs and Balbiani rings are present in these chromosomes.
9. Drosophila salivary gland contains 4 haploid pair of giant chromosomes.
10. Functions of polytene chromosome include the following:
(i) They help in nucleic acid synthesis.
(ii) They help in the protein synthesis indirectly.
(iii) They help in the formation of nuclear material from heterochromatin.

• 14.2. B-CHROMOSOME OR SUPERNUMERARY CHROMOSOME
1. The nuclei of some animals or plants contaih one or more chromosomes in addition 

to normal chromosomes. These additional chromosomes are called B-chromosonies or 
supernumerary chromosomes.

2. First described by Wilson in 1905 in Metapodius, an insect, these chromosomes 
have now been reported in several plants and 
animals.

3. These chromosomes are generally smaller 
than other members of the chromosomal 
complement.

4. Structurally, these chromosomes are mostly 
heterochromatic in nature. But in Tradeschantia,
B-chromosomes are completely euchromatic, while 
in maize they are partly heterochromatic and 
partly euchromatic (Fig. 14.2).

5. In most of the grasses, B-chromosoines are 
smaller than normal ones and they can be distinguished easily.

^ distal 
heterochromatin

proximal
heterochromatin - proximal 

euchromatin

^•^centromere
Fig. 14.2. Morphology of 
B-chromosome inmaize.
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• 14.3. CHIMAERA Special Types of Chromosomes

1. This is a twig of Bougainvillea bearing flowers of two different colours (pink 
well as white) on the same axis.

2. It is due to chimaera. Chimaera are a type of plants whose tissues are of more than 
one genetic kind. This can happen due to mutation in a cell of a very young plant, or can 
be caused by grafting.

3. White flowers are produced by the tissues responsible for white flowers, and pink 
flowers on the same branch are produced by the tissues responsible for pink flowers.

as

• 14.4. INVERSION BRIDGE
1. The slide shows a meiotically dividing cell at early telophase stage.
2. A dicentric chromosome bridge and an acentric fragment in the form of a dot in 

between two poles are also visible in the slide.
3. Because of the presence of acentric fragment, the bridge is due to paracentric 

inversion.

a00B a
dC
c

^iiE bf:
F I
G 0

A
Fig. 14.3. (A-C), Showing formation of the inversion bridge.

4. In the formation of the inversion bridge.
(i) crossing-over is seen in between two chromosomes having heterozygous 

paracentric inversion (Fig. 14.3A);
(ii) diplotene stage shows a chiasma within the inverted segment (Fig. 14.3B), and;
(iii) at anaphase I stage is seen a chromatidal bridge and an acentric fragment (Fig. 

14.3C).

• 14.5. SAT-CHROMOSOME
1. This is a chromosome possessing a satellite, and hence is called SAT-chromosome.
2. Heitz (1930) mentioned that the word ‘SAT’ stands for Saine-Acido- 

Thymonucleinico (without thymonucleic acid).
3. In these chromosomes, the secondary constriction marks the formation of a round 

or elongated body called satellite.
4. A thin chromatin filament separates the satellite from the remaining 

chromosome.
5. In diameter, the satellite may be smaller or similar to that of chromosome.
6. For each particular chromosome, the satellite and filament are always constant in 

form and size.
7. This is clearly seen in the mitotic metaphase stage because in such slides nuclear 

membrane and nucleolus are absent and the chromosomes are thick and short.
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Zoology and Botany Practical UNIT

LAWS OF INHERITANCE EXERCISES

K ’ • • • • •

STRUCTURE1' :!

• Monohybrid Cross Exercises
• Dihybrid Cross Exercises

i'!•
LEARNING OBJECTIVE

After going through this unit you will learn :
• Monohybrid and Dihybrid Cross Exercises

• 15.1. MONOHYBRID CROSS EXERCISES
Q. 1. What will be the appearance of (a) Fj and (b) F2progenies when a pure (homozygous) 

tall pea plant is crossed with a pure (homozygous) dwarf pea plant?
Tallness (T) gene is dominant over dwarfness (t) gene.
Solution : Pure (homozygous) tall pea plant = 7T.
Pure (homozygous) dwarf pea plant = tt 
(a) Parents :

Pure (homozygous) x Pure (homozygous)
dwarftall

TT tt

Gametes: T t

(Heterozygous Tall)
Thus, the offsprings ofFj generation will be heterozygous tall.
(b) Here, the F\ hybrids, i.e., heterozygous tall (Tt) are self-pollinated which may 

result into following possibilities :
Fi Heterozygous Tall x Heterozygous Tall

(Hybrid)

(Tt)(Tt)
i:

Gametes: T t
T

TtTT
Pure (Homozygous) 

Tall
Heterozygous

Tall
T

Tt tt
Pure (Homozy- 

gous dwarf)
Heterozygous

Tall
t

Therefore, 3 plants will be tall and one plant will be dwarf in F2 generation showing a 
ratio of 3 : 1.
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Results : (a) The result of F\ would be the production of heterozygous tall (Tt). (b) 
The result of F2 would be the production of tall and dwarf in a ratio of 3 :1. Out of 3 

tall plants one would be pure (homozygous) tall (TT) and two would be heterozygous tall 
(Tt). The dwarf would be a pure homozygous dwarf (tt).

Laws of Inheritance Exercises

' v
Q. 2. When a plant homozygous for tall is crossed with a plant homozygous for dwarf what 

will be the appearance of the offsprings of a cross ofFi with its tallparent ?
Solution : When a plant homozygous for tall (TT) is crossed with a plant homozygous 

for dwarf (tt) the offsprings in the Fi will be the production of heterozygous tall (Tt) as 
shown above in Exercise No. 1.

Now such a heterozygous tall (Tt), when back-crossed with its tall parent (TT), will show 
the following results :

Parents : x

Gametes: T T Tt
T t

TT Tt
(Homozygous tall) (Heterozygous tall)T

TtTT.
(Heterozygous tall); (Homozygous tall)T

. Results : In such a case, all the plants will be tall.
Q. 3. When a plant homozygous for tall is crossed with a plant homozygous for dwarf what 

will be the appearance of the offsprings of a cross of F\ with its dwarf parent ?
Solution : When a plant homozygous for tall (TT) is crossed with a plant homozygous 

for dwarf (tt), the offsprings in the Fj will be heterozygous tall (Tt).
When such heterozygous tall (Tt) is back-crossed with dwarf parent (tt) the following will 

be the result:
Parents : x

Gametes: T t t t
T t

Tt tt
(Homozygous dwarf)(Heterozygous tall)t

Tt tt
(Homozygous dwarf)(Heterozygous tall)t

Result: In such cases, the resu t would be the production of tall and dwarf in a ratio of
1 : 1.

Q. 4. Work out for the genotypes of the parents of the cross betweeen a tall and a dwarf pea 
plant which result into about one half of the tall and one half of dwarf offsprings.

Solution : Because the ratio is 1:1, so it is a test cross between a pure dwarf (tt) and a 
heterozygous tall (Tt). The genotypes may also be shown as follows :

Heterozygous tall (Tt)

If
T t
Tt tt

'a (Pure dwarf)(Heterozygous tall)CO
S — TtTtT5

4-Ja (Pure dwarf)(Heterozygous tall)
3
(X
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Heterozygous tall (Tt) will form the gametes T and t. Pure dwarf (tt) will form the 
gametes t and t.

Result: Heterozygous tall = 50%, Pure dwarf = 50%, A ratio of 1 :1 will be resulted. 
Q. 5. Work out the probabilities of the offsprings in a case when heterozygous tall hybrids of 

F\ generation are self-fertilized.
Solution : Heterozygous tall hybrids are represented as Tt.

Heterozygous tall (Tt)

Zoology and Botany Practical
S'

IiV. i■’rv
T t

t/i

Tt ttis (Dwarf)(Tall)
S S3 a b TT tt

(Tall) (Tall)<uX

Result: A ratio of 3 (tall): 1 (dwarf) will be resulted. So, tall offsprings will be more in 
number.

Q. 6. What will be the result in F\ generation when a homozygous white male rabbit is 
crossed with a homozygous black female rabbit ?

Also work out the back cross.
Solution :
Parents : Homozygous 

black female
Homozygous 

white male
x

(MO (BB)

i •

Gametes:
l
!
I

F\ :
(Heterozygous black)

So, the result will be heterozygous black.
i

(a) Back Cross With Male Parent:
Heterozygous 
black female

Homozygous 
white male

x

(MO(fib)
tr
r

Gametes:

BbBb
(Black)(Black)B

bbbb
(White)(White)b

!
Result: 50% Black {Bb) and 50% white (bb). !•

•r
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(b) Back Cross With Female Parent (BS) :
Parents: Heterozygous x

black male 
(Bb)

Laws of Inheritance Exercises

Homozygous 
black female

(BB)

bGametes: B B B
bB

BbBB
B (Homozygous

black)
(Heterozygous

black)
BbBB

(Heterozygous
black)

B (Homozygous
black)

Result :. 50% Homozygous black and 50% heterozygous black
Q. 7, How can we produce such seeds which, when sown, yield pink-coloured Four O’ clock 

plants ?
Solution : Pink coloured Four O’ clock plants are generally the hybrids and can be 

produced by crossing the homozygous red flowered plants with homozygous white flowered 
plants as under:

Parents : Homozygous x 
red plants
im

Homozygous 
white plants
(rr)

Gametes : R

Fi (Hybrid) :
(Pink)

Q. 8. What type of the gametes and flower colours of the offsprings would be.produced in the 
following crosses ?

■ (a) RRx rr (b) Rr xRr.
(a) In case of R H x rr :

RRParents : 
Gametes:
On Crossing ; 
R .R ->R

x rr
randrR and R

R
r r
i RrRr

(Pink)(Pink)r
RrRrr

.(Pink)(Pink)
.Result: All the flowers will be pink-coloured, 
(b) In case of Rr x Rr :
Parents: ;Rr
.Gametes : . R and r

.Rr.x
...R an d r

On Grossing :•* • *.v*

R r.. ■ R r
R r
i RrRR

(Pink)(Red)R
Rr rrr

(White)(Pink)
Result: A ratio of 1 (Red) : 2 (Pink) : 1 (White) will be produced.

i
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Q. 9. What type of gametes and the flower colours of the offsprings would be produced in the 
following cross ?

Zoology and Botany Practical

Rr x rr.
Solution : 
Parents : 
Gametes:
On Crossing :
R r R

Rr x rr
j1

R and r r and r

r
r r
i Rr rr

(White)(Pink)r
Rrr rr

(Pink) (White)
Result: 50% pink and 50% white flowers'Would be produced.
Q. 10. What type of gametes and flower colours of the offsprings would be produced in the 

following cross:
Solution :
Parents :
Gametes : R and R
On Crossing;

RRx Rr

RR x Rr
R and r

R R -> R R
R r
i RR RR

(Red)(Red)R
Rr Rrr

(Pink)(Pink)
Result: 50% red and 50% pink flowers would be produced.

i
• 15.2. DIHYBRID CROSS EXERCISES

Q. 11. What will be the result ofselfing the Fj generation in a cross when round andyellow 
seeded pea plants (YYRR) are crossed with green and wrinkled - seeded pea plants (yy'rr) ? 

Solution : It is an exercise of dihybrid cross.
Yellow Round x Green Wrinkled 

YYRR
Parents :

yyrr

1
Gametes of P Generation YR yrx

i
YyRr

Yellow RoundFi
i

Male gametes of Fj
1

1 ' 1T T
yR JYr yrYR

YYRr
Yellow
Round

YyRR
Yellow
Round

YyRr 
Yellow , 
Round

YYRR
Yellow
Round

YR

C
YYrr

Yellow
Wrinkled

YyRr Yyrr'o YYRr
Yellow
Round

Yr Yellow
Wrinkled

Yellow(A
QJ
5 Round6 Fire yyFr

Green
Round

YyRr yyRR
Green
Round

YyRR
Yellow
Round

00
— yRjy Yellowre

B Round
& YyRr Yyrr

Yellow
Wrinkled

yyRr
Green
Round

yyrr
Green

Wrinkled
Yellowyr
Round
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Result: The result will be yellow round (9), yellow wrinkled (3), green round (3) and 
green wrinkled (1). So, it shows the ratio of 9 : 3 : 3 : 1.

Q. 12. When round and yellow seeded pea plants (YYRR) are crossed with green wrinkled 
(yyrr) seeded pea plants the Fj are yellow and round seeded plants (Yy Rr).

What will be the result when this Fj is crossed with round and yellow seeded parents ?
Solution: ■
Following results may be obtained when Fj (YyRr) are crossed with pure yellow and 

round seeded parent (YYRR).

Laws of Inheritance Exercises

Parents : YYRRYyRr x
i i

Gametes: 
Parents : 
YyRr-± 
YYRR

YR, Yr, yR, yr YR

YrYR yR •• yr
YYRr

(Yellow
Round)

YyRR
(Yellow
Round)

YYRR YyRr
>1 (Yellow

Round)
(Yellow
Round)YR

Result: All the plants will be yellow and round seeded.
Q. 13. When round and yellow seeded pea plants (YYRR) are crossed with green and 

wrinkled (yyrr) seeded pea plants the Fj are yellow and round seeded plants (YyRr).
What will be the results when this Fj is crossed with green and wrinkled seeded (yyrr) 

parents?
Solution: Following results will be obtained when F\ (YyRr) are crossed,with green and 

wrinkled seeded (yyrr) parents:
Parents: YyRr x yyrr

ii
Gametes: 
Parents : 
YyRr 
yyrr

YR, Yr, yR, yr yr

Yr yRYR YL
Yyrr

(Yellow.
Wrinkled)

yyRr
(Green
Round)

YyRr
(Yellow
Round)

yyrr
(Green

Wrinkled)
i
yr
Result: Four different kinds of plants (yellow round, yellow wrinkled, green round and 

green wrinkled) in 1:1 :11 ratio would be formed.
Q. 14. Find out the phenotypic appearance of the offsprings of the following cross, in which 

the genotypes of the parents are given : 
yyRr x Yyrr

Solution: It is an exercise of dihybrid ratio. It is based on the facts that yellow colour is 
dominant over green character, and the roundness is dominant over wrinkledness.

Parents: yyRr Yy rrx

yR yr Yr yrGametes: 
Parents:

yyRr-> yR yr
Yy rr
i Yyrr

(Yellow Wrinkled)
YyRr

(Yellow Round)Yr
yyRr

(Green Round)
yyrr

(Green Wrinkled)yr
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Zoology and Botany Practical Results-: A ratio of 1 (yellow round) : 1 (yellow wrinkled): l (greein:round): 1 (green 
wrinkled) will be pfodiiced-

Q. 15. Fihdoutthe phenotypic appearance of the offsprings of the following cross, in which 
the genotypes of the parents are given.

YyRr x Yyrr
Solution : It is an example of dihybrid ratio where yellow character is dominant over 

green, and round is dominant over wrinkled.
Parents: YyRf Yyrrx

i
Gametes : YR, Yr, yR, yr 
Parents :
YyRr-*
Yy rr

Yr, yr
l!

YR Yr yR yr
YYRr YY rr 

(Yellow 
Wrinkled)

YyRr
(Yellow
Round)

Yyrr
i (Yellow

Wrinkled)
(Yellow
Round)Yr

YyRr Yyrr yyRr
(Green

yyrr
(Green(Yellow (Yellowyr

Wrinkled)Round) Wrinkled) Round)
Result: A phenotypic ratio of 3 :3 :1:11. e., 3 (yellow round): 3 (yellow wrinkled): 1 

(green round) : 1 (green wrinkled) will be produced.
Q. 16. Find out the phenotypic value of the offsprings of the following cross, in which the 

genotypes of the parents are given :
YYRr x

'5

YyRr
Solution : In this exercise of dihybrid cross, the following phenotypic offsprings will 

result:
YYRr YyRrParents : x

ii
YR, Yr, yR, yrGametes : 

Parents : 
Yy.Rr 
YYRr

YR, Yr

YR Yr yR yr
YYRR

(Yellow
Round)

YYRr YyRR
(Yellow
Round)

YyRr
i " (Yellow

Round)
(Yellow
Round)YR

YyrrYYRr YYrf YyRr
(Yellow (Yellbw

Wrinkled)
(Yellow
Round)

(Yellow
Wrinkled) Round)

Result: A ratio of 6 : 2 i.e. 6 (yellow round) : 2 (yellow wrinkled) would result.

'!
;l

l!
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Inheritance of Linked Genes 
Exercises

U N I T

INHERITANCE OF LINKED GENES 

EXERCISES

STRUCTURE
• Inheritance of Linked Genes

LEARNING OBJECTIVE
After going through this unit you will learn : 
• Inheritance and Linked Genes

Q. 1. Of what type will be the children with reference to colour blindness, when a man 
is colour blind and his wife is normal ?

Solution: The cause of the colour blindness is the presence of recessive, (c) gene on the 
X chromosome.

Because man is colourblind (Xs Y) and his wife is normal(XX), following will be the 
results while crossing:

Woman
XX

Man
XCY

XX° Y XGametes :
X0 Y

XX?
Carrier Daughter

XY
Normal Son

X

XYXX2 :X
Normal SonCarrier Daughter

Following will be the result after fertilization :
(i) XX?, i.e., normal but carrier daughter.
(ii) XY, i.e., normal son.
Results: No child will be colour blind.
Q. 2. When a haemophilic male is mated with a heterozygous haemophilic female, 

what haemophilic proportion will result in each sex ?
Solution : Haemophilia is a disease that causes delayed clotting of blood. It is due 

to a recessive gene located on X chromosome.
Haemophilic gene is represented by ‘h’
Haemophilic male = XhY 
Heterozygous haemophilic female = XhX 
Gametes : XhYXh and Y 

XhXXh and X
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Zoology and Botany Practical YXhYXhParents : XhX
XhY

Haemophilicson
XhXh

Haemophilic daughterXh
XYXXh

Normal sonOne carrier daughterX
Results: One haemophilic daughter 

One carrier daughter 
One haemophilic son 
One normal son.

Q. 3. WTien. a haemophilic male is mated with a homozygous non-haemophilic 
female-What will be the result ?

Solution: Haemophilic male = XhY 
Homozygous non-haemophilic female = XX

XhY XXParents : x
ii
X and XXhand Y 

Parents :' XX ->____ Xhy Xh
Gametes :

Y
i XYXhX

Carrier daughter Normal sonX
XYXhX

Normal sonCarrier daughterX
Result: A ratio of 2 (carrier daughter) and 2 (normal son) will be produced.
Q. 4. Of what type will be the children with reference to colour blindness, when a 

woman is colourblind and her husband is normal ?
Solution: Colourblind woman = XCX 
Normal man - XY 
Parents : ATXCX

YGametes: A5 
Parents: XY

X X
XCX X? X

1 XA
Normal daughter

ACA
Carrier daughterA

XT
Colourblind son

AY
Normal sonY

Result: In such a case, one normal son and one colourblind son, and one normal 
daughter and one carrier daughter would be resulted.

Q. 6. When both the parents are colourblind, can they produce a normal daughter ? 
Solution: Parents: Woman (XX17) Man (XT

ii
Xf and Xf X? and YGametes:

Parents : XfXP -+ Xc 
XCY X?X?
i XCXCxcxc
X?

XTACY
Results: The above results indicate that the colourblind gene (c) is passed to both 

the A chromosomes of the daughter and so no normal daughter can be produced.

Y

s
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