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1. - Principles of Classification and
Binomial Nomenclature

In. a Library or a Store all the “articles are orderly
arranged. This order helps ' in finding the right. thing in right
place. = It quickens the work and avoids confusion. Such orderly
arrangement - is. called . classification. Its purpose .is to  create
an;order in disorder. i : = A : A

The ‘assembling ' of ' animals
similarity Yis called classification. -
is called taxonomy. LINNAEUS
| of taxonomy. :

into " ‘groups < based on’ their
The science of! classification
is referred to as the father

Types of Classification 2

_f.ﬂ:m.ﬂm.mﬁmﬂ:ﬂwmnwu.m.m “of classification.
follows: hCesi i

i

They ' are as

1. Natural Classification
2. Artificial Classification and
3. Practical Classification

1. Natural Classification -

...w__mmmm.r_nm__ﬂ_a:m_ is based on two “factors  namel
cal similarities of many cha acters and 2. Commor
1is system of Classification followed in the i

Arti ...n.mm_ O...mhmm:omn.mo: : . Ot :

. This - Classification ' is' based on the - following factors:
Animals ~are classified  based . on ‘their habit, habitat etc.
example, animals are classified into oviparous and vivipa-
fous: They are classified into carnivores, herbivores and omni-

vores on the basis of their food habits. s

2. Animals are classified based on the places where they
For _example, animals are classified . into aquatic, terres-
trial ‘and _aerial. . it ]

3. Practical Classification

is . classification is based on the  utility of animals to
Eg. Animals are classified into harmful animals and useful
als.  ‘Similarly they are “classified into edible animals and
inedible animals. . :

3
Units of Classification

All animals are placed in a very large group called
énimal kingdom or animalia. The animal kingdom
3 large groups called i phyla are divided

Joups called clase are divided into still
“."..c_._ﬁ_m called orde orders are divided int
hally each genus i into smallest groups callec
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: two words.,
system, each animal is named by :
._M nm:wa mm:mla name m:a njm mmoo:n_ an
. _q.m.:n. " The" gener

s m:m m_umo_mm name.’
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Animal Kingdom . Sl : | Trinomial Nomenclature :
Phylum ] % . ; .. Trinomial" momenclature is 'a method: of naming the .
Class . 4k : | animals. Here each animal -is named by three words, - The
Ocher 22 | first word represents the genera, the second word represents
g & y ] the. species. and the third « wdrd. represents - the  sub -species.
Genus i 1 This ‘'system is followed when -there are two jor more varieties
Species. S | (sub species) within a species.

Eg. The house crow: oozﬁm_:m
: the main units of -classification. '~ Sometimes | many varieties and they are named as follows: :
-These are e : .

e main units are subdivided into subunits by uamﬂu:xw.:m_mm:w%m Corvus splendens splendes
LS ey ; ¥ . € 3 .
or super.. For mwnm_.:w_nmw Sub-phylum, Sub O_wwm. ", gl . . | Corvus splendens insolens . House crow of Burma
Sub-order, Super-order, . : ] W m

-

« | Crovus splendens protegatus . House crow ‘of Omw_o:
Species 3 7 : R
Species is the ‘smallest “unit of “classification.  Species Rules of Zo-:m:n_mn:nm

~ House crow of India m:a _um?_mnm:.

is defined as a group of genetically similar individuals ,which ; ;

The _:nm_.:mﬁ_o:mh OOSB_mm_o_._ on Nco_om_om_ Zoaman_mn:ﬂm

?mamaomﬂnm_: n:_mm _: dwod *oﬂ :ma_:@ ﬁ:m m:_:._m_m. . They
are the 3:02.:@ ..

interbreed among themselves. _ So there is free gene H_wi.....
between the.members of a m_umo_mw.
Binomial Zoamzo_mncﬂm ; 3

The binomial nomenclature ‘was proposed by . h\n::amm&.
(1737). It is a system of naming animals: - boooa_sm ‘to this

1. All the m:_Em? chn be named by Te_o s__o,_dm 95035:
The subspecies can be named g three s_oam ?ﬁ_:o:,__m:

. w._:ommm mmﬁm_.m, names _have ._umm: w.<m: no m '8 :m__m
animal by different ‘scientists, the earliest - ‘name | to Um
.oo:mamﬂma valid, #:m n_:_u:omﬂm names are- nm__mn mz:o:n:_m-

3. mn_m:ﬁ:n_o names’ m:o:_n_ be derived ?oa rmf:.

mnmo_mm naime starts é;: a small letter. Eg. «umlc_msmnm ma.m

cana. Periplaneta is the generic name m:a N_.zmﬂ.ow_..m 40 THE :genud Snams e a single word," At must Umo_: s::._
: : a omu_ﬁm_ letter. : : i

Ec.,x_:n of the systems of O.mmw_?omn_o: 5, The species name may . _um.., - w:,m“m o ooauocza 20 n_
~and Nomenclature : :

‘must begin with a lower letter.

._.:m :._m_”:oa n; o_mwm_d\_:m and naming n:_:._m_m
...ww__u. cnamﬁwnoca U< wn:au::m_ nmvmlioﬂa and ?0@. =

6. The scientific ‘name should be printed ‘in italics. .:n_...
“Unit ek e dTapeworm i s S O g

is :m:aéﬂ_nﬁm: or typed, ditimust ‘be underlined: to _:a_omﬁm ;m:nm..
7. The name of n:m /m:ﬂjo,\. who ?ﬁmﬂ Dcc__mrom the. :mam.

R 4 : 5 _ -, should follow the vnmo_mm :m:,_m. Eg. Rana w_mq_:m _umca.. %
‘Kingdom - Aniamalia Animalia W
s v Platyhelminthes : Ojoﬂﬂ.mmm . hen the name ‘is o:m:mmn_ the original mc_nzo_.m name
Mq<m,w_3 : . Cestoda - Amphibia is given in Umﬂmzﬂrmmmm. . 3

m o 1 Tk 7 o > i
Order - i Taenioidea ] o Aoura, . 9. The name of m:m family is derived by maa_:m idae to
Genus . = .._._......m.._.mm:mw W.mh%aumn R ,»:m name of ‘the genus. Eg. Trypanosomatidae. The name_of'
- Species = 4. . solium i =

sub-family is derived by adding inae. Eg. m:u_m:o_a.:mm.

O:mqmnnm._.m used in O_mmm_:omn_o: uﬁcm:nm ot Wordant
In o_umm:i:@ animals, ‘the following characters

The scientific nomenclature has the
considered:

following advantages:

1. Each and every animal has been

1. Levels of oﬁ,@m:.wmﬂ__o: tific name.

2. Sym —:_.:n:‘

provided with a scien-

2. One pame m;é_...;& refers to only one animal,
layers international.
like nematocysts in  Platyheiminthes L 1O
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scientific name ' Canis.

This means that all
inter . related. !

2. Levels of Organization

. relationship among them.

1. Grades of organisation
- 2. Symmetry and
3. Body cavity.

e b menm.m...cw .meuimmﬂo:

; .Jf.mm shows

‘how “cells ...wﬂm m:‘m:mma

1. Acellular grade of organisation

2. Cellular grade of organisation
3. Tissue grade of organisation’:

4. Organ grade of organisation-and
5. Organ-system grade of organisation..

o 1. Acellular or v_.cnov“mm_:_.n a_.mam
et ..Nmn_O: is ,ﬂocna in 1ﬁonoNom. mn. ‘Amoeba. Here m_

...0m__. 43@ UOQ%._m not a_iw_,mnn_mnma :._no om__w.

Yl

ﬁ_mm_,: a mm__

Endoplasm B
_u_mmq_m € >
: _ * icleus

, _...aMOﬁc_uﬂmmB

4. The mn_m:n;_o names are self ammc:ﬁ?c,m and they

these animals are

Animals have omlnm_: cmm_o characteristics which mmnmc:m:

These o:mﬁmogq_mn_om are as *o._os..m. :

in &animals;
1 in_animals. .

This mqmam 94 cﬂm
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- 2., Cellular.  grade: ,::m ‘grade of oﬁm_m:ﬁmn_c: is mxs__u_ﬁma

,
: yf 1
)
d
‘
!

.:..n: ....

. b

d s e SClsnplin nemes 8 nw\m ﬂom_u*m_.m and Mesozoa.” In cellular ‘grade of: oﬂmu:_umzoa.
. Ik . ody Is made up of many cells.  But. the cells are. Joosa
5. < The scientific names ‘ifdicate qm_mn_o:wsﬁ of m::.:m_m ‘and independent. Here :,_m ‘cells ~exhibit a_<_m_o: of _mcorﬂ ao_:@

with one another. The dog, wolf and jackal 'have the same different functions.

Ostium Choanocyte

“Spongocoe} — .

- .?___uﬁ..mxo: ..
= spicule :

-

Amoebocyte
—Ttiaxon m.o_nc__m ]

Emmmrm Hm ahmm . .
3. huo.am:w mbarﬁuw nmhhcmmh
oﬂmmnhumnuoﬁ 9ade, ou. 5k

5 3. ﬁ_mmco grade: j:m
mﬁmam of of mz_waﬂ_o
Oom_mznm.ﬂmnm and Onm:ou_..oﬂm. ‘Here ™ mﬂrm OE:E

gethec to form cmm:mm e Zm_.
1o form. nerve- -nets. . o s “Septoasoile

is seen in
aggregate

_Endoderm . Mesogloea .”...mono.am_.a
e g _—Epithelio
Muscle cejy

Food vacuole-—-
Pseudopodia -~ y  Nerve cell

Gland celj—

Flagella

together

R




Introduction to Taxonomy

Taxonomy is the classification of organisms in an ordered system that indicates natural
relationships. It is a subdiscipline of Systematics which is the study of those relationships.
The word taxonomy is also used in non-biological contexts in to describe any system of
classification. Nomenclature is the study of names of organisms (not the organisms
themselves) and is a subdiscipline of taxonomy. Often you'll see a reference to "taxonomy
and nomenclature™ or "'systematics and taxonomy".

The nomenclature of biological taxonomy is based on Latin, though since the beginning,
errors and inconsistencies have crept in, so it is not completely compliant with the grammar
or usage of Latin.

Carl Linne (1707-1778), who wrote as Carolus Linnaeus, was a Swedish botanist that
developed the taxonomic system, called binomial nomenclature, that is used throughout
Biology. His original system was first published in 1735 under the title Systema Naturae. The
system has evolved over time, but remains essentially the same.

At the top, the Linnaean system designates six Kingdoms: Plantae (plants), Animalia
(animals), Fungi (mushrooms and other fungi), Chromista (brown algae and others), and
Bacteria (prokaryotes). The arrangement, naming and scope of each of those Kingdoms (or
any grouping within them) can vary depending on the person studying and reviewing the
taxonomy, especially with regards to ongoing research in the many fields of study. However,
those groups are generally recognized even by those in disagreement with them.

Stages in taxonomy

It is now well-known that taxonomy of a given group passes through several stages. These
stages are referred to as alpha (analytical phase), beta (synthetic phase), and gamma
(biological phase) taxonomy. Alpha taxonomy is the level at which the species are
characterised and named; beta taxonomy refers to the arrangement of the species into a
natural system of lower and higher categories; and gamma taxonomy is the analysis of
intraspecific variations and evolutionary studies, i.e., study of speciation. But in actual
practice it is rather difficult to dissociate them because these overlap and intergrade. These
are only a few groups of animals (some vertebrates, especially the birds, and a few insect
orders like Lepidoptera) where the taxonomy has reached up to gamma level otherwise in
almost majority of the groups the works are still at alpha and beta levels.

Definitions:

. Kingdom The highest formal taxonomic classification into which organisms are
grouped.

. Phylum A primary division of the kingdom ranking above a class. Botanists use the

term Division.



. Class A primary taxonomic category of organisms ranking below a phylum and
ranking above an order.

. Order A primary taxonomic category of organisms ranking below a class and above a
family.
. Family A primary taxonomic category of organisms ranking below an order and

above a genus.

. Genus A primary taxonomic category of organisms ranking below an order and above
a genus. It is comprised of species displaying similar characteristics. In taxonomic
nomenclature, the genus is used, either alone or followed by a Latin adjective or epithet, to
form the species name.

. Specific epithet The term for the uncapitalized second word used in binomial
nomenclature to designate a species. In the species name Anolis carolinensis the specific
epithet is the word carolinensis.

. Species A primary taxonomic category of organisms, ranking below a genus and
comprised of related organisms capable of interbreeding. In writing, organisms in this
category are represented in binomial nomenclature by an uncapitalized Latin adjective or
noun following a capitalized genus name, as seen in Anolis carolinensis. The genus is often
shorthanded, as found in A. carolinensis.

. Trinomial nomenclature A three-part taxonomic designation indicating genus, species,
and subspecies, such as Anolis sagrei sagrei.

0 Taxon (pl. Taxa) any grouping within the taxonomic system. Plantae is a taxon, and
Anolis and Homo sapiens taken together are taxa.

Within each rank (kingdom, genus, etc.) other ranks may be recognized. The primary lesser
ranks used include groups using prefixes such as "sub™, "super" and "infra", such as suborder
and superfamily. These are useful in grouping taxa below or above a certain major rank
without changing their more formal (and usually more familiar) taxonomy. In addition to
those prefixes, Tribe is another commonly used grouping above the genus level. Usually

understanding the meaning of a taxonomic grouping is apparent from its use.
The importance of taxonomy are:-

1. It helps to ascertain the number of living beings on Earth. More than one million of
species of plants and animals have been discovered and classified so far.

2. It aims to classify the living organisms. Millions of organisms are classified
scientifically in categories, which helps to have a better understanding.

3. It helps us to get an idea of the traits present in plants and animals.

4. It gives an idea of the order of the physical development.



5. It gives an idea of local fauna and flora, thus helping us to distinguish the endemic
species.

Global biodiversity is being lost at an unprecedented rate as a result of human
activities, and decisions must be taken now to combat this trend. But how do decision-makers
decide where to establish protected areas if they don't know what is being protected? How
can regulators identify and combat harmful invasive species if they cannot distinguish them
from native species? How do developing countries ensure that they reap the benefits of the
use of their biological diversity, if they don't know the biological diversity that is being used?
Taxonomy provides basic understanding about the components of biodiversity which is
necessary for effective decision-making about conservation and sustainable use. For more
information on the benefits of taxonomy,

Aims and tasks of a Taxonomist

The primary aim of a taxonomist must be the construction of classes of living things about
which scientifically useful inductive generalisations can be made. Many workers have
enumerated various aims and tasks of a taxonomists. For the sake of convenience to readers,
there are summarised below.

1. To catalogue the diversity of life on earth and to preserve large samples, both of extant and
extinct organisms, drawn from the diversity in various sorts of collection.

2. To differentiate the various kinds of organisms and to point out their characteristics (both
qualitatively and quantitatively) through descriptions, keys, illustrations, etc.

3. To provide names for each kind of organisms, so that all concerned can know what they
are talking about and so that information can be recorded, stored and retrieved when needed.

4. To develop a set of principles in regard to the choice and relative importance of characters
with the ultimate aim of arranging species in hierarchy of higher categories.

5. To estimate genetic and phylogenetic relationships among organisms.
6. To contribute towards the understanding of evolutionary process.

7. To integrate the data from all fields of biology, like behaviour, genetics, physiology etc.,
and to detect and then summarise significant patterns possibly with the help of modern
electronic computers.

8. To document and preserve specimens to provide a useful reservoir of data.

9. To help in clarifying the place of systematics or taxonomy in general biology by revising
their aims and priorities, realistically restructuring the efforts in applied taxonomy and
reaffirming faith in taxonomy.



Identification using taxonomic keys

A taxonomic key is a simple tool used to identify a specific object. A taxonomic key is one of
the most useful tools available to scientists trying to identify an unknown organism.
Systematists rely on keys to help identify known organisms and determine whether they have
discovered a new organism entirely. Taxonomic keys are useful tools guiding researchers
towards the known name of an organism. However, all taxonomic keys are not created
equally. They are often created on a regional level or for a particular group of organisms (i.e.,
Plants of the Great Lakes Region, Argentinean Monocots etc.). So it is important to pick a
key that represents the diversity of the region or group of organisms you are interested in
examining.

DICHOTOMOUS KEYS allow the user to determine the identity of items using a sequence
of alternative choices. Dichotomous comes from the Greek root dich-, meaning "two" and
temnein, meaning "to cut." Dichotomous keys always give two, mutually exclusive choices in
parallel statements. The pair of statements is referred to as a couplet and each 1/2 of a couplet
is a lead. At each couplet of a dichotomous key the user is presented with two choices about a
specific character present in the group of organisms, a specific character state is described for
each lead. Sometimes the characters are quantitative (i.e., measurements) and sometimes the
characters are qualitative (e.g., texture). As the user makes a choice about a particular
characteristic of an organism s/he is led to a new branch or couplet of the key. Each couplet
provides characteristics that become progressively more specific until the final step is reached
and identification is made. Followed correctly, keys will lead you to the correct name of an
unknown organism or object. Dichotomous keys can be developed to identify anything in any
sort of classification.

POLYCLAVE KEYS are tools used to help identify unknown objects or species. The keys
are generated using interactive computer programs. Polyclave keys use a process of
elimination. The user is presented with a series of choices that describe features of the species
they wish to identify. The user then checks off a list of character states present in the
organism they wish to study. The program looks to match those character states with all the
species they can possibly match. If a species does not have that character state it is eliminated
from the list. The more character states listed the more species that are eliminated. This
allows the rapid elimination of large numbers of species that the specimen cannot be. The
process continues until only one species (or a short list of species) remains. This allows the
user to eliminate lots of potential species and identify the species or at least a short list of
possible species. This continues until only one species is left. If all went well, and the key fits
your group of organisms, that is the name of the species you have located! Even the best keys
have their limitations, so make sure you verify your identification using multiple tools (image
verification, herbarium specimens, expert identification, etc.).

Phyletic lineage

The sequence of arrangement of species from ancestors to the descendant through evolution
is called phyletic lineage.



1. provides a connecting link between the present day organisms and their remote past
ancestors.

2:-1t shows the unbroken series of species arrangement.
3:-It also throw light on the evolution of organisms.
Linnaean Hierarchy:

Hierarchy (used in many classifications other than that of organisms) was developed mainly
in the seventeenth and eighteenth centuries and reached nearly definitive form (for
zoologists) in the tenth edition (1758) of Systema Naturae of Linnaeus. Linnaeus recog-nised
within the animal kingdom only five categories — classis, order, genus, species and varieties.

As the number of known ani-mals grew, making finer divisions necessary, two additional
categories were soon added — family (between genus and order) and phylum (between class
and kingdom). The varieties used by Linnaeus was subsequently either discarded or replaced
by the sub-species.

The above-discussed categories form the basic taxonomic hierarchy of animals. Thus any
given species belong to these seven obli-gatory categories

Typological

typological species concept The concept of a species as a group whose members share certain
characteristics that distinguish them from other species. This Aristotelian concept was applied
to the natural world by the early taxonomists, but by the late 19th century was being
supplanted by other concepts, notably the biological species concept. These could better
account for the many cases in which species appear to be virtually indistinguishable (see
sibling species) or where intermediate phenotypes occur due to hybridization. However,
taxonomists must use a typological approach when attempting to classify exclusively asexual
organisms (see agamospecies). See also phylogenetic species concept.

Nominalistic

The nominalistic species concept is the concept of Occam and his followers, of the belief that
nature only produces individuals. Species are the creation of man. In nature, they lack
definite existence. During the 18th century in France, this concept was in demand and even
now is used by some botanists.

The Biological Species Concept defines a species taxon as a group of organisms that can
successfully interbreed and produce fertile offspring. According to that concept, a species'
integrity is maintained by interbreeding within a species as well as by reproductive barriers
between organisms in different species.

Evolutionary species concept: An evolutionary species “is a single lineage of ancestor-
descendant populations of organisms which maintains its identity from other such lineages [in
space and time] and which has its own evolutionary tendencies and historical fate”



Polytypic species are composed of allopatric or allochronic populations that differ from one
another. However, all populations of sexually reproducing organisms differ slightly, and
certain standards must be met before subspecies can be recognized. A second difficulty is that
closely related species with similar ecological requirements occasionally replace each other
geographically and it is difficult to decide whether they are full species or subspecies. Finally,
many isolated populations are in the middle in the process of evolving into new species and
are on the borderline between subspecies and species status.

A subspecies is a particular group within a species that has branched off usually due to
geographic isolation. Subspecies can develop unique characteristics but are still genetically
similar enough that they could interbreed with the rest of the species.

Super species: A group of closely related, geographically separated species whose members
have evolved from different allopatric populations of the same parent species and can
interbreed and produce fertile offspring when brought into contact.



e

m_m_mm of nomenclature

no:?:ﬁ?&& _
1 The International Code of Zoolagical Nomenclature :ONzw 7
2 The type system _ .

3 Kinds of types _ _ _
4 Status of names |
5 External links

fz.o_am:o ature :ONZw

The International Code of Zoologica
It is important that scientists working in-different parts|of the world and speaking diffe _ nt languages
must nevertheless be able to share results of their research without confusion as to what organisms
they are talking about. In other words each species must have a :m_im that is the same 1hroughout
the world. There are many cases where multiple names have been pfoposed for the same species.
To resolve such matters, it is necessary to have a set of rules that is accepted by taxonomists
everywhere. What we have is the International Code of Zoological N menclature. This complex set of
rules was developed by the ICZN and adopted by the Intemational Union of Biological Sciences. In
addition to rules for determining which name should be used for a species, there are rules for
am,mns_:._:m whether a new name has been published in an monm_uﬁml_m way and whether the name is
eligible to be used. There are also rules defining circumstances ::amhs_zo: an established name will
continue in useage even though a different name s_o:_n be used if we strictly followed priority to use
the oldest eligible name. This is necessary to avoid confusing persons who use the names. The
explanation given here is greatly simplified. For full details see Intemational Code of NT._.,_ommom_
Nomenclature, Fourth Edition, published in 1999 by The Internation I Trust for Zoological
Nomenclature, ¢/o The Natural History Museum, OB:._.__Em__ Road, _.u_._no: SW7 5BD, UK.

;mdﬁm system

A central concept of the Intemational Code is use of types as "name|bearers." When scizntists
describe new species of Support, they designate one i dividual for each species as z.i holotype or
name bearer for that species. This solves two problems:

1. The published description of a new species is Lxmz insufficient to amm::m:_.m: it from other
species that exist in nature but may be unknown to the scientist. A person studying the matter
at a later time can examine the holotype and observe details hot mentioned in the original

published description.



2. It often happens that the scientist who describes a new species was locking at several
specimens thought to belong to a single species. Subsequently, more extensive study reveals
that the specimens actually belong to multiple species. The identity of the holotype
determines which species keeps the name.

Just as specimens are designated as holotypes for species, species are designated as type species
for genera and subgenera. At one time the type species was often called the genotype, but sjm:
genotype became widely used in genetics the taxonomists abandoned "genotype” and now use "type
species." The type system also applies at higher levels. Taxa at ranks above genus up to the rank of
superfamily have a type genus. There is a standard naming convention for these family-group names.
The first step is to determine the "stem" of the type genus (see Article 29 in the ICZN).

« To name a superfamily, add "oidea" to the stem of the _.Sum genus name. !
¢ To name a family, add "idae" to the stem of the type genus name.
* To name a subfamily, add "inae" to the stem of the type genus name.

« To name a tribe, add "ini" to the stem of the type genus name.
* To name a subtribe, add "ina" to the stem of the type genus name.

These standard endings are required for superfamilies, families and subfamilies, Adoption at iHe
levels of tribe and subtribe has been slower, and names formed in different ways are also used.

Kinds of types

Various names are used to identify types of different kinds:

» Type genus, the "name bearer” for family-group taxa (taxa with a rank higher than genus up to
superfamily).
s Type species, the "name bearer” for genus-group taxa (genus or subgenus).
» Type specimen
» Primary types, the "name bearers" for species names !

+ Holotype, the single specimen designated as holotype when the species was first |
described. “

= Syntypes (also known as cotypes), multiple specimens identified by the author when the
species was first described without designating a specific :o_RSu_m. _ _
» Lectotype, the specimen designated by a subsequent author and selected from the
syntypes.
« Neotype, a specimen designated by a subsequent author as the namebearer when the
original primary type(s) have been lost or destroyed. |
o Secondary types, not recognized as "name bearers" for species names _




» Allotype, a specimen of the opposite sex ?.03 the holotype and ammﬁ:mia as allotype
when the species was first described. |

» Paratype, additional specimens examined when the species was first descrited, but not
designated as holotype or allotype. " i

|
a syntype, but|is not the specimen later

s Paralectotype, a specimen that was once
designated as lectotype.

Status of names o

Names used for taxa can have different status. In e cases, the names for the status are formally
defined by the International Code of Zoological Nomenclature (ICZN). In actual UBQTB. phasmidists
and orthopterists do not always follow a strict interpretation of the ules. This s__mwmmi has recently
implemented the taxonomic status conventions used by the Integra ed Taxonomic Information
System (ITIS) database, an active contributor to the Catalogue of Life project. The wehsite attempts
to follow the classification found in the most recent scientific publications covering the topic. An
exception is made for names at higher ranks (usually subfamily and| higher). At higher ranks, different
taxonomists sometimes maintain conflicting opinions over many years. In such cases, this website
stays with the traditional interpretation until there seems to be a consensus developing for a newer

interpretation. |

Species Files recognize five basic categories of name status:

» Valid. A name that is accepted as comect for the taxon. In some cases it is a required
emendation (deliberate change in spelling) becaugse the _:ﬁmam»*c:m_ Code mnmo:,_uwm certain
changes to fit the required format (no digits, no hyphen, no diacritical marks, gender of a species
name in conformity with the gender of the genus name).

« Temporary. A name that is used until a valid name is provided. _

« Nomen nudum. A name that was not properly associated with actual specimens. m

« Nomen dubium. A name used without sufficient information so that later authors arz unable to
| |

determine what taxon was meant,
e Synonym. An additional name used for a taxon that has a valid name.

Each name status may have one or more attributes (status details) k_:mﬂ fall into four ﬁ_umm”

« Junior homonym. A taxon name that is spelled the same as a p eviously named ta>on
(differences in species gender endings notwithstanding) and not ; ccorded precedence. The rules
are different based on the taxon rank. A junior :oTo:<3 is oo:._vmzc_m with a :mLm status of
temporary or synonym. L _

» Preoccupied. Names of genera and m:_umm:mi must be csmnem throughout the animal
kingdom. If a name was previously used for a different mm:cu or subgenus, the name is



preoccupied. Homonyms are-less common at ranks higher than genus, but they do.occur and
are subject to more complex rules.

« Primary. A name for a species or subspecies that at the time of its original description was

already in use for a species or subspecies in the same genus. A primary homonym is never
eligible to become valid even if the taxa are separated to different genera.

= Secondary. A name for a species or subspecies that at the time of its original ammo_._u ion was
not already in use for a species or subspecies in the same genus. However, at a later date a
species or subspecies was moved to a different genus causing the two usages of the same
name to be in the same genus. A secondary homonym can become valid if the taxa are later
separated in different genera.

» Emendation. An available name whose spelling has been intentionally changed.

« Justified. The mandatory comection of an incorrect original mum__._:m” e.g., original spelling

contained diacritical marks, hyphens, etc. A justified emendation is compatible with a name

status of valid, temporary, or synonym. _ _

|
» Unjustified. An intentional change in the original spelling of a name that is not _.:m_._n_m?n >:

unjustified emendation is compatible only with a name status of synonym. _
s Unavailable. A name that is excluded from any recognition under the rules of nomenclaturs,
» Misspelling. An accidentally misspelled version of a previous name. A misspelling is

compatible only with a name status of synonym.

» Incorrectly formed name. A name that does not conform to the ICZN standard accordirg to its

taxonomic rank. An incorrectly formed name is compatible with a name status of BBncEQ.
nomen nudum, nomen dubium, or synonym.

» Unnecessary replacement. A name used as a nomen novum for a valid taxon name. An
unnecessary replacement is compatible only with a name status of synonym.

» Suppressed by ruling. A name that has been specifically ruled by the ICZN to be ::m<m__wc_m.
Depending on the ruling, the name may be partially, totally, or conditionally m:u_uqmmmmn A
name suppressed by ruling is compatible only with a name status of synonym.

» Unavailable for other reason. The reason should be stated in the Comment text area. An

::mqm__mzm:mamﬂoqon:m:mmmc:_moo:._nmz_u_mi:_._m:mBmmﬁm_:mowEauoaéoﬂmeﬂﬁ:ﬁd.
» Other.

« Junior synonym. A name created that describes an identical taxon previously described E.w_._
the same or different name. A junior synonym is compatible only with a name status of _
synonym, !

» Misapplied. A name used erroneously because the specimens studied did not actually belong

in the taxon the author thought they were in. A misapplied name is compatible with a name
status of temporary or synonym.




» International Commission on Zoological ZoBm:oﬁEﬂm

Nomen oblitum. A name that has priority for g taxon, but is nevertheless not used.in order to
continue usage of a widely used and accepted name. A nomgn oblitum is compalible only
with a name status of synonym. _

Nomen novum. A new name that is used to replace a valid taxon's original name in the event
of homonymy. A nomen novum is compatible T.z:: a name stiatus of valid, ﬂmavo__.m%. or
synonym. _ _ m

Nomen protectum. A name given precedence over its unused senior synonym or senior
homonym which has become a nomen oblitum. A nomen pratectum is compatible with name
status of valid or synonym.
Unnamed. A taxon that has not yet been given a name and description in a qualified
publication. Nevertheless, information available in a publication or website makes it desirable
to be included in this website for the sake of completeness. An unnamed name is compatible
only with a name status of temporary. _
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NMisadvantages:
They are not useful to people with a different language or dialect
Some species have several common names
Some species share the same common name

Some species may not have a common name

Scientific names are Latin or Latinized names that are standardized by a series of rules and are
applicable worldwide.

Linnaean Hierarchy!

This 1s a system of categories that connote taxonomic rank. The same thing could be achieved
through a system of indentation (see below) or a system of numbers connoting rank in a

hierarchy. However, these latter systems are generally more difficult to represent and remember
by the user.

With the Linnaean system one only needs to know the general categories and know rank order in
the hierarchy!

The original Linnaean system had a limited set of categories that successfully reflected a nested
set of groups within groups.

Linnaean Hierarchy in 10th Edition of Systema Naturae (1758)

Later many authors began to incorporate categories above and below these original categories.
Some classifications contain well in excess of 10 different categories, as can be see below.

Categories Used in More Modern Classifications

http://bic.slu.edwmayden'systematics/bsc420520lect2 html . = 2118




U206 Nomenclature, Classificatian
the original description. These specimens are valuable as reference
materials that are deposited at multiple, dedicated museums or institutions,
they have no standing in nomenclature (these series can sometimes contain
misidentified specimens). Paratypes may, however, serve as useful
materials to select a neotype from if needed.

Genus-group types.

These types represent species, comprised of names - not specimens. Traditionally
authors did not designate types of genera; modern codes, however, require that for a
generic or subgeneric name to become available a type species must be designated by
the author describing the new genus or subgenus.

Types for genera published before mandates of types are most commonly fixed
&endash; assigned either through monotypy or subsequent designation.

Monotypy: The genus has only one species included in it at the time that
they type species is designated and is thus monotypic. If other species are
added to the genus before a type is designated then the type can only be
the original species that existed in the genus.

Subsequent designation: If more than one species was originally included
in a new genus the type can be selected either by the original author or at a
later time by another person.

Indication: An original indication of a type is one that the author of the
name indicates via illustration or other means and is referred to as typus or
typicus.

Tautonymy: When a new genus and species is described with the same
name for the genus and species epithet it becomes the type. An example is
Bison bison. This 1s okay in zoology but not in botany.

Family-group names.

Genera form the types in these groups. Family group names are subject to the rules of
homonymy (below), in that no two can be spelled identically, even though they may
be based on different, although similar, generic names. Just because a generic name
on which the oldest family-group name is based is in synonymy (below), this does not
invalidate the family group name.

For example:

Insect suborder Heteroptera the family Velocipedidae contains a single
valid genus Scotomedes. The generic name on which the family name is
based, Velocipedes, 1s a junior synonym of Scotomedes.

Angiosperm genus Winteria is a junior synonym of Drimys but the genus
is 1n the family Winteraceae.

Homonymy

http://bio.slu.edwmayden/systematics/bsc420520/ect2 html 121E
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However, there are some biases practiced today.
A "good" specimen

An adult in breeding condition or with additional characters
visible.

Types of Types:

There are two forms of types - (1) names or (2) specimens.

Species-group types.

These represent a single specimen to which a name is attached. This
provides an objective criterion for establishment of usage of that name.
Species-group types are recognized in the codes as primary types and
include the following possibilities.

Type locality: All types of species and subspecies are tied to a spatial
location called the fype locality.

Holotype: Single specimen designated by the author(s) of the name at the
time of publication of the original description.

Neotype: A specimen later designated to replace a holotype (or other
primary type) if the latter can be documented as lost or destroyed.

Syntypes: A group of specimens thought to represent a species, as
designated or indicated byt he author(s) of the original description. These
specimens may sometimes be referred to as the "type series". Cotypes are
sometimes used in the same way. If syntypes exist for a species only from
this series can a lectotype be designated. [Many early descriptions of
species were based on syntypes because the requirement for a holotype
designation or indication did not exist].

Lectotype: One of the syntypes chosen by the original or subsequent
author(s) to function as the name bearer.

Primary types arc customarily deposited in recognized institutions
dedicated to the long-term maintenance of collections.

Other types:

Isotype: a specimen (in botany) collected from the same individual plant
as the holotype.

Topotypes: specimen(s) collected from the same location as the holotype
(perhaps at the same time).

Paratype: Commonly designated in descriptions of new species as
specimens being studied by the author in the description of the new species
or subspecies and designated by that person at the time of publication of
hitpu/ibio slu.edw'mayden/systematics/bsc420520lect2 htm| 11118
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This basic principle refers to the application of the same name to different taxa. Our codes of
nomenclature state that NO two names above the species-group level may be the same in
_ zoology or botany, although names may be duplicated between the two fields.

Homonyms are of different types:
Senior homonyms: The available name on the basis of priority.

Junior homonyms: A preoccupied name (not in use) on the basis of priority or by a
ruling by a nomenclatorial body.

Primary homonyms: In a species-group (species, subspecies, etc.) these are names
that are the same and were proposed in the same genus-group taxon. The junior
homonym must always be replaced must always be replaced either by a new name or
a junior synonym (if one exists)

Example: Cottus pyvgmaeus &endash; pygmy sculpin. This species was
described and later it was discovered that this name was already
preoccupied by an old description of a Corttus from the Old World. This
then is a primary homonym. A new name for the pygmy sculpin is
currently being described.

Secondary Homonyms: These are species that are placed in the same genus
subsequent to their publication and they have the same specific epithets. The senior
secondary homonym is the older of the two names. An alternative name will have to
be provided either through description or junior synonyms for the junior homonym.

Example:
Cyprinella garmani (Jordan)
gibbous shiner

Notropis garmani Jordan, 1885:813. [Substitute name for preoccupied rubripinna
Garman, 1881]

Cyprinella rubripinna Garman, 1881:91. [Original description; Type locality: Lago
del Muerto, near Parras, Coahuila, Mexico.]

Synonymy

In taxonomy the concept of synonymy relates to the application of different names to the same
taxon. As in the case for homonyms, synonyms can be of several types.

Senior synonyms: The oldest of two or more names that are considered valid by nomenclatorial
codes. This is usually based on priority, but may also be done on the basis of choice of names by

the first revisor (zoology) or by a nomenclatorial governing body.

Junioir synonyms: The junior names are thoase that are considered invalid on the basis of
priority or because of a choice of the first revisor, or by a governing body of nomenclature.
These names, however, can be elevated to senior synonyms if new taxa are identified later and

http.i/bio slu.edu/mayden/systematics/bsc4205201ect2 htm|
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the type(s) of the new taxa are the name bearers of these names.

Objective synonyms: Different names that by examination of nomenclatorial literature alone are
Judged to retfer to the same taxon. For example, any two family-group names with the same type
genus or any two genera with the same type species are objective synonyms. Two species based
on the same specimen are also considered objective synonyms. These synonyms are generally

created only by a drug or alcohol-induced stupor that lasts for days or weeks for the author or by
an inadvertent error.

Subjective synonyms: These are different names that have been applied taxon as determined by
a taxonomist or systematist. An example would include two species originally described as
distinct but were later determined by a professionial in the field that they are the same species,

This is the most common type of synonymy and these can be the sources of confusion and great
debate.

Example:
Stoneroller
Campostoma anomalum (Rafinesque)
Rutilus anomalus Rafinesque, 1820.
Exoglossum spinicephalum Valenciennes, 1844
Exoglossum dubium Kirtland, 1845
Leuciscus prolixus Storer, 1845
Chondrostoma pullum Agassiz, 1854
Campostoma nasutum Girard, 1856
Campostoma formosulum Girard, 1856

Dionda plumbea Girard, 1856

Regarding Stability of Nomenclature
The strict application of the code can be suspended in some instances.
One has the right to appeal to the commission.

There is a statute of limitation for an unused senior synonym in zoology of 50 year =
nomen oblitum

Other items on Nomenclature
First revisor principle:

This 1s the first person to examine a species or group of species under the modern

http://bio.slu.edwmaydervsystem atics/bsc420520ect2 htm)| 14/18
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codes. This person has the right to choose which of several equally valid names is to
be used. They may also identify a lectotype and designate and restrict type localities.

. They may choose senior synonyms among names published in the same publication
by page or line priority if they wish.

Retroactive? Yes.
Validity and Availability
Name correctly formed and validly and effectively published
-Available (zoology)
Legitimate (botany)

However, the only name that can be used is 1 valid (zoology) or correct (botany)
name.

lllegitimate names

Forgotten name = nomen oblitum (after 1960 if not used for 50 years) [ Law of
proscription]

Superfluous name = nomen superfluum

A name is superfluous if it includes the type of another name wich should
have been used (i.c., a description error; should never have been described)

Ambiguous name = nomen ambiguum

A name that has been used for a long time in different contexts and is thus
confused (seriously)

Dubious name = nomen dubium

Available name but cannot be assigned to a definite taxon due to the
shortcomings in the original description/diagnosis or because of type
material problems. These names are in taxonomic limbo and are never
allocated until such time that a type fixation is devised. Usually in these
cases no type was designated or only an illustration may exist.

Improper publication of a new name without a description

= nomen nudum. These are names that may be nomenclaturally published

but lack any description or indication: they have no nomenclatural status
(1.c., not occupied)

Supressed names = nomina conservanda.
These are names that have been suppressed by a nomenclatural governing body.

Law of type fixation

Provides for the fixation of a name application, at all levels, by designation of a single

hﬁp:x'a’bio_siu.ecluimayden.'syslematicsibsctl2052013ct2.html 15/18
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type.

What constitutes an indication?

A bibliographic reference to a previously published description, definition, or figure.

« Inclusion of a name in an index to a work '

* Substitution of new name for a previously established name

« Citation of one or more available epithets in combination with, or listed under, the new
generic name

« lllustration of an included species

» Description of the "work" on an animal (tubes, tracks, feces, nests, galls, etc.)

Differential diagnosis

Minimum description is necessary

One should go beyond and compare to nearest relatives
Names of hybrids

No! They are not taxa, they are individual organisms. However, there are species of
hybrid origin and these are taxa and should be named.

Date of publication
This 1s the mailing date, not the printed date.
Formation of names
Latin or latinized
Gender must agree
Use no long, hard to pronounce names (recommendation)

Do not use the same name as a species in a related genus (or subspecies in a related
species) because it could become a homonym. '

The taxonomist should provide etymology (and gender)
Patronyms
Women = -ae; Man = -i; Brothers or Mr and Mrs -orum; Sisters -arum
However, it is preferred by many that the names be descriptive,
Original Spelling

The original spelling is retained with exceptions (lapsus calami = inadvertant printer's
error)

Authorship

No anonymous descriptions after 1950

http:/ibio.slu.edwmayden/systematics/bsc420520lect? htm|
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Use of parentheses
. Abbreviations for authors (L. = Linnaeus)
Suspension

Any automatic provision of the code which disturbs the objectives of nomenclature

can be suspended for any given case presented by appeal to the ICZN for use of its
plenary powers.

Occupation:
For a name to have status in nomenclature it must be occupied. This requires the following,
Properly published
Must be in Latin or Latinized
Must be formed properly
Cannot be based on hypothetical taxa, teratological specimens, hybrids, etc.
Must be accompanied by a description, diagnosis, and indication

(After 1930 must have an actual diagnosis or definition or reference to OR
be proposed cxpressly as a replacement name for an existing name)

[n addition:

After 1930 &endash; genus group names the type species must be

unambiguously designated. Species £T0up names - a description of the
work alone is unacceptable.

After 1950 &endash; name cannot be proposed anonymously
If any of these are violated the name ig nonexistent nomenclatorially,

However, species 8roup names can be based op any stage of the life cycle or life history, either
SeX, or body part.

Availability

Again, those names that are occupied, identifiable, and, in addition, would pe valid of they were

the earliest available name of the taxon (excludes some homonyms, nomina oblita, nomina
not available.
Generic names

Treated as Latip nouns

Latin nouns have grammatical gender, but thig usually has nothing to do with the
actual gender; often indicated by ending

&endash: ¢4 mostly are feminine
hnp:.flbjo_s}u.edwmayden.fsystematicsfbsc42052oiec12_htm[
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io zoological nomenclature and the ICZN

History Museum, London, U.K. iczn@nhm.ac.uk www.iczn.org Ellinor Michei Internationai
on Zoological Nomenclature(ICZN) Zoological Nomenclature
rnationat Commission on Zoological Nomenclature Present Role: <ul><li>To revise and publis!
uoral Coae of </ii</ul><ul><li>Zoological Nomenclature </li></ul><ul><li>To consider and ruie
cases of nomenclatural <fii></ul><ul><li>uncertainty in zoology </li></ul><ul><li>Mandate:

. “iavility in Animal Names' </li></ul><ul><li>Support Convention on Biological Diversity. Decision:
1 by tho 4th meeting of the Conference of the Parties (Bratislava, 4-15 May 1998) </li></ul>
ulv codes: Stricklandian (1843 & 1866) Kiesenwetter (1858) Lewis & Sharp (1872-1875) Dall (1878)
«nwean Ornithologists’ Union (1886) Blanchard (1889) Deutsche Zoologische Gesellschaft (1894)
siversal code far all animals: Commission established: 1895 Publication of the “R & gles”™ 1905 1 si
rauonal Code: 1961 2 nd : 1964; 3 rd ;: 1985; 4 th ;: 1999 5: in the works for 2012
“wiapled by the International Union of Biological Sciences” (IUBS - ICSU)
217 Semi-legal? Who decides?
=2y, this is a do-it-yourself manuall
o Trouble Strikes! Take a case to the Commission 28 distinguished scientists from 20 countries Sit
f on gases
I=Where a problem iz discovered concerning the naming of animals which can not be deait wilh
- apolication of the rules of the Code, applicants present an argument , a "Case” which is published
= ul><ul><li>Counter arguments or support ( “Comments” ) are published subsequently </~

~The Commission votes on the application and a decision, called an "Opinion” | is hen

dlieiuls
o 1CZN doesn't do Make taxonomic decisions Give names o organisms Enforce correct use of
nange names (we make decisions between existing alternatives)
the |CZN doesn't do Petition To Change Human Beings' Zoological Name WHEREAS * ¢ o0 mpiex
< human beings far more comprehensively than does ‘ s a pient’ and so the Latin complexus
cribes iuman beings and differentiates our species from others more accurately than does sapiens
roas human heings act based on names and descriptors, accurate or not, at least as much as on
natraied reality; Whereas calling themselves by the inaccurate name Homo sapiens promotes and
alos an attitude in human beings of their own exceptionalism & superiority; Whereas Carolus
- acted non-scientificaily when he invented the name Homo sapiens — deferring to a belief in
»centionalism & superiority based on established religion, to avoid persecution due to the lack of
taction for free speech & thought in his time; Whereas calling themselves by the inaccurate name
Jiens and deeming themselves inherently superior to and more worthy of consideration than other
: tdctor in human behavior that unjustly and to humans’ and ali other beings’ disadvantage
- ulier beings and disrupts Earth's ecosystems & biosphere; Whereas, as long as the International
1noon Zoological Nomenclature and the scientific community generally sanctions use of the Homo
‘. numan beings, those who strive to teach ecology and ethics and to reverse ecologically
Lctive behavior and its consequences will be in the untenable position of referring to the Seings
erostualing such behavior as sapient; Whereas recognizing hyper-complexity rather than sapience as
L distinguishing trait, human beings will be more likely to establish a less-unjust and less-destructive
lationzhip to other beings and the rest of nature than they have wrought to date; Whereas the
niernational Commission on Zoological Nomenclature is accepted worldwide as the authority on species
nomas and therefore is in a position to change human thought and behavior _for the better by giving our
‘ecies a more accurate name; THEREFORE, Responsible Policies for Animals, Inc., located in Glenside.
cvivania, USA, with members and supporters throughout the human world, urges the Internationat




Commission on Zoological Nomenclature, c/o The Natural History Museum, Cromwell Road, London SW7
58D, UK, to change human beings' species name to Homo complexus and to announce this change to the
- scientific community and to the human world generally. Respectfully submitted this 5th Day of August,
2008. THEREFORE, Responsible Policies for Animals, Inc., located in Glenside, Pennsylvania, USA, with
embers and supporters throughout the human world, urges the International Commission on Zoological
Momenclature, clo The Natural History Museum, Cromwell Road, London SW7 5BD, UK, to change human
- species name to Homo complexus and to announce this change to the scientific community and to
iman world generally. Respectfully submitted this 5th Day of August, 2008.
ne Code Criteria & Principles Online: www.iczn.org/iczn/index.jsp Code of Ethics General
mimendations
ne Code: Criteria & Principles Criteria of Publication Criteria of Availability Principle of Priority Principle
rdination Principle of Homonymy Principle of Typification Code of Ethics General Recommendations
¢ of Fthics: " 4. No author should propose a name that, to his or her knowledge or reasonable
would be likely to give offence on any grounds. 5. Intemperate language should not be used in any
=s10n which involves zoological nomenclature, and all debates should be conducted in a courteous
nendly manner” General Recommendations: 5. “New names should be in latin form; they should be
zuphonious and easily memorable...... "
The Code: Namewise — anything goes
The Code: Namewise — anything goes (almost)
Carolus Linnaeus 1707-1778 <ul><li>The founder of binominal / binomial organismal nomenclature
</li=</ul><ul><li>Primarily a botanist </li></ul><ul><li>Set a bad example for generations of biologists? </li>
ul=<ul><li>Principles of orderliness & amusement? </li></ul>
“hallus impudicus Linnaeus, 1753
ioria ternatea Linnaeus, 1753
1an Sigesbeck published a diatribe criticising Linnaeus. Linnaeus’s chose a small-flowered weedy
‘e to bear the name “Sigesbeckia” Retaliation?
cxandre Arsene Girault (1884-1941) Shillingsworthia shillingsworthi Mozartella beethoveni Homo
lius Becker Philip (1900-1987) Chrysops balzaphire Tabanus rhizonshine Trombicula fujigmo
‘nelius Becker Philip (1900-1987) Chrysops balzaphire Tabanus rhizonshine Trombicula fu jig m o
vrootdkkers
Jlames Mark Brennan (1905-1984) Trombicula doreme ... .fasolla ... tido
Orsonwelles Hormiga (a fat spider) Pinocchio Pagliano & Scaramozzino (a wasp) Lucifer Doderlein (a
fish) Satan Hubbs & Bailey (a catfish)
Abra cadabra Eames & Wilkins (a bivalve) Agra phobia Irwin (a beetle) Ohmyia omya Thompson (a fly)
Pieza kake Pieza pi Pieza rhea Pieza deresistans For more curious scientific names:
http://cache.ucr.edu/~heraty/yanega.htmi#Curious%20Scientific%20Names
Record Setters Longest Genus Name Gammaracanthuskytodermogammarus Dybowski (an amphipod)
Longest Genus and Species Name Brachyta interrogationis interrogationis var.
tarohumeralisscutellohumeroconjuncta Plavilstshikov (a cerambycid beetle) Shortest Genus and Species
nation la io Thomas (a bat)
‘ensive Names? <ul><li>Anophthalmus hitleri Scheibel, 1937 </li></ul><ul><li>a blind cave-dwelling
e </li=<jul><ul><li>named as an honorific by a Nazi taxonomist </li></ul>
iffensive Names? ' Followers of Hitler are hunting them so vigorously for mementos that the species is
) become extinet. Martin Bahr, an entomologist at the Zoological State Collection in Munich, said.
=ro has been a run on these creatures. Collectors are scouring their natural habitat for them. Aimost all
- specimens at the museum have been stolen.” Telegraph, November 2006



Jifensive Names? Agathidium bushi Miller & Wheeler 2005 Agathidium cheneyi Miller & Wheeler 2005

aathidium rumsfeldi Miller & Wheeler 2005 - slime-mould beetles

wgathidium bushi Milier & Wheeler Agathidium cheneyi Miller & Wheeler Agathidium rumsfeldi Miller &
wler - slime-mould beetles
Criteria of Publication Criteria of Availability Principle of Priority Principle of Coordination Principle of
tymy Principle of Typification Zoological Code: Criteria & Principles
ritenia of Publication Criteria of Availability Principle of Priority Principle of Coordination Principle of
/my Principle of Typification Zoological Code: Criteria & Principles
teria of Availability Zoological Code: Criteria & Principles
teria of Availability Zoological Code: Criteria & Principles
_riteria of Publication Criteria of Availability Principle of Priority Principle of Coordination Principle of
wonymy Principle of Typification Zoological Code: Criteria & Principles
“rinciple of Priority the oldest name has priority Senior synonym Junior synonym Objective synonym

“ubjective synonym Zoological Code: Criteria & Principles

Starting point of zoological nomenclature: 1758 —
International Code of Zoological Nomenclature 3 rd Ed. (1985) Starting point of zoological

cmenclature: 1758 — except...

“rinciple of Priority Principle of the First Reviser If two or more items have the same date of publication,
‘irst subsequent author who deals with the matter, makes a choice and publishes the decision in the
red manner, the First Reviser, is to be followed. [Art. 24.2]. Zoological Code: Criteria & Principles
‘=ria of Publication Criteria of Availability Principle of Priority Principle of Coordination Principle of
v Principle of Typification Zoological Code: Criteria & Principles
“iple of Coordination the act of publishing a new zoological name thereby automatically and
neously establishes all the corresponding names in the relevant other ranks, with the same type
4l Code: Criteria & Principles
nalienges in the present Code: Principle of Typification DEAD or ALIVE?
Principle of Typification Article 16.4.2: authors of new taxa must publish a statement of intent that extant
o5 will be deposited in a collection Article 73.1.4 "Designation of an illustration of a single specimen as a

siotvpe is to be treated as designation of the specimen illustrated; the fact that the specimen no longer

<t= or cannot be traced does not of itself invalidate the designation.” Challenges in the present Code:
“rinciple of Typification The Article, as formulated, thereby permits the description of threatened

wrimals or those for whom the collection of specimens is otherwise impractical, impossible, or unethical.
~hallenges in the present Code:

Ichnotaxa Challenges in the present Code:

I'halassinoides burrows produced by crustaceans, from the Middle Jurassic, Makhtesh Qatan, southern
=] Helminthopsis ichnosp. a trace fossil from the Logan Formation (Lower Carboniferous) of Wooster,
0. lchnotaxa
Ambiregnal organisms photosynthesizing = plant non-photosynthesizing = animal Challenges in the
ssent Code:

Ambiregnal organisms (+ Principle of Typification) Challenges in the present Code:

“riteria of publication electronic-only publication Challenges in the present Code:

- problems with the present Code: Alternative Languages
- Cnde is an evolving document New edition under construction now for publication in 2012 (ah,
iht, lets get busy!)
Homonyms & Synonyms Article 53.2. Homonyms in the genus group. In the genus group, two or more

available names established with the same spelling are homonyms. Article 60.2. Junior homonyms with



nvins, If the rejected junior homonym has one or more available and potentially valid synonyms, the
' these becomes the valid name of the taxon with its own authorship and date.
wonyms & Synonyms Discovered (by Europeans) 1798 Described as Platypus anatinus Shaw, 1794
is Latin derived from the Greek words 11 Aatig (&quot;platys&quot;, flat, broad) and m oug
ot pous&quot;, foot), meaning &quot;flat foot&quot;, and anatinus means &quot;duck-like&quot; in

nonyms & Synenyms A homonym was quickly discovered Platypus for the ambrosia beetle was
ished by Herbst, 1793 Platypus Shaw, 1799 is a junior homonym of Platypus Herbst, 1793. Which
the Platypus ?

Homonyms & Synonyms Independently described as Ornithorhynchus paradoxus Blumenbach, 1800.

nithorhynehus is derived from opviBépuvxog (&quot;ornithorhynkhos&quot;), which literally means
&auot:bird snout&quot; in Greek.

Homonyms & Synonyms Ornithorhynchus Blumenbach, 1793 is a junior synonym of Platypus Shaw,
1799, therefore the correct name for the genus is Ornithorhynchus Blumenbach, 1800. . But the correct
name for the species is Ornithorhynchus anatinus (Shaw, 1799).

Homonyms & Synonyms Article 53.2. Homonyms in the genus group. In the genus group, two or more
svailable names established with the same spelling are homonyms. Platypus Shaw, 1799 is a junior

onym of Platypus Herbst, 1793, so is rejected. Article 60.2. Junior homonyms with synonyms. If the
~led junior homonym has one or more available and potentially valid synonyms, the oldest of these
.5 the valid name of the taxon with its own authorship and date. Ornithorhynchus Blumenbach, 1800
Cunior synonym of Platypus Shaw, 1799, so steps in to fill the gap. (and the species name from Shaw,
tays alive)
‘amoenyms Article 52.1. Statement of the Principle of Homonymy: When two or more taxa are
nshed from each other they must not be denoted by the same name. Article 52.2. Operation of the
e of Homonymy. When two or more names are homonyms, only the senior, as determined by the
e of Priority may be used as a valid name.

Homonyms Fairmaire (1869) established the name Syntarsus Fairmaire for a genus of beetle
(Caoleoptera, Zopheridae) Type species of Syntarsus is Syntarsus asperulus Fairmaire, 1869 designated by
[Dajoz 1980 for a colydiine from Madagascar.

Homonyms One hundred years later, Raath (1969) named a genus of coelurosaurian dinosaur
Syntarsus Raath, 1969 Type Species: Syntarsus rhodesiensis Raath, 1969 from the Triassic of Zimbabwe.
An additional species Syntarsus kayentakatae Rowe, 1989 described from the Jurassic of Arizona

Homonyms ' Syntarsus’ was used as the name of the in-house journal of the National Museums and

uments of Zimbabwe. This homonymy had gone unnoticed until.... Megapnosaurus lvie, Slipinski &
srzvnowicz, 2001 proposed (Greek: megas (big) apnos (dead) and sauros (lizard)) as a replacement
i an entomological journal INSECTA MUNDI
lame changes can be contentious <ul><ul><ul><ul><li>" 'Big dead lizard' is named and shamed </li>
II=</ut></ul><ul><li>Entomologist Michael lvie says that his new name for the dinosaur formeriy
a5 Syntarsus was meant as a joke. But his choice of Megapnosaurus , which means 'big dead
(. has not amused palaeontologists. </li></ul><ul><li>lvie, based at Montana State University in
~man, renamed Syntarsus after realizing that a beetle discovered in 1869 already had the same name
nwing recognized taxonomy guidelines, lvie issued a correction and attempted to inform the discoverer
f Syntarsus , Mike Raath of the University of the Witwatersrand in Johannesburg. </li></ul><ul><li>But
salacontologists were not impressed. Some pointed out that the name is inaccurate, as Syntarsus was not
bia by dinosaur standards, and others have disputed Ivie's right to rename it. </li></ul><ul><li>The
controversy highlights problems with duplicate names. Thousands of biological species are thought to
share the same names, and a recent paper (J. Alroy, Proceedings of the National Academy of Sciences ;



/3/pnas.062691099; 2002) suggests that this and other taxonomy problems may have led to
imates of global diversity. </li></ul><ul><li>Nature 416, 21 March 21, 2002 </li></ul>
.ame changes can be contentious <ul><li>MEDIA COVERAGE </li></ul><ul><li>" Ertomogist's name
o bugs paleontologists * - USA Today”, March 11, 2002 </li></ul><ul><li>" Beetle beats Jurassic
aur” — CSIRO media release, 12 May, 2002 </li></ul><ul><li>Big dead lizard' is named and shamed -
re 416, 21 March 21, 2002 </li></ul> :

Name changes can be difficult to enforce Inexplicably, the name Syntarsus is still commonly in use for
ne dinosaur e.g. on the website site of the Natural History Museum www.nhm.ac.uk /.../ detail.dsm|?Genus
- Syntarsus which says: " Taxonomy: Dinosauria, Saurischia, Theropoda, Neotherapoda, Ceratosauria,
Coelophysoidea, Coelophysidae, Syntarsus Named by: Raath (1969) Type species: rhodesiensis Other
names used: Megapnosaurus lvie, Slipinsky & Wegrzynowicz (2001), Syntarsus colberti Hunt & Lucas
1991= Coelophysis bauri Other species: S. kayentakatae Rowe 1989 "

Challenging taxa Article 1.2. Scope Article 1.2.1. The scientific names of extant or extinct animals

ames based on domesticated animals , names based on fossils that are substitutions
cments, impressions, moulds and casts) for the actual remains of animals, names based on the
< work of organisms (ichnotaxa), and names established for collective groups.
llenaging taxa Ringed Dove Streptopelia roseogrisea/risoria - domestic and wild forms : one species
narmes
nallenging taxa Ringed Dove Streptopelia risoria/roseogrisea - domestic and wild forms : one species
names Columba risoria (ringed dove, ringed turtle-dove or barbary dove) was described by

aeus (1758) ... and later transferred to the genus Streptopelia by Bonaparte (1855). Columba
=eogrisea (African collared dove) was described by Sundevall (1857)

Challenging taxa Ringed Dove Streptopelia risoria/roseogrisea - domestic and wild forms : one species
vith two names Streptopelia risoria (Linnaeus, 1758) Streptopelia roseogrisea (Sundevall, 1857)

Challenging taxa Ringed Dove Streptopelia risoria/roseogrisea - domestic and wild forms : one species

vith two names Streptopelia risoria (Linnaeus, 1758) Streptopelia roseogrisea (Sundevall, 1857) Domestic
Nild morphology interbreeding
“hallenging taxa Ringed Dove Streptopelia risoria/roseogrisea - domestic and wild forms : one species
with two names Streptopelia risoria (Linnaeus, 1758) Streptopelia roseogrisea (Sundevall, 1857) Domestic
Semor synonym, but... ICZN requested to use its plenary power to rule that the name Columba
«oogrisea Sundevall, 1857 is not invalid by virtue of being pre-dated by a name based on the domestic
Columba risoria Linnaeus 17568.
allenging taxa Article 1.2. Scope Article 1.2.1. The scientific names of extant or extinct animals

iames based on domesticated animals , names based on fossils that are substitutions

«cements, impressions, moulds and casts) for the actual remains of animals, names based on the
work of organisms (ichnotaxa), and names established for collective groups. Columba
weogrisea Sundevall, 1857 could be made invalid by Columba risoria Linnaeus 1758 - commission
iervention sought This is the situation for many domestic-wild comparisons - cats, dogs, camels, llamas,
iitle, ete. Loss of information if these names are synonyomized.

Homonyms Article 52.1. Statement of the Principle of Homonymy: When two or more taxa are
distinguished from each other they must not be denoted by the same name. Article 52.2. Operation of the
Principle of Homonymy. When two or more names are homonyms, only the senior, as determined by the
Principle of Priority may be used as a valid name. Syntarsus Raath, 1969, the dinosaur, must give way to
Syntarsus Fairmaire, 1869, the beetle.

. Stability-Usage-vs. Priority Article 23.2, Purpose-in-accordance with the objeets.of the Code the
Principle of Priority is to be used to promote stability and it is not intended to be-used to upggt"a"!ong—

.



-oted name in its accustomed meaning by the introduction of a name that is its senior synonym or
mym
lvplodon Owen 1839 Megatherium Cuvier, 1796 Stability: Usage vs. Priority The saga of how this
rly lost its name to one of these in 2005...
Stability: Usage vs. Priority Megatherium Cuvier, 1796 Weiss (1830) found some fossils which he
aned to Megatherium Cuvier, 1796 Geoffroy Saint-Hilaire (1833) decided they were nat Megatherium
i established the name Lepitherium for the these remains D'Alton (1834) recognized that they do not
velong to anything like a Megatherium
Stability: Usage vs. Priority meanwhile Glyptondon was getting off to a rough start.... Owen in Parish
(1838) gave the name Glyptodon to a genus primarily based on an isolated indeterminable tooth. As the
tooth has been lost this name is generally considered as a nomen dubium ( impossible to determine
wrether a specimen belongs to that group or not) . (In fact, this tooth probably belonged to what is
urrently known as Panochthus Burmeister, 1866, so not a glyptodon atall.)??????
Siability: Usage vs. Priority Owen (1839) established the name Glyptodon clavipes for a tooth and part
ihe skeleton of an impressive fossil animal from Argentina. Glyptodons are now widely recognized...
Wility: Usage vs. Priority The name problem: The name Lepitherium Geoffroy Saint-Hilaire, 1833 is
carlest available name for what is now recognized as a glyptodont. Stability would be threatened if the
i Lepitherium Geoffroy Saint-Hilaire, 1833 is maintained over Glyptodon Owen 1839. In order to
« the name Glyptodon Owen, 1839 it is proposed that the names Glyptodon Owen in Parish, 183#
coitherium Geoffroy Saint-Hilaire, 1833 be suppressed.
bility: Usage vs. Priority Article 23.2. Purpose. In accordance with the objects of the Code the
e of Priority is to be used to promote stability and it is not intended to be used to upset a long-
cepted name in its accustomed meaning by the introduction of a name that is its senior synonym or
womonym. Lepitherium Geoffroy Saint-Hilaire, 1833 is suppressed so Glyptodon Owen in Parish, 1838, can
ontinue o be used
Stability: Usage vs. Priority The Giant River Prawn Macrobrachium rosenbergii (De Man, 1879) <ul>
<I>One of the most commercially important crustaceans in the world: </li></ul><ul><li>Widely fished in
South and Southeast Asia </li></ul><ul><li>Extensively cultured in Asia, America and Africa . . </li></ul><ul>
“li=The overall production is 205,033 tons with a net value of US$896,263,000. </li></ul><ul><li>In the last
ide average M. rosenbergii production rose by some 35% in quantity and almost 20% in value . </li>

ability: Usage vs. Priority <ul><li>First recorded in Southeast Asia by Rumphius (1705) </li></ul><ul>
‘=lore Linnaeus’ Systema Naturae (1758), thus does not provide nomenclatural priority </li>
\Vlacrobrachium rosenbergii (De Man, 1879)
Stanility: Usage vs. Priority <ul><li>De Man (1879) described Palaemon carcinus var. rosenbergii from
. New Guinea (today Papua, Indonesia ) on the basis of a single female. </li></ul><ul><li>He believed
o be only a ‘variety' (nowadays - subspecies) of P. carcinus Linnaeus, 1758 (American species). </li>
“ul>Macrobrachium rosenbergii (De Man, 1879)

Stability: Usage vs. Priority <ul><ul><ul><l|i>Sunier (1925) showed that P. carcinus is a species in
America only, proposed Palaemon dacqueti Sunier, 1925, for specimens from the Indo-West Pacific with
Java as a type locality. </li></ul></ul></ul>Cowles (1914) noted 2 distinct forms in Indian and Philippine
material, but continued to use the name P. carcinus for both.

Stability: Usage vs. Priority Types for: dacqueti rosenbergii M. dacqueti M.rosenbergii

Stability: Usage vs. Priority <ul><ul><ul><li>THE BIG PROBLEM: The species of prawn that is
nredominantly fished, cultured and studied by biologists is the one to the WEST of Huxley's Line and is
iefined by a specimen (lectotype) of Macrobrachium dacqueti , but is universally known as Macrobrachium

enbergil . </li=</ul></ul></ul>A series of other nomenclatural changes at the subspecific level have taken



i the meantime, but in a nutshell it has become clear there are 2 species, one in aquaculture, from

rent parts of the region.
Stability: Usage vs. Priority Substantial confusion will result if the names are changed. Surprising

roposal: set aside the holotype of Macrobrachium rosenbergii (De Man, 1879) and designate the lectotype
“Macrobrachium dacqueti (Sunier, 1925) as neotype of Macrobrachium rosenbergii in its place. M.

dacgueti M.rosenbergii
Stability: Usage vs. Priority <ul><ul><ul><li>If the Commission votes FOR the proposal </li></ul></ul>

</yl><ul><ul><ul><li>The name M. rosenbergii will be retained for the commercially valuable species. </li>
</ul></ul></ul><ul><ul><ul><li>The name Macrobrachium dacqueti will be taken out of circulation. </li></ul>
Ii=</ul>For the species defined by the current holotype of M. rosenbergii , a new name has been
roposed: ‘Macrobrachium wallacei (Wowor & Ng).
-labiiity: Usage vs. Priority M.rosenbergii M. wallacei <ul><ul><ul><li>If the Commission votes FOR

posal </liz</ul></ul></ul><ul><ul><ul><li>The name M. rosenbergii will be retained for the
roially valuable species. </li></ul></ul></ul><ul><ul><ul><li>The name Macrobrachium dacqueti will

v out of circulation. </li></ul></ul></ul>
lity. Usage vs. Priority Article 23.2. Purpose. In accordance with the objects of the Code the
' Priority is to be used to promote stability and it is not intended to be used to upset a long-
= name in its accustomed meaning by the introduction of a name that is its senior synonym or
Stability: Usage vs. Priority Separation of Nomenclature & Taxonomy Drosophila Fallen, 1832 new
‘=suis suggest the genus is paraphyletic splitting the genus will bring Sophophora Sturtevant, 1939 back to
valid generic use (among others) guess who won't be in the remaining Drosophila ?! * Sophophora
melanogaster’! Drosophilia melanogaster is the type species for Sophophora Sturtevant 1939
Stability: Usage vs. Priority Separation of Nomenclature & Taxonomy Is Drosophila melanogaster
Meigen, 1830 so important that it should be designated as the type species for the genus?
Stability: Usage vs. Priority Separation of Nomenclature & Taxonomy
Stability: Usage vs. Priority Separation of Nomenclature & Taxonomy Yellow Fever and Dengue vector
10s Aedes aegypti changed to Stegomya aegypti Valid change under ICZN rules by Reinert et al.

Stability: Usage vs. Priorlity Separation of Nomenclature & Taxonomy Yellow Fever and Dengue vector
aultos Aedes aegypti changed to Stegomya aegypti

Stability: Usage vs. Priority Separation of Nomenclature & Taxonomy
wenclature and biodiversity informatics: what are the data we use to get 'the big patterns for the big

omenclature and biodiversity informatics: a common pantropical reef coral <ul><li>A species search
nome </lis</ul><ul><li>iSpecies is a test of E O Wilson's idea of a web page for each species. The data
lsplaved are generated &quot;on the fly&quot; by querying other data sources ( learn how it works ). Send
~omments to r. [email_address] . gla .ac. uk , or visit the iSpecies blog . </li></ul><ul><li>Search: </li></ul>
<ul><li>Montastrea </li></ul><ul><li>Yahoo tags </li></ul><ul><li>stable isotopes trace metals
zooxanthellae environmental regulation biomass florida keys reef coral montastrea caribbean reproduction
</li=</ul><ul><li>Genomics from NCBI </li></ul><ul><|i>Taxld: 48497 Montastraea [stony corals]
equences: 4222 nucleotide, 206 protein </li></ul><ul><li>Barcodes of Life </li></ul><ul><li>Global
Hindiversity Information Facility </li></ul><ul><li>Hexacorallians of the World </li></ul><ul><li>Integrated

nomic Information System </li></ul><ul><li>Global Biodiversity Information Facility </li></ul><ul>

Nomenclator Zoologicus </lix</ul><ul><li>Map from GBIF </li></ul><ul><li> </li></ul><ul><li>Images

hoo <fliz</ul><ul><li> </li></ul><ul><li> </li></ul><ul><li> </li></ul><ul><]i> </li></ul><ul><li> </|i>

Yahot
i>Articles from Google </li></ul><ul><li>a € ! of prolonged A “ bleachingA " on the tissue biomass



ind raproduction of the reef coral Montastrea a € | </li></ul><ul><li>a € | : Physiological and Environmental
Regulation of Stable Isotopes and Trace Metals in Montastrea a € | </li></ul><ul><li>Growth and form in the
reef-building coral Montastrea annularis </li></ul><ul><li>Reduced growth rate of Montastrea annularis
following the 1987A — 1988 coral-bleaching event </li></ul><ul><li>Recovery of the coral Montastrea
annularis in the Florida Keys after the 1987 Caribbean A “ bleaching & € | </li></ul><ui><li>Depth-
dependent photoadaption by zooxanthellae of the reef coral Montastrea annularis </li></ul><ul><li> </li>

=<ul><li> View My Stats </li></ul>ispecies search : Montastrea

“lontastr ea or Montastr aea : same or different? 1 genus or 2? <ul><li>Biogeography of Montastr ea

F <lli=<ful>
aslrea or Montastr aea : same or different? 1 genus or 2?7 <ul><li>Biogeography of Montastr aea
SBIF </liz</ul>
Lntastrea or Montastr aea : same or different? 1 genus or 2? One coral systematist working in
bbean spells genus correctly WP coral systematists spell genus incorrectly
Juestions?
"un 10 Epecies of the Year Quentin Wheeler - Int’l Institute for Species Exploration
o /lwww.species.asu.edu/Top10
Holotype of Homo sapiens ?
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This theory says that all Emnmwom:m. start their Mm<m~q_m.wm
ment from a single celled ege. ,IE:m ._m because _un @.. o
ancestor for all metazoa was a single celled >Eoomm b
ancestor. As an evidence, it is seen that the eggs of spong
and some OOO—QBHQﬂmnmm are amoeboid.

The egg, after fertilization, undergoes cleavage m_:a
develops into a solid spherical .wa:_uc.c:__”n m_mmmm om:wunu.mﬂﬂﬂ.n:mw.
! 1 : asely packed' cells. e morule -
morula is a ball of, closely _.Enfw . !
Wﬁmnaa as corresponding to a simple hypothetical macnco_a
colony, Synafioebg.

3 intce ¢ ball caHed blastula.

morula develops into a hollow : ;

The W_ﬂmﬁc_m has a central cavity called Emm:u.nom_ mcﬁﬁmc

by a single layer of cells called blastoderm. Which wnmmac es
the present day Volvox.

Biastula is an embryonic stage oceurring .:. the améﬁ%..
ment  of  all metazoans. Hence Haeckel believed ._._n.:m; Mwmm
a_:n.hamnc_., of all ‘metazoans was once like a blastula. This anc
tor was called a Blastea.

The blastula, then develops into a gastrula E‘ m:<mm:_~mﬂo_w,w
The gastrula is cup-shaped and it “is  formed ' of Z.M,M. m.ﬁwoh
namely: an outer ectoderm and an inner endodérm. it .w:va.t_n
derm encloses a cavity called archenteron which opens to \ :
side by a blastopore.

As all metazoans develop a gastrula ‘8tage in their :.»....w.
history, it 'is believed that once the ancestor of. metazoa was
like a gastrula. Haeckel named this ancestor as Gastrea.
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fqovw_u_o Ancestor

It is bulieved that the first metazoan originates from
orptozoa. Ths Protozoan ancestor of metazoa might be a

ccionial, hollox, spherical flagellate,

Theories for the Origin of Metazoa

There .m e* three main theories to explain the origin
maotazoa. They are the following:

1. Syncytial theory _
2 (Colonial theory and ;
3. Polypuyletic theory.

1. Syncytial Theory

This theory was proposed by HADZ! and HANSON in 1958,
According to this theory the first metazoan arose ?o._._._ a
peimitive  multinucleate  ciliate.  This multinucleate ciliate
resembles the present day Opalina. It is a m:._.a._mnom:mn_ animal.
Bi't the cytoglasm contains many nuclei. This type of cytoplasm.
with many niclei is called a syncylium. This - unicellular body
is converted into a multicellutar body by the development of
cell membranes between the nuclei.

Cilid,
T~

, New cell membrane =

A multinucieate ciliate Formation of cell membrane
Fig.P.1-1: Syncytial theory.

Z: Colonial Theory :

The -colonizi tieory was proposed by HAECKAL in 1874
and it was supportod by LANKESTER (1877), METSCHNIKOFF
(1386) and- HYMAN (1940). According ta this theory the first
metazoan was originated from a colonial ancestor. HAECKEL
stated that ti.s colonial ancestor was a hellow, spherical, Volvox-

lize, flagellate, protozean coiony, LANKESTER proposed a
s«ilid, colonia’, flagellete protozoan like the Pandorina as the

zncestor.

METSCHWIKOFF also
c ndorina This ancestior resc

lenula larva. This ancestor

a solid coloay like a
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!IiilflImGﬁﬁan

Vegetal pole

__— Flagella _

T

D@ Primitive intestine,

tea’ mnmwm ..@m.bmcmnoamﬂ. Gastraea’ stage ?
e P.1-3: (Gastraea and Blgstea theory Loaniey e
e SRl was called gastraca. The
imitive double-walled . organism .
primitive ;

C _ toderm and an
. wo ‘layers, 'namely an o:nmﬂ. ...ku cavity which
gastraea has "two endoderm encloses the - ALY

g it e AT
s A 5 the “stage is represented  in .a
days the gastraea s DA B b
_w.m:__rﬂw%ﬂaﬂqbam_w..mw..ﬂ:.m gastrula stage of dev .
mulitice s : k

: : ity " functions as
inner endoderm. M:wq.:m... opening of this nm<._w<.._..q"m.m_ocn. Lo

lyphyletic Theory i G in 1959, This
pev w._... theory was proposed by mmmmwmw_wwmmoﬁ_.ﬁ:m metazoa.
:  This, ses two different types of ance phidideel B )
vl s Ecmwﬂ is colonial flagellate. It gave el
e ances LI IE ..
M%M_mwnm_.mnmm. The ‘second ancestor

to ctenophores and flatworms.

Flatworms
Coelenterates :

Ctencophores
Sponges

Ciliate
Colonial flagellate

Fig.P.1-4: Polyphyletic

In enterocoela the coelom develops from the gut (endoderm)

is a ciliate. It gave rise

5. Origin ofF Bilateri~

Bilateria inciudes c:mnmamzr symmetrical animals,
bilateral symmetry the body can be split

In

into two equal halves
in only one plane. Here the body parts are arranged on the

two sides of the central axis. The animals exhibiting bilateral

symmetry are called Bilateria.
Systematic Pasition

The Bilateria are .Ec_nmom::_mﬂ organisms. The animal
kingdom s divided into two Subkingdoms, namely Protozoa and
Metazoa. The Protozoa . includes unicellular organisms, = The
Metazoa includes multicellular organisms. The metazoa is funther
sub divided into. three branches namely, Mesozoa, Parazoa and
Eumetazoa, The mesozoa includes primitive parasitic worms
m:nmﬂ:‘_wo_mmﬂ@ Umns_mm:. protozoa and métazoa, Parazoa ‘includes

sponges. mcﬂmﬁmwom includes nomﬁm:g‘.mﬂm“ onm:n.b:owm. platyhel-
Annelida, bﬂn:ao_ooo.m. go:cmnm.

minthes, >m.ﬁ._._m_35n:mm_
Echifodermata and Chordata,

mcamﬂmwom_ is .nzlzwﬁ..mcca_iamn; into two groups, ' namely
Radiata ' and Bilateria. Radiata includes radially Symmetrical
animals. “Eg. ‘Coélenterata and Ctenophora. Bilateria includes
c:mnmﬂm:k symmetrical animals, Eg. Emnw:o_a_i:mm to Chordata.

The "_u:mn..mlm is divided into two “Sub . groups, namely
Protostomia -angd. UmcﬁmﬂOmno\Bmm. In “protostomia the blastopore
am<m_ohm;:no the mouth. Eg. _u_mﬁw:m_._.ianzmm to Mollusca,: In

deuterostomia the blastopore develops into anus. Eg. Echinoder ms
and chordates. .

: The Bilateria is “also subdivided into three groups on the
basis of the presence or absence of coelom. They are acoelomata,
Pseudocoelomata and eucoelomata. From acoelomata coelom
is .mcmm.:n..._m@. _"u_hmn%:..m_:_..:.ﬂ:mm.. In Pseudocoelomatsg a_ false coelom
is  present. Eg. Aschélminthes. In Eucoelomata a true coelom
is present. Eg. Annelida to Chordata. : . ,

. The €ucoelomata s further subdivided into two groups,
namely Schizocoela ' and Enterocoela, [n schizocoela the coelom
.amcm._.cUm from mesoderm. Eg. Annelida; Arthropoda and’ Mollusca. -

Place of Origin
The first bilateria originated in the sea.
Time of Origin
The first bilateria originated ahout 2000
2o (one million years = 10 lakh years),

million vyears
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First Bilateria

The flatworms included in the class Turbellaria of phylum
Platyhelminthes are primilive bilateria. The turbellarian flatworms
are acoelomate. .

Probable Ancestor
The bilateria are multicellular

organisms. The primitive

multicellular organisms are coelenterata and ctenophora. The
bilateria are highly advanced than the coelenterates and
ctenophores. So the ancestors of bilateria should be.- with in

these two groups only.

The coelenterates and ctenophores are radially symmetrical
animals. If these radially symmetrical animals are considered
to be the ancestors of the bilateria, it is evident that bilateria
originated from radiata. :

Theories for the Origin of Bilateria.

There are four theories to explain the origin of bilateria.

They are the following:

{. Trochophore theory
2. Syncytial theory
3. Planuloid theory and 2
4. Ctenophore - polyclad theory.
1. Trochophore Theory
This theory was proposed by HATSCHEK in 1878. Trocophore
is the larva of Annelids and Molluscs. It resembles the
Apical sa2nsory duft
Apical sensory plate

i Precral ciliary
iy o
Apical ganglion h\/ L
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ctenophore. Hence it is believed thal the annelids might have ' g2t
originated from the ctenophore. So according to this theory
ctenophore is the ancestor for bilateria. During the origin of
. . ac

if this theory .is correct platyhelminthes should have changes occurred: Gsla
originated from annelids. But olatyhelminth worms are more 1. The b
primitive than anneligs. So this theory is- not accepted. 2. The UNM“ WMMMMM wwnﬁnﬂnm:ma along the oral-ab

) . atte -abora i
2. Syncytial Theory ; | w M”m mouth was am<m_ocm:%am: the t | ik
R Y ; . e ner ventral si
This theory was proposed by HANSON and HADZI. This : 5. The m:QMMm_wM,_:_.,MM:m:MﬂMM to M:m anterior mmq“mm.
nised into a Q_mmm:a..
/e canal,

theory states that multinucieated ciliate protozoan is the 4. Ct
This rultinucleate protozoan becomes - Ctneophore-polyclad Theory

fro folto
m  planula ‘the following

ancestor for bilaterias

the multiceliular animal by the division of the cytoplasm. This ? _ This. theory was .

animal gives rise to the acoelomate .flatworms. The acoela to this theory, cteno :Uﬂouowma by LANG in 1881 _

gives rise to the coelenterates in one line and the polyclads |  ctenophores Gom_ov_mwmoﬁmm are the ancestors for Um._mﬁbo.ooa_:@

in another ‘line. This theory is also not accepted. 4 ammumnmm the polyclads. .wﬁm Ctenoplana resemble w::w. iy
. Muller's larva of polyclad is <mm‘.oq_wmﬁ_uﬂn_m are turbellarians. BWEM

Gastrovascular
ovd y makes the aut : like the cte ; f
hor to believe that the polyclad :wmw%mmw This

rians

::@:n. have originated from ctenophores

coelenterad ta 3
Ectoderm

' polyclads
o — Apical tuft of cilia

f

Metazaa

!

polynucleated
: ciliate

Fig.P.2-3: Outline sketch to show mwanwﬁ& _theory
3. Planuloid Thoery e : ; S .”
This theory. was proposed by Lankester in 1877, '+ This
theory explains the origin of Metazoa. According to this theory
a solid spherical ‘colonial flagellate protozoan is the apcestor
for metazoa. This ancestor resembles the _m_man_u. larva of

coelenterates. - ....
This theory ‘explains that the first ancestral form  wa
single celled Amoeboid form. The single celled ‘amoeboid
morula like ancestor. The. morula

kel in his gastrea

M .- Caudal tuft
il i A .a:_.ccnmo:._m

Fig.P.2-6: Ctenophore - MOH%nhmu n.:mn.,hv«

a
form developed into a
developed into a blastea as explained by Haec
theory. The blastea ancestor then developed into a solid form
called planuloid form because it resembles the Planula lafva
of coelenterates. The FPlanula jarva is oval in shape and has
a radlal symmetry. It is solid in natur It has a covering
: Jlared cells. It is without a | uth ard a digestive 3§

C.0rigir :
gin and Phy =1 i
gh nylogeny of Annclida

a - includes multicellular

3les a pli riula larva, this theor)
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Spiral Cleavage: Both Annelida and Mollusca have spiral

cleavage. The Qmmimmm.__m :Eow"mm:o.

Though there ' are a number of similarities, Annelids
differ from mollusca on the formation of mesoderm.

2. Non-Metameric theory

Unsegmented platyhelminth worms were the ancestor

for mollusca - The .
Chiton in the- mode of locomotion and in the presence of
ladder --like nervous system. o

3. Archi- mollusc Theory

This theory was proposed by Yonge and Stesek. According -
to- this theory all the mollusca were originated from a hypothe-
tical ancestor called Archimollusca * The Archimollusc 15 a

bilateral, unsegmented animal with a distinct head,

marine
‘ theory also stresses, the mnon-

mantle, radula and foot. This
Emﬁmam.\_o ancestry.

e
H.w.mum@\q\_ma.c.&ﬁm\ of Mollusca

multicellular, triplablastic, coelomate,

Mollusca are
ft bodied animals with shell, head, foot,

‘bilaterally symmetrical, SO
visceral mass and mantle.

; Fhylum Mollusca wm.nﬁdwamn into F main classes.
They are the following:

1. Monoplacophora Eg. Neopilina

9. Amphineura Eg. Chiton

3. ‘Scaphopoda ' Eg. Dentalium

4. Gastropoda Eg. Pila

5. Pelecypoda Eg. Lamellidens .

6. Cephalopoda Eg. Octopus . Sepia., Nautilus

1. Monoplacophora

In monoplacophora, the shell is made up of 2 single

picce. hie is the only mollusc displaying internal meta-
merism. ;
class had been thought to be extincl since
the Deyenian. But in 1957. a living. monop acophord
fountd pr. Henning Lenche the pacific wa
(3500 re)  of Mexico. It ed as. Néopi
discovered

aalathes her living species art N. ewingi

turbellarians are resembling Neopilina and’

ancestor for other molluscs.

Chaetoderma, Solenogaster, etc.
and the foot is vestigial or absent.

formed of 8 plates and the foot

.___..__:.,.._._ from Turbell;

in 1959 f . 847

mmmno<m1magﬂﬁ _umﬂnm at a depth of 6000 meters. N -
e i om Mexico in 1961 and N.ad » N.veleros
vered in 1967 from the Gulf of Aden -adenensis was dis-

All these species are

the sea. living the deepest

part eof

‘his is a primitive
chara 2 group havin g
m::mﬁnnﬁMMm.m:MMMﬂ internal metamerism of m:u%mmw“u: BEAMGYE
not the m:nmmﬁop..ﬂu‘. ww_uﬂ the mollusca. But this B, BHSRKs
2 e My or other molluscs. The segme mﬂo:w is

i on ancestor for Annelida and §bﬁcm:nmm.u body

2. Amphineura

Amphineura ha

ve ventr
nervous system is ladder-like mH_H
group like that of :

nerve cords and the

more primitine
also not the

is a
monopdcophora. It is

-Mouth

‘| Groove

Chaetoderma :

Fig.P.13.1: A few amphineuran molluscs.

Amphineura includes two orders

nam
Polyplacophora. Aplacophora sl Aplacephord

includes Neomenia
where the shell is absent

Polyplacophora includes Chiton where the shell -i

is large and flat.
Tl ey rfome ik
ih ladder-like nervous sysiem of thi

s g & i 2 BEroup ssemb-
thai of lurbellarian Tm oy PR I resemb

Iminth, Henoe this grounp

mitive and s [ e possibili
I sibhility of origin of
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Cerébral he first gastropods originated in the sea. Later
\ : s . . they invaded the fresh water and land.
Go_.ocrwwmc«m commissure commis_ure
commi : j ;
Om.éa_qmr Oesuphageal Buccal ganglion Gastropoda includes four main groups, namely
ganglio nerve ring \ J.. Diotocardia, Monotocar-ia, Opisthobrar~hia and Pulmonata.
Merve
7 cord : Diotocardia includes tne Priuitive gastropods. Eg.
7] r Lateral Labial ~ Sub, radular m_mﬂmﬁm ‘Haliotes etc. Torsion occurs in theseanimals ‘But they
Fa x| nerves commissure < — A ganglion retain bilateral. symmetry and two sets of visceral “organs
7 such as 2 ctenidia, 2 auricles and 2 nephridia.
Apex : e
e ey _ \ Shell amzm:
t h o 4 3 . u a oramen
Ve Pallial cord |~ Pedal  cord .
4 ) Chiton
* - *
_ £ Supra rectal Pedal | A
- 4 i = i on
pallial ooaaumm%ﬂm. H.M:mmﬁﬂwwmwwm Gl Foot Tentacle
| Fig.P.13.2: The ladder ike . . - i
¢ system of Chiton resenibles Patella Haliotis
Planaria that o». Planaria, a Fig.P.13.4: A few diotocardia.
nﬁdﬁmwymﬂwmﬂ. .su:oﬂonmﬁnmm on the other hand, have lost their
3. Scaphopoda : d organs on the right side and hence they retain only one
1 with boat-shape £ £
ludes tusk shells i set o organs.  Eg.  Pila Cypraea etc. These animals
Scaphopoda inciu dos=foot). All of them are mar e develop Hn;,mu..n_:. $
. e= Boat, podos=Ioot}. the following Siphon  Shel _
b I ble Pelecypoda because of P ol e
They  resem tentacles
reasons. $ Mantle
1 n
1. Reduction of head
1 : 111 cer.
2. Nature of foo & f the post velige : ~F
3. Bilobed mantle and ghell o S Tentacle oot p
! g Cypraea
Shell Shell of Cypraea
m.am P.13.5: A few Bonoﬂonmnaum 3
. Opisthobranchia includes Aplysia, Doris etc where
= “.h_umsn.mu.b: cccurs.  They also retain only one set of organs;
- navaM — Mantle cavity opens posteriorly in them. The viscera and
Fig.P.13.3: Dentalium, 2a pany hervous system are secondarily unwound. W
~ntronoda . _ e 9 : ¥ q._n.
sl R T dos foot) ..m._ﬂ..,._:nm.m..m R ﬁ_““. p o X v.__.\ux.,. )
Gastropoda (Gastros= Stomsc ; PR torsion  @F //I,ni S F e o 2 \ v |
._ A having | : coiled =hell. e i _q V \ “
asy mmell . ead and a sp SR W eTe & ) N
Y torSion he the stru whe ' e/ T
: _ e resi f 4 plysia P
Bo-

inist

aobrat
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Pulmonata includes

Helix, Lymnaea, Planorbis, etc.
They have lungs for respiration.
Opisthobranchia and FPulmonata  have arisen from
monotocardia.
5. Pelecypoda
Pelecypoda includes bilaterally symmetrical animals
with two shells, two mantles, two etenidia and a wedge-

shaped foot. They do not underga torsion. The mmﬁm.mwm
immensely enlarged and are used for respiration and filter
feeding. The head is very much reduced. .

Among Felecycpoda, Protobranchia
are _primitive. Other groups of Pelecypoda such as
Filibranchia, Eulamellibranchia, Pseudol a me ll. ibranch-
ia . and Septibranchia bhave originated independently from
Protobranchia. -

(Eg. Nucula, Yaldia)

6. Cephalopoda

Cephalopoda
such as Nautilus,
more complex.

includes
Sepia,

the

most advanced molluscs
Loligo, .

Octopus, etc. They are

They are bilatelly symmetrical.

Loligo

Fig.P.13.6: A few Cep halopods.
The Foot is modifieda
attached to (I head. The

fused lhere is g

into
foot and bead o
siphon by

from

tentacles

topether

may
The

iercted the nanti

is betier developed
Py

Opisthbrancy; . 51
8 mmﬁszmsn:h i
Yﬁisozmﬂm Eulamel]i [ oo
?..o:ognmﬁau..m . branchiata
; UMo»onm_ﬂ&m mum%caoh.mgm..:
: Fanchiatg
Ommnvo.ooam
Filibran Coleoideg
. chiatg :
Polyplaco Phora
APlacophorg A
: Mmonouidey
X Scaphopoda o
Amphineura _ . : ; .
Protobranchiata Nautilojde,

Eczonhmnohu:oﬁm C i :

i ' Cephalopoda

% " .Wk..
Fig.P.13
"The nervous ¢

n 8 Blghl
m%mm. are like those of Cm.w.»m.m.wm.;mwm 4

centralised m..aa .ﬂrm
Class

. Gmtjmhononm Hz 1
: icludes 3
chﬂ\.ubunom\bs.uc:omnwm and - Coleoides e, i
The nautiloids b
ay _ and' ammonpids
facks . 01ds have four
o oﬂ.ﬁgmmw\ mwﬁm cailed H_mqmcw.wan:u.mﬁm. The .nowmﬂm.__nwm e
- L 1and, have ' tyo gills d i
Huwm:nrum#m. . an hence calleg
Nautiloids and .
5 B 5 ¢ ammonoids
as Colenids have internal shells T e PR e
A mong cephalopods ]
. & 0ds  Na; by i
had chamhberead :uimﬂwm: m:?:.m._.:_:::: VRS primitive, They

Naiitiloia

,_.._T__.H.q__.z_ A8SSIIr

Period andl

‘ne fauna.

Siluriap




e p m.._..lvw : : Lo
.....,.._uﬁ..waﬁmlam nautilnids the shell was Q.,_mw :
\ 4 During the course of evclution, the shell wa
.‘......m,wn.o.:mwu\ arched and then <oiled.
i Ammonoids Were completely . mﬁ.ﬂ.ﬂn#.mﬁﬂsﬂu MW&H%W ]
from Nautiloids. They were the dominant .awn,wwm.u. e
cMMm throughout the . mesozoic era. ‘they dwin .

i ha e : us.
gradually became extinct by the end -of nwmbm.@mo &

14. Neopilina
hylum .+1Mollusca
_Muww“m : Monoplacophora :

| ; iscovere¢ primitive marine
is -~ a recently  discqvere« : T
m__:mwoo._wwmﬂ_g%&ma in' the- class -Monoplacophora. It -has i
following -salient features:
1. It ‘is discovered . l
tral i AR, Imaaning and .
of, Omm_n...wh .NMMMEMR_” .dredged . out by Hn_mw ._.wm_:*wu.N O%,_.mnqmwzanm s
e e . ( a “galathea b e oot O
hence it was named as Neopilina galathe 4 E_n.. .
iy _Hﬂ_ : H_me prifnitive moliusc..and retains Ewm:v. :ﬂﬂaw_ dan
L s. Hence it is believed to be a no:zmm.n H”mm ot
..n:mwmm..no__.n. is ‘daHeéd a living fossil because .of |
aess. !

W

in 1952 .:.oE “the deep sea ~coast

> . It is a deep sea form. ;
Wm It is the only segmented’ mollusc. A
7. It has a cup-like shell. . PRE
m. A mantle._ is present’ below the"shell.
9. The ventral side has a foot. it R s

10. The mouth is anterior in’ position
_is situated posteriorly. i
Apex

Growin lines

pPost oral
tentacle

e
Shell border—>=<__
ventral side

primitive

7 Dorsal side
the
mollusc.

| ..._m;u:.—...:
amented

BT e e

Vil

2% .

Il. The region between the
mantle

12. The mantle - groove
gills. e
13 It has 6 pairs of

14 The nervous system  ig ladder=tike.

5. A radula is prese
“The
It has 8pairs of
- 18. Annelidan Chaiac
in the presence of traces
Is represented by & pairs
and. 6 ‘pairs of .:@.U:_.;mu._.w.” ]

© . 19.  Molluscan Chédracters: The molluscan characters
of. Neopilina include the shell, radula, mantle, open type
or Q,_,Oc_mnc_..w_mwmnm_.:.‘ eterTe At - G )

.0.,9...&:.«»9_"_ :

'As  iNeopilina  shows.

is  thought - that Neoplilina

wmco._.tﬂon_ of molluscs from Annélida

is called mantle gnnove or ‘mantle cavity

, Circulacory system is of ‘the open-typg. : |
/pedal muscles. : _

of pedal muscles,

813 _
foot and the margin of

contains 5 pairs cf branched

Aephridi:
ne.

ters: Neopilina ~ resemblées Annelida

N. The Segulentation,
S pairs of gills~

i

ai few -annelidan n:mﬁmonmﬂm..ﬁ 2

s “a  transifional form in/'the
- But it is debatable, " -

| i : !

Phylum
Class
Order

rml, It is a group: of Mollusc included
lopoda and the order Zum.tn.,.amn_mm. ..

2.- This &roup 'includes

3. the extant animal i

15. Nawutiloids .

Salient _.,.m..mnc_.,mw.. ow..?m_m.n:o..am %

EE

, *.Mollusca:
A .Omun.m_ouoo.m . ;i
. ¢ Nautiloidea

& i
‘in the class’ ﬁmv:m.T.

extinct as well as extant animals.
S represented by the Nautilus. =

s
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£ 4. The nautiloids are the primitiye cephalopods. + . .
ﬂ. 5. They originated in the cambrian period of palaeo- . : Nee &
= zoic era about 500 million years ago. “This fact dhow . 8! .
w _ 6. Most of the Nautiloids except Nautilus became Nautilus, Wi olmgmﬁ.wmn_nw”uﬂ the coiled shell of present
extinct during the. ordovician period about 425 million years o m straight shells, _
| . . Some of th i . el
ago. f € extinct 3 AL
i 7. Nautilus is marine. It has a spirally coiled shell mmmm..moa,_m straight shells had a m.._wm:.wnm_w__o%%uomnn&:on a gigantic
formed of many chambers. : i : feet.
8. .The outermost shell is lafge and the innermost shell
is small. ! o : b,
9. The chambers are separate y a septa which are 1€, Aowi .
perforated in the middle by a sjphon. The chambers are filled . | o X 3@0@0@&@9_%
with air. It helps the animal to float in the water, . & ylut : 'Mollusca
. b 5 A FRleye i lass : Cephalopoda -+
10. The junction between the <chambers is known as ] Order ¢ Ammonoidea
suture. It is-simple, curved and smooth in Nautilus. . .A_ K e & ; :
m_ _._.,>3_§m"m live in the outermost chamber of the :shell. in the class cephalopoda m:am oup of extinct mollusc included

2. They originated i :o_,mnwm-}.ﬁ.ﬁo:oamm.
2, ed in the i peri al: i
et .mwor_mﬁ umrmw i voans .m.mo. .mxo,zj_m-__ period of palaeozoic
- They flourished ‘well durin i

g the mes Bre =
all cﬁ%%ﬂ became extinct by the end of Emwomw_ﬁwu_nmwwa v
S €y originated from Nautiloids. They w mari
They had spirally coiled shell. The shell had wﬂmww_.m:%_wm%m.
septa.” The septa were
n. The outer chamber was larger than

12. The body has two regions, known as head and “trunk.
The head has two eyes and ten_ tentacles, arms are absent.

al i S ink glands are absent. i
u ?Em_m..“ “nm mwwwmq”_m w%h_.m: m:ma Pacific oceans.:As the chn.::m._
___.mmm.ac_mm the extinct nautiloids  in';many .”qmm_uwo_“m. ' I
3 nm____ﬂnw.m.__,_ﬂmamhmm difference between the shells of modern
Nautilus and extinct Nautiloids is the coiling of ﬂ.:m .mrw:.
Some of the nautiloids had straight shell. Eg.. Endoceros, Ou,m,ﬂo
ceros had a slightly curved shell. ‘Gwvr oceros had a . shell
in which the coils were loose. Still others had a coiled ..mﬁw:
like that of modern :Nautilus.. : W, i

The n:m:,_c.mw,m were . separated by
perforated by a sipho
the inner chamber.

i |

‘Deep folded

| & suture
A straight
‘nautiloid i !
i e nw“o"..non_m...oe
Faa . Slightly curved = §
€ . _ .
-3 .&.M.&Wlﬂl Baculite’ ; Muenteroceros

'
o

(g
Gyroceros
Loosely coiled

Fig.P.16.1: A few ammonoids.

b kb

m:nc_.mm. .wﬂ:m .q::on_o:. between the chambers is known as
with m._:mwumm%wﬁn.c_,o EMM :nwn Smooth. But it was ornamented
Ings and it hs 4 ! !
appearance. 4 1ad a wavy or loop, or saddle like
6. Most of
_ foperculum),
|

the Ammonoids had a trap door arrangement
he mq QzOIC era saw an outburst of aminonoid

of fossils are collecred.

Ammonoicds rFes:

ned  a gigantic  size ]
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17. Becemmnites

Phylun. . “Mollusca
Class : Cephalopgga
Oraer . Coleoidea.

Belemnites possessed the following saljent features:

- Be _ ou; inct ‘mollusc sincluded
1.  Belemuites were a group of extinct E\m.\_.mm.\ iy

i slass cephalopoda. : Y, %
. ﬂ:mx memm_m:gvz:mmv were closly rememnling Sepia, r%wwmm
: is believed that they weres the imme
ancestors for modern Sepia, Lioligo and Ogtopus.

Tentacles

_Eye - :
Fig.F.17.1: A Belemnite. _
: L . inmni of Mesozoic -€ra
5 ; origindted in the beginning W ehe
: u.mMo:mw:::om s mmw. i :orﬂm:m_ua nMM beginning
ﬂ_wocww.o_o. era and all of them| becameg extinct Dy t
eso ;

( zoic era. = el
e ﬁmMn.vN@_,_:m% originated from nautiloids.

5. Morphologically, they -were resembling
and Loligo.

Hooks

the Sepia

6 tentacles with hooks (in place of suckers

it Ewn._m_ﬁ:mw\o_,ﬁm. They had ink -glands like those of anwu:
o . e i :

mni%w .ﬂﬁw had internal skeleton like those of modern
squids. : r shaped and was called’

. internal .Skeleton was ciga valles
. E.am.q.ﬂmo m_%%&,_. ﬁmm.%ﬂ:nm& at one end and at the ther
- guard.

! ~nical cavity called alveolus. >
end there was m.ammv conica y i

Proostracun

m”uwm./

Trunk

Alveolus,

Phragmocone

f -
Fig.P.17.2: ‘The
a Belemnite.

guard of

A
2 Terminal
. sucker-
Spirula, the unly :a..uz,_..h.
hambered,
shell.

Fig.P.17.3:
mollus hi a o

oma o

857 ;
. 9. The alveolus contained a chambere
as phragmocone. The phragmocone resembled XE
shell of Orthoceros a straight shelled Nautiloid. It had a.
series 0f 20 chambers separated by concave septa. The —septa.
were perforated bv a siphon.” The phragmocone had a shoe-
horn shaped extension at the anterior end called prostracum.
2 10. The Beleminites created considerable interest because -
they clearly prove'that the internal skeleton was a.remnant
of “"an external, chambered shell possessed by Nautiloid or.
possibly ammonoid ancestoFs.

.mrm..:.. :
the externa

11.-The first- Belemnites like Aulaeocergs of the Triassic
period had a very small| guard and it could cover only the -

apex. The phragmocone was -larger and it _was twice ' the
length of the zuara of Belemnites: i . :
12.In . the Beleminites of Tertiary pericd the. guard

was reduced to an insignificant size.

13. The Eocene Belosepia indicated
Belemnites to modern Sepia.
o 14. In Spirulirostrina: of pliocene pet.ud thc guard was
“further reduced in size. Beloteuthos resembled Loligo.: This
tendency of  the reduction in shell continued:and ‘resulted
into the formation of numerous.shelled” forms-such as Octopus.

the trancition from

T ]

"

18.O0rigin of FEchinodernata .

* Echinoderms are  multicellular, Umznmnm&m:%-.mk«.,,_ﬂmc..._..nm_
m:ﬂmﬁooom_o:m nom.wo:,_mnm._ deuterostomes with spinv:skin. U..mm:.i
cellaria , water-vascular : " sy

system and bilaterally ° netrica
et . ; 1 y  symmetrical
Systematic Position
Kingdom Animalia
_ Metazoa
" Eumetazoa
Bilateria Laryae are- bilaterally
_ symmetrical.
Enterocoela Coelom develops from

Uncﬁﬂﬂp.m_,____._.
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. nbles Chi
: ] hophora resembl
' jth Mollusca: Onyc . . ke
)nﬂaﬂmmdﬂmbndni ate molluscs in the ﬂucm e
ton m.:..a m.n.c.m:ba ladder- like nervous system.
appearance &

-super HH.O&WH.
H—Huw

blances are on

resem a 3

Conclusion

. . : ique
trachea, 32 nwmﬁmnwmﬂ ..HB 5
O:%n:anrcﬂma m._n..:.”ﬁmwmwbaa in any other phylum. Hen

to >H.§Hdﬁ.u@w m%mﬂ::mpu\ an arthropod mw.m.“ﬂ;.::r L
i ey chophora 1is @ connectin e oo i
o+ Dﬁ%#ﬂo oda it is not mdm i
e ﬁﬁ is .53.. an evolutionary it i
SRR : oda. It is believed that e
Annelida and >23n.ovmsa : .2 O:%nrcﬁvcﬂﬂmo " ortginatea
' mm.nﬁ.mﬁﬂw”_nw common ancestor. The Onychop )
separately 3 .

sNno .ﬁ 1

primitive characters. -

w._ Trilobita .
m Arthropoda
M”wwﬂﬂ_ca 3 Trilobitomorpha

imitive Arthropods.
tinct _primitive .~ ivided ¢
. a roup of extinct pPo- body is divi i
; = TEobleEs Mm__.uwi_:w: Trilobitomorpha. The
included in the

lobita. =
the name Trilobita. &
i into three lobes and rm:oom.m. and 4000 s mﬁmmﬂ.f
__osm._ﬂ:a_%m%w_:qw  intaine | about 17 gener pll_mlxh. b
This subphy

All of them were extinct.

AT

gl

p
il

t)h“‘li
i

il

A

andi
Trinucleus buckla:
»g ungula
Harpes

P.9.1: Two trilobites m
Fig.P.9.1:

. of Existence

- +]ong
= found @
- o (Wil 1O 15
3 arine as |
were mari

to polyphyletic theory of
Protoannelida wa

includes Arach
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Time of Existence
They lived during

the palaeozoic erg ,we__..m mrmmﬁ, of
300 million years, They were abundant .

: during the beginnin
of Palaeozoic ‘era in the Ooa_uw,m.m: and .Ordovician vmmloamm
But they became extinct by the end of Palaecozoic ‘era in the
Parmian period.

Probable Ancestor

" There are two view
According *n monophyleti

§ regarding the ancestor of Trilobita.
¢ theory of Sharov Lobopod Annelida
_fk)hmo.__._iam
Trilobita | ﬂ .
ﬂ Xiphosura mcwwv.ﬁﬁam

Tetracephalosomita

Chelicerats:

~ Crustacea \
- Trilobita

Irilobita as the
ancestor .

Opabinia

~ Lobopod Annelid s

e e

Fig.P.2:  Origin of Trilobite Fig.P.3:
was _nrm. ancestor. From Lobopod >::m__am. one line gave rise
to mec_:_m. The primitive Opabinia gave rise to Tetracephalo-
somita. Trilobita was originated from Tetracephalosomita.
According

Tiegs and Manton,
s the ancestor for Trilobita.

Trilobita as the Ancestor

Trilobita was the ancestor for Chelicerata.

\ i . . Chelicerata
[ udae . _..:.Q.m HmnOwU_on. spider, etc.) and Xiphosura (Limuy-
us). _.zm primitive Trilobita gave rise Lo crustacea. Arachnida
Was originated through Eurypterida.
Structure
As the name indicates the body is divide
itudinally into three lobes, n mely an axi
In the central two pleu lobes on the
w:. Further, the g mented ansversely  ann
thires cephalon, thorax ,
I'hie

and pypidium.,
I & It consists 2 f
plabella

and the, latera
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s by a facial suture. The portion between glabella
_ suture is known as fixed cheek and the other portion
«ying near the border of cephalon is called free cheek.

The thorax consists of wvariable numbe:- of segments.
Each segment is divisible into an axial and two pleural

lobes. . .

The pygidum is the posterior part. It is
semicircular. It dis formed by the fusion of many
segments. It is also divided into an axial and two pleural
lobes. .

mwmcmpum : -
Carapace
Movable Hypostome
Check, - 3
Frontal
suture
Fixed cheek
Carapace
Spine
Occipital
: segment
Lateral

Head

Antenna

Position of
Metasome

b lobe

Pygidium

,  Thorax

Dorsal wview-

Fig.P.4: Trilobite

| The head bears 5, pairs of appendages._ They are
| antennules, antennae, mandibles and two pairs of maxillae.
'Each thoracic segment bears a pair of biramous
appendages. The appendages gradually decrease in size
backwards. The pygidial appendages are leaf-like.
|
Life Hisvory J

The earliest developmental stage was called protaspis.
It we ¢ ircular or dval in shape. It had an anterior
cepi a posterior abdomen. 7The cephalon is large
v spgmenis In 1its ial p The abdomen  is
small | _.,.....:_m_......l into adult by the increase in the num -

and size.

her of : ments

i
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~ Cephalon

T

=3 >UQ.D5@~%

Protaspi s
5 ;

Affinity Fig.P.5: Life history of Trilobite

.H..E.Hcg.ﬂmm were ~ the primitive arthropods. They
u..ummmmmmn_. many primitive characters and they resembled
xuvwom:ﬂ.m_, and Crustacea in Mmany aspects.

Primitive Characters : Trilobites showed the foll-

owing primitive characters
1k Presence of innumerable number of
abdominal appendages. :
2. ...Pﬂdmzmmﬂm:e. and nature of mnmmjammmm.
3.  Unspecialised head region.

thoracic and

Trilohite
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o ffinity with Xiphosura xmﬁ.: = X p nuMMmE_.m HUM.WHEZN
eeil Limulus. Trilobita resembles iphesy

F ’ L | 1

/!

wing characters.

'
Body is divided into three lobes.

1
arthropods.
2.
3.

» - 4.

Eurypterida is

10. Eurypterida
{Gigantostraca) E

an extinct group of .nsmuunm&mnm

They were marine-arthropods.
They were

large size with a length of 3 meters.
They existed in lar

gigantic

arthropods and reached a

W. Cepbalothorax bears lateral eyes.” )
. : e ;
Appendages are Upﬂmao.cm .
w. .m_,wwmm:nm of lateral spine in the Em.,h.m. ; .
m. Larval stage of Limulus _.‘.mmm::uwmndm.. x.u./w@% £
»ﬂw.w.u._d:.m Hehce the larva is called trilobitp la o I
i 5 ce
.. t .phosura in -the -presen
i differs from Xipho e
f MMMMMU»WMwmm:nm of 5 pairs of appendages, )
of an 4

1ar f trilobite
Protaspis larva O
§ erculum and the . jus.
ﬂﬁ mmswﬂwmmﬂﬁgmsnm with the trilobite larva of Limu
-has no

: f
5 Crustacea : !
“Affinit with Isopoda were
>mm=m:vm.3 as Phyllopodar, rmﬁaom:mnmwluocmnmm st
nn.:mﬂmmnm in the fossil beds where the
presen
found-

resemble

ki ipus
Phyllopod crustaceans Apus and Branchip

£ ters:
] ; following charac s gt
sk gt Emi.nmww of wvariable number of trunk Se8 eng
i 15 Fres

2 F _._._me‘_.: labrui.

. resence of a ﬁH.D . .
L i

3. _.n.hm.wm:ﬁm of a mw:m”_.mw mum.kn of antenna

Lateral eye Dorsal

organ

nmﬂm.ﬁwom
Abdomen

maxillary
glanz,

Caudal styles

.

g T e 1

\ ite
Fig.P.7: An Apus a crustacean and a trilob
Conclusion

% e ;e .r._.:.._
Trilobite was definitely an arthropod. :. sﬁmm“. _M_mﬁ
most primitive arthropod Fossil n._..:a._.;.:..u. H:nMnm es L

came Phyllopod Crustaceans occurred at the mE.m ﬁ:..n;
... trilobites . flourished. Structural resemblances Hﬂ\_.., iy
‘rilobites) wgre the ancestors for p yd Crustaceans

] large numbers from the Cambrian
period to the Permian period. :

5. They originated from Trilobite ancestor.

.zwnw.._.w_u mvwm~ ! _ﬂ:mhwﬁmﬂ-m@.
Xh_1e]
Lateral : eye ciae G
Walking leg
2 > '
3 'q‘ll Swimming leg
- Mesosoma
e ,
Metasoma
Fig.P.10.1: An Eurypterid
. 6. They were the ancestors of arachnids.
_ 7. In shape, they resembled Limulus.
{ 8. The body consisted of a prosoma. ‘@ mesosoma
mTQ a metasoma. i :
_ 9. The prosoma had 6 fused segments, 6  pairs
f appendages and median and lateral eyes. The
[ppendages were one pair of ¢Chelicerae, 4 pairs of

yalking legs and one pair of swimming legs.

“ 10. The mesosoma h~4 7 segments and 6 pairs of
rills. )
| 11. The metasoma was narrow. 5-segmented and
vithout appendages.

12. The metasoma ended in a telson.

13. They - originated in the sea and later invaded
brackish water, fresh water and even land.

Eg. Burypterus, Pterygolus, Carcinosoma, etc.

WP
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(G.a, not + gnathos, jaw)

1. Agnatha is a superclass of
Vertebrata that includes jawless forms,
viz., the extinct ostracoderms and the
extant (surviving) cyclostomes. Eg.
Petromyzon.

2. Ostracoderms are the fossil
agnathans, characterized by a bony exter-
nal skeleton. They lived in the freshwa-
ter of Silurian and Devonian periods. Eg.
Jamoytius.

3. Cyclostomes are the living
agnathans but they have no bony external
skeleton. They might have lost the bony
armour by mutations (Kent, 1967). Eg.
Petromyzon.

4. Agnathans do not possess jaws.

5. The extinct forms were freshwa-
ter forms.

6. The extinct forms were covered
by a bony external skeleton.

7. Paired fins are absent.

8. A distinct head is present.

9. Gills are 6 - 14 pairs.

Comment

1. Bony armour may have been a
defence against the eurypterids
(aquatic scorpions) of Devonian (4.S.
Romer, 1962). Another view is that it
may have offered some protection.

-~

against an excessive inflow .of water
from the freshwater environment in
which the ostracoderms lived (Villee.
et.al., 1978).

2. Cyclostomes might have lost
the bony armour by mutations (Kent,
1967). |

3. Stensio (1958) holds the view |

as follows:

1. Cephalaspids might have given
rise to | Lampreys

ii. Pteraspids might have given
rise to |, Myxinoids

4. Protein differences in the |

blood indicate that the lampreys and
myxinoids are not closely related

 (Hickman, 1970).

5. Biochemical studies reveal |

that lampreys are close to the verte-
brate ancestral line. The myxinoids
seem to have evolved as a side branch
(Hickman, 1970).

6. Ostracoderms were probably |

the ancestors of the Placoderms, the
first fish to have jaws. From the
placoderms, the cartilage fishes
(Chondrichthyes) arose by loss of
bone (Young, 1981). The bony fishes

(Osteichthyes) also arose by the re- |

tention of bone.

tWo ¢
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Chap. 3 : AGNATHA 3

3
'

e
f &“ﬂ {Mmahﬂ nal skeleton. They lived in the freshwa-
_ ter of Silurian and Devonian periods.
1. Bony external skeleton'i.e., Dplates
_ and scales were embedded in the dermis,
i T 2. No axial skeleton or vertebrae,
B 3. Mouth jawless and ventral but not
i Amphibia suctorial.
g : - L : ? 4. Paired nostrils were present
ﬁ' ey ek (Diplorhina).
E)steichthyes] 5. Paired fins abserit but some had

: ! i paired spines or flippers.

Rl r" \ / * 6. Ten pairs of gills. Eg. Jamoytius.
-! B : Class Ostracodermi is divided into
two subclasses, namely
| Subclass 1. Diplorhina

he view B T Subclass 2. Monorhina

e B Agnatha Subelass 1. Diplorhina v~

vegiven | & fig.3.1: Phylogenetic tree of Agnatha. Diplorhina (doublg nose) (=
| B Datg Pteraspidomorphi-fm-shleld_)

- Classification (G.pteron, fin + aspis shield).
o . Superclass Agnatha is divided into 1. Fossil agnathans (ostracoderms)
+ | @ twoclasses namely with paired nostrils (nasal sacs). They
- ’ ; first appeared in Cambrian, 500 Ma aco
w ‘ . Class 1. Ostracodermi PP : o g
C1 R and survived until Devonian,
clated | & Class 2. Cyclostomata

S 2. Head and anterior part of the body
Class 1. Ostracodermi ! were covered by a dorsal shield, It was

(G. ostrakon, shell + derma skin) ~ Darrow infront and prolonged into a rgs-

Loty ]

Y
b'\‘r(

> verte- .1 frum, with a median spine behind
cinoids Ostracoderms are the fossi] (Sedgewick, 1905)
‘v ,’1 Ln | & nathans, characterized by a bony exter- W48 2 '
LUl ] ? L .
B Dorsalspme Dorsal plate (Disc)
3 y | ;? Dorsa_l vie“r ¥ i:'"-"?’:-";'-{_,_.___h.__’ 3 Plﬂe&l plate
s, e | | R nlpie
el Rectangularscales  venural plate (Disc)
s of g Dorsal plate (Disc) TR Bmgﬁgﬁﬁaw
-! :h ag tr . *—-—n_f;t“«;{_i}“" E ‘ R ostrum
the re- | £ Cornual plat R -
Ventral view Branchial aperture

¥

B Fig.3.2: Pteraspis rostrata, an ostracoderm,

SaE |
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Order 2: Myxinoidea - Hagfish or slime
eels.

(G.myxa, slime + oid, like)

1. Nostril terminal.

2. Mouth with sensory tentacles.

3. Gill slits 6 to 14 pairs.

4. Buccal funnel is absent.

5. Branchial basket vestigial.

6. Dorsal fin is absent.

7. Pineal eye is absent.

8. Hermaphrodite.

9. Internal scavangers on fish.

Eg. Myxine glutinosa, Coast of
North America.

Bdellostoma (Fig.3.4) Pacific coast
of Chile.

(Museum Specimens |

1. Hemicyclaspis

1. A fossil agnathan (Ostracoderm)
that lived in the freshwater of Silurian-
Devonian.

2. Darso-ventrally flattened body
with ventral mouth. This was an adapta-
tion for bottom living.

3. It had a bony armour, i.¢., the bony
plates were embedded n the dermis of
the head and the anterior part of the trunk.
The caudal part had smaller plates
(scales).

4. Head and gill region (10 pairs of
gill slits) were enclosed by a solid, bony
shield (head shield). Head shield had

. a median hole for nasoky-
pophysial tube.
" b. a median hole for pineal eye, 2

photoreceptor.
. a pair of dorsal eyes with scle-

rotic rings and
d. a pair of dorsolateral and one
dorsomedial sensory fields.
5.1t had, a. a single dorsal fin near
caudal end.
b. a pair of flippers (pectoral fins)
c. a heterocercal tail covered with
bony scales.
6. It filtered food materials through
the gills (A.S.Romer, 1962).
2. Jamoytius
1. A fossil agnathan (ostracoderr
without shield) obtained from Silurian
rocks of England.
2. Name derived from J.A.Moy Tho-
mas, a leading Palaeontologist.
3. 1t has a streamlined body with
a. A single, long dorsal fin.

b. a pair of ventro-lateral fins (rep-
resenting the continuous pectoral and pel-

vic fins) and
c. a heterocercal tail.

Sensory field g Dorsal fin
Flipper L Heterocercal tail
Nostril
Pineal eye
Dorsal eye
B Dorso-medial sensory field

Fig.3.3: A. Lateral view of Hemicyclaspis, an ostracoderm of Silurian-

Dorso-lateral sensory field

Devonian. B. Dorsal view of the head of Cephalaspis.

‘:1 Lt-:n
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- Continuous
My 2 dorsal fin
Anaspid scales b :
I Epichordal lobe
C L, " ot
A G LRI Ty 5 (‘f(({;-;,,_‘
Circulargill _\7 S .
Opemngs Lateralfin  Analfin Hypocercal tail
Sclerotic cartilace Unconstricted
. notochord
Gill opening

Annular cartilage

Branchial basket

Fig.3.4: Jamoytius kerwoodi-Reconstruction of Silurian Jossil anaspid. Note:
A series of transverse structures seen on the body are today considered to
“be anaspid scales. Formerly they were termed as myotomes. The inset shows

~ branchial basket and unconstricted notochord.

4. Body was covered with rows of
plate-like bony scales called anaspid

scales. These are not myotomes (Young,
1981).

3. It had a series of upto 15 circular -

gill openings. |
6. It resembles lamprey in the fol-
lowing features:

~a. annular cartilage round to the
mouth

b. unconstricted notochord
c. a series of 15 gill pouches sur-
rounded by a branchial basket,
Therefore, it is suggested that
Jamoytius might be the ammocoetes larva
of an ostracoderm (Young, 1981).

3. Bdellostoma

1.Itis a hagfish. Itis an agnathan.

2. Eel-like body with a row of mu-
cous pores, ventrolaterally on each side.
These produce a large amount of mucous

Tentacles

or slime, when disturbed, hence the name

- slime eel.

3. This is also known as ‘borer’ be-
cause of its habit of burrowing into fish
for consumption of flesh (Hickman,
1970). They are internal scavangers on
fish (Smith, 1960).

4. Buccal funnel is absent. But suc-

torial mouth and terminal nostril are sur-

rounded by 4 pairs of sensory tentacles,
supported by cartilages.

Mucous pores

Opening of

pharyngocutaneous duct

Fig.3.5: Bdellostoma.
5. Eyes are vestigial and serve as pho-

toreceptors only.




78

ATEXTBOOK OF CHORDATES

6. Gill openings are circular and 6to
14 in number. Behind the last gill open-
ing is the aperture of pharyngocutancous
duct. This serves for the expulsion of very
large inhaled particles (Parker and
Haswell, 1962).

7. The only fin is a caudal fin.

4. Petromyzon

1. Petromyzon is popularly known as
sea lamprey.

2. Petromyzon marinus is marine. It
is an ectoparasite. It sucks the blood of
fishes and turtles.

3.1t has an elongated cylindrical and
eel-like body.

4. The body consists of 3 regions,
namely head, trunk and tail.

5 The head is cylindrical and has a
buccal funnel, a mouth, a single naris, a
pair of eyes and seven pairs of gill slits.

6. The mouth is surrounded by a cup-
like structure called buccal funnel.

7. The centre of the buccal funnel
has a circular mouth. A tongue protrudes
through the mouth.

8. The tail is laterally compressed.
It has a caudal or tail fin. The tail finis

also supported by fin rays.

Fig.3.6: Petronyzon.

9. The skeleton is cartilaginous and
not bony. It is made up of skull, verte-
bral column and a set of rods.

10. The circulatory system 1s a
closed type.

11. The excretory system is made up
of a pair of mesonephric kidneys.

12. The development is indirect. It
includes a larva called ammocoetes.

_ rPineaI Eyﬂ

% Pineal eye is characteristic to 0s-
tracoderms and cyclostomes excluding
hagfishes. It is also called third eye ot
epiphysial or median eye.

Location: In lampreys, it is attached
to the roof of the diencephalon.

Structure: The organ is not actually
median but it consists of an unequal pair
of sacs, the right being larger. The right
sac is pineal and the left sac 1s
parapineal. The sac is flattened and has
a narrow lumen (cavity). The inner wall

of the sac contains light-receptive cells |

forming the retinal layer. (Fig.3.7). The
bases of the receptor cells make contact
with ganglion cells. There are also pig-
ment cells which make migratory move-
ments (Eddy, 1972).
Functions

1. It is a photoreceptor rather than

* an image forming eye (Villee et.al.,

1978).
7 Tt receives stimuli that enable the

organism to adjust its physiological ac-

tivity to the diurnal cycle. Eg. In

*Pineal eye is also present in certain reptiles like Sphenodon. In tetrapods, it

assumes endocrine functions.

Recent study on the rat indicates that the pineal

body is a biological clock (Hickman, 1970).

T s e

Chap.

ammo

LILC aLly

By

OCCUr,

(Eddy,

D,

¢
sea lar
IO Ve
ing ver

1T 1S 11K



ORDATES ¢

79

rinous and 3
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is made up 8
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Pigment cells

i (1972).

- ammocoetes larva, there is a daily rhythm

- of colour change - it becomes dark in

the day and pale at night.

fos Evidence: Daily rhythm of colour

- change does not occur after the removal

. ofpineal eye.

'+ 3.1t influences metamorphosis of

- ammocoetes larva.

. Evidence : Metamorphosis does not

- occur, after the removal of pineal eye

 (Eddy, 1972). |
4.1t produces a substance that con-

tracts melanophores.

- 3.Ithas also influence on reproduc-
fion (Young 1981).

[Detailed Study of Type]

>d and has §&&
] S
inner wall %
ptive cells S8

2 7y The =8
= P Ul L Ul St

Petromyzon »

Petromyzon is popularly known as
sea lamprey. 1t is the most primitive liv-
ing vertebrate. It has no jaws and hence
it 18 included in the superclass Agnatha.
It has a single nostril and hence it is in-
- cluded in the subclass Monorhina. It has
" & acircular mouth and hence it is included
in the class Cyclostomata.
poc Petromyzon marinus is marine. It
e pineal & g an ecfoparasite. ‘It sucks the blood of
fishes and turtles.

!'_: &
B
s

TR

i
=

- o e

apods, it &

L L e

Gy
&

£ th.??k 'Diagrammatic representation of the sagittal section of pz’neél complex of
- acyclostome (Geotria australis) based on the micrograph taken by Eddy,

It has an elongated cylindrical and
eel-like body. It is about one foot long.
The body consists of 3 regions, namely
head, trunk and tail.

Scars of earlier attacks

Parasitic lamprey
Fig.3.8: Petromyzon attached to its host.
Dorsal fin

Naris Eye

T
Buccal G]]l Sﬁ'[S
funnel
Fig.3.9: Petromyzon.

The head is cylindrical and has a
buccal funnel, a mouth, a single naris, a
pair of eyes and seven pairs of gill slits.
The mouth is surrounded by a cup-like
structure called buccal funnel. The buc-
cal funnel is a cup-like structure situated
at the anterior end of the head. It is di-
rected downwards. It functions as a
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sucker. 1t is circular in shape. It is sur-
rounded by a marginal membrane. This
membrane is beset with numerous soft
projections called oral papillae or oral
fimbriae. In between, the oral papillae
many sensory cirri project out. The in-
ner surface of the buccal funnel is beset
with radiating rows of conical, yellowish,
horny teeth. The centre of the buccal fun-
nel has a circular mouth. A tongue pro-
trudes through the mouth. It is also be-
set with teeth. The tongue makes a hole
on the skin of the victim by moving for-
wards and backwards. |

Sensory
cin

The skeleton is cartilaginous and not
bony. It is made up of skull, vertebral
column and a set of rods.

The circulatory system is a closed
type. The heart is made up of 2 cham-
bers, namely auricle and ventricle. A fe-
patic portal system is present.

The excretory system is made up of
a pair of mesonephric kidneys. The brain
has three main divisions, namely fore
brain, midbrain and hindbrain.

The sensory organs include an olfac-
tory organ, a pair of eyes, a pair of ears

Oral fimbriae
Marginal membrane

Supraoral tooth plate

Lateral bicuspid tooth

Buccal funnel

Mouth opening

S Tongue bearing teeth
\ Infraoral tooth plate

: ~ Horny teeth

Fig.3.10: Petromyzon: Buccal funnel.

A naris is present on the dorsal sur-
face of the head. It leads into an olfac-
tory sac. The olfactory sac is an organ to
smell. Behind each eye, laterally there
are seven pairs of gill apertures.

The trunk is also cylindrical. It has -

two median dorsal fins. The fins are sup-
ported by cartilaginous rods called fin
rays. At the junction of the trunk and tail,
the anus and the urinogenital aperture
are present on the ventral side.

 The tail is laterally compressed. It
has a caudal or tail fin. The tail fin is
also supported by fin-rays.

and a lateral line sense organ: The sexes
are separate. The development is indi-
rect. It includes a larva called
ammocoetes. :
Breeding and Migration

Petromyzon has a peculiar breeding
habit and breeds only once in its life.
Mature males and females migrate from
sea to rivers for breeding. This type of
migration is called anadromous migra-
tion.

During migration the alimentary ca-
nal becomes non-functional. They do not
feed. They use the fat stored in the

e R e - e

-I‘IC Il.
buccal

taches

opmen

amimoc
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ORDATES &
~ .. & muscles and beneath the skin. They travel
us and noi hundreds of miles and reach the place
vertebg * where their parents and grand parents bred.
L ¢ In the river, a male and a female select a
CHOSEE L siteinaclear moderately fast-flowing wa-
47" L terand they build a nest. The buccal fun-
L E, nelis used to remove the stones. The nest
 consists of arounded pit with sandy floor.
tade up of & The ferale gets fixed onto a stone by its
Thebrain & buceal funnel near the nest. The male at-
nely fore g-taches to the female by its buccal funnel
L - nearhead. Both the female and the male
> an olfac- E wriggle forth and back and discharge eggs
v of ears ¥ andsperms in the nest. This mating is re-
* peated many times. After each matin gthe
cggsare covered with sand brought in by
¢ thetail. After spawning the parents leave

the nest and die within a few days.

1 - Fertilization is external. The devel-
- opment includes a larva called
" ammocoetes.
Ammocoetes Larva

Ammocoetes is the larva of
¥ Petromyzon. 1t has the following salient
& features:

f i.Ammocoetes is a freshwater larva
.+ 0f the marine Petromyzon.

A= Dy

TR

3. Itis a transparent larva,

4. It lives for 3 - 7 years.

breeding £ 3.Inthe beginning, it is about 7 mm
‘ts life, §1nlength and it can attain a length of 175
te from MM,

S,

ctypeof £ 6.Itlives inside a U-shaped burrow.
 migra- £ Attimes it comes out of the burrow,
*  7.Itis muddy brown in colour,
vea- | 8.Ithas an eel-like body.
'y do not
1in the §

- 9. The body is divisible into a head,
trunk and a tail. _
10. The head has an oral hood and a
pair of eyes hidden under the $kin.
11. The oral hood surrounds the
mouth in the place of the buccal funnel.
12. The trunk has a single dorsal fin.

Dorsal fin

Nasal aperture

?
1

Gill slits
™ Rudimentary eye
Oral hood

Fig.3.11: Ammocoetes larva of
Petromyzon.

13. The tail has a caudal fin which
is in continuation of the dorsal fin.

14. The trunk has 7 pairs of gill slit:
just behind the head.

15. The alimentary canal includes a
mouth, buccal cavity, pharynx, intestine
and anus. A velum is present between
the buccal cavity and the pharynx.

16. The pharynx has an endostyle, a
pair of peripharyngeal bands and a
hypopharyngeal groove.

17. Liver, bile duct and gall bladder
are present. ¥

18. The kidney is a protonephros.

19. It exhibits filter feeding. The
water current is created by the muscular
activity of branchial basket and not by the
ciliary activity.

20. The respiratory current goes into
the pharynx through the mouth and comes
out through the gill slits. But in the adult
it comes in and goes out through the gill
slits.
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21. A heart with pericardium is
present.

22. The pineal eye i3 we]l developed.
Metamorphosis

After a prolonged period of 3 - 7
years, the Ammocoetes larva undergoes
metamorphosis. During metamorphosis,
the following changes occur:

1. The larva leaves the burrow and
leads a free swimming life.

2. It migrates from the freshwater
habitat to the marine habitat.

3. The filter feeding habit of the larva
is changed into a blood sucking habit.

4. The oral hood disappears and a
buccal funnel with teeth and tongue ap-
pears.

5. The continuous median fin breaks
into two dorsal fins and a caudal fin.

6. The two eyes get opened and func-
tional.

7. The endostyle changes into the

thyroid gland.

8. The gall bladder and bile duct dis-
appear.

9. A respiratory tube develops from
the pharynx. ;

10. The velum is reduced and it guards
the opening of the respiratory tube.

11. The pronephros is replaced by a
mesonephros.

12. The spinal cord becomes flat-
tened.

ﬁﬂigration of Petromyzorﬂ

Migration is defined as the long
journey.taken by animals from one place
to another and back. Tt is a regular cy-
clic and seasonal phenomenon. These

long journeys are mainly for breeding and |

food gathering. Migration is @ two-v)

journey. It includes emigration and im-
migration. Emigration is the outward 1
journey from the homeland (feeding f
ground) to the breeding ground (where the | 1
animals breed). Immigration is the inward 1|
journey Or Teturn journey from the breed-
ing ground to the homeland.

Fig.3.12: A. Petromyzon, |
B. Ammocoetes larva. |

Petromyzon is a jawless vertebr atv;
included in the superclass Agnatha am;
class Cyclastomata Petromy:
marinus is marine and is found in
coasts of Europe, North America, Wesl
Africa and Japan. The breeding ‘nah*{
Petromyzon is peculiar. Itis a migraior
primitive vertebrate. Breeding occurs il
freshwater rivers. Hence it migrates fror
the sea to the freshwater. This type ol
migration is called anadromous T
tion.

The males and females migrate (!
gether. The female develops 2 Jarge fii
and the male develops a penis-like o1 _“
They travel hundreds of miles. Al |
reaching a suitable place in the river the;
start building nests. The nest is made ¢
stones on sandy bottom. The female d
taches itself to a stone with the help d
[

Chap.

n tw
ainmc

of 175

J -
JJ'\- . i
7
Y1

Grmoi
Ostrak
the fir

[Thaty



9 -
B
£
*u
“HORDATES 2

pu

Chap. 3 : AGNATHA

&3

breedingand®  buccal funnel and the male is fastened to
the female. They move backward and for-
wards. When eggs and sperms are re-
leased. After mating the parents die.
Hence they mate only once in their life
time.

 The fertilized egg hatches into a larva
in twenty days.
ammocoetes larva. It grows to a length

IS a two-Wi
tion and i
B
the outward

s the inwank

. nel. The ammocoetes larva has an oral
<2 hood like that of Amphioxus. The larva
"k lives for seven years. Then it undergoes
;¢ metamorphosis. The young Petromyzon
-~ thenmigrates downstream from the river
+ o the sea where it changes into an adult.

{ Ostracoderm | v

Ostracoderms are popularly called
. ‘armoured fishes’ or ‘bony skin’ (Gr.
. Ostrakon - shell, derma - skin). They are
- the first vertebrate appeared on the earth,
They are the jawless vertebrates.
Jamoyxius is the primitive and typical os-
und 10 I]f.g. fracoderm.

r”‘;”‘”‘f‘i‘ Vel ‘Systematic Position
ding nanies
. L,lg* Phylum Chordata
i Subphvlum Vertebrata
n urs P _
'Ti_ *\ Class Ostracodermi
L L'ilxa i "JC -
S Occurrence

NOUS migrs

Ostracoderms originated about 500
million years ago in the late Cambrian
period of Palaeozoic era. They lived upto
s-like orgat the Devonian period for a period of 200

iles. Afie million years and then they became extinct
riverth completely about 300 million years ago.
Habitat

o _}ip‘,i Ostracoderms were freshwater
" ¢ forms. They were bottom dwellers.

5 migrate i@

The larva is called.

of 175 mm. Ttlives inside a V-shaped tun-

Origin

Barrington suggested that urochor-
date was the ancestor for Ostracoderm.
The sessile urochordates produced free
living tadpoles. - Some of the tadpoles
failed to undergo metamorphosis and de-
veloped into adults by neoteny. These
neotenous forms reached the river
through the estuaries and developed into
Ostracoderms.

Pineal naris
Median eye

Lateral 48
sensory field \
Lateral horn

= ;:I;éétorai fin

Fig.3.13: Cephalaspis, a Silurian-
Devonian ostracoderm.

Dorsal spine

Pineal plate Dorsal scutes

Oral plates .l Ventnﬂ

Visttonl Blac | acsites ypocercai taﬂ

Fig.3.14: Pteraspis, an Ordovician-
Devonian ostracoderm.

Salient Features of Ostracoderms

~The Ostracoderms possessed the fol-

lowing salient features:

- 1. Ostracoderms were the first ver-
tebrates.

2. They were commonlv called
armoured fishes.

3. They originated about 500 million
years ago, lived for about 200 million
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years and disappeared from the earth com-
pletely about 300 million years ago.

4. They did not possess jaws and
hence they were called jawless verie-
brates.

5. They lived in freshwater and they
were bottom dwellers.

6. The body was fish-like. -

7. Paired fins were absent from Os-
iracoderm. Median and caudal fins were
present. The caudal fin was heterocercal.

8. The head and thorax were covered
by & heavy armour of bones. The bony
armour protected Ostracoderms from the
giant Scorpion like arthropods, euryp-
terids. '

9. A bony skull was developed.

10. A mouth without jaws, was
present on the ventral side.
11. Ostracoderms had paired gill

slits.

Sensory fields
Mouth
Eye |
Nostril
Pineal
Gill
openings
Lower surface

Upper surface

Fig.3.15: Head of dévonian ostraco-
derm, Cephalaspis.

12. The nervous systemhad 10 pairs
of cranial nerves. (

13. The head had a pair of lateral
eyes and a median pineal eye.

14. They were small in size and did

not exceed 30 cm.

15. They were filter feeders.

16. The endoskeleton was either
bony or cartilaginous.

Qutline Classification
Class Ostracodermi 18 classified into
four orders. They are:

Drepanospis

Birkenia

Fig.3.16: Ostracodeins.

Order 1. Euphanerida: Eg. Jamoytits
Order 2. Pteraspidomorphi: Z¢.
Pteraspis, Thelodus, Lanarkia,
Drepanospis and Coelolepst. |
Order 3. Cephalaspidomorphi: E¢.
Cephalaspis, Hemicyclaspis, Ateleaspis, |
Benneviaspis and Thyestes. |
Order 4. Anapsida: Eg. Birkeniz |

Anglaspis |

Fig.3.17: Ostracoders.

1eOI01C
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g5 ﬁ Affinities | 6. It had a stream fined body.
it B The Ostracoderms resembled the 7.Ithad no jaws. Hence it was called

- cyclostomes in the presence of a single  a jawless vertebrate.
median naris, pineal eye, jawless mouth
and the absence of paired fins. Hence the
"W groups are placed together in the su-

e ;

; e
: Median dorsal fin Epichordal
Terminal ! IO — ?0?3@ of tail
mouth
; /

percliss Agnatha. \\\mm .
Ihe ostracoderms were provided =

i
i

with bony skeleton but the cyclostomes Gillslts  Lateral i

are provided with cartilaginous skeleton,

s

DoC real
Analfin *ﬁ?@e o

oW % 5 . . Sy Qo T e L.  f £

Hence it is believed that bone is consid- Fig.3.18: Jamoytius, the first
uy b = 5 ot Dy iy g

éred to be a primitive character and carti- verieorate.

lage is an advanced character. As per this
- conclusion cyclostomes are degenerate
B . i .
® forms, having lost the bone from their

skeleton.

8. Generally all the Ostracoderms
were covered by a bony armour and hence
the name Ostracoderm. But Jamoytiys
was devoid of a bony armour, But the body
was covered by bony scales called
anaspid scales. |

9. It had a terminal mouth.

Te Ostracoderms were the ances- 10. There were 15 pairs of gill slits
s of Gnathostomes. They gave origin arranged in two rows on the sides of the
0 Placoderms which inturn gave rise to body.
modern fishes. The Ostracoderms disap-

018 believed that the armoured Os-

racoderms  originated from the
unarmoured Jamoytius.

il , kel e h afe 11. Ithad a long dorsal fin, a hetero-
& peared compl . ' \ e ;
po f hrce completely from the earth after cercal caudal fin and a pair of latera?

giving origin to the Placoderms,

Jin folds.
=" Jamoytius ]

12.1thad anotockaorg,

13. It resembled Petromyzon in the
presence of annuinr cartilage around the
- . ) stricted notochord and gf
Superclass :  Agnatha - nlu uﬂ;-i unco;stm ecl! ;;;:1 chord (n;: 's_w;rss,'!

r' . Hgoested that
Clise . Ostracoderms stits. Hence Young (1981) suggested tha

.-__5-:_.—_;_'.-;;_-!m'_.:'ﬁ‘ltw\'.!-m-a‘.#‘f""-'r_.- R ET

L Egg Phyvium > Chordata
iy Subphylum : Vertebrata

,'3.-:

-; Order : Euphanerida qu}rﬁus might be the ammaocoetes larva
E L Jamoytius was the first veitebrate. ©f an Ostracoderm,

E 2.1t was a fossil animal discovered Oriai . s
R iiin 190 | | Origin of Vertebr: tes |
. 3. The name Jamoytius was derived Vertebrates are chordates having 1
W after a leadin g Palaeontologist, J.A. Moy.  cranium (skull) and a vertebral colums,
. itlived in the Silurian period of N other group of animals possesses
Palaeozoic era about 400 miltion YCATs  these two fundamental characters. Asthe

vertebrates contain a cran; um, they are
0. 1118 Tossil was found from marine also named as Craniaza,

N

sBritmian o
WALLITIC LS

E
e =
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[ Origin of Rept:lla]

.~41' aller
“. and g Reptiles are a group of cold blooded

0 r| nse of  treeping animals successfully adapted for
lmd life. Though amphibians are con-
idered as the first land vertebrates, rep-

les are the first successful vertebrates
ndependent of water. They don’t have any

on | farof dehydration. Their success on land
- smainly because they lay land eggs or
ileidoic eggs. They are the first member

1‘5:1..‘1.'

ain charac- §*° 3 R
f Thevar  lamniota originated on the Earth.
5 Time of Origin
> ’;;:’l ©  Reptiles originated about 255 mil-

3 'on years ago in the Carboniferous pe-
o fitod of Palaeozow era. They originated

AN D
L
Ve

thout 50 million years after the origin of

nphibia.
Place of Origin |

Reptiles originated on land.
First Reptile

The earliest known reptile was called
phonyy. lonomus. Tt lived in the Carbomfer-
?:é‘:% ' gws period. It was about one feef in
_ tmgth. The tail was long and the limbs
ierestrong. Itlived in the wood swamps.
helonged to a group called Cotylosaur,

¢ stem reptiles.
omo- . Other primitive reptiles were
limnoscelis and Captorhinus. They were
rhicoelous. i"JEIected from Permian beds. They also
sts between f i Jonﬂed to the group of Cotylosaurs

....

-y ¢ -g
re present. S tres length Caprorhmus was a small

i1 } ara TLT‘\. ;

------- v primi- §
3‘i-_' |\_. {1[‘) 5I

Probable Ancestor

The reptiles evolved from the
nthracosaurs of Labyrinthodont am-
. libians. Seymouria got from the Car-

omiferous deposits of Texas is consid-
wod as a connecting link between am-

i
it

phibians and reptiles. The Seymouria
shows a strange admixture of amphibian
and reptilian characters.

Connecting link between

Amphibians and Reptiles
Fossil record showed some interme-
diate forms combining characters of ad-
vanced labyrinthodonts with those of
primitive reptiles. Seymouria was a small
tetrapod found in the upper portion of the

lower Permian sediments of the town

Seymour, Texas. It Was a connecting link

between amphibia and reptiles.

Amphibian Characters of
Seymouria

1. A prominent otic notch for the
accommodation of ear drum was present.

2. Labyrinthodont skull bones like
supratemporal and an intertemporal
bones were present behind the eye.

3. Labyrinthodont teeth were
present. \

4. Single occipital condyle was
present in the skull.
Reptilian Characters

1. The neural arches were broad like
the earliest reptiles.

2. The pleurocentrum of the verte-
brae was enlarged whereas the
intercentrum was reduced.

3. The interclavicle of the pectoral
girdle was long.

4. The ilium of the pelvic girdle was
expanded.

5. The humerus was similar to early
reptiles.

6. The arrangement of toe bones was
similar to those of early reptiles. The
phalangeal formula was 2-3-4-5-3 (2 pha-
langes in the thumb, 3 in the second digit,
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4 in the third digit, 5 in the fourth digit Evolutionary Trends inthe 0 d
and 3 in the little finger). Origin of Reptiles i amphibi

Nostril

Tail

Short fore S
limb

Fig.6.78: Seymouria, the connecting
link between amphibians and reptiles.

Stem Reptiles

The first reptiles were Cotylosauria.
Since all the other reptilian orders have
arisen from this basal stock, Cotylosaurs
are the stem reptiles. The cotylosaurs are
considered as stem reptiles because they
have primitive and comparatively
unspecialized characters.

The stem reptiles have no fenestra or
vacuity in the temporal region, so they are
placed in the subclass Anapsida.

Seymouria has been considered by
some authorities as a basic member of
Cotylosauria. But Romer (1962) consid-
ered Seymouria as a reptile-like amphib-
ian and Colbert (1969) considered
Seymouria as a ‘connecting link’ be-
tween amphibians and reptiles.

The typical cotylosaur genus was
Limnoscelis. It was a reptile with five
feet in length. The roof of the skull was
solid. On the skull roof there was a well
developed pineal opening, character in-
herited from amphibian ancestor. The
intercentra of the vertebrae were reduced.
The interclavicle was long and the ilium
was expanded. The primitive phalangeal
formula of 2,3,4,5,3 was seen.

During the origin of reptiles fron %
amphibians, the following evolut_ionary-_gj
changes occurred: T

1. Land Life: Reptiles becames  fernal an
completely terrestrial. They didnotd:& % bred in w
pend on water for completing their e S hence fer
cycle. They were well protected from s -
the danger of dehydration. .

2. Land Eggs: Amphibians lid®
their eggs in water and they dependedoi
water for completing their life cycle® =
Reptiles laid their eggs on land. Thest: I
eggs were called land eggs or amnioic
eggs or cleidoic eggs. P

These eggs were protected by @it prevent de
outer hard calcareous shell. Hencethgi™ = 6. He
were called cleidoic eggs. Theembry.

d Ki
* AWN

Td.‘;p.“.fa,

-y
& "‘k
e 2

5 completel

developing inside the egg, was surroundede = 7 4,
. - 3 i ie £XU

by a membrane called amnion whichWass ... e,
g UICLL THIUC

not found in the egg of amphibians. Hemer
the reptilian eggs were called ammioic
eggs. The amnion enclosed a cavity el e APpe

amniotic cavity filled with a fluid calleds =~ % Ce

amniotic fluid. The embryo developsits = disappear
side this fluid. Hence the amnioticflid = 10, ]
. e ¢ . . ' e )

is described as the ‘artificial swimmin:= = meianeph,

pool of the embryo’. Hence Tept

eggs did not depend on water for dev
opment.

e wrtcoielic

LTI TREY S
s allpiuia.
4 i

= developed
& temnal ferti
E 144
£ opment bec

Chogoit ¢ vl stages |

. . . . ) Y : 1 & e
Fig.6.79: An amniotic egg with .~ "
amnion. L 20ryo devel

E-".’”ff‘ﬂ{ﬁu' Y
ih A
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i So during the origin of reptiles from
| amphibians, the anamniotic egg of am-
ptiles from 4 phibia became amniotic egg of reptilia.
volutionary 4 3. Internal Fertilization: In the
?’_-] case of amphibians, fertilization was ex-
s became = ternal and this was possible because they
did notde- 8 bred in water. Reptiles bred on land and

eir life 2 hence fertilization became internal.

4. Respiration: The reptiles did not

* breathe by gills at any stage of their life.
s - Cutaneous and gill respiration of amphibia
. were replaced by complete pulmonary
P respiration.
| 5.Skin: The skin became thick and
rough and scales and shields appeared to
cted by an 4 prevent desiccation.
Hencethey § 6. Heart: The ventricle became in-

cmbryo, & completely divided.

founded 8 7, Aortic Arches: Aortic arches had

" 7 their independent origin from the heart.

T @MAIoHe

Hence @
";{'}:“ 8. Pectoral Girdle: The cleithrum
savitv called & disappeared. |
fluid called & 9. Cervical Ribs: The cervical ribs
levelopsin- 4 disappeared.
niotic fluid § 10. Kidney: The kidney became
|swimming & metanephric from the mesonephric kid-
:c{ rr:piuha]n “ ney of amphibia.

r for devel- 8

11. Excretion: Excretion became

- uricotelic from ureotelic excretion of

- amphibia.
ef;E 12. Cranial Nerves: Cranial nerves
became 12 by the addition of 2 nerves al-
Embryo %f ready present in amphibia.
-_f'}" 13. Copulatory Organ: The male
. Ueveloped a penis for copulation and in-
O 8 el fertilization.
A Tlaniod 3 14. Absence of Larvae: The devel-
Opment became direct by omitting the lar-
Chorion | Val stages in the life history.
. 15. Foetal Membranes: The em-
- oryo developed around it four types of

foetal membranes, namely chorion, am-
nion, allantois and yolk sac.

| Evolution of Reptilia |

In the history of the Earth, Reptiles
appeared in the Palaeozoic era, played a
heroic role during Mesozoic era and dis-
appeared from the scene in the Cenozoic
era leaving only a few representatives.
They ruled over the earth for a very long
duration of about'130 million years in the
Mesozoic era. When man’s duration of
life on the earth (only 2 to 4 million years)
is compared with that of reptiles, the du-
ration of reptiles was very long. In the
Mesozoic era, the reptiles were repre-
sented by 16 orders. But today they are
represented by only 4 orders of living rep-
tiles.

Time of Origin

Reptiles originated about 255 mil-
lion years ago in the Carboniferous pe-
riod of Palaeozoic era. They originated
about 50 million years after the origin of
Amphibia.

Place of Origin

Reptiles originated on land.
Probable Ancestor

Seymouria, a Labyrinthodont am-
phibian was the ancestor for Reptilia. It
was collected from the Permian sedi-
ments of Texas. It was aconnecting link
between amphibians and reptiles.

Connecting link between
Amphibian and Reptiles

Fossil record showed some interme-
diate forms combining characters of ad-
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vanced labyrinthodonts with those of
primitive reptiles. Seymouriawasa small
tetrapod found in the upper portion of the
lower Permian sediments of the town
Seymour, Texas. It was a connecting link
between amphibia and reptiles.

Amphibian Characters of Seymouria

1. A prominent otic notch for the
accomodation of ear drum was present.

2. Labyrinthodont skull bones like
supratemporal and an intertemporal bone
were present behind the eye.

3. Labyrinthodont teeth were
present.

4. Single occipital condyle was
present.

Reptilian Characters

1. The neural arches were broad like
those of earliest reptiles.

2. The pleurocentrum of the verte-
brac was enlarged whereas the
intercentrum was reduced.

3. The interclavicle of the pectoral
girdle was long.

4. The ilium of the pelvic girdle was
expanded. -

5. The humerus was similar to that
of early reptiles.

6. The arrangement of toe bones was
similar to those of early reptiles. The
phalangeal formula 1 2-3-4-5-3 (2 pha-
langes in the thumb, 3 in the second digit,
4 in the third digit, 5 in the fourth digit
and 3 in the little finger).

Adaptive Radiation

The evolution of a single group of
animals in different directions invading
different habitats with different types of
adaptations is called adaptive radiation.
It is also called divergent evolution. Rep-
iles underwent very good adaptive radia-
tion during their evolution.

The first reptiles were Cotylosauria. o
Since all the other reptilian orders-have £8
arisen from this basal stock, Cotylosaurs =
are considered as the stem reptiles. The 2
Cotylosaurs are considered as ‘stem rep-
tiles’ becaus¢ they have primitive and ~
comparatively unspecialized characters.
The stem reptiles have no fenestra or vé- =

Stem Reptiles

cuity in the temporal regions. They ar
placed in the subclass Anapsida. .
Seymouria has been considered by some
authorities as a basic member of

Cotylosauria. But Romer (1962) con- | -
sidered Seymouria as a reptile-like am- -
phibian and Colbert (1969) considered &5 5o

Seymouria as a ‘connecting link’ be- s s
tween amphibians and reptiles. ®and squam

The typical cotylosaur genus wa =

Limnoscelis. It was a reptile with fivefest == (Theromo
in length. The skull was solidly roofed. = (T

On the skull roof there was a well devel-

oped pineal opening, a character inherited

from amphibian ancestor. The intercent

of the vertebrae were reduced. The1nier- = o50:bi

clavicle was long and the ilium was ex- -

panded. The primitive phalangeal formule = Plesiosaur
of 2-3-4-5-3 was seen. i 4

The stem reptiles gave rise to Sniin
lines. These lines are named based o1 =, . o1

their skull roofing. They are,

1. Anapsid line o

2. Synapsid line

3. Euryapsid line

4. Parapsid line i [0 o

5. Diapsid line e /
1. Anapsid Line b 06

The anapsid line has a skull resen: B paransic
bling the stem reptiles. They haveno v
cuity in the skull. They arose as an early
offshoot of stem reptiles. They havere —AlbC -2

CigV 3L
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-_;:nained unchanged since 160 million
“wears. Eg. Turtles and tortoises.

Infratemporal
fossa

\emporal region with
complete roof

Infratemporal
Anapsid de

arca
Synapsid
} Fig.6.80: Skuils of reptiles.
: 2. Synapsid Line
The synapsid line has a single tem-
nral fossa on each side of the skull. The
’sa was situated ventral to postorbital
~1d squamosal. This line comprised of
~mmal-like reptiles. Eg. Dimetrodon
lheromorpha) and Cynognathus
lherapsida).
3. Euryapsid Line

The euryapsid line of reptiles had also
single fossa. It was situated dorsal to
storbital and squamosal. They were
arine, heavy bodied fish eaters. Eg.-
esiosauria.

4. Parapsid Line

The parapsid line of reptiles had also
“ingle fossa on each side of the skull. It
\ sfar high so that postorbital and squa-

léasal meet far below. Postfrontal and

Supratemporal
fossa

|

ey

Parapsid Euryapsid
Fig.6.81: Skulls of reptiles.
iBC - 23
|
g

supratemporal lie immediately ventral to
the fossa. Eg. Protosauria, [chthy-
osauria, Mesosauria, etc.

5. Diapsid Line
The diapsid line of reptiles had two
fossae, namely supratemporal fossa and
infratemporal fossa. This group includes
extinct reptiles like Thecodonts, Ptero-
saurs and Dinosaurs and most of the liv-

ing reptiles like lizards, snakes, croco-
diles and Sphenodon.

Supratemporal
fossa

Supratemporal
arcade

Infratempo-
ral fossa

Diapsid
Fig.6.82: Diapsid skull of reptiles.

The earliest diapsids divided into two
lines, namely Lepidosauria and
Archosauria. Lepidosauria gave origin
to modern Squamata (Lizards and
snakes) and Rhynchocephalia (Spheno-
don). The Archosauria were the ruling
reptiles dominating the mesozoic era.
They gave rise to Pterosauria, Dino-
saurs, Crocodiles and Birds.

Dinosaurs were the terrible lizards.
They were of two types, namely
Saurischia and Ornithischia. Saurischia
means ‘reptile-hips’. They had reptilian
type of pelvic girdle. They were flesh
eating bipedal carnivores. Eg. Struth-
iomimus, Ornithomimus, Apatosaurus,
Brontosaurus, Diplodocus, Branchi-
osaurus, etc.

Ornithischia means ‘bird-hip’.
They had avian pelvic girdle. They were
herbivores. Eg. Iguanodon, Tj riceratops,
Stegosaurus, etc.
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bony spikes. The tail of Stegosaurus
were armed with strong spikes of 30 cm
long Styracosaurus had 7 sharp bony
spikes on its head. Monoclonius had a
single horn on its head-Triceratops
(Fig.6.85) had 3 horns on the head.

Brow

Bony shield
hom

o

Nasal horn

Fig.6.86: Triceratops.

Protective Bony Shields

Triceratops (Fig.6.85) and Proto-
ceratops were provide with strong bony
shields on their head.

Rise of Dinosaurs

Dinosaurs lived for 160 million
years in the Mesozoic era. They origi-
nated 225 million years ago. They be-
come completely extinct about 65 mil-
lion years ago.

The dinosaurs were the giants. They
occupied all the environments available.
There were land dwellers, flying dinosaurs
and aquatic dinosaurs. There were carni-
vores, herbivores and omnivores. They
were totally dominant over other animal
groups of that time. So Mesozoic era is
called the golden age of reptiles.

£ : \ Some
Dinosaurs |
The term Dinosaurs was coined | = o; two.
by Sir.Richard Owen. 1t meanster- &= There .
rzble LiZd]"dS. | l ‘Ci.t‘-.l.‘}t‘ of th
They were the biggest animals | They are the
ever lived on land. B
They lived during the Mesozoic - '
era. They were the dominant groups 8% on Walter
during the Mesozoic era. S0l the nius:
Mesozoic era is called the Golden | have oo
Age of Repiiles. 8 ject from s
No Dinosaurs live today. ;
Dinosaurs came in many shapes - comet. This
as well as many sizes. @ dustin the a
Some walked on all four limbs, i Aght for m
others walked only on their hind limb. The surface
There were herbivores, carni-f 4
vores and omnivores. g onee
They lived in all the habitas. | = """
There were land dinosaurs, flying di- - "¢
nosaurs and aquatic dinosaurs. - e
By the end of Mesozoic eradl '°
the dinosaurs disappeared. kg '
- All the dinosaurs mysterious_}yf '

- e & imuch of he:
vanished within one ortwoyears, £ "
\ mosaurs d

BRLCIr €2 g8 al

i
. LOH

s WasS Droposi

| . T
s E3UCH dan oD

Decline of Dinosaurs

Dinosaurs roamed on the Earth {2 G5t B
about 160 million years. Thenalloftier

mysteriously vanished. About 67 milie . | Golde
years ago Dinosaurs still lived. Butti = T .
million years later all were extinet. Te = .~

rocks formed 65 million years ago. i,
earlier than 67 million years, containt. .
dinosaur fossils. e g ey

: Not only Dmosqurs (_hed out. [};,4111‘ i
fiyihg Sy, 7L A MOSHSRLL’%E?%M eoa
and Plesiosaurs went with them. Sod® = . "
ammonites and some much smaller & =
invertebrates. Scientists still puzzleor \‘ e
why so many animals disappeaz‘eds_,..:::_ji;':f-\_{;:' G
swiftly. Eesozoic ¢

F
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Some fossil clues suggest these
"mass deaths happen in as little as a year
< was coinelBtwo, |
means fer-8 - There are many theories about the
tuse of the extinction of Dinosaurs.
animals EThey are the following:
1. Collision Theory: This theory
o the Mesozoie Syas proposed by Luis Alvarez and his
inant groups Son Walter Alvarez. They concluded that
ic era. Sofhe mass extinction of dinosaurs might
1 §have been caused by the impact of an ob-
’ et from space with a diameter of 10 km.
* today. anch an object might be an asteroid or a
1y shapes [.: womet. This colhmon kicked out enough
(st in the atmosphere to block the Sun-
a1l four limbs, Hight for months and cooled the Earth.
their hind limb, &hesurface of the Earth would have grown
tark and cold, killing many plants and ani-
mals on every continent.
he habitats. f§ When the dust had settled, sunshine
“vine di. kiould have reached the land and sea again.
" it moisture still above the Earth might
i era o)) Have trapped the Sun heat near the ground
Ny i year. Creatures that had lasted through
- .- - e cold and dark might now have died too
) smuch of heat Even if heat did not kill

* TNRIOy VTEOTC
WU YO LS.

ngaest
(=t

NVOTeS, carni-

hcfzr eggq all hatch out into males. With-
“ut females, dinosaurs could not have
on the Earth ofnne on breeding.

; ~;1t. )&  thers
thenal ot 2 | Golden Age of Repiles |

Ahout 67 million
& Reptiles are creeping, cold blooded
~_snimals. They are credited as the first ver-
1 Viedl's LifLJ. N0ES
S rgfbrates adapted to live completely on
»» COPEITE g, They are the first vertebrates carry-
1J*v out internal fertilization. They pro-

_n‘

\' 11 ] q—h
dicd out. 18ee amniotic eggs or land eggs or
n;] ng \10‘»%1\ i]ﬂdo‘c eggs.
1 them. Sodi§ They originated about 300 million

ch smaller “ears ago in the Palaeozoic era. They

5 Z
_”' puzzle of ,hved a dominant role throughout the
dppearc ds§

ol I'csn*ozc era and disappeared completely

nosaurs

by the end of Mesozoic era leaving a few
representatives.

The Jargest animals that ever lived on
land were the reptiles (dinosaurs).

Mesozoic Era is the Golden Age
of Reptiles?

The Mesozoic era, meaning the age
of middle life or the age of mideval life,
started 225 million years ago and ended

65 miillion years ago. It lasted for 160

million years. Ithas three periods, namely
Triassic, Jurassic and Cretaceous.
During the entire Mesozoic era the
reptiles literally rules over the earth.
When a group of animals becomes
dominant over other groups of animals in-
a period and occupied all the environ-
ments available, that particular period will
be called the age of that particular group.
The reptiles of the Mesozoic era occu-
pied every available ecological niche and
was totally dominant over other animal
groups of that period. So, the Mesozoic
era is called the Golden age of Reptiles.
Some of the Mesozoic reptiles like the
Dinosaurs were giant land dwellers,
some like the Pterosaurs were flying and

some others like Ichthyosaurs were

adapted to an aquatic life.
Duration of Mesozoic Reptiles

The Mesozoic reptiles lived for 150
million years. They lived and dominated
the earth for the whole of the Mesozoic
era and by the end of Cretaceous they com-
pletely became extinct.

Outline Classification of
Mesozoic Reptiles

The major reptilian groups of the
Mesozoic era are the following:

1. Thecodonts

2. Dinosaurs
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24. Diarthrognathus

Diarthrognathus was an advanced
. mammal-like reptile from the Triassic

* bedsof South Africa. It was an ictidosaur

- showing many mammalian characters like
. differentiation of feeth into incisors, ca-
~ nines, premolars and molars, double oc-
- capital condyle and the zygomatic arch.

- The most interesting feature was the pres-
* ence of double jaw articulation. In this

- uticulation, there was the ancient reptil-

+ 1an joint between a reduced quadrate and

aticular bone and the mammalian joint
- Detween the squamosal and dentary bones.

Evolutionary Tree of Dinosaurs
The Dinosaurs evolved during the

9
'?1‘ Triassic period of the Mesozoic era from

. the Thecodonts. There are two main
woups of Dinosaurs, namely the

.. Saurischians (reptile-like dinosaurs) and
" Ornithischians (bird-like dinosaurs)

j' - which evolved from the Thecodonts. The
- Saurischians include the giant herbivo-

Ornithischians

S D,
(1,003

ST

P

rous Sauropods and the giant carnivorous
Theropods. The Ornithischian dinosaurs
include varied forms like plated dino-
saurs, armoured dinosaurs, horned dino-
saurs and the duck-bill dinosaurs.

Salient Features of Dinosaurs

Dinosaurs had the following salient
features:

1. The term Dinosaurs was coined
by Sir. Richard Owen. It means terrible
lizards. , ,

2. They were the biggest animals ever
lived on land.

3. They lived during the Mesozoic
era. They were the dominant groups dur-
ing the Mesozoic era. So Mesozoic era
is called the Golden Age of Reptiles.

4. No Dinosaurs live today.

5. Dinosaurs came in many shapes
as well as many sizes.

6. Some walked on all four limbs,
others walked only on their hind limbs.

7. There were herbivores, carnivores
and omnivores.

oy O
: carnivores  Qstrich
: Armoured dinosaurs
dinosaurs :
Duck-bill G}ant
dinosaurs Plated herbivores

dinosaurs
Theropods

Sauropods

Saurischians

Thecodonts

Fig.6.106: Family tree of dinosaurs.
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8. They lived in all the habitats.
There were land dinosaurs, flying dino-
saurs and aquatic dinosaurs.

9. By the end of Mesozoic era all
the Dinosaurs disappeared.

10. All the dinosaurs mysteriously
vanished within‘one or two years. Notonly
dinosaurs died out. The flying Pterosaurs
and swimming Mosasaurs and Plesiosaurs
went with them. So did ammonites and
some much smaller sea invertebrates.

Evolution of Reptiles

The Cotylosaurs gave rise to three
groups of reptiles, namely Thecodonts,
Therapsids and Ichthyosaurs. The thec-
odonts gave rise to Dinosaurs, Ptero-
saurs and Birds. The Therapsids were
mammal-like reptiles and they gave rise
to mammals.

Decline of Mesozoic Reptiles

Dinosaurs roamed on the earth for
about 160 million years. Then all of them
mysteriously vanished. About 67 million B
years ago Dinosaurs still flourished. B
two million years later all were extinc
All rocks formed since 65 million yea:
ago contain no Dinosaur fossils. ;

Not only Dinosaurs died out. The = e sc.
flying Pterosaurs, swimming Mosasaus e atn

ammonites and some much smaller sea = =
invertebrates. Scientists sthl puzzle ove

swiftly. Some fossil clues suggest tn\,w..«#h" le
mass deaths happen in as little as a yex = G
or two. There are many theories abou ==

b Pterosaurs Mammals
2 Plesiosaurs ke .
9 Saurischian
.é 5 \ ﬂnschlan dinosaurs
e dinosaurs /
L)
2| o Ancestral
z birds
E
s | = \ Icthyosaurs
: /
| 8 Nt~ Therapsids (Mam-
Hh o | B / mgl-like reptiles)
=
S : Cotylosai}rié/
81 - (stemreptile)
8 E Pelycosaurs
= O
oo
T?Ig-ﬁ g They
=§= Labyrinthodont Amphibian Boor Fa
L >
o) & The di

Fig.6.107: Family tree of reptiles.
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- They are the following:
I.Eruption Theory
- . Thistheory was proposed by Charles
Lo -'{“'-"]l““ - ROfficer et. al. (Nature, 1987). This
*hed. B Sieory explains the mass extinction of
SUNCL = inosaurs, This theory claims that wide-
“pread volcanism could be the real cause
ils. rmass extinction. Volcanoes led to the
out. The lirge scale emission of sulphur dioxide
Mosasaurs '1 the atmosphere. The sulphur dioxide
>m. So did ;-?%éestroyed the ozone umbrella and allowed
smaller sea ~aultraviolet light to reach the surface of
suzzle over (@ Earth killing animals and plants,
ypeared so - moke and dust blocked out the Sun. The
west these - .mate cooled. Plants died. This led to
o vear Eextinction of dinosaurs.
‘o« about | When there was rain the sulphur di-
Sinosaurs, dedissolved in rain water and this acid
" indestroyed the marine [ife.
= . Competition
- Theextinction of dinosaurs is caused
*the competition with the primitive
- :mmals. The primitive mammals ate the
-~ sof dinosaurs and caused their down-
i
Epidemic
- It is believed that most of the
- rozoic reptiles became extinct by epi-
i, viral, bacterial or protozoan dis-
Racial Senescence
~ Itis believed that groups of organ-
s become old, just as individual or-
tisms do and extinction follows from
-z degeneration.
- large Size
- Certain dinosaurs reached €Nnormous
© They were too clumsy to survive.
 Toor Faculty of Reproduction
 The dinosaurs became extinct be-
 © they were unable to reproduce.

- 24

This was caused by the failure of produc-
tion of sperms because of too much heat.
Too much of heat made their eggs all hatch
out into males. Without females dino-
saurs could not have gone on breeding.
7. Difficulty in Copulation

The dinosaurs were unable to copu-
late because of their large size.
8. Environmental Changes

During the end of Mesozoic era, en-
vironmental changes Jbegan to take place.
The vegetation changed. The temperature
changed much. The giant dinosaurs ex-
perienced difficulties in regulating their
body temperature corresponding to the
environmental change.
9. Flowering Plants

Some authorities believed that the
changed climate produced new kinds of
flowering plants. They poisoned the plant
eaters, so that the flesh eating dinosaurs
were starved to death.
10. Carnivorous Habit

According to one school of thought
the flesh eating dinosaurs were starved to
death, because they had eaten all plant
eating dinosaurs.
11. Collision Theory

This theory was proposed by Luis
Alvarez and his son Walter Alvarez. They
concluded that the mass extinction of di-
nosaurs must have been caused by the
impact of an object from space with a di-
ameter of 10 km. Such an object might
be an asteroid or a comet. This collision
kicked out enough dust in the atmosphere
to block sun light for months and cool the
Earth. The surface of the Earth would have
grown dark and cold killing many plants
and animals on every continent.
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When the dust had settled, sunshine
would have reached the land and sea again.
But moisture still above the Earth might
have trapped the sun’s heat near the
ground for years. Creatures that had lasted
through the cold and dark might now have
died-of too much heat. Even if heat did
not kill dinosaurs directly it could have
made their eggs all hatch out into males.
Without females, dinosaurs could not
have gone on breeding.

Temporal Fossae and
Arcades

The region of the skull behind the
orbit is known as the temporal region.

The temporal region of reptilian
skull contains one or two cavities. These
cavities of the skull are called temporal
fossae.

The temporal fossae are bordered by
a set of bones. These bones form an arch
or bar called arcade. The main function
of the fossa is to provide space to the at-
tachment of temporal muscles. The fos-

 sae and the temporal muscles help in the

movement of lower jaw.
The temporal fossae play an impor-
tant tole in the classification of reptiles.
Based on the fossae, reptiles are clas-
sified into 4 groups, namely
1. Anapsid
2. Synapsid
3. Euryapsid
4. Parapsid
5. Diapsid
1. Anapsid
In this type of skull, the temporal
region has no fossa. The stem reptiles had
anapsid type of skull. Among the exist-

ing réptiles, the turtles and tortoises haye .
retained the anapsid type of skull.

Parietal  Postfrontal - |

IR IE 2 S AR
e e

Fig.6.108: Anapsid skull.

2. Synapsid _ ;!

In this type of skull, the tempord
region has a single vacuity or fossa (50
each side of the skull. It is situated i =
hind the orbit. The fossais boundedabuit =
by the postorbital and squamosl u led sur
below by the quadratojugal and e e '
gal. The vacuity is known as infratemps Sauprat
ral fossa and the bar of bone formc B rhital ar
quadratojugal and jugal is called infrateiSSias prese

poral arcade. Pelycosaurians and MRS rotosaur

-

-

mal-like reptiles haq synap§id type@ne of sk,
skull. The mammal-like reptiles becanentiles.

extinct after giving rise to mammals. T Sup
synapsid type of skull is not presci i

N
- Ml Lilisdl
f"-__
i -

the existing reptiles _ e
Parietal Postorbital (ypit '. [\

Quadratojugal .
Fig.6.109: Synapsid skull
3. Euryapsid § __
The euryapsid type of skull hasi
a single fossa on each side. Butitisi T
ated slightly above. Hence the fossit o T

Uddd.
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7.1t makes a nest in a hole on a tree.
8. It can be domesticated.

19. Drongo (Dicrurus adsimilis)
(Karungkuruvy)

Phylum : Chordata

Subphylum : Vertebrata

Superclass : Gnathostomata

Class : Aves

Order : Passeriformes

1. Drongo is glossy black in colour.

2. The tail is long and deeply forked.

3. It is very often found perched on
telegraph wires or near grazing cattle.

4. It is a solitary bird.

5. Itis insectivorous in habit.

6. It constructs nests on the trees.

Fig.7.28: Drongo.

20. Archaeopteryx

Phylum  +: Chordata
Subphylum : Vertebrata

Superclass : Gnathostomata
Class o Aves
Subclass : Archaeornithes

Archaeopteryx is the first bird.

It is a connecting link between rep-
tiles and birds.

It is a fossil animal. Hence it is
called a missing link.

Though it is a bird, it retains many
reptilian characters. Hence it is interme-
diate between reptiles and birds.

_acters: 3

Reptilian Characters
The following are the reptiliancha: =
1. Jaws are provided withhomodo:  piilian

teeth. i is neither
2. The tail is long, lizard-like a.

with 20 free caudal vertebrae. b _
3. Bones are not pneumatic. i

| b o
Fal A YA

4. Cervical vertebrae are fewer,96 = ¢
1 E 5o
Avian Characters B S'S"
The following are the avianchei = (4,

ters of Archaeopteryx. & Orich
1. Presence of feathers. If the feal Sy

ers of Archaeopteryx were not preser

in the fossil; it would have been takenl: .

some bipedal diapsid reptile. 2k
2. Fore limbs are modified as wiig

4. Rounded brain case.

5. Bones in the skull are intimais 1 ;0%
fused. S ICCITICES |
~ 6. Beaks are present. & =0 toes (31
& nd bare (-
U
ilic object

Tail feather :
Fig7.29: Archaeopteryx, the &
necting link between reptiles and bi
7. Bones of limbs and girdiess
bird-like. o

8. A “V’-shaped furcula is presct ey

4
el
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9. Tibia and fibula are present
10. A keel is present on the sternum.
Thus Archaeopteryx exhibits both

ith homodon! -trepnhan and avian characters. However
- lisneither a bird nor a reptile.
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21. Ostrich .

(Struthio camelus)
Phylum Chordata |
Subphylum : Vertebrata

i Superclass : Gnathostomata
Class : Aves
Order Struthioniformes

?

Ostrich are the largest of living birds.

- They grow to a height of 2.4 metres and

mﬂh about 157 kg. They are found in

¢ arid and semiarid regions of Africa

3nd Arabia. There is only one species,
{muthio camelus.

'-'3 The wings are very small and the
- athers are soft. Legs are long and strong.
e thighs are large and bare. There are
Larectnces (tail feathers). There are only

*“Jo toes (3rd and 4th). The neck is long

i “dbare (without feathers). '

1 Ostriches are omniyores but mainly

1fr!:nwnr'e.«i They have the habit of pick-

12up and swallowing any bright or me-

___?:llc objects.

i Fig.7.30: Ostrich.

1 :",g Ostriches are polygamous The
e usually have one major hen and 2

e

or more minor hens. The male makes the
nest in the sand about a foot deep and three
feetlong. All the hens lay theireggs in the
same nest. The eggs are about six inches
long and five inches in diameter. It weighs
about 1.5 kg. The eggs hatch in 42 to 48
days. The youngones are precocious.

22. Rhea americana
(South American ostrich)

Phylum Chordata
Subphylum : Vertebrata
Superclass . Gnathostomata
Class - - Aves

Order * Rheiformes

Rhea 18 flightless bird included in
Ratitae. 1t is an american bird.

The wings are small. The neckis long
and covered with short feathers. The
feathers have no aftershaft. The tail feath-
ers are absent. The legs are long and stout.
The feet bear three toes (2,3 and 4th) and
all the toes bear claws. The syrinx or
voice box is present.

It 1s omnivorous. Rhea is polyga-
mous and several hens lay their eggs in
the same burrow (about fifty eggs).

The male incubates the eggs and in-
cubation takes forty days.

Fig.7.31: Rhea americana.
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¢ Over exploitation of under _
j . tal ground wale
saltwater causing salinization of freshwater,
o ¢ The chemical fertilizers pollute the water
1€ nitrate of the chemical fertilizer leaches into
ground water and contaminate the dri nking water:
® The pesticides applied on crop Em_nnm ,
Wo%_w through food chain and cause ill effect
griculture leads to th I utri
Bty ¢ erosion of nutri
¢ In Agriculture, high yieldi i :
. : yielding hybrid cro
are produced and cultivated. Hence EW RN& o ;
z:aézm,q ;

human

@ In Agriculture lands, there i
. : » there 1s top soil erosio
eroded soil fill up reservoirs. d ™

# Irrigation in Agriculture leads to water
Sustainable Agriculture
~ and Food Production
. The Agriculture must be made sustainable by
_.:m ecosystem vm_m:oo. It needs high production as w
conservation of natural environment. It is done b
lowing methods: ¢
1. mep.__mﬁa and limited use of pesticides.
2. Limited use of fertilizers.
3. Use of organic fertilizers.
4. Vermicomposting. _
5. Maintaining proper drainage system.
T
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36. Biodiversity and its

-~ _Conservation -

Biodiversity refers to the variety of plants and ani-

s of an area.

Biodiversity is the degree of variety in nature. 1t is

totality of genes, species and ecosystems in a region.
ndicates all inherited variations of living organisms living
i broad area. It can be defined as the variety and variabil-
of life. Tt can be observed at gene level, species level and
ysystem level.

The knowledge of biodiversity is very important for-
« Systematic studies on plants and animals.

+ Identification of hot spols.

+ Ecosystem studies.

+ Biogeographic studies.

+ Proposing advance conservation programs.

« Enriching resources.

# Conservation of global ethics.

Genetic Diversity
Genetic diversity refers to totality of all inherited

wmetic variations within a population. A population is a
youp of similar individuals. All the genes of a population is
illed gene pool.

As genetic variations usually lead to the development

f new species, it seems to be the basis of species diversity.

Different sub-species of a species are distinct ge-

etic entities. Each of such genetic entities of plants or ani-
mals is known as genetic resource.




588

2 : Qﬁ_%a or animal 589
MM n.wwzﬁﬂ:n Material. Merging of memmmmm% i The number of species and population abundance vary
fore € groups IS not possible in co o n community to community. Even within a community,

number of species and population abundance vary from

o ility to locality depending upon selection pressures
ZGE_:mmuOmmm ity y dep g up 4

animal to another by %.M, 8%8:%9 genes from any pl udients between the habitats (localities), climatic
Plants have peen int €chnology. Severa) genes ¢ tors, etc.
applicationg mcn::m Mmmmnom Into plants for new jncy R.H. Whittaker (1965) has pointed out three types
. T ! ca : . % ; :
4re genetic resources. Y ehgineered plants or g Qrecies Q_J_.m_%ﬁ G apaeits
. o-index diversity
Species Dj ; : e
sl versity 2. B-index diversity
Species > ¢
cies of %MS £ QM%M.HM_%\ Mﬂqm_.m to the rotal number of 3. y-index diversity
VEry important for the aez_”h“ .\.w FQ.?%WQ& community,s e el ey 0
of ecosystems. unctioning and susa;; a-index diversity is the relative richness of differ-

I species in an area. It represents the percentages of
dividuals of each and every species within a community.
The selection pressures common to the community

letermines the o-index diversity. For example, o-index di-
\ersity of bird species is similar in tropical and sub-tropical
tlimates. But small variation in o-index diversity among
rommunities within a general climate is due to interspe-
tific and intraspecific competition among the species.
2. B-Index Diversity

B-index diversity is the relative richness of differ-
ent species along a gradient from one habitat to another
habitat within the community.

It is mainly due to variations in physical conditions
‘of habitat.

It is determined by a narrow range of tolerance to-
wards the particular environmental factor that shows the
gradience.

Height is the factor which determines the pattern of
diversity of plant and animal species between mountains and
plains.

Water gradient determines the distribution of plants
between forest and freshwater habitat.

Itis a pry
. s oduct of species ri
ness in a Community, 5

F I
e fe Sanct s ot S
Zy. Itis said that th uary is a biotie ¢,
3 . € sanctuary has
wo Species of mammals, 300 %mN &M&.o plant speg
Of reptiles, and 2 €s of birds. 30 spe

>0 species of amphibians. The tota]

ber of these
S€ groups 53 2
sanctuary, PS 1540 consti tute species &mﬁ@\hm@ of

Total no. of species diverc:
Fig.36. Pecies diversity of 4 gap

. 2 ct s _
1: Species diversity of uary = 154,

a sanct iary.

e
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3. J\._:n%m W:EWE‘ A 59 “ Cinasif
. ¥index diversity refers to the richn, p Biogeographical Classi cation
species in a range of habitats within a %mQMMMﬁMﬂ. of India

Itis a product of ar-index diversity and

TR The classification of land into different zones de-
Biodiversity of a continent, havin

-index dive wding on the land animals and plants is the biogeo-

rivers, mountains, plains, forests, etc Tmﬁznmm.g § phical classification. Each zone is called biogeographi-
index diversity. 2 T - il zone. It has a unique ecology, biome representation, com-
; unity and species.
Ecosystem Diversity X ;

Wallace (1876) divided the World into 6 regions. In-

0] i belongs to the Oriental region.

d ecosystem i The oriental region is characterized by high moun-
. ins and thick forests. The fauna of oriental region is simi-

i 0 Ethiopian region, but it differs from the latter by the

hsence of primitive forms.

_ W.A. Rodgers and H.S. Panwar (1988) has divided

S another nno&‘_ | \dia into 10 major biogeographical zones. They are briefly

hentioned below:

o The variation in species richness i
Systems of a geographical area is calle

sity.

Ecosystem is an e ! .
s cological unit. It contai

: ] - us-

ety of plants, animals and environmental facto The
teract with each other, a

Forest is an ecosystem. Sea i

— Trans-Himalaya (1)

\mvm&mm diversity in

Speci . — Western Himalaya (2b)
River ecosystem pecles diversityy orth Western Himalaya (2a) ) Gangetic Plains (7)
Lakes Semi-arid (4) Central Himalaya (2¢)
Species diversity in - Thar Desert (3b) Eastern
Forest ecosystem Species diversity 7 Himalaya
Kutchh Desert (3a) (2d)
Species diversitv i — . {'entral High lands (6¢) Assam plains (8a)
h.wa-_m%mm__ﬂm..ﬂm_q in wwmm..em diversity iy Central plateau (6b) Shillong Plateau (8b)
i Agricultural fields West coast (10a) Chhota Nagpur (6d)
Species &ﬁw.m:% in Western Ghats (3) — Eastern plateau (6¢)
Marine ecosystem Southern plateau (6a) East coast (10b)

Fig.36.3: Biogeographical zones of India.
Trans-Himalaya (1)

Q Area -Ladakh(Jand K).

% Biome - Tundra valley, Lakes and Marshes.

« Wild life -Chiru, Black-necked Crane, Himalayan
pit viper.
species dive Himalaya

. O Area - Himalaya, Kashmir, Himachal Pradesh,

Assam.

iy A Geographical area

Fig.36.2: Ecosystem diversity,

Each and every ecosy ;
g CVery ecosystem has a particular s
vironmental conditions and allows a Ei%&ﬁ whe:

mﬂm animals to grow therein. Therefore
iffers from ecosystem to ecosystem.
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+ Wild life - Pygmy hog, Serow, Yellow-backed
sunbird.

Islands
O Area -Andaman and Nicobar (9a), Lakshadweep
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% Biome - Alpine, Temperate conifer, Temperal
broad leaf, Sub-tropical. X ver. Temi
+ Wild life -Ibex,Red panda, Monal pheasant.
Indian Desert _
a h.?.a - Kutchh desert (3a) and Thar desert A
x wmasa.. - Salrflats, Scrublands, Desert grassla d
s Wild life - Wild ass, Black buck, Flamingg
Desert monitor. | _
Semi-arid Province
a b.._dn - Punjab and Gujarat-Rajuara (4).
a..wE_Sa - Scrublands, Bhabar forests, Wetland|
Dry deciduous hill and Thorn forests. 1
» Wild life - Tiger, Asiatic lion, Great Indi
kgl T , Great Indian By
Western Ghats
a \».waa - Western ghats (5).
%« Biome - Evergreen, Moist deciduous, Wetland|
Montane forests and Grasslands. i
+ Wild life - Lion-tailed macaque, Malabar cive
Hornbill and Draco. hi g
Deccan Peninsula
pEn mﬁ_ hﬂm_ﬂ - Southern plateau (6a), Central Em..___u
, Eastern plateau (6¢), Chhota- Nagpur (6d) and Ce; i
Highlands (6e). aihieas.
ﬁ.mmaim - Dry deciduous, Thorn forests, Wetlan
Sub-tropical, Moist deciduous.

(9b).
% Biome - Evergreen moist deciduous, Sub-tropi-
cal temperate wetlands, Coastal habitat.
+ Wild life - Dolphin, Narcondam horbill, Olive
ridley turtle.

Coasts
0O Area - West coast (10a) and East coast (10b).

% Biome -Mangrove, Brackish lakes and Lagoons,

Mudflats, Sandy or Rocky littoral.
« Wild life -Dugong, Brahminy kite, Sand skink.

Value of Biodiversity

Biodiversity is of important value for the human wel-
fare, as it is useful to man in several ways. It provides food,
useful products and goods to improve the social value.

1. Consumptive Use Value

The biodiversity provides food for man and his pets.
Plants are consumed by animals as food. Itis the consump-
tive value of biodiversity.

The plants form the food for animals. The plants and
animals form food for man.

Whatever we eat, is a product of biodiversity.

The following food items are supplied by biodiversity:

% Wild life - Swamp deer, Jerdon’s courser, Mugg fice £ttt
Gangetic Plains . Wheat Milk
Q Area -Lower and upper Gangetic plains (7). Mi: ! %wu 8 4
, ereals ea

x EESQ - Alluvial plain, Wetlands, Rivers. ;
« Wild life - Rhino, Otter, Gangetic dolphin, T - Vegetables  Fish, etc
. 2. Productive Use Value

The marketable items of biodiversity form the pro-

ductive use value.
Timber is obtained from forest. Cultivation of trees

for timber is called silviculture.
ECO-20

rapin.
North-East India
a bw.ma - Assam plains (8a) and Shillong plateau
- A Biome - All plain grasslands, Woodlands, Bhat
terai, Evergreen moist deciduous, Wetlands and Rivers, Su
tropical temperate.

e——



Agricult d i
culture produces food
revolution. X e

Agquaculture 3o Pl S 3
Bl Sovbhitinn. provides aquafood like fish. It creat

Animal husband d . ]
creates white __.mc&:n.eaw% Akl :

Sericulture (rearin .
: g of silkworms i
Apiculture produces honey. ) Brocacessig
Pearl culture produces pearl.

Wild plants supply drugs such as quinine, morphine

It creates .mﬂn._._.__m

ete.

MN.MW.H.&% are extracted from plants. Eg. Neem tr
. ntibiotics are synthesized by mic : o
cillin from fungus. BEciath g
W\:rowm ﬁ.ch,:.a biofertilizers. Eg. Rhizobium.
ofton is obtained from cotton plants.
Mﬁﬁm& are manufactured from wood
1otechnology and geneti i i .
: IC engi appliet
in enhance production. v o e o
Wild plants and animals are used to select useful

genes. New varieties of iR
plants and anim
better production. als are created

3. Social Value

* Biodiversity has religious and cultural sentimen

* Trees are worshiped
\ as God. Eg. Ba
pil tree, Neem tree, etc. i i

* Flowers " __
, Tulsi, ‘Punkan’ leaves, etc. are used in

pujas.

* Lime fruit, banana frui, i _

g JSruit and many other fruits 2 e

. o Sandal obtained from trees is
in pujas.

* Banyan seedlings are i i _

o SBa > planted in marriage tents witk

an n:ﬁn_mm:c: that the life will flourish like a cmm:wms HMM

‘ omhmm n - - - - - 3 y

Pt hicken, chicks, pigs, etc. are sacrificed fo

used as a cosmetic

¢ Cobra is Eowmr_.vmn_. as a God.
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« Skins ate used to make shoes, belts, bags, purses, €tc.

« Tribal people collect honey from the forests and
the mountains. .

« Hunting in the forests is the main occupation of
tribals.

« Herbs, shrubs, climbers and their roots are used
as ayurvedic medicines.

« Domesticated animals are allowed to graze on
grasslands.

+ Trees on the road sides give shadow to passengers.
4. Ethical Value

Ethical value of biodiversity is the use of plant and
animal species in a right way. It simply means the moral use
of plants and animals.

« In the biodiversity, man is only a small fraction,
when compared to all other species. Every species has the
right to live. Man has no right to destroy them. If he de-
stroys, the nature will destroy him.

« [n the Indian culture, people are chewing betel leaves,
areca nut, tobacco along with lime in daily life and in special
occasions. Betel transaction is one of the major ceremonies
in Hindu marriages. Hence betel leaves are cultivated.

+ Poor people construct huts with thatched roofs.
The floor is seared with cowdung. Hence coconut trees and
cows are reared. .

« Tea and coffee are used to refresh.

« Toddy, taken from coconut and palmyra, have been
used by several people.

» Wine (grapes).

o Whiskey (corn, rye and malt).

» Brandy (peach, apple and orange).
« Rum (cane and beet molasses).

+ Smoking cigarettes, cigars, beedi and pipes made
from Nicotiana tobaccum (tobacco) is one of the major
health issue in recent years.

« Latex of Calotropis procera is used to induce abor-
tion in some areas.
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* Several plant and animal products are offered (o
satisfy the God.
5. Aesthetic Value
The use of plants and animals in beautifying the sur
rounding is said to be their aesthetic value. :
Biodiversity includes attractive species of plants,
animals and birds, which give a natural beauty to the habita,
Examples- |
* Ornamental plants are grown in hanging baskets i
rooms and home gardens to beautify the surrounding.
* Beautiful birds are reared in small cabinets.
* Ornamental fishes having various colours are grow
in glass containers to enhance the beauty of the indoor envis
ronment. _.
* Zoos and Museum harbouring different species of
animals and birds attract so many people and children. listed below:
* Trees with attractive flowers and dense vegetatiol Taxa
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places to get an income.

Arthropods are dominant.

on hills increase the touristic value of the regions. . » Bacteria
* Parks in cities and towns are visited by thousand: % Viruses

of people every day because of their aesthetic value given by « Algae

attractive flowers and plants. . o Fungi

6. Optional Value = Lichens

Optional value refers to use of different species @
organisms to fulfil the specific wishes of people. The wisk
may either be concerned with protection of environment ol
with protection of health. In these cases, biodiversity along
is the right choice for getting the wishes filled.

¢ In some areas, where cyclones are very frequent

» Bryophytes

« Pteridophytes
&« Gymnosperms
s Anglosperms

World is listed :m-.m::ﬁmn

dense vegetation is grown to reduce the speed of wind $0 Taxa
that people can escape from direct effects of the cyclones, » Protista
* Genetically engineered animals and microbes give = Mollusca

many valuable products which protect the health.

* Genetically engineered plants meet some specifie
needs of people- .

» Reducing the use of fertilizers. .
= Producing food grains rich in specific aming

» Arthropoda

« Other invertebrates
= Protochordata

= Pisces

» Amphibia

acids. « Reptilia

s Producing products with more storage &m.
s Producing products which contain vaccines.
» Medicinal plants are grown and sent to far away

+ Some poisonous plants are grown along the mar-

gin of farms to prevent the entry of cattle in the farm.
Biodiversity at Global Level

Our Earth is the natural habitat for about 20 million
species of living beings, including plants, E&Em._w and mi-
cro-organisms. Of these, only 1.7 million organisms alone
have been described scientifically. .

Among plants, Angiosperms constitute En._m_.mnmﬁ
number of species in the World and in the animal kingdom

Species diversity of plant taxa living in the World is

Species
4,000
4,000
40,000
72,000
17,000
16,000
13,000
750
2,50,000

Species diversity of different animal taxa in the

Species
31,259
66,535
9,87,949
87,121
2,106
21,723
5.150
5,817
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s.Aves, 9,026 In 1990, Mc Neely et.al., have noticed that about 70%
« Mammalia 4,629 of the total flowering plants occur in 12 countries. Hence

Biodiversity at National Level
India is a tropical country. It lies between 68'.7° ar
97'.25° East and 8'.4° and 37'.6° North the equator. It cove;
a total of 32 million hectares. 1t is one of the 12 meg
diversity centres of the World. 4
India is very rich in plant diversity. It has
+ 850 species of Bacteria (21.25%).
+ Many Viruses (Not recorded correctly).
+ 6,500 species of Algae (16.25%).
+ 14,500 species of Fungi (20.14%).
+ 2,000 species of Bryophytes (17.80%).
+ 1,100 species of Pteridophytes (8.46%).
+ 64 species of Gymnosperms (8.53%).
+ 17,500 species of Angiosperms (7%). :
. India accounts for 7.31% of the global faunal dive
sity. It has 3

+ 2,577 species of Protista.

+ 5,070 species of Mollusca.

+ 68,389 species of Arthropoda.

+ 8,329 species of Other invertebrates.

+ 119 species of Protochordata..

+ 2,546 species of Pisces.

+ 209 species of Amphibia.

+ 456 species of Reptilia.

+ 1,232 species of Aves.

+ 390 species of Mammals.

The richness of biodiversity in India is mainly d
the wide variety of climatic and altitudinal conditions cha
acteristic of this country. The climate varies from hum
tropical area (Western Ghats) to icy mountains Q.H_E.._
Himalaya) via hot desert (Thar) and plains.

The ten biogeographical regions of this counts
form a wide variety of ecological habitats which give shel
ter to so many Kinds of plants and animals. _

these countries are known as mega-diversity countries or
mega-diversity centres. India is one of the 12 mega-diver-
sity nations of the World.

India covers only 2.4% of the total area of the World,
but it has 11% of the World’s total biota, ie.45,500 species
of plants and 86,874 species of animals. The total number
of species is rather crude and many species may not be de-
scribed yet. However, the present data confirms that India
ranks 10™ in the World and 4™ in Asia in plant diversity.

Fungal species of India contribute 18.23% of the
World’s fungal flora. Angiospermic species of India con-
tribute 13.50% of the World’s Angiosperms.

Many plant species recorded in India are also found
in neighbouring countries such as Malaya, Tibet, China, Ja-
pan, Europe and Africa. Some Indian species are found to be
reported in far away countries like the USA and Australia.

India has more than 7% of the total animal species in

Nemertinea, Nematomorpha, Pogonophora, etc. have been
reported every vear.

India pcssesses about 86,874 species of animals, of
which insects comprise 68.3% and chordates comprise
5.7%. About 35% of the insects are endemic to India. Be-
sides this, many leeches, sponges and molluscs are also en-
demic to India. Endemism is also shown by amphibians, rep-
tiles, birds, mammals and fishes.

India has only 2.4% of the World’s land area but its
biodiversity is 11% of World’s biodiversity.

Many species are endemic to India and some show
discontinuous distribution against migration barriers like
seas. Hence, India is considered to be one of the mega-
diversity nations of the World.

Biodiversity of Tamilnadu

Tamilnadu, the South most state of India, lies between
8'.4° and 13'.4° North from the equator. It possesses fropi-

the World. Even now many new species belonging to
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cal climate. It has several hill stations such as Mahendrag
hills, Tirunelveli hills, Nilgiri hills, Palani hills, Anamalai
Alagar hills, etc. which present a diverse topography to the
State. Tamilnadu has humid tropical, dry and semi-dry ang
temperate climates.
The biodiversity of Tamilnadu State is poorly illuss
trated one. The number of species of bacteria, viruses, al gae
and bryophytes existing in this State is not yet known cor
rectly. There are about 123 species of pteridophytes, 12
species of gymnosperms and about 2,300 species of A -
giosperms.
Tamilnadu has about 4,473 species of invertebrates,
32 species of protochordates, 108 species of fishes, 88 spe:
cies of amphibians, 89 species of reptiles, 43 species of
mammals and 349 species of birds.
Many species of plants and animals are endemic to
this State.
Hot Spots of Biodiversity
Hot spots are biorich areas. The area which is rich
in plant and animal species, of which many are endemie
and endangered is called biodiversity hot spot. The thre at
may be due to pollution, land cleaning, development pres=

sures, salinity, weeds, etc.
Myers et.al., (2000) have identified 25 biodiversity
hot spots in India.
Eg. Western Ghats, Eastern Himalayas, Andaman-
Nicobar islands, North-West Himalayas, etc. __
The Western Ghats is one of the diversity hot spots
in India. It comprises a range of coastal hills and the adjoin=
ing coastal lowlands extending from Tapti river in Gujarat to
Southern tip of peninsula. Itincludes Maharashtra, Karnataka,
Tamilnadu, Kerala and Goa. It covers the total area of
1,70,000 sq.km. .
The Western Ghats shows high level of endemism
for plants, invertebrates and vertebrates. India has about
5,150 species restricted to the Western Ghats. That is, 30%
of endemic plants in India are seen in the Western Ghats.
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There are many endemic vertebrates in the cc‘m.mﬁd.:
Ghats. They include 12 species of :_.E.:B&m. I3 species of
birds, 89 species of reptiles, 88 species of amphibians and
108 species of freshwater fishes. Thus the Western Ghats
has a total of 310 endemic vertebrates among the total of
32,678 species in the World. Itis 0.95% of all known verte-
. Endemism in invertebrates in the Western Ghats is
not known clearly, but it is said that it has many endemic
insects and worms. .
Eo:&%rmwwmrmm been a serious threat to the biodiversity of
the Western Ghats due to land cleaning for different pur-
poses. The biodiversity has been disappearing atarate c.m 1-
3% per year and many species faces the danger .cw extinc-
tion. Therefore, the Western Ghats is said to be a biodiversity
hot spot.
Threats to Biodiversity
The causes of biodiversity loss are said to be _.}wmmam
to biodiversity. Biodiversity loss may _u.m caused by wmv&.ﬁ
loss, poaching and hunting of wild nE.:E? man-wildlife
conflicts, etc. As the nature of E_.om:m increases, more and
more species are forced towards extinction. As a result, the
species become endangered in the area.

1. Habitat Loss : . .
The destruction of habitat of plants and animals is

alled habitat loss. Specific plant and animal mﬁwﬁom pre-
M,Mw.wo live in a wmao:mm_. habitat. When the habitat is de-
stroyed, the species living therein are under threat of ex-
::r:o:.wznamaw in natural habitat of wildlife, construct-
ing dams, felling of trees, cleaning of land mow agriculture
and plantation purpose, deforestation and setting fires are
the major causes for habitat loss. Examples- 1
+ Begonia and Habenaria are plants Em.EE living
on rocks of the Western Ghats. They mo:sm.a luxuriant maé
before quarrying the rocks with dynamite. As quarrying
continues, these rocky species were forced to extinction.
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Now these species are altogether absent in part of Westen

Ghats in Kanyakumari district of Tamilnadu.

* The loss of huge trees in Muthukuzhi vayal leads t

reduction in the number of f] ying lizard (Draco dussumieri
the Great Indian Hornbill and Large Pied Hornbill.

+ Deforestation is known t

Because of the deforestation, 5-
eliminated by the year 2020.

2. Poaching and Hunting of Wild Animals

Poaching and hunting of wild animals are the mai
causes of wildlife depletion. Examples-

15% of species may b

sy to kill. Thousands of
people started to poach and hunt the passenger pigeon in 1980,

for eating and commercial purposes. Therefore, by the year
2000, the pigeon species has been at the stage of extinction.

«— Bullet

Fig.36.4: H unting of pigeon.
® Nilgiri tahr (Hemitragus hylocrius) is endemic
to the Western Ghats. Because of unrestricted poaching and

hunting, this species is now seen in small numbers in the
acmﬁn_.:mrm?

o be the major cause of
species extinction in the next 50 years (ET.Cherian, 1998),
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@ Elephants (Elephas Eaﬁ.&ﬁ ) have been shot aog:u
at several places by poachers for their fusks. H.v:n. to :E.Mu:
_,,:._Q..ma poaching and hunting the n_on:mi species 18 now

threat of extinction.

Fig.36.5: Killed elephant.

@ In Palkulam area of the Western Ghats, a __mﬁnmm
area of natural forest has been ooz<mmmwn_ into Emwmwwr M.Ha
: i ber and clove. e tiger h
g culture plantations.

locrius) frequently enter the mono | .
W_MWN,M.,_...OEW va,mmm bodies have shot down them in large num
bers. This species is now in threat.

Fig.36.6: Panthera tiger.

-Wildlife Conflicts |
g There has been a series of strug m.ﬁam Uo?.zom: E&.d mzm
wildlife for their existence and well-being. r is often nmm mo
man-wildlife conflicts. This struggle is harmfu

iodiversity. Examples- |
?on__ﬁﬂ_w.m%? a%\:.n..\ regions catch fishes .?:: uoﬂmm
and ditches by adding extracts of roots of certain plants be-
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longing to Asclepiadaceae and Apocyanaceae. This act
useful to catch fishes, but the entire fish population is killeg

* Some people in forests set fire to destroy groun
vegetation so that fresh growth of ground flora may appea
But noxious and exotic weeds such as Eupatorium and Lan
fana invade the burnt area and disturb the natural vegetation
This phenomenon is very common in South Indian Jorests

* Urbanization in low grasslands, swamps and othe
areas causes shrinkage of breeding sites for amphibians any
reptiles. Therefore, population of these animals decreasel
every year.

* Bull frog is an effective pest control agent whic
feeds on many types of insect pests in agricultural fields
This was exported once to other countries so that the num
ber of frogs decreased every year. Now the export wal
banned by the Government. __

* Pesticides and fertilizers added to the agricul
tural fields affects the growth and survival of many aquatil
animals. It also affects the birds indirectly.

Endangered Species of India

Many species of plants and animals are facing the
problems of extinction and becoming lesser in number ev:
ery year. These species are called endangered species.

Endangering of a species may be caused by-
7 Habitat loss

“ Felling of trees

” Cleaning of forest areas

7 Deforestation

¥ Quarrying in forest areas

* Poaching and hunting

“* Export to other countries

The Western Ghats is the natural and only habitat for
lion-tailed macaque. Once this species was seen in large
humbers in the forests; but how because of habitat loss only
L lew animals are seen. Now this animal, is more or less at
the stage of extinction. Therefore, it is considered to be an
endangered species.

s f plant found to be
In India, about 450 species of plants are four
endangered species by the Botanical Survey of India (BSI)
in 1998. Examples- : ;
¢ Rhododendron arizelum
¢ Camellia caduca el A
* Meconopsis betonicifolia
* Psiloltum companulatum
¢ Piper barberi ) i
zm:w Indian species of animals are m._mﬁ.u found to ﬂn
endangered by the Zoological Survey of ~=&£ in M.c.cc. Hm
following are the examples of m:&m:mﬁ.ma mE.Em? in India:
Primates : Hoolock gibbon, Lion-tailed macaque.
ilgiri langur, etc. . it
N Mmm:?o..m : Jackal, Indian fox, Wild dog, Tiger civel.
>at, efc. ; 2y
e n_wmm_%muon_mnq_m : Great Indian one-horned rhinoc-
s, Tibetian wild ass, etc. Rt . : .
i V&Onmnq_m : Andaman wild pig, Alpine musk deer.
Indian bison, etc. .
Logomorpha : Assam Ewg :
Rodentia : 11 species of flying squirrels
Cetacea : Gangetic dolphin, Baleen Whales.
Birds : Eagles, Peacock pheasant, Hooded crane.
i igeon, Bengal florican, etc. . :
Z_nowmwwﬂvma_nm : Trunk turtle, Estuarine crocodile, Moni-
izard. .
W Amphibia : Viviparous toad, Indian salamander.
Crustacea : Coconut crab. : ,
Insecta : 55 species of butierflies and moths.

Endemic Species of India
The occurrence of a taxa in a .ﬂﬁ: area a:.& :.:_-
where else, is called endemism. The species s__.:nw ._m dis-
tributed only in a small restricted area is known as an en-
T N.Mn wﬂm._.mamﬂmm distributions of plants and E:_:m_,,,,.
The idea of endemic distribution of plants was first
given be A.P. de Candole in 1813.




Biodiversity of i
ersity of India shows high level of e is
Hmmﬁw Mma\a of plant species, identified in India, mawn_mmmmm 1
b.:ammu m:-mmwnwﬂﬂomwmn:mg? North-West Himalayas an
. Icobar islands. There are ab cul]
vated species and 320 wild relatives i b 61 2
elatives in India. Soitis 1
Mﬂo& _mm _un.csm of the centres of origin.of n::?mnnmo%“w_ﬁ
: present :nma.:\ 30,000-50,000 varieties of culti
plants are found in India. i
sihE mH:Q_.m has a total o.m 49219 plant species, of whic
. _.m,ﬁ Species are endemic to the country. The endemi
w mm_.w “zﬂMam m.&oE m8 species of Pteridophytes and 4,95
.%m i SO . ngiospermic plants. Nearly 1,650 mzn_manW_ e
ﬁ_m,:ﬂma _.aroamﬂ from the Western Ghats and 3,500 m:am._wu.
are recor i it
i ed from the Himalayas and the adjoinin
The following are ex
O Caryota urens
@ Aegle marmelos
O Saraca indica
O Ficus religiosa
S Piper longum
S 5&.33.& cardamomum
% Indigofera tinctoria
@ Aralia malabarica

~InIndia, there
animals:

amples of endemic plants of India:

are about 17,612 species of endemic

i 967 species of Mollusca.

w 16,214 species of Insecta.

w 110 species of Amphibia.

# 214 species of Reptilia.

= 69 species of Aves.
4_,_” 38 %umﬁ.ﬁ.a of Mammalia.

€ endemic species are restrict
gl ( s ed to small areas i
h__.ﬁ:_uchc:, Em\w are forced towards extinction ok
N F ﬁd - . - t

i ﬁmu MW: mmw M MM mzm_.m:ﬁ_n J_:Ws__u_m:m of India are found
e ats. Similar . . .
are restricted to the Western D_W:w it S
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Endemic Insects : Chloroneura, Indoneura, Esme,
Phylloneura, etc.
Endemic Birds : Nilgiri Wood Pigeon, Malabar
Parakeet, Rufous babbler, Nilgiri pipit.
Endemic Reptile : Gauialis ganeticus (crocodile).

Conservation of Biodiversity

The maintenance and preservation of biodiversity
is called biodiversity conservation. 1t is the conservation
different species of plants and animals. ;

The biodiversity has to be conserved to keep an eco-
logical equilibrium necessary for maintaining a sustainable
environment for future generation. The conservation of
biodiversity is of two types. They are

1. In-situ conservation

2. Ex-situ conservation
1. In-situ Conservation .

The conservation of genetic resources (different spe-
cies) in their natural habitats or man-made ecosystems 13
called in-situ conservation. Itis an easy and suitable method
for the maintenance of many plant and animal species.

An area is selected and declared to be a protected
area and special measures are taken to conserve the
biodiversity. Viable populations of different species are al-
lowed to grow by offering proper protection.

If the ecosystem of the area is badly degraded, the
threatened species are rehabilitated and maintained properly.

If an animal species is threatened, it is breed in a suit-
able Zoo and re-introduced to preserve it in the ecosystem.

Those species which harnufully affect the sustainability
of biodiversity are maintained at controlled level.

National Parks, Sanctuaries, Nature Reserves,
Natural Monuments, Cultural Landscapes, Biosphere
Reserves are used for in-situ conservation.

2. Ex-situ Conservation

Ex-situ conservation is the conservation of genetic
resources outside their natural habitats. Plant, animal and



. . . %m
Wﬂmoﬂm_ species are ?.nmon.éa in ex-situ conservation sy
ms. Ior ex-situ conservation genetic resour
tained in - ol
* Zoos (for animals)
* Botanical gardens (for plants)
”M::ﬂm Mc:mnmomm (for micro-organisms)
! QQO anks (for gametes, cells and tissues).
Hroo%dEmmB banks (for seeds, semen, cells, ova
has Emmimm:%% M.M.MMMMNMMM:MWMMM wmmazmnmm. o
served specimen e g H..rm_u
tems ?%Eowma SMwMHmeﬂnﬂMna i i

o020
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37. Environmental Pollution ¢

‘Pollution is an undesirable change in the phys
chemical or biological characteristics of our air, land
water that will harmfully affect the human life and
desirable species or that may waste or deteriorate our |
material resources’-Odum.

Pollution is the deliberate or accidental contaminati
of the environment with man’s waste.

Pollution is defined as matter in the wrong place.

According to Melaughlin pollution is defined as th
introduction by man of waste matter or surplus energy intc
the environment, which directly or indirectly causes damage
to man and his environment.

Edwards defined pollution as the release of substances
or energy into the environment by man in quantities that
damage either his health or resources.

Continued economic growth, mismanagement of resources
and population explosion have an explosive impact on the
environment. Now our Earth has become a very sick planet
and urgently needs a cure. A disaster is looming unless
everybody joins hands to take on the environmental dangers and
to find ways to halt the march to mankinds destruction.

Pollutants
The substances or factors which affect the normal
functioning of human life and domesticated species when
introduced into the biosphere, are called pollutants. The
important pollutants are as follows:
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pnource
| {lora and fauna are a rich resource of genes which

I breeding new forms of plants and animals with
ters like disease resistance, high productivity,
pical amplitude, etc. This calls for the preservation
\ A1 important genetic resource.

wle Value

Iie is a wealth of the country an
CWild life yields timber, firewood, hide
animals can be stored in Zoo

d it is a good source
s, ivory, horns,

v und dead s and Muse-

& lihition.

lon
life forms a source of enjoy

control of populati
: 1ons of ra : . S
their natural habitat. e species of plants i

Aims of Wild Life Conservatio

Wild I i
Ife conservation has the following aimy;

1. To pr

. otect and pres

o Serv =Y ] F
animals from extine mah e the rare species of

ment and recreation to

..::.
lon

Iy 0 sanctuaries give €
and colleges.

Causes for Wild Life Depletion

fe is caused by the fol-

ducation to the students of

cline and depletion of wild li

2. To preserve the breeding stock B
M. ,Mo prevent deforestation . _q -
L S : | )elorestation
ance of nature, Hunting
JPoaching

5.Tos ;
0 study the ecological relations of the plant

mals in natural habitat _
e habitats into house sites, 1nto

(‘onversion of wild kif

port routes, agricultural land. industrial sites, etc. for our
Wning population.

% [istablishment of hydroele
Vi Kerala.
1§, Pollution
) Poor breeding potential in wild animals.

4 The breeding of wild animals near human dwellings. For
ple, marine turtles breed on the sea shore and their eggs

{olen by human beings.
") Natural calamities such

Necessity for Conservation

The conservation of wi
. of wild life provides the follo

1. Balance of Nature
Conservation i
of life maintai
o ntains a bal ]
Eoumow m.. eﬁ_m: all the herbivorous E:EEMM&», i
el mm r and lions enter human settlement .
Em_._.mm_%%m__ woanmnnmam species. b. The wwzmﬂ_ﬁ_ mﬂm“ .
s ows the rat population to increase mmnwnn..ﬂ.

ctric projects. Eg. The Silent

as flood. droughts, fires, epi-

mics, etc.
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m:nmzumnma Species

During the last 2000
. . . years about | ies ¢
and 139 species of birds haye become mmwhw_.,oow:mm

S :

rmmwwm WMH _.wwocﬁ.%c Species of birds and animalsg

s Xtnct, if proper Protective measyres are
Pecies are called endangered species gﬁn

dangered specj
Pecies are mammg|s S _
Mammais - S0me of them are g4

Loris tardigradys
Nycticebys Coucang
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vra pardus
WYX tigris
Woceros unicornis
us hemionus
s elephus
whvauceli

\ohus sifanicus
Ielope cervicapra

= Slender loris wella dorcas

Macacq Silenys d Slow loris gaurus

Presbytis johni g C.o: tailed thalus bubalis

Manis ; Nilgiri 1 Yinomys fuscocapillus
Canis lupys 3 Scaly ant-g weodonta africana

C. cureys ) Wolf lephas maximus
Vlpes vulpes © Jackal vlaurista petaurista
Ursus arctos ; Wna mouwo»a latinista gangetica

U. ror ” rown
Q@?BMMMN e J Black bear wirina scutalata

= Sloth bear Vgnus columbianus

Viverra megaspijiq
Pantherq Jeo
P :.%w.n.h

" olor

L Venus cygnus

vicada leuphotes
Heliacetus leucogaster
Galloperdix spadicea
Ophrysia superciliosa
Olis tetrax

Ardeots nigriceps
Prilolaemus

Pavo cristatus

ptiles
Dermochelys
Chelone mydas

Butagur baska
Crocodilus porosus
Fig.2 C. palustris

Python molurus
P reticulata

Leopard

Cheetah

Rhino

Wild ass
Kashmir stag
Swamp deer
Musk deer
Black buck
Indian gazella
Indian bison
Wild buffalo
Flying squirrel
African elephant
Indian elephant
Giant flying squirrel
Ganga dolphin

White winged ducks
Whistling swan
Mute swan
Whooper swan
Indian falcon
Sea eagle

Red spurfowl
Mountain quail
Little bustard
Great bustard
Hornbill
Peacock

Leather back turtle
Green turtle

Box tortoise
Estuarine turtle
Marsh crocodile
Python

Python
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Indian Board for Wild Life, 1952.
The Wild Life Protection Act of 1972 : This act pro-
the hunting of females. Chief Wild Life Wardens and au-
il officers are appointed to watch. 1. the possession, trap-
Il the shooting of wild animals alive or dead: 2. the serv-
(heir meat in eating houses: 3. their transportation and

Restriction of Hunting : When hunting licence is given
instruction should be given to hunters not to hunt the en-
1ed species. _
Poaching : Poaching is the illegal exploitation of wild
. The offenders should be severely punished.
7. Habitat Improvement : Habitats of wild life should be
| by constructing water holes and salt-licks and by rais-
ntations of better and nourishing todder grasses and trees.
N, Restoration of Habitats : Disturbances caused to wild
list be removed. Forest that has been denuded earlier can
red by reforestation. Polluted rivers can be made clean
vuting the effluents.
). Clonal Bank : The cells of rare species of plants are
Aed, preserved and stored safely. In case, these plants be-
extinct the preserved cells can be cultured and grown into
In. This is called clonal bank system.
10. Provision for Shelter and Cover : The survival of
unimals can be ercouraged by providing natural shelter and
1. This can be achieved by rearing herbs and shrubs.
1. Artificial Stocking : Certain species can be introduced
il new area by importing them from another area.
12. Game Farming : The endangered species can be reared
ulected areas and then they can be released in their natural
lit. Eg. The marine turtles lay their eggs on the sea shore.
epes can be collected and hatched in the laboratories and
young ones are released into the sea.
13. Epidemic Control : Veterinary experts should be ap-
iled to take care of wild life.

Blue whale

Fig.20.2 : Some e

Amphibia
ylototriton verrucosus - Himalayan
Nectophryne tuberculosq - Viviparous t¢

Methods of Conservation
1. Knowledge of Wild Life
For proper Mmanagement of wild lif;

. 1an ¢ a thorough kno
of the ecology of wild animals is essential. i |
2. Appointment of Officials
: H.?.d.. Mmanagement of wild life i
Ing suitable officials. These offici
for wild life and they
3. Protective Laws

Restrictive laws should be framed at the Gove

to prevent the exploitation of endangered species.
. Fa_m. was H.rm first country to enact a Wild Life P ,
Act. The following acts have been framed so far- |
1. The Wild Birds and Animals Protection Act of

2. Forest Act XVI, 1927 - It 2 i
tion of games. + It was enacted for the

ndangered animals.

s made effective by af
als should have inherey
should be given required training,

e
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I licological Survey of Western Ghats
- Sloth Bear Project
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H 14. Censys: Effective Census operationg should b
O measure the Population sjzeg of various wild animal

o Mm. ..H.E..nmnam the Public Common mep m:oEn__w . ._ Slatus Survey of Sea Turtle,
= m.< Cducated aboyt the advantages and a_.mm%mﬂmw I Life Preservation Society of India

.~ 6. Establish v voluntary organization founded by wild life lovers in
Wild m:.w:m_w : IS _M.SE of Sanctuarijes and Nationg] | nin 1958, Itis a member of IUCN. It has the follow-
st an s\n,z t_.oaﬁmn by establishing g4 (10§
. P &xm..dﬁvm SanCtuaries an parks provj de I It promotes interest in wild life.

At imports knowledge in the protection of wild life.

A It co-operates with the Government in the protection of
il :

| It assists in enforcing wild life protection acts.

me.minmzo:m Involved in
Wild Life 00=mm_.<m=.o=

Bmzmm.oﬁ%ww ,w..mmvw MMW_. Mmmmwh hwuw_ﬁmw“m:.o:m Are put in w It promotes wild life tourism.
1. Internationaj (i o _ . It advises and helps the Government and wild life admin-
ZmE..m_mIMMMNﬂMMm-. Mﬂmﬂwqcmzo: o Natisy lrs in the formation, maintenance and protection of Na-
Itis established ip 1948, It is an independent intery, _._““,,“ MHMM__nHM”MW Society
__.__ I8 a non-Government body founded in 1883. It is dedi.
! : W10 the cause of nature conservation. It has been actively
' s many parts of (he World as possible. [t m.ﬂos.ao__._ ged in nozmna:m information and specimens of fauna and
NESs, assistance and Tesearch faciljtjeg . throvghout India, Burma and Sri Lanka. Its publication is
2. World wilg Life Fung (WWF) hy: the cause of nature conservati on through publication of
s and new report on fauna and flora. _
lan Board for Wild Life :
IBWL is constituted in 1952, It has a Bird Wing and a Zoo __
i 10 deal with the study and preservation of birds and ani- _
ind the development of Zoological gardens and Parks in
tountry. The main functions of IBWL are :
I It helps to set up National Parks, Sanctuaries and Zoo- t
ioul Gardens for preserving wild life in their natura] habitat. |
2. It devices ways and means for the protection of wild Jife
Wigh co-ordinated legislature and practical measures, with
Icular reference to declaration of certain species of animals
fotected animals and prevention of indiscriminate killing.

In 1986, World wijq lif .
Fund for Nature. tfe Fund wag r €named as Wp,

3. WWF-India

I. Andaman Pig Study
2. Crane Conservation Project
3. Crocodile wﬁma_.:m Project

——

===



360

3. It promotes public interest in wild life and the
Its preservation in harmony with natura and human enviggy

4. It prevents cruetly to beasts and birds caught alj

5. It advises the Government on policy in respect g
animals, trophies, s, ns, furs, feathers, ivory and other: !
products, :
7. State Boards for Wild Life (SBWL)

Itis constituted at a] States in India. It does the san
tions as the IBWL, byt a the State level. It enforces legi
effectively against poaching and illegal killing of gan
and other animals, It celebrates Wild Life Week in the fipy
of October every year with the aim to educate people g
life.

8. National wild Jife Action Plan

The NWAP was constituted in 1983. Under this p
Protected area is proposed to pe increased to cover 4%
geographical areg ag against 3% at present.

9. Red Data Books

Itis introduced in the 7t plan. RDB will give 3 g
list of all endangered animals and plants in the country. A
253 species of animals and about 2000 species of plan
reported to be endan gered. |

Sanctuaries and National Parks
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W homelands. Ibis, spoon Eb..m. cﬁma-@_ﬁ_mm MMMMMHM,MMﬂM
int, darter, grey heron, pelican and dab-c
hirds that visit this sanctuary.
_ lai Sanctuary A s
__ _".__,_z,“m_.:n:_maq 1s situated in g.hhﬁ n__m:._.om_.H Mﬁmﬁmw MMH,%
| i 1940. It covers an area of wm_mn.wb,m‘w iz
by dense forests and diversity of .nm:_:.r e nm~ e
w _ f this sanctuary are as follows: Wild &&.u ants, Esam
.“:,_.”.” chital, barking deer, mouse %mﬂhﬂ.%@%ﬂh&ﬁm
ol monkey, .ﬁ.ﬁ:ﬁ:wﬂan .‘_@m:w mmEM.a 5 __.n“_ o
cal, porcupine, pangolin, flying lizard, py .

. thurai Sanctuary . A b
.____:Mm“Emaa in Tirunelveli district at Papanasam hills

-aparani river passes through this mm:oEmQ At é_ww,nv“w_wm
. 1962. It encloses an area of about 520 mm_. e
h,_:”:_. Emnw forests. The wild animals here include tiger,
ther, sambhar and chital.

i ua s e 9¢ eg-
_)ﬂiﬂwnw:m“mm _MME@Q in Coimbatore district. It MMN_M!
_ :w w: 1972. It covers an area of 968 vn__cd ;M\“Mw spot-
w this sanctuary include &@wﬁ.ﬁ.ﬁ ?uax.. sam : a..:%:-
:mwm.“.ﬁ A_mEE: barking deer, Nilgiri tahr, ﬁmﬂ._“a.w Mawamz
o X r, langur, porcupine, ;
Sanctuaries are forest areas where the killing and’ i
mring of animals are prohibited except under orders o
authorities concerned. National Parks are set up for presep
the flora, fauna, landscapes and the historic objects of an:
Some well known wild Jife Sanctuaries and National Parkg
given below: _
1. <mnm==,.m:mm_ Bird Sanctuary
It covers an area of 0.30 sq.km over a lake, about 85
South of Chennai. It s a bird sanctuary, Many mi gratory bij
regularly visit this area during October and March. When gy
Mer starts, the lake becomes empty because the birds mj ary

Y, tiger, panther, slo

int Calimere . . 3% e
vnwﬂEn_ sanctuary is situated in Tanjore district. It co

i is i ited
wea of 17 sq.km. The backwater of E_v“ sanctuary %:E_HMM&%
_._ ..“-_wnf Hm flamingo and pelicans in winter. - mcm vwna.m
_.w,_.:.m:vﬂm_j forests are inhabited by large num
bucks, chital, wild boars, etc.

aippu Sanctuary : | iy
i gﬁmmmsnﬂcﬂé is situated at the National Highway between

Mu
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7. Periyar Sanctuary

This Sanctuary is situated in Kerala state. Tt coyey

, bison (gaur), sambl

L}

barking deer, leopards,
Nilgiri langur, grey hornbills, egrets, etc.
8. Bandipur Wild Life mm:onch
This Sanctuary is situated in Mysore. It was estal
19411t covers an area of 147 sq.km. It has thick fore
fauna includes 8aurs, elephants, leopards, sloth bear,
chital, Ppanther, barking deer, Porcupine, langur, ete
9. Guindy Deer Park
Itis situated ne
and black bucks,
10. Bharatpur Bird wm:nﬂch‘

It is situated at Bharatpur in
of 29 sq.km. The fauna here j
white ibis, darters, ¢
8reat black-necked
spotted black buck, sambhar, wildp

oar, python, etc.,
TOEOFD

sloth bear, wild dogs, wil

ar Chennai. The animals here includ _

1

Rajasthan . 1t covers g
ncludes Cormorants, spooy
grets, painted storks, open-billed g
Storks, ducks, geese, siberian op

1. _n__msm:mm Management €

__ 1 ; : f aquatic ani-
Ahe term “fisheries’ Rﬁnﬁw to 34 Eﬁﬁﬂm 0 ki
| \‘_,”. the Eﬁ. of human beings. m_m.:n_”.om HHMWMMM o
ull the skillful steps E_ﬁm.,n.w man %_M Semple ok
fitlon of aquatic resources. Fishery is :::mn R
il ngriculture. Both fisheries m:n.m agric it
i up the production of moca.i_u:o.mmdnro Rmm:wm .
lowards green revolution, fishery 1s prog

i revolution.

Divisions of Indian Fishery

The Indian fishery can be divided into two groups, namely
ne fisheries and inland .\mmaw:mm..
1. Marine Fisheries

‘Marine fisheries’ refers to the capture marm,,.\:..a ﬂ_”ﬁw
. jsms the sea. Marine fishery is fur-
I aquatic organisms from e
Ec_mma into two, namely a. Coastal fishery andb. Off:
P s shery. e o
&.._ﬁm .\.MME ﬁN—-mQ : The capture of fishes in the no&”m“
lers .__Mzm the West coast and East coast comes under coas
_. v - - » : . = - n—
__..u_hz Off-shore or Deep sea Fishery : The mxm_o_ﬂ_ﬂmﬂ %m
h :.E:m of the ocean beyond the area of nazm,.s_m.:%omq ﬁ.m-
bmes under this fishery. Deep sea mmrmﬁ. nmnc_wn_” .um_ g
_:.c,ﬁ mechanished boats, storage facilities, marketing
s, etc.

S p——
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