Taxonomy

Taxonomy is defined as the ‘science dealing with the study of
classification, including its bases, principles, rules and
procedures’. - Simpson (1961)

In simple word, “the science of identifying, naming, and
classifying plants, animal or other organisms’

Taxonomy is a Greek words taxis (arrangement) and nomos
(rules or laws)

The term ‘taxonomy’ was coined by A. P. de Candolle (1813) in
his famous work Theorie elementaire de la botanique.



Alpha taxonomy

The science of defining and naming organisms.

In this stage species are identified and characterized on the basis of
gross morphological features.

Beta taxonomy

The science of understanding the relationship in taxa
In this stage species are arranged from lower to higher categories

Gamma taxonomy

In this stage intraspecific differences and evolutionary history are
studied.



Systematics

Systematics is the study of diversification and relationships of life forms

Simpson (1961) defines systematic as “The scientific study which deals with kinds
and diversity of organisms and any or all relationships among them’

The word systematics is derived from the Greek word ‘systema’ applied to the
system of classification developed by Linnaeus in the 4th edition of his historical
book Systema Nature in 1735.

Relationship in sytematics and taxonomy

Taxonomy includes classification and nomenclature but systematics includes both
taxonomy and evolution.

There are two parts of systematic.

(1) The first part, taxonomy, is concerned with describing and naming the different
kinds of organisms

(2) The second part of systematics, evolution, is concerned with understanding just
how all these kinds of animals arose and how they correlate to each other.



Basic Components of taxonomy and Systematics

Principles (Component) of Taxonomy

Description
Identification
Nomenclature
Classification
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Principles (Component) of Systematics
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Description

The description of a specimen involves listing its features by recording the
appropriate character states. A shortened description consisting of only
those taxonomic characters which help in separating a taxon from other
closely related taxa

The description is recorded in a set pattern (habit, stem, leaves, flower,

sepals, petals, stamens, carpels, fruit, etc.).

Description = assign features
Character = a feature (e.g., “petal color”)
Character states = (e.g., “red,” “white”).

The description is recorded for a proper documentation of data.



Identification

Identification or determination is recognizing an unknown specimen with
an already known taxon, and assigning a correct rank and position in an
extant classification.

This may be achieved by visiting a herbarium and comparing unknown
specimen with duly identified specimens stored in the herbarium.

Alternately, the specimen may also be sent to an expert in the field who
can help in the identification.

Identification can also be achieved using various types of literature such
as Floras, Monographs or Manuals

A method that is becoming popular over the recent years involves taking
a photograph of the plant and its parts, uploading this picture on the
website and informing the members of appropriate electronic Lists or
Newsgroups, who can see the photograph at the website and send their
comments to the enquirer.



|dentification = associate an unknown with a
known

Taxonomic Key, e.g.,

Tree
Leaves SIMPIe ..., Species A
Leaves piNNate ....covvveveeeeeeienenieeeneee, Species B
Herb
Flowers red ....cccoovveveviiiiniiiiiiiiien, Species C

Flowers White .....ccccccviviiiiiiiiiniiniinnne, Species D



Nomenclature

Nomenclature deals with the determination of a correct name for a taxon.
There are different sets of rules for different groups of living organisms.
Nomenclature is govern by different codes through its rules and
recommendations

Plant, fungi and algae - International Code of Botanical Nomenclature
(ICBN) now changed as “The International Code of Nomenclature for
algae, fungi, and plants (ICN)

Animal - International Code of Zoological Nomenclature (ICZN)

Bacteria — International Code for the Nomenclature of Bacteria (ICNB),
now called Bacteriological Code (BC)

Viruses - International Code of Virus Classification and Nomenclature
(ICVCN).



Phylogeny

Phylogeny is the study of the ancestral relationships and evolutionary history
of a taxonomic group. Relationships are depicted through a diagram known
as phylogenetic tree

Branch point
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Classification

Classification is an arrangement of organisms into groups on the basis of
similarities. The groups are, in turn, assembled into more inclusive groups, until
all the organisms have been assembled into a single most inclusive group. In
sequence of increasing inclusiveness, the groups are assigned to a fixed
hierarchy of categories such as species, genus, family, order, class and division,

the final arrangement constituting a system of classification.

The process of classification includes assigning appropriate position and rank
to a new taxon

Taxon = a taxonomic group (plural = taxa).



How to classify life

Phenetic classification

Based on overall similarity from all available sources such as
morphology, anatomy, embryology, phytochemistry, ultrastructure

and, in fact, all other fields of study
Those organisms most similar are classified more “closely” together.

Phylogenetic classification

Based on known evolutionary history.
Classification reflects pattern of evolution
Classification not ambiguous



Application of Systematics in Biology:

1.

Systematics is the study of diversity of organisms including past and
present and relationships among living things.

Systematics is used to understand the evolutionary history of
organisms.

The field of systematics provides scientific names of the organisms,
description of the species, ordering the organisms into higher taxa,
classification of the organisms and evolutionary histories.

Systematics deals the identification and classification of an organism
on the basis of different characteristics.

Systematics is the foundation for comparative biology.
Systematics provides a basis for biodiversity conservation priorities.

Systematics provides a basis of documentation of an organism, so
that subsequent investigators can confirm identifications.



Principles and rules of nomenclature

Nomenclature deals with the application of a correct name to a plant or a
taxonomic group.

NEED FOR SCIENTIFIC NAMES

1. Vernacular names are not available for all the species.

2. Vernacular names are restricted in their usage and are applicable in a
single or a few languages only. They are not universal in their application.
3. Common names usually do not provide information indicating family or
generic relationship.

4. Two or more unrelated species are known by the same common name.



ICBN now ICN

International Code of Botanical Nomenclature (ICBN) is now changed
as “The International Code of Nomenclature for algae, fungi, and
plants (ICN)” at the International Botanical Congress in Melbourne in
July 2011 as part of the Melbourne Code. ICN is and plants. Other than
plants (bryophytes, pteridophytes, gymnosperm and angiosperm), ICN
is now dealing the recommendations for formal botanical names of

algae, fungi and taxonomically related non-photosynthetic groups.



Principles of ICN

=  Botanical nomenclature is independent of zoological,
bacteriological, and viral nomenclature. (If an organism is
considered to be a plant, then it must be named in accordance
with the Botanical Code.)

= The application of names of taxonomic groups is determined by
means of nomenclatural types.

= Nomenclature of a taxonomic group is based upon priority of
publication.

= Each taxonomic group ("taxon", plural "taxa") of plants has only
one correct name that is accepted worldwide.

=  Names of taxa are treated as Latin.

= The Rules of nomenclature are retroactive unless expressly
limited.



The Nomenclature Section of the 18th International Botanical
Congress in Melbourne, Australia (2011) made some changes

* The Code now permits electronic-only publication of names of
new taxa; no longer will it be a requirement to deposit some
paper copies in libraries.

* The requirement for a Latin validating diagnosis or description
was changed to allow either English or Latin for these essential

components of the publication of a new name



Binomial nomenclature

Binomial nomenclature, also called binary nomenclature, is a formal system

of naming species of living things.

Binomial nomenclature was proposed by Swedish botanist and physician
Carl von Linné, more commonly known as Carl Linnaeus (1707-1778). He
published his work in Species Plantarum (1753).

Species plantarum was the beginning of modern botanical nomenclature

and it described first time over 7,300 species.



Principles of Binomial nomenclature

The name of a species is made of two parts: one indicating the genus
and other indicating the species, both of which use Latin grammatical
forms. Such a name is called a binomial name, a binomen, or a
scientific name.

The first letter of the genus is always capitalized in writing, while first
letter of the species is in small.

Both parts are italicized when a binomial name occurs in normal text
or underlined in handwriting. For example, humans belong to the
genus Homo and within this genus to the species Homo sapiens.

In scientific works, the "authority" for a binomial name is usually
given. For ex. - "Amaranthus retroflexus L." — "L." is the standard

abbreviation used for "Linnaeus".



Taxonomic rank

Taxon (pl. taxa) refers to a taxonomic group belonging to any rank.

The system of nomenclature provides a hierarchical arrangement of ranks.
Every plant is treated as belonging to a number of taxa, each assigned a
particular rank.

Fossil taxa may be treated as morphotaxa.

The seven principal obligatory ranks of taxa proposed by ICBN in descending

sequence are.

* kingdom,

» division or phylum
* class

« order

« family

* genus and

* Species.



The ending of the name indicates its rank: with example of mango

Rank Ending Examples

Kingdom -ae Plantae
Subkingdom -bionta Tracheobionta

Division -phyta Magnoliophyta
Subdivision phytina

Class -opsida Magnoliopsida
Subclass -opsidae or -idae Rosidae

Order -ales Sapindales
Suborder -ineae

Family -aceae Anacardiaceae

Genus Mangifera

Species indica

Ending of genus is denoted usually by -us, -um, -is, -a, -on, for example -
Pyrus, Allium, Arabis, Rosa, Mangifera, Polypogon



Types and typification

A type or nomenclature type is a particular specimen (or in some cases a group
of specimens) of an organism to which the scientific name of that organism is
formally attached. The concept of type is known as typification.

Types are usually physical specimens that are kept in a herbarium research
collection, but failing that, an image of an individual of that taxon has sometimes
been designated as a type.

The scientific name of every taxon is almost always based on one particular

specimen, or in some cases specimens.

(publication of the Cambridge Rules incorporating the type method for
determining the application of names (based on a decision of the V IBC held in
Cambridge, England, in 1930))



The names of different taxonomic groups are based on the type
method, by which a certain representative of the group is the source
of the name for the group.
For ex. - Mimosa is the type for family Mimosaceae. Similar,
Anacardium for family Anacardiaceae, Myrtus for family
Myrtaceae, Actinidia (Kiwifruit) for Actinidiaceae, Carica for
Caricaceae, Morus for Moraceae, Musa for Musaceae, Rosa for
Rosaceae
The type need not be the most typical member of the group, it only
fixes the name of a particular taxon.
Type may be correct name or even a synonym. For ex. tea family
name (Theaceae) is derived from synonym Thea although the correct

name for the genus is Camellia.



Different types of type

ICN recognizes several kinds of type, depending upon the way in which a type
specimen is selected.

Holotype

When a single specimen is clearly designated in the original description, this
specimen is known as the holotype of that species. The holotype is typically
placed in a major museum, or similar well-known public collection, so that it is
freely available for later examination by other biologists.

Isotype

A specimen which is a duplicate of the holotype, collected from the same place,
at the same time and by the same person.

Syntype

When more than one specimen are cited by the author without mentioning which
is the holotype, each specimen is designated as a Syntype. Duplicate of a

syntype is an isosyntype.



Lectotype

This is a substitute of the holotype when that is lost and is to be selected
from the isotypes or syntypes.

Neotype

It is specimen selected to serve as a substitute for the holotype when all
material, on which the name of taxon was based, is missing.

or

When all original materials are missing a Neotype is selected from other
materials.

Paratype

A paratype is a specimen that is neither the holotype nor an isotype, nor
one of the syntypes if two or more specimens were simultaneously
designated as types.

Or

Specimens cited along with the holotype are designated as Para types.



Author Citation

Author citation refers to citing the person or group of people who validly
published a scientific name.

In author citation, taxonomist/researchers used the name of the author or
authors who first published the name validly.

Single author

The name of a single author follows the name of a species (or any other

taxon) when a single author proposed a new name, e.g. Solanum nigrum L.

The names of the authors are commonly abbreviated,

e.g. L. for Carolus Linnaeus,

Benth. For G. Bentham,

Hook. for William Hooker,

Hook.f. for Sir J. D. Hooker (f. stands for filius, the son; J. D. Hooker was son

of William Hooker),



R.Br. for Robert Brown, Lam. for J. P. Lamarck,
DC. for A. P. de Candolle, Wall. for Wallich,
A. DC. for Alphonse de Candolle,

Pers. for C. H. Persoon.

Multiple authors

The names of two or more authors may be associated with a name for a
variety of reasons. These different situations are exhibited by citing the name
of the authors differently:

(1) Use of & or et:

When two or more authors publish a new species or propose a new name,
their names are linked by & or ef,

e.g. Rubus ursinus Cham. et Schldl. or Rubus ursinus Cham. & Schidl.

(von Chamisso & von Schlechtendal)



Use of ex:

The names of two authors are linked by ex when the first author had
proposed a name but was validly published only by the second author, the
first author failing to satisfy all or some of the requirements of the Code,

e.g. Aconitum heterophyllum Wall. ex Royle

It indicates that Royle validly published this name, but his description was

based on an earlier description by Wallich.

Use of in:

The names of authors are linked using in when the first author published a
new species or a name in a publication of another author, e.g. Carex
kashmirensis Clarke in Hook.f.

Clarke published this new species in the Flora of British India whose author

was Sir J. D. Hooker.



Use of parentheses:

The rules of botanical nomenclature specify that whenever the name of a
taxon is changed by the transfer from one genus to another, or by upgrading
or downgrading the level of the taxon. In this case, the name of the original
author whose epithet is being used in the changed name is placed within
parentheses, and the author or authors who made the name change outside
the parentheses, e.g. Cynodon dactylon (L.) Pers., based on the basionym

Panicum dactylon Linn., the original name for the species.

For infraspecific taxon:
When naming an infraspecific taxon, the authority is cited both for the
specific epithet and the infraspecific epithet, e.g. Acacia nilotica (L.) Del.

ssp. indica (Benth.)



Valid publication

The name of a taxon, when first published, should meet certain requirements

1.

2 A T

A name should be properly formulated and its nature indicated by a
proper abbreviation after the name of the author. For example. —
Tragopogon kashmirianus published by G. Singh which appeared in a
book titled Forest Flora of Srinagar on page 123, figure 4. Then the
proper citation to this species would appear as: Tragopogon kashmirianus
G. Singh, Forest Flora of Srinagar, p 123, f. 4, 1976

Have a Latin diagnosis or description

Give a clear indication of rank

Designate a type and its location

Publish in a scientific journal or flora

Follow the rules of nomenclature according to the most recent Code



Rejection of name:

A legitimate name is one in accordance with the rules of Botanical
nomenclature, while those which do not satisfy the rules are known as
illegitimate names, which must be rejected.

Some rules are framed for the rejection of names:

1. Superfluous name: The name which is given to a taxon when already
some name is present in existence is called superfluous name. The
superfluous names must be rejected.

2. Name not effectively published, not properly formulated, lacking
typification or without a Latin diagnosis.

3. Asynonym is a rejected due to misapplication or difference in taxonomic

judgment.



4. Basionym:

It is a specific or interspecific epithet which has priority and is retained
when transferred to a new or different taxon.

Ex. The basionym of the name Picea abies (the Norway spruce) is Pinus
abies. The species was originally named Pinus abies by Linnaeus. Later
on, botanist Gustav Karl Wilhelm Hermann Karsten decided this species
should not be grouped in the same genus (Pinus) as the pines, so he

transferred it to the genus Picea (the spruces).



5. Homonym:

It is the same name given to other taxon and should be rejected.

Example:

Ziziphus jujuba Lam., 1789 had long been used as the correct name for the
cultivated fruit jujube. This, however, was ascertained to be a later homonym of
a related species Z. jujuba Mill., 1768. The binomial Z. jujuba Lam., 1789 is
thus rejected and jujube correctly named as Z. mauritiana Lam., 1789.

6. Tautonym:

It is the specific epithet repeats exactly the generic name and must be rejected.
However, tautonyms are applicable for zoological nomenclature.

For ex. Malus malus is rejected, while Rattus rattus (black rat) is not rejected.
The words in the tautonym are exactly identical, and evidently names such as

Cajanus cajan or Sesbania sesban are not tautonyms and thus legitimate.



Principle of Priority
Priority is a fundamental principle of modern botanical and zoological
nomenclature. The principle of priority is concerned with the selection of a

single correct name for a taxonomic group.

According to Principle of Priority, if more than one legitimate names are
available for a taxon, the correct name is the earliest legitimate name.

Once a name has been used, no subsequent publication of that name for
another taxon shall be valid.

For example. - The following binomials for common maize plant exist: Zea
mays Linn., 1753 and Z. japonica Von Houtte, 1867

Zea mays being the earliest validly published binomial is chosen as correct

name, and Z. japonica Von Houtte, 1867 cited as its synonyms.



Limitation of Principle of Priority

(1) Rule of earliest name as a correct name for a species is not applicable in
case of earliest name is rejected.

Example - Earliest common name of apple i.e. Malus malus (Linn.) Britt., 1888
cannot be taken as the correct name since it becomes a tautonym. The other
binomial under Malus available for apple is M. domestica Borkh, 1803 which is
accepted as correct name.

(2) This principle does not apply to groups of higher rank than the family

(3) If rank placed uncorrectable then Principle of Priority is not applicable.

(4) Principle of Priority is not applicable if published at same date. In this
condition, both publication are united and the author who unites them first has

the choice of selecting the correct binomial.



Rule of name of hybrids

A hybrid between named taxa may be indicated by placing the multiplication
sign between the names of the taxa. A hybrid may either be interspecific
(between two species belonging to the same genus) or intergeneric
(between two species belonging to two different genera).

For ex. - Salix aurita x S. caprea

Triticosecale (Triticum x Secale)



Herbarium concept and techniques

Plant collections are essentials for taxonomic researches because they
serve as voucher specimens. They also help to identify the family, genus
and species. Herbarium is basically a storehouse of botanical specimens,
which are arranged in the sequence of an accepted classification system,
and available for reference or other scientific study.

Once mounted and deposited in the herbarium, the collections are referred
to as herbarium specimens. Such herbarium specimens can be stored for
many years and as such, they serve as:

(i) Historical collection,

(i) Reference collection for checking the identity of newly collected plants,

(iif) As an aid in teaching, and as a source of research material.



Materials required for plant collection

1) Plant cutter, pruner, Scissor, knife, leather gloves.

ii) field note book, pencil, permanent ink pens, magnifying glass, digital
camera, flora book (colorful), forceps.

i) Newspaper, blotters, herbarium pressure, straps, tissue paper,
plastic (poly) bags, herbarium bags.

iv) Drying table, mountain survival blanket, clipper, heater

v) First aid box, topographic maps, Microscope, computer, GPS



Steps of preparation of herbarium
(1) Collection of specimen
Twig with good flowers need to be collected for the specimen. The portion of the
specimen should have to contain clear phyllotaxy and the branching system.
For small herb, collection of more specimens as could fix on the herbarium sheet
(up to six) is desirable.
In general, Scissor/ Plant cutter are used to cut the twigs, while for a bit height or
down, pruner is used, and for spiny specimens, leather glove is required. For ferns
and herbs, digger is applied to take out underground portion.
Aquatic plants are filmy or somewhat filamentous and are difficult to be arranged
on the sheet. These plants need to be shaken well before putting in herbarium
bags. Some plants can be put in plastic bags. Soak with blotting paper before
putting on a sheet of mounting paper and then paper is lifted making a slope
carefully, so that it facilitates water runoff.

Diseased plants, infected twigs, etc. should be avoided.



(2) Field Note
After specimen collection, a field record is noted in small pocket sized
notebook. The good quality specimens also become worst if it does not have

good field record.

Date of collection, location (name of place or distance from definite point)),
collection number, if possible, name of the specimen, and description of the

floral parts that may change after drying are noted down.

Topographic map is essential for the location.

The characters should tally with the literature and pictures of the books. Dorsal

and ventral leaf view photos are also essential for the further identification

confirmation.



It needs to examine the floral parts carefully, if small by using
magnifying lens. Digital camera can be used for close up image even if

the flower is too small.

Likewise specimen’s microhabitat; means associated species should
be mentioned, at least five species. Finally the distribution status of
plant also needs to be mentioned, either the collected species is rare,

frequent, common, locally common or occasional.

The collection number can be used as a specimen tag. These numbers

usually begin with 1, 2, 3, etc., and continue indefinitely.

All above information is required during the preparation of a sheet with

specimen



(3) Pressing

The specimens should be placed in the field press at the first opportunity,
either directly after collection, or sometimes after a temporary storage in a
vasculum.

A specimen shorter than 15 inches (38 cm) should be kept directly in the
folded newspaper after loosely spreading the leaves and branches. Herbs,
which are generally collected along with the roots, if longer than 15 inches,

can be folded in the form of a V, N or W.

Unnecessary overlapping leaves and other parts must be avoided.

Large leaf, If pinnately compound, a branch is only kept. A few leaves may
be turned over to show lower and upper view.
If the specimen is gymnosperms, where leaves fall before dry, the

specimens needs to deep in the glycerin before pressing.



(4) Re-pressing
The specimens are repressed in the evening in the camp or institutes. The
blotters are changed, if they are moistened. The specimens are kept with the

new blotters.

The herbarium pressure equipment can be made from wood scraps, old

cardboard boxes, old newspaper, and small rope.

The final data is recorded in the computer using Microsoft Excel program,
before specimens repressed for drying in the field. Thus prepared database is

helpful in future



(5) Drying
Drying techniques are of two types; those accomplished without heat, and

those with the aid of artificial heat.

During natural drying, changing the newspaper is also necessary, and the
plant should be carefully transferred from one newspaper to another. The
change of blotters or newspaper sheets is repeated every few days, increasing
the interval between the changes successively until the specimens are fully
dry. The whole process of drying may take about 10 days to one month,

depending on the specimens and the climate of the area.

The press is kept in a drier, a cabinet in which a lamp or electric bulb warms or

heater. Drying with the help of artificial heat takes 12 hours to two days.



(6) Mounting herbarium specimens

Mounting is the process by which a specimen is attached to a herbarium sheet

and a label affixed at the lower right corner.

Specimens are mounted on sheets of standard size herbarium paper (29 X 43

cm). Most herbaria use a glue or paste to fasten specimens to the sheets.

Small paper envelopes called fragment packets are attached to the sheet to

hold seeds, extra flowers, or any part of the specimen.



(7) Poisoning

Precaution should be taken to protect herbarium specimens from
damage by insect pests or microbes.

Insect repellants such as naphthalene ball or Para dichlorobenzene are
sometimes placed in small quantities in herbarium cabinet.

Although dangerous and hazardous to health, mercuric chloride is
believed to be valuable because it provides long—term protection
against insect attack.

Thymol is quite effective as a fungicide.



(8) Labeling

An herbarium label is an essential part of a permanent plant specimen.

It primarily contains the information recorded in the field diary (Field notebook) at
the time of collection. The best position for the main label is generally though to
be the bottom right.

Following information is required for labeling during the preparation of a sheet

with specimen

Department of Environmental Science

Indira Gandhi National Tribal University, Amarkantak — 484887, M.P.

Date: Specimen No. -
Plant Name: S -

Local Name: ————————mmm -

Family: S —

Locality: S

1 o = —

Latitude: R

Longitude: S

Habitat: R

Collector:

Notes: Perennial herb, description of plants like root, stem, leaf, flower color etc.




(9) Filing of Specimens

Mounted, labeled and treated (to kill insect pests) specimens are finally
incorporated in a herbarium, where they are properly stored.

Herbaria arrange specimens alphabetically according to family, genus and

species and follow a particular system of classification.



Taxonomic literature
Various forms of literature incorporating description, illustrations and
identification keys are useful for proper identification of unknown plants.
The literature of taxonomy is one of the oldest and most complicated
literatures of science.

Some important Taxonomic literature are

* Floras and Electronic Floras (eFloras)
 Manuals
 Monographs

« Journals



Floras

A Flora is an inventory of the plants of a defined geographical region.
Depending on the scope and the area covered, the Floras are categorized as:
1. Local Flora — It covers a limited geographical area, usually a state, county,
city, a valley or a small mountain range. Examples: Flora of Delhi by J.K.
Maheshwari (1963)

2. Regional Flora — It includes a larger geographical area, usually a large
country or a botanical region. Examples: Flora of British India by Sir J.D.
Hooker (1872-1897). A Flora covering a country is more appropriately known as
a National Flora.

3. Continental Flora — It covers the entire continent. Examples: Flora
Europaea by T.G. Tutin et al., (1964-80), Flora Australiensis by G. Bentham
(1863-1878).



Electronic Floras (eFloras)

Last few years have seen the online availability of digitized form of many
popular floras. These Online Floras known as Electronic Floras (eFloras).

One such effort by Missouri Botanical Gardens has resulted in the publication of
www.eFloras.org/, combining together the information from several Floras.

Royal Botanical Gardens Kew has hosted eFlora Flora ‘Zambesiaca’. This
eFlora allows you to search for a plant name across the whole Flora.

Manuals

A manual is a more extensive treatment than a Flora, always having keys for
identification, description and glossary but generally covering specialized groups
of plants.

Examples: Manual of Cultivated Plants by L.H. Bailey (1949), Manual of
Cultivated Trees and Shrubs Hardy in North America by A. Rehder (1940) and
Manual of Aquatic Plants by N.C. Fassett (1957).



Monographs

A monograph is a comprehensive taxonomic treatment of a taxonomic group,
generally a genus or a family, providing all taxonomic data relating to that
group.

Ex. - The Genus Datura by A.F. Blakeslee et al., (1959)

Journals

A continuous update on additional taxa described or reported from a region,
nomenclatural changes and other taxonomic information is essential for
continuance of taxonomic activity. Whereas Floras, manuals and monographs
are published after a lot of taxonomic input and it may take several decades
before they are revised, taxonomic journals provide information on the results
of ongoing research.

Publication in a journal includes volume number, issue number and page

numbers on which a particular article appears.



Some important journals devoted largely to taxonomic research include:
Botanical Journal of Linnaean Society- Published on behalf of Linnean
Society by Blackwell Synergy, London

Kew Bulletin- published by Royal Botanic Gardens, Kew, London

Plant Systematics and Evolution- Published by Springer

Taxon- published by the International Bureau for Plant Taxonomy and
Nomenclature, Austria.

Bulletin Botanical Survey of India (Calcutta),

Botanical Magazine (Tokyo) and

Systematic Botany (New York)



Botanical Survey of India (BSI)

The Botanical Survey of India (BSI) is the apex research organization under
the Ministry of Environment and Forests, Govt. of India for carrying out
taxonomic and floristic studies on wild plant resources of the country. It was
established on 13th February, 1890 with the basic objective to explore the
plant resources of the country and to identify the plants species with economic
virtues.

Organization

BSI has several regional centres spread across India located at Dehradun,
Jodhpur, Pune, Coimbatore, Hyderabad, Port Blair, Shillong, Iltanagar, Gangtok
and Allahabad. There are five organisational units located in Kolkata/Howrah.
The Royal Botanic Garden or the Indian Botanic Garden, Kolkata is the

headquarter of Botanical survey of India.



Objectives of BSI

The following are the activities being carried out by the BSI:

Major objective

« Exploration, inventorying and documentation of phytodiversity in general and
protected areas, hotspots and fragile ecosystems

« Identification of threatened/red list species and species rich areas needing
conservation

« Survey and documentation of traditional knowledge (ethno-botany) associated with
plants.

« Develop a National database of Indian plants, including herbarium and live
specimens

Minor objective

» Revisionary/Monographic studies on selected plant groups.

« Qualitative analysis of nutritive value of ethno-food plants and other economically
useful species.

« Develop and maintain Botanical Gardens, Museums and Herbaria.

* Preparation of Seed, Pollen and Spore Atlas of Indian Plants.



Zoological Survey of India (ZSlI)

The Zoological Survey of India (ZSl), a subordinate organization of the Ministry of
Environment and Forests was established in 1916 as a national centre for faunistic survey
and exploration of the resources leading to the advancement of knowledge on the
exceptionally rich faunal diversity of the country. ZSI has its headquarters at Kolkata and 16
regional stations located in different geographic locations of the country.

Activities:

ZS|, in recent years, has reoriented its plan to work by grouping the survey and studies
under five major programs as follows:

a) Study of the fauna of states

b) Fauna of conservation areas

C

d

e) Fauna of India and

Fauna of important ecosystems

Status survey of endangered species

)
)
)
)

f) Ecological Studies & Environmental impact assessments.

ZS| further provides:

a) ldentification & Advisory Services,

b) Training & Extension Services in the field of animal taxonomy and faunistic surveys,
c) Library facilities and

d) Presentation & Publication of Research work in journals and books



Botanic Gardens

Botanic gardens can be defined "public gardens which maintain collections of
live plants mainly for study, scientific research, conservation and education. It
play important role in the introduction, cultivation and distribution of both native
and exotic crops of potential value, seedlings of valuable timber trees,
ornamental and cultivated ones, wild, medicinal, other economic importance,

plants of various geographical regions and of special interest etc.

Important roles of Botanical gardens

1. ex situ conservation

Botanic Gardens are main centers of ex situ conservation of plant resources
from their extinction.

2. Material for research

Botanical gardens generally have a wide range of species growing together and
offer ready material for botanical research, which can go a long way in

understanding taxonomic affinities.



Botanical gardens with rich living material can support broad-based research
projects which can integrate information from such diverse fields as anatomy,
embryology, phytochemistry, cytology, physiology and ecology.

3. Aesthetic appeal (Tourism)

Botanical gardens have an aesthetic appeal and attract a large number of visitors
for observation of general plant diversity as also the curious plants, as for example,
the Great Banyan Tree (Ficus benghalensis) in the Indian Botanical Garden at
Kolkotta.

4. On-site teaching

Collection of plants is often displayed according to families, genera or habitats, and
can be used for self-instruction or demonstration purposes.

5. Seed exchange

More than 500 botanical gardens across the world operate an informal seed
exchange scheme, offering annual lists of available species and a free exchange of

seeds.



6. Herbarium and library

Several major botanical gardens of the world have herbaria and libraries as
an integral part of their facilities, and offer taxonomic material for research at
a single venue.

7. Public services

Botanical gardens provide information to the general public on identification
of native and exotic species, methods of propagation and also supply plant
material through sale or exchange.

8. Employment

They create job opportunities for a large number of young botanists.



Some important Botanical Gardens of world

1. Royal Botanic Gardens, Kew — More popularly known as ‘Kew
Gardens’,

Missouri Botanical Garden, USA

New York Botanical Garden, USA

Pisa Botanical Garden, ltaly

Berlin Botanic garden and Museum, Berlin-Dahlem
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Cambridge University Botanical Garden

Important Botanical Gardens of India

1. Lalbagh or the Mysore State Botanical Garden, Bangalore
2. Lloyd Botanic Garden, Darjeeling

3. National Botanic Garden, Lucknow

4. Botanical Garden of Forest Research Institute, Dehradun

5. Royal Botanic Garden or Indian Botanical Garden, Calcutta



Indian Botanical Garden, Calcutta — The Largest Botanical Garden of
India

The Royal Botanic Garden or the Indian Botanic Garden, as renamed in
1950, Sibpur, Calcutta, was laid on 310 acres of land on the bank of the river
Hoogly in 1787 at the initiative of Col. Robert Kyd of the Bengal infantry.
William Roxburgh, the Father of Indian Botany, was its second director and
founded the world famous herbarium of this garden. The garden is now
under the control of Botanical Survey of India. Dr. K. Biswas was the first
Indian to be appointed Superintendent of this garden in 1937. George King
was the designer of this garden.

The great Banyan tree, which is one of the largest trees in size in the world,
is the main centre of attraction of this garden. It appears like a miniature
forest in itself. Over 1700 of its aerial roots are actually rooted in the ground.

The circumference of the canopy of this single tree is more than 405 metre.



It is considered to be over 250 years of age. There are over 15000 species of
plants in this garden from several countries. Some main attractions of the
garden are its Palm-house, Orchid-house, Pinetum, Ternary, Cacti-collection,
the giant water lily, Victoria regia, and the section of medicinal plants.

The garden has the largest and best herbarium in the country. The large number
of herbarium specimens (about 2.5 million) and the type materials add to the
value of the herbarium. Since 1957, the major part of this collection has been
shifted to the Botanical Survey of India. Botanical Garden being the headquarter

of Botanical survey of India. It is now called The Central National Herbarium,

Kolkata.



Concept of Taxa

Defined by Simpson (1961) as a group of real organisms recognized as a

formal unit at any level of a hierarchic classification

A taxonomic group of any rank that is considered sufficiently distinct by

taxonomists to be formally recognized & assigned to a definite category



Taxonomic Hierarchy

Taxonomic hierarchy is the process of arranging various groups, class and other
categories into successive levels of the biological classification in a sequence
either in a decreasing or increasing order from kingdom to species and vice
versa.

Each of this level or hierarchy is called as the taxonomic category or rank. In this
system of classification, Kingdom is always ranked high followed by division,
class, order, family, genus, and species which is always ranked the lowest in the
Hierarchy.

TAXONOMIC HIERARCHY

SPECIES

s FAMILY

CLASS
PHYLUM




Species

It is the lowest level of classification and shows the high level of similarities
among the organisms. One species can be distinguished from other closely

related species based on distinct differences in morphology.

Genus

This taxonomic group comprises several species which have similar
characteristics but different from that of species from another genus. For
example, Plasmodium is a genius with multiple species which are similar to

each other and differs from the species of another genus.



Family
This category of taxonomy includes various genus which shares some

resemblance among themselves. However, the number of similarities decrease
compared to species and genus.

For example, the genus of tiger, leopard, lion, are grouped together in same
family.

Order

A group of families showing somewhat few similarities forms an order. For
example, the order of carnivores i.e., Carnivore includes families like Felidae and
Canidae.

Class

A group of Orders which share a few similarities forms a Class. For example-
Orders of primates and carnivores are grouped together in the Class of

mammals.



Phylum

This is the next level of classification was along a number of Classes are
clubbed up to form one Phylum. Example — aves, fishes, reptiles,
mammals, and amphibians combined to form the phylum of Vertebrates or

Chordata.

Kingdom

It is the largest group or population which is well defined, traditionally as
Plant and Animal. But Whitekar (1969) suggested a 5 kingdoms
classification and divided all the living organisms into 5 kingdom, i.e.,

Monera, Protista, Fungi, Plantae and Animalia.



Infraspecific Ranks

The species is regarded as the basic unit of classification. Many European,
American and Asian Floras recognize taxa below the rank of species, known as
Infraspecific taxa

Linnaeus used only one infraspecific taxon, the variety. But over the years
various taxonomists used a number of infraspecific ranks in their respective
Flora.

International Code of Botanical Nomenclature recognizes five infraspecific
Ranks, Subspecies, Variety, Subvariety, Form and Subform.

Now-a-days only three (subspecies, variety and form) of the five suggested by

ICN are in use.



Subspecies
Subspecies as a population of several biotypes forming more or less a

distinct regional facies of a species. Facies stands for race.

Variety
Variety as a population of several biotypes, forming more or less a local

facies of a species.

Form
Form is often regarded as sporadic variant distinguished by a single or a
few linked characters. Little taxonomic significance is, however, attached

to minor and random variations upon which the forms are normally based.



Species Concept

The species is the fundamental unit of taxonomic hierarchy.

It is called as ‘Building bricks’ in Biological classification.

It is the lowest category of hierarchy which is consistently used and
recognized by all the botanists.

According to Stebbins (1977), species is the basic unit of evolutionary
process.

Species, unlike other taxa, can be described and recognized without
relating to the taxa at other ranks. Species is thus the only category
dealing directly with the plants.

It is easily recognized as a distinct entity on the basis of morphological
characters.

It is genetically isolated from other species.



Taxonomic Species Concept or Morphological species concept

Morphological species is also called as classical phenetic species

concept or Linnaean or classical species concept.

A species is a set of organisms that are phenotypically
similar and look different from other set of organisms.

© 1

Phenetic species concept
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The concept suggests that:

(@) Species are the smallest groups that are consistently and
persistently distinct and distinguishable by morphology.

(b) Species is easily recognized kind of organisms, and in
macroscopic plants and animals their recognition should rest on
simple gross observation (May be with hand lens only).

(c) A species is a community of a number or related communities,
where distinctive morphological characters are one in the opinion

of a competent systematist.



Biological Species Concept:

This concept is held conceptually by most systematist at the present time.

It has two aspects:

(@) A group of interbreeding populations. Members of a species form a
reproductive community

(b) Reproductively isolated from other such group.

According to Biological Species Concept “a species is a group of interbreeding

natural populations that is reproductively isolated from other such groups”



A. Organisms may appear to be alike and be different species.
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The Western meadowlark (left) and the Eastern meadowlark (night)
appear to be identical, and their ranges overlap, but their distinct songs
prevent interbreeding,

B. Organisms may look different and C. Asexual organisms don’t fit under
yet be the same species this concept




D. Should they be considered the same or separate species?

Carrion crow
Hooded crow

Hybrids

Hybrid some time considered as different species and some times different
varieties of same species



The Phylogenetic Species Concept

According to Phylogenetic Species Concept “the populations of each

species should share a common ancestor”

Evolutionary species concept was advocated by Simpson (1961) who
suggested that “An evolutionary species is a lineage, evolving separately

from others and which has its own evolutionary tendencies and historical

fate”.



Changing trends in taxonomy

Molecular phylogeny



DNA barcoding

DNA barcoding is the process of identification of species based on
nucleotide diversity of short DNA segments of a specific region of

genome.

In DNA barcoding, the unique nucleotide sequence patterns of small
DNA fragments are used as specific reference collections to identify

species

The short segments of DNA are known as DNA barcodes — ranging

from 400-800 bp



Basic features of barcoding sequences
or Characterstics of an Ideal DNA barcode

Gene segment used as a barcode should be suitable for a wide range
of taxa (universality)

It should have high variation between species but should be
conserved within the species

The gene sequences used for barcoding should be short enough to
be PCR amplified easily and quickly sequenced (a cost effective

species identification method).



The birth of DNA barcoding

» University of Guelph (2003), the DNA

barcoding initiative has gathered momentum,
gained extensive international participation in
the form of the International Barcode of Life
Project (iBOL), and captured attention of the
scientific community, government agencies,

and the general public.

» Dr. Paul D.N. Hebert- Father of DNA
barcoding




Important DNA barcoding genes
The most commonly used barcode region for animals and some protists is
found in mtDNA, a segment 658 base pair portion of the cytochrome oxidase
| (COIl or COX1) gene.
The nuclear Internal Transcribed Spacer (ITS) rRNA gene is used to create
barcodes for fungi and some times in plants
16s rRNA is used as DNA barcode in bacteria.
In plants, the cytochrome c oxidase | gene evolves too slowly to be of value
for barcoding, so chloroplast genes rbcL, matK, non-coding spacer trnH-
psbA) and others are used instead. rbcL encodes the large subunit of
rubilose-1,5-bisphosphate carboxylase/oxygenase (RUBISCO). Among the
chloroplast genes, matK is one other important barcoding genes which
encodes the enzyme maturase which is involved in the splicing of type-ll

introns from RNA transcripts.



THE PROCESS
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Microbisium parvulum
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Step 1: Isolate DNA from the sample

Step 2: Amplify the target DNA barcode region using PCR

Step 3: Sequence the PCR products

Step 4: Compare the resulting sequences against reference databases to

find the matching species



Barcode benefits

It is a taxonomic identification tool alternative or additional to
morphology;

DNA sequencing is a rapid and relatively low cost technique;

It can process a great number of specimens at a time, thus is useful
for example in biodiversity surveys.

Once reference database is established, it can be applied by non-
specialist.

Barcode applications

Biodiversity studies
New species identification
Disease diagnosis (in veterinary, parasitology, etc.)

Pest diagnostics in agriculture (in food farming sciences)



Chemotaxonomy

A large variety of chemical compounds are found in plants and quite
often the biosynthetic pathways producing these compounds differ in
various plant groups. The classification based on these chemical
constituents is known as chemotaxonomy.

All the living components of the environment produce secondary
metabolites that are derived from primary metabolites. The chemical
structure of the secondary metabolites is often specific and
restricted to taxonomically related organisms. The classification
of plants on the basis of specific class of secondary
metabolites and their biosynthetic pathways constitutes

chemotaxonomy.



Primary metabolites are the compounds that are involved in the
fundamental metabolic pathways. Most of the primary metabolites are of
universal occurrence and utilized by the plant itself for growth and
development. These compounds are ubiquitous in nature and hence play
little role in chemotaxonomic classification.

Secondary metabolites are the compounds which are the by-products of
metabolism and that usually perform non-essential functions in the plants.
They are used for protection and defense against predators and
pathogens. These compounds are of restricted occurrence and hence
very useful for chemotaxonomic classification.

Some of the major group of secondary metabolites includes non-protein
amino acids, glycoside, alkaloid, volatile oil, flavonoid, plant phenols and

terpenoids.



Alkaloids

Alkaloids are organic nitrogen-containing bases, usually with a heterocyclic ring of
some kind. Their distribution is restricted to some 20% of angiosperms.

For example

Tobacco alkaloid Nicotine (Nicotiana) is synthesized from nicotinic acid and
caffeine (coffee beans and tea leaves) from purine.

Isoquinolene alkaloids morphine, codeine and papaverine are found in opium
poppy (Papaver somniferum). Their distribution is often specific and thus
taxonomically significant.

Some other specific alkaloids occurs in specific plants i.e. scopolamine (Datura),

atropine (Atropa).



Terpenes

Terpenes include a large group of compounds derived from the mevalonic
acid precursor and are mostly polymerized isoprene derivatives.

Some common terpenes with taxonomic significance are Camphor (in
Cinnamomum), menthol (in Mentha), Taxol (in Taxus), betulin (in Betula

papyrifera)

Non-protein amino acids

A large number of amino acids not associated with proteins are known
(more than 300 or so). Their distribution is not universal but specific to
certain groups and, as such, holds promise for taxonomic significance. For

ex. Lathyrine is, thus, known only from Lathyrus. Canavanine occurs only in

Fabaceae.



Phenolic compounds like Flavonoids, Anthocyanins and Anthoxanthins
Phenolic compounds form a loose class of compounds, based upon a phenol
(Cs H; OH). Different classes of plant phenols include flavones, flavanones,
isoflavanones, isoflavonoids, anthocyanidins and chalcones.

Coumarins, a group of natural phenolics, have a characteristic smell. The
crushed leaves of Anthoxanthum odoratum can thus be identified by this
characteristic odour.

Anthocyanins and Anthoxanthins are important pigments in the cell sap of
petals providing red, blue (anthocyanins), and yellow (anthoxanthins) colours

in a large number of families of angiosperms.



Cyanogenic Glycosides

Cyanogenic glycosides are phytotoxins which occur in at least 2000 plant
species. They are hydrolysed by various enzymes to release hydrogen
cyanide, the process known as cyanogenesis, and the plants as cyanogenic
plants.

Cassava and sorghum are especially important staple foods containing
cyanogenic glycosides.

Amino acid like phenyl alanine, tyrosine, valine, leucine, and isoleucine are
precursor for the biosynthesis of cyanogenic glycosides, but they are
restricted to particular family. For example, a cyanogenic glycoside
synthesized from leucine commonly occurs in the subfamily amygdaloideae
(almond) and maloideae (apple) of family rosaceae.

The glycosides derived from tyrosine commonly occur in the families of the

order mangnoliales and laurales.



Numerical Taxonomy

Numerical taxonomy is a system of grouping of species by numerical

methods based on their character states.

It is the analysis of various types of taxonomic data by mathematical or
computerized methods and numerical evaluation of the similarities or
affinities between taxonomic units, which are then arranged into taxa on the

basis of their affinities.

The concept was first developed by Robert R. Sokal and Peter H. A. Sneath
in 1963.



The characters are numerically recorded either in the form of appropriate
numbers or may be programmed in such a way that the differences among them
are proportional to their dissimilarity.

For ex.: A character called ‘hair ness of leaf’, it may be recorded as:

* hairless =0

* sparsely haired = 1

* regularly haired = 2

* densely haired = 3

Such a numerical system implies that the dissimilarity between densely haired

and hairless is 3 times than that of sparsely haired and hairless.

The other method of implementing numerical taxonomy is that the characters are
always represented by only two states, i.e., 0 for the absence and 1 for the

presence of a particular character.



Principles of Numerical Taxonomy

Numerical taxonomy involves two aspects:

(a) Construction of Taxonomic Groups:

In numerical taxonomy, first, individuals are selected on the basis of a
number of characters. It may be one to many number of characters.

The resemblances among the individuals on the basis of a number of
characters are used as in construction of taxonomic groups.

The best way to construction of taxonomic groups is to utilize maximum
number of characters. Every character should be given equal weightage in
creating new taxa.

(b) Discrimination of the Taxonomic Groups:

When the taxonomic groups chosen for the study show overlapping of

characters, discrimination should be used to select them.



