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stimulating manner. The text is supplemented with relevant illustrations and photographs. Relevant
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| PREFACE

lant systematics is fundamental for understanding and interpreting the living diversity

of the world. In the past few years, the field of plant systematics has made
considerable progress and copious amount of new data has been generated. With the
advent of updated information in the form of APG IV classification (2016), the Shenzhen
code (2018) and several new viewpoints published in various journals, there is an urgent
need to introduce the Undergraduate and Post graduate students with the exciting new
developments in the field of plant systematics.

Systematics as a science plays an important role in appropriate examination of the
biodiversity, naming of taxa, construction of classification, interpretation of phylogenetic
relationships and explanation of evolutionary processes. The book has been organized
into several chapters that introduce and explain these concepts in a stimulating manner.
Most recent case studies where these concepts have been used to resolve taxonomic
problems have been incorporated in the text for the benefit of the students. The text is
supplemented with relevant line drawings and figures to aid in the process of
understanding various concepts. New literature up to the year 2021 has been added to
give a better picture of the most recent updates in the field.

All the chapters are supplemented with a short summary to provide a gist of each
chapter. A glossary has been added to help the students to understand some important
scientific terminologies. Further reading would provide the students with relevant information
for an in-depth study of a particular topic.

We are especially indebted to Dr. Kanchi N. Gandhi (Harvard University) for critically
going through Chapter 7 (Plant Nomenclature) and providing valuable inputs which greatly
improved the text. We tender our grateful thanks to the reviewers Dr. S. Rama Rao
(Chapter 12), Dr. M.K. Janarthanam (Chapter 1), Dr M.Sabu (Chapter 4), Dr. Priyanka
Agnihotri (Chapters 3 & 5), Dr K.S. Rajput (Chapter 9), Dr Ritesh Chowdhary (Chapters
14 & 18) and Dr Anzar A. Khuroo (Chapter 2) for their constructive suggestions.

We thank following individuals for providing photographs: Dr. Sumita Jha (Figs. 12.2,
12.6), Dr. D.K. Chauhan (Fig. 11.7A), Dr. Priyanka Agnihotri (Fig. 3.2), Dr. D. Maity (Fig.
7.2), Dr. Jeevan Singh Jalal (Fig. 11.7B), and Dr. D.K. Agrawala (Cover page).
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We express our gratitude to Dr. A.AA. Mao (Director, Botanical Survey of India), Dr
S.K. Barik (Director, CSIR-National Botanical Research Institute), Prof. S.R. Yadav (Shivaji
University), Prof. Santhosh Nampy (University of Calicut), Dr R. Prakashkumar ( Director,
JNTBGRI), Dr N.S. Pradeep (Malabar Botanical Garden and Institute for Plant Sciences)
for providing information about the botanical gardens of their respective institutions. We
are also thankful to all the authors of scientific articles whose work has been quoted in
the book. Permission has been obtained to use the illustrations/photographs.

As practicing plant systematists, we have tried to present the information in a meaningful
and conceptual framework. We have emphasized on presenting a lucid account of plant
systematics to encourage students to appreciate this dynamic branch of biology and to
understand the importance of the biotic world. We hope that this book will be useful to
the students and teachers. We would most warmly welcome constructive criticism and
suggestions for the improvement of this book.

Arun K. Pandey

Shruti Kasana



INTRODUCTION

Systematics is the science of organismal diversity. It involves the discovery, description,
and interpretation of biological diversity, as well as the utilization of this information
in the form of predictive classification systems. Systematics is therefore the study of the
biological diversity that exists on earth today and its evolutionary history. Systematics also
provides the framework, or classification, by which other biologists communicate information
about organisms.

Systematics is essential to our understanding of the natural world and for communicating
about it. The basic activities of systematics involve classification and naming which are
the ancient human methods of dealing with information about the natural world. We
depend on many species for food, shelter, fibre, clothing, paper, medicines, tools, dyes, etc.
Knowledge of systematics guides the search for plants of potential commercial importance.

Systematics provides a reference system for the whole of biology and therefore can
be seen as both the most basic and the comprehensive area of biology. Systematics is
basic because organisms cannot be discussed in a scientific way until some classification
has been achieved to recognize them and give them names. Systematics is most wide-
ranging because it gathers together and summarizes everything that is known about the
characteristics of organisms, whether geographical, morphological, physiological, genetic,
ecological or molecular.

TAXONOMY

Taxonomy is that branch of science which deals with the principles and practices of
classification. This biological discipline involves identification, description, classification
and naming of taxa based on certain similarities and differences. The term ‘taxonomy’
was coined by de Candolle (1813) from the Greek words, taxis (meaning arrangement)
and nomos (meaning law, rule). The literal meaning of taxonomy is lawful arrangement
of things or arrangement by rules. Taxonomy mainly comprises of four components:
Description, Identification, Nomenclature and Classification (often memorized as DINC).
Often, taxonomy is considered synonymous to systematics, though the latter is much more
inclusive.
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THE COMPONENTS OF TAXONOMY

1.

Description: Description is the written account of features or attributes of a taxon.
The features are called characters. The characters can be qualitative or quantitative.
Two or more forms of a character are known as character states. For example, petal
color (red and white), leaf shape (ovate, elliptic, lanceolate), and fruit type (achene,
capsule, berry).

Identification: Identification is the process of associating an unknown taxon with a
known one. In other words, identification is the determination of a taxon as being
identical with or similar to another and already known element. Identification is the
process of finding the taxon to which a specimen belongs, like identifying the medicinal
plants, edible and poisonous mushrooms. Identification is a primary function in taxonomy
and by applying nomenclature it performs an essential role as a means of communication.
A taxonomic key is used for identification of plants. Taxonomic keys are dichotomous,
i.e., consists of a series of two contrasting statements. Each statement is a lead. Two
leads constitute a couplet.

Nomenclature: Nomenclature is the formal naming of taxa according to prescribed
rules. The naming of groups of organisms and the rules governing the application of
these names together form the nomenclature. Plant nomenclature is concerned with
the determination of the correct name of a known plant according to an internationally
accepted system, i.e., International Code of Nomenclature for Algae, Fungi and Plants
(ICNafp). Once the plant has been identified, it becomes necessary that it has a
scientific name that provides universal applicability. The rules of ICNafp determine
the application of name of the taxa.

Classification: Classification is a two-step process. Step 1: grouping objects based
on similarities and differences and Step 2: ranking these groups into a hierarchy
(nested series of categories) based on some criteria. Classification is thus the placement
of a plant (or group of plants) in categories based on their similarities and differences.
These groups are then arranged according to their levels into categories in a nested
manner. Thus, similar individuals may be grouped under a “species”, similar species
under a “genus”, similar genera under a “family” and so on.

Classification is the production of a logical system of categories, each containing any

number of organisms, which allows easier reference to its components. Classification is
the arrangement of groups of plants with particular circumscriptions by rank and position
according to artificial criteria, phenetic similarities, or phylogenetic relationships.

WHAT DO WE MEAN BY “SYSTEMATICS”?

Systematics is the branch of science that includes and encompasses traditional taxonomy
(description, identification, nomenclature and classification of organisms) and phylogeny
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(evolutionary history) (Fig. 1.1). Plant systematics is studied by acquiring, analysing, and
synthesizing information about plants and plant parts.

Taxonomy:
i 'y Evolution:
Description uti
Classification ofe Variation .
Identificati Speciation —) Systematics
entification Phylogony
Nomenclature

Fig. 1.1. Systematics includes taxonomy and evolution

DEVELOPMENTS AND SCOPE

Our knowledge of the biological world has changed greatly since Linnaeus, who first
published his sexual system of classification in the Systema Naturae (1735). Since the
publication of Species Plantarum by Linnaeus (1753) thousands of new species have
been described and named every year. The availability of new tools and techniques has
helped in new discoveries.

In the past few decades, there has been a renewed focus on the discovery of new
taxa, publication of checklists, revisions, monographs and Floras. More floristic and inventory
activities have been initiated than at any point in the history of taxonomy. Many collaborative
research programs have been developed and training programs have been organized. The
past half-century has also witnessed impressive advances in floristic inventorying,
incorporation of new types of comparative data, and methods of phylogeny reconstruction
and classification. Molecular data, tree-building algorithms, and statistical evaluations have
revolutionalized the field of systematics.

Taxonomy is extremely modern, constantly changing and adapting, yet it has strong
historical roots that always keep it connected to its past. In addition to inventorying during
the past half-century, new types of comparative data of utility for plant systematics have
been developed. In the 1950s, cytological data, especially chromosome number and basic
karyotype, were emphasized. In the 1960s, secondary plant products (especially flavonoids),
numerical taxonomy or phenetics reigned supreme. The 1970s and 1980s had focus on
population - level questions with use of isozymes, that still provide good answers for
solving particular types of systematic problems (e.g., hybridization). The application of
computer techniques, which allowed more flexibility to handling data, were introduced in
the early 1980s.

A key change in the field of taxonomy occurred with the development of cladistic
theory and reconstruction of phylogenies, using cladograms, which greatly help to infer the
evolutionary history of taxa. But the exciting new data came with analyses of DNA
sequences and fragments in the 1990s and that has revolutionized the field of systematics.
Molecular systematics and the development of methods in phylogenetic analyses have
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revolutionized our current understanding of relationships among plants and their patterns
of diversification across time, space and form.

Current taxonomy represents a body of work that has accumulated over the past
~270 years, since the introduction of the binomial naming system by Linnaeus in the
1750s. The past half-century has witnessed impressive advances in floristic inventorying,
incorporation of new types of comparative data, and quantitative concepts and methods
of phylogeny reconstruction and classification. Innovations in use of molecular data, tree-
building algorithms, and statistical evaluations have changed the field of systematics. The
excessive amount of taxonomic information is now being digitized and is made available
by various global initiatives.

The systematists have added different data sources to evaluate relationships, and
have analysed the data using advanced computer software. When molecular systematics
began its successful ascent, computer software were rapidly refined, because much larger
data sets had to be processed. The new programmes were then used in morphology with
more efficiency than before. Thus, morphological cladistics too has benefited from molecular
cladistics. The use of several disciplines (e.g., cladistics, phylogenetics, genomics) helps
taxonomy go beyond the naming of species to understand the evolutionary processes.

Next Generation Sequencing (NGS) has revolutionized molecular systematics as well
as population and conservation genetics. Only a decade ago, phylogenetic matrices of
three and four genes and several hundred taxa were considered large, with current NGS
technologies, phylogenetic matrices based on hundreds of genes and involving thousands
of species are readily feasible.

Significance of Systematics

Plays a crucial role in inventorization of the earth’s biota.

Provides a means of communication about the plants.

Helps in identification of the vast flora.

Plays important role in distinguishing different taxa.

It is an integral part of other fields of biology.

Makes it easy to relate one organism with another and hence helps in classification.
Helps in testing various evolutionary hypothesis.

Helps in preservation of germplasm for future breeding experiments.

AIMS AND OBJECTIVES OF SYSTEMATICS

The fundamental aim of systematics is to discover all the branches of the evolutionary
tree of life, document all the changes that have occurred during the evolution of these
branches, and describe all species-the tips of these branches. The major objectives of
systematics are:
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1. To name and describe the world’s organisms, thus completing our inventory of earth’s
biota.

2. To provide a classification of these organisms that expresses evolutionary relationships
among them.

3. To understand the patterns and processes of evolution that have created this enormous
diversity of organisms.

4. To provide an integrating and unifying focus, a means of communication, for all fields
of biology by safeguarding and disseminating this knowledge.

PHASES OF TAXONOMY: ALPHA TO OMEGA

The discipline of taxonomy is often divided into four phases:

1. Alpha taxonomy: The classical or alpha taxonomy relies mainly upon morphology
and is descriptive. It is concerned with the collection, identification and description of
taxa. The term was coined by Turrill (1935).

2. Beta taxonomy: The beta taxonomy focuses on arrangement of taxa into taxonomic
groups or categories of classification. It is concerned with the identification of natural
groups based on certain similarities and differences and uses this information for the
purpose of classification. The term was coined by Ernst Mayr (1969).

3. Gamma taxonomy: The gamma taxonomy includes study of intraspecific populations,
speciation, and evolutionary rates and trends. The purpose of this type of study is to
interpret the biological diversity.

4. Omega taxonomy: The omega or modern taxonomy uses the data obtained from
various biological disciplines like cytology, palynology, phytochemistry, etc. and gives
information about the relationships among organisms. It is often referred to as a
‘perfected taxonomy’ as it focuses on having a broad information base for interpreting
the relationships. The term was coined by Turrill (1938).

As taxonomy makes use of data from other fields like anatomy, embryology, palynology,
phytochemistry, cytology, molecular biology, it is often referred to as a synthetic science.
However, every biological discipline needs some level of basic understanding about the
taxonomy of organisms and the information provided by taxonomic research forms the
basis for all other fields of biology. It is therefore, aptly said by May (2004) that taxonomy
is the brick with which the house of biodiversity is made.

BIOSYSTEMATICS

The term biosystematics was introduced by Camp and Gilly (1943) to understand the
natural relationships of plants, particularly those of the rank of genus and below.
Biosystematic studies include a thorough sampling of the taxon and its populations, and
counting of chromosomes of many populations within geographic races, species, and
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genera. Differences in chromosome number, their morphology, and behaviour at meiosis
usually indicate genetic differences of taxonomic significance. Another aspect included in
the biosystematic study is the determination of the ability of the different populations to
hybridize which provides data on the presence or absence of breeding barriers between
groups.

The major objective of the biosystematic studies is to delimit the natural biotic units
and to apply to these units a system of nomenclature adequate to the task of conveying
precise information regarding their defined limits, relationships, variability, and dynamic
structure. The four most widely accepted biosystematic categories are: ecotype, ecospecies,
cenospecies (or coenospecies) and comparium.

Ecotype is the basic unit in biosystematics. It is adapted to a particular environment
but capable of producing fully fertile hybrids with other ecotypes of the same ecospecies.
Ecospecies is a group of plants comprised of one or more ecotypes. Cenospecies
(Coenospecies) is a group of plants representing one or more ecospecies. Comparium
is the biosystematic unit that often is comparable to the genus. It includes one or more
cenospecies (more details in chapter 6).

Biosystematics is considered as the taxonomic application of the disciplines known as
genecology. It is the study of the genotypic and phenotypic variation of species in relation
to the environments in which they occur.

INTEGRATIVE TAXONOMY

A multisource approach that takes advantage of complementarity among disciplines, i.e.,
different fields of study, has been called combined, multidisciplinary, multidimensional,
collaborative, or integrative taxonomy. Using multiple disciplines to solve taxonomic problems
helps avoid failure inherent to single disciplines and increases rigor in species delimitation.
Continuous progress is being made despite several impediments because species taxonomy
is resurging as a solid scientific discipline that includes technological advances, such as
virtual access to museum and herbarium collections, rapid methods of DNA sequencing,
geographical information systems, and numerous functions of the internet. Integrative
taxonomy has yielded a better and more robust biodiversity inventory.

DNA TAXONOMY

DNA taxonomy is defined as the analysis of genetic variation for the circumscription and
delineation of species. It uses the evolutionary species concept and provides a new
scaffold for the accumulation of taxonomic knowledge. In simple words, it is the use of
DNA to delineate species. It is a convenient tool for species identification and rapid
assessment of biodiversity.
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CYBER TAXONOMY (E-TAXONOMY)

Taxonomic data is enormous and hence is being widely digitized to make it convenient for
people to access this information globally. Cyber taxonomy involves the use of standardised
electronic tools to access information (databases, e-publications). The internet is being
used as the primary medium for taxonomic teaching and research. It has provided more
accessible and universal platform for the deposition and retrieval of taxonomic information.
Cyber taxonomy has greatly speeded up communication and made species diagnoses and
new descriptions more accessible. The future has been envisioned to be an interactive
“cyber taxonomy” having fast access to online description and publication of new species,
and where updated taxonomic information is accessible for almost anybody from anywhere.
Digital image-based morphometrics is also being widely used in evolutionary biology and
systematics.

REVERSE TAXONOMY

DNA analysis and naming of the organism without studying its morphology is termed as
reverse taxonomy. In this method, the molecular data is analysed first and based on it the
taxon is assigned to a particular group and then described at genus/species level. It is
helpful in cases where a taxon cannot be clearly defined to any taxonomic group by using
traditional methods.

RELEVANCE TO SCIENCE AND SOCIETY

The greatest contribution of taxonomy to science and humanity is that taxonomists have
discovered, described and classified over 2 million species and the process is still continuing.
Understanding the biological richness, their variability and protecting them is vital to
human survival. Systematics plays a vital role in society for the identification of organisms
which is important for proper assessment and characterization of biodiversity.

Taxonomists identify species in the wild, notice the risk of extinction or the arrival of
invasive species and follow the changes in biodiversity over time. They undertake inventories
to survey the flora and fauna of various areas and provide advice for their protection.

Systematics helps in delineating taxa and establishes the correct relationship among
organisms. It not only provides an insight into the origin of life on earth but also preserves
the information about existing biodiversity through proper storage and documentation. It
provides an effective means of dealing with the large amount of information that exists
on the earth.

With the increasing threat of climate change and global warming, the biotic flora is
also under extreme pressure of extinction. The increased competition among species for
resources is making their survival difficult. Activities like deforestation and cultivation pose
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a constant threat to various undescribed species. Systematics thus plays a vital role in
conservation biology. It helps in identifying the rare and endangered taxa, thereby enabling
us to develop strategies for their conservation.

Systematic studies also give an overview of the incredible diversity of life on earth.
Biogeography data help in understanding the distribution of species on the planet and the
ecological interactions among the species. It also aids in identification of the biodiversity
hotspots and help in making strategies for their preservation in the natural condition (in
situ) or in artificially created habitats (ex situ). In areas with high risk of destruction, the
floristic biota can be collected and inventoried.

Systematics is also important for the correct utilization of economic resources.
Understanding the wild species that are closely related to economically important crop
plants can help to improve the available germplasm and develop resistant varieties. Land
use pattern can also be improved through the knowledge of ecological impact on the
organisms.

Proper identification of taxa can help reduce pest infestation and damage due to
increased population of weeds. It also advances our understanding of important processes
like coevolution of pests—pathogens and plants—pollinators. Dispersal mechanisms, ecological
shifts in the plants due to change in climatic conditions and habitat preferences can be
easily understood with the assistance of systematic studies.

Systematics also helps in understanding the process of speciation and thus provides
insights into the evolutionary pathways. This provides data about the ancestral — descendent
relationship and the changes that occur over time. These phylogenetic studies provide
insight into the evolutionary path for the origin of organisms on earth.

SUMMARY

e Systematics is the study of biological diversity that exists on earth and its evolutionary
history.

e Taxonomy is that branch of science which deals with the principles and practices of
classification.

e Taxonomy mainly comprises of four components: Description, Identification,
Nomenclature and Classification.

e When multiple disciplines are used to solve taxonomic problems, it is called integrative
taxonomy.

e Systematics is crucial in conservation biology as it helps in identifying the rare and
endangered taxa, thereby enabling us to develop strategies for their conservation.

e Systematics helps in understanding the process of speciation and thus provides insights
into the evolutionary pathways.
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