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GLOSSARY

alternation of generations In plants, a reproductive
cycle in which a multicellular gametophytic phase
alternates with a multicellular sporophytic phase to
complete the life cycle.

antheridium A unicellular or multicellular structure
that produces male gametes (sperm).

archegonium A multicellular structure that produces
the female gamete (egg).

autotroph An organism that obtains its nutrition by
synthesizing organic substances from inorganic sub-
stances acquired from its environment.

gametophyte In an organism with an alternation of
generations, the haploid, gamete-producing phase.

sporophyte In an organism with an alternation of gen-
erations, the diploid, spore-producing phase.

PLANTS, ALSO KNOWN AS EMBRYOPHYTES, are
members of the kingdom Plantae and include a wide
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array of organisms that vary greatly in many characteris-
tics, including growth form, reproduction, and ecology.
They range in size from the smallest of mosses, a few
millimeters in height, to the giant redwoods, over 117
m tall, and occupy all continents and virtually every
terrestrial, many freshwater, and a few marine ecosys-
tems. This article begins with a discussion of the various
roles that plants play in the global ecosystem and in
the lives of humans. This is followed by a description
of the 12 phyla included in the plant kingdom, along
with a brief overview of their characteristics, especially
as relates to issues in plant biodiversity.

L. INTRODUCTION

A. Defining Plant Biodiversity

Traditionally, the study of plants (kingdom Plantae),
fungi (kingdom Mycota), and algae (kingdom Protista)
is included under the umbrella of botany (the branch of
biology dealing with plants), though this article focuses
singly on the plant kingdom, including mosses, ferns,
conifers, flowering plants, and related lineages.
According to this circumscription, plants are charac-
terized as autotrophs (including some derived hetero-
trophs), with complex multicellular structures. Their
life cycles include an alternation of generations, with
multicellular diploid and haploid phases, the sporo-
phyte and gametophyte, respectively; although the rela-
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tive duration of these phases and their degree of auton-
omy differ among groups of plants. -

The kingdom Plantae is variously divided into formal
and informal groupings. Informally, plant diversity is
divided into four groups that formally include 12 living
phyla, as used in Raven et al. (1999). These are the
nonvascular plants (mosses, liverworts, and horn-
worts), the seedless vascular plants (ferns, horsetails,
club mosses, and wisk ferns), gymnosperms (conifers,
cycads, Ginkgo, and gnetophytes), and angiosperms,
or flowering plants. Although the informal groupings,
for the most part, reflect nonnatural assemblages (i.e.,
the set of phyla described do not share a unique com-
mon ancestor), life history and ecological characteris-
tics unite their component phyla, and thus, we use
these designations to structure the presentation of char-
acteristics of plant biodiversity outlined below (see Sec-
tion III).

Estimates for the number of species included in the
plant kingdom hover around 270,000 to over 300,000,
with the great majority of this diversity occurring within
flowering plants (approximately 235,000 species), fol-
lowed by about 11,000 species of ferns and 9000 species
of mosses. The degree of our taxonomic knowledge of
various groups is not equal, so while the estimate for
the number of conifer species may be quite good, the
estimate for flowering plants may require substantial
revision as areas of high diversity become better under-
stood.

B. Plants as Units of Biodiversity, as
Resources, and as Habitat

In nearly all terrestrial habitats, plants form the domi-
nant features of the landscape. In satellite images, most
of what covers the land is plants. Their dominance hints
at the critical role that they play in the global ecosystem;
yet as living organisms, plants also constitute units of
biodiversity, and thus consideration of their biological
characteristics, habitat requirements, and conservation
status should be an integral component of research,
discussion, and policy affecting local, regional, and
global biodiversity issues. In the context of a reference
on biodiversity, this may seem an unnecessary state-
ment, yet as vertebrate species continue to be the domi-
nant focus of much of our conservation effort, plants
are often considered habitat or food resources.

The complex web of interactions that constitutes
our global ecosystem critically depends on marine and
terrestrial photosynthetic organisms, including the
members of the plant kingdom. Photosynthetic organ-
isms are the planet’s primary producers, harvesting light

energy for their own growth, fixing carbon from the
atmosphere into organic molecules, releasing oxygen
to the environment, and ultimately sustaining life on
earth. Globally, photosynthetic organisms fix approxi-
mately 100 billion metric tons of carbon annually and
play a key role in maintaining the balance between
fixed and atmospheric carbon. Human activities, most
critically the use of fossil fuels, are liberating fixed car-
bon into the atmosphere at a rate in excess of the global
carbon fixation rate, contributing to global warming.
In light of this trend, it is increasingly important that
the potential for carbon fixation by photosynthetic or-
ganisms be maintained at the very least. Many human
activities that threaten plant biodiversity, such as defor-
estation and habitat destruction or deterioration, also
may decrease plant biomass, further exacerbating the
global warming trend. In consideration of global carbon
cycles, vegetation is a central focus, yet the emphasis
tends to be on biomass rather than biodiversity. While
this perspective is reasonable given the role that plants
play in these contexts, it is important to encompass all
groups of taxa within the framework of biodiversity
policy and practice. Therefore in the presentation that
follows, the biological properties of each group of plants
are presented, with emphasis on those features that may
impact issues relevant to discussions of biodiversity.

II. PLANTS AND PEOPLE

As members of the global ecosystem, human life ulti-
mately depends on plant life. In addition, we have de-
pendencies on plants as sources of food, medicine,
clothing, shelter, and fuel that predate the origin of the
human species.

The history of human civilization is inextricably
linked to the history of agriculture, including the devel-
opment of crops and livestock as food sources. It is
estimated that only about 3000 of 235,000 flowering
plant species have been used by people as food, and
only 150 or so of these have been cultivated to any
extent. Today, only 6 crops (wheat, rice, corn, potatoes,
sweet potatoes, and manioc) directly or indirectly pro-
vide over 80% of the human population’s calories. The
world’s more highly industrialized regions depend on
high energy input agriculture, in which crops are largely
grown as genetically uniform monocultures. Such culti-
vation practices render these pure stands susceptible to
pest and pathogen attack, and it is estimated that one-
third of all crops are destroyed by pests.

Most of the global human population, however, lives
in tropical and subtropical regions where relatively low



input agriculture is most important. Further improve-
ments in agricultural yields in these regions will have
the greatest impact on global human welfare, where
improving yields, nutritional quality, and disease resis-
tance could greatly increase overall productivity.

Sources of wild germplasm remain of critical impor-
tance for future crop development and improvements
required to feed the growing human population. Con-
serving the wild relatives of our crop plants has become
a primary concern of plant biologists the world over.
Most plants are capable of interbreeding to some degree
with wild relatives, and thus, traditional breeding can
be used to introduce beneficial traits into cultivars. With
the advent of genetic engineering tools, the ability to
interbreed is no longer required to introduce traits into
cultivars, thus removing limitations on species that can
potentially be used as sources of genetic material. In
addition, given the small fraction of plants that have
been exploited as food sources by humans, the totality
of plant biodiversity can be viewed as a potential source
of new crops.

In addition to the major food crops described above,
plants also make their way into our diets and our cul-
tures as sources of beverages such as coffee and tea and
in the form of spices, condiments, and oils.

Another use of plants that has and will likely con-
tinue to affect human lives is as sources of medicinal
compounds. It is estimated that between 35,000 and
70,000 different species have been used as medicines
by various peoples of the world and 80% of the global
population derives almost all of their medicines exclu-
sively from plants. Plants are extraordinary chemical
factories: they produce a wide array of alkaloids, glyco-
sides, and saponins that are the principal source of
drugs used to prevent and cure illness in both tradi-
tional and Western medicines. Modern Western phar-
macopoeia have derived approximately 7000 different
medical compounds from botanical sources, and 120
or so of these are presently widely prescribed. Included
among these are antimicrobial agents such as quinine,
used in the treatment of malaria, and analgesics, includ-
ing the alkaloids morphine and codeine, both derived
from the opium poppy, Papaver somniferum. Glycosides
produced by species of Digitalis have enormous value
for the treatment of heart ailments, both in improving
the action of a failing heart and in reducing a danger-
ously fast heartbeat. Plants are also sources of anticancer
agents. Among these is the well-known rosy periwinkle
(Catharanthus roseus) of Madagascar, which is the
source of alkaloids used in the treatment of both Hodg-
kin’s disease and acute lymphocytic leukemia. More
recently, taxol, a drug made from extracts of the Pacific
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yew (Taxus brevifolius), has been introduced as a prom-
ising treatment for ovarian and breast cancer. These are
just a few of the thousands of species that have been
or are presently used to cure human diseases. There is
no doubt that more species have immense untapped
potential. Since tests for determining pharmaceutical
potential are both time-consuming and expensive, and
synthetic drugs continue to be unaffordable to a large
proportion of the global population, it is likely that the
dependence on local plant-based cures will continue to
rise and spread throughout the world.

The qualities of flexibility, durability, and strength,
along with ready availability, make plant material such
as wood an ideal source of building material. Wood
and related products, including paper, are of enormous
commercial importance. In industrialized nations these
commodities account for a significant proportion of the
total national consumption of goods. Plant species such
as pine, spruce, hemlock, fir, redwoods, birch, beech,
and oak are used as building materials in the temperate
regions while mahogany, species of the family Diptero-
carpaceae, bamboo, and rattan are used in the tropics.

A wide variety of other materials are also derived
from plants, including the fibers used to weave cotton,
linen, and jute, as well as latexes, resins, perfumes, and
dyes. Finally, plants are also used by humans for their
aesthetic qualities. Ornamental plants in all their color
and shape add beauty to our surroundings and are used
in both public and private gardens, along roadsides in
our cities, and as houseplants. In an increasingly urban
environment, ornamental plants often constitute a rare
link with the natural world.

It is critical that while we exploit plants to satisfy
our needs we continue to conserve the natural habitats
from which they came, as such areas are undoubtedly
the homes for a wealth of other species with the poten-
tial to serve needs of a growing human population.

III. PLANT BIODIVERSITY DESCRIBED

A. Nonvascular Plants

Nonvascular plants (often referred to collectively as the
bryophytes) include three phyla: the mosses (Bryo-
phyta), approximately 9000 species; liverworts (Hepat-
icophyta), approximately 8000 species; and hornworts
(Anthocerophyta), approximately 330 species (Table
D). These three groups are characterized by their small
stature, by the absence of specialized conducting tissues
(i.e., xylem and phloem), which occur in other groups
of plants, and by their life cycle. The conspicuous, dom-
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inant phase of the life cycle of these plants is the gameto-
phyte (haploid) generation. Gametes are formed in spe-
cialized structures on the gametophyte called antheridia
(containing male gametes) and archegonia (containing
female gametes). Antheridia and archegonia may occur
on the same gametophyte or on separate male and fe-
male gametophytes. Male gametes in the nonvascular
plants have motile sperm and are dependent on water
for dispersal to the female gametes, which are nonmotile
eggs, retained in the archegonia on the gametophyte.
Dispersal of gametes is thought to be extremely local-
ized (less than 1 m). After fertilization, the diploid
phase of the life cycle, the sporophyte, grows out of
the archegonium, where it remains attached throughout
its development, dependent on the gametophyte for
most or all of its nutrition throughout its existence.
Meiosis occurs in the sporangia, specialized structures
of the sporophyte, resulting in the formation of haploid
spores that are dispersed primarily by air currents.
Spores are extremely small, are tolerant of environmen-
tal extremes, and thus have the capacity to disperse
over much greater distances than gametes. Many non-
vascular plants also have the capacity to reproduce asex-
ually as gametophytes, either by fragmentation or via
specialized propagules called gemmae.

Ecologically, the three phyla of nonvascular plants
share their dependency on water for sperm dispersal,
and thus bryophytes tend to occur where water is at
least seasonally available and/or tends to accumulate.
Among the richest habitats for bryophyte diversity are
temperate and tropical cool, moist forests and arctic and
alpine habitats. Nonvascular plants grow on a variety of
substrates, including soil and bare rock, and on other
plants as epiphytes. On bare rock, they play an impor-
tant role as initial colonizers. Peatlands are dominated
by mosses in the genus Sphagnum. These unique and
important ecosystems cover about 1% of the Earth’s
surface and represent a significant global carbon sink,
containing over 100 billion metric tons of unavailable
carbon.

More than 60% of bryophyte families have world-
wide distributions, occurring on all continents. Bryo-
phyte species also tend to have wide geographic distri-
butions: species that occur on more than one continent
are common. Two processes have contributed to estab-
lishing present-day distributions. First, much of the
diversity that we see today may be ancient, and present-
day distributions may be the result of vicariance, or the
splitting of a larger, once continuous range into smaller
isolates. Second, especially in taxa that have originated
more recently, present distributions are likely the result
of long-distance spore dispersal. The role of ongoing

dispersal in bryophytes is relevant to biodiversity re-
search, because it has broad implications for structuring
of genetic variation in these species. As suitable habitats
become fragmented or patchily distributed as a result,
for example, of clear-cut logging on small and large
scales, the potential for recolonization by extirpated
bryophytes depends critically on dispersal and estab-
lishment, which are poorly characterized in these
groups. Although we know that spores are easily carried
by air currents, only a handful of studies have examined
patterns of gene flow in bryophytes. Another consider-
ation in bryophytes that may be relevant to biodiversity
is the relationship of taxonomic species described pri-
marily on morphological and ecological criteria to bio-
logical species—units that are united by gene flow. The
reduced morphology and absence of variation in traits
related to gene flow are reasons to suspect greater de-
coupling of taxonomic species and biological species
among bryophytes. As a consequence of our lack of
understanding of evolutionary processes in these
groups, a particular taxonomic species that may be con-
sidered common could comprise several cryptic, geneti-
cally isolated units, some of which may be critically
endangered. Compounding this problem is the relative
rarity of expertise in identification of bryophytes. While
both trained professionals and amateur botanists con-
tribute to our knowledge of flowering plant biodiversity,
in many areas, no local experts in bryophyte identifica-
tion, professional or amateur, are found. Although the
bryoflora of a number of regions is well characterized,
the bryophytes are often far less thoroughly studied
than vascular plants in the same region. This shortage
of expertise is reflected in the status of conservation
initiatives in the bryophytes: to date, no comprehensive
global listing of threatened bryophytes exists, although
the International Union for the Conservation of Nature
and Natural Resources (IUCN) has produced a listing
for vascular plants. At the present time, the Red List
for bryophytes consists of a list of 92 exemplary globally
threatened bryophytes.

B. Seedless Vascular Plants

Seedless vascular plants include four phyla with living
representatives: phylum Psilophyta (including only two
genera, Psilotum and Tmesipteris), phylum Lycophyta
(about 1000 species, including the club mosses and the
genera Selaginella and Isoetes), phylum Sphenophyta
(the horsetails in the genus Equisetum, represented by
about 15 species), and the phylum Ptrerophyta (the
ferns, represented by about 11,000 species; Table 1).
All of these groups share a number of characteristics.






