CONCEPT CHECK 29.1

1. Why do researchers identify the charophytes rather than
another group of algae as the closest living relatives of
land plants?

2. Identify four derived traits that distinguish plants from
charophyte green algae and that facilitate life on land.
Explain.

3. What would the human life cycle be like
if we had alternation of generations? Assume that the
multicellular diploid stage would be similar in form fo an
adult human.

4. Figure 29.5 identifies which

lineages are land plants, nonvascular plants, vascular
plants, seedless vascular plants, and seed plants. Which
of these categories are monophyletic, and which are
paraphyletic? Explain. See Figure 26.10.

For suggested answers, see Appendix A.

CONCEPT 292

Mosses and other nonvascular
plants have life cycles dominated by
gametophytes

Nonvascular plants (bryophytes)

The nonvascular plants
(bryophytes) are repre-
sented today by three
phyla of small herbaceous
(nonwoody) plants: liverworts (phylum Hepatophyta),
mosses (phylum Bryophyta), and hornworts (phylum An-
thocerophyta). Liverworts and hornworts are named for
their shapes, plus the suffix wort (from the Anglo-Saxon for
“herb”). Mosses are familiar to many people, although some
plants commonly called “mosses” are not really mosses at
all. These include Irish moss (a red seaweed), reindeer moss
(a lichen), club mosses (seedless vascular plants), and Span-
ish mosses (lichens in some regions and flowering plants in
others).

Researchers think that liverworts, mosses, and horn-
worts were the earliest lineages to have diverged from the
common ancestor of land plants (see Figure 29.5). Fossil
evidence provides some support for this idea: The earliest
spores of land plants (dating from 470 to 450 million years
ago) have structural features found only in the spores of liv-
erworts, and by 430 million years ago spores similar to those
of mosses and hornworts also occur in the fossil record. The
earliest fossils of vascular plants date to about 425 million
years ago.

Over the long course of their evolution, liverworts,
mosses, and hornworts have acquired many unique adapta-
tions. Next, we’ll examine some of those features.

Seedless vascular plants
Gymnosperms
Angiosperms
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Bryophyte Gametophytes

Unlike vascular plants, in all three bryophyte phyla the hap-
loid gametophytes are the dominant stage of the life cycle:
They are usually larger and longer-living than the sporo-
phytes, as shown in the moss life cycle in Figure 29.6. The
sporophytes are typically present only part of the time.

When bryophyte spores are dispersed to a favorable habi-
tat, such as moist soil or tree bark, they may germinate and
grow into gametophytes. Germinating moss spores, for ex-
ample, characteristically produce a mass of green, branched,
one-cell-thick filaments known as a protonema (plural,
protonemata). A protonema has a large surface area that en-
hances absorption of water and minerals. In favorable con-
ditions, a protonema produces one or more “buds.” (Note
that when referring to nonvascular plants, we often use
quotation marks for structures similar to the buds, stems,
and leaves of vascular plants because the definitions of these
terms are based on vascular plant organs.) Each of these
bud-like growths has an apical meristem that generates a
gamete-producing structure known as a gametophore. To-
gether, a protonema and one or more gametophores make
up the body of a moss gametophyte.

Bryophyte gametophytes generally form ground-hugging
carpets, partly because their body parts are too thin to sup-
port a tall plant. A second constraint on the height of many
bryophytes is the absence of vascular tissue, which would
enable long-distance transport of water and nutrients. (The
thin structure of bryophyte organs makes it possible to
distribute materials for short distances without specialized
vascular tissue.) However, some mosses have conducting tis-
sues in the center of their “stems.” A few of these mosses can
grow as tall as 2 m as a result. Phylogenetic analyses suggest
that in these and some other bryophytes, conducting tissues
similar to those of vascular plants arose independently by
convergent evolution.

The gametophytes are anchored by delicate rhizoids,
which are long, tubular single cells (in liverworts and horn-
worts) or filaments of cells (in mosses). Unlike roots, which
are found in vascular plant sporophytes, rhizoids are not
composed of tissues. Bryophyte rhizoids also lack special-
ized conducting cells and do not play a primary role in water
and mineral absorption.

Gametophytes can form multiple gametangia, each of
which produces gametes and is covered by protective tissue.
Each archegonium produces one egg, whereas each anther-
idium produces many sperm. Some bryophyte gametophytes
are bisexual, but in mosses the archegonia and antheridia
are typically carried on separate female and male gameto-
phytes. Flagellated sperm swim through a film of water to-
ward eggs, entering the archegonia in response to chemical
attractants. Eggs are not released but instead remain within
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A Figure 29.6 The life cycle of a moss.

n In this diagram, does the sperm cell that fertilizes the egg cell differ genetically from the egg?

Explain.

the bases of archegonia. After fertilization, embryos are that many bryophyte species are found in moist habitats.

retained within the archegonia. Layers of placental transfer The fact that sperm swim through water to reach the egg

cells help transport nutrients to the embryos as they develop also means that in species with separate male and female

into sporophytes. gametophytes (most species of mosses), sexual reproduction
Bryophyte sperm typically require a film of water to is likely to be more successful when individuals are located

reach the eggs. Given this requirement, it is not surprising close to one another.
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V Figure 29.7

Bryophyte Diversity

Liverworts (Phylum Hepatophyta)

This phylum’s common and scientific names (from the Latin he-
paticus, liver) refer to the liver-shaped gametophytes of its mem-
bers, such as Marchantia, shown below. In medieval times, their
shape was thought to be a sign that the plants could help treat

Gametophore of
female gametophyte

Ser N
Marchantia polymorpha,
a "thalloid” liverwort

500 um

Marchantia sporophyte (LM) I

Hornworts (Phylum Anthocerophyta)

Capsule
(sporangium)

liver diseases. Some liverworts, including Marchantia, are
described as “thalloid” because of the flattened shape of their
gametophytes. Marchantia gametangia are elevated on gameto-
phores that look like miniature trees. You would need a mag-
nifying glass to see the sporophytes, which have a short seta
(stalk) with an oval or round capsule. Other liverworts, such as
Plagiochila, below, are called “leafy” because their stemlike game-
tophytes have many leaflike appendages. There are many more
species of leafy liverworts than thalloid liverworts.

Plagiochila
deltoidea,
a "leafy”
liverwort

Mosses (Phylum Bryophyta)

This phylum’s common and scientific names (from the Greek
keras, horn) refer to the long, tapered shape of the sporophyte. A
typical sporophyte can grow to about 5 cm high. Unlike a liver-
wort or moss sporophyte, a hornwort sporophyte lacks a seta and
consists only of a sporangium. The sporangium releases mature
spores by splitting open, starting at the tip of the horn. The game-
tophytes, which are usually 1-2 cm in diameter, grow mostly hori-
zontally and often have multiple sporophytes attached. Hornworts
are frequently among the first species to colonize open areas with
moist soils; a symbiotic relationship with nitrogen-fixing cyano-
bacteria contributes to their ability to do this (nitrogen is often in
short supply in such areas).

An Anthoceros
hornwort species

Sporophyte

Gametophyte
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Moss gametophytes, which range in height from less than 1 mm
to up to 2 m, are less than 15 cm tall in most species. The familiar
carpet of moss you observe consists mainly of gametophytes. The
blades of their “leaves” are usually only one cell thick, but more
complex “leaves” that have ridges coated with cuticle can be found
on the common hairy-cap moss (Polytrichum, below) and its close
relatives. Moss sporophytes are typically elongated and visible to
the naked eye, with heights ranging up to about 20 cm. Though
green and photosynthetic when young, they turn tan or brownish
red when ready to release spores.

Polytrichum commune,
hairy-cap moss

Sporophyte
Capsule | (a sturdy

plant that
Seta takes months

to grow)
Gametophyte



One wetland moss genus, Sphagnum, or “peat moss,” is
often a major component of deposits of partially decayed or-
ganic material known as peat (Figure 29.9a). Boggy regions
with thick layers of peat are called peatlands. Sphagnum
does not decay readily, in part because of phenolic com-
pounds embedded in its cell walls. The low temperature,
pH, and oxygen level of peatlands also inhibit decay of moss
and other organisms in these boggy wetlands. As a result,
some peatlands have preserved corpses for thousands of
years (Figure 29.9b).

Peat has long been a fuel source in Europe and Asia,
and it is still harvested for fuel today, notably in Ireland
and Canada. Peat moss is also useful as a soil conditioner
and for packing plant roots during shipment because it has
large dead cells that can absorb roughly 20 times the moss’s
weight in water.

Peatlands cover 3% of Earth’s land surface and con-
tain roughly 30% of the world’s soil carbon: Globally, an
estimated 450 billion tons of organic carbon is stored as

(a) Peat being harvested from a peatland

(b) "Tollund Man,” a bog mummy dating from 405-100 B.C.E.
The acidic, oxygen-poor conditions produced by Sphagnum can
preserve human or other animal bodies for thousands of years.

A Figure 29.9 Sphagnum, or peat moss: a bryophyte with
economic, ecological, and archaeological significance.
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peat. These carbon reservoirs have helped to stabilize at-
mospheric CO, concentrations (see Chapter 55). Current
overharvesting of Sphagnum—primarily for use in peat-fired
power stations—may reduce peat’s beneficial ecological ef-
fects and contribute to global warming by releasing stored
CO,. In addition, if global temperatures continue to rise, the
water levels of some peatlands are expected to drop. Such a
change would expose peat to air and cause it to decompose,
thereby releasing additional stored CO, and contributing
further to global warming. The historical and expected fu-
ture effects of Sphagnum on the global climate underscore
the importance of preserving and managing peatlands.

Mosses may have a long history of affecting climate
change. In the Scientific Skills Exercise, you will explore
the question of whether they did so during the Ordovician
period by contributing to the weathering of rocks.

CONCEPT CHECK 29.2

1. How do bryophytes differ from other plants?
2. Give three examples of how structure fits function in
bryophytes.

3. RS Aol BN Review the discussion of feed-

back regulation in Concept 1.1. Could effects of global
warming on peatlands alter CO, concentrations in ways
that result in negative or positive feedback? Explain.

For suggested answers, see Appendix A.

CONCEPT 293

Ferns and other seedless vascular
plants were the first plants to grow tall

Nonvascular plants (bryophytes) ~ During the first 100 million

Seedless vascular plants years of plant evolution,

SUNERENTS bryophytes were prominent

Angiosperms

types of vegetation. But it is

vascular plants that dominate most landscapes today. The
earliest fossils of vascular plants date to 425 million years
ago. These plants lacked seeds but had well-developed vas-
cular systems, an evolutionary novelty that set the stage for
vascular plants to grow taller than their bryophyte coun-
terparts. As in bryophytes, however, the sperm of ferns and
all other seedless vascular plants are flagellated and swim
through a film of water to reach eggs. In part because of
these swimming sperm, seedless vascular plants today are
most common in damp environments.

Origins and Traits of Vascular Plants

Unlike the nonvascular plants, early vascular plants had
branched sporophytes that were not dependent on gameto-
phytes for nutrition (Figure 29.10). Although these ancient
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