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AQUATIC PLANTS

Categories: Economic botany and plant uses; Plantae; water-related life

Aquatic plants are any “true” plants, members of the kingdom Plantae, that are able to thrive and complete their life
cycle while in water, on the surface of water, or on hydric soils.

Hydric soils develop when the ground is flooded
or ponded long enough during the growing

season to become anaerobic (depleted of oxygen)
in the rooting zone. These soils include organic
(peats and mucks) and inorganic (mineral) sedi-
ments. Aquatic plants grow in fresh, brackish, and
salt water but are most common in fresh water.
Their habitats include flowing waters (rivers,
streams, brooks), standing waters (lakes, ponds),
and wetlands (bogs, fens, marshes, swamps),
which are categorized as riverine, lacustrine, and
palustrine communities, respectively. Wetland plants
are sometimes referred to as helophytes. Marshes are
dominated (that is, more than half covered) by her-
baceous species and swamps by woody species.
Bog plants are aquatics that grow in acidic organic
soils. Fen plants occur in alkaline organic soils.

Aquatic plants (also known as hydrophytes,
macrophytes, and water plants) occur throughout the
plant kingdom. The term “macrophyte” distin-
guishes them from microscopic aquatic algae,
which are not true plants. Aquatic plants have
evolved repeatedly, having more than 250 indepen-
dent origins by some estimates. They occur occa-
sionally in spore-producing plants such as ferns,
liverworts, lycopods, and mosses but are relatively
rare among nonflowering seed plants (gymno-
sperms), with bald cypress (Taxodium) a notable ex-
ception. Flowering plants (angiosperms) contain
the greatest hydrophyte diversity, with more spe-
cies proportionally in monocotyledons than in di-
cotyledons. Nevertheless, fewer than 2 percent of
flowering plant species are aquatic.

Life-Forms
Regardless of their taxonomic affinities, aquatic

plants are often classified ecologically by their life-
forms. Categories include the following:

• Floating (acropleustophytes), with stems and
leaves floating completely on the water surface

and stems not rooted in the bottom, such as duck-
weed (Lemna) and water hyacinths (Eichhornia).

• Emergent (hyperhydrates), with stems and leaves
extending mainly above the water surface and
stems rooted in the bottom, such as cattails
(Typha) and reeds.

• Phragmites (planmergents or ephydrates), floating-
leaved, with some or all leaves floating on the
water surface and stems rooted in the bottom,
such as floating-leaved pondweed (Potamogeton
natans), water chestnut (Trapa natans), and water
lily (Nymphaea).

• Submersed (hyphydrates), with stems and leaves
completely under water and stems rooted in the
bottom, such as Eurasian water milfoil (Myrio-
phyllum spicatum) and wild celery (Vallisneria).

• Suspended (mesopleustophytes), with stems and
leaves completely under water and stems not
rooted in the bottom, such as the bladderwort
(Utricularia vulgaris) and the coontail (Cerato-
phyllum).

Benthophyte and pleustophyte are used respectively
to differentiate between forms that are either rooted
in the substrate or unrooted. Species with elongate,
leafy stems are termed vittate or caulescent (such as
coontail). Those with leaves clustered in a basal ro-
sette are rosulate (such as wild celery), and those not
clearly differentiated into stems and leaves are
thalloid (such as duckweed). Species whose floating
or emergent leaves differ morphologically from
their submersed leaves are heterophyllous (such as
floating-leaved pondweed).

Adaptations
Water plants are anatomically and structurally

reduced. Watermeal (Wolffia), the world’s small-
est angiosperm, contains plants only 0.4 milli-
meter long. Submersed species often lack water-
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conducting tissue (xylem), mechanical tissue (scle-
renchyma), and cuticle. Some lack roots entirely.
Support and floatation of underwater stems are ac-
commodated by buoyant tissue (aerenchyma) and
extensive air spaces (lacunae) which also transport
oxygen throughout the plant. Submersed plants
usually possess either highly dissected (com-
pound) or thin, ribbonlike leaves. Some leaves be-
come fenestrate, that is, lacking tissue between the
veins. Such leaf shapes increase surface area-to-
volume ratios for more efficient nutrient uptake
and to reduce damage from water currents.

Floating leaves are normally flat and circular,
with stomata on their upper surfaces. They may
reach 2.5 meters in diameter (such as Victoria). For
stability, the stalks (petioles) of most floating leaves
are positioned centrally by emargination of the
base, as in the water lily, or are peltate by complete
fusion of leaf lobes, as in the water shield (Brasenia)
and Victoria. Physiological adaptations enable
aquatic plants to tolerate deleterious effects of an-
aerobic hydric soils.

Reproduction
Most aquatic plants are peren-

nials that reproduce vegetatively
(asexually). Species survive win-
ters or other unfavorable periods
as intact plants, by dying back to
dormant stem apices, by means of
modified stems (rhizomes, stolons,
tubers), or by use of specialized
dormant structures (hibernacula) in
the sediment. “Winter buds” are a
kind of hibernaculum; buds are in-
sulated by normal foliage leaves
on shortened internodes. They
usually remain attached to the
plant. Turions are specialized hi-
bernacula that produce modified,
morphologically distinct leaves to
protect the enclosed buds. Turions
always detach from the plant and
function as propagules for dis-
persal. Water plants also disperse
vegetatively by fragmentation of
stems, which are characteristically
brittle, due to the lack of mechani-
cal tissue. Detached stems can es-
tablish themselves by production
of adventitious roots.

The few aquatic plants that are annuals produce
seeds as their dormant stage. Some aquatic annuals
also multiply vegetatively by fragmentation dur-
ing the growing season. Generally, sexual repro-
duction is rare in submersed species, more com-
mon in floating-leaved species, and quite common
in emergent species (and annuals).

Pollination in water plants is facilitated by in-
sects (entomophily), wind (anemophily), and
water (hydrophily). Most aquatics are insect-
pollinated; about one-third of them are wind-
pollinated. Less than 5 percent of aquatic species
are hydrophilous, with pollen transported on the
water surface (ephydrophily) or under the water
surface (hyphydrophily). Most marine angio-
sperms (seagrasses) are hydrophilous.

Seeds, fruits, and vegetative propagules are dis-
persed locally by water currents and more widely
by waterfowl. Waterfowl transport propagules in
plumage, in mud adhering to their feet, and by ex-
cretion of seeds consumed as food. Many water
plants are distributed broadly, with some species
achieving worldwide distributions.
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Afreshwater pond with large water lilies near Charleston, South Carolina.



Uses
Aquatic plants are important economically.

Foods include rice (Oryza sativa), which sustains
more human life than any other plant on earth.
Aquatic plants are important horticulturally as
aquarium and water-garden ornamentals. Some
aquatic plants, such as the water hyacinth, are inva-
sive weeds that interfere with shipping, irrigation,
or recreation and cost millions of dollars to eradi-

cate. The beauty of many water plants, especially
water lilies, has inspired art and religion since an-
cient times.

Donald H. Les

See also: Adaptations; Angiosperm evolution; An-
giosperms; Eutrophication; Invasive plants; Ma-
rine plants; Peat; Pollination; Rice; Wetlands.

Sources for Further Study
Arber, Agnes. Water Plants: A Study of Aquatic Angiosperms. London: Cambridge University

Press, 1920. First comprehensive treatment of aquatic plants written in English.
Cook, Christopher D. K. Aquatic Plant Book. Rev ed. Amsterdam: SPB Academic Publishing,

1996. A comprehensive taxonomic key for identifying most major aquatic plant groups
(families and genera) worldwide.

Kasselmann, Christel. Aquarium Plants. Melbourne, Fla.: Krieger, 2002. Athorough reference
on the cultivation of ornamental aquatic plants.

Sculthorpe, C. Duncan. The Biology of Aquatic Vascular Plants. London: Edward Arnold, 1967.
Excellent overview of all aspects of water plant biology.

ARCHAEA

Categories: Bacteria; evolution; paleobotany; taxonomic groups

The domain Archaea represents a diverse group of prokaryotes originally found in environments once considered to
be hostile to life, now known to be widely distributed in nature.

The cycling of plant nutrients, such as carbon, ni-
trogen, and sulfur, requires the activity of mi-

croorganisms that convert these elements to forms
readily available to plants. These microorganisms,
which are generally found in both soil and water,
include both prokaryotic organisms of the domain
Bacteria and the domain of prokaryotes called
Archaea, which play significant roles in nutrient cy-
cling. Along with Eukarya, to which protists, fungi,
plants, and animals belong, the Archaea form one of
the three domains of life. The Archaea are related to
both Bacteria and Eukarya and, in some respects, ap-
pear to be more closely related to Eukarya. Biochem-
ical and genetic studies, including information ob-
tained from whole genome sequencing, suggest
that Archaea may be closely related to an ancestor
that gave rise to both Bacteria and Eukarya. Thus,
Archaea may provide some insight into the pro-

cesses that resulted in the evolution of higher life-
forms, including plants and animals.

A Third Domain
For more than fifty years, biologists categorized

living organisms into two groups based on their
cellular organization and complexity: prokaryotes
(originally all classified in kingdom Monera), the
single-celled organisms whose chromosomes are
not compartmentalized inside a nucleus (which in-
clude the domain Bacteria), and eukaryotes, consist-
ing of all other organisms, whose cells contain a nu-
cleus. In the late 1970’s studies on a unique group of
microorganisms led investigators to question the
accepted classification of prokaryotes. Originally
called Archaebacteria by molecular biologist Carl
Woese and his colleagues in 1977, these microor-
ganisms were isolated from environments charac-
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