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�� Adaptive Radiation

FIELDS OF STUDY
Ecology; Environmental Studies; Evolutionary Biol-
ogy; Evolutionary Botany 

ABSTRACT 
In adaptive radiation, numerous species evolve from 
a common ancestor introduced into an environment 
with diverse ecological niches. The progeny evolve 
genetically into customized variations of themselves, 
each adapting to survive in a particular niche.

KEY CONCEPTS 
• allele: a genetic trait encoded in the DNA 

(deoxyribonucleic acid) molecule
• mutation: any abnormal alteration of the struc-

ture of an organism’s DNA, typically by an exter-
nal factor such as nuclear radiation, cosmic ray 
impingement, or a chemical interaction. The 
vast majority of mutations are detrimental to 
the survival of the individual and do not get 
passed on to offspring

• natural selection: an environment-  driven process 
in which organisms having genetic characteristics 
that enable them to survive and reproduce more 
effectively in a particular environment become 
the dominant species in that environment, and 
may eventually become separate species from 
their original forms

Adaptive Radiation and Genetics
In 1898 Henry F. Osborn identified and developed 
the evolutionary phenomenon known as adap-
tive radiation, whereby different forms of a species 
evolve, quickly in evolutionary terms, from a common 
ancestor. According to the principles of natural selec-
tion, organisms that are the best adapted (most fit) 

to compete will live to reproduce and pass their suc-
cessful traits on to their offspring. The process of 
adaptive radiation illustrates one way in which natural 
selection can operate when members of one popula-
tion of a species are cut off or migrate to a different 
environment that is isolated from the first. Such isola-
tion can occur from one patch of plantings to another, 
from one mountaintop or hillside to another, from 
pond to pond, or from island to island. Faced with 
different environments, the group will diverge from 
the original population and in time become different 
enough to form a new species.

Henry F. Osborn (photo courtesy of AMNH)
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Genetic Changes
In a divergent population, the relative numbers of 
one form of allele (characteristic) decrease, while 
the relative numbers of a different allele increase. 
New environmental pressures will select for favor-
able alleles that may not have been favored in the 
old environment. Over successive generations, 
therefore, a new gene created by random muta-
tion (change) may replace the original form of 
the gene if, for example, the trait encoded by that 
gene allows the divergent group to cope better with 
environmental factors, such as food sources, preda-
tors, or temperature. The result in the long term is 
that DNA changes sufficiently through the growth 
of divergent populations to allow new generations 
to become significantly different from the original 
population. In time, they are unable to reproduce 
with members of the original species and become a 
new species.

Galápagos Islands Case Study
Adaptive radiation occurs dramatically when a spe-
cies migrates from one landmass to another. This 
may occur between islands or between continents 
and islands. A classic example of adaptive radiation 
is the evolution of finches noted by Charles Darwin 
during his trips to the Galápagos Islands off the west 
coast of South America. Several species of plants and 
animals had migrated to these islands from the South 
American mainland by means of flight, wind, ocean 
debris, or other means of transport. Finches from the 
mainland—  perhaps aided by winds—  settled on fif-
teen of the islands in the Galápagos group and began 
to adapt to the various unoccupied ecological niches 
on those islands, which differed. Over several gen-
erations, natural selection favored a variety of finch 
species with beaks adapted for the different types of 
foods available on the different islands. As a result, 
several species of different finches evolved, roughly 
simultaneously, on these islands.

Hawaiian Silversword Alliance
Although plants seem unable to “migrate” as birds 
and other animals do, adaptive radiation occurs in 
the plant world as well. In the Hawaiian Islands, for 
example, twenty-  eight species of the Asteraceae family 
are known together as the Hawaiian silversword alli-
ance. The entire group appears to be traceable to one 
ancestor, thought to have arrived on the island of Kauai 
from western North America. The silverswords—  which 

compose three genera, Argyroxiphium, Dubautia, and 
Wilkesia—  have since evolved into twenty-  eight species, 
and this speciation came about due to major ecological 
shifts. These plants are therefore prime examples of 
adaptive radiation.

Within the silversword alliance, different species 
have adapted to widely varying ecosystems found 
throughout the islands. Argyroxiphium sandwicense, 
for example, is endemic to the island of Maui and 
grows at high elevations from 6,890 to 9,843 feet 
(2,100 to 3,000 meters) on the dry, alpine slopes of 
the volcano Haleakala. This species has succulent 
leaves covered with silver hairs. It is thought that the 
hairs lessen the pace of evaporative moisture loss 
and protect the leaves from the sun. In contrast, spe-
cies of the genus Dubautia that grow in wet, shady 
forests have large leaves that lack hairs.

Despite their “customized” physiologies, the 
silverswords that have evolved in Hawaii are all 
closely related to one another, so much so that any 
two can hybridize. Studies of the silverswords have 
provided what geneticist Michael Purugganan 
called a “genetic snapshot of plant evolution.” 
Adaptive radiation is one window into how new 
plant structures arise.

Further Reading
Givnish, Thomas J., and Kenneth J. Sytsma, eds. 

Molecular Evolution and Adaptive Radiation. Cam-
bridge UP, 2000.

Robichaux, Robert, et al. “‘Radiating’ Plants.” 
Endangered Species Bulletin Update, March/April, 
1999, S4–  S5.

Schluter, Dolph. The Ecology of Adaptive Radiation. 
Oxford, England: Oxford University Press, 2000.

—  Jon P. Shoemaker, updated by Christina J. Moose

�� African Flora

FIELDS OF STUDY
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ABSTRACT
Listed in order of decreasing land area, the three 
main biomes of Africa are subtropical desert, tropical 
savanna, and tropical forest. The flora in southern 
Africa has been most studied. The flora of central 
and northern Africa is less known.
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KEY CONCEPTS
• biome: a major ecological community or com-

plex of communities extending over a large 
area and dominated by a particular kind of 
vegetation

• ephemerals: flowering plants that mature and 
reproduce very rapidly in arid and semiarid 
regions after receiving a sufficient amount of 
rain

• succulents: plant species such as the aloe plant, 
characterized by thick, fleshy leaves and waxy 
coatings that help to prevent water loss

African Biomes
Listed in order of decreasing land area, the three 
main biomes of Africa are subtropical desert, tropical 
savanna, and tropical forest. The flora in southern 
Africa has been most studied. The flora of central 
and northern Africa is less known.

The subtropical desert biome is the driest of the 
biomes in Africa and includes some of the driest loca-
tions on earth. The largest desert region is the Sahara 
in northern Africa. It extends from near the west 
coast of Africa to the Arabian Peninsula and is part of 
the largest desert system in the world, which extends 
into south central Asia. A smaller desert region in 
southern Africa includes the Namib Desert, located 
along the western half of southern Africa, especially 
near the coast, and the Kalihari Desert, which is pri-
marily inland and east of the Namib Desert.

Where more moisture is available, grasslands pre-
dominate, and as rainfall increases, grasslands gradu-
ally become tropical savanna. The difference between 
a grassland and a savanna is subjective but is in part 
determined by tree growth, with more trees character-
izing a savanna. The grassland/tropical savanna biome 
forms a broad swath across much of central Africa and 
dominates much of eastern and southern Africa.

Tropical forests make up a much smaller area of 
Africa than the other two biomes. They are most abun-
dant in the portions of central Africa not dominated by 
the grassland/tropical savanna biome and are not far 
from the coast of central West Africa. Scattered tropical 
forest regions also occur along major river systems of 
West Africa, from the equator to almost southern Africa.

Subtropical Desert
The subtropical deserts of Africa seem, at first, to be 
nearly devoid of plants. While this is true for some 
parts of the Sahara and Namib Deserts that are 

dominated by sand dunes or bare, rocky outcrops, 
much of the desert has a noticeable amount of plant 
cover. The Sahara is characterized by widely distrib-
uted species of plants that are found in similar habi-
tats. The deserts of southern Africa have more 
distinctive flora, with many species endemic to spe-
cific local areas.

Succulents of the Subtropical Desert
To survive the harsh desert climate, plants use sev-
eral adaptations. Mesembryanthemum, whose species 
include ice plant and sea figs, is a widespread genus, 
with species occurring in all of Africa’s deserts. It 
typically has thick, succulent leaves. Such succu-
lents store water in their leaves or stems, which they 
retain by using a specialized type of photosynthesis. 
Most plants open their stomata (small openings in 
the leaves) during the day to get carbon dioxide 
from the surrounding air. This would lead to high 
amounts of water loss in a desert environment, so 
succulents open their stomata at night. Through 
a biochemical process, they store carbon dioxide 
until the next day, when it is released inside the 
plant so photosynthesis can occur without opening 
the stomata.

To prevent water loss, many succulents have no 
leaves at all. Anabasis articulata, found in the Sahara 
desert, is a leafless succulent with jointed stems. Cacti 
are found only in North and South America, but a 
visitor to the Sahara would probably be fooled by cer-
tain species in the spurge family that resemble cacti. 
For example, Euphorbia echinus, another Saharan 
plant, has succulent, ridged stems with spines. The most 
extreme adaptation in succulents is found in the 

Lianas in a forest (photo courtesy of Moorthy Mathavan)
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living stones of southern Africa. Their plant body is 
reduced to two plump, rounded leaves that are very 
succulent. They hug the ground, sometimes partially 
buried, and have camouflaged coloration so that 
they blend in with the surrounding rocks and sand, 
thus avoiding being eaten by grazing animals. Other 
succulents, such as the quiver tree, attain the size and 
appearance of trees.

Water- Dependent Plants of the Subtropical Desert
Water- dependent plants are confined to areas near a 
permanent water source, such as a spring. The most 
familiar of these plants is the date palm, which is a 
common sight at desert oases. Tamarind and acacia 
are also common where water is available. A variety of 
different sedges and rushes occur wherever there is 
abundant permanent freshwater, the most famous of 
these being the papyrus, or bulrush.

Ephemerals of the Subtropical Desert
Annuals whose seeds germinate when moisture 
becomes available and quickly mature, set seed, and 
die, are called ephemerals. These plants account 
for a significant portion of the African desert flora. 
A majority of the ephemerals are grasses. Ephem-
erals are entirely dependent on seasonal or sporadic 
rains. A few days after a significant rain the desert 
turns bright green, and after several more days 
flowers, often in profusion, appear. Some ephem-
erals germinate with amazing speed, such as the 
pillow cushion plant, which germinates and pro-
duces actively photosynthesizing seed leaves only 
ten hours after being wetted. Reproductive rates 
for ephemerals, and even for perennial plants, are 
rapid. Species of morning glory can complete an 
entire life cycle in three to six weeks.

Tropical Savanna
Tropical savanna ranges from savanna grassland, 
which is dominated by tall grasses lacking trees or 
shrubs, to thicket and scrub communities, which are 
composed primarily of trees and shrubs of a fairly 
uniform size. The most common type of savanna in 
Africa is the savanna woodland, which is composed 
of tall, moisture- loving grasses and tall, deciduous 
or semideciduous trees that are unevenly distrib-
uted and generally well spaced. The type of savanna 
familiar to viewers of African wildlife documentaries 
is the savanna parkland, which is primarily tall grass 
with widely spaced trees.

Savanna Grasses and Herbs
Grasses represent the majority of plant cover 
beneath and between the trees. In some types 
of savanna, the grass can be more than 6 feet 
(1.8 meters) high. Although much debated, two 
factors seem to perpetuate the dominance of 
grasses: seasonal moisture with long intervening 
dry spells and periodic fires. Given excess mois-
ture and lack of fire, savannas seem inevitably 
to become forests. Activities by humans, such as 
grazing cattle or cutting trees, also perpetuate, or 
possibly promote, grass dominance.

A variety of herbs exist in the savanna, but they are 
easily overlooked, except during flowering periods. 
Many of them also do best just after a fire, when they 
are better exposed to the sun and to potential polli-
nators. Plants such as hibiscus and coleus are familiar 
garden and house plants popular the world over. 
Vines related to the sweet potato are also common. 
Many species from the legume or pea and sunflower 
families are present. Wild ginger often displays its 
showy blossoms after a fire.

Savanna Trees and Shrubs
Trees of the African savanna often have relatively 
wide- spreading branches that all terminate at about 
the same height, giving the trees a flat- topped appear-
ance. Many are from the legume family, most notably 
species of Acacia, Brachystegia, Julbernardia, and Isober-
linia. With the exception of acacias, these are not well 
known outside Africa. There is an especially large 
number of Acacia species ranging from shrubs to 
trees, many with spines. A few also have a symbiotic 
relationship with ants that protect them from herbi-
vores. The hashab tree, a type of acacia that grows in 
more arid regions, is the source of gum arabic.

Although not as prominent, the baobab tree is 
renowned for its large size and odd appearance and 
occurs in many savanna regions. It has an extremely 
thick trunk with smooth, gray bark and can live for 
up to two thousand years. Many savanna trees also 
have showy flowers, such as the flame tree and the 
African tulip tree.

Tropical Forest
The primary characteristics of African tropical forests 
are their extremely lush growth, high species diver-
sity, and complex structure. The diversity is often so 
great that a single tree species cannot be identified 
as dominant in an area. Relatively large trees, such 
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as ironwood, iroko, and sapele, predominate. Forest 
trees grow so close together that their crowns overlap, 
forming a canopy that limits the amount of light that 
falls beneath them. A few larger trees, called emer-
gent trees, break out above the thick canopy.

A layer of smaller trees live beneath the main 
canopy. A few smaller shrubs and herbs grow near 
the ground level, but the majority of the herbs and 
other perennials are epiphytes, plants that grow 
on other plants. On almost every available space 
on the trunks and branches of the canopy trees 
there are epiphytes that support an entire, unique 
community. All this dense plant growth is sup-
ported by a monsoon climate in which 60 inches  
(150 centimeters) or more of rain often falls annu-
ally, most of it in the summer.

Lianas and Epiphytes
Lianas are large, woody vines that cling to trees, 
many of them hanging down near to the ground. 
They were made famous by Tarzan movies. Many 
lianas belong to families with well- known temperate 
vine species, such as the grape family, morning glory 
family, and cucumber family. Other, related plants 
remain intimately connected to the trunks of trees. 
One of these, the strangler fig, is a strong climber 
that begins life in the canopy.

The fruits are eaten by birds or monkeys, and the 
seeds are deposited in their feces on branches high 
in the canopy. The seeds germinate and send a stem 
downward to the ground. Once the stem reaches the 
ground, it roots; additional stems then develop and 
grow upward along the trunk of the tree. After many 
years, a strangler fig can so thoroughly surround a tree 
that it prevents water and nutrients from flowing up 
the trunk. Eventually, the host tree dies and rots away, 
leaving a hollow tube of mostly strangler fig. Other 
climbers include members of the Araceae family, the 
most familiar being the ornamental philodendron.

The most common epiphytes are bryophytes, 
lower plants related to mosses, and lichens, a sym-
biotic combination of algae (or cyanobacteria) 
and fungus. The most abundant higher plants are 
ferns and orchids. As these plants colonize the 
branches of trees, they gradually trap dust and 
decaying materials, eventually leading to a thin 
soil layer that other plants can use. Accumulations 
of epiphytes can be so great in some cases that tree 
branches break from their weight. Epiphytes are 
not parasites (although there are some parasitic 

plants that grow on tree branches); they simply 
use the host tree for support.

Tropical Forest Floor Plants
Grasses are almost entirely absent from the forest 
floor; those that grow there have much broader 
leaves than usual. Some forest- floor herbs are able 
to grow in the deep shade beneath the canopy, occa-
sionally being so highly adapted to the low light that 
they can be damaged if exposed to full sunlight. 
Some popular house plants have come from among 
these plants, because they do not need direct sun-
light to survive. Still, the greatest numbers of plants 
occur beneath breaks in the canopy, where more 
light is available.

Further Reading
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ABSTRACT
The study of algae is known as phycology (phyco-  
comes from the ancient Greek word phūkos, meaning 
“seaweed”). Algae were once considered to be lower 
plants because some forms look like plants. The pri-
mary photosynthetic pigment in algae is chlorophyll 
a, and oxygen is produced during photosynthesis. 
Scientists moved algae out of the Plantae kingdom  
(in the Eukarya domain) and into the Protista kingdom.
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KEY CONCEPTS
• chloroplast: term for any chlorophyll- containing 

organelle in plant and algae cells
• flagellum (pl: flagella): relatively long, fine, 

whip- like structures on the surface of cells, used 
to impart motion

• photoautotrophy: the ability of algae and other 
organisms to produce their food directly, typi-
cally through photosynthesis

It’s a Plant…No, It’s a Protist
The study of algae is known as phycology (phyco-  
comes from the ancient Greek word phūkos, 
meaning “seaweed”). In the past, algae were con-
sidered to be lower plants because some forms 
look like plants. As in plants, the primary photo-
synthetic pigment in algae is chlorophyll a, and 
oxygen is produced during photosynthesis. As the 
variety and complex evolutionary history of algae 
began to be studied, scientists moved algae out of 
the Plantae kingdom (in the Eukarya domain) and 
into the Protista kingdom.

After it was determined that cyanobacteria, a 
phylum of prokaryotic organisms often referred to 
as blue- green algae, is not actually a type of algae, 
its classification was moved to the Bacteria domain. 
Even though cyanobacteria are photosynthetic 
and aquatic, the only relation that the group has to 
algae is the chloroplast. However, the name “blue- 
green algae” is often used when discussing aquatic 
organisms capable of making their own food.

As studies of the protists progressed, it was 
determined that they should not necessarily all be 
lumped into one kingdom, and thus the protists 
became loosely grouped under Eukarya. Some 
types of algae are considered protists, including 
those that are Chromista (a eukaryotic supergroup 
that is sometimes considered its own kingdom), 
while others continue to be considered plants 
(including the Chlorophyta) by certain scientists. 
Many algae are loosely grouped by color, as green, 
red, and brown algae.

What Are Algae?
Algae can be found nearly everywhere on Earth: 
oceans, rivers, lakes, in the snow of mountaintops, 
on forest and desert soils, on rocks, on plants and 
animals (such as within the hollow hair of polar 
bears living in a zoo and the pelts of sloths in the 
wilds), or even on other algae. They are involved 

in diverse interactions with other organisms, 
including symbiosis, parasitism, and epiphytism.

Lichens are symbiotic associations between cya-
nobacteria and fungi. Atmospheric nitrogen- fixing 
cyanobacteria occur in symbiotic associations with 
plants such as bryophytes, water ferns, gymnosperms 
(such as cycads), and angiosperms. The aquatic fern 
Azolla, commonly used as a biofertilizer in rice fields 
in Asian countries, harbors the symbiotic cyanobac-
terium Anabaena azollae. Gunnera, the only flowering 
plant to house symbiotic cyanobacterium Nostoc, is 
widely distributed in the tropics.

Symbiotic dinoflagellates known as zooxan-
thellae live within the tissues of corals. Corals get 
their colors and obtain energy from their photo-
synthetic symbionts. About 15 percent of red algae 
occur as parasites of other red algae. Parasitic 
algae may even transfer nuclei into host cells and 
transform them. After transformation, the repro-
ductive cells of the host algae carry the parasite’s 
genes. Various algae live on the surfaces of plants 
and other algae as epiphytes. Sometimes algae can 
be found in strange places— the pink color of fla-
mingos, for example, comes from a pigment in the 
algae consumed by these birds.

Algal Structure and Properties
Algal cells are bounded by a cell wall. Cynaobac-
teria, which used to be considered prokaryotic algae, 
lacks both a nucleus and complex membrane- bound 
organelles, namely chloroplasts and mitochondria. 
Photosynthesis occurs in cyanobacteria in thylakoid 
membranes similar to those of plants. However, there 
is no double membrane surrounding the thylakoids 
of cyanobacteria.

All algal groups are eukaryotic. Eukaryotic algae 
differ from cyanobacteria in that they possess chlo-
roplasts and flagella with associated structures and 
in their cell wall composition. According to the 
endosymbiont hypothesis, some eukaryotic algae 
(red and green algae) obtained their chloroplasts by 
acquiring symbiotic prokaryotic cyanobacteria. This 
is known as primary endosymbiosis. Other eukary-
otic algae probably obtained their chloroplasts by 
taking up eukaryotic endosymbiotic algae, a process 
known as secondary endosymbiosis. The existence 
of secondary endosymbiosis is indicated by the 
occurrence of more than two membranes around 
the chloroplasts of some algae, such as haptophytes, 
euglenophytes, dinoflagellates, and cryptomonads.
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Pigments found in algae include chlorophylls, 
phycobilins, and carotenoids. All algae contain 
chlorophyll a. Accessory pigments vary among dif-
ferent algal groups. For example, green algae also 
contains chlorophyll b.

Photoautotrophy is the principal mode of 
nutrition in algae; in other words, they are “self- 
feeders,” using light energy and a photosynthetic 
apparatus to produce their own food (organic 
carbon) from carbon dioxide and water. The 
majority of algal groups contain heterotrophic spe-
cies, which obtain their organic food molecules by 
consuming other organisms. Numerous algae are 
mixotrophs; that is, they use different modes of 
nutrition (such as autotrophy and heterotrophy), 
depending on the availability of resources. The 
molecules used as food reserves differ among and 
are characteristic for algal groups. Food reserve 
molecules are polymers of glucose with different 
links between monomers.

Many algae are capable of movement. Move-
ment is accomplished by means of flagellar action 
and by extrusion of mucilage. There are also peri-
staltic and amoeba- like algal movement. Within 
algal cells, movement of the cytoplasm, plastids, 
and nucleus also occurs. Advantages conferred 
by mobility include achieving optimal light condi-
tions for photosynthesis, avoiding damage caused 
by excess light, and obtaining inorganic nutrients.

Algal Reproduction and Life Cycles
Algae may reproduce either asexually or sexually. 
Asexual reproduction among algae includes the 
production of unicellular spores that germinate 
without fusing with other cells, fragmentation of 
filamentous forms, and cell division by splitting. 
In sexual reproduction, parent cells release gam-
etes, which then fuse to form a zygote. Zygotes 
may either develop into new filaments or produce 
haploid spores by meiotic division.

Algae exhibit different types of life cycles. Some 
algal life cycles are characterized by an alternation 
of generations similar to that of plants. Two phases 
occur: sporophyte (usually diploid) and gameto-
phyte (usually haploid). The sporophyte produces 
haploid spores through meiosis, and the haploid 
gametophyte produces male or female gametes 
by mitosis. Gametophyte and sporophyte may be 
structurally identical or dissimilar, depending on 
the algal group.

Roles of Algae
Algae and the semirelated cyanobacteria have played 
significant roles in Earth’s ecosystems since the origin 
of cyanobacteria more than three billion years ago. 
Early cyanobacteria were responsible for the devel-
opment of significant amounts of free oxygen in the 
atmosphere, which then made aerobic respiration 
possible. More than 70 percent of all photosynthetic 
activity on earth is carried out by phytoplankton— 
floating microscopic algae— rather than plants. Phy-
toplankton recharge the atmosphere with oxygen 
and simultaneously absorb carbon dioxide, helping 
to support the complex web of aquatic biota.

Algae are also very important in the global 
cycling of other elements, such as carbon, nitrogen, 
phosphorus, and silicon. Several algal groups— 
such as green algae, red algae, and the haptophyte 
algae— are able to generate calcium carbonate. Sedi-
mented algae are the major contributors to deep- sea 
carbonate deposits (sand), which cover about half of 
the world’s ocean floor. Calcified coralline red algae 
contribute to coral reefs in tropical waters. Silica 
sediments in oceans (sand) are based on abundant 
growth of another algal group, the diatoms, which 
contain silica in their cell walls.

Cyanobacteria are able to fix atmospheric 
nitrogen and convert it to ammonia. Ammonia, in 
turn, can be a nitrogen source for plants and ani-
mals. On the other hand, high levels of nitrogen 
and phosphorus in rivers and lakes owing to pollu-
tion can cause the rapid and uncontrollable growth 
of algae, known as algal blooms. A bloom of algae is 
a threat to human and marine health, both directly 
and indirectly. It clogs fishes’ gills, interferes with 
water filters, and ruins recreation sites. More than 
50 percent of algal blooms produce toxins. Cases of 
human respiratory, skin, and gastrointestinal disor-
ders associated with algal toxins have been reported. 
Certain blooms of algae are called red tides. The 
water appears to be red or brown because of the 
color of algal bodies, mainly dinoflagellates that con-
tain the pigment xanthophyll.

Technological Applications
Algae have been used as food, medicine, and fertil-
izer for centuries. The earliest known reference to 
the use of algae as food occurs in Chinese poetic lit-
erature dated about 600 BCE. More recently, algae 
have played important roles in certain biotechnolog-
ical processes, including algaculture.
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Red, brown, and green algae, as well as cyanobac-
teria, are used for food in Pacific and Asian countries, 
especially Japan. The annual harvest of the red 
alga Porphyra worldwide is worth several billion dol-
lars. Porphyra (laver, Japanese nori, Chinese zicai) is 
used as a wrapper for sushi or may be eaten alone. 
Another edible alga with a high iodine content is the 
brown alga Laminaria (kelp, Japanese kombu). The 
cyanobacterium Spirulina, with a protein level of 50 to 
70 percent, was cultivated for centuries by indigenous 
Central Americans at Lake Texcoco near modern- day 
Mexico City for use as human food. Its modern- day 
use began in the late twentieth century, and it has 
become a popular dietary supplement.

Several gelling agents are produced from red 
and brown algae. Agar from red algae is used as a 
medium for culturing microorganisms including 
algae, as a food gel, and in pharmaceutical capsules. 
Red algal carrageenan is used in toothpaste, cos-
metics, and food such as ice cream and chocolate 
milk. Alginates from brown algae have extensive 
applications in the cosmetics, soap, and detergent 
industries. Sources of alginates are Laminaria, some 
Fucus species, and the giant kelp Macrocystis, which 
can grow to more than sixty meters long. Algae are 
also used as feed in the culture of commercially 
important fish and shrimp.

Mass cultivation of algae (microalgae)— in open 
ponds and photobioreactors for the production 
of fuels (such as biomass) and biochemicals (such 
as carotenoids, amino acids, and carbohydrates) 
and for water purification— is a rapidly devel-
oping area based on the use of solar energy as an 
energy source. The green alga Dunaliella is used 
in the industrial production of carotene. In waste-
water treatment plants, algae are used to remove 
nutrients and heavy metals and to add oxygen to 
the water.

Algaculture, or the farming of algae, has been 
considered as a replacement for when land is not 
suitable for agriculture. Algal fuel (also called 
algal biofuel) may include biodiesel, biogasoline, 
bioethanol, biomethanol, biobutanol, and veg-
etable oil. The production of algae is expensive, 
but algal fuel has the potential to produce more 
biomass per unit in a given year than any other 
type of biomass. Its yield has been reported to be 
between ten and one hundred times more than 
other biofuel crops. Algae releases carbon dioxide 
when burned, but this is offset by the growing of 
algal and other biofuels that take carbon dioxide 
out of the atmosphere. Algae can also be grown 
in freshwater, ocean saltwater, and even in waste-
water. Algaculture has minimal impact on water 
resources and is considered harmless to the envi-
ronment if spilled.

Algae are used worldwide as indicators (bio-
monitors) of water quality, helping detect the 
presence of toxic compounds in water samples. 
Several fast- growing algae are used, including the 
green alga Selenastrum capricornutum. Many algae 
are widely employed as research tools because they 
are easy to culture and manipulate. Danish biolo-
gist Joachim Hammerling’s experiments with the 

Algae growing on a tree bark (photo courtesy of Vijayanraja- 
puram)
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green alga Acetabularia identified the nucleus as 
the likely storage site of hereditary information.

Diversity
Estimates for how many species of algae exist vary 
widely. Taxonomists believe that there could be 
anywhere between thirty thousand to one million 
species of algae, or possibly ten million or more. 
Molecular comparisons using nucleotide sequences 
in ribosomal RNA (ribonucleic acid) suggest that 
algae do not fall within a single group linked by a 
common ancestor but that they evolved indepen-
dently. Algae are divided into approximately fif-
teen phyla, which differ in their photosynthetic 
pigments, food reserves, cell structure, and repro-
duction. These groups include euglenoids, cryp-
tomonads, dinoflagellates, haptophytes, and red 
algae, among others.

Phylum Euglenophyta contains mostly unicel-
lular forms with one or two flagella. Only one- third 
of this group possess chlorophyll- containing chloro-
plasts. Other euglenoids are strictly heterotrophic. 
The phylum contains more than 900 mostly fresh-
water species. The food reserve is the carbohydrate 
paramylon, a polymer of glucose. Euglenophytes 
have chlorophyll a and b as well as carotenoids as 
their photosynthetic pigments. There is no cell 
wall. Cells have several small chloroplasts; each 
is surrounded by three membranes. A relative of 
euglenophytes is the protozoan Trypanosoma, which 
causes the human disease African sleeping sick-
ness. Reproduction in the euglenophytes occurs by 
the division of cells.

Phylum Cryptophyta includes unicellular bifla-
gellates. In addition to chlorophyll a, chloroplasts 
can contain chlorophyll c, carotenoids, and phy-
cobilins. The carotenoid pigment alloxanthin 
is unique to Cryptophyta. Four membranes sur-
round each chloroplast. Chloroplast endoplasmic 
reticulum borders the chloroplasts. The principal 
food reserve is starch. Instead of a typical cell wall, 
a periplast composed of protein plates occurs 
beneath the cell membrane. There are about 
200 freshwater and marine species. Reproduction 
is primarily asexual.

Members of the phylum Dinophyta, or dinofla-
gellates, have unicellular forms with two different 
flagella. There are an estimated two thousand to 
four thousand marine species and about 200 fresh-
water forms. Many have chlorophylls a and c as well 

as the unique carotenoid peridinin. Some members 
of Dinophyta have fucoxanthin. Chloroplasts have 
three closely associated membranes. The primary 
food reserve is starch, but lipids are also impor-
tant storage molecules. A dinoflagellate cell is not 
surrounded by a cell wall but has a theca (a sort of 
armor) made of cellulose. Dinoflagellates can repro-
duce asexually and sexually.

Phylum Haptophyta includes primarily marine 
unicellular biflagellated algae. A haptophyte cell 
also has a flagellum- like haptonema, used to capture 
food. There are about 300 species. The photosyn-
thetic pigments include chlorophyll a and accessory 
pigments chlorophyll c and the carotenoid fucoxan-
thin. Each chloroplast has four membranes. The 
food reserve is chrysolaminarin, which is a polymer 
of glucose. Several layers of scales, or coccoliths, 
composed primarily of calcium carbonate may cover 
the haptophyte cell. Asexual and sexual reproduc-
tion is widespread.

Phylum Rhodophyta, or the red algae, has 
between 4,000 and 6,000 species. Red algae lack 
any flagellated stages. The photosynthetic pig-
ments include chlorophyll a as well as accessory 
phycobilins and carotenoids. Two membranes 
surround each chloroplast. The food reserve is 
a floridean starch. A red algal cell is encircled by 
a wall composed of cellulose. Asexual and sexual 
reproduction, as well as alteration of generations, 
are widespread among Rhodophyta. A triphasic life 
cycle is unique for this group of algae.
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�� Allelopathy

FIELDS OF STUDY
Plant Biochemistry; Plant Pathology; Plant Physi-
ology; Soil Chemistry 

ABSTRACT
For an allelopathic interaction to occur, chemicals 
must be released into the environment by one plant 
that will affect the growth of another. In this way 
allelopathy differs from competition, which involves 
removal of some factor from the environment that is 
shared with other plants. Allelopathy was recognized 
as early as Theophrastus (300 BCE), who pointed 
out that chick pea plants destroy weeds growing 
around them.

KEY CONCEPTS
• allelochemicals: compounds that are produced 

naturally by a species that make establishment 
or survival of competing species unfavorable

• competition: occurs when two or more species 
must utilize the same resources within the same 
area

• micronutrients: essential minerals and materi-
als that are present or that are required only 
in very small quantities to maintain the growth 
and health of an organism

Eliminating the Competition
For an allelopathic interaction to occur, chemi-
cals must be released into the environment by one 
plant that will affect the growth of another. In this 
way allelopathy differs from competition, which 
occurs when plants in the same area utilize the same 
resources. Competition typically involves removal 
of some factor from the environment that is shared 
with other plants. Allelopathy was recognized as early 
as Theophrastus (300 BCE), who pointed out that 
chickpea plants destroy weeds growing around them.

Methods of Action
A variety of different allelochemicals are produced 
by plants, usually as secondary metabolites that 
do not have a specific function in the growth and 
development of the host plant but that do affect 
the growth of other plants. Originally plant physi-
ologists thought these secondary products were 
simply metabolic wastes which plants had to store 

because they do not have an excretory system as 
animals do. Their various functions are now begin-
ning to be understood.

One class of allelochemicals, coumarins, block or 
slow cell division in the affected plant, particularly in 
root cells. In this way growth of competing plants is 
inhibited, and seed germination can be prevented. 
Several kinds of allelochemicals, including flavo-
noids, phenolics, and tannins, suppress or alter hor-
mone production or activity in competing plants. 
Other chemicals, including terpenes and certain 
antibiotics, alter membrane permeability in host cells, 
making them either leaky or impermeable. In some 
cases, membrane uptake can be enhanced, particu-
larly for micronutrients in low concentration in the 
soil. Finally, a variety of allelochemicals have both 
positive and negative effects on metabolic activity of 
the affected plant.

Allelopathy in Agriculture
Most of the negative effects of weeds on crop plants 
have been attributed to competition; however, exper-
iments using weed extracts have demonstrated that 
many weeds produce allelochemicals. Similarly, 
some crop plants are allelopathic to others and them-
selves, including wheat, corn, and rice. In these cases 
the residues of one year’s crop can interfere with 
crop growth in subsequent years. This is increasingly 
important for farmers to consider if they are seeking 
to incorporate low- tillage methods to reduce soil 
erosion. To minimize these effects, some of the tra-
ditional techniques of cover cropping, companion 
cropping, and crop rotation must be employed. 
Known allelopaths are also beginning to be used as 
biological control agents to manage invasive and 
weedy plant species.

Allelopathy in Nature
Several tree species, including black walnut, black 
locust, and various pines, are known to produce 
allelochemicals, such as the terpene compound 
juglone from the roots of the black walnut tree and 
acidic compounds called tannins from oak tree 
leaves, that inhibit the growth of understory spe-
cies. In some cases this is a result of drip from the 
foliage or leachate from fallen leaves and fruit. In 
other cases, roots secrete allelochemicals that kill 
seedlings of other plants. Bracken fern (Pteridium 
aquilinum) is known to affect the growth of many 
other plants.




