
 

4.4 Terrestrial biomes
Different biogeographers recognize different numbers of biomes; some make 
do with just five biomes and others find they need many more. The perspective
of the scientist is as important as the system being studied; ‘splitters’ tend to 
distrust broad generalizations and emphasize the diversity of the natural world,
whereas ‘lumpers’ force diversity into a minimum of easily mapped categories.
The following are adequate for our purposes – tropical rain forest, savanna, 
temperate grassland, chaparral, desert, temperate deciduous forest, northern or
boreal coniferous forest (taiga), and tundra.

4.4.1 Describing and classifying biomes
We pointed out in Chapter 2 the crucial importance of geographic isolation in
allowing populations to diverge under selection. The geographic distributions of
species, genera, families and even higher taxonomic categories of plants and animals
often reflect this geographic divergence. All species of lemurs, for example, are
found on the island of Madagascar and nowhere else. Similarly, 230 species in 
the genus Eucalyptus (gum tree) occur naturally in Australia (and two or three 
in Indonesia and Malaysia). The lemurs and the gum trees occur where they do
because they evolved there – not because these are the only places where they
could survive and prosper. Indeed, many Eucalyptus species grow with great 
success and spread rapidly where they have been introduced to California or to
Kenya. A map of the natural world distribution of lemurs tells us quite a lot about
the evolutionary history of this group. But as far as its relationship with a biome
is concerned, the most we can say is that lemurs happen to be one of the con-
stituents of the tropical rain forest biome in Madagascar.

Another theme of Chapter 2 concerned the way species with quite different
evolutionary origins have been selected to converge in their form and behavior. There
were also examples of taxonomic groups that have radiated into a range of species
with strikingly similar form and behavior (parallel evolution, as in the marsupial
and placental mammals). Examples like these reveal much about the ways in which
organisms have evolved to match the conditions and resources in their environ-
ments. But the different species need not characterize different biomes. Thus,
particular biomes in Australia include certain marsupial mammals, while the same
biomes in other parts of the world are home to their placental counterparts.

A map of biomes, then, is not usually a map of the distribution of species.
Instead, it shows where we find areas of land dominated by plants with charac-
teristic shapes, forms and physiological processes. These are the types of vegetation
that can be recognized from an aircraft passing over them or from the windows
of a fast car or train. It does not require a botanist to identify them. The scrubby
chaparral vegetation characteristic of California provides a striking example. The
spectrum of plant forms that gives this vegetation its distinctive nature also occurs
in similar environments around the Mediterranean Sea and in Australia – but the
species and genera of plants are quite different. We recognize different biomes
from the types, not species identities, of organisms that live in them.

When reading the brief descriptions of biomes that follow, it is important to
bear in mind that the vegetation described is typical of the mature community that
develops in different climatic regions (Figure 4.9). However, patchiness is always
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(a)

(c) (d)

(b)

Figure 4.9
Each biome is illustrated with two photographs, one focusing on the detail of the vegetation and the other providing a distant view and emphasizing
the great structural variation to be found among the world’s terrestrial communities. The animals found in each of these biomes also cannot be
ignored; they are obvious in the savanna photo, but invertebrate and vertebrate animals are busy behind the scenes in all the biomes. (a) Above:
Carrizo Badlands desert, Anza-Bonnego Desert State Park, California (© Doug Sokell); below: Red Rock Canyon, Las Vegas, Nevada (© Mark E.
Gibson). (b) Above: Ozark Forest and Current River, Ozark National Scenic Riverways, Missouri (© Richard Thom); below: mature eastern deciduous
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(e)

(g)

(f )

forest (© Bill Beatty). (c) Above: fir tree forest, Jasper National Park, Alberta, Canada (© Mark E. Gibson); below: foggy coniferous forest, Sierras
(© Joe McDonald). (d) Above: Masai Mara Game Preserve at dawn (© Joe McDonald); below: African savanna with zebra and buffalo (© John
Cunningham). (e) Above: rain forest, western slope of Andes, Ecuador (© C.P. Hickman); below: lake in mixed dipterocarp forest, Mulu National
Park, Sarawak, Borneo (© Brian Rogers). (f) Above: a lone pronghorn antelope looks tiny in this vast mixed-grass prairie, Stanley County, central
South Dakota (© Ron Spomer); below: view of prairie in flower with blazing star and black-eyed Susan (© Ann B. Swengel). (g) Above: green tundra
with glacial moraine and Alaska mountain range, Denali National Park, Alaska (© Patrick J. Endes); below: wet summer tundra (© Doug Sokel).
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present (based often on local topography and geology, Section 4.2.2) and small-
and large-scale disturbances (caused by the death of individual trees, or by fires,
storms or people) create a mosaic in which community successions are occurring
(see Section 4.3).

4.4.2 Tropical rain forest
We have chosen to discuss tropical rain forest in greater depth than the other
biomes because it represents the global peak of evolved biological diversity: all 
the other biomes suffer from a relative poverty of resources or more strongly
constraining conditions.

Tropical rain forest is the most productive of the Earth’s biomes with a photo-
synthetic productivity that can exceed 1000 g of carbon fixed per square meter
per year (see Section 11.2.1). Such exceptional productivity results from the 
coincidence of high solar radiation received throughout the year and regular and
reliable rainfall. The production is achieved, overwhelmingly, high in the dense
forest canopy of evergreen foliage. It is dark at ground level except where fallen
trees create gaps. A characteristic of this biome is that often many tree seedlings
and saplings remain in a suppressed state from year to year and only leap into
action if a gap forms in the canopy above them.

Almost all the action in a rain forest (not just photosynthesis but also flower-
ing, fruiting, predation and herbivory) happens high in the canopy. Apart from
the trees, the vegetation is largely composed of plant forms that reach up into 
the canopy vicariously, by climbing the trees (vines and lianas, including many
species of fig) or growing as epiphytes, rooted on the damp upper branches. The
epiphytes depend on the sparse resources of mineral nutrients that they extract
from crevices and pockets of humus on the tree branches. The rich floras and
faunas of the canopy are not easy to study; even to gain access to the flowers in
order to identify the species of tree is difficult without the erection of tree walks.
It is a measure of the problems of doing research in rain forest that botanists have
trained monkeys to collect and throw down flowers and a research team has used
hot air balloons to move over the canopy and work in it.

Most species of animals and plants in tropical rain forest are active throughout
the year, though the plants may flower and ripen fruit in sequence. In Trinidad,
for example, the forest contains at least 18 trees in the genus Miconia, whose
combined fruiting seasons extend throughout the year; this contrasts with the 
situation in temperate latitudes (Figure 4.10).

Dramatically high species richness is the norm for tropical rain forest (see
Section 10.5.2), and communities rarely if ever become dominated by one or 
a few species – a very different situation from the low biodiversity of northern
coniferous forests. This raises some fundamental questions that have proved very
difficult to resolve. First, what is it about the evolutionary history of tropical rain
forest that has allowed such diversity to evolve? Part of the answer relates to the
comparative stability of patches of rain forest during the ice ages. It is thought 
that during these periods, drought forced tropical rain forests to contract into
‘islands’ (in a ‘sea’ of savanna), and these expanded and coalesced again as wetter
periods returned. This would have promoted genetic isolation of populations, a
phenomenon that is so important for speciation to occur (see Section 2.4). We
may also ask why it is that among the diversity of species in tropical rain forests,
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 a few have not dominated and suppressed the rest in a struggle for existence. We
will see later (Section 10.5.2) that at least part of the answer is that populations
of specialized pathogens and herbivores develop near mature trees and attack
new recruits of the same tree species nearby. Thus, the chance that a new seedling
will survive can be expected to increase with its distance from a mature tree of
the same species, reducing the likelihood of dominance by one or a few species
in the forest.

The diversity of rain forest trees provides for a corresponding diversity 
of resources for herbivores (Figure 4.11). A variety of fresh young leaves are 
available throughout the year, and a constant procession of seed and fruit pro-
duction provides reliable food for specialists such as fruit-eating bats. Moreover,
a diversity of flowers, such as epiphytic orchids with their specialized pollinat-
ing mechanisms, require a parallel specialized diversity of pollinating insects. 
Rain forests are the center of diversity for ants – 43 species have been recorded
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Figure 4.10
Contrasting patterns of fruit or seed
production in tropical and temperate
forests. (a) The fruiting seasons 
of 18 species of tree in the genus
Miconia in the rain forest of Trinidad
are spread throughout the year. 
(b) The seasonal production of fruit
and seeds by herbs in a deciduous
forest in Poland is concentrated in 
a relatively brief period of the year.
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on a single tree in a Peruvian rain forest. And there is even more diversity among
the beetles; Erwin (1982) estimated that there are 18,000 species of beetle in 
1 ha of Panamanian rain forest (compared with only 24,000 in the whole of the
United States and Canada!).

There is intense biological activity in the soil of tropical rain forests. Leaf 
litter decomposes faster than in any other biome and as a result the soil surface is
often almost bare. The mineral nutrients in fallen leaves are rapidly released, and,
as rainfall seeps down the soil profile, nutrients may be carried well below the levels
at which roots can recover them. Almost all the mineral nutrients in a rain forest
are held in the plants themselves, where they are safe from leaching. When such
forests are cleared for agriculture, or the timber is felled or destroyed by fire, the
nutrients are released and leached or washed away: on slopes the whole soil may
go too. The full regeneration of soil and of a nutrient budget in a new forest may
take centuries. Evidence of cultivated patches within rain forest can still be seen
clearly from the air 40 years or more after they have been deserted.

All the other terrestrial biomes can be seen as the poor relations of tropical 
rain forest. They are all colder or drier and all are more seasonal. They have 
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Figure 4.11
Animals (listed vertically) that feed on the fruit of trees (listed horizontally) at various times of the year at Selangor, Malaysia. Each circle is a
calendar in which the feeding season is shown in dark brown. Each plant produces fruit only at certain times in the year, but there is fruit available
for specialist fruit-eaters throughout the year.
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had prehistories that prevented the evolution of a diversity of animals and 
plants that approaches the remarkable species richness of tropical rain forest.
Moreover, they are generally less suited to the lives of extreme specialists, both
plant and animal.

4.4.3 Savanna
The vegetation of savanna characteristically consists of grassland with scattered
small trees, but extensive areas have no trees. In the absence of other controlling
factors, these tropical areas would be expected to be covered by forest. But 
forest development is kept in check by one of three factors, or a combination 
of these.

In some savannas, herds of grazing herbivores (e.g. zebra Equus burchelli
and wildebeest Connochaetes taurinus in Africa) have a profound influence on the
vegetation, favoring grasses (which protect their embryonic, actively dividing 
tissues in buds at or just below ground level) and hindering the regeneration 
of trees (because these same tissues are exposed to browsing animals and to 
fire).

In other cases, fire is the critical thing. Fire, whether natural or human-induced,
can be a common hazard in the dry season and, like grazing animals, tips the balance
in the vegetation against trees and favors perennial grasses, with their under-
ground rhizomes and protected regenerating surfaces. In the savannas of Southeast
Asia, palms are a feature because scorching of the outermost layer of the trunk
does not kill these plants.

Finally, the advantage of grassland over forest in savannas, with their differ-
ent regional names, may relate to unfavorable conditions, such as water-logging
(Venezuelan llanos), severe drought (Central American pine savannas) or sparse
soil nutrients (Brazilian cerrado).

Seasonal rainfall places the most severe restrictions on the diversity of plants
and animals in savanna. Plant growth is limited for part of the year by drought,
and there is a seasonal glut of food, alternating with shortage; as a consequence,
the larger grazing animals suffer extreme famine (and mortality) in drier years.
The strong seasonality of savanna ecology is well illustrated by its bird popula-
tions. An abundance of seeds and insects supports large populations of migrating
birds, but only a few species can find sufficiently reliable resources to be resident
year round.

4.4.4 Temperate grasslands
Temperate grassland is the natural vegetation over large areas in every continent.
These include the tall grass prairie of North America and pampas of South
America, where rainfall is moderate and soils are rich, and the short grass steppes
of Russia, typical of more semiarid conditions. These grasslands experience 
seasonal drought, but grazing animals also have a powerful impact. Populations
of invertebrates, such as grasshoppers, are often very large and their biomass 
may exceed that of grazing vertebrates. The latter include bison (Bison bison),
pronghorn antelope (Antilocapra americana) and gophers (Thomomys bottae) in
North America, and saiga antelope (Saiga tatarica) and marmots (Marmota bobac)
in Russia.
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Many of these natural grasslands have been cultivated and replaced by arable
annual ‘grasslands’ of wheat, oats, barley, rye and corn. Such annual grasses of
temperate regions, together with rice in the tropics, provide the staple food 
of human populations worldwide. In fact, the vast increase in the size of the
human population in historical times (see Section 12.2) has depended on the
domestication of grasses for human food or feed for domestic animals. At the drier
margins of the biome, where cultivation is not economical, many of the grass-
lands are ‘managed’ for meat or milk production, sometimes requiring a nomadic
human lifestyle. The natural populations of grazing animals, especially bison and
pronghorns in North America and ungulates in Africa, have been driven back in
favor of cattle, sheep and goats. Of all the biomes, this is the one most coveted,
used and transformed by humans.

4.4.5 Desert

In their most extreme form, the hot deserts are too arid to bear any vegetation;
they are as bare as the cold deserts of Antarctica. Where there is sufficient rain-
fall to allow plants to grow in arid deserts, its timing is always unpredictable.

Desert vegetation falls into two sharply contrasted patterns of behavior. Many
species have an opportunistic lifestyle, stimulated into germination by the unpre-
dictable rains (physiological ‘internal’ clocks are useless in this environment).
They grow fast and complete their life history by starting to set new seed after a
few weeks. These are the species that can occasionally make a desert bloom; the
ecophysiologist Fritz Went called them ‘belly plants’ because only someone lying
on the ground can appreciate their individual charm.

A different pattern of behavior of arid desert plants is to be long-lived with
sluggish physiological processes. Cacti and other succulents, and small shrubby
species with small, thick and often hairy leaves, can close their stomata (pores
through which gas exchange takes place) and tolerate long periods of physiolog-
ical inactivity. In arid deserts, freezing temperatures are common at night and
tolerance of frost is almost as important as tolerance of drought.

The relative poverty of animal life in arid deserts reflects the low productivity
of the vegetation and the indigestibility of much of it. Desert perennials includ-
ing species of wormwood (Artemisia) and creosote plant (Larrea mexicana) in 
the southwestern United States, and mallee species of Eucalyptus in Australia,
carry high concentrations of chemicals that are repellent to herbivores. Ants and
small rodents rely on seeds as a relatively reliable perennial resource, whereas
bird species are largely nomadic, driven by the need to find water. Only desert
carnivores can survive on the water they obtain from their food. In the deserts of
Asia and Africa, camels, donkeys and sheep are managed for transport and food
by migrant groups of humans.

4.4.6 Temperate forest

Like all biomes, temperate forest includes, under one name, a variety of types 
of vegetation. At its low-latitude limits in Florida and New Zealand, winters 
are mild, frosts and droughts are rare, and the vegetation largely consists of
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broad-leaved evergreen trees. At its northern limits in the forests of Maine and
the upper Midwest of the United States, the seasons are strongly marked, winter
days are short and there may be 6 months of freezing temperatures. Deciduous
trees, which dominate in most temperate forests, lose their leaves in the fall and
become dormant after transferring much of their mineral content to the woody
body of the tree. On the forest floor, diverse floras of perennial herbs often occur,
particularly those that grow quickly in the spring, before the new tree foliage 
has developed.

All forests are patchy because old trees die, providing open environments for
new colonists. This patchiness is on an especially large scale after hurricanes fell
the older and taller trees or after fire kills the more sensitive species. In temperate
forests the canopies are often composed of a mixture of long-lived species, such
as red oaks (Quercus rubra) in the Midwest of the United States, and colonizers
of gaps, such as sugar maple (Acer saccharum).

Temperate forests provide food resources for animals that are usually very
seasonal in their occurrence (compare Figure 4.10b with 4.10a), and only species
with short life cycles, such as leaf-eating insects, can be dietary specialists. Many
of the birds of temperate forests are migrants that return in spring but spend the
remainder of the year in warmer biomes.

Soils are usually rich in organic matter that is continually added to, decom-
posed and churned by earthworms and a rich community of other detritivores
(organisms that feed on dead organic matter). Only waterlogging and low pH, 
in some locations, inhibit the decomposition of organic matter and force it to
accumulate as peat.

Large swathes of deciduous forest in Europe and the United States have been
cut down to provide for agriculture, but these have sometimes been allowed 
to regenerate as farmers abandoned the land (a conspicuous feature in New
England).

4.4.7 Northern coniferous forest (taiga) grading 
into tundra

Northern (or boreal) coniferous forest (also known as taiga) and the treeless 
tundra occur in regions where the short growing season and the cold of winter
limit the vegetation and its associated fauna.

Coniferous forest consists of a very limited tree flora. Where winters are 
less severe, the forests may be dominated by pines (Pinus species, which are all
evergreens) and deciduous trees such as larch (Larix), birch (Betula) or aspens
(Populus), often as mixtures of species. Farther north, these species give way to
monotonous single-species forests of spruce (Picea) over immense areas of North
America, Europe and Asia. This provides an extreme contrast to the biodiversity
of tropical rain forests.

The areas of vegetation now occupied by tundra and northern coniferous forests
(and much of northern deciduous forest) were occupied by the ice sheet during
the last ice age, which only started to withdraw 20,000 years ago. Temperatures
are now as high as they have ever been since that time, but the vegetation has
not yet caught up with the changing climate and the forests are still spreading
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north. The very low diversity of northern floras and faunas is in part a reflection
of a slow recovery from the catastrophes of the ice ages.

Low-diversity communities provide ideal conditions for the development of
disease and epidemics of pests. For example, the spruce budworm (Choristoneura
fumiferana) lives at low densities in immature northern forests of spruce. As the
forests mature, the budworm populations explode in devastating epidemics.
These wreck the old forest, which then regenerates with young trees. This cycle
takes about 40 years to run its course.

The overriding environmental constraint in northern spruce forests is the 
presence of permafrost: the water in the soil remains frozen throughout the year,
creating permanent drought except when the sun warms the very surface. The
root system of spruce can develop in the superficial soil layer, from which the
trees derive all their water during the short growing season.

To the north of the spruce forest, the vegetation changes to tundra, with its
low shrubs, grasses, sedges and small flowering plants, as well as mosses and
lichens. In fact, forest and tundra often form a mosaic in the Low Arctic. In 
the colder areas, plants such as grasses and sedges disappear, leaving nothing
rooted in the permafrost. High winds exaggerate the aridity of the environment,
and ultimately vegetation that consists only of lichens and mosses gives way, in
its turn, to the polar desert. The number of species of higher plants (i.e. exclud-
ing mosses and lichens) decreases from 600 species in the Low Arctic of North
America to 100 species in the High Arctic (north of 83°) of Greenland and
Ellesmere Island. In contrast, the flora of Antarctica contains only two native
species of vascular plant and some lichens and mosses that support a few small
invertebrates. The biological productivity and diversity of Antarctica are con-
centrated at the coast and depend almost entirely on resources derived from 
the sea.

The faunas of northern coniferous forests and tundra have intrigued eco-
logists because populations of lemmings, mice, voles and hares (herbivores), and
the fur-bearing carnivores (e.g. lynx and ermine) that feed on them, pass through
remarkable cycles of expansion and collapse (see Section 7.5.2). Lemmings
(Lemmus) are famous for their population cycles and the role they play in the
tundra. When the snow melts during a period when the lemming cycle is at a high
point, the animals are exposed and they support large migratory populations of
predatory birds (owls, skuas, gulls) and mammals such as weasels. Reindeer and
caribou (they are the same species, Rangifer tarandus) occur in migrant herds
capable of foraging on lichens of the tundra, which they can reach through the
snow cover.

4.4.8 The future distribution of biomes

It is clear that the distribution of biomes has changed in the past in response to
the ebb and flow of the ice ages. Nowadays, we are also acutely aware that their
boundaries are probably on the move again. Predicted changes in global climate
over the next few decades can be expected to result in dramatic changes to the
distribution of biomes over the face of the Earth (Box 4.1). But the exact nature
of these changes remains uncertain.
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4.1 TOPICAL ECONCERNS
4.1 Topical ECOncerns

As a result of human activities, the atmosphere 
contains increasing concentrations of certain gases, 
particularly carbon dioxide, but also nitrous oxide,
methane, ozone and chlorofluorocarbons (CFCs).
These changes are predicted to lead to increased
temperatures and altered patterns of climate over 
the face of the Earth (see Section 13.3.1). Given the
controlling influence of climate on the distribution 
of biomes, ecologists expect the biome map of the 
world to change significantly as carbon dioxide con-
centrations double over the next 60–70 years.

It is no easy matter to predict the precise details 
of future climate or its consequences for biome dis-
tribution. Scientists have come up with a number of
feasible scenarios, which differ according to the basic
assumptions included in their models. The details of

these need not concern us here. It is enough to note
that the simulations shown in Figures 4.12 and 4.13 are
based on a climate change model that assumes an
effective doubling of carbon dioxide concentrations and
takes into account the coupling of atmosphere and
ocean in determining changes in patterns of temper-
ature and rainfall. The model is known as MAPSS. This
is translated into patterns in the distribution of biomes
by simulating the potential mature vegetation that could
live under the ‘average’ seasonal climate prevailing
(see Neilson et al., 1998, for further details).

The distribution of biomes shown in Figure 4.12 
is as simulated by the model for current climate con-
ditions (Neilson et al., 1998). In other words, it is the
model’s picture of the way biomes are distributed 
now (and reflects reality well; note that the biome 

Predicted changes in the distribution of biomes as a result of global
climate change
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Taiga/tundra
Northern conifer forest
Temperate evergeen forest
Temperate mixed forest
Tropical broadleaf forest
Savanna/woodland
Shrub/woodland
Grassland
Arid lands

Figure 4.12
The distribution of major biome types under the current climate, as simulated by the MAPSS biogeography model.
AFTER NEILSON ET AL., 1998
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 4.5 Aquatic environments
The dominating characteristics of aquatic environments result from the physical
properties of water. A water molecule is composed of an oxygen atom, which is
slightly negatively charged, bonded with two hydrogen atoms, which are slightly
positively charged. This dipolar structure enables water molecules to attract and
dissolve more substances than any other liquid on Earth. Consequently, water
can hold mineral ions in solution, providing the nutrient resources required for
the growth of algae and higher plants.

On the other hand, the solubility of oxygen, an essential resource for both
plants and animals, decreases rapidly with increasing temperature, and oxygen
diffuses only slowly in water. This problem can place major limits on life in water.
Oxygen is rapidly used up when dead organic matter decomposes. In places where
tree leaves accumulate or untreated sewage is discharged into a river or lake,
decomposition can create anaerobic conditions, which are lethal for fish and other
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categories are not exactly the same as those we dis-
cuss elsewhere in the chapter). The map in Figure 4.13,
by contrast, is the predicted distribution of biomes in
60–70 years’ time (Neilson et al., 1998). This model
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occurs between the treeless taiga and the dense
northern coniferous forest). It also predicts a decrease
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assumptions.
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Figure 4.13
The potential distribution of major biomes resulting from climate changes associated with an effective doubling of carbon dioxide
concentration, as simulated by the MAPSS biogeography model.
AFTER NEILSON ET AL., 1998
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