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.'\lthough it 1s possible to study climatic
phenomena in isolation (Chapter 9), an under-
standing of the development of soils (Chapter
10) and vegetation (Chapter 1 1) necessitatcs an
appreciation of the interrelationships between
all three (l-igr,rrc 12.1a). This chapter attempts
to show how the integration and interaction of
climate, soils and vegetation give the world its
maior ecosystems, or biomes, and how thesc
have often been modifiecl, in part or almost
totally, by human activity (Figure 2.fV.

Soils can be glouped, at the simplest of levels,
under zonal, azonal ancl intrazon al (.page 273)
with each group, in tuln, being subdivided (zonal
Figure 12.2, azonal page 273, ancl intrazonal
page 274). Likewise, the major vegetation and
fauna groupings (biomes) were listecl on page 306
and their generalised global locatictns and distri-
butions shown in Figure 11.38. In a similar way,
geographers seek - despite the difficulties and
limitations - to classify cliffer:ent world climates
(Franrcwork 7, page 167).

{ÉmsgáťÉ*xtÉ** *ť **ř g'w*&mx

t3y stuclying the weather - the atmospheric con-
Citions prevaillng at a given time or times in
a spccific place or area - it is possible to make
generalisations about the climate of that place

ol aÍea/ i.e' the ave|age, or ,normal,conditirltl'

over a pcriocl of time (usualIy i35 vears). Anr nrr

r-nay experiencc short-term dcpartures front ttr

'normal' clin'ratc, especially if the 3S-vear nunr

c-oincide c1 with an unusr-rally wct/dr)' or hotiL, .

pcriocl, br-rt, at thc sat'ne tirne, it mav have krn!.

term similarities with regions in other part\ 0l

the worlcl.
In seeking a sense of order, the geogLaplur

trics to gloup togcther those parts of the r,r,orlLj

that havc sirnilar nteasurable climatic chaLaclu.

istics (tempe ratLlrc, rainfall clistribution, r,vinLlr

etc.) and to iclentify ancl to explain similaLitui

and differences in spatial ancl tempor.ai distLilrLt

tions ancl pattcrns. Areas rnay then be conlpaL(il

on a global scale - bcaring in mind the problr:nt,

resulting from sholt-term ancl long-term clinutL,

change to help to identify and to explain
clistributions of soil, vegetation and crops.

#* * *:s ť**. *í.*} gs ; jjť*á iÍiilŤ
The early Greeks diviclcd the world into three

zones basccl upon a simple temperature descrip.

tion: tolrid (tropical), tcmperate, and fLigid
(polar); they ignored plecipitation.

ln 19 18, KÓppen advanced the first rnodeLn

classification of clirnate. To support his claim
that natlrral vegetation boundaries wcre dcter.

minecl by clir.nate, he selectecl as his basis',rrhat

he consiclercd tvere appropriate temperature
ancl seasonal precipitation values. l'lis rcsultant

classification is stili r-rsecl today, although a

modification by Trcwartha, with 23 clirnatjc
regions, has beconrc mole wiclely acceptecl.

i
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Thornthwaite, in the 1930s and 1940s, suggested
anci later modified a classification with a more
quantitative basis. He introduced the term 'effec-
tiveness of precipitation' (his P/E index -
page 178) which he obtained by dividing the
mean monthly precipitation of a place by its
mean monthly evapotÍanspiration, and taking
the sum of the 12 months. 'lhe difficulty was,
and still is, in obtaining accurate evapotranspira-
tion Íigures. (How can you measure transpiration
ioss from a forest?) This classification resulted in
32 climatic regions.

In Britain, in the 1930s, Miller proposed
a relatively simple classification based on five
latitudinal temperature zones which he deter.
mined by using just three tempeIatuÍe figures:
21'C (the limit for growth of coconut paims);
10'C (the minimum for tree growth); and 6'C
(the minimum for grasses and cereals). He then
subdivided these zones longitudinally according
to seasonal distributions of plecipitation. The
advantages of this classification include its ease
of use and convenience; and its close relation-
ship to vegetation zones and aiso, as these are
a response on a global scale to climate and
vegetation, to zonal soils.

All classifications have weaknesses: none
is perfect.

$x They do not show transition zones between
climates, and often the division lines are
purely arbitraly.

w They do not allow for mesoscale variation
(the Lake Distr.ict and London do noÍ have
exactly the same climate) or microscale
(local) variation.

m They can be criticised for being either
too simplistic (Miller) or too complex
(Thornthwaite).

w They ignore human influence and climatic
change, both in the long term and the
short telm.

ffi Most tend to be based upon temperature
and precipitation figures, and neglect recent
studies in heat and water budgets, air-mass
movement and the transfel of energy.

x AII suffer from the fact that some areas still
lack the necessary climatic data to enable
them to be categorised accurately.

However, climatic classifications such as those
named above are larely used today. Instead, as
we sa\v in Chaptel 11, the relationship between
climate, vegetation and soils can best be described
and understood at this level through the study
of ecosystems, especially the largest of the eco-
systems: the biomes (Figure 12.fD.Figwe IZ.Z
lists eight of the more impoÍtant biomes and
shows, simplistically, the links between climate,
vegetation and soils. These links are described in
more detail and explained in the remainder of
this chapter, using knowledge and understanding
gainecl from Chapters 9, 10 and 11.
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a Manaus (Brazil)
3'S

altitude 44 m
annual temperature range 2'c
annual precipitation 2104 mm

b Belem (Brazil)
l)

altitude 24 m
annual temperature range 1 "C
annual precipitation 2732 mm

3 Yr*p**m* rxá*tff*rmstg
'l'he rainforest biome is located in the tlopics
and principally within the equatorial climate
belt, 5' either side of the Equator. It includes the
Amazon and Congo basins and the coastal lands
of Ecuador, West Africa, and extreme south-east
Asia (Figure 11.38).

ffieguatcr&arE *trsmat*

Temperatures are high and constant throughout
the year because the sun is always high in the sky.
The annual temperature range is under 3'C inland
(Manaus, Figure 12.3a) and 1'C on the coast
(Belem, Figure 12.3b). Mean monthly tempeÍa-
tures, ranging from 26"C to 28"C, reflect the lack
of seasonal change. Slightly higher temperatures
may occur during any'dlier' season. Insolation is
evenly distributed throughout the year, with each
day having approximately 12 hours of daylight

and 12 hours of darkness. The diurnal tempeÍatuLe

range is also small, about 10'C. Evening tempera-

tures rarely fall below 22"Cwhile, due to the
presence of attelnoon cloud, daytime tem-
peratures lalely lise above 32'C. It is the high
humidity, with its sticky, unhealthy heat, that
is least appreciated by Europeans.

Annual lainfall totals usually exceed 2000 mn
(Belem, 2732 mm) and most afternoons have
a hear'y shower (Belem has 243 rainy days per

year). This is due to the convergence of the trade

winds at the ITCZ and the subsequent enforceť.

ascent of warm, moist, unstable air in strong
convection currents (Iigure 9.34). Evapo-
transpiration is rapid from the many rivers,
s\vamps and trees. Most storms ale violent, with

the heavy rain, accompanieci by thunder and
lightning, falling from cumulo-nimbus clouds.

Some areas may have a drier season when the

ITCZ moves a few deglees a\vay from the Equator

at the winter and summer solstices (Belem), and

othels have double maxima when the sun is

directly ovelhead at the spling and autumn equi-

noxes. The high daytime humidity needs onlya
little night-time radiation to give condensation
in the for m of dew. 'l'he winds at ground-level
at the ITCZ are light and variable (doldrums)
allowing land and sea breezes to develop in
coastal areas (page 240).

ffi m & mťmrwst \ť*s ffi *trttffi EŤ

It is estimated that the rainforests provide 40 per

cent of the net plimary production of terrestrial

energy (NPP, page 306). This is a result of high solar

ladiation, an alfyear growing season, heavy rain-

tall, a constant moisture budget surplus, the rapid

decay of leaf litter and the recycllng of nutrients.
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Rainforest vegetation

ha5 to adapt to the

l,Vel en\/ironment:

l/alet ilies,Vktorio

|ťýlÚ, native to the

Amazon Basin

The rainforest

nutr ent cycle

In just one hectare of rainforest in Amazonian
Ecuador, r'esearchers recorded 473 species of tree,
including rosewoocl, mahogany, ebony, green-
heart, palm and rubber, which is more than twice
the total number found in all of North America.

The trees, which are mainly hardwoods,
have an evergreen appearance for, although
deciduous, they can shed their leaves at any
time during the continuous growing season. The
tallest trees, emergents, may reach up to 50 m in
height and form the habitat for numelous birds
and insects. Below the emergents are three layers,
all competlng for sunlight (Figure 12.4).

The top layer, or canopy, forms an almost
continuous cover which absorbs ovet 70 per cent
of the light and intercepts 80 per cent of the
rainfall. The crowns of these trees merge some
30 m above ground-level. They shade the under-
lying species, protect the soil from erosion, and
provide a habitat for most of the biÍds' animals
and inSťCts oI lhe rain|orelt.

The second layer, or undercanopy, consists
of trees growing up to 20 m (similar in height to
deciduous trees in Britain). The lowest, or shrub
laver. consists of shrubs and small trees which

are adapted to living in the shade of their
taller neighbours.

'l'he climate is at the optimum for photo-
synthesis. The trees glow tall to try to reach
the sunlight, and the tallest have buttress roots
which emerge over 3 m above ground-level to
give support (Figure 12.5). The tlunks ale usuaily
slender and branchless. Some, like the cacao,
have flowers growing on them, and their bark
is thin as there is no need for protection against
adverse climatic conditions. Tree trunks also
provide support for lianas, vine-like piants,
which can grow to 200 m in length. l.ianas climb
up the trunk and along branches before plunging
back down to the forest floor. Leaves are dark
gÍeen, smooth and often have drip tips to shed
excess \,rater.

Epiphytes - plants that do not have their roots
in the soil - gro\ / on trunks, branches and cven on
the leaves of trees and shrubs. Epiphytes simply
'hang on'to the tree: they derive no nourishment
from the host and are noÍ parasites' Less than
5 per cent of insolation reaches the forest floor,
with the result that undergrowth is thin except in
areas where trees may have been felled by shifting
Cultivators or where a giant emeÍgent has fallen,
dragging with it several of the top canopy trees.
Vegetation is also dense along the many river
banks, again because sunlight can penetrate the
canopy here. Alongside the Amazon, many trees

spend sevelal months of the year growing in water
as the river and its tributaries rise over' 15 m in
the rainy season. Huge water lilies with leaves
exceeding 2 m rn width are found in flooded aleas
adjacent to rivers (l'igure 12.6). Mangrove s\ /amps
occur in coastal areas.

evapotranspiration

trees lntercept
rainfall and protect

the forest floor

nutÍients
absorbed

by plant roots

fungi and bacteria
rapidly break down

litter into humus
(humic acid increases
chemical weathering)

more nutrients in vegetation
than in soi|; Íecycling takes

only 6 months
Very íeW nutrients

lost through leaching

rapid chemicaI weatheÍing of
parent maferial releases nutrients

less moisture in air:

less precipitation le55 eVapotranspiíation

deforestation (although
recolonisation begins

fewer Ieaves řeturned
ro 9rouno:

less organic matter

fewer nutrients returned to soil

rapid loss of nutrients by leaching:
resultant acid soil releases iron

and aluminium giving a not very
productiVe, feÍraIitic soil

!:r*rtfi l;.i.i

The interrupted

nutrient cycle
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A ferraIitic soíl profiIe

Although ground animals are t elatively few
in numbet, the rainfolests of Brazil alone ale
said to be the habitat for 2000 species of birds,
600 species of insects and ntosquitocs, and 1500
species of fish.

'l'he procluctivity of this biome, upon which
the worlcl clepends to leplace much of its uscd
oxygen, is due lalgely to the rapid and unbloken
recycling of nutricttts. F'igure 12.7 shows the
natural nutrient cycle and Figule 12.8 the conse-
quences of bleaking the system, e.g. by felling the
forest. In aleas where the forest has been cleared,
the secondary succession differs from that of the
original climax vegetation. The ncw dominants
are less tall;the trees are less stratified; there are

fewer specics and many are intolerant of shade
even though there is rnorc light at gt ound-level
which encourages a dense undergrowth.

Ferra litie s**ils {$*tc*s*řs}

These soils result fi'om the high annual tem-
perature ancl rainfall which cause rapid chemical
weathering of bedrock and create the optimum
conditions for breaking down the luxuriant veg-
etation. Continuous leaf fall within the forest

.gives a thick littet layer, but the underlying humus
is thin due to the rapid decomposition and mixing
of organic matter by intensive biota activity, e.g.

ants and termites. A key feature of these soils is
a dense r.oot mat in the top 20_30 cm of the Á
horizon. According to research, this intercepts and
can take up as much as 99.9 per cent of the nutri-
ents leleased by the decomposition of organic
matter. The root map helps the rapid recycling of
nutťients in the hr.rmus cycle (Figure 72.7).Even
so, many soils have a low nutlient status (94 pet
cent of soils in the Amazon Basin have a nutrient
deticiency) and fertility is only maintained by the
rapid and continuous teplacement from the lush
vegetation. Where the tt ee canopy is absent, or is
removed, the hear'y rainfall causes the reiease of
iron (giving the soil its characteristic red colottt -
Figure 12.9) and aluminium (most t'erralitic soils
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A ferralitic

soil (latosol)

proíiIe typicaI

ofthe tropical

rainforest

suffel from aluminium toxicíty) from the paLent

material. l,eaching results in the removal of silica,

The continual leaching and abundance of

mixing agents inhibit the formation of hoLizons

(Figr.rre 72.7O). 'l'he lolr,er parts of the profile

may have a nloÍe yellowish-recl tint dr"re to

the extr eme hydration of aiuminium and iron

oxides. 'l'he clay-rich soils are also vely deep,

often up to 20 m, due to the rapid bleakdown oi

parent material. Ferralitic soils have a loose struc

ture ancl, if exposed to heavy rainfall, are easih'

gullied and eroded. Despite their depth, the soils

of the rainforest are not agricultulally produc-

tive. Once the sourcc of nutlients (the trees) has

been removed, the soil rapidly loses its fertilitl

and local farmcrs, often shifting cultivators, harre

to move to clear new plots (Places 66, page 1801,

{ Ř Tr*p*eex *e$t*e'ťŤ ffi}ersiffis

Located within the tropics, the eastcrn coasts

of central America, Brazil, Madagascar and

Queensland (Australia) lcceive rain thloughout
the year. The rain is brought by the trade winds

which blow across warm, offshore ocean currelit\

(Figure 9.9) before being forced to rise by coastal

mountains. Ternperatures are genelally very

high, although there is a slightly cooler season

when the ovcrhead sun appears to have migraterl

into the opposite hemisphere. The resultant veg-

etation and soil types are, therefore, similar to

those found in the equatorial belt, i.e. rainfoLeý

and ferralitic.
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Tl-iese arc rnainlv locatecl between latitudes 5"
and l5' north and soutl-r of thc Ecluator ancl
lvithin ccntral parts of contincnts, i.e. the i,lanos
(Venezucla), the Carnpos (Brazilian Higlilands),
most of central Aflica surror-rncling the Congo
Basin, ancl parts of Mexico ancl northcln
Australia (Figure I 1.:18).

.'i 
irl: t:'l i.l..: i ť. !; ].: 1 . i.i.j]: i.} l] !i'] c i l l. "'l,: * l'.*

Although tempei'atures ale high throughout the
year, thcrc is a short, slightl;r c-oo1el season (in
c-ompalison with the cqtratorial) when the sun
is ovelhead at the tropic in the opposite heini-
sphcre (Figurc 12.11). -lhc annual lange is also
slightlv greater (l(ano 8"C) clue to the sun's slightly
redr-icccl angle in the sk;, for part of the ycar, the
greatcr clistance fi'rtr-n the sca, ancl the lcss corn-
pletc ckrucl ancl vegetatioll co\/er. 'l'eurperatules

may clrop slightly at the onsct of the r:ainy season.
l-or rnost of thc 1,c21, cloud amount is limitecl,
allor'ving cliurnal tcmperaturcs to exceecl 25'C.

'l'he rnain charactclistic of this clitnate is the
altelnating wet ancl drv seasons. The wet season
occurs when the sutr mo\/es orrerheacl bdnging with
it the hcat eqllatol, the I'l CZ, and the equatorial low
pÍessulc belt (I.igurc 12.1)' Hcavy convectional
storlns can gi'r.e B0 pcr cent of thc annuai lainfall
krtal in four ol fit e rnonths. 'l'he clry season corre-

2 2l June
overneao sun

Kano-

r Kano (Nigeria)
t 2.N

(limate qraph for a

tropical ioniinental altitude 630 m

biome dnnual Lemperature range B"C
annual precipitation 920 mm

MJJASOND

sponds lvith the moving awair of thc ITCZ, Leaving
the area witlr the stlong, steady tlade wincls. The
tracles arc dry because they ale r'r'antring as tl'rey
bkrw tor'r'ards the llquator and thev r,r'ill have shcd
any rnoisturc on clistant eastern c-oasts. Places
ncaleÍ to thc desert trrargit.ts tend to expcrience dry,
stable conclitions (thc strbtropical high pressure)
causecl by the migration of thc descenciing limb
of the Hacllcy cell (page 226). Hiuniclitv is also low
during this scason.

Y*.* 5* **;t t *ť $.iBv{t i"t ffi d s r* s* i e ř}ď
w*#*tetisyŤ
The tropical grasslands are cstimated to have a

mean NPP of 900 gln-t2lyr (page 306;. This is
c-onsidelably less than the rainforest, partly
because of the smailcr nutnbcr of trees, species
and layers ancl partly because, althor,rgh grass-
lands have the potential to return olganic matter
back to the soil, the rate of decomposition is
rccluced during the winter drought leaving
consiclerablc amoLtnts left stoled in thc litter.

As shown in Figure 12.-l3, the savanna
includes a scries of transitions betnreen the lairr-
forcst and thc desert. At one extreme, thc 'closed'
savanna is t.nainly trees with ateas of gÍasscs;
at the other, the 'open' savaltna is vegetatecl
only [y scattered tufts of grass. The trees are
deciduous and, Iike those in lhitain, lose their
leaves to reducc transpiration, but, r-rnlike in
Britain, this is due to the winter c1r'ought r:athel
than to co1d. '[)'ees are xerophytic, or drought-
resistant. I,,vcn when lcaves do appeat, they are
srna1l, waxv and sctmetlmes thorn-like. Roots are
long ancl extend to tap any uncierground water.
'ttunks ale gnarled and the bark is usually thick
to teduce moistrrlc lrrss.
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Eq uator

'closed'
sava nna

rain all year

2 months without rain

The baobab tlee (also known as the 'upside-
down tree') has a trunk of up to 10 m in diameter
in which it stores ÝVatel. ItS root-like branches
hold only a minimum number of tiny leaves in
order to restrict transpiration (Figure 12.14). Some

baobabs are estimated to be several thousand
years old and, like other savanna trees, are pyro-
phytic, i.e. their trunks are resistant to the many
local fires. Acacias, with their clo\,ms flattened by
the trade winds (Figure 12.15), provicle welcome
though limited shade - as do the eucalyptus in
Australia. Savanna tlees reach 6-12 m in height.
Many have Y-shaped, branching trunks - ideal for
the leopard to rest in after its meall The number'
of trees increases near to rivers and waterholes.
Grasses grow in tufts and tend to have inward-

drought 7 months without rain

curving blades and silvery spikes. After the onset

of the summer tains, they grow very quicklyto

over 3 m in height: elephant grass reaches 5 m

(Figure I2.I5). As the sun dries up the vegetation,

it becomes yellow in colour (Figure 72.aQ.By

early winter, the straw-like grass has died down,

leaving seeds dormant on the surface until the

following season's rain. By the end of winter, onll

the roots remain and the surface ís exposed to

wind and rain.
Over 40 different species of large herbivore

graze on the grasslands, inclucling wildebeest,

zebra and antelope, and it is the home of sevetal

carnivores - both predators, such as lions, and

scavengers, such as hyenas. 'Iermites and mictobes

are the maior decomposers. As previously men-

tioned (page 293), fire is possibly the maior deter-

minant of the savanna biome - either caused

deliberately by farmers or resulting from lightning

associated with summer electrical storms.
It is the fringes of the savannas, those bor-

dering the deserts, which are at greatest risk of

desertification (Case Study 7). As more tÍees ale

removed for fuel and overgrazing reduces the

productiviý of grasslands, the heaqz rain forms

gulleys and wind blows away the surface soil.

Where the savanna is not farmed, there are usualh

more trees, suggesting that grass may not be the

natural climatic climax vegetation.

5avanna grassland during

the wet season in the

Maasai ÍlÍara, Kenya

l0"N (or 10"S) 20" N (or 20" S)

Transed across the

saVanna gÍas5|an05
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A baobab tree,
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Aferruginous soil

prďiIe

savanna grassland

thin, dark-brown litter
layer with organic matter

Fe and Al sesquioxides

some loss of silica
in wet season

I

I

I

I

I
redeposition of silica

I

I

+
rapid chemical
weathering of
parent material
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As savanna grasses clie back during the dry season,
they provide olganic matter which is teadily
broken down to give a thin, clark-brown layer of
hunrus (Figure 12.16). During the wet season/

rapíd leaching lemoves silica from the upper
profile, leaving behincl the red-coloured oxides of
iron and aluminiurn. As these soils contain few
nutricnts, they tend to be acidic and lacking in
bases. Although the pr.ocess of capíllary action
might be expected to operate during the dry
season, in practice it rarely does as the water table
invariably falls too low at this time of year.

Ferruginous soils tend to be soft unless
exposed at the surface where, being subf ect to
wet and dry seasons, they can harden to folrn a

cemented crust known as laterite. The term lat-
erite is clerived from the Latin for'brick'. Indeed
this depopit is used as a builcling matelial because,
being initially sott, it can easily be dug from the
soil, shaped into blicks ancl left to halden by
exposure to cycles of wetting and drying. It is only
when the laterite crust forms that dlainage and
plant root penetration is impeded.

As these soils hold few nutrients and tend to
dry out during the clry season/ they are not
particularly suited to agliculture; together with
the grassland they support, they are better suited
to animal leaÍing than to arable farming. Where
a lateritic crust forms on the suÍface, or when
deep ploughing removes the surface vegetation,
the upper soil tends to dry out during the dry
season, becoming highly vulnerable to erosion
by wind and, \ /hen the rains return, by water.

s ffigt ďeserts
.l.he hot deseÍts of the Atacama and Kalahari-
Namib and those in Mexico and Australia, are all
located in thc tlade wind belt, betureen 15' and
30' north or south of the Equator, and on the west
coasts of continents where there are cold, off-
shore, ocean curfents (Figures 7 .2, 9 .9 and 11.38).
The exception is the extensive Sahara-Arabian-
Thar desert which owes its existence to the size
of the Afro-Asian landrnass.

ťlima*e
Desert temperatures are character ised by their
extremes. The annual range is often 20-30'C
and the diurnal range over 50"C (Figure 12.17).

During the daytime, especially in summer, there
are high levels of insolation from the overhead
sun, intensified by the lack of cloud cover and
the bare rock or sand ground srrrface. In contÍast,
nights may be extremely cold with temperatures
likeiy to fall below 0"C. Coastal areas, however,
have rnuch lower monthly ternperatures (Arica
in the Atacama has a \ /armest month of only
22"C) due to the presence of offshore, colc1,

ocean currents (Figure 9.9).
Although all deserts suffer an acute n/ateÍ

shortage, none is truly dry. Aridity and extreme
aridity have been defined by using'l'hornthwaite's
P/E index (Figure 7.1), and four of the main causes

of deserts are described on page 179. Amounts
of moisture are usually small and precipitation
is extremely unreliable. Death Valley, California,
averages 40 mm ayear, yet rain may fall oniy
once every t\ /o or three years. Whereas mean
annual totals vary by less than 20 pel cent a yeať

in north-west Europe, the equivalent figure for
the Sahel is 80-150 per cent (Figure 9.28). Rain,

Ain Salah (Algeria)
27"N

altitude 280 m
annuaI temperatuÍe range 24"c
annual precipitation 40 mm
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Ephemerals in flowet

following a desert

rarn5t0rm

when it does fall, produces rapid surface runoff
which, together \ /ith lo\ / infiltration and high
evaporation rates, minimises its effectiveness
for vegetation. The Atacama, an aimost rainless
deSert, has some vegetation as moisture is avail-
able in the form of advection fog (Places 24,
page l8Or. The subsiding air, fotming the
descending limb of the Hadley cell, creates high
pressure and produces the trade winds which are

stÍong/ pelsiStent and likely to cauSe 1ocalised

dust storms (Figules 7.9 and9.34).

Eesent VeseŤatis!1
Deserts have the lowest organic productivity
levels of any biome (Figule 11.40). The average
NPP is 90 glm2lyt, most of which occurs under-
ground away from the direct heat of the sun.
Vegetation has to have a high tolerance to
the moisture budget deficit, intense heat and,
often, salinity. Few areas are totally devoid of
vegetation, although desert plants are few in

species, have simple stluctuleS/ no Stťatiflca-

tion by height and provide a low-density covet.

Howeveq plants must be xerophytic because

the lack of water hinders the ability of roots to

absorb nutrients and of any green parts ofthe

plants ro photosynthesise.
Many plants are succulents, i.e. they can

store water in their tissues. Many succulents
have fleshy stems and some have swollen leaves,

Cacti (Figure 12.18) absorb large amounts of

water during the infi'equent periods of rain.

Their stems swell up, only to contlact later as

moisture is slowly lost through transpiration.
lianspiration takes place from the stems, but is

reduced by the stomata closing during the day

and opening nocturnally. The stems also have a

thick, waxy cuticle. Australian eucalyptids have

thick, protective bark for the same purpose.
Most plants, for example cactus and thorn-

bush, have small, spiky or \ /axy leaves to reduce

transpiration and to deter animals. Roots ate

either very iong to tap gloundwater supplies -
those of the acacia exceed 15 m - or they sptead

out over wicle areas near to the surface to take

the maximum advantage of any rain or den', like

those of the creosote bush. Bushes are, therefoLe,

widely spaced to avoid competition for watet.

Some plants have bulbous roots for storing water,

Seeds, which usually have a thick case pÍotecting

a pulpy centre, can lie dormant fol months ot

several years until the next rainfall.
Following a storm, the deselt blooms

(Figure 12.19). Many plants ate ephemerals and

can complete their life-cycles in two or three

weeks. Others, like the saltbush, are halophytic
and can survive in salty depressions; yet othets,

like the date-palm, survive where the water table

is near enough to the sulface to form oases. Due

to the lack of grass and the limited numbet of

green plants, there are very few food chains:
desert biomes have a low capacity to sustain life.

There is insufficient plant food to support an

abundance of animal life. Food chains (page 2961

are simple, often just a single linear sequence (in

contrast to the interlocking webs chalactetistic
of, for example, forests). This is why the deseft

ecosystem is 'fragile': organisms do not have the

alternative sources of food which are available
ín more complex ecosystems. Many anima1s are

small and nocturnal (the camel is an exception)
and burrow into the sand during the heat of the

day. Reptiles are more adaptable, but bird life is

limited. The desert fringes folm a delicately
balanced ecosystem which is being disturbed
by human activity and population growth which

are, togethel, increasing the risk of
desertification (Case Study 7).
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A desert soil profile

fficsert s*ils
In desert areas, the climate is too dry and the
vegetation too sparse for any signiticant chemical
weathering of bedrock or the accumulation of
organic matelial. In the relatively few places
where the water table is near to the surface, soil
moisture is likely to be drawn upwards by capillary
action. This process causes salts and bases, such as

magnesium, sodium and calcium, to be deposited
in the r-rpper profile to give a slightly alkaline soil.
Many desert soils are gley in colour as the lack of
moisture often restricts hydrolysis and, therefore,
the reiease of red-coloured iron (page 42). Soils,
which tend to lack both structure and hotizons
(Figure 12.20), are often thin, although their
depth can vary depending upon the origin of
the parent material, í.e' tn situ weathering ol
the deposition of material by wind or water
(ChapteÍ 7). A characteristic of many desert soils
is the presence of either a thin crust, 2 to 3 mm
thick, caused by the impact of high-intensity
rainfall, and/or a 'desert pavement' (Figure 7.10)

which consists of small stones, often ventifacted
and covered in desert varnish (page 182), which
help stabilise the surface.

l)esert soils are unproductive mainly because
of the lack of moisture and humus, but potentially
they are not particularly infertile. Areas under
irrigation are capable of producing high-quality
crops, although this farming technique is being
threatened by salinisation (L]igures 10.22
and 16.53).

& $Weďit*trť&ť}*&ffi {wmrrx.l
*errn penmteu wggt*ya"6 ffi e rff á ffBs}

This type of biome is found on the west coasts of
continents between 30'and 40'north and south

ójll Ý

occasronal
capillary

movement

of the Equator, i.e. in Mecliterranean Europe
(which is the only alea whele the climate pen-
etlatcs far inland), California, central Chile, Cape
Province (South Africa) and parts of southern
Australia (Figure 1 1.38).

C$řrgtaŤm

The climate is noted fot'its hot, dty surnmers and
\^,/arm, \ ,ret u,inters (Iigule 12.21). Summers in
southern Europe are hot. The sun is high in the
sky, though never dilectly overhead, and there
is little cloud. Wintels are mild, partly because
the sun's angle is still quite high but mainly due
to the moderating influence of the sea. Other
'Mediterranean' areas are less warm in summer
and have a smaller annual t ange clue to cold,
offshore curÍents (compare San Francisco, 8.C in
January and 15'C inJuly, with Malta). Diurnal
temperature ranges are often high due to the fact
that many days, even in winter, are cloudless.

As the I'fCZ moves northwards in the noftheln
summel/ the subtropical high pÍessule aleas
miglate With it to aÍfect these latitudes. The trade
winds bring arid conditions, with thc length of the
dry season increasing towards the desett margins.
In winter, the ITCZ, and subsequently the sub-

tropical iet stream (page228), move sottthwards
allowing the westerlies, lvhich blow from the
sea, to bring moisture. Most areas are backecl by
coastal mountains and so the combined effects
of orographic and frontal precipitation give high
seasonai totals. Areas with adjacent, cold, offshore
Culťents experience advection fogs (Ca1ifornia).
The Mediterranean Sea region is noted for its local
winds (Figule 12.22). The sirocco and khamsin
are t\^/o of the hot, dry winds that blow from the

Valletta (Malta)

36"N

altitude 18 m

annual temperature range 1 3'C
annual precipitation 501 mm

i!:]$ťť 
.].}.;:"!

(limate graph for a

Mediterranean biome

150

125

depth often
less than 1 m

rnn E
cř1ťo
rc

o-
50u

@

o-

o
=6JU
o
o-
Ern

!,+

lack of vegetation

"ffi

World climate, soils and vegetation 323



[/editerranean winds

Sahara and can laise tempclatures to over 40"C.
The mistral is a colcl wind which originates over
the Alps and is funnelled at considerable speecl

down the RhÓne valley.

bÉ*6*t*{*exra

The NPP of Meditet ranean ecosysterns is about
TOCt glm2lyr (Figure 1 1.40). It is limitecl by the
sumlrer drought and has probably been reduced
considerab1y ovet the centuÍies by human
activity. lndecd, human activity, togethel with
fi'equent fircs, has left very little of any original
climaticr clinrax vegetation. 'l'he climax vegeta-

tion was believecl to have been, in Eulope at
Ieast, open woodlancl comptising a mixture
of broacl-leaved, evergtccn trees (e.g. cork oak
and holm oak) ancl conifers (e.g. aleppo pines,
cypÍesses and cedars). The sequoia, oI giant
redwood, is native in California.

Thc plesent rregctation, which is mainly
xerophytic (drought-resistant), is described
as 'woodland and sclerophyllous scrub'.
Sclerophyllous means'hard-leaved' ancl is r.rsed

to describe those evelgleen tÍees ol shrubs that
have small, hard, lcathery, waxy or even tholn-
like leaves ancl which are efficicnt at teclucing
transpiration cluling the dry sumlner season.
Many of the tIces aÍe evelgleen, rllaxitnising
the potential for photosynthesis. 'frees such as

the colk oak irave thick and often gnarled bark
to help reciuce transpiration. C)thers, such as

thc olive and eucalyptus, have long tap roots to
rcach groundwater supplics and, in some cases,

rnay have br.r1bous roots in which to store ÝVatel.

High temperatur es during the dry summer limit
the amount and quality of grass. Citlus ftuits,
although not lndigenoLls, are suited to the
climate as their thick skins pIeseÍVe moisture.
Most trees only gr ow from 3 to 5 m in height.
They provide little shade, as they gro\ / at widely
spaced intetvals, and they are pyrophytic
(fir..e-resistant, page 293).

Where the natural woodland has been
replacecl, ancl in arcas too dry fol tlee growth,
a scrub vegetation has developed. The scrub is
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known as chcrptrrral in Califortria , nrtqtris or

gcrrrigrc ln Eulope, i1-nbus in South Afi'ica and

mtrllt'e in Australia. ln Meditcllanean Europe,

the type of scrub clepends on the unclerlyit.tg

parent rock. Maquis (Figure 12.23), r'r'hiclt is

taller, dcnser ancl ntotc tanglecl, grttu's in areasol

irnpermeable rock (glanite). It consists of shmbs,

such as heatl-rers ancl bloorn, which rcach a

height of .l m. Garrigue (f igure 12.2.1) grows otr

drier and more permeablc rocks (limestonc). It is

less tall and less clense than ntacluis. Apart fiottt

gorse, with its plickles, the ntore common plattts

irrcludc aťonratic shrubs sttch its tlryrnc, lal.endet

and rosernary.
Thc limitecl leaf littcr tends to clecotnposc

slowly during the dly sumnter, even thottgli
tempcratures ale high enough for year-rouncl

bacterial activity. Wildlife ancl climax vcgctatiort

have retleatecl as hurnan activity has advanced.

Alguably, the Meditetranean regiotrs of l'lr.rrope

and Califolnia (togethet'with thc tetnpelate
cleciduous forcsts) fotrn the biomc tnost alteled

by human activity.



iti;ia !.:..:i

Garrigue vegetation

i,l;i: l"l.!:

A ['lediterranean

5oil profile

5**{s

Meditelranean soils are transitional between
brown earths on the wetter margins and desert
soils at the drier fringcs. Initially formed under
broad-leaved and coniferous woodland, the soil
is paltiy a lelict feature from a previously for-
ested landscapc.

There alc often sufficient Íoots and decaying
plant matcrial to provide a siplnificant humus
layer. Winter rains cause some leaching of bases,
scsquioxicles of iron and aluminium and the
tlanslocation of clays. 'l'he ll horizon is therefore
clay-enriched ancl may be colourecl a bright red

broad leaved and coniferous
trees removed and replaced
by a secondaÍy succession

shal low litter layer

plentiful roots giving a

dark brown humus layer

friable humus layer, loss
of clays and
sesquioxides in winter

redeposition of clays and
sesquioxides of Fe and Al

often calcareous

by the redepositlon of iron and aluminium. The
soils, which are often thin, are less acid than the
br own earths as there is lcss leaching in the dry
season and caicium is often released, especially
in limestone areas (Figure 72.25).

In nran1, Mediterlanean aťeas, parent rock is
locally a more important factor in soil formation
than climate. This leads to thc development of
intrazonal soils such as rendzina and terra rossa
(Figures 10.23 and 10.24).

4&' ffim*tprř} řmeťs&ř? e t*rm*t*x *gt &sř*
{*Nmxrsmmm}

South-east and castern Asia are dominated by
the monsoon (page 239). Temperature figures
and rainfall distlibr.rtions are similar to those of
places having a tropical continental climate with
a veÍy WaÍm and dry season from November to
May and a hot and very \ /et season fi'om June to
October (l)iaces 32, page 240). The major differ-
ence between the two climates is that monsoon
aLeas receive appreciabiy higher annual amounts
of rain. 'llhe natural vegetation is jungle (troplcal
deciduous forest) and the dominant soil type is
ferralitic. Both vegetation and soils, therefore,
share many similarities with the tropical rain-
forest.

S Y*rxpme'e&* ff ress{arxds
The temperate glassland biome lies in the centre
of continents approximately between latitudes
40' and 60" north of the Equatol. The t\ /o main
areas ale the North Amelican Prairies and the
Russian Steppes (Figure 11.38).

ťm*š t*m peř*t* {* gttg g.g effi ta ř eE $ rgtate

The annual lange of temperature is high as there
is no moderating influence from the sea (38'C
at Saskatoon, Figure 12.26). The land \'varms
up rapidly in sunrmer to givc maximum mear.
monthly readings of around 20'C. However, the
rapid radiation of heat from mid-continental
aleas in winter means thele are sevelal months
when the temperature remains below fi'eezing
point. The clear skies also result in a large diurnal
férnnpŤ2frrŤp Í2nÚp

In Russia, precipitation decreases lapidty
towards the east as distance from the sea - and
therefore from the rain-bearing winds - increases;
in North America, however, totals are lowest to
the west which is directly in the rainshadow of
the Rockies. Annual amounts in both areas
only avelage 500 mm and there is a thleat of
drought, as experienced in North America in
1988. Aithough, fortuitously, 7.5 per cent of
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Saskatoon (Saskatchewan,
Canada)
s2" N

altitude 145 m

annual temperature
range 38'C

annUal pÍecipitation
352 mm

!i:;rr* '! l.ril:

(|imate graph íor a temperate
(ontinental biome

175

precipitation falls during the summer growing

season, it can occur in the form of harmful thun

derstorms and hailshoweÍs. The glound can

be snow-covered for several months between

October and Aplil. Overall, there is a close

balance between plecipitation and evapotran-

spiration. In winter, both ar eas are open to cold

blasts of arctic aiq although the chínook may

bring temporary \varmer spells to the Prairles
(page 241).

Ten"rt perate g re$$xá md }ďe$*tetgsř?

This type of vegetation lies to the south of the

coniferous forest belt in the dry interiors of
North America and Russia. Temperate grass-

lands are, however, also found sporadicallyin
parts of the southern hemisphere, where the,v

usually 1ie between 30" and 40"S. The Pampas
(South America) and the Canterbury Plains (Neu

Zealand'1 are towalds the eastern coast, while the

Murray-Darling basin (Australia) and the Veld

(South Africa) are turther inland. The NPP of

600 glmzlyr is considerably less than that of

the tropical glasslands because the vegeta-

tion gro\ /s neither as rapidly nol as tall (Figure

11.40). Whatever the original climax vegetation

of the biome n'iay have been, the ecosystem has

been significantly altered by fire and human
exploitation to leave, today, grama and buffalo
grass as the dominants. There are two main
types of grass. Feathel grasses gÍo\^/ to 50 cm and

form a relatively even coveÍage, whereas tufted

(tussock) gÍasses, reaching up to 2 m, ate founc

in more compact clumps (Figure 12.27).The
glass forms a tightly knit sod which rnay have

restricted tree growth, and certainly made eatll

eastern coaSts
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dry continental interiors

altered by
cattle ranching

I

I

I

+
American Mid-West

altered by sheep

ranchi ng

I
I

I

+
Canterbury Plains

(New Zealand)

cleared for cereals:
maize and wheat

I

I

I

V
Russian Steppes,
American Prairies,

Mu rray-Darling (Australia)

altered by altered by
sheep ranching cattle ranching
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South African Veld t"",|il::'.."

Tuíted grasses on the North

American Prairies, U5A
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ploughing difficult. The deep
roots, which often extend to a
depth of 2 m in order to reach
the water table, help to bind
the soil together and so reduce erosion. Most of
the organic material is in the grass roots and it is
the Íoots and rhizomes that provide the largest
store of nutrients (Case Study 128).

During autumn, the grasses die down to form
a turf mat in which seeds lie dotmant until the
snowmelt, rains and higher temperatures of the
following spring. Glowth in early summel is
rapid and the grasses ploduce narroq inward-
curving blades to limit transpiration. By the end
of summer, theil blue-green colour may have
turned mole parched. Herbaceous plants and
some trees (willow) grow along water courses.
ln response to the windy climate, many prairie
and steppe farms ale protected by trees planted
as windbreaks. The decay of gÍasses in summer
causes a rapid accumuiation of humus in the soil,
making the area ideal for cereals or, in driel areas,

for cattle ranching (Figures 12.27 and 72.28).
The temperate grasslands are a resilient eco-

system. The grasses provicle food tbr burrowing
animals such as rabbits and gophels, and for
large helbivores such as antelopes, bison and
kangaroos. These, in turn, rnay be consumed by
carnivores (wolves and coyotes) or by predatory
birds (hawks and eagles).

€fuerm*zeams *r h*aek trarth$
The thick gÍass covel and the impoÍtance of loots
as a source of organic matter together provide
a plentiful supply of mull humus which forms
a black, crumbly topsoil (Figure 12.29).Whrle
the abundance of biota, especially earthworms,
causes the rapid decay and mixing of organic

precrprtation = evapotranspiration
grasses and herbaceous plants

thick sod cover/organic
maner

accumulation of mull humus
and bases (Ca, Mg, Na, K) and
some Fe, Al and Si

slight leaching after
spring snowmelt and
summeÍ storms

indistinct boundary; possibly
an absence ofa B horizon

calcification
. .noď!i|e!of C3coi,.

dry subsoil often of
loess origin, or

weathered parent rock jíJ

A chernozem (black earth) soil

proíiIe typicaI oÍthe continental

. grasslands biome
parent rocK

matter during the warm sLlmmer, decomposition
is arrested duilng dlier spells and in the long,
cold winter. Due to rapid mixing, humus is spread
throughout the Á horiz<ln, and as a result of
rapid decomposition there is effective recycling
as the grasses take up and return nutrients to the
soil. 'l'he late spring snowmelt ancl early suillmer
stoÍmS cause some leaching (Figure 12.30), and
bases such as potassium and magnesium may be
slowly moved downwalds. In late summer, and in
places where the water table is near to the sulface
capillaly water may bling bases nearer to the
surface to maintain a ncutlal or slightly alkaline
soil (pH 7 to 7 .5). The grasses have an extensive
root systern which gives a deep (up to 1 m) dark-
brown to black Á horizon'

Thc alternatins drv ancl wet seasons immob-
ilise iron and aluminium sesquioxides and clay
within aggregates (peds) in the upper horizon
and this, together with the large number of
mixing agents, limits the for mation of a recog-
nisable B horizon. 'l'he subsoil, often of loess
odgin (page 136), is usualiy porous and this,
together with the capillary moisture movement
in summer, means that it remains dry. This
upward movement of rnoisture causes calcium
carbonate to be deposited, often in the form of
nodules, in the upper C horizon.

Chernozems are regarded as the optimurn soil
fol agriculture as they are deep, rich in organic
matter, retain moisture, and have an ideal crumb
structure with well-formed peds. After intensive
ploughing, chernozems may require thc addition
of potassium and nitrates.

1.25

ii{je:':,:;.;}

Achernozem (black

earth) soil profile
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These lie on thc wettet margins of the chernozems
and form a transition between thcm and the
bt.clwtl forcst earths. As pťecipitation exceeds
evapotranspiration, thele is an abscnce of capil-
lary action and the soil lacks the accumulation
of calcium calbonate associated with chernozems.
'Ihe A/B holizons tencl to merge, as thete is
limitecl leaching and strong biota activity.
I)ecaying grasses ptcxricle rnr-rch organic material
and thc soils are icleal for cercal crops.

*k*s*mut saiHs

These are found in juxtapositiott with the cher-
nozems, but where the clirnate is dliel so that
evapotťanspi lation slight1y exccccls pt ecipitatiotl
ancl the resultant vegetation is spalset ancl tnoLe
xeropl'rytic. As the root systcm is less dense, both
the amount and the depth oť orgatric nlattťr
clecrease, as does the thickness of the Á hotizon,
ancl the colour becontes a lighter brown than in
chelnozems. Chestnut soils are more alkaline,
clue to increased capillary action, and suffer fron't

rnore fiequent summer droughts. Deposits of
calcium calbonate are found near to the sulface
and the soil is generally shallower than a chel-
nozem. Chestnut soils are agriculturally ploduc-
tive if aidecl by irrigation, but misrnanagemcnt
can quickly lead to theil exhaustion and crosion.

& T'*mpmnm&* ď*c$ďa.xmrus ďmy*xts

Temperate deciduous forests are locatcd on the
west coasts of continents between apploximately
latitr,rdes 40'and 60'notth ancl south of the
Irquator. Apart from north-west Europe (which
includes the British Isles), other aleas coverecl by
this biome include the north-west of the USA,
Blitish Columbia, southern Chile, Tasmania and
South Island, New Zealand (Figure 11.38).

ť*o& ť*x"x.x p*ret€ W*st#e.$t řne trs i Bt 5

*:fi$mmte

Sumrners are cool (Figure 12.31) with the warmest
month between 15"C and 17'C. This is a result of
the lelatively low angle of the sun in the sky, com-
bined with trequent cloud cover and the cooling
influence of the sea. Winters, in comparison, are

milcl. Mean rnonthly temperatllrcs lemain a few
degrees above fteezing clue to the wartning effect
of the sea, the presence of watm, offshore ocean
clurents and the insulating clottcl cover. Dir-rrnal

tcmpelatule ranges are low; autullns ale WarmeÍ
than springs; and scasonal temperature variations
clepcnd on ptevailing ail tnasses (Figure 9.41).
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l'his climatic zonc lics at the confluence of

thc lerrel ancl Polar cel1s (Figules 9.3.1 and 9.35),

where tropical ancl polar air conrrerge at the PolaL

front. Warmer tropical air is for:ced to rise, creaf

ing an alea of krw pressure and forming depres-

sions with thcir associated fror-rts. Ihe
prevailing south-nrestetlies, laclen with vapout

after crossing walm, offsirore cun'ents, give

l'reavy orographic and frontal rain. Plecipitation
often exceeding 2000 rnm annually, falls
throughout the year but with a wlnter maximum

when dcplessions are mclre frequent and íntense'

Although snow is conlmon in thc mountains,
it ralely lies for long at sea-lcvel. fog, most
common in the autumn, forms unclcr anticy-

clonic conditions (page 234).

*eqidw*ws $*v*s*s
Although having the seconcl-highest NPP of all

biomes iIZOO glm2lyr), the temperate deciduous

forest falls well sholt of the figure for tropical
rainforests, niainly because of the dormant
winter season when the deciclr.rous trees in tem-

perate latitucles shed their leaves (Figure 11.40)

Leaf fa1l has the effect of reducing transpiration
whcn colder weather reduces thc cffectlveness oť

photosynthesis ancl when roots find it hardet to

take up water and nutrients.
In Blitain, oaks, u'hich can reach heights of

.10 to 40 m, became the clominant species as thc

climax vegetation developed through a series of

several prirnaly succ-esslons (Figure 1 1.'t). Othet

trees, such as the elm (cornmon before its popu-

lation was climinished by l)r,rtch e1m disease),

beech, sycalnore, ash and chestnut, grow a little

less tall. They all develop large crowns and have

broad but thin leaves (l'igure 12.32). Unlike

Shannon (Republic of lreland)
53" N

altitude 2 m

annual temperature range i l'C
annual precipitation 929 mm

i:ilrt 1i,31

CIimate graph Íot

a cool temperate

western-margln

biome

125

7
100 :c

ř
,. o

o
'o

-- o
o.

25

vln
ř
irn
o
o-
F^
o

,10

JFMAMJJASOND



I qrtt 1i..;i

BiNd-leaved

deriduous oak

,vood and in Surrey,

lng and

i:ii:,4:.i:i

Abro\iln earth soil

prď|etypi(aI ofa

temperate deciduous

wood and biome

thick Ieaf IitteÍ

slight leaching of
Ca,Mg, Fe and clays

I

I

I

I

I

V
possible

illuviation of
some Fe and Al

tÍee roots
penetrate

parent rocK,

tal(e up bases

the rainforests' the temperate deciduous foÍests
contain relatively few species. The maximum
number of species per km2 in southeln Britain is

eight, and some \ /oodlands, such as beech, may
only have a single dominant. The trees have a

growing season of 6 to 8 months in which to
bud, leaf, flower and fruit, and may only grow by
about 50 cm a year.

Most woodlands show some stratification
(Figure 11.2). Beneath the canopy is a lower
shrub layer varying bet\'veen 5 m (holly, hazel
and hawthorn) and 20 m (ash and birch). This
layer can be quite dense because the open mosaic
of branches of the taller trees allows more light
to penetrate than in the rainforests. The forest
floor, if the shrub layer is not too dense, is often
covered in a thick undergrowth of brambles,
grass, bracken and ferns. Many flowering plants
(bluebeils) bloom early in the year before the
taller trees have developed their full foliage.

deciduous woodland with underqrowth

Epiphytes, whích inc]ude mosses/ lichens and
algae, often gro\v on tree trunks.

The forest floor has a reasonably thick leaf
litter which is readlly bloken down by the
numerous mixing agents livlng in the relatively
\varm soil. There is a rapid recycling of nutri-
ents, although some are lost through leaching.
The leaching of humus and nutrients and the
mixing by biota produce a brown-colouled soil.
Soil type contributes to determine the dominant
tree: oaks and elms prefeÍ loams; beech the more
acid gravels and the drier chalk; ash the lime-rich
soils; and willows and alder wetter soils. There
is a well-developed food chain in these forests,
with many autotrophs, herbivores (rabbits, deer
and mice) and carnivores (foxes).

Most of Britain's natural primary deciduous
woodland has been cleared for farming, for use as

fuel and in building, and for urban development.
Deciduous trees give way to conifers towards
polar latitudes and where there is an increase in
either altitude or steepness of slope.

ffin*wm €eř,eh$

The considerable leaf litter, which accumulates
in autumn, decomposes relatively quickly due to
the activity of soil biota. Organic matter is incor-
porated as mull into the Á horizon by the action
of earthwolms, giving ít a dark-brown colour
(Figure 12.33). Precipitation exceeds evapotran-
spiration sufficiently to allow leaching. Bases,

especially calcium and magnesium/ aÍe absent
in the upper horizons and, in some instances,
there may be a loss of clay and sesquioxides
(Figure 12.34). Because there is greater biota
activity, the horizons merge more gradually than
in a podsol (Figure I2.39), while the colour may
become increasingly reddish-brown with depth
if iron and aluminium are redeposited.

t-l m
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Blown earths tend to be free-draining as they
do not have a hard pan. There is consiclerable
recycling as the deciduous trees take up large
amounts of nutrients from the soil in surnmer,
only to return them through lcaf-fall the follow-
ing autumn. Brown earths are usually deeper
than podsols, partly because tree roots can pen-
etrate and break up the bedrock (Figure 2.5) and
are more fertile, mainiy because of thc highcr
content of organic matter and clay (aithough
they often benefit from liming).

3 €mrx*$g&.*&*$ ťmresŤs

The conifelous foLest, ol taiga, biome occuls in
cold climates to the polewarcl side of 60'N in
Eurasia and North America as well as at higl-r

altitudes in more temperate latitudes and in
southern Chile (Figure 11.38).

*q}!ď c!$ťY'Bmtes

Winters are long and colcl. Minimum mean
monthly temperatures may be as low as -25'C
(-24"C at F'airbanks, f igure 12.35) - there is little
moderating influence from the sea and no insol-
ation as, at this time of year, the sun never rises
in places north of the Arctic Circle. Strong wincls
mean there is a high wind-chill factor (frostbite
is a hazard to humans); any moisture is rapidly
evaporatecl (or frozen); and snow is frequently
blown about in blizzards. Summers are short, but
the long hours of daylight and clear skies mean
that they are relatively warm. Precipitation is
light throughout the year because the air can
hold only limited amounts of moisture, and

Fairbanks (Alaska, USA)
65'N

altitude 134 m
annual temperature range 40"C

' annual precipitation 297 mm

most places are a iong way frorn the sea. I'he

slight summer maximurn is caused by isolated

convectional rainstorms.

{*m&ť*r*gxg f*g'eg& *r ťetffe
The coniferous forest has an average NPP of
800 g/m2lyr (Figure 11.'10). The coniferous trces

have developed distinctive aclaptations lvhich
enable them to tolerate long, colcl winters; cool

summers with a short growing season; lirnited
precipitation; and podsolic soils. '['he size of
the dominant trees and the fact that they arc

eve|.gťeen _ giving thcm the 1ltltentia| |r't yg6,-

round photosynthcsis - result in their relativeh
high NPP.'lhe trees, which are softwoods, rarell

number rnolc than two or lhree species per ktn .

C)ften the le rnay be extensive stands of a single

species, such as spruce, fir or pine. ln colder
areas, like Siberia, the larch tends to dominate,
Although lalches ale conc-bearing, the European

larch is cleciduous and sheds its leaves in winter,

All trees in the taiga, some of which attair-r a

height of 40 m, are adapted to iiving in a harslt

environment (Figure 12. -l 6).
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towards the Equator <--
------,---> 

potewaro

merqes with the''"ffi.
deciá uor-+s forest inffi .,
coastal are;is 

"$ Tree ilne :

only 1 month
of 1 0"C:..

w'

::l,r;i;l 1] j:;l

The coniferous

forest and its

tfansition zones

Conditions fol photosynthesis become
favourable in spring aS incoming ťadiation
incleases and ÝVateI becomes available through
snowmelt (days in winter are long and dark atrci

soil moisture is frozen). 't'he needle-like leaves

are small and the thick cuticles help to recluce

transpiration during times of strong \ /incls and
during the winter when moisture is in a form
unavailable for absorption by tree roots. Concs
shield the Seeds and thick, resirrolls balk pťotccts
the trunk from the extrelne cold of winter and
the threat of summel forest fires. The conical
shape of the tree and its downwarcl-sloping,
springy branches allow the winter sno\,vs to slide
off without breaking the branches. 'l'he conical
shape also gives some stabilit1'against stťong
winds as the tree roots are usually shallttw. Thete
is usually only one layer of vegetation in the
coniferous folest. 'l'he amount of grttuncl cover is

limited, clue partly to the lack of sunlight reach-
ing the forest flool and partly to the decp, acidic
layer of non-decomposed needles (Figure 12.37).
Plants that can survive on the forest floor include
mosses, lichens and wood solrel. The cold
climate and acid soil discourage earthworms and
bacteria. Needles decompose very slowly to give
an acid mor humus (page 262) with most of the
nutrients held within the litter (Figure 11 .29a).
Evapotranspiration rates are very 1ow and, as

they are usually less than plecipitation totals,
leaching occurs and the few nutrlents that are

returnecl to the podsol soil are soon lost. Conifers
require few nutrients, taking only 225 kg of plant
nutrient annually flom each hectale compared
with the 430 kg taken by decidr-rous trees. The
iimited food supply means that animal life is
not abundant. The dark u/oods are not favoured
by bird life, although deer, wolves, btown beals,
moose, elk and beavers are founcl in certain areas.

In North Amelica and Eurasia, the conif-
erous forest merges into the tunclra on its
northern fr:inges (Figure i2.38). The tree line,
the point above which trees ale unable to gÍow,

is often clearlv maÍked in mountainouS aÍeas

f -- ) tundra-t/

distance between
trees increases

(}.'igurc 12.36). Sor-rth of the taiga lie either the
cleciduous forest or the ternpcrate grasslancl
biomes (Figure 1 1.38), depcnding r.rpon whcther
the location is coastal or inlancl.

Pme*s*{x

Podsols develop in areas where prccipitation
exceed5 evapotťanspiration; uncler. conifetous
forest, heathlancl and other vegetation tol-
erant of low-t-rutrient-status solls; and where
palent materials pr.oduce coaIse-tcxtuÍecl soi1s.

AlthoLrgh podsols usuall;r ctcc-ur in places with
a cool climate, thcy can be for-urcl virtually
anvwhere between the Equatol and the Arctic.
providing the tequilcd conditiorrs aÍe preSent.

&$59 i&Y:. 1t;ri

PPoflLt ?'2

HO{HTIELO SEBITS

ilUN,l0.tEHnlC P0DZ0L
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coniferous forests pine neeclles slow to

sesquioxides of iron and aluminium are often

- though not always - deposited as a thin, rus!
coloured, hard pan. Where it is developed, this
pan is ralely more than 2 or 3 mm in depth
and often has a convoiuted shape. It acts as an

impermeable layer restricting the downward
movement of moisture and the penetration of
plant roots. This can cause some waterlogging
in the E horizon to give a gleyed podsol. The
lower B horizon, an area of diffuse accumulation
of iron and aluminium, has an orange-brown
colour and overlies weathered parent material,
Any thloughflow from this horizon is likely to

contain bases in solution. Although these soils

are not naturally fertile, they can be improved bv

the addition of lime and fertiliser, or by ripping
the iron pan with a deep, single-line plough.

& Yhe *umdrm

The tundra, which lies to the north of the
taiga, includes the extreme northern parts of
Alaska, Canada and Russia, together with all of

Greenland (Figure 11.38). The ground, apart
from the top few centimetres in summer when

temperatures are high enough for some plant
growth, remains permanently frozen (the
permafrost, Chapter 5).

Barrow (Alaska)

71 "N

altitude 7 m
annual temperature range 32'C
annua| pÍecipitation 110 mm

!ig*r* 13"4i

(limate graph for

a tundra biome
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Ý
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Pine needles, with their thick cuticles, provide
only a thin leaf iitter and inhibit the
formation of humus. Any humus formed is very
acid (mor) and plovides chelating agents and
fulvic acid which help to make the iron and
aluminium minerals more soluble. The cold
climate discourages organisms and the soil is
too acidic for earthworms. Consequently, well-
defined horizons develop due to the slow decom-
position of leaf litter and the lack of mixing
agents. The downward percolation of water
through the soil, especially following snowmelt,
causes the leaching of bases, the translocation
of organic mattel and the eluviation of the ses-
quioxides of iron and aluminium. This leaves an
ash-grey, bleached,4 horizon (podsol is Russian
for'ash-like') composed mainly of quartz sand
and silica (Figures 12.39 and12.4O).

Pedologists accept that different processes
(physical, chemical and biological) can be
employed in the translocation of materials, e.g.
humus and clay in suspension, bases in solution,
sesquioxides by biochemical agents in solution
and, perhaps most significantly, movement
caused by soil fauna mixing the soii.

The dark-coloured humus is redeposited
at the too of the B horizon. Beneath this the

}ii:!{ri* I}.{{}

Soil profile ofa
podsol, typical of

coniferous forests
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Relationship

bet\^/een vegetation

and site factors in

the tundra

ts."th l

&r.gtř* e *ĚgryxeŤe

Summers may have lengthy periods of continuous
daylight but, with the angle of the sun so low
in the sky, temperatures struggle to rise above
freezing-point (Balrow 3'C, Figure 12.4I) and
the growing season is exceptionally short. Nearer
the poles, the climate is one of perpetual frost.
Although winters ar e long, dark and severe/

and the sea freezes, the water has a moderating
effect on temperatures, keeping thcm slightly
hlgher than inland places further south (Siberia).
Preclpitation, which falls as snow, is light -
indeed, Barrow with 1 10 mm would be classified
as a desert if temperatures were high enough fot'

plant growth.

řumdra Lťeg*aeti&rn

The tundra ecosystem is one with very low
organic productivity. The NPP of only 740 glmLlyr
is the seconcl-lowest of the major lancl biomes
(Figure 1 i.40). In Finnish, tunclra means a 'batten
ol treeless land', which accurately describes its
winter appearance, and in Russian a'marshy
plain', which is what large areas are in summet.
Any vegetation must have a high degree of tolel-
ance of extreme cold and of moisture-deficient
conditions _ the latter because ÝVateÍ iS unavail-
able for most of the year when it is stored as ice
or snow. There are fewer species of plants in the
tundra than in any other biome. Most ale very
slow- and low-growing, compact and rounded to
gain plotection against the wind (plants as well
as people ale affected by wind-chill), and most
have to complete their life-cycles within 50 to 60
days. There is no stratification of vegetation by
height.

The five main dominants, each with its
specialised local habitat, are lichens, mosses,
grasses, cushion plants, and low shrubs
(Figure'1,2.42). Most have small leaves to limit

D permafrost [J active layer in summer

high tundra low tundra

i:!,1::t,: i.i.,i.]

Waterlogged tundra in the

summer season, Alaska

tlanspiÍation and short loots to avoid the
permafrost. Lichens are pioneer plants in aleas
where thc ice is letreating, and they can help
date the chlonology of an area following degla-
ciation (pagc 288). Much of the tundťa iS Water-

logged in summer (Figures 5.18 and 12.43) due to
the impermeable permafrost preventing infiltra-
tion. Where relief is gentle and evaporation rates
are low, mosses, cotton grass and sedges thrive.
On south-facing slopes and in bctter-drained
soils, cushion plants provide a mass of bright
colour in summer (Flgure 72.44). These 'bloom
mats' include arctic poppies, anemones, orchids,
pink saxifrages and gentians. Whele decaying
vegetation accurnulates (there is little bacterial
action to decompose dead plants), the resuitant
peat is likely to be covered in heather, whereas

[Ňóitt'
high tundra

o

uJ
E

waterlogged
hollows
(permafrost
level lower)

Sphagnum
moss; corTon
grass; sedges

seasonal river
(summer only)

dwarf birch

dwarf willow

díier river
gravers

bilberry;
crowberry

exposed
thin, dry
soi I

] |.Fiř

Note:the more exposed, higher areas have the snow blown away leaving them colder and with a higher permafrost level.
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,B|0om matíat
Prudhoe Bay, Alaska

on clrier gravels, berried plants (e.9. bilbeny ancl
crowberry) are thc clominants. Adjacent to the
seasonal snowmclt rivers, clwarf willows, hori-
zontal junipers and stuntcd bilch glor,t, but only
to a maxirnum of abor.rt .30 cm; crren so tireir
crowns .lre often distortcd ancl misshapen by the
wincl. In wintcr, the whole biorne is coverecl in
srrow, which acts as insulation for tl-re plants.

The lack of nitlo5;en-fixing plants, other than
in the pionccr cornmuniq/ (page 286), limits
feltility, ancj thc cold, wet conditions inhibit the
breakckrwn of plant rnaterial. I)hotosyntl-resis
is l-rinclclccl by the lack of sr,rnlight ancl water
for most of the year, though the plesenr-:e of
autotrophs, sr,rch as lichens and mosses, clocs
provide the basis fol a foocl chain longcr than
niight be expectecl. Herbivores such as leinclccr,
caribou and musk-ox survive becatrse plants
Iike rcindl:er nross have a high sugar content.
Howevel, these anirnals have to nligrate in
rryinter to fincl pasture that ls not covered by
st.low. 

.I.he lnajot.car.nirloles alc wolves and arctíc
fox; owls are also founcl hcrc.

- l'he tundla is an extremel)' fragile ecosystem
in a clelicate balance. Once it is cllsturbecl by
human activity, such as tourism or oil cxplora-
tion and extraction, it may takc many years
before it becomes re-established.

Tltttďr* *eli**;

The limited plant growth of this biome onlr,
plocluccs a small amount of litter and, as theLe

ale few soil biota in thc cold soi1, organic rnatter

decomposes r)nly vgly slowly to give a thin peatr

la1,g1 .)1 lrutnus oť mol. Tlrere are rnany sites

whclc thcre is free drainage. Where this occuLs,

water is able to pcrcolatc clownwalds, usuallv as

meltwatel in Iate splirrg, giving limitcd lcachin5

and, clue to the fulvic acicl within it (the pH

can be uncler 4.5), allowirig the telease of iron.

Uncler lying the soil, at a very rrariable depth but

usuallv uncler 50 crn, is the pelmafrost. This,
acting as an impermeable lalzel, severelv rcstricti

morsture percolation and causes extreme watcL-

logging and gleying (Figure 12.45). Few mixing
agents can survive in the cold, wet, tundra soils,

which are thin and harre no developecl horizons
(an exception is the arctic brown soil lr,hich
clevelops on better-clrained sltes). Where bedrocl

is near to the surface, the parent material is

physically weathelecl by freeze-tharv action. Thc

shattcrecl angular fragments are raisecl to the

surface by frost-hear,e, pťeventing the formation
of holizons and crcating a range of periglacial
landfomrs (Figule 5.21).

rockfragments

raised to surface

by frost-heave in

winter

limited Ieaching

by meltwaterin

spnng

1

I

I

up to
50 cm

I

I

I

organiims and mixing agents,
and slow decomposition

waterloooed soils; blue orev

{ňyed profi|e

ri,

t;

permafrost
(impermeable)

angular material resulting
from frost shattering

tJ t-' 
{:}

Soil profile ofa typical

tundra soil
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Tropical savanna grassland on

the Loita Plain, Kenya

A Tropical grasslands in
Kenya
-ne maln expanses oftrop cal grassLand ln

Kenya e wlthin the RlÍt Va||ey and on the

' ]o l o|ot^ o| 't . \4ora /dT é''e. ol
cíthe 5erenqeti) and Loita (Figure 12'4B)'

The r appearance is one of open savanna

lF gures 12.13 and I 2.46) with sma acacla

anci evergreen trees (Figure 12.15).There ls

ev dence, however, that the oriqinaI cl max

vegetation was forest, but that this has

been altered by fires, started both naturally

o OOr 0r^ o odQtr o'\ b' Or''o a tQ
,lpure 1 ).41') and by c imatic change.

The c lmate is very warm and drY for

most of the year with, usually, a short

season (three months) of fairly reliab e

and abundant rainfal and an even

5horteI period known as the'little rains'

(F gure 12.49). Both periods of ralnfall

fo ow soon afterthe TCZ and the associ

;ted overhead sun have passed over the

. :..;.::a.i
- . .. ...l;:l
&.. :':ř

",, 
.: ':
:!i

lltur* -:,!",J,'

Scattered trees and over-

grazed land in the central

RiftValley, Kenya
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Game Reserve

Lake Vicťoria

Serengeti
Plain

lrll;....':.ir1:i T A
The major areas oftropical

) grasland in Kenya
t]* ť

Nairobi (Kenya)

1'S

altitude 1820 m
annual temperature range 3'C
annual precipitation 958 mm

300

1';1:1,11 1.i,,! '

0 (l 
i mate graph and water balance for Nai robi ( note that, d ue to its hig her

altitude, Nairobi is cooler and wetter than the sunounding graslands)

Equator (Figure 'l2.'l 2).The annua wateT

ba ance shows a deficit (Frgure 3.3) so that,

although there is some leaching during the

rainy season, for most of the year capillary

action occurs.Thls has resulted ln the deve -

oprnent of ferrug nous sor s with, rn places,

a lateritic crust (page 321). Water supp y is

therefore a major management problem in

this part of Kenya.

Water is obtained from springs at the

foot of Mount Kilimanjaro - the mountain

itself rs in Tanzania - which are fed by

melting snow; from several of the RittValley

lakes (not all, as some are highly sa ine);

from rlvers (many of which are seasonal);

and from waterho es. Even so, there have

been, in the ast 1 00 years alone, several

major droughts when the carrying capacity

of the region was exceeded.The carrying
capacity roooe J B' .. -L e nd TL r
number of a popu ation (peop e, animals,

plants, etc.) that can be supported by the

resoufces of the environment in which

they live, e.g. the greatest number of cattle

that can be fed adequate y on the available

amount of qrassland.

I

i
+"^^i--l ^----l-^f,L' uPrLar 9r o))railu

highland

National Parks
and reserves

1246. n:f""
0 100 km

Mt Kilimanjarol Tsavo
National Park

t

Human pressure on the
natural resources
Maasai pastoralists
Vaasd o'éd..ir.dd p.op].' L o'p.o| 1"

Maa languagelTheir ancestors were Nllotic,

coming from southern Sudan during thefirst

mi lennium AD They kept catt e and grew

sorghum and mi let.The present Maasal

may be descendants oíthe last ofsevera
m].12tiÓn \^/i\/.< )tp<i é\/i.]en.- uqge

that they may have on y been in Kenya for

300 years. Over tlme, they specrallsed more

in catt e and came to see themselves, and

robo oel b;o . i.o ol;ond^L
.t . .a.r onr ,l^l lre 250 o

' Ó.Óo|) pÓ o'lo o o[ | ' Moo o d'e' qed j

their red c oaks and with their humped zebLr

.rr , Li .i' ... , r'-- np-lor nnorr -,vv tcdt/v,od o ot_tv'J- tLv .r.

o| Moo 'poo|o1:ot€\,4od.o tor todo;'a.

al Maasai pastora istslThe Maasai became

semi nomadic, moving seasona ly wlth thelr

cattle in search of water and pasture (two

wet seasons and two dry seasons meant

four moves a year; Frgure 1 2 49) Herds had

to be large enough to provrde sufficlent mi k

and meat for thelr owners and to reproduce

themse ves over time, inc udrng the abi ityto

ro.o /é Íon dro.,glt atd d. o" .'

l',,,,*'^n"

Laikipia

Aberdare Mountains
(White Highlands)

F ,:'
,t

.1

N

,il
N ,ilJ ,;

;:i Rift 
.,r,

,,:' 
Valley,,ii

,,'tt

250

E
E
c

rcn .9
G

.+
o
o-

100

o
f
6
a
o-
Ea

rainfall reliable:
soil moisture

i recharge and
5ome WateÍ surpIus

'linle

soi I

moIstur€
deficit

/---a-.

-l
l

l

r soili
. motStu re

uti I isation
I 

-i'
j

a----,i,-----:
I

'.

i

I
i

i

r

336 World climate, soils and vegetation



The management of grasslands

..

i
at
a

,;

Kikuyu (Bantu) farmers
Ihe Klkuyu were one of several Bantu tribes
,,lho arrived in Kenya, from the south, some
20C0 years ago. They became subsistence
farmers growing crops on the higher and

',rhlch 
bounded the eastern side of the Rift

\ta ley.The Kikuyu and Maasar often ived a

complementary life-style. For the Maasar,
( kuyu n the highlands were a secure
o , . o. bod llff. a O d old, ^ oi r^ .ge

dur nq times of drought and cattle disease.

Forthe Kikuyu, Maasai provided a constant
supply of cattle products and wives.The
d vision between them only appeared in

ear y co onial times when the Maasai were
forcibly moved from places like Laikipia

iFlgure 12.48) southwards onto the newly
created Maasai reservatron (the distrlcts ol
Narokand Kajiado).The vacuum left was

I ed by new y arrived European sett ers,

and by Kikuyu (their rising numbers were
causing a land shortage rn the h gh ands)

Flgure 12.51 shows numerous, small,

Klkuyu shambas (sma holdings) on the
eastern edge of the Rift Valley to the
north west of Nairobi.

Co|onial (European) settleřs
!Íhi e many Europeans 5ett ed in the So

ca ed'White Highlandsl others deve oped
hugeestates within the RiftValley.The most

famous was Lord De amere from Cheshire.

ire lntroduced, in turn, Australian sheep

ithey died, as the oca grass was mineral
ieflclent); British sheep and c over (the

'"epd ed ds ^ai(ar bee. d d rot po

inate British clover); British cattle (wiped

out by oca diseases); wheat (whrch was
. .L ..1 . .l.d-oedb;,r d

anrmals); and, finally and successfully,

'o'g5--os -ar bee| oi||. 1epJÓ.é

Dtrd| ei.e''d eíFgJ|e |/' '/\|a ^.

22 600 hectares (divtded lnto I B0 hectare
paddocks); it has 10 900 long horned Boran

ol1|. /.Á6 'or.) 19 rdpoC ; 000

crossed with 300 Friesian bulls; and 280
permanent workers. Although the estate

i:i.:lt;;: :1,i.1,..!

Flower-growing

estate near Lake

Naivasha, Kenya

rs managed by'whitesl the stockmen are

Maasai. More recent y, transnatrona firms

have set up large f ower farms (Fiqure

12.53) and vegetable (especially peas and

beans) farms in and near the RiftValley.The
closeness to Nairobl airport means that
these perishable products can be trans-

ported to and so d rn European markets,

outo. 'eo'o'l l.do o .' é) d'Óp' Jeo

,,];',1,, l+tli!,i*ii: jlffi
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Maasai and tropical

grassland underthreat

less land -
less mobility -
less migration =

overgrazing =

carrying capacity
exceeoeo

greater risk of drought
as some water supplies
are lost and demand
increases from Kenya
as a wnote

threat to plough up areas
around Narok to grow
wheat for Kenya's growing
population

earlier European settlers, now
multinationals (flowers, fruit and
vegetables) using Rift Va||ey foÍ
commercíaI produce

Maasai .{:,
under threat

, "'l

tourism: the latest threat
to the Maasai's
tÍaditionaI way of Iife,

society and culture

i1,,,, "t""t"' 

'n.r"ur" 
in Maasai 

$

"';..,,,:, J*X-.*i
.,,ii.r,:,,,, 

,.ai::,-

Population 9rowth and uřbanisation
Kenya, an econom cally ess dcve operl

country, has one of the world's fastest-

qro\^/lng population rates. Thls means

increased pressure on the and, especia i1'

the qrasslands, to qlrow rnore subslst,"nce

crops to feed the qrowrng domestic marketr

more cash crops to earn neec1ed money

fronr increased exports; and ntore anct lost

to urllan growtfr.

Maasaiin the late 2000s
The trad itiona I Maasa i way of life a nd thel.

qrasslanrJ habitat are under constant threat.

|-igure 12'.55 summarises, but does Íllsuf.

ficie nt justl.e to, some of the prese nt-day

problems. Chang.., as rn many societles,

is beinq forced u pon the Maasal. \A/hlle

[aary valL]es and tradit ons are sti I kno,il.t

and held, the basls oÍ their economy the

concept oI and as territory has been s..r

transÍormed that the survva of the herdlnq

system is injeopardy. F-or some years, mdnv.

Maasai have trled either to buy individua

ranches (lRs) or to arralqamate to create

qroup ranches (GRs), a practice which seems

to fail at ti rnes of severe d rouq ht 1'he l\4aasal

are.r so having to corne to terms wlth a

sedentary rather than a semi nomadlc lfe

sty e. Practica Action (PA), a Brltlsh develop

me nt qroup (Places 90, page 517), has been

workinq with Maasal peop e to improve thc

standard of housing. ln response to the ma I

comp arnt of Maasa women, PA has heiped

to desrgn a water|ght cement skin whlch

can be laid over an o d rnud roof (it was the

worrcn's job to app y rnore dung and mud

onto a leak ng rcof dur nq a w..t night), and

have improved venti ation wlthin the holse
(rrrhere a i the cooking is done). 1-he qovern

rnent have la d a pipc rne [rorn Kilimanjarc

to Kajaido, to ensure a more re lable water

supp y.The qua rty of Maasat hercis has

inrproved, wrth some catt e being sold for

rneat in Nairobi.The trnprovement to herds

has been aided by PA whlch has he ped train

loca vi aqers to beconre'vets'(wasoidzl,
Fiqlure 21.5) capab e of vaccrnatlnq an ma s

and dealing with conrmon diseases. Some

Maasai have begun to grow crops, wht e

others have bequn to benefrt from tourism.

In Ambos-.li National Park, the Maasal are

a owed to se I artefacts from th..ir own shop

Ihey can retain allthe inconre whlch had,

prevrous y, gone to the 9overnrnent.

Amboseli National Park,

Kenya, watered by

melting snow from l\4t

Kilimanjaro (Tanzania)

.lll.,,

1,,.:

ii;jíl

n
ffi

,ř

,lr

a:

fi
ir:',1:l ,,,'::11..r ....:i:lr'--' 

..rl:lt

I

'{

increase in Kikuyu
population = extra
pressure on land;
expansion into
g rassra no s

Maasaí moved out of
National Parks and
Reserves: loss of land
and water supplies

National parks and reserves
The passing oÍthe Natlonal Parks

Ordinance in l9'15 meant that specific
areas \^/er!Ó set aside either exc U5ively

for wrldlife (no permanent setIlement rn

National Parks other than at tourist odges)
or where other types of land use were per
mltted on y at the discretion of loca coun

cils. While wrldllf.. has become a major

source oÍ inconle for Kenya, lt haS meant
less land beinq availab e for crops and, to
the Nlaasai, denia of access to important
resources ofdry season watef and pasture
(Amboseli; Fiqure 12.54) Maasai herds

were heavi y dep eted during the drougbts
of I 952 and 197) 76.
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B The temperate grasslands in North America: the Prairies
,I ..l . .r . h. rlo p611611

Coronado in the 16th century, who rode

nto Kansas Írom Mexico, and |ater French

trappers and explorers in Canada, reported

vastextents of waisthigh, green grasses

sometlmes so tal that rnen on horseback

stood in their stirrups to see where they were
qolnq.The plains seemed so vast that no limit

Short grass
(up to 0.4 m)

could be found. Nineteenth century sett ers

moving westwards across the Mississippi

Missoun in their wagons or drawing their
handcarts, must have wondered if they
would ever see woods, forests and moun-
tarns again.Today, the extent ofthe interior
grass ands of North America is well known
(F]gure 12.5ó)'

Mixed grass
(0.6-1.2 m)

atchewan

The Native Americans, who used the

ecosystern, did litt e to a ter the grassland,

which re malned tn its o|gina state of
natura balance untll the late 1 9th century.

O . to de:. bed Lrn-':
'lt is a wi d qarden. Each week from April

through September, about a dozen new

kinds of flowers corne into bloom. Once the

- 
Greatest extent
of prairie

, ' Present-day extent
of open prairieCanadaSummer

remperalures
average 19-21"C

t'' 
\t

Precipitation
250-500 mm; heavy
winter snow; strong
winds cause loss of
moisture. Light
brown soils
deteriorate rapidly
when cultivated

Precipitation over
500 mm; summer
temperatures 28'C;
summer convection
rainfall; heavy winter
snow. Chestnut soils
extensively
cultivated in North
and South Dakota,
Nebraska and
Kansas; watertable

\ being lowered

) (Ogallalla aquifer)

L
.\\^tft"*

t\\
\)\

Albertar

-'%t* ' Man

J=i ruortrr
' .. \ Dakota

iJ,h
Dakota

Precipitation over 1000 mm;
dark soils with high humus
content; chernozems in best
areas. Diverse native
vegetation, much now
cleared for cereals (spring
wheat in north; winter-sown
wheat in centre; maize in
south where growing season
is longer)

i Michigan-'l--

Gulf of Mexico

!::';il:l l:l.iil:

The North American Prairies

E

o
O
N

\i
C
J

Nebraska
-::!!11"1Y

Colorado

o

ico

'-rt'
I
t

\

Tall grass
(up to 2.5 m)

I

Arka nsas

. %\!l

Short grass
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Short-gras prairie with

deciduous tÍees

(ottonwoods and aspen)

and some conlfers:west

centÍaIWyoming

:r:iri:ll ii,:i:1.

Long grass prairie (buffalo

grass):5askatchewan

ay.ro'd-ddgd gpt\too',k' o'gl
it starts to choke off the smaller grasses

and wi d f orrvers. Meantime, woody p ants

rr e, (- rl ade "^d 
noi .t _.e ol Qo

a footho d ln the sod and spread. lfyou

go long enouqh wrthout fire, much of th s

countryside will be covered with treesl

Grasses such as blue stem and buffa o

grass have a network of roots which can

^' |. 'r.] ' 
. r.l(' ]pr 'h|^ íl.^tÁ o ob 'orb

water and obtain nutrients. Root systems

Tdl ^d[e-oo.er 80oe'r- ri I re eoea

i'. bio.ro. i. tI e pra l'e'_| eŠe' LoqeLe

with the smaller herbs, have helped to

develop a thick sod close to the surface.

Plants can survive from year to year because

they die back to the ground and ie dormant

during the co d winters (page 321).

Soi s grade in colour and fertility frorn

brown in the western short grass prairre

(Figure I2.57) through chestnut in the

m xed grass zone to the fertile b ack cher

ro -n ,'r' .ol" o'Lt e .o l- ]ra. ea . e n

zone (Figure 12.58) The chernozems have

a high humus content (page 327).

Decaying humus releases minera s s or'vy

for the grasses.The soils are kept ight and

aerated which helps to prevent compac-

tion under heavy rain (summer convection

storms) and the weight of heavy animals

(blson and humans).The presence of

h. l'...' hpnr ,.^.r.emO\Ure.D-c
ra f rpa rpnl dro nh rhp r pnp ,t nn h.
r'lor,olnnad nr ^to.li\/o m..l, ta- \--. u'- a

eaves that cur up to prevent evaporation

oss, and well developed root fibres whlch

can obtain moisture from deep in the soll.

The rapid spring qrowth and early ma

turity of grass al ows it to produce seeds

ear y. lt then becomes semi dormant untll

autunnn and can survive heat and drought

Late growing species may not be ab e to

cornpete and this has led to an extenslon

of short grass into the mixed-grass zone

durinq a succession of ong dry periods

In the l Tth century, there were estrmated

to be 60 70 mlllion bison roaming th.^ grass-

ands with 50 mi lion antelope, plus grizzy

bears, wolves and prairie doqs, together

with many specles of birds - hawks, larks,

buntrngs, etc. and insects and reptiles such

' l ^' ^! l , '.!' |^! . lÁ^.^ '^ t^ ^ ^|d) \r o" _i o tu /o u\. 'uuol I

the larger mammals eft except in wrlderness

refuges such as National Parks.
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:::i:,::,. ""^" ^"[attle feed Iots in Denver

Nutrient cycling within the
prairie ecosystem
ln Figure 1 1.29b, the small litter store
.t 'L--^ . r...*-'t-T.Ou1[Orť| ctL)L||tr|EoLlVE|y )|l|o c

vegetative matter and low eaf lall. Litter

decomposes rnto humus and nutrients are
'€ po.ed o the co , q r rq iL good c'ur.rb
structure. Moderate rainfall reduces loss
'o^ u-o[[Tle arqe so L sLoragp i: o resu '

o .he noorl^er.l9of ror(at dthop[Ós€|^ro

of deep, rich chernozems (in the eastern

and central prairies) which have accumu

ated a high proportion of humus (organic

- , t-r\ - tf aranpp.2lp.nnl nenldlutL!, /

condrtions. There is little oi' no leachrng

because the rainfa is exceeded by

evaporation in the summer months.

How and why may tllis
ecosystem change?
There is little taLl-grass prairie 1eft, and

estimates by government agencies indi

cate that there is less than 34 per cent

true mixed grass prairie and less than 23

no. é^I Il'esl.n't .tra.-nra rieine^isL
ence.This is mainly due to conversion to

crop production, damming of major rivers

together with flood control and irriga

on sysiem\, and il favo;'able orear lhe

draining of wetlands for crops.

I Natural conditions
. Unpredictable rainfall and drought

have been a major factor in change

in the North American Prairies. Low
rainfall rn the I930s a ied to a'ad

farming practices led to the creation
ofthe Amencan Dust Bow; reduced

the natural fodder for anima s; and

permltted an eastward extension of the
' h^ý| ^ý\.r ^' riý'^r :ň|^ lh^ ^\.|^ý^ | |) |U| L 9 o)) |',|o|| q) I| LU L| ť qo L.' | |o|

q ra ss.

Lightning is a frequent cause of fire

in the grasslands in summer.This
de rloyr t.1e rL [a g yogg or ol: \ t

sma animals; and damages the food
supp|y' 1n the years ÍolIowlng serious
fires, lower brrd numbers have been
recorded, as many nest on tne ground.

Bison herds have been effective rn

change.They are heavy grazers and

reduce the coarser medrum grasses,

eaving short grasses. n the spring and
early summer when mosquitoes hatch

they plague the bison, causing them
to roll on tne ground to reduce tne
itchinglThis forms depressions in the
p air e.L,'[a. e. lle.e bate 'o s noy be

'ó .^|^^ .Ó'! |rtarL' .oolqr:rripd hvrq ! urv )qu ro Lqr !y )qq! . . ..

birds.

Human activity
Hunting The earliest inhabitants were

the Native Americans who hunted

aninal. br bod. Ls 'rg ' 'e ord t'ap. ro

ki unselective y. With the coming of
h. ] ' rnne |n d'l. .lÓ r todl Lion o[

the horse and the rif e, they were ab e

to kill large numbers of blson almost

to extinction. t was on y rn tne late

20th century that the number of brson

$^go^ Lo .)c ea(e.d.d re5 | ar atclJ
tranagement ln the National Parks,

such as the Houck Ranch in South

Da kota

Cereal farming nitially the prairie sod
nrn'lar] tnn áiffir' lttn "a..^'. ' 'l€J\|l Qon)
wooden or iron p oughs, but after the

1840s this became possible following
+f, ^ :^.,^|^^-^^+ ^í+Á^.+^^Tt.oéVe|oo.renlo-'ae ree p|ouq.'

Cereal crops were successful y rntroduced

and were soon to be exported in huge

quantities toWestern Europe (Places 70,

page 486). Overcultrvation by the I 930s,

wl er tl ere Ad drsodr.ve.od'oughr. ed

to extensive soi erosion and, especia y in

the southern Prairie states of Kansas and

Oklahoma, the creation of the'dust bowll
ia11i p.6 ^n\pr I ;nn r-.-lod- o a

i, roe.r r a " l^ rL. rpel. repd ome of tne

damaged areas, further droughts during
|.e I tp .0 l. c1 ' tr . r 'pd aí] €Sl.t1oi€d

loss of up to 1 m of topsoil in some

prougneo areas.

Cattle ranching became the main

farming activity on the western Prarries

(f-igure 12.59) on land previously

grazed by bison. Serious problems of
-. .,,.-.i^- ..,.. J aSU .huvcr9 dzil 19 uLluf cu rrdrtr

lower rarnfall Although irrigation is

used to grow fodder cops in states such

as Alberta, Montana and the western

2
a
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Dakotas, the extraction ofwater has

led to a lowering of the water table.

Intensive ranching now takes place on

huge feed lots close to rarlheads such

as Denver (Figure 1 2.ó0). Young cattle

are fattened in stockyards on grain

transported from the eastern Prairies

before being moved further east to the

slaug nter ya rds.

. Mineral extraction has increased

since the l97Os, with extensive strip

mining for coal and the constructron

of over 50 wells for the extraction of oil

and natura gas.This, together with the

toads, ra lwa;. dtd oipe ir es reeded -o

transport both workers and the minera s

across the Prairies, has had an adverse

effect on parts ofthe grasslands.

o Other land uses include areas

set aside for military training and

recreational activities including

campino and bird watching.

Ca n t h e g rassl a n d ecosystem be
saved?
Many species of grass found only in tem
perate grassland ecosystems have declined

substantially in recent years.This has

been blamed on a combination of factors

including poor grazing rnanagement, the

effects offjre, the spread oÍ invasive, non-

native plants and, n places, urban develop-

merr. -)tinaler sJgges rlal lhe pra ie

l' ' 'r alÓ( lé.ré ] 'p. h' "lmo,L J0 Í iol

hectares between 1 986 and 2002.The

Grassland Reserve Programme (GRP) came

into effect in 2002 as a resu]t of the un|íkeIy

Lo ope'dI o1 o'' le \a.u e Corserra'lcv
and the Natronal Cattlemen's Beef

Associatlon (Figure 12.61). lt was designed

to be a buffer against the continuing loss

Goudie, A.S. (2001) Tlrc Nature of the
Entti ro nm ent, WiieyBlackwell

Money, D.C. (1978) Clinate, Soils and
Vegetation, Harper Collins

ofgrassland areas and to ensure that the

native praire remained a viab e, productive

and irnportant ecosystem for present, and

future, generations.This was necessary if

indiqenous p alr ar d dT "ro \oe-ies were

o \ rr\ ./e. ll^c u'?D p og dnne npose. 10

regulations on grazing and allows pnvate

entities, such as ranching land trusts, to
have rights of way over other properties.

Under the GRP ranchers and other
private grass and owners who enrol ed

had to agree to placing 10,15,)0 or

3O-year contracts on their land, prohibiting

changes in land use, such as the growing

of crops, and other activities incompatible
with conserving the grassland ecosystern.

ln return, the landowners receive annual
payments for short-term contracts or a

one time payment for which they agree

to rights of way over their property.The

GRP also provided addltional resources to

assist landowners w shing to restore former

grassrano area5.

Al went well until 2007, when America's

open plains and prairies were threat-

ened by soarlng global grain prices that

increased the land's value as cropland.

Grain prices were drven up partly by an

increase in wor d demand for food,

especially in the emerginq economies of

China and ndia, and partly by the American

Congress voting to double the production

ofcorn based ethanol, a c eaner burninq

'uel t hat ra educe qreetholr. ga e^

sions. Both ofthese factors appear to work

contrary to the government's programmes

designed to conserve the grassLands.

Landowners in many parts of the Prairies,

e,oeridl y Ll^e D"t otd . bo Jd , o v*ro o

r'oplard (on^ .ro.g ' 
'a|', 

produ. l \ Ó dIoo\

that for decades - rn some case centurles

- had remained uncultivated as it would

1 i'/tr heo,] .raara't.nle o LLrn Lnem in o

a ra ore.

n 2008 a growing number of farmers

chose not to re enroll when their GRP con-

T.a. rs o' pir.d. po.ertialry e.lJb 10 o e.

2 mi ion hectares of grassland, 1 5 per cent

of the GRP total, to become available for

. rop dr^o by l0 0 Wi I r"'l-eo lr "l ea ned

54 or $5 a busheI in 200ó gettin9 s l 2 a

bushel in 2008, it ls a case of short-term

incentives overtaking ong-term beneflts.

Conservationlsts warn that the hard work

ofthe last few years cou d easily be undone

and can on y hope that grain prices w L

drop again in tbe near future another

example of g obal uncertainty.

controlled burning to renew pasture should be allowed

(this was a Native Ameri(an custom)

overgrazing can be avoided by careful pasture

managemenr

soil and water conservation are already practised

tourists, picnic sites and more roads will damage the

envtr0nment

Oxfam's Cool Planet tropical rainforest:
www.oxfam. org.uk/coolplanet/
ontheline/explore/nature/trfindex.htm

West Tisbury School, Massachusetts
biome:

there is too much burning; the prairie does not recover;

burns are too frequent

new information gained from research will help both

graziers and conservation

the prairie needs restoration to maintain its ecosystem

the prairie has already been damaged by cattle grazing

:'r1 I ],

(onflict beforethe introduction ofGRP in2002

www. b luep lan etbiomes.org/climate
htm

World Wildlife Fund, ecoregions:
www.worldwildlife. org/ecoregions/
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I a What is thetlimate'of a place? (3 marks)

b What is the reason for wanting to classify climates? (3 marks)

c Why do many geographers use the naturalvegetation of
a place as an ind jcation of the climate? (3 marks)

d For any one world climatic zone:

i Name the c|imatic zone and identiý two pIaces which
experience this climate.

ii Draw and annotate a graph to show the pattern of
temperature and precipitation which is typical of the
climatic zone.

iii Name the typical natural vegetatlon cover of the
climatic zone and a typical zonal soil type. (10 marks)

e Explain the causes of one of the climatic characteristics
(temperature or precipitation) you have identified in d ii.

(6marks)

ř:: ry y:y:3:YY:Yy:Í: ŤŤiYY:Y :Yť-ry yyr-Yyyr- 
"

3 Choose one of the world biomes that you have studied.

a i Describe the main characteristics of the clim ate. (5 marks)

ii Describe and explain the nutrient cycle in your chosen
biome. You should include a diagram of the mineral
nutrient cycle in your anslnrer (6 marks)

b Describethezonal soilof yourchosen biome. (6marks)

c How is the naturalvegetation of the biome adapted to the
climatic conditions there? (B marks)
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2 a Describe the climate of the areas which have natural
temperate deciduous forests. (3 marks)

Draw a diagram to show the characteristic structure and
composition of the vegetation of temperate deciduous
forests. (6 marks)

Explain one way in which the vegetation of the temperate
deciduous forests is adapted to the climate of the area.

(4 marks)

Describe one zonal soil type of the temperate deciduous
forests. (4 marks)

e Why is there litter on the forest floor in the temperate
deciduous forests? (3 marks)

Explain what has happened to most of the world's temperate
deciduous forests since the settlement ofthese areas bv
people. (5 marks)
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4 a Describe the climate of the tropical rainforest. (5 marks)

b Draw a diagram to show the composition and structure
of the characteristic vegetation of the tropical rainforest.

(6marks)

c Explain howthevegetation of thetropical rainforest is

adapted to the climate of the area. (B marks)

Describe one zonal soiltype of tropical rainforest areas
and explain how it developed. (6 marks)

5 a Describe and account for the climatic pattern experienced in
areas with a Mediterranean climate (B marks)

Describe the vegetation and explain two ways in which it is
adapted to the climatic conditions of the Mediterranean.

(9 marks)

How has the long-term presence of people affected the
relationship between climate, soils and vegetation? (B marks)
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7 Choose one grassland biome and discuss the comparative
importance of climate and human activity in influencing the

Choose one biome and answer the followinq questions
about it.

a Describe and explain the relationships within the nutrient
cycle of the biome (10 marks)

b Describe one way the natural vegetation of the area is used
by people and the effect ofthis use on the stru.ture and
composition of the vegetation. (10 marks)

c How can damage due to past human uses of the biome be
reciuced? (5 marks)

6 e & * ě a &e4 * * 6 9 4 + ě ž 4é4 ě & % & ž 4 &g * + + e & + + é 4+és€

8 Outline the basic features of one system of climate classification
that you have studied and assess the importance of climate
classifications in the study of geography (25 marks)nature ofthe vegetation cover. (25 marks)
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