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Biogeography may be defined as the study of the
distribution of piants and animals ovel the Earth's
surface. The biogeographer is interested in describ-
ing and explaining meaningful patterns of plant
and animal distributions in a given area, either at a
particular time or through a time-period.

seres amd c!ixmaX vegetatňom
A sere is a stage in a sequence of events by which
the vegetation of an area develops over a period
of time. The first plants to colonise an area and
develop in it ale called the pioneer communiý (or
species). A prisere is the complete chain of succes-
sive ser.es beginning with a pioneer communiý and
encling with a climax vegetation (Figule 1 1.1a).
F.E. Clernents suggested, in 1916, that for each cli-
matic zone only one type of climax vegetation could
evolve. He refened to this as the climatic climax
vegetation, now known as the monoclimax
concept. The climatic climax occurs when the veg-
etation is in harmony or equiliblium with the local

a the monoc|iňax concept

pioneer community

#

ě

environment, i.e. when the natural vegetation has

reached a deiicate but stable balance with the climaLr

and soils of an area (Chapter 12). Each successive

serai community usually shows an increase in the

number of species and the height of the plants, an

increase in calbon storage and enhanced biogeo-

chemical cycling and soil formation.
Each individual sere is referred to by one or

more of the lalger species within that communih'

- the so-called dominant species. The dominant
species may be the largest plant or tree in the
community \ /hich exerts the maximum influence
on the local environment or habitat, or the most

numelous species in the communiý. In parts of

the world where the climatic climax is forest - i.e.

areas with higher rainfall - the plant communitv
tends to be structuled in layers (Figules 1 1.2 and

I2.4).It can take several thousand years to reacha

climatic climax. Communities are, howevel rela-

tively ephemeral on timescales of millennia. When

climatic change does occul temperature and/or
plecipitation alterations often only affect indlvidual
species rather than changing the community as a

whole. This concept, the'individualistic conceptof
plant association', was originated by H.A. Gleasor,
in 1928. In recent years this has become widely
accepted as a result of the analysis of pollen taken

from lake sediments and peats (page 294).
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'fhele are, hor'r'cvcr, verv few parts of today's
worlcl witil a climatic climax. lhis is partll'because
fcw pbysical environments rcmain stable suffi-
cicntly long for the clirnax to be rcachcd: most are

affectcd by tectonic or telnporar)/ climatic changes
(an arca becomes \^.Iarnlel/ colder, Wettcl.oI dlieÍ).
Morc rccentlv hoÝVeVeI, irrstabi1ity lras rcsulted
f}onr such l'runran activities as cleforestatiot't, the
ploughing of grasslancl, and acicl rain. Where
human activity has perrnarrently arrested and
altered the natural sLlccession ancl thc cnsuing veg-
etation is maintaineC tlrrough rnanagcrnent/ the
lesultant cornrnunily is saicl to be a plagioclimax
(figule 11.1b) - exarnprles of which inclucle
heather moorlancls rn Blitain, ancl the tentpet'ate
grasslancls (page 326).

While it is still acceptecl that climate exefts
a rnajor influence upon vcgetation, the linear
rnonoclinrax conc.'l)t has bccn replacecl by the
polyclimax theclÉy. This tlrcory acknowleclges
thc impoltance not onl1, of climate, but of several
(poly) local factors including drainage, parent roc-k,

percentage of full
sunlight (log scale)

1 primary succession

2 natura|VařiationsduetolocaI conditions

3 retrogressive succession
due to disturbance (natural or human)

4 secondary succession

Figure '! i.3

The polyclimax theory

rclief, microclirnate and soulcc of plants. 1'he poly-
climax theory, therefole, rclatcs the climax vegeta-

tion to a valiety of factors. figure 11.3 shows l.row

thc climax vegetation may resr-rlt tlom a primary
or a seconclary succession. A primary succession
occurs on a new or plcviously unvegetated land
surÍ.ace, oI in Watcr' Figr-rte 1].zl shows how thc tbur
lnore commonly acceptecl non-vegetated environ-
rnents in Blitain develop until they all teach the
same clirnax vegetation: the oak woodland. A sec-

ondary succession is more likely to occul ot't lancl
on which the prevlous managcment has been clis-

continued, e.g. abandoned farurland due to shifting
cultivation in the tropical ralnforest (Places 66,

page'180). A subclimax occuls when thc vcgctation
is preventcd tlom leaching its climax due to
intc.rruptions by local factors such as soils
antl hlrmarr interferrnt t.
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Figure ll.5

FieIdsketch ofa lÍthosere on
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Areas of bare rock will initially be colonised by
blue-green bacteria and single-celled photo-
synthesisers that have no root system and can
survive whele there are few mineral nutrients.
Blue-green bactelia are autotrophs (page 296),
photosynthesising and pÍoducing their own food
source. Lichens and mosses aiso make up the
pioneer community (Figure 11.5). These plants
are capable of living in aleas iacking soil, devoid
of a permanent supply of water and experiencing
extlemls of temperature. Lichen and varíous
forms of weathering help to break up the rock to
form a VeneeÍ of soil in which more advanced
plant life can then grow. As these plants die, they
are converted by bacteria into humus which helps
in the development of increasingly licher soils and
aids u/ater retention. Seeds, mainly of grasses and
herbs, then coionise the area. As these plants are
taller than the pioneer species, they wili replace
the líchen and mosses as the dominants, although
the lichens and mosses will still continue to grow
in the community. As the plant succession evoives
ol'er a period of time, the grasses wili give \ /ay as

large shrubs, and pine):

z.žsma||trees
ferns, bracken, (rowan and
smallshrubs, alder)

.žbrambles ,! sÁ

dominants to fast-growing shrubs, which in turn

will be replaced by relatively fast-growing trees

(rowan). These will eventually face competition
from slower-growing trees (ash) and, finally, the

oak which forms the climax vegetation. It should

be noted that although each stage of the succes-

sion is malked by a new dominant, many of the

earlier species continue to grou/ there, although
some are shaded out.

Figule 1 1 .5 shows an idealised primary succes.

sion across a newly emerging rocky coastline. It

excludes the increasing number of species found

at each stage of the seral succession. The species

are determined by local differences in rainfall,
temperature and sunlight, bedrock and sol1 type,

aspect and relief. Lithoseres can develop on bare

rock exposed by a retleating glacier (page294),

on ash or lava following a volcanic eruption on

land (Krakatoa, Places 35) or forming a new lsland

(Surtsey, Places 3, page 16), or, as in Figure 11.5,

on land emerging from the sea as a result of
isostatic upiift following the melting of an
icecap (page 163).

Over time, the area shown to have the pioneer

community passes through several stages until
the climatic climax is reached - assuming that

the land continues to emerge from the sea, that

lichens, >
liverworts

nero5, gřasses'

' osses -.ř ;[:l,o 
o*",' 

" 
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Figure l l.6

Primary succession on

a lithosere on the lsle of

Arran: lichens, mosses and

grasses on a rocky coastline

tigure I 1.7

Primary succession on the same lithosere

in Anan: bracken and deciduous woodland

behind the rocky coastline
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W Krakatoa: a lithosere

macarandra

Climate
Temperatures are high and constant. Most months average 28"c,9iving a Veřy
low annual range. Rain is heavy,falling in convectional storms most afternoons
throughout the year.

there is no significant change in the local climate,
and that there is no human interference. Figures
11.6 and 17.7 are photos showing tÝVo stages in
the succession, taken on a raised beach on the
east coast of Arran. Figure 1 1.6 shows lichen,
favouring a south-facing aspect on gently dipping
rocks, and mosses, growing in darker north-facing
hollows. Beyond, where soil has begun to form
and where the water table ís high, grasses and

bog myrtle have entered the succession. Figure
11.7 was taken where the soil depth and amount
of humus have increased and the water table is
lower, as indicated by the presence of bracken.
To the right, but not clearly visible on the photo,
reeds are growing in a hollow where the water
table is nearer to the surface. In the middle dis-
tance are small deciduous trees v/ith, behind
them, taller oaks indicating a climax vegetation.

blown from surrounding islands by the wind, while
others drifted in from the sea or were carried by

birds. However, on Krakatoa the plant succession,

as defined by F.E. Clements in 1916 (page 286),

was influenced by another variable: chance. For

example, a piece of driftwood with a particular seed

typejust happened to be washed ashore onto the
new ash, whereas it could just as easily have missed

the island altogether.

f eÍ ns, mosses, Cy rto n d r a
shrubs and orchids

Noae:The rainforest climax vegetation here
does not contain as many species as the
rainforests on surroundino islands.

irrl:.:,lll.!

himary succession,

|(rakatoa: vegetation

distÍibution aCCording

to height above sea-

level,1983

In August I BB3, a series of volcanic eruptions
reduced the island of Krakatoa to one-third of its
previous size and left a layer of ash over 50 m deep.

No vegetation or animal life was left on the island
or in the surrounding sea. Yet within three years
(Figure 11.8),26 species had reappeared and, in

1933,271 plant and 720 insect species, together
with several reptiles, were recorded. The first
recolonisers arrived in three wavs. Most were seeds

Krakatoa
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older dune ridges
(grey dunes)

fore-dunes
sea couch grass,

maÍram grass

main ridge
maríam 9řass on
yellow dunes

dune heath -
some marram,
red fescue, sea

spurge, sand

herbs, heather

* 1"' -'_t ',,,'t'-'

gorse, bracken,
ragwort, heather,
prickly holly, small
shrubs, buckthorn

1,$ t'%
embryo dunes
(strand line):
lyme grass,
-.-^ -^,.^L ^-^^-\cd luuLr | 9J d5)
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fikéý-póšiiióť'óf aóiňéá wáter táblá dune'slack'with higher water table, creeping willow,
.otton gIass, yel|ow iris, Íeeds, rUshes

Figure 1 1.9

Transect across sand

dunes t0 snow a

psammosere, Morfa

Harlech, north Wales

risure I 1:]0

Primary succession on a

p5ammoseÍe: coIonisation

of íore-dUnes, Winterton,

Norfolk (compare Figures

6.32 and 6.33)

Ž ssagrmrx*seť€$
A psammosere successiolr develops on sand and is
best illustrated by taking a transect across coastal
dunes (Figure 11.9).'fhe first plants to colonisc,
indeed to initiate dune formation, are usllally
lyme glass, Sea Couch glass an.l maÍIam gr.ass.

Sea couch grass grows on berms around the tidal
high-water mark and is often responsible for the
formation of embryo dunes (Figure 6.31). On the
yellow fore-dunes, which are arid/ being above the
highest of tides and experiencing rapid percola-
tion by rainwater, marram grass becomes equally
ir-nportant.

The main dune ridge, which is extremely
arid and exposed to wind, is likely to be veg-
etated exclusively by marram grass. Marram has
aclapted to these halsh conditions by having
leaves that can fold to recluce surface area,
which aÍe shiny and which Can be alignecl to the
wind direction: three factols capable of lirniting
evapotranspiration. Marram also has long roots
to tap underground water supplies and is ablc
to grou/ up\,vards as fast as sand cleposition can
cover it. Grey dunes, behind the main riclge,
have lost their supply of sand and are sheltered

from the prevailing wind. 'l'heir greater humus

content, flom the clecomposition of earlier
marram grass, enables the soil to hold more
moisture. Although marram is still present, it

faces increasing competition fr:om small flow-

ering plants and herbs such as sea spurge (\,\'lth

sr,rcculent leaves to store water) and heather.
.I'he older ridges, ftrrther from the wateÍ, ha\{

both more and taller species. Dr-rne slacks mav

form in hollows between the ridges if the water

table reaches the surface. Plants such as creeping

willow, yellow iris, reeds ancl rushes ancl shrubs

are indicators of a deeper and wetter soil. On thc

landwarcl side of the clunes, perhaps 400 m fion
the beach, ai'e smal1 deciduous trees including
ash and hawthorn and, as the soil is sand,v, pine

plantations. f ulthest inland comes the oak
climax. Figure 1 1.9 shows a psammosere based

on sand dunes at Morfa Harlech, north Wales.

Figures 11.10 and 6..12 show marram and l1,me

grass forming thc ycllow fore-duncs, with gorse

ancl heather on the gÍeyel dunes behind.
Figures 1l .1 I and 6.33 show vegetation on
the inland ridges.

large oak

řigure l 1.1 1

Primary succession on a psammosere:

vegetation on a grey dune ridge and on

a dune slack, Braunton Burrows, Devon
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rowan,
a sh,

alder 09k
pioneer community on inter-tidal

mudflats

non
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sh ru bs

blue green bacteria,
eel grass
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ln rivel estuaries, liilgc at't-tounts of silt are clepos-

itecl by the cbbing tide ancl inflorving livels. 'fhc

earliest plant colonisers alc greell algae ancl ccl
grass which can toler.lte sr-tbtnergence by thc
tide for r-nost of thc 12-hour cycle and which
trap rnucl, causing it to accumulate. Tr'r'o other
coionisers arc SoliL'orttio afld Sportitto which alc
halophytes - i.e. plants that cart ttllerate salinc
conciitions. 'l'hel' gror'r' on the inter'-tidal mtrdflats
(figure 6.3'1), rvith a maxitttuttt of 4 hours' cxpo-
sure to the ail iu cvery 12 hours. Sportina has lor-rg

roots enabling it to trap more trlttcl than thc initial
colonisers oi algac ancl Salicornin, and so, in rnost
places, it has becorne the dotninant vegetatioll.
The inter-ticlat flats receivc new seclitnent claily,

ar e rn'atcrlogge d to the c-xclt tsion of oxygen, ancl

have a high pH value.
The sr'r.arc1 zone (page 1.58), in contlast, is

inhabited b,v pLants that can only toleratc a

rUSneS anO I

Juncus l

rnaxirnurn of 4 hours' sullmcrgence in cvert' 12

houls. Hcre the dolninattt species arc sea lat'enc1cr,

sea astcl'ancl grasses, inclucling thc 'bor'vlirlg green

turf' of the Solwa_u- f irth. Hcxvet'c'1, althotrgli the

vegctation hcre tencls to fot'tt.t a thick nlat, it is
not contir-tuous. I lollorl s tttav rt'tttain lvhclc thc
SeaWateÍ bectltttcs tr.ap1lcd leavirrg, after eva1lot.a'

tion, saltpar-rs in lvhich the salir-ritv is too grcat

for plants (Figure I 1.1:l). As the tidc ebbs, water

clraining off the lancl mav be cttncentt'itted into
clecks lFigure 6.-35). The upper swarcl zonc is onlt'
covetecl by spling tides ancl hcre /ttrrc'tts and other
rushes grow. littt'ther inlancl, nort-halophytic
grasses and shlr.rbs enter the sttccesslon, to be fol-
lowcd b_v small tt'ees and ultimatcly by tht: climax
oak vegetation. t'igurc 1 1 . 12 is a rransect basecl ot.t

thc saltrnarshes ot-t the nttt'th coast ttf thc' Gor'rrer

Pcninsula in south Wales. figure I 1.14 shovl's

rcvrr',rl stages irr tltt' h;lost'rc rttrrc::ion.

SalÍcornía spartína sea Iavender,

sed d5ler,9rds\es
thrift

saltpan devoid of
vegetatron3 Hlgh'water mark (spring tides)

2 High-water mark (ordinary tides)

, Lo**u*r mark (ordinary tide

figure 1 1.1 2

Transect showinq

a pÍimaly 5u(ces-

5ion rn a halosere,

L anrhidian Marsh,

Gorver Peninsula,

rorthWales

'qrt 
1 1.13

)r|llarys!c(es5ion in a

"r osere: a saltpan on the

lLflo k coast, covered only

lthe highest oftides

..*'.-:.íŤe-'.:'" :- 
.,

Figure 1 {.14

Primary succession in a halosere

BIakeney Point, l.loríolk
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Primary succession in a
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organic content

'*:.:^ i I

small river with
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floating plants, algae
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Lakes and ponds originate as clear \ /ater whlch
contains few plant nutrients. Any sediment
carriecl into the lake will enrich its water with
nutrients ancl begin to infill it. The earliest colo'

nisers will probably be algae and mosses urhose

spores have been blown onto the water surface

by the wind. These grow to forrn vegetation rafts

which provicle a habitat for bacteria and insects,

Next will be water-loving plants which may eithet

gťow on the surface, e.g. ÝVatel lilies and pond-
weed, or be totally submerged (Figure 11.15).

Bacteria recycle the nutrients from the pioneer
community, and mar sh plants sttch as bulrushes,

sedges and reeds begin to encroach into the
lake. As these marsh plants grow outwatds into
the lake and furthel sediment builds upwards at

the expense of the water, small shrubs and trees

will take root forming a marshy thicket. In time,

the lake is likely to contract in size, to become
deoxygenised by the decaying vegetation and
eventually to disappear and be replaced by the

oak climax vegetation. This primary succession ts

shown in Figure 11.15. Figure 11.16 shows land
plants encroaching at the head of a reservoir,
while l-igure 1 1. 1 7 illustrates the watet, marsh and

land plant succession in and atound a small lake.

Incidentally, it is not necessary to be an
expert botanist to recognise the plants named in

these primary successions; you just need a good

plant recognition bookl

Fig*re ! !.1 7

Primary succession in

a small lake, Sussex

., :11
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A climatic climax occuÍs when there is stability
in transfels of material and enelgy in the eco-
system (page 295) between the plant cover and
the physical environment. However, there are

several factors that can arrest the plant
succession before it has achieved this dynamic
equilibrium, or which may alter the climax
after it has been reached. These include:

s a mudflow or landslicle (Places 36)

rc cleforestation or affolestation
i& overglazing b1, animals or the plottghing-up

of grasslancls
x burning grasslands, moorlands, forests

and heaths
x dlaining wetlands
x disease (e.g. Dutch elm), and
x changes in climate (page 286).

Instead, by I9BB, much of the flow had already

been recolonised. lt could be seen that most of the
plants were found near the edges of the flow and

were not randomly distributed, and there were

already several species including grasses, heather,

bog myrtle and mosses, some of which exceeded

50 cm in height.

These observations suggest a secondary
succession with plants from the surrounding climax

community having invaded the flow mainly due to

the dispersal of their seeds by the wind.

4 Intensively grazed grassiancls in semi-arid
areas which have a lower biomass and a
limiipí] litipr ]errer

5 Deciduous woodlands which, despite the
presence of a thick litter layer, are often slow
to burn.

Following a flle, the blackened soil has a lowel
albedo and absorbs heat more readily and, wlthout
its protective vegetation covet the soil is mole vu1-

nerable to erosion. Ash initially increases consider-
ably the quantity of inorganic nutrients in the soil
and bacterial activity is accelerated. Any seedlings
left in the soil will grow rapidly as there is now
plenty of light, no smothering layer of leaf litter,
plenty of nutrients, a warmer soil and, at first, less

competition fi'om other species. Heaths and moors
that have been fired are conspicuous by their
greeneÍ' more vigotous gÍowth. A fire climax com-
munity, known as pyrophytic vegetation, contains
plants with seeds which have a thick protectlve
coat and which may germinate because of the heat
of the file. 'lhe community may have a high pro-
portion of species that can sprout quickly after the
fire - plants that are protected by thick, insulating
bark (cork oak in the chaparral (page 324) and
baobab in the savannas (FigLrre 12.74)), or which
have underground tubers or rhizomes insulated by
the soil. It has been suggested that the grasslands of
the American Prairies and the African savannas are

not climatic climax vegetation, but are the result
of tiring by indigenous Indian and African tribes
(Case Study 12).

ffi Arran: secondary prant succession

The mudflow shown in Figure 2.16 occurred in

October'l 981 and completely covered allthe existing

vegetation. Twelve months later it was estimated

that 20 per cent ofthe flow had been recolonised, a

figure that had grown to 40 per cent in 1984 and 70

per cent in 1988. Had this been a primary succession,

lichens and mosses would have formed the pioneer

community and they would probably have covered

only a smallarea.The pioneer plants would probably

also have been randomly distributed and, even after

seven years, the species would have been few in

number and small in heiqht.

Fřac gffug* *sflír*
The severity of a fiie and its effect on the eco-
system depend largely upon the climatic condi-
tions at the time. The fire is likely to be hottest
in dry weather and, in the northern hemisphere,
on sunny south-facing slopes whele the vegeta-
tion is driest. The spread of a fire is fastest when
the wind is stlong and blowing uphill and where
there is a build-up of combustible material. The
extent of disruption also depends upon the type
and the state of the vegetation. The following is a
list of examples, in rank ordel of severity.
1 Areas with a Mediterranean climate, where the

chaparral of California and the maquis/ garrigue
of southern Europe are densest and tinder-dly
in late summer after the seasonal drought.
Since 2005, major bush fires, which are occur-
ring more often, have threatened Sydney in
Australia, Olympia (site of the first Olympics)
in Gleece, parts of the south of France and, in
California, Los Angeles (Case Study 15.A). In
eally 2009, over 200 people lost their lives in
bushfires, in the Australian state of Victoria.

2 Coniferous forests where the leaf litter
burns leadily.

3 Ungrazed grasslands and, especially, the
savarinas, which have a low biomass but a
thick iitter layer (Figure II.2B). Biomass ls
the totai mass of living organisms present in
a cornmunity at any given time, expressed in
terms of oven-dry weight (mass) per unit area.
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řigure 11 .,l9

[hanges in the suríace

oflowland England,

Wales and Scotland over

the laÍ 12 000 yea15

(o/ÍerWiIkinson )

V*g*t*{fra:*Ť {hert.$*s irt {h* ffi*H***me
'l he Ilolocene is the lllost rcccnt of the geological
pcriocls (Figures l. I and 1 1 18). Thc last giacial
advanct'in Britain enclecl about 18 000 years ago.
Although the extlente south of Englancl remained
covcled with harcly tunclra plants, rnost of
nolthcln Blit;rir-i n as left as bale rock
or glacial tiI1. Hacl the climate gradually ancl
( ( )lrst.r n tl) arncliolc led, rr pli rrrar'l strcccssi, rn

woulcl have taken placc, from south to north,
as previor,rsly describccl for a lithosere. It has bccn
establisheci that thcrc have been sevelal major
fluctuations in climatc cluring those I8 000 ycars
which have lesultcct in significant changes in the:

climax vegetation (Figulc 11.1B).
Thele ale several techniques that help to

clctermine vegetation changc: pollen analysis,
clcncllochnrno I ogy, radio-carbon datin g, a n cl

histolical evidence (page 248). families of plants

have thc same pollen grain in terrns of its shapt

and pattcrn. Where pollen is blown bv the winil

onto peat bogs, such as at Tregaron in west

Wale's, the grains are trapped by the peat. As

1lloÍe peat accut-t-tulates over the years, thc poller

of successively latel times indicates whlch weLe

the clomlnant and subdominant plants of the

period (Figures 11.18 and 1 i.19). As each plant

grtlws best r'r'ithin certain c]efined tempeÍature
and preci;litation limits, it is posslblc to deter-

minc when the ciimatc either irnprovcd (anteli.

olated) or cleteriolated. Denclrochronology

- dating by rneans of the annual growth-rings
of tlees - has shown that the bristlecone pine o[

California can be datccl back sorne 5000 r'ears,

whilc European clenclr'ochronology-, basecl on bog

oaks in Ileiancl and Celrnany, extends back sonr

10 000 ycars. Raclio'calbon clating ls basec'l on

changing amounts of radioactivity in the atntos

phcle ancl in plants. Notice in

figure 11. 18, n'hich links
clirtta t ic an(l vegctatir )ti

changcs, how forests increasc

as tire climate ameliorates,
ancl how heathland and peat

moors take over when the

climatc deteriorates.
woodland
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dBP

i500 1000
BP BPe Presenl

-

figure11"18

Climatic and vegetat on

(hange in Britain 5in(ť

the Holo(ene
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17000-14000

14000-12000

12 000-10 000

10 000-8000

8000-s000

5 000-2500

2500-2000

2000-1 000

1 000-450

450-300

posr-300-

present

final glaciation

periglacial

Alleiod

pre-Boreal

Borea I

Atlanti(

sub-Borea I

sub Atlantic

historicaltimes

glacial

cold,6"C in summer

warming slowly to l2'( in summer

glarial advance: colder, 4'C in summer

continental: winters colder and drier,

summe15 warmer than t0day

maritime: warm summen, 20'(; mild

winters,5'(;wet

continenta|: WaÍmer and drier

maritime: (ooIeÍ, stormy and wet

improvement: warmer and drier

dec|ine: much cooIer and WetteÍ

'little ice age': colder than today

gradual improvement

none in northern Britain; tundra in none

southern England

tundra Palaeolithic

tundra wilh hdrdy trees, e.g. willow and birch Palaeolithic

Arctic/Alpine plants, tundra

forests:juniperfirstthen pine and birch and

íinally oak, e|m and lime

our'optimum'climate and vegetation: oak,

alder, hazel, elm and lime (too cold for lime

today]; peat on moors

elm and lime declined; birch flourished; peat

bogs dried out

peat bogs re-formed; decline in forests due

to climate and farming

clearances for farming

further clearances: little climax

vegetation left; medieval farming

recently some afforestation:

coniferous trees

Mesolithic

Mesolithic

beginning of Neolithic; first

deforestation about 1500 BC

NeoIithic period, settIed agÍiCulture;

beginning ofBronze Age

settled agriculture

Roman occupation during early part

Agrarian and Industrial Revolutions



ffi **rŘ*6y m ttď *g*pxpast*mx

l'he ternt ecology, which comes frorn the Grcel<

lr,orcl olko.s meaning'holne', refels to the study

of the interrelationships between organisms ancl

their habitats. An organisu's horne or habitat lies

in the biosphere, i.c. the surface zone of the Llarth

ancl its adiacent atmosphete in which all otganit:

life exists. The scale of each honle varies from

small micro-habitats, such as unclel a stone or a

leaf, to biomcs, which inclucle troplcal rainforests

and cleserts (f igure 11 .20). Fundamental to the

four ecological units listecl in Figr.ue 11'20 ls the

concept of the environrnent. The environrnent is

a collective terln to incluclc all thc condititlns in

whlch an olganism livcs. It can be'cliviclecl into:

1 the physical, non-living or abiotic environ-
ment, which includes temperature, nlater,

light, hunridity, wincl, carbon ciioxide' oxygen/

pH, rocks ancl rlutrients in thc soil, and

2 the living or biotic environment, which
comprises all orSJanisms: plants, anirnals,

humans, bactelia ancl fungi.

Y&x* *c*sysŘ*ř3Ť

An ecosysten'r is a natural unit in which the life-

cycles of plants, animals ancl othet'organisms

are linked to each other ancl to the non-living
constitllents of thc environment to form a natural

system (Framework.3, page'15).'l'he community
consists of all the different species within a habitat

or ccosystem.'l'he population con-rprises all the

inclivicluals of a particular species in a habitat.

An ecosystern depends on two basic proccsses:

energy flows ancl material cycling. As the flolv

of energy is only in onc directior-r and bccattsc' it

cťosses the systerr-r boundarics, this aspect of the

ecosystem behaves as an opcn system. Nutricnts,

which arc constantly recyclecl for futurc use, are

circulated in a series of closecl systems.

š ffix*rgyťšcawox
'The sun is the primary sotlrce of energl' for all

living things on l:arth. As energy is retained only

briefly in the biosphere before being returnecl to

space' ecosystetns have to rely upon a contÍnuaI

suppllr The sun provicles heot energ,v which cannot

be captured by plants ot animals br.rt which

warms up the communitics ancl their non-living

surroundings. The sr.rn is also a sor'rrcc of /1glrÍ

cller3,v whích can be captured by green plants

ancl transfortned into chenlical energy through

the plocess of photosynthesis. Without photo-

synthesis, there would be no life on Ealth' l'ight,

chlorophyll, wannth, watet ancl carbon clioxide

ale requirecl for this process to operate. Carbon

clioxiclc, which is absorbed throuSlh stomata

in the leaves of higher plants, reacts indirectly

with water taken up by the roots r'vhen tempera-

tures are suitably high, to form carbohycllate'

The energy neecled for this comes from sunlight

which is 'trappecl'by chlorophyll. Oxygen is a b1'-

product of the process. The carbohlrdrate is then

available as food fol the Plant.

Ecological units

micro-habitats sma|| specific Iocations, e.g' under a Ieaí

under a stone in a river

habitats more specific locations wlth a particular

set of conditions and an appropriately adapted

commUnitý e'g. freshwater pond' hedgerow

zones units within biomes,e.g'three layers in the

rainforest: the surface, deep ocean and

inter-tidal zones ofthe sea

biomes large areas cutting across continents yet

each with its own characteristic type of flora

and fauna, e.g. tundra, rainforest, desert

tigure 1 1.20

A hierarchical structure

of ecological units

Environment

the conditions
under which
plants and
animals live,

e.9.light,
temperature,
water, soil,
gases
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tigure 1 1 .21

Three examples of

food chains through

fourtrophic levels

tigure 1 1,22

Trophic levels

řigure 1 1.23

Energy flows in the

ecosystem

Trcphiclevell
autotrophs
(se lf-nou rish in g)

green piants

Trophic level2
herbivores
(primary consumers)
consumers eating green
pla nts

Level 2: energy has been
transferred twice, i.e. from
sun to plants and from
plants to herbivores

producers

a utotrophs

Trophk level 3

carnivores
(secondary consumers)
meat-eaters conSume
herbivores that have
consumed green plants

Level 3: energy transferred
three times, i.e. from sun to
plants,from plants to
herbivores, and from
herbivores to carnivores

consumeřs

herbivores,
caÍniVores,
omnrvores,
detritivores

':.:"

Y

Trophiclevel4
omnivores
(diversivores)
carnivores eating
carnivores that have eaten

herbivores which have

y consumed green plants

level 4: energy has been

transferred four times

tlt: C

decomposers

bacteria
and fungi

ř**ď *&gáe?s *s}ď *rm3s*** š*y*$s
A food chaín arises when energy, trapped in the
carbon compounds initially produced by plants
through photosynthesis, is transferred through
an ecosystem. Each link in the chaín feeds on
and obtains energy from the one preceding it,
and in turn is consumed by and provídes energy
for the following link (Figure II.Z7).

grass worm blackbird

leaf Caterpi||aÍ shrew

phytoplankton zooplankton fish

There are usually, but not alv/ays, four links
in the chain. Each link or stage is known as a

trophic or energy level (Figure 17.22) . In order
for the first link in the chain to develop, the non-
living environment has to receive both energy
from the sun and the other factors (water, CO",
etc.) needed for photosynthesis.

The first trophic level is occupied by the

producers or autotrophs ('self-feeders') which

include green plants capable of producing their

own food by photosynthesis. All other levels are

occupied by consumers or heterotrophs ('other

feeders,). These include animals that obtain th€ll

energy either by eating green plants directly or

by eating animals that have previously eaten

green plants. The second trophic level is whue

herbivores, the primary consumers, eat the pro.

ducers. The third trophic level is where smaller

carnivores (meat-eatels) act as secondaÍy con.

sumers feeding upon the herbivores. The fourth

trophic level is occupied by the larger carni-

vores, the tertiary consumers. Also known as

omnivores (or diversivores), this group - which

includes humans - eat both plants and animals

and so have two sources of food. Figure 11.22

shows the main trophic or feeding levels in a

food chain. Detritivores, such as bacteria and

fungi, are consumers that operate at all trophic

levels.

il
hawk

badger

human

r---*5---------1,'
Level 1: energy has onl y
been transferred once,
i.e.from sun to plants

input

sun's energy

non-living
environment

.::::;l B
,:t:ia:

,:l:.1':

.,,r,;y1 A
.,.ai.,.i

-:ili.'
..:,:.:.,t'

i..'
.::.,:.

x

Outputs

. C Ae,crlors of energythrough heat
durinq transfer between stages

.. O {y,2, lott of energy within stages
through respiration and excreta

-------------> decom position
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However, no transfer of energy is 100 per
cent efficient and, as Figule 11.23 shows, energy
is lost through respiration, by the decay of clead
olganisrns and in excťeta within each r.rnit of
the food chain, ancl also as heat given ctff whcn
energy is passed frorn one trophic level to the
next. Conseqr.rently, at each highet level, fewer
organisms can be supported than at the prcvious
level, even though thcil indiviciual size gcner-
ally 1r'rcreases. Simple food chains are rare; there
is usuall1, a varicty of plants and animals at each
level forming a more complicated foocl web.
This lange of specics is necessary since a sole
species occr-rp1,ing a particular trophic level in
a simple foocl c-hain could be 'consumed' and
this would adversely affect the organisms in
the sr.rcceeding stages.

.fhe progrcssive loss of eneÍgy through the fo<ld

chain imposcs a natural lirnit on the total mass of
living matter (the biomass) ancl on the nutnber
of organisms that can exist at each level. It is con-
venient to show these changes in the form of a
pylamid (Figure 1I.241. A pyramid of organism
numbers is of limited value for cornpaling ecosys-
terns for two reasons. Irirst, it is dlfficult to count

thc nurnbers of grasses oI a1gac pcl urrít aÍea.

Seconclly, lt cloes not takc lnto account the relative
sizes of organisms - a bactelil,rm would count thc
same as a whale! A pyramid of biomass takes into
account the difference in size between organisms,
but cannot be r.rsed to CompaÍe masses at c1iffetent

trophic levels in the same ecosystem or at similar
trophic levcls in different ecosystems. This is
because biomass will have accunrulated tlver diÍ-
fcrcnt periods of time.

Hurrans are founcl at the end of a food chain
ancl human population is dependent upon the
length of the chain (and thereforc thc amount
of cnergy lost). In other worcls, in a shortet food
chain, less energy will have becn lost by the time
it reaches humans ancl so thc lancl can support
a higher density of population. In a longet food
chain, more energy wili havc bcen iost by the
tirnc the food is consumed by humans, which
rneans that the carlying capacity (page 378) is
lower and fcwer people can be supported by a

given area of land - as in \,/estern l)ulope, where
most of the population are accustorned to animal
products as well as cÍol]s.

Figute 
'tr 1.2'l

Th€trophi( pyramid loss of energy

detritivores
at every
stage

Leve| 1 tertiařy
(omniVores) consumeřs

Level 2 secondary
(carnivores) consumers

Level 3
(herbjvores)

Level 4
(pla nts)

př|mařy
consumers

producers

fewer organisms,
fall in biomass

many organisms,
much biomass

number of organisms oramount of biomass
(i.e. the total dry mass)

š fl.$axtri*nt *y*{ůng

Chemicals neecled to produce organic matclial
are circulatecl alound the ecosystem and are

continually recycled. Varlous chemicals can
be absorbed by plants either as gascs from the
atrnosphere ol as soluble salts tlom the soil. f.ach
cycle consists, at its simplest, of plants taking
up chernical nutrients which, oncc they have
been used, arc passed on to the herbivoles and
then the carnivores that feecl upon them. As

organisms at each of these trophic levels die,

they decompose and nutrients arc returned to
the system. Two of thcse cycles, the carbon ancl
nitrogen cycles, ale illustlated in Figures 11.25
anď II.26.In cach case, the most basic cycle is
given (diagram a); followed by a more cletailed
example, although still not in its entire com-
plexity (diagram b).

Biogeography 297



Figure l l.Ž-5

The carbon cyc|e (aíter lM.B.V. Roberr)
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Note: In recent years there has
been an increase in
atmospheric COr, resulting
partlyfrom combustion of fossil
fuels in the atmosphere causing
a slight rise in temperature (the

enhanced 'greenhouse effect 7.

This cycle operates over land
and sea,and also involves
weathering.
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/voÍe: This cyc|e can operate
over land,over sea, or in the
atmosphere. lt includes
possible inputs (volcanic
eruptions) and outputs (loss
to deep-sea sediments).

loss to deep
sediments
(output)

Recent investigations, mainly in New Zealand
and the Andes, have shown that nitrogen fr om
seawater, or released by plants and animals
as they die on the seabed, can be channelled
upwards, togethel with magma, at subduction
(destructive) plate margins.'l'he nitrogen can

tt_lr-IrL NOr by nitrate bacteria

later be released back into the atmosphele, either

as \/ater or as a gas, through volcanic eruptions.
Once in the atmosphere, the nitrogen can retuLn

to Earth and the sea in rainwater - so completing
a nother n itrogen cycle.

Figure f i.26

The nitrogen cycle

(ofÍet /\4.B.V. Roberts)

combustion
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Scientific enquiry: hypothesis

Since the 1 960s, geographers have felt an

increasing need to adopt a more scientific approach

to their studies.This stemmed from a number of

changes that were taking place in attitudes to the

study of geography and to science in a broader

sense:

The increasing scale and complexity of the

subject's material and the data available.

The rapid development of theory, often using

computer modelling, from which predictions

could be made.

Define the problem

Formulate a hypothesis

. The realisation that, despite great care, all

human observers have their own, subjective,

opinions which influence an assessment or

conclusion (i.e. scientific objectivity could not

be guaranteed).

The scientific approach to geography involves a series

of logical steps, already practised in the physical

sciences, which enabled conclusions to be drawn

from precise and unbiased data (Framework B,

page 246).This approach is summarised in the flow

diagram (Figure 1 1.27).

During a sixth-form field week on the lsle of Arran,

one day was set aside for hypothesis testing. This

involved seeking possible relationships between

several variables on Goatfell (Figure 1 1.37)'The

hypotheses included:

Vegetation density decreases as

altitude increases.

Soil acidity increases as altitude increases.

Soil acidity increases as the angle of

slope increases.

Soit moisture increases as the angle of
slope increases.

Depth of soil increases as altitude decreases.

Height ofvegetation increases as

altitude decreases.

Number of species increases as

altitude increases.

Soil temperature increases as

altitude decreases.

Data collection required the taking of readings at

a minimum of 15 sites from sea-level to the top of

Goatfell. lt is important that the selection of sites is

made without introducing bias (see Framework 6'

page 1 59).

Data analysis may include drawing a scattergraph

to investigate the possibility of any correlation

between the two variables; calculating the strength

of the relationship between the variables by

using the Spearman's rank correlation coefficient
(Framework 19, page 613); and then testing the

result to see how likely it is that the correlation

occurred by chance (Page 614).

It should then be possible to determine whether

the original hypothesis is acceptable as an

explanation ofthe data, or not. lf it is rejected, then

a new hypothesis should be formulated'

.rrt I L27

:Íne5|5 te5IIng

Decide which data are needed
to test the hypothesis

a

a

a

o

Design data collection procedures (including

sampling methods, if required)

Data collection and recording

Data analySis (using statistical
techniques to look for order,
patterns and relationshiPs)

Assess the results: drawing conclusions

Secondary (published) data
(e.g. maps, censuses)

Hypothesis is rejected

Redefi ne problem; formulate
a new hypothesis

;;;Jn,.;;; ;;;

Pr mary (fleld) data (e.9.

questionnaires, soil pits)

l\4ove on to next
problem for study
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A model oíthe
mineraI nutÍient

cycle (after

Gersmehl)

comparrmenTs

input dissolved in rainfall
(fÍom atmosphere)

a
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This model, clevelopecl by P.F. Gersmehl in 1976,
attempts to show thc differences betr,r,een

ecosystems in terms of nutrients stoled in,
and transferrcd bctween, three compartments
(f igure 1 1.28):

1 Litter the total amount of organic matter,
inclucling humus and leaf iitter, in the soil
(it is, therefore, morc than just the I or
litter layer as shown in the soil profile in
Figure 10.5).

2 Biomass - the total mass of living organisrns,
'mainly plant tissue, per unit area.

3 Soil.
Figure 11.29 shows the mineral nutrient cycles
for three selcctcd biomes: the coniferous forest
(taiga), thc temperate grassland (prairies ancl
stcppes), and the tropical rainforest (sclvas).
1 Taiga (Figure 11.29a) Litter is the largcst store

of minelal nutrients in the taiga. Although
folest, the biomass is relatively low becausc
the coniferous trees form only onc laycr, have
littlc undergrowth, contain a limited variety
of species, and have needle-likc leaves. The
soíl contains few nutrients because, following
their loss through leaching and as surface
runoff (after snowmelt rvhen the ground is
still frozen), replacemcnt is slow: the low
ternpelatuIes festlict the Íatc of chemical

#
ffi uo,uuu by plants

ffi

weathering of parent rock. The layer of
needles is often thick, but their thick cuticles
and the 1ow tcmpcratulcs cliscourage the
action of the decomposcrs (pagc 268). The
breakdown of litter into humus is thus ver1,

slow. These factols account for the low fer-

tility potential of thc podsol soils of the taiga

(pagcs 331-332).
2 Steppes/prairies (Figurc 11.29b) Soil is the

largest stole of mineral nutrients in thc tem-
perate grasslands.'l'he biomass store is srnall
due to the climate, which provides insutflcient
moisture to support trees and temperatures
low enough to reduce the growing season to

approximately six months. Indeed, much of
the biornass is found beneath the surface as rhi-

zomes and roots. The grass dies back in winter
ancl nutrients are returnecl rapidly to the soil.

The soil retains most of these nutrients because

the rainfall is insufficient for etTective leaching
anci the clirnate is conducive to both chemical
and physical weathering which release further
nutrients from the parent rock. The presence of

bacteria also speeds up the lcturn of nutrients
fi'om the litter to the soil. These tactors heip to

account for the high fer tility potential of the
black chernozem soils associated with tem-
perate grasslands (pages 327 and34O').
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Frgure ! 1,29

Mineral nutrient cycles in three different

environments (after Gersmehl)

B biomass L litter S soil

compartments (circle size
proportionalto amount
stored)

nutrient transfers (arrows
are proportionalto
amount offlow)

b steppe and prairie (mid-latitude continental grassland)

a taiga (northern coniÍerous forest)

c selvas (tropical rainforest)
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3 Selvas (Figure 17.29c) The tropical rainfor-
ests have, of all the majol envitonments, the
highest rates of transfer _ an annual Íate ten
times greater than that of the taiga. The biomass
is the largest store of mineral nutrients in the
tropical rainforests. High annual temperatures,
the hear,ry, evenly distributed rainfall and the
yearJong growing season all contribute to the
tall, dense and rapid growth of vegetation. 'l'he

biomass is composed of several layers of plants
and countless different species. The many plant
roots take up vast amounts of nutrients. In
comparison, the litter store is limited, despite
the continuous fall of leaves, because the hot,
wet climate provides the ideal environment for
bacterial action (both in numbers and type) and
the decomposition of dead vegetation. In areas

where the tbrest is cleared, the heavy rain soon
removes the nutrients from the soil by leaching

Forest cycles 178

2 100

or sulface runoff. The leaf litter content rapldiy
decomposes due to the high temperatules and
hear'y rainfall. The rainforests are characterised
by'tight' biogeochemical cycling between the
litter and the top layers of the soil in which
most tropical species are rooted, and the
biomass. This means that the soil component,
and by proxy the bedrock that is usually found
at some considelable depth (Figule 12.10), is

only a small component in the nutlient cycle.

Initially nutrients such as phosphorus may
increase if the forest is burnt, but deforestation
usually leads to a rapid decline in soil fertiliý
(pages 317-318).

Figure 11.30 compares the storage and transfer of
nutrients in four major biomes (i.e. ecosystems on
a large scale). Remember that these figures refer to
natural cycles which, in reality, have often been
interrupted or modified by human activity.

2028 1 540 4 480

All measurements in kg/ha

5 000
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FiEure 1 1.3'l

The Bamburi Quarry

WHatlerPark,Mombasa,Kenya:creatinganecosy5tem
Most of the eastern coast of Africa is protected by

coral reefs (Places 80, page 526). Coral, which live

in cleal warm, shallow tropical waters, are small

organisms that have a calcareous skeleton. For

centuries, coast-dwellers have hacked out blocks
of dead coral to build their houses and mosques.

In 1954, the Bamburi Portland Cement Company
built a factory 10 km north of Mombasa, Kenya,

to produce cement, and began the open-cast
extraction of coral. Cement was essential to Kenya,
partly to help in the internal development of the
country and partly as a vital export earner.By 1971,

over 25 million tonnes of coral had been quarried,

leaving a sterile wasteland covering 3.5 km2. On

that land there were no plants, no wildlife, no soil:

it was a degraded ecosystem.The Swiss-owned

řiqure 1'|.3Ž

fusuarino trees planted in

coral rubble, Bamburi Quarry

transnational cement company then appointed Dr

Rene Haller to restore the environment from what

he himself described as'a lunar landscapefilled
with saline pools'(Figure 1 1 .31).

After trying 26 d ifferent types of tree, Dr Ha ller

found the key to be the Casuarinatree (Figure
'I 1.32).This pioneer tree grew by 3 m a year,

flourished in the coral rubble, and was able to

withstand both the high salinity and the high
ground temperatures (up to 40"C).The constant
fall of the needle-type leaves provided a habitat
for red-legged millipedes which, together with the

Casuarina's ability to'fix' atmospheric nitrogen,

heloed with the formation of the first soil and
provided the base for a new ecosystem. As the
soil began to develop, more trees were planted.

Over the next few years, indigenous herbs, grasses

and tree species, as well as beetles, spiders and

small animals, were introduced into the young
forest, each with its own function (niche) in the

developing ecosystem.The depth ofthe ponds
and lakes was increased until they reached the
groundwater table so that a freshwater habitat

was created for fish (initially the local tilapia
which are tolerant of saline water). crocodiles and

hippopotami. Hippopotami excrement stimulated

the growth of algae which oxygenated the water,

preventing eutrophication. After only 20 years, the

soil depth had reached 20 cm and the rainforest,

with over 220 tree species, had become sufficiently
restored to be home for over 180 recorded species

of bird. The ecosystem was completed with the
introduction of grazing animals (herbivores) such

as the buffalo, oryx, antelope and giraffe.The

re-creation of the rainforest (Figure 1 1.33) had been

comoleted without the use of artificialfertiliser
and insecticides, as Dr Haller considered these to

be incompatible with his concept of a complex,

balanced ecosystem.

The project has not only been an environmental
success, it has also become a sustainable
commercial venture with income derived from, for

example, the sale of timber, bananas, vegetables,

crocodiles and honey. The main source of the

economy is the integrated aquaculture system
(Figure 1 1.34) with, at its centre, the tilapia fish

farm.The nutrients in the effluent water are used

as fertiliser in the adjacent fruit plantation and for

biogas to operate the pumps. From here, the water

is led through a rice field into settlement ponds,

where'Nile cabbage'is grown for use in clearing

the fish oonds. A crocodile farm is attached to the

:,1!:
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tigure 'l 1.33

ihe re-(reated rain-

lorest e(osystem,

Haller Park

water system, as crocodile waste, which is rich in
phosphate and nitrogen, is a valuable fertiliser.The
crocodiles are part of a planned food chain. Not

only are they fed on surplus tilapia, but their eggs
are eaten by monitor Iizards that help to control the

snake oooulation which in turn controls the rodent
population.Tourism has become a recent source

of income. Haller Park, the name of the restored

area, is open to school parties each morning and to

other visitors in the afternoon. In 1992 it received

over 1 00 000 visitors, making it one of the largest

attractions in the Mombasa area. In brieí the

once-barren quarry is now an ecologically and

economically sound enterprise (Figure 1 1.35).

Dr Haller also believes that his intensive

aquaculture and agroforestry techniques, geared

to maximum yield of food, fuel and income from

minimum land area and inputs, offer significant
hope for small-scale African farmers who may

be short of fertile land in a continent with an

explosive population growth and which is ravaged

by environmental and human-created disasters.

He suggests that these methods could easily be

adapted by Africans since their genesis lies in tribal

techniques taught to him by local farmers.

* Food (fish * Water
and aÍgae) flow

::,:::::, Nutrients * Revenue

Frgure 1 i "34

The Haller Park integrated

aqua(ulture system

;gute 
1 1.35

:nmthe Bamburi Quany

'laturpTrai leaflet

.9

.9

,o

REVENUE
Fish, prawns, crocodile,

rice, vegetables, tourism

',.ňuúitnu.ion
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řigure 1 i.36

Wind.distoÍted tree,

Mauritius

ffiá*rrt*g

A biome is a large global ecosystem. liach biomc
gets its narne florn the dominant type of veg-
etation for,rnd within it (temperate grassland,
coniferous tbrest, etc.). Each contains climax
communities of plants and anirnals and can be
closely linked to zonal soil types and animal com-
munities. Climate has usually been the maior
controlling factor in the location and distribution
of biomes, but economic development has trans-
formed many of these natural systems. A biome
can extend across a large part of a continent while
its characteristics may be found in several conti-
nents (cleserts and tropical rainforests). Although
somc authorities suggest that it is 'old-fashioned'
to link togethel clímate, vegetation and soi1s in
a 'natural region', the concept is still usetul and
convenient as a framework of str,rcly and as a valid
hypothesis for investigation. Foul main factors

- climatic, topographic, edaphic and biotic -
interlelate to produce and contlol each biome.

ť ťfjsgxgť*e fepgřgrs
x Precipitation iargely determines the vcgeta-

tion type, e.g. forest, grassland or desert. The
annual amount of precipitation is usually less
important than its effectiveness for
plant growth - for example: How long is any
dry season? Does the area receive steady,
beneficial rain or short, heavy and destruc-
tíve downpout.s? Is rainfall concentrated in
sumlneÍ when evapotranspiration lateS are
higher? Is the rainfall reliable? Does most rain
fail during the growing season? Is there suf-
fícient moisture for photosvnthesis? Hear'.v

rainfall thr oughout the year enables forests to

grow. These may be tropical rainforests, where

the plants need a constant and hear,y supplv
of water, or conifer ous forcsts, where trees can

grow due to the lower latcs of evapotranspira-
tion. Many other parts of the worlcl r eceive
seasonal rainfall. Rainfall is more effective,
as in places with a Meditcrlanean climate,
when it fa1ls in \ /inter lather than in summer,

as this coincides with the time of year when
evapotranspiration rates are at their lowest.
However, as Mediterranean areas receive little
summer rainfall, trees and shrr-rbs growing
thele have to be xerophytic (drought-
resistant) in order to survive. Rain is less
effective when it falls in the surnmer because

much of the moisture is lost through surface

runoff and evapotranspiration. Effective
precipitation is insufficient for trees, and so
savanna grasses grow in tropical latitudes and

prairie grasses in more ternper ate aleas. Places

where rainfall is limited throughoi,rt the yeai

have either a desert biome, where ephem-
erals (plants with very short life-cycles, Figure

12.19) dominate the vegetation, or a tundra
biome, where precipitation falling as snow
and the low temperatures combine to dis-

courage plant growth.
x Temperature has a major influence on the

flora - i.e. whether the forest is tropical or

conifelous, or the grassland is tcmperate
(prairie) or tropical (savanna). Where mean
monthly temperatures rernain above 21"C for

the year and there is a continuous growing
and rainy season, broad-leaved evergreen
trees tend to clorninate (tropical rainforests).
Places where there is a resting period in tree

growth, either in hot climates with a dry
season or cool climates with a short growing
season, are more likely to have coniferous
trees as theil dominant vegetation. Grasses,

which include most cereals, need a minimum
mean monthly temperature of 6'C in order

to grow. Many plants prefer temperatures
between 10'C, which is the rninimurn for
effective photosynthesis, and 35'C.'l'he
higher the tempeIature, the sooneÍ wi1ting
point will be reached and the greater the need

for water to combat losses through evapo-
transpiration. The lower the temperature, the

fewer the number of soil organisms and the

slower the breakdown of humus and recy-

cling of nutrients needed for plant growth
(Figure 12.7).

:1" ::
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Goatfell 874 m

mosSes ano
lichens

Latitude:55'38'N Aspect:south-easl
x Aspect (the direction in which a slope faces)

affects sunlight, tempclatuleS and moistt-lÍe.

South-facing slopes ln the northern hemi-

sphere are more favor,rrable to plant growth

than those facing north because they aÍe

brighter, \,/armer and clrie r (Places 2tl,

page 213).

s sďmpfaÍ* éscygáJ f**ť*rs
In l3ritain, there is considerable local vatiation

in vegetation clue to differences in soil and under-

lying parent rock, e.g' É]fass on chalk, conifers on

sand, and deciduous trees on clay. Plant glowth is

affected by soil textufe, stťuctule, acidity, olganiC

content, depth, water and oxygen content, and

nutrients (Chapter 10).

"s sď**$e f*e$*rs
Biotic factors include the element of competition:

between plants for light, root space and wateL,

and between animals. Competition increases

with density of vegetation. Natural selection
is an important biotic factor. The composition
of seral communities and the degree of reli-

ance upon other plants and animals either fot

food (parasites) or energy (heterotrophs feeding

on autotrophs) are also bicltic factors. lbday,
there are very few areas of climax vegetation or

biomes left in the world, as most have either

been altered by human activity or even entirely
replaced by human-created environments' The

landscape has been altered by subsidence frorn

mining, urbanisation, the construction of tesel-

voirs and roads, exhaustion of soils, deforesta-

tion and afforestation, files, the clearing of land
for farming, and the effects of tourism. The

ecological balance has been upset by the use of

fertiliser and pesticides, the grazing of domestlc

artimals, and acid tain.

T$** spatiml pxttenm *$wsr*# fui*rmes

Figule 11.38 shows the distribution of the world's

major biomes. When looking at maps of biomes

in an atlas (they usually come under the heading

'Vegetation'), remember that all vegetation maps

are very generalised (Framework 11', page 317).

Vegetation maps do not show local valiations,

transition zones oL except in extreme cases, the

infiuence of relief. Nor is there any universal con-

sensus among geographers and biogeographers

as to the precise number of biomes. Bradshaw

has suggested 16land biomes and 5 marine;

Simmons describes 13 (11 land biomes plus

islands and seas); O'Hale accepts 11; while Goudie
(in common with most examination syliabuses)

lestricts his list, as does this text, to 8 land biomes.

comon grass ..

and sedges i

bracken on steep slopes;
heather and Sphagnum
moss on flatter areas

bilberry, mosses

, richens.":..lorr"

.tu

deciduous woodland
in three |ayeís:

Note: Based on|y on altitude: otheí
local factors which affect vegetation
have been excluded, e.g. geologY,
drainage, angle of sloPe, asPect,
depth of soil and soil aciditY.

small trees and shrubs, alder,
birch and mountain ash; bog
myrtle, bracken

coniferous
plantation

oak, ash, birch
rhododendrons

1

z
3

Figure11.37

,Ihe 
effect oí a Ititude on

Ve!etation, Goatfe| |, AÍran

brrambles, fl owers, grass

x Light intensity affects the process of photo-
synthesis. Tropical ecosystems, teceiving
most incoming radi:ition, have higher energy

inputs than do ecosystems nearer to the
poles. Where the amount of light decreases,

as on the floor of the tropical ralnforests or

with increasing depth in the oceans, plant life

decreases. Qualitl' of light also affects piant
growth, e.g. the increase in ultra-violet light
on mountains reduces the number of species

found there.
x Winds increase the late of evapotranspiration

and the wind-chill factot'. Trees are liable to

'bend' if exposed to strong, prevailing winds
(Figure 11.36).

'á ř*p*grs,,mpďtí* ťcrť*rs
x As altitude increases, there are fewer species;

they grow less tail; and they provide a less

dense cover (Figures 11.37 and 16'4b). Relief
may provide protection against heavy rain
(rainshadow) and wind.

x Slope angle influences soil depth, acidity
(pH) and drainage. Steepel slopes usualllz

have thinner soils, are less waterlogged and
less acidic than gentler slopes (soil catena,

page 276).
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taiga (coniferous forest)

tempef ate deciduous forest

temperate 9ra55land

chaparral and/or evergfeen
hardwood (Mediterranean)

oesert

troplcal rainforest

savanna grassland

other biomes (ice, mountains,
mon50on fofest, semi arid)

The eight major biomes, as shov/n in
Figure 11.38, can be determined using a variety
of criteria; two examples are discussed below and
summarised in Figure 11.39.
1 The traditional method This links the

type and g1obal distribution of vegetation
with that of the major world climatic types
and zonal soils. This method was based on

so i-

ř

the understanding that it is climate that
exerts the major influence and control over
both vegetation and soils. The interactions
between climate, soils and vegetation are

described and explained in Chapter 12.

2 .Íhe modern method This is based upon
differentiating between relative rates of
producing organic matter - i.e. the speed at

which vegetation grows. The rate at which
organic matter is produced is known as the
net primary production or NPP, expressed
in grams of dry organic matter per square
metre per year (glm2lyr). As sho\ /n in Figure

11.40, it is the tropical rainforests, with their
large biomass resulting from constant high
temperatures, heavy rainfall and year-round
growing season/ that produce on average the

greatest amount of organic matter annua1l,v

The tundra (too cold) and the deserts (too

dry) produce the least. It may be noted that
the average NPP for arable land is 650, lakes

and rivers 400 and oceans 125.

High energy

Average energy

Rainforests

Deciduous forest

Tropical graslands

(oniferous forest

Meditenanean

Temperate grasslands

Tundra

Deserts

%

Figure 1 1.40

Net primary productlon (NPP)

of eight major biomes
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two methols otitarityinq Cold

the major biomes (ofter

l. Simmonds)
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The situation before 20OO

We$ern Australia is ten times the size of the

UK, and about 2 per cent ofthe state was

forested before white sett ement began

ln l829.The forested area stretches from

G ng n, 75 km north of Perth, to Walpo e,

400 km to the south (Fig ure I I .41 ). The

Dar ing and Stirling ranges form the edge

of the Darllng Plateau and consist mainly of
ancient igneous and metamorphic rocks. A

number of river valleys cut into the p ateau

edge.These have broad, flat valley floors

East ofthe p ateau the old river valleys

(now arge y dry) are very broad and flat. At

thewestern edge ofthe scarp, the drainage

hasbeen rejuvenated and recaptured by

newer fast flowing streams.

The B ackwood River is an exception.

It has maintained enough flow to con-

t nue erosion of its bed as the plateau was

up ifted.Therefore it has an old meandering

course wrthin which is a new cross-

sectional V shaped profiLe.

řigur€ 1 ]:41

South-western Australia

AgÍi(ulturaI CIearing

Up to 500 m to allow
sheep reanng;
wheat grown on well drained
soils to east offorest area;
forest now half extent of I 65
years a9o.

Settlement

Small towns expanding;
most densely populated area of
state outside Pefth;
infrastructure damages forest.

Commercial logging

2BooOO m3 p.a.sawn timberfor
building;
timber for woodchips;
originally used waste offcuts
and damaged timber;
'l 50 000 tonnes jarrah sent to
Kemerton for charcoal in siLlcon
manufacture;
clear fel ing now extensive;
greatest pressures In the south,
but jarrah forest ecosystem
undef threat.

DefoÍe5tation

Leading to soil efosion, higher
water table and salinisation.

QuarÍying
Limestone, sand, gravel.

.jtJá##$ilM
rainfall decreases

,',,,,,,.',,,,,,,,,,,,1"1,1ne 
Pl:teau

Mining
Bauxite, gold,tin and tantalite;
800 ha forest lost each year;

little rehabilitation.

Dieback

sojI boÍne fungaI djsea5e
Phytaphthora cinnamomi
afíects 140/o of forests
spreading because of winter
logqjng and other human
disturbance.

Prescribed burning

Frequent burns in 5pring reduce
flora species and damage food
supplyfor breeding birds;
jarrah forest not adapted to
short intervals between burns.

Pest infestations

larrah leaf minet gumleaf
skeletoniser, affects 620 00 ha;

thinninq forest canoPY
(logging and spring burning)
stimulates young foliage,
attracts pests.

Loss of habitat

Affects flora and fauna;
26 species of plants and animals in
jarrah fofests ost or in need of
protection;
5 fauna 5pecies extinct in kaÍÍi

forests.

ON THE FOREST

T

T

1 ts'E

The clrmate of this region is

Mediterranean in type, with most ralnfall

in winter from May to October (700 mm);

rarnfall ls highest (l 100 mm) on the western

edge of the plateau and decreases rapidly

to the east.Temperatures are high in the

summer (18-27'C) and lower in the winter
(7-15"C). Snow has been known to fall ln

the Stir ing Rangel

These conditions allowed the develop

ment oí high forests, uniqUe to Western

Australia, of hardwood trees: varieties of

eucalyptus known as karri, jarrah and marri.

Jarra h forest is the only tall forest in the world

to grow in a truly lvlediterranean type.

The great karri trees, wntch grow to over

BO m in height, are found in the south-west

where the soi s have a higher moisture

content and are more fertile (Figure I Ll7).
The quality of the forest deterrorates to the

east, with a variety of etLcalypts reflectrng

lower ralnfall.The jarrah forest ts more exten-

sive and has a very high species diversity

(Figure 1 1.42).The forests provide irnportant

wild-life habitats for birds and animals over

50 species live in the hollows of the trees.

Sjnce the coming of the whtte settlers

in 1 B)9, half the tal forest cover has been

removed (nearly 2 mi ion ha). Much of the

early clearance was for agriculture, with

pastures of clover and grasses for sheep

and catt e rep acing the 500 yearold trees.

Although the tirnber provided a valuable

secondary source of rncome for the farm.'rs,

they were never able to sell it for themselves

at a commercial rate. Instead, the state sold

it for'royalty'to timber industry firms as the

commercialvalue of the tallforests was

realised.

The situation in 2000
In 2000,theWestern Australian govern-

rnent controlled 1260 ha of native trees in

so-cal ed'State ForestslThe Department

of Environment and Conservation (DEC)

claimed that there was 139 000 ha ofbld
growth'forest left (unlogged vtrgin forest)

and l ,J 

20 000 ha of'regrowth,íorest (areas

that had been logged in the last 'l 00 years).

De\p Le oppo. I on 'ro'r ' or5e'vdtio-
groups, rncluding the Western AustraLian

)*'-

l:ll] yarah
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The forests of south-west Australia

HERITAGE FORESTS
FACE THE AXE

IRREPI,ACABLE FORI,STS 1'O I]E
CLT.]AR FF]LLED FOR WOODCHIPS
Tlr. \rr.truli.rn Hr.r.illr-tc C,rntrrrr..i,rn
(AHC) oflicialIy inc]ucles ,10 areas oť
WA.s rvorld uniquc nittil,c Íbrcsts ou the
intcrint Iist o1'the Registers oi the
Nalional Estatc. the highesr narronal
recognition of the ecological. aesrnetrc.
scientific or cultriral vtlue ol xn area.
Ouce an area has been interim listed. tt is
a'rll\rJ\'r!(l irr lr3 ,'t thc Rcgi\tcl .llt(l
cutiťled to protectiot)' Thc Feclcra]
N'1illister Íbr the en\,ironnlent is Je.eally
bouncl to prevenl logging in thcse areas
ruutii an exunination has shown that
there are no .prudent 

ancl teasjbie
rlternative iog sorn.ces..

ln spitc o1' thrs protecrion. the
Departtnent of EnvironrnerrL and
Conservalion (DEC) pians to clear-tell

nlany interitlt listei-l Íbrcsts, ulainly to
producc export wooclchips. Sonte of tlte
litte,l ,lr( ir\ ,lc irll.lrclr hcirr"
clcrrr.l. llccl. ro.r,lcLl rrrrl f.,,,,,, rri,f,-,i,.
tull knowJeclge of thc AHC and thc
Federal governlŤtent.

In aclclition. therc is supposcct ro lle il
lnoratonllnt on Jogging in ali
higit conservaliotr value forests. Norv
that at ieast some of the best ot WA,s
rcmarning native forests have bcen given
official recognition, each oi. tltese
agcncies trllst back Ltp thetr
selÍ:con.{ratuiations rvith actitlrr.

The onlv action they can reasonably take
Is to stop allroaclin-s anci Ioggin,r in WA,s
hei ttgc tbrcsts irnrnccliatclv.

Figure 1 n.43

BytheWestern Australian ForestAlliance, perth tAdaptecl)

of forests, with their unrque wi d species of

srnal man.rmals, birds and flora, raised the

o ]e '| or o \- 'o|.dbi /' edl\ \^Ó é lo Ód

that, at the then present rate oí deforesta

tion, ailthe'old growth'forest would have

disappeared by2030.
The DEC now has total responslbillty for

Il^ oqqirq o d toqelo'ol o,t oÍ rÓ| Ód d|Óo

within State f-orests (Figure I 1.44). t lnvites

tenders for cutting and hau ing and then

se ling the ogs to sawmll ers and woodchrp-

pers.The chief marketforWestern Austra iar

tlmber rs "]apan' Since l97ó over ] 5 ml lon
'| | | 

^aarran-\ ^/aao.
U ||q) j rd IdV'U-ř

chip through the port of Bunbury.

The main rnethod of removal s by c ear

fe ling (Frgure 1 1.45) An area of and is

divided into sections referred to as coupes.

Coupes vary ln srze from 60 ha in karri forests

down to 1O ha in thejarrah. n clearfelling,
Ó' F'V'|Óp n.| .' .'l.p ; [.| edand.he
logged area is then burnt. Most coupes are

in the b d growth'native forests, a reas not

previous y touched, where the trees have

ed6i^d rla' 61-a1s. I -igh .l o L o'.1 e

fe led qiant karn needs a double trailerto

take it to Bunbury, and often I 2 ofthese can

be seen on the rnain road to the port every

hour.The DEC regeneration programme

invo ves the hand planting of karrl seeds

as they grow n.rore quick y than Jarrah.Thls
is leading to a growing concern over what

aopea' .o be a de [6 
"1o 

pio i'rg o-r o'
thejarrah, especial y as in drought years,

which are increasing in frequency, the karri rs

the Less likely to survive.

c Unlogged native forest
(old growth)

tigure 1 1.44

The status of native forest in

south-west Australia, 2000

0.48 m ha

0.32 m 0.16m ha

unlogged in conservation
ré<ér\/A< /nrnté.tA.|]

unlogged in State Forest
(unprotected will be logged)

Forest Al iance and the G obalWarminq source of emp oyment in a sheep-reanng

Forest Group, the annua cut had increased region adver5ely affected by the low worlcl

to over l 50O 00O m. with the La rge timber price Íor Woo]' At the Sarn€ time, the state WaS

companies using the tlmber to produce encouraging agroforestry, a form of planta

woodchips, saw-logs and poles.The residue tion agriculture (page 482).

was sent ln larqe quantities to be used as Meanwhile, conservationists were trying

charcoal in a sr icon srnelter.The timber mi ls to stop the rapid increase in logglng ln the

provlded work for 2000 people, a n important virgin forests (Fig u re 1 1 .43). The rate of oss

a Native forest b Publicly-owned native forest

Publicly-owned J I unroogua

r.6 m ha 
native forest 

| ffiffi.! roggea

Im
[ffi

E
ffi

rubricly- 
f fl

owned
native Il , I

forest

permanently lost since 1829

on unprotected private land

in conseÍVation reserves

in unprotected state Forests

Publicly-owned
native forest

0.5 m ha
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The forests of south-west Australia

.larrah trmber rs commercially va uab e for

its dark red colour, hardness and durability.

However, it grows lar more s owly, and is

less in demand, than karri - hence the diffi

culty in maintaining sustainable productlon

- even though the state government has

e'i ''.Oe'Iro Iior o -OOOOr,;. pé )rd|'
Va . ^e ^ird )oeo'eL o'pu croltiÍ.g
in Western Australia, tends to be found

within the jarrah forest and, like the karri, its

main use is for woodchip.

Effects of d efo r estati o n

Visualand physical degradation of
the landscape
This is especially bad in c earfelled areas.

Where the land is steep, tree removal

means there is no canopy to intercept

heavier rainfa l, nor roots to hold the soil
.OgÓIhel 'hi' r^ ;||: iT at '1(rooro '"
surface runoff and consequent problems

of sol erosion, the sedimentation of rivers

and a greater risk of ílooding (page Ó3).

Any nutr ents in the soil, including those

released by burning the cleared forest, will

be ost due to leachtng.

Loss of native flora and fauna
The south west of Western Australia ls

noted for lts wildflowers, typtca of other

reqions with a Medrterranean type climate
(page 324).These are threatened, as are

birds and small anima s that at present rely

on the groundcover ofthe forest. n tota ,

27 native specres are listed as rare, includtng

the chuditch, whlch is a marsupial, and the

Western rinq-tailed possum.

S a I i n i sati o n of strea m s

Thrs, resulting from the loss of the forest

canopy, has becorne a sertous prolllern

in the region (page 496). Sa ts, previously

trapped by the aterite soi s (page 32 I ),

can be transported re atively easily by

the increase in groundwater which itself

becomes more saline. n tirne this water

finds its way into streams and, eventually,

the main wateTCourses.

Eutrophication
As forest and rs cleared for aqriculture, the

nitrates used in ferti isers are also transferred

by groundwater to rivers (page 281 and Figure

16.50).The nitrates enrich plant iife which uses

up more oxygen.This leaves ess for fish and

oLhpt Wa'e. i1] 6[i'ipq ojgdl \ťl \

The situation since 2000
In early 2001, the state government ended

logging ln all the'old growth'forests in the

care of the Conservation Commission of
Western Australia and began, under tfle

DEC, a process oí Creating the conservation

parks and the l2 National Parks propos.^d

rn its'Protectlng our o d growth forests'

po icy. A major capital works programme

was established to upgrade vlsitor facilities,

and to encourage tourism and leisure along

w tn nature conservallon.

The f-orest l\4anagernent Plan 2004-1 3

came rnto effect in 2004.This provided

for increased protectloÍl of forest values,

improved forest management and, comrnq

into being later that year, 29 Nationa Parks

and other conservation reserves and forest

areas. At the sarne time, landowners were

encouraged to practise agroforestry by

p anting fast growing trees on agricultural

land in belts separated by grass pasture

1topIe [9r si^^p qro. rn!'TÁ Ad\ o - e -D
surplus fertiliser in the soiland to reduce

nitrates flowing into streams.

Although deforestatlon in Western Australia

may not be on the scale of that in the Amazon

rainforest or ndonesra, to the people iving

in the south west corner of the state it siust

as damaging.To some peop e deforestatton

means the destruction of a non replaceable

ecosystem a nd a loss for future generations.To

others ogging means en-rp oyrnent in an area

with relativelyfew job opportunities. lt is easy

to become emotive on a topic such as this,

especially if the question is oversimplltied to

'Which is the rnore important jobs provld.'d

bythe production of paperorthe protectron

of trees and wildlite?'t revives a question ong

asked in Geography of which rs the more

important: economic Aain or envlronmental

Ioss? At present the answer appea rs to lle tn

the prospect of'sustainab e deve opment'
(Framework 16, page 499).

F gure 1 1 46 descrlbes tne viewpoints

grven in 2O0B by, on one hand, the state gov-

ernment and representatlves of the timbe r

Wo.ré.d.d,o lleo'. ot'' o r e'dto.
g rou ps.

tigure 1 1 "45

0earfelling ofkarri,

neaÍ Brldgetown
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The forests of south-west Australia

&!ff!.'ě.r''
Figuře 

,il 
".{.}

"!bJ,

,
Thc Global Warming Forest Group
claimed that the logging of a 62 nr tall.
500-year-old karri tree near Pembertor.r

sl-rowed that the old -trowth protection policy
was a sham and that they, and other
en irormental gror-rps, had been

double-crossed on definitions as. according
to present -govenlment policy, a single stump

in a hcctarc of virgin Íbrest disqualiÍies it as
'old erou tlr'. To tlrcrrr. lblertr contuirrinp.

huge centluies-olcl trees have a high
conselvation value ard it is absurd that these

old trees should be logged beÍbre they die
and fall naturally. Sirch trces are mole
valuablc as wildliÍč habitats than as

woodchip or sawclust. which is the encl

prrdr-rct of rrost han'ested tirnber.

The Forest Industries Federation statcd

that it had ensured that 1.2 million ha of 'old

growth,Íbrest was now totally protected by
state law in the sonth-west comel of Western
Austlalia. However. it also said tl-rat thcre

was nevef a comrnitment to pl'otect
individual trees. but rather to conserve areas

as a whole. Adrnittedly. there were still old
kani trees that had not been logged in
.Iegrowth Íbr.ests'wl.rich rnight in tirne rniglrt

have to be Í'ellecl. but these wele orrtside .old

gr:owth protection areas'. The lěderatior-r also
said that over"a dozen karri trees. both bigger
ir-r diameter and tallcr in height than the

Í-elled Pembenon tree, wele under
protection, inclucling one growing ncar
Manjirnup (Fi-qtre I 1.41) which was 6l m

tall irnd had a dian-rctcr oť 291 cn 26 cm
greatel than that of the Pembefion tree.

Austwest. the biggest karri rniller in thc
state, said it was rare to rcccive tirrber
from trccs the size of the one near
Pemberton. When it clicl, it was put to the

most r'alrrirble rrse which was usually Íbr
flooring or staircases (Figure I 1.47).

iigure I 1.46

Adapted ftom material on the official

5eren geti website (www.serengeti.org)

A single large karri tree

i

Bradbury, T.K. (1998) The Biospherc,
WileyBlackwell.

Brown, J.H., Riddle, B.R. and Lomolino,
M.V. (2005) Biogeo3t'aphy, Sinaucr
Associates 1nc.

Huggett, R.J. (2004) Funclamentcrls of
Bíogeograp hy, Routledge

MacDonald, G. (2003) Bbgeograplty:
IntrorLuction to spdce, Time dnrl Lifě,
Wi1ey.

O'Hare, G. (1988) Soils, Vegetation dnd thc
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Biosphere basics:
www. geography4kids.com

Bridgetown-Greenbushes Friends of the
Forest:

http://membeIs.\'vestnet.com .au l bgtÍ l
Cary Institute of Ecosystem Studies:

wwn'. eco stnclies. org/

International Biogeography Society:
r,r wr'r.bi ogcogrrphy.orgi

National Association of [orest
lndustries (Australia) :

www.nafi.com.au

RadÍbrd University Virtual Geography
Department's 'Biome':

lvw'n'.ru net. eclu/^ swooclwar/CLASS!,S/
G EOG235/biomes/nain.html#tabcont

Union of Concerned Scientists (UCS),

'Understanding biodiversity' :

ww\{.ucsusa.org/ - use search option
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---'- International boundary

I National capital

Serengeti National Park

. I lvlaasai Mara National Park

,;1. ;.l Ngorongoro Conservation Area

Beíore starting this exercise, read pages

319-321,Tropical grasslands, and pages

335-338, Tropical grasslands in Kenya.

5erengeti National Park's website is at:

ww\ /.SerengeLorg

The Serengeti Shall Not Die area is useful

for this exercise.

The Sere n g eti g ra ss I a n d s

The Serengeti grasslands lie just south of
the Tanza nia n/Kenyan border, between
2" and 4" South (Figure 1 1.48). Mean

maximum tem peratu res are 24" to 27'C,

and mean minimum temPeratures 15'

to 21"C. Mean annua rainfa I vanes from

1050 mm in the north-west to 550 mrn

rn the south east. Rainfall peaks in March

to May, and November to December
(compa re Ftgure 1 ).49).

The soils are formed from volcanic

ash.The eco region consrsts of slightly

undulating grassy plains, interrupted by

scattered rocky areas (kopjes) which are

parts of the Precambrian basement rocks

orotruding through the ash layers.

Biodiversity features
The Serengetr grasslands are vita to the

cyclrcal movement of mi lions of large

mammaJs. Populations fluctuate, but about
,1.3 

mllllon blue wildebeest, 200 000 plains

zebra, and 400 O00Thomson's gazelle

m grate between Serengeti and southern

T
Nairobi

0

TANZANIA
Mt

llTunJu'.oa
5ó95 m

o
Arushaf; ,,u"

v Manyara

re1) o edcl Vpo . MorV os>o iat'd o ed"
tors are also involved in these movements.

By the onset of the dry season (late May),

the grasses on the p ains have elther dried

out or been eaten down to stubb e, and

water is scarce. This triggers the massive

migration from the plains northwards.

Then, at the start ofthe wet season, the

animals complete the cyc e, and return to

the plains.

Fires, usua y set by humans, are an

important disturbance in tnis eco-region.

The burning helps provide accessible
pasture for the herds ofcatt e that are kept

here but other species, including wi de

beest, a so favour grazing on the green
' rrl t^at ene'ge\ "'.er burrirg.

Current status
Much of the eco-region occurs within

protected areas, most of which are joined

into a continuous b ock.The protected area

includes Serengeti National Park (SNP) and

Ngorongoro Conservation Area (NCA), both

of which are World Heritage Sites (page

596).This area is probably arge enough to

ensure the survival ofthe habitat and its

biodiversity. There has been llttle oss of
habitat withln the protected areas, except

for sma I areas used for tourist hotels.

Outside the protected areas, however, there

has been a rapid expansion of human set

t ement and agriculture in recent years.

Location ofthe

Serengeti

Types and severity of threats
Wrile M""'oi pos oroli l o -o, .Le

NCA, there are no people living within the

SNP However, the western frontier of this

park has a dense population, growing at

4 per cent a year. L vestock numbers are
.t. .^asirg. otd TLLr 9 1l-6. oroo r be g

converted rnto cropland. Agriculture is the

main source of income, but many people

have been attracted to the area by the wild

life resources and tourism opportunittes

tnat tne parK presents.

Many anrmals wlthin the SNP are ki led

by poachers, who may be local people

hunting'bush meat'for subsistence, organ

ised commercla hunters taking meat

for sa e in the cities, or B g Game hunters

taking part in organised illegal safaris

However, it is hoped that schemes to
give local communities legal rights to

manage the wildlife around their vi ages

will reduce the worst excesses of the

hunting.There are also plans to channel

more money earned from tourist activlties

within the park back into the comrnunlty

o\,,o ldr, Ll^e corrr'our o I or Lour .m to

the loca economy has been relatively low.

Are the Serengeti grasslands
natural?
The Serengeti changed from a grassland

state to woodland twice in the last century,

The few old, arge trees dottlng the land-

scape started rfe about 1900, followed by a

slow decline in numbers due to elephants,

fire, disease, and naturalthinning, leaving

the few that we see today.The second group

of smaller trees establrshed themselves

between 1 97 6 and I 983, and these trees

are still growing in abundance. Both groups

were able to grow because for two periods

there were neither elephants nor fires.

Rinderpest, a cattle disease, came to East

A'r'r a r aoo- 1896. Vost o'r f" (.' sr gcti

wildebeest died in a few years, as did the

cattle herds.There was famtne, followed by

KENYA

tl.ž
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Management of the Serengeti

Li rccent vean hurla
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Ěigure 1 1.5&

5cenes in the

5erengeti

;ffil;;,.
the Serengeti

but also gira1Ťě. brrí]'a1o anr] inrn.l. rr. website

-\eem ro be able,o,u,.r,u"ti.ll]llt:la The populariuns ot rhese aninrats
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the grass ands did not dry and burn dulng

the dry seasonl During this ttme there was

an enormous upswing tn the illegal ivory

trade.With fire and elephants removed,the

trees agarn established themselves in a bust

These trees are now about 30 years old and

range from 2 to 5 rn ta l, often forming dense

thickets.

There has been a large increase of mpa a

inside the park.They seem to be much more

successful rn the woodlands than in the

qrasslands, and have increased as the wood

lands have increased. ln the past, e ephants

and fire have controlled the establishment

ofnewtrees.Today, both e ephants and

tire are monitored closely.The Park Eco oqy

Department burns Íire breaks to stop the

spread of large frres, and conducts tool'early

burns in fire prone areas. t is also moni

toring the ecosystem carefullyto see howal

aspects interact.emigration. With no people there was no
Ole'O ol-i '.r^, ord th. q. p'tgpt / e

un-burnt. At the same tirne, the trade ln

ivory was at its peak. With no fires and no
elephants, young trees were able to grow
and flourish in the first big establishment of
rle.er u v. Len g adt" 1. rhpwiloebees
and cattle recovered and by the 1 93Os
. Fph",l- q[d'|ed o ^ L |]' o| d g owtl oí
new trees ceaseC.

B. weer o 6 '1d 9Bz tleuys6rlc pa

terns in and around Serengeti changed.The
seasonal rains became more spread out, so

The Serengeti National Park Authorities

have two main aims:

1 to conservethe natural environment
ofthe SNP

2 to support the traditional way of lifeof

the people who live around the 5NP

Draw up a list of management objec-

tives for the Park,justifying each ofyour
objectives and explaining how individual

objectives combine to form a coherent

management plan for the area.
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c Whatisthemeaningoftheterm'biomass'? (2marks)

d WhatistheroleofhumansinthefoodchainT (2marks)

e As CO, builds up in the atmosphere, plant growth is

increased. Suggest two effects of this on the material

I a What are: i herbs ii shrubs iii trees?

b What is olant succession?

(3 marks)
(3 marks)

c How do herbs and shrubs help to prepare the ground so
that trees can grow? (6 marks)

d How would you carry out a field survey to discover the
distribution of plants in the area of a playing field? (5 marks)

e What kindsof plantswould you expecttofind on an
abandoned urban railway track?
Suggest reasons for your answer. (4marks)

f Flowers that grow in deciduous woodland are early spring
flowers such as bluebell and primrose. Why do these plants
flower so early in the year? (4marks)

2 a Study Figure 1 
'l .25 (page 298).

i Explain the roles played by plants 
'n,n".urbon yr.;ri;.Ur,

ii Human activity (combustion) releases COz into the air.

4 a What is meant by:

i seral change

ii climatic climax vegetation cover? (6marks)

b Why is vegetation cover within an urban area different from
the climatic climax vegetation in a similar rural area? (7 marks)

Study Case Study 1 1 (pages 307-310).

a i What is the extent of deforestation in south-west
Australia since white settlement started? (2marks)

ii ldentiýthe proportion of:

(i) conserved native forest (ii) public ownership of the
forest (iii)forestindangerofbeinglogged. (3marks)

iii Identiý and expIain three reasons for deforestation
in south-west Australia. (6 marks)

b Explain two impacts of deforestation on areas such as
south-west Australia (6 marks)

< Assume that there has been a landslide on an area of
non-calcareous rock in lowland Britain. Describe and
explain the sequence ofvegetation that would occur
so that the area eventuallv achieved a climatic climax
vegetation cover. (12 marks)

Figure 1 1.29 (page 301) shows the nutrient cycles in three
different envi ron ments.

i Why are the transfers in the taiga so small? (6 marks)

ii Explain the differences between the tropical forests
and the mid-latitude grasslands in terms of their
nutrient stores and flows. (1 5 marks)

s ss ts & & e 6 6 * 6* & ě 6 6 * ě s 6 &! 6 * s6 é @ é 6 6 s € s s * & & É *s

the climatic climax theory of F.E. Clements as a way of
explaining the distribution of vegetation types. (25 marks)

(4marks)

(4 marks)

What is the source of this carbon? (3 marks) c Describe two advantages of the native forest to
south-west Australia and its people. (4 marks)

d Explain one way of protecting the forest lands of
south-west Australia. 4 marks)

b i StudyFigure 11.26 (page29B).Whyis nitrogen important
for plant life? (2 marks)

ii What is the main source of new nitroqen into the
nitrogen system? (2 marks)

iii What is the main cause of loss of nitroqen from the
system? (2 marks)
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(2 marks)
(2 marks)

6 a Study Figure 11.28 (page 300).

i Explain the meaning of the term'litterl (2 marks)

ii Explain what the arrows show. (2 marks)

*xa*x ptre{t&€e: s*řex€tw re* q westá*ms
ee****á+&*6óo*Ř&ó6á*ese

5 a Explain the meaning of:

i seral progression

ii dominant species.

b Choose one of a psammosere,a halosere,or a hydrosere.

i Drawan annotated diagram onlyto showthevariation
in vegetation cover across the environment . (6 marks)

ii Explain the variation in vegetation cover shown on your
diagram. (15 marks)

řxmrya pťe€*&€e: *s$e}ď
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7 Explain why the'polyclimax'theory of vegetation
progression is now generally considered to be better than

cycles.

f Explain the greenhouse effecti
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