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'Vegetation' signifies palatable plants to a pastoral farmer, commercially important 
trees to a forester, diverse textures to an art ist, and valued species to a conservationist. 

To a geographer, the vegetation cover of an area is a three-dimensional, organised, 
dynamic, and functional aggregation of liv ing things that protects soil and rocks from 
acce lerated erosion, moderates the flow of water into streams, provides shelter to peo

ple and their livestock, tempers local climates, enhances visual appearance, fosters 
feelings of identity with place, creates opportunities for recreat ion, records past human 
activities and extreme environmental events, mops up atmospheric carbon dioxide, 
and affects albedo. 

In this chapter, vegetation will be discussed from a biogeographic stance, with 
particular emphasis on geographic patterns of plants and how they have changed over 
historic and geologic time. There will also be reference to such ecological concerns as 

the growth regimes and functiona l relations of plant species. As in other areas of phys
ical geography, vegetation studies are guided by abstract ideas, models, and theories. 
They will be introduced as appropriate. 

Vegetation: an ever-changing mosaic 

Despite the variety of popular and scientific views about vegetation, it is useful to 

begin with some of its genera l qualities. Vegetation is made up of taxonomic units 
termed species, and estimates of how many there are in different places are useful to 
environmentalists, planners, and resource managers. Figure 20. 1 represents terms used 
by taxonomists: a class contains several families, a fam ily contains at least one genus, 

each genus has at least one spec ies, and there are several to many individual plants or 
animals in a species. A useful general term for a species , genus, or family is taxon 
(plural, taxa ). Another useful term is flora, being a list of the plant species normally 

found growing in a specified place. Outside cultivation, plants are arranged in func
tional ways, usually in response to small area variat ions in environmental conditions, 
but also to events in the recent and distant past, and it may be possible to spec ify 
assembly rules to explain their spatial patterns. Because differeI)t plant species grow in 
distinctive ways, have characteristic life expectancies, and fill particular ecological 
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niches, they can be grouped according to their life form, demographic features or 

growth behav iour. 
What qualities of a terrestrial plant are relevant to an understanding of vegeta

tion ? For most of its life span, such a plant will be fi xed to the one spot. In time, it may 
grow bigger and crowd out some of its neighbours, but only by redirecting its growth 
will it be able to avoid the same fate. How long a plant lives is set by its genes, the 

phys ica l conditions of its growing station , and the way environmental resources are 
used by its competitors. Descriptive terms for longev ity in flowering plants are set out 

in Table 20.1. 

An individual 

Figure 20.1 Boxes within boxes; relations between taxonomic terms. 

Table 20.1 Descriptive terms for fl owering plants. 

Term 

Annual 

Biennial 

Perennial 

Meaning 

A plant that normally completes its life cycle, from germinat ion to pmduction of 
new seed, in one grow ing season. 

A plant that normally completes its life cycle in two gmwing seasons: with germi
nation, mot, and shoot gl-owth predominating in the first yeal~ and flower ing, 
fruiting, and seed production in the second. 

A plant that normally completes its life cycle ovel- a run of several to many years. 

Those categories are not immutable. For example, some weedy plants that are 
normally annuals in their home territories of Europe or the Midd le East can be bien
nials in New Zealand. And some weedy plants normally described as short-lived 

perennials may live longer when flowering and fruiting are inhibited by clipping or 
browsing. 

Plants and animals occupy what has been termed an intermediate system, situated 

in a sustained flow of energy: typically from the sun, through living things and their 
environments, then out into deep space. Green plants fix some of that energy through 
photosynthesis, rendering it available to other living things, but to do so they require 
a congenial growing station with sufficient supplies of water and nutrients. For green 

plants growing on dry land , the atmosphere provides carbon dioxide for photosynthe
sis and oxygen for respiration. It is also an important storage pool for carbon d ioxide 
released through respiration, and for oxygen from photosynthes is. An ecosystem is a 
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small part of the biosphere, and it supports a characteristic suite of plant and animal 
species. Ecosystem activity (Figure 20.2) reflects local pools and flows of essentia l 

resources, with different species mediating the transfers in particular ways. One 
expression of ecosystem structure is the web of energy flow; another is the hierarchy of 
green plants (primary producers), herbivores (secondary producers), carnivores (ter
tiary producers), and decomposers. 

There are several ways to summarise a plant's systems of growth and reproduction, 

but two terms are widely used. In the so-called r-strategists , much of current photo
synthate goes into reproductive tissues, whereas K-strategists consign the bulk to veg
etative tissues. Many weedy annual plants as we ll as most seed crops of agriculture are 
r species, but longer-lived plants tend to be K species. In the early stages of vegetation 

change after environmental disturbance by people, animals, disease, soil movement, 
or fire, species with the former growth strategy tend to predominate, but as the system 
matures and the pace of ecosystem development slows, their place is progress ively 
taken by K-strategists. 

It would be of assistance to conservationists, ecologists , environmentalists, and 
citizens with an informed interest in vegetation to have access to comprehensive 
accounts of the natural history of each plant species native to an area. However, in 

New Zealand, as elsewhere, such information is seldom ava ilable. Nonethe less, for 
higher plants it is usually possible to identify an orderly sequence of growth stages. In 
most such species independent growth normally begins with seed germination, 

although in some the start may come when vegetative tissues-twigs or shoots, below
ground structures such as bulbs or corms, even leaves-put down roots and produce 
new shoots. 

Regardless of its origins, a plant will attempt to grow to maturity, normally pro
ducing at least one crop of reproductive tissues before senescing and dying. Depending 
on the environmental conditions of an individual plant's growing station, the stages 
may vary in duration. For example, in forests dominated by beech (Fagus grandifolia) 
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Figure 20.2 An ecosystem as an intermediate system; flows of matter and energy into and out from a terrestrial 
ecosystem. 
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and sugar maple (Acer saccharum) in southeastern Canada, sugar maple saplings with 
trunks smaller than 3 cm in diameter yet having 60 or more wood rings-implying a 
like period of growth since the seed germinated--can be found growing alongside 

mature maple trees with trunks broader than 30 cm and having 80-120 wood rings. 
One explanation is that seedling and sapling growth may have been suppressed under 
a dense leafy canopy. If, however, a tall tree dies or is blown over in a strong wind, its 

place may be taken by a previously suppressed sapling or a fast-growing new seedling. 
Many such trigger events have been identified in vegetated areas throughout the 

world. Jane (1986), for example, reported the effects of windthrow in mountain beech 
(Nothofagus solandri var. cliffortioides) forests of the Canterbury mountains. There, 
mature trees on lee slopes are most susceptible to wind throw and the process ensures 

the continuing regeneration of a light-demanding forest tree species. Periodic drought 
is another trigger event, as Jane and Green (1983) demonstrated for the upland vege
tation cover of the Kaimai Ranges. 

A higher plant flowers when it attains maturity, but of the many thousands of 

pollen grains produced by a single individual only a miniscule number will fertilise ova 
and give rise to seed. Of the viable seeds produced each year by a plant, some will be 
eaten, others will decay in the fruit or on the soil surface, many will pass their geneti
cally prescribed time on the plant, in the litter or in the topsoil before dying, but only 

a few will germinate. The geographical pattern of ecologically suitable places for ger
mination is patchy in most areas of natural vegetation. They are termed 'safe sites' by 
ecologists, and range from exposed rotting logs beneath a dense forested canopy to 
bare mineral soil in a sunny situation. Even after a seed germinates there is no cer

tainty that the plant will grow to maturity. Only a small number of woody plant 
seedlings survive the first year of growth; of these, relatively few complete the geneti

cally programmed sequence of growth stages, with each successive stage triggered by 
such environmental factors as day length and air temperature. Many proceed through 
only the first two or three stages before further development is suppressed and the 
plant dies. Despite the appearance of inefficiency, those processes ensure the geneti
cally and taxonomically diverse composition required for the development and persis

tence of an ecosystem. 
In the deciduous forests of northeastern North America, vegetation change over 

periods of a century or longer owes much to periodic uprooting of mature trees initiat
ing pit-and-mound microtopography. A pit, which tends to be up to 0.75 m deep and 
2 m wide, marks where a mature tree has been rooted. The adjoining mound, which 

may be up to 0.5 m high and 2-3 m wide, is where coarse and fine material was 
brought to the surface by the tree when it toppled and accumulated during breakdown 
of the root plate. The dimensions of pits and mounds differ according to the species, 

size of the root plate, and tree age. Leaves, twigs, and other organic litter tend to be 
swept from the tops and upper flanks of mounds by winds during early spring and 
autumn, when the canopy is leafless, and to accumulate in the pits. The seeds of some 

forest tree, shrub, and herb species germinate preferentially in the damp, organic, and 
often highly acidic soils of pits. Others do better in the less weathered, free-draining, 
and less acidic mineral soils of blow down mounds. In North America, wind throw has 
been described as a natural system of ploughing, whereby hardwood forest soils are 
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turned over at least once every thousand years. It is also a process that occurs in New 
Zealand's forests {Jane 1986), although its effects can be masked by rapid soil move

ment on steep slopes. 
Vegetation change is spatially variable and reflects the interplay of environmen

tal forces and factors intrinsic to plants and ecosystems, the operation of which may 
extend over days, months, years, decades, or centuries. 

Spontaneous vegetation change over periods of decades to centuries is driven by 

the processes of succession and may lead to distinctive mixtures of species. Before that 
stage is reached, however, strong wind, flood, landslide, lightning strike, tectonic 

activity, or volcanic eruption may return the successional clock to time zero, leaving 
the newly bared ground open to occupation by pioneer plant and animal species. In 
agricultural areas we have become used to seeing large expanses of disturbed ground, 

but even in areas substantially unaffected by people it is known that natural environ
mental forces can affect small areas as well as large. The outcome is a spatially hetero

geneous environment with a patchy vegetation cover. 
The Patch Dynamics Model is a formal account of those processes and their 

effects upon the vegetation cover (Figure 20.3). Some plants that become established 
in an area of disturbance grow from seed held in the top soil, germinating when the 

canopy opens and the ground is exposed to full sunlight; others grow from seed rafted 
in by wind or animals; and yet others are chance immigrants from more distant places. 
The successional clock may be wound back in large areas or small, frequently or rarely, 
in many places within the vegetated area or just a few, and by human or other agents 

of disturbance. After disturbance ceases, the vegetation cover of a patch will undergo 
successional change. In effect, the Patch Dynamics Model tells us that a vegetated 
area is a mosaic of interconnected and distinctive habitats, each with its own past, 

present, and prospects. It also provides guidance to achieving environmentally sus
tainable systems of tree felling in extensive forests (Holmes 1997). 
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A-species composition, vegetation structure, 
and geographic extent of the patch remain the 

same 

B-- the patch undergoes successional change 

C-after a period of comparative stability the 

patch experiences major environmental 

disturbance 

D---geographical extent of the patch grows 

through expansion into adjoining areas 

Figure 20.3 The Patch Dynamics Model of ecosystem structure and development. 
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We have few detailed accounts of the nature and pace of spontaneous vegetation 
change , although the geologic record reveals that most land areas have experienced 

shifts in species composition over periods of tens of thousands of years. Archaeologi
cal, historic, and observation records show that during human occupation of a for
merly pristine area , ecosystem change tends to be driven by human action, introduced 

plants and animals, disease, climate, and hyd ro logy. The challenge is to work out 
de ta ils of the processes operating in a particular area and to show how they are inter
related. 

Vegetation is changeable and always has been. Wh at is distinctive about the 
period of human occupation is the nature of that change, being now faster, more 
intense and persistent, and involving a much more diverse biota. 

Biotic diversity: patterns and expectations 

Taxonomists currently recognise about 1.75 million species, of which more than a 

quarter of a million are flowering plants and 1.3 million are animals of all kinds. 
Despite more than two centuries of effort, it is unlikely that a ll the world's plant 
species have been seen by taxonomists, let alone described and given formal names. 
Authorities put the likely total at between 3 million and 30 million species of living 

thing, with many favouring 14 million, which is not to state that scientifically name
less plants are unknown. Folk taxonomies are effective for their purposes but do not 
re late closely to the formal Linnean taxonomy of Western science. 

The estimates quoted in Table 20. 2 are indicative, and relatively few species will 
be found in any one area. Places with the largest biotas tend to be in seasonally 
flooded tropical lowlands, whereas small biotas are characteristic of high latitudes and 

high altitudes. Throughout the world, but notably in the Southern Hemisphere, there 
are places with unusually rich biotas . Conservationists often refer to such places as 
'hot spots', and among them the western Cape Province of South Africa, Madagascar, 
southwest A ustralia, and New Caledonia are notable. Of all natural ecosystems, those 
of oceanic islands often impress biogeographers as biotica lly 'unsaturated'; in other 

words, apparently capable of supporting even more resident species. For environmen 
tal managers, information about the ecological opportunities of a place may allow 
them to identify areas where foreign species could become established, possibly plac
ing native spec ies at risk through competitive exclusion. 

Table 20.2 Number of known species for selected groups of living things. 

Taxonomic group 

Higher plants 
Birds 
Reptiles 
Mammals 
Amphibians 

World Resources Institute 1994 

Number of known species 

270000 
9672 
477 1 
4327 
401 4 
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Biogeographers, conservationists, ecologists, and vegetation scientists view biotic 
diversity as something distinct from biodiversity, and many mathematical formulae 

have been proposed to measure it. One of the simplest to apply, least demanding in its 
assumptions about the data, and easiest to interpret is the modified Simpson's Index. 
It measures the diversity of the suite of species in an area for which good information 
about relative frequency of occurrence (p) of each species is available: 

H= 1/'i. p2 
i ! 

Some, like that given by the Shannon-Wiener equation (H), are rooted in Infor
mation Theory 

H' = - 'i. Pi log2 Pi 
i 

and the derived Information Statistic (I) is a useful measure of site diversity: 

I = sn log n - 'i. [a. log a. + (n - a. ) log (n - a. )] e . ! e! ! e ! 
t 

The symbols in the latter equation have the following meanings. Imagine that the 

area of interest can be sampled with 11 equal-sized quadrats, and that for each quadrat 
a list of species can be obtained. After collating the 11 different lists we will find s 

species across the 11 quadrats. Some of those species will each occur in just one 
quadrat; others may be found in several quadrats; and a few could grow in all 11 

quadrats. For convenience, we refer to the ith species, where i = 1,2, .. . 5, and to ai as 
the number of quadrats with a record of species i. 

Those three measures reflect the richness of a biota and the relative abundance of 
each species. It is well known that in any flora there are many more rare than common 

species, and the best measures of diversity take that into account. 
However it is measured, diversity is an important and useful quality of an ecosys

tem. During succession, diversity initially grows rapidly, reaches a peak, then declines 
to a more persistent range of values as the system approaches the local end-point. A 
high-diversity ecosystem, especially one with many functional links between the 
species it harbours, is usually better able to resist the perturbing effects of external 
forces (i.e. it is more 'buffered'). It is also often, as Charles Darwin suggested, more 

productive of new tissues and structurally complex. Those, and allied, predictions are 
not universally accepted. 

Biodiversity has been defined (Taylor & Smith 1997) as 'the variety of life forms 

that exist in a particular place, and includes diversity within species, between species, 
of ecosystems, and the processes that maintain them'. In this chapter, 'biodiversity' 
will be used in the sense of the number of plant species found in an area. Being able to 
measure the biodiversity of an area requires that (1) a taxonomically defined species is 

a population of interfertile individuals that do not normally breed with individuals of 
a related species; (2) all living things have been classified by taxonomists and given 

formal names; (3) a complete census of all living things in an area can be made; and 
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(4) accurate naming is possible. That is a tall order, as anyone who has attempted the 
task will recognise. 

Biodiversity has a geography, and that is the concern of the Equilibrium Island 
Biogeography (EIB) Model of MacArthur and Wilson (1967). The central tenet of 
their model is that over time an island (i.e. any area of suitable habitat surrounded by 

environmentally uncongenial conditions) will accumulate a biota of immigrant 
species until a stable number is attained. The theory suggests that, all other things 

being equal, larger islands will in time harbour more plant and animal species than 
will smaller islands. It also suggests that islands closer to a source of species will reach 
a stable biodiversity ('equilibrium') faster than islands farther away. And because of 
their richer array of ecological opportunities for living things, environmentally diver

sified islands will have a greater biodiversity at equilibrium than will environmentally 
homogeneous islands. Perhaps the most contentious proposal is that once equilibrium 
has been achieved, an immigrant species must displace an established species if it is to 
persist on the island. 

The EIB model has been widely criticised, notably because it does not take evolu
tionary change into account. Genetic and physiological studies of living things native 

to large oceanic islands indicate the importance of continuing species formation from 
a small number of founder species. The EIB model is, however, more readily applied 
where plants and animals with the potential to occupy an island are relatively few in 

number and geographically wide-ranging: such species are often described as cos
mopolitan. It has also been found helpful for the guidance it gives conservationists and 
landscape planners interested in setting aside habitats for biological reserves or in 

assessing the likely consequences of environmental modification by people and their 
livestock. 

Although there is not consensus on the following proposals, experience suggests 
that (1) a large reserve will contain a wide range of habitats, be more like I y than sev

eral small reserves of the same aggregate area to sustain its biota over long periods, and 
be relatively easy to manage; (2) an array of small reserves interconnected by habitat 
corridors will be conservationally more effective than a similar array of mutually iso
lated reserves; and (3) a reserve should have the smallest possible ratio of length of 

edge to contained area. Those statements, albeit intuitively attractive, require further 
assessment before being applied uncritically by environmental managers. 

A further concern is whether the notion of equilibrium actually applies. The geo
logical record shows that over the past two million years many land areas have experi
enced variable environmental conditions: cool to cold, dry, and windy conditions 

during periods of ice advance; mild, moist, and climatically equable conditions during 
interglacials. Even during the past 15000 years, when most of the late Pleistocene ice 
masses started melting, few parts of the world have experienced climatically uniform 
conditions. Have any parts of the Earth been environmentally stable long enough for 

equilibrium ensembles of plant and animal species to form? Certainly not in those 
high-altitude and high-latitude areas that experienced major environmental change 
during the Pleistocene. Nor in the mid-latitude, semi-arid lands, which seem to have 
been a little less dry at the close of the Pleistocene. Possibly not in those forested lands 
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of the Amazon Basin that were periodically cooler, drier, and dustier during the Pleis
tocene. And not in oceanic islands far from the mainland that were affected by fluctu
ating sea levels if not by change in macroclimate. 

Physiographic plant ecology 

An increasingly important approach to field research in biogeography is rooted in the 
physiographic plant ecology model (Zimmermann & Thom 1982), based on the work 
of two field geologists/forest ecologists (Hack & Goodlett 1960) in the Appalachian 
Mountains of the USA (Figure 2004). 

The core notion of the model is that a species has evolved to fill a particular niche 
and is physiologically adapted to thrive in it. It is predicted that the geographical 
arrangements of long- lived native woody plants in a forested landscape will always be 

orderly. Zimmermann and Thom (1982) argued that each tree species has partjcular 
requirements for growth and development, and that a growing station (or site) must 
satisfy a plant's physiological needs for water, nutrients, and a suitable rooting 

medium. Some trees have tap roots and require a deep friable soil. Others are shallow
rooted and able to thrive in thin soils over impermeable rock. A tree's long-term phys
iological requirements for growth and surviva l will not usually be met across the entire 

landscape, but rather in association with particular landforms: for example, in valley
floor deposits, on gently sloping ground, in depressions across slopes, on shoulders, or 
on ridge tops. Central to this model is the intersection of geomorphology, satisfaction 

of a plant's growth requirements, and geographic distribution of the species, notably 
whether or not the physiological requirements of each successive growth stage mesh 
with geomorphic processes in the area. 

In New Zealand, the physiographic plant ecology model has been used to identify 
sites within the geographic range of southern rata (Metrosideros umbellata) where trees 
might be expected to show physiological stress after flowering during dry summers 

and, as a consequence, be susceptible to browsing by possums or the onset of disease. 
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Figure 20.4 Physiographic divisions of a montane drainage basin. (Redrawn from Hack & Goodlett 1960) 
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As the model suggests, dieback should be less common among mature rata trees grow
ing in the deep gravel soils of well-watered valley floors than among plants rooted in 

thin soils with poor water retention on steep slopes. That interpretation finds support 
in the research of Akashi and Mueller-Dombois (1995) in Hawaii. 

Especially near the margins of a species' geographic range, the physiographic 
plant ecology model may not be readily applied. A species that preferentially occupies 

valley floors at the centre of its geographic range may be found growing on warm 
exposures with an equatorial aspect near its P?leward limits, and on cool hill slopes 
with a polar exposure close to its equatorial limits. That effect is termed environmental 
compensation and is often evident in a widely distributed plant species. Figure 20.5 

shows how, in an area with a range of rainfall receipts, a plant species will tend to be 
found in those topographic situations where its water needs are best met. That pattern 
reflects the ecological operation of Liebig's Law of the Minimum: if a process is 

dependent on several resources, the one present in least amount will have the greatest 
impact. 

Subhumid 

Water-shedding surface 

Permeable margin 

Impermeable margin 

Rooting medium 
Semi-arid 

Figure 20.5 Environmental compensation; progressive restriction of a plant species to water-storing habitats as 
rainfall receipt declines. 
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Vegetation: pattern, structure, and time 

Vegetation varies with time and across space because each species has a distinctive 

growth behav iour and particular en vironmental requirements. At one level it is 
poss ible to view vegetation as a suite of individual plants with distinctive three
dimensional shapes and roots infiltrating the soil for water, nutrients, and mechanical 

support. Tall trees that emerge above the lower canopy often have their leaves , twigs, 
and branches concentrated near treetop, with boughs, branches, and trunk below that . 
Smaller trees and shrubs usually occupy spaces between the trunks of emergent trees, 

with progress ively smaller plants below them and closer to the ground. The impression 
gained from a profile cut through a stand of woody vegetation is of distinct bands of 
leafy tissues and their woody supports. When close to its dominant species' limits of 

physiological tolerance, a forested stand may be composed of just two or three layers. 
Under more equable environmental conditions, however, three or more leafy layers 
may be discerned. The greatest number is usually in old-growth forests of the wet 

tropics, where more than five distinct canopy layers have been reported. 
In many low-latitude forests, large woody plants may be covered by vines scram

bling through the canopy and by a host of epiphytic plants-ferns, broad leaf and 

monocotyledonous herbs, algae , lichens, and mosses-growing on their bark or in the 
organic and inorganic materials that accumulate where branches divide. In the forests 
of the wet tropics, as in those of some damp mid-latitude areas, there may be more 

species of epiphyte growing on a single tree than of mature tree species in a hectare of 
forest. In many tropica l and temperate zone forests, vines serve to bind ta ll plants to 
their neighbours , thereby increas ing mechanical resistance to wind th row. 

Biotic diversity in an area of mature forest vegetation indicates how ecological 
resources are shared among living things. Where dive rsity is high, physio logical niches 
tend to be small and occupied by ecological specialist plant and animal species. In 
such areas, relatively few essential resources escape the ambit of the forest before being 

captured by living things. Much of the rainfall is intercepted by the canopy and 
throughfall is diminished, infiltration of water through the top so il and deep into the 
weathered layer beneath is reduced, and nutrients released by decomposition of dead 

t issues that accumulate on the fores t floor quickly get taken up again. As the vegeta
t ion matures, those water and nutrient flows needed to ensure a plant's growth and 
surviva l become progress ively internalised to the ecosystem, and resource losses to 

adjoining areas are lessened. 
There is a long history of geographic research into vegetation structure, and sev

eral informative approaches have been developed. All spring from the recognition 

that there is a relatively small repertoire of plan t shapes, and that vegetation structure 
is largely determined by how individual plants are packed together. An early attempt 
was that of the Danish biogeographer Raunkiaer, who in 1903 (the English translation 

of his book was not published until 1934) proposed a life-form class ifica tion of plants 
(Table 20.3) . Different vegetation types were, in Raunkiaer's scheme, characterised by 
different proportions of the recognised life forms. Another biogeographer, Dansereau 
(1957), developed and app lied a diagrammatic method for describing the three
d imensional arrangements of plants in a vegetated area. But in many respects the most 
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The principal life-form categories of Raunkiaer. 

Term Interpretation 

Phanemphyte Plants that bear their buds high above gl-ound, whel-e they may be exposed 
to the weathel-

Chamaephyte Herbaceous or low woody plants with their buds a little above the surface 

Hemicryptophyte Plants with shoots that die back to ground level at the end of the gmwing 
season and theil- buds close to the soil surface 

Geophyte A bulb plant 

Themphyte An annual plant 

Epiphyte A plant that gmws on the trunks and boughs of tall trees 

Stem succulents Plants with water-storing tissues in their stems 

Hydmphytes Aquatic plants 

Adapted fmm Dansel"eau 1957 

informative approach comes from agr icultural sc ience. It entails measurement of the 

area of leaves and the mass of support tissues in a vegetated area. The results have 

been found especially useful in micrometeorological research. 

One of those derived measures is the leaf area index (LAI), a dimensionless num

ber that gives the area of leaves in a specified area of vegetation. It ranges in value 

from less than one for the vegetation cover of an environmentally stressed area, such 

as a high -alpine tundra, to in excess of 10 for o ld-growth forest in the wet tropics. The 

information needed for computing va lues of LAI is typically obtained by the use of 

point quadrats. Long, thin, rigid rods are inserted at randomised locations and orien

tations through the vegetation, with each contact-from the top of the vegetated 

band to the base-identified as to species and t issue type and specified in terms of 

height above ground (Figure 20.6 ). Where all leaves in the canopy are horizontal, or 

nearly so, information from rods inserted vertically at several locations will generally 

provide a satisfactory estimate of LAl. Where the leaves droop, as in grassy swards, it 

is usually better to insert the rod at an angle. Electronic devices are ava ilable for mea

suring LA!, but the most reliable estimates come from spatial samples of the vegeta

tion and measurements of actual leaf area in each. Va lues of several different indices 

(e.g. relative area of leaves, reproductive tissues, twigs, or o ther support tissue) can be 

calculated for the stand as a whole, for predetermined horizontal bands, or for individ

ual species. With this information it is possible to assemble a useful account of vegeta

tion structure. Manifestly this approach is simpler, and the estimates are more reliable, 

when applied to vegetation of low stature. Effective approaches have, however, been 

devised to pennit comparable analyses of taller and structurally complex vegetation. 

The expectations and sc ientific uses of the LA! vary, but values of the statistic 

have proven to be useful indications of primary production (the larger the relative 

area of leaves , the greater the potential for photosynthesis) and water use (the larger 

the re lative area of leafy tissues the greater the density of stoma and , therefore, the 

greater the potential for transpiration) by green plants. G raphical representation of 

LA! values is also a useful way to dep ict vegetation structure. 
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Figure 20.6 Information required for calculating leaf area index.The cross-section AB of vegetation structure 
above is obtained from the plan view below by inserting an imaginary vertical plane into the plant canopy. 

Vegetation change over geologic time 

The geologica l record shows that the major forest types of New Zealand have jockeyed 
for spatial dominance over the past 60-70 million years (Fleming 1979). During wet
ter and warmer times in the Tertiary, kauri (Agathis QL/stralis) and podocarp forests 
dominated. (See Barlow 1981 for an overview of environmental change in the Aus

tralasian region since the late Mesozoic). With the onset of cooler conditions towards 
the end of that period, kauri forests retreated northwards and the prev iously confined 

beech forests expanded. C limatic cooling and drying during the Tertiary, coupled with 
mountain building during the Kaikoura orogeny and deve lopment of increas ingly 
seasonal climates as the westerly c irculation intensified in the southern oceans, led to 
further changes in distribution of the main forest types. Throughout the Pleistocene 

the altitude of the tree line oscillated--falling during times of glacial advance and 
rising during interglacials--fragmenting species' ranges, reducing some habitats and 
permitting expansion of others, and driving several native species to extinction. 

Of value to scientists interested in vegetation change over relatively short periods 

of geological time are the pollen grains and spores ('microfossils'), leaves, fruit, wood, 
and bark ('macrofoss ils') often found preserved in organic depos its. If that materia l is 
stratified, it may be poss ible to extract foss ilised plant materia l from thin bands 

throughout the sequence, identify it to the fa mily, genus, or species . level, and repre
sent changing relative frequencies of the diffe rent taxa in a pollen diagram. 
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Figure 20.7 is a highly simplified pollen diagram that summarises changes over 
about 14000 years BP in the pollen spectrum for a site near Cass in the mountains of 
Canterbury (Moar 1974). Initially, grassy vegetation predominated in the area, but 

some shrub species were present. This progressively gave way to a shrubby vegetation 
dominated by bog pine (Halocarpus bidwillii) and mountain toatoa or celery pine (Phyl
locladus alpinus), followed by a patchy mosaic of miro (Prumnopitys ferruginea), matai 
(Prumnopitys taxifolia) , and kahikatea (Dacrycarpus dacrydioides) in a matrix of a bog 
pine and mountain toatoa shrub land. Later, podocarp forest yielded to beech 

(Nothofagus spp). During the period of Maori then European occupation of the area, 
the native woody vegetation was progressively replaced by tussock grassland. Today 
only small stands of beech forest remain. 
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Figure 20.7 Schematic pollen diagrams for the Cass Basin, Canterbury. (Adapted from Maar 1974) 

In practice a pollen diagram is more complex than Figure 20.7 suggests, as the 
research of Newnham (1992) indicates. He found that over a period extending from 

30000 to 2000 years ago kauri forest was reasonably prominent for all but a relatively 
short period, possibly coinciding with the last glacial maximum. Populations of kauri 
may even have expanded after about 8000 years BP, and not have contracted until the 

area was settled. His pollen diagram-part of which is reproduced in Figure 20.8-
shows marked variations in the relative frequencies of different tree, shrub, and herba

ceous species and illustrates how such information is normally presented. 
Most research workers highlight their main findings as in Table 2004, where 

McGlone & Bathgate (1983) summarise the sequence of prevailing vegetation types 
and environmental conditions in coastal Southland over the past 12000 years. 

Fleming (1979) argued in favour of discontinuous, often small stands of woody 

vegetation along the coasts of both main islands of New Zealand, with continuous 
forest only in the far north during the late Pleistocene. There were probably small 
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Figure 20.8 Changing relative frequencies of tree poll en for Otakairangi, Northland, between 30000 and 2000 
years ago. (Redrawn, in part, from Newnham 1992) 

Table 20.4 

forested stands on better-watered slopes of mountain valleys, particularly those shel

tered fro m cold westerly winds (McGlone 1985 ). From their bases in montane and 

lowland refugia, fores t species are thought to have spread outwards as regional cli

m ates began to wa rm. By 5000 years BP the country's forests h ad virtually reached 

their maximal extent. 

Changing vegetation cover and climates of coasta l South land during the Holocene. 

Period (BP) Prevailing vegetation cover Climate 

4000~ IOOO Patchy replacement of Somewhat cooler and 
podocarp forest by beech moister than now 

7000-4000 Podocarp forest dominant, but Wetter. stormier. and 
beech slowly becoming established cooler than now 

9400~7000 Podocarp fOI-est dominant Wal-mel~ mildel~ and slightly 
drier than now 

12000--9400 Shrubby and grassy vegetation Temperatures and I-ainfa ll 
widespread, but low fOI-est spl-eading slowly increasing; some 

extl-eme climatic events 

PI-ior~ 12000 GI-assy and shl-ub vegetation Perhaps SoC cooler than now; 
dominant highly variable climate 

Adapted fmm McGlone and Bathgate 1983 
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The vegetation cover of New Zealand on the eve of 
human settlement 

New Zealand may harbour 80000 species of animals and plants, but only 30000 are 
known with any certa inty to taxonomists. Of these perhaps 80% are endemic, being 

found nowhere else. Insects and fung i dominate the biota, with about 20 000 spec ies 
each , then come the nematode worms with at least 10000 species. Higher plants and 

vertebrates together account fo r 5000 spec ies. Relative to con t inental areas, New 
Zealand has only limited representation of native spec ies of higher plants and animals, 
harbours many primitive taxa, and is home to a relatively large number of endemic 
species (Taylor & Smith 1997 ). 

like most islands , and as the Equilibrium Island Biogeography model predicts, 
New Zealand has a smaller flora of native flowering plants than those parts of south
eastern Australia with a comparable mix of phys ica l environments. Only about 2300 
vascular plant species are native to the country, and of these a fifth also grow in Aus
tralia. The pace of species production seems to have been especia lly rap id in environ
mentally diversified areas above tree line. O n the other hand, with about a th ird of the 
world's known species , the country's lichen flora is unusually large. 

Regional tree line ranges in altitude from about 1400 m in the north of the coun
try, to 900- 1200 m over much of the South Island, and lower on S tewart Island (Flem
ing 1979) . Although less than 10% of New Zealand lies above t ree line, that area is 

occupied by 600 native species of vascular plant and is more flor istically d iverse than 
the country's forests. T he ancestors of many of those plan ts may have occupied cool 

sites south of the country before tectonic forces began raising the land in the Miocene 
(Wardle 1978) . Others probably reached the rising uplands by long-distance d ispersal 
from the As ian, New G uinea, and A ustralian mountains. 

Most of the country's native trees and shrubs are evergreen, with few showing the 

seasonal changes so characteristic of plants in the mid-latitude hardwood forest 
ecosystems of northeast As ia, northeastern North America, and Western Europe. 
There is not a spring flush of flowering herbs and bulbs, and annual, bienn ial, and 
short- lived herbaceous perennial plants are poorly represen ted in the native flora. 

In the mature kauri forests of Northland, as in old forested stands dominated by 
species of Podocarpus and Prwnnopitys elsewhere in the country, the vegetation cover 

has at least four canopy layers. Conversely, in stands of southern beech dominated by 
species of NothofagLis two or three canopy layers are more normal. Saplings grow 
alongside mature trees , and seedlings are rooted in the thick duff of the forest floor. 

Dense stands of fern grow in canopy gaps where there is sufficient moisture and light. 
Even the first botanica l explorers recognised that the southern beech forests of 

New Zealand are structurally, floristically, and biogeographically distinctive (Cock

ayne 1921). Their prime taxonomic and geographical affinities are with forests in the 
hill and mountain country of southeastern A ustralia and Tasmania, the high moun
ta ins of New Caledonia and New Guinea, and the southern Andes. 

The upper slopes of the h igh mountains below the altitude of permanent ice and 
snow have a natural vegetation cover of shrub, grass, or herb commun ities. Much of 
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the central North Island experienced frequent volcanic eruptions, with thick deposits 

of ash and other volcanic ejecta often obli terating the prior vegetation (Cochrane 
1973 ). At the time of initial human settlement, that area had a spatia lly complex mix
ture of grassy, successional forest, and sh rubby vegetation. Wilmshurst et al. (1997) 

found clear ev idence of widespread disturbance by fire, drought, and a major volcan ic 
eruption to forests in the Tutira and Putere districts of Hawke's Bay we ll before human 
settlement. 

Tectonic forces, storms of subtrop ical origin, heavy precipitation, and snow 

avalanches in the mountains all engender a dynamic physical envi ronment, and this is 
reflected in the composition, structure, and ecological relations of the vegetation. 
Veblen and others saw in current patterns of forest tree d ie back ev idence for the senes

cence of entire cohorts of forest trees that had presumably become established after an 
earlier period offorest destruction (Stewart & Veblen 1982; Veblen & Stewart 1982). 

Vegetation change since the start of human settlement 

The lowland forests that the first Polynes ian settlers occupied in New Zealand were 
extens ive and evergreen, had birds as their top predators (notably the now-extinct 
Haast's eagle), distinctive food chains, and relatively few edible plants. Whi le coastal 

lands, swamps, and inland waterways became the main sources of food for Maori , the 
country's forests provided timber, fuel , fibre, refuge, and spiri tual sustenance. 

Eleven of this country's native vascular plant species have become extinct and a 

further 300 species have become endangered since human sett lement began, yet dur
ing the past 150 years many plants and animals native to other parts of the world have 
naturalised (Atkinson & Cameron 1993). Throughout New Zealand there are records 

of about 25000 exotic species of plant, 2000 of which appear able to persist without 
direct human intervention and often serve an important environmental repair ro le. 
Of that number, about 200 species pose a threat to native plants: for example, wan
dering jew (Tradescantia fIuminensis) in the northern forests , o ld man's beard clematis 
(Clematis vi.talba) in the southern forests, Darwin's barberry (Berberis darwinii) in rem
nant forest stands of Wellington and the Wairarapa, nase lla tussock (Nase lla tri
chotoma) in the tussock grasslands of both main islands, and hierac ium (Hieracium 
spp.) in montane grasslands. Esler (1987a) reported the arriva l of a lien plants in met
ropolitan Auckland since 1840 and shows how different land-use practices had 
opened the way for them to spread. In a subsequent paper (Esler 1987b) he estimated 

the rate of naturalisation in that c ity as averaging more than four alien plant species 
per annum. The fact that N ew Zealand hosts many naturalised species, without dis
placement of equal numbers of resident species, either contradicts the predictions of 

the ElB model, or ind icates unsaturated niches , or points to delayed responses at the 
ecosystem leve l. Of those explanations, the latter is the most likely. 

In the north of the North Island , forests dominated by kauri once covered 1.5 mil
lion hectares. They have since been reduced to less than 1 % of their former extent. 
The once widespread lowland podocarp forests of the two main islands have been 
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reduced by 85%, and the lowland wet podocarp forests by a like amount. Of all New 
Zealand's principal forests, only those dominated by beech have not been seriously 

affected by people, probably because they tend to occur where climatic conditions are 
somewhat marginal for intensive agriculture or pastoral farming, and because until 
recently beech was not greatly valued for its timber. 

Forest vegetation is thought to have covered as much as 85% of New Zealand on 
the eve of human settlement (Figure 20.9). In the eight centuries since then the 
forested area has been reduced to less than a quarter of its original extent (O'Loughlin 

& Owens 1987). 
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Figure 20.9 The shrinking forest cover of New Zealand, c. 950, 1840, and today. (Taylor & Smith 1997) 

Figure 20.10 depicts arrangements of the country's main vegetation types in 1840. 
People and their animals have impacted on the native vegetation cover of New 
Zealand by fragmenting once large expanses, and degrading much of what remains. 

Remnant forested stands and patches of wetland in the agricultural lowlands are akin 
to islands in the Equilibrium Island Biogeography model. The prospects for several of 
the more specialised species of plant and animal they harbour are bleak and will 
remain so for as long as they lack physical connection with comparable habitat 
patches nearby. 
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Figure 20.10 The terrestrial vegetation cover of New Zealand at about 1840. (Adapted from Cochrane 1973) 

The floors of the inland basins and the eastern lowlands of Canterbury and Otago 
were largely occupied by tall tussock, wetland, riparian, and low shrub communities in 
the 1840s. In areas below regional tree line, European settlers often found charred logs 

and stumps of forest tree species in the topsoil of hill slopes with a cover of mature tus
sock grassland. In parts of eastern South Island it is likely that Maori used fire to herd 
moa and promote regrowth of bracken fern (PteridiLLm esculentum) for its edible below
ground tissues, thus faci litating conversion of patchy forest to shrub communities, the 
latter often dominated by kanuka (Kull zea ericoides ) or tall tussock grassland. Another 
interpretation is that lightning occasionally started fires in areas that had become cli

matically marginal for tall woody vegetation, leading to expansion of grass and low 
shrub communities. 

The fossil record points to complementary relationships between forest and grass

land in New Zealand. For example, in the foothills and lowlands of Canterbury a mil
lennium ago, woody vegetation ev idently covered much of the area below about 1500 
m, with scrub, grassland, and alpine vegetation above that (Figure 20. 11) . From then 
until 1850, when European colonisation began, the forest cover became increasingly 
fragmented. Short tussock grassland began to dominate in the lowlands, and tall tussock 

in the hill country. Tree line was art ificially depressed, shrubby vegetation became wide
spread, and alp ine screes expanded. The past 150 years have seen acceleration in those 
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changes, with large areas of indigenous vegetation replaced wholly or in large part by 

exotic species, further development of· short tussock grassland, shrub, and tussock 
communities, and expansion of alpine scree (Molloy 1969). 

At the start of Polynesian settlement, tussock grassland and mixed tussock and 

low shrub communities covered between one and two million hectares of New 
Zealand, especially above the 1200 m contour. Areas dominated by tall and low 

shrubby plants, notably in subalpine, inter-montane, and coastal sites, have expanded 
from 1.5 million to about 7.5 million ha since human settlement began, and much the 
same pattern has been reported for Australia, Madagascar, and North America. 
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Figure 20.1 I Vegetation change in Canterbury from 950 to 1960. (Adapted from Molloy 1969) 
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Primarily through burning, the area of grassy vegetation expanded to about eight 
million hectares by early in the nineteenth century. With help from axe, fire, saw, 
and plough European colonists added another six million hectares to the total. Dur

ing the first four or five centuries of Maori settlement, tall tussock grass land spread 
from high mountain slopes and river valleys to occupy si tes from which woody plants 
had been progress ively cleared by fire. European settlers later extended the process. 

Frequent burning, persistent grazing by sheep and cattle, deer, pigs, and possums have 
allied to tall tussock grass lands being steadily replaced by swards of short tussock and 
by pastures based on introduced species. One effect of the Maori on the vegetation 

cover of New Zealand was to br ing about a decline in the area of native forest cover 
from 80% to 50%, and a complementary expansion in the area of tussock grassland 
from 5% to 30%. Today, the extent of native forests is one-quarter what it was before 

the first Polynesian settlers arrived, and grasslands are ten times more extens ive . On 
the other hand, plantings of exotic tree species are expanding by 70000 hectares 
annually and currently occupy about 1.6 million hectares. They, together with the 
many suites of exot ic species established on economically productive land , mean that 

almost half the land surface area of New Zealard is now dominated by introduced 
plant species. 

After axe, fire, and plough 

At present, two-thirds of New Zealand is settled, with most residents living in areas 
below 500 m where native ecosystems are now poorly represented. The problem with 

habitat destruction by people is that it is indiscriminate-most living things in the 
area are affected-whereas hunting tends to target particular species. Environmental 
changes initiated by Maori accelerated during the European colonial phase, and in 
many parts of the country continue to this day. 

The full impact of eight centuries of direct and indirect habitat modification by 
people on native plants and animals has still to be felt. Of further concern to conser
vationists is that many native species populations are approaching their thresholds of 

viab ili ty : the minimum densit ies commonly quoted in the international literature are 
at least 500 individuals for a plant species and 1000 for an animal, but the populations 
of several endangered New Zealand species are now we ll be low those critica l values. 

Extensive tracts of relatively undisturbed native forest survive in better-watered areas 
of foothill and mountain country too steep to plough, but native forest ecosystems are 
unevenly represented in parks and reserves. Lowland forest communities, especially 
those native to wetter habitats, are now rare. Small pockets of lowland forest survive 

in steep terrain on farmland , with some protected by covenant or represented by iso
lated trees. Most surv iving tracts of native forest are in sparsely settled areas where 
agriculture and pastoral farming either did not develop or later failed: for example, on 

Stewart Island, in the southwest and southeast of the South Island, widely on the 
West Coast, in northwest Nelson, and in the rugged hill country of Taranaki, Taihape, 
Wanganui, and inland Manawatu. 
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What was once a spatially heterogenous vegetation cover risks being homogen
ised and progressively dominated by naturalised exotic plant and animal species 

with unknown, but almost certainly serious, consequences for the country's natural 

ecosystems. 

Summary 

This chapter began with a discussion of the general qualities of vegetation, including 

descriptive terms, an introduction to ecosystem concepts, a description of plant 
growth and reproduction, and consideration of vegetation change over time. It con
tinued with a discussion of biotic diversity (including different methods to measure it) 

and biodiversity, introducing the Equilibrium Island Biogeography model. 
The chapter then introduced the physiographic plant ecology model, with an 

example of its application in New Zealand. The variation of vegetation pattern and 
structure over time was considered, with different measurement approaches outlined. 
Attention then turned to changes in New Zealand's vegetation over time, including 

those over geologic time periods, to changes since the start of human settlement, and 
concluded with an assessment of the current status of New Zealand's vegetative cover. 
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