
Note to readers: 
 

This chapter, taken from The Physical Environment: A New Zealand Perspective, edited by Andrew 

Sturman and Rachel Spronken‐Smith, South Melbourne, Vic. ; Auckland [N.Z.] : Oxford University 

Press, 2001, has been reproduced with the kind permission of Oxford University Press (OUP).  OUP 

maintain copyright over the typography used in this publication. 

Authors retain copyright in respect to their contributions to this volume. 

 

Rights statement: http://library.canterbury.ac.nz/ir/rights.shtml  



The Physical Environment 
A New Zealand Perspective 

Edited by 
Andrew Sturman and 

Rachel Spronken-Smith 

OXFORD 
UNIVERSITY PRESS 



OXFORD 
UNIVERSITY PRESS 

253 Normanby Road, South Melbourne, Victoria, Australia 3205 
Oxford University Press is a department of the University of Oxford. 
It furthers the University's objective of excellence in research, scholarship, 
and education by publishing worldwide in 

Oxford New York 

Athens Auckland Bangkok Bogota Buenos Aires Cape Town Chennai 
Dar es Salaam Delhi Florence Hong Kong Istanbul Karachi Kolkata 
Kuala Lumpur Madrid Melbourne Mexico City Mumbai Nairobi Paris 
Port Moresby Sao Paulo Shanghai Singapore Taipei Tokyo Toronto Warsaw 

with associated companies in Berlin Ibadan 

OXFORD is a registered trade mark of Oxford University Press 
in the UK and in certain other countries 

© Andrew Sturman and Rachel Spronken-Smith 2001 
Authors retain copyright in respect of their contributions to this volume 

First published 2001 

All rights reserved. No part of this publication may be reproduced, stored in a 
retrieval system, or transmitted, in any form or by any means , without the 
prior permission in writing of Oxford University Press. Within New Zealand, 
exceptions are allowed in respect of any fair dealing for the purpose of research 
or private study, or criticism or review, as permitted under the Copyright Act 
1994, or in the case of repro graphic reproduction in accordance with the terms 
of the licences issued by Copyright Licensing Limited. Enquiries concerning 
reproduction outside these terms and in other countries should be sent to the 
Rights Department, Oxford University Press, at the address above. 

ISBN 0 19 558395 7 

Edited by Richard King 
Indexed by Russell Brooks 
Cover and text designed by Derrick I Stone Design 
Typeset by Derrick I Stone Design 
Printed through Bookpac Production Services, Singapore 



'New Zealand is as close as we will get to the opportunity to study life on another 

planet.' (Diamond 1990) 

Although the physical environment has been described as a habitat template for ani
mals (Southwood 1977 ), many animal species can also significantly modify their sur
roundings (Johnston 1995) . The New Zealand fauna has numerous examples of both, 

as well as many ancient taxa that have evolved into unusual forms. In this chapter we 
examine animal habitat in natural and human-modified environments. We begin by 
examining the geo logical origins and biogeographic patterns of New Zealand animal 

species diversity and community composition. These biogeographic patterns will be 
explained in terms of general ecological concepts of limiting factors and environmen

tal gradients. Every an imal species is adapted to a spec ific combination of environ
mental characteristics , referred to as the species' ecological niche. Areas with these 
specific environmental characteristics define the species' hab itat. The transformation 
of natural landscapes for human land use has significantly fragmented the habitat of 

many native animal species. We end this chapter by examining the effects of human 
landscape transformation and an imal invaders on the New Zealand environment and 

native animal species. 

Animal diversity and composition 

The extent of animal diversity 

The importance of animals in the environment can be demonstrated by their sheer 

abundance. There are approximately 9.8 million animal species on Earth, compared 
with 3.8 million plants and lower taxa (Heywood 1995). Approximately 28800 ani
mal species are indigenous to New Zealand, although barely 50% have been identified 
(Table 21.1) (Halloy 1995 ; Taylor & Smith 1997) . The number of species in an area is 

known as its species richness, or alpha (ex) diversity. This quantitative measure of bio
d iversity (i.e. biological diversity) is a simple descriptor widely used in ecology 
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(Gotelli 1995), biogeography (Brown & Gibson 1983; Cox & Moore 1993), and con

servation (Gaston 1996). An extensive literature is devoted to quantification of other 
biogeographic, ecological, demographic, and genetic aspects of biodiversity. Species 
diversity can vary significantly between areas representing biomes, ecosystems and 

communities, and along environmental grad ients. The variation or turnover of diver
sity along an environmental gradient is a measure ofbeta W) diversity. Animal species 
richness can also vary over time in response to environmental change, seasonal migra

tion, population dynamics, the behaviour and movement of individual animals, and 
the vagaries of weather. The most obvious biogeographic trend in terrestrial diversity 

is the increase from high-latitude polar regions to low latitude tropical rainforests. 
Within a smaller area, species richness also tends to be highest on sites of intermediate 
disturbance and resource availability, but this generalisation remains the topic of 

ongoing research. 

Origins of New Zealand animal diversity 

Geological history is important to explain the diversity and origins of New Zealand 
fauna because many endemic taxa are relics from when New Zealand was attached to 
the large Gondwana supercontinent (Cox 1991). The Rangitata orogeny (140-110 

million years BP) was the single opportunity for amphibians, reptiles, birds, and other 
animals to colonise the continental remnant of New Zealand. Many animals from this 
wave of Cretaceous colonists have survived as 'living fossils'. As a result, New Zealand 

has a disproportionate number of terrestrial taxa representative of Mesozoic and 
Palaeozoic lineages that are absent from other biogeographic regions (e.g. gradungulid 

spiders, micropterygid moths, petalurid dragonflies, leiopelmatid frogs, kiwi, moa, 
weta, velvet worm (Peripatus) , and the tuatara, Sphenodon punctaws) (Bishop 1992; 

Cooper & Millener 1993). However, more recently evolved taxa such as snakes and 
mammals (with the exception of three bat species) were unable to colonise New 

Zealand after the ancestral landmass separated from Gondwana about 80 million years 
ago. The long geological isolation of New Zealand also allowed for extensive in situ 
evolution, and a high level of endemic species. Hyperdiverse terrestrial taxa include 
flatworms (Platyhelminthes, >50 species), earthworms (178), snails and slugs 

(> 1000), moths (> 1500) , and beetles (>4300) (Daugherty et al. 1993) (Table 21.1). 
New Zealand has been colonised naturally in more recent early Tertiary geologi-

. cal history by 'sweepstake' dispersals from Australia. Colonists that have accidentally 

crossed the Tasman Sea on prevailing westerly winds and ocean currents include the 
waxeye (Zosterops lateralis) , spur-winged plover (Vanellus miles), welcome swallow 
(Hirundo tahitica) , Australian coot (Fulica atra) , Australasian harrier (Circus appro:xi
mans), kingfisher (Halcyon sanaa), fantail (Rhipudura fuliginosa) , and black stilt 
(Himanotopus novaezealandiae). 

New Zealand vertebrate diversity is highest among lizards and birds (Table 21.1), 

even though they have different biogeographic origins (Atkinson & Millener 1991). 

Avian diversity results from an ongoing trickle of immigration, so no single bird genus 
shows high species diversity. The seabird fauna is particularly diverse because the 

New Zealand archipelago spans over 20 0 latitude of the Southern Ocean from the 
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Table 2 1.1 Indigenous and introduced animal species in New Zealand. Most figures are the best approximation 
of the number of species identified and suspected in each taxonomic group. Totals and subtotals have been rounded. 

Estimated number Number that Identified Number of 
of indigenous species have been species that introduced 

identified are endemic species in 
("10) the wild 

Invertebrates 
Arthropods 
Insects c.20000 c.10000 90 c. 1 100 
AI"achnids c.4600 c.2600 c.90 c.60 
Pycnogonids c. 120 53 
Crustacea c. 2000 15 17 
Myriapods c. 600 c. 200 
Molluscs 
Land and fl"eshwatel" snails and slugs c. 1300 c. 500 100 c. 33 
Marine species c. 3500 c. 2000 at least 6 
Worms 
Nematodes c. I 1400 414 ? c. 600 
Annelids -earthworms 220 178 43 c. 25 

-other (marine polychaetes, etc.) c. 4200 c. 430 100 c. 230 
Platyhelminths 430 80 30-35 c. 75 
Other worms c. 1200 c. 400 56 c. 50 
All other invertebrates* c. 2600 c. 2100 ? 
Total c. 27300 c. 14400 c. 2200 

Vertebrates 
Fish -sea-dwelling marine taxa c. I 100 c. 870 5 

-rockpool marine taxa c. 100 94 62 ? 
-freshwater taxa c. 35 28 90 20 

Amphibians (frogs) 4 4 100 3 
Reptiles 61 6 1 100 I 
Birds - land and freshwater 88 88 57 34 

-seabirds 6 1 6 1 30 0 
Mammals -land 2 2 100 34 

-mal"ine t 4 1 41 5 (2 spp.) 0 
Total c. 1500 c. 1250 c. 6000 

Total c.28 800 c. 15600 c. 8200 

., Includes 350 sponge species, 400 cnidarians, 400 echinoderms, 900 bryozoans, and c. 50 species from minol" taxa. 

t Includes 34 cetacean species and 7 pinnipeds, many of w hich are seasonal migr"ants. 

Taylor and Smith ( 1997) 

subantarctic to the subtropics. The d iversity of rept iles (and many other flightless 
groups) probably arose from only a few colonising ancestral species that subsequently 
evolved into many different species by adaptive radiation (Towns et a1. 1985 ), 

The absence of mammals and the unique assemblage of other taxa have a llowed 
many N ew Zealand taxa with spectacular adaptations to exploit ecological niches 
typically used by mammals elsewhere (Cooper et a1. 1993). Many large flightless 
birds occupied the ecological niches of browsing animals (11 moa species ) or grazers 

(kakapo, Strigops habroptilus, and takahe, N otomis 11lantelli) that are usually occupied 
by ungulates in other biogeographic regions. Among the invertebrates, 16 weta species 
fi ll the n iches of mice and rats, resembling rodents not only in their biomass but also 
in nocturnal forag ing and diet , use of diurnal shelters, and polygamy, T he absence of 
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mammalian predators allowed predatory roles to be filled by many species, including 

15 species of giant carnivorous snails, reptiles, and birds. A guild of medium-s ized kiwi 
species evolved in the absence of burrowing carnivorous mammals, feed ing by probing 
the soil for invertebrates. Kiwi are convergent with mammals in their burrowing and 

nocturnal habits, reliance upon olfaction rather than vision, and aggressive mainte
nance of year-round rather than seasonal territories. The absence of predatory mam

mals is commonly associated with morphological and life history traits such as 
gigantism, longevity, and low reproductive rates. These traits also predisposed New 
Zealand animal species to rapid declines (extinctions) once mammals arrived (Hold

away 1989). 

Spatial patterns of New Zealand bird diversity and 
composition 

Studies in many biogeographic regions of the world have identified latitudinal and 
altitudinal grad ients of plant and animal spec ies richness, and the paucity of animal 
species on peninsulas. Speciation, d ispersal, climate, topography, primary productivity, 
competition, and disturbance are important factors responsible for these geographic 

patterns (Huggett 1995). 
Few systematic surveys of geographic patterns of terrestrial animal diversity have 

been conducted in New Zealand. The most geographically comprehensive fie ld survey 
of birds was conducted by 800 volunteers in the Ornithological Society of New 
Zealand from 1969 to 1979. Maps of the presence or absence of a lmost 150 bird taxa 
in 10 OOO-yard grid square areas were published in The Atlas of Bird Distrib,ttion in New 
Zealand (Bull et at. 1985). The spatial pattern of native land and freshwater bird 
species richness derived from maps in this atlas is shown in Figure 21.1. Richness is 

high in many coastal grid ce ll areas, which have habitat for both coasta l and interior 
forest bird species. Hotspots of high bird species richness in North land, south West
land, and northwest Nelson coincide with regions of high plant diversity (Enting & 
Molloy 1982). Bird species richness also decreases toward southern latitudes, and from 

west to east. 
Species that live together and have simi lar habitat and resource requirements 

form a special assemblage of species called a community (MacNally 1995) . For exam

ple, the threatened New Zealand dotterel (Charadrius obscunis) and other shore birds 
form a community of coastal wading birds. Geographic patterns of species composition 

are related to patterns of species richness. However, areas with identical numbers of 
species may have a different assemblage of species if the areas have different habitats 
or environmental conditions. The distribution of communities of plant species and 
poikilothermic animal species are often strongly influenced by climatic zones. How

ever, the geographic distribution of homeothermic animal species such as birds is 
influenced less by environmenta l temperature than by historical factors such as geo
logical processes, speciation, and evolution (Huggett 1995). This is true for the geo

graphic patterns of New Zealand land and freshwater bird communities, as revealed by 
a TWINSPAN classification analysis (Hill 1979) of the bird atlas data (Figure 21.2). 
Contiguous areas with similar bird spec ies composition form avifauna l regions. These 
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Figure 21.1 (Left) Native New Zealand land and freshwater bird species richness (97 species). 

Figure 21.2 (Right) Native New Zealand land and freshwater bird species derived from TWINSPAN classification 
analysis. Grid cells with the same symbol have similar bird species composition. 

regions tend to be separated by barriers to dispersal such as Cook Strait (i.e. separate 

av ifaunal regions on North and South Islands), or they occupy major physiographic 
regions such as the Southern Alps or the central North Island plateau. 

The geographic distribution and abundance of animal 
species 

The role of the physical environment in determining biogeographic patterns of species 

diversity and composition rests essentially on the geographic distribution and abun
dance of each species. All species have a geographic distribution, or range, that encom
passes all populations. The range is a fundamental species characteristic (Brown et at. 
1996) resulting from evolutionary adaptation to the environment, primarily by the 

presence or absence of suitable habitat. For example, most native New Zealand land 
and freshwater bird spec ies occur in a few small areas (restricted distribution), and few 
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species are found over a large geographic region (widespread) (Figure 21.3). Endemics 
are species confined to a particular area. Disjunct species have gaps in their distribu

tion that are wider than their normal dispersal distance. These disjunct distributions 
can result from the formation of natural geographic barriers such as mountain ranges, 

or widespread habitat fragmentation due to human land use. 
Species distributions are also dynamic, always changing in response to conditions 

of their immediate surroundings (environmental or biological). Each species occupies 

a finite area over its range, but this area will change, expanding under better condi
tions, and contracting when environmental conditions are poor. For example, animals 

may migrate, cross barriers (jump dispersal), colonise new areas (range expansion), 
and shift ranges gradually through a combination of range expansion, contraction, and 
differential extinction (range shift). Animal species have a distribution that reflects 

the spatial extent of suitable habitat as well as behavioural interactions with other 
animals, and movements to track changes in resource availability over time. Therefore 
the distribution of an animal species is a function of its resource requirements for 

growth and reproduction, its ability to exploit available environmental resources, and 
the spatial distribution of those resources. 

All species require certain resources and physical environmental conditions to be 

able to survive and reproduce. Within the geographic range of a population, individu
als will generally live only in suitable habitat. At least four groups of factors determine 
what is meant by suitable habitat, and influence the distribution and abundance of 

plants and animals: abiotic, or physical; biotic (excluding humans); anthropogenic 
(humans); historical, or evolutionary. For physical gradients (e.g. temperature) there 
is a minimum level below and a maximum level above which an animal's metabolism 

cannot be sustained. The optimum level for a given gradient is that associated with 
maximum growth and reproductive capacity (fitness), with their performance attenu

ating at the extremes. 
The tolerance of conditions along a physical gradient varies among species and 

even among individuals of the same species. A species' tolerance may also be wide for 
some physical variables but narrow for others. Nonetheless, the relationship between 
animal abundance and an environmental gradient can be represented by a unimodal, 

or Gaussian, curve divided into three levels of tolerance (Figure 21.4). Lethal envi
ronmental extremes at the tails of the curve disrupt critical biological functions and 

define zones of intolerance. Within these extremes the environmental conditions will 
sustain foraging and other activities necessary for individual animals to persist in pop
ulations with low abundance. These zones of physiological stress are outside the cen

tral range of optimal environmental conditions. The long-term perpetuation of a 
population is confined to sites with environmental conditions within this optimal 
range because the conditions must support growth and reproduction in addition to the 
maintenance of individuals. The biogeographic relevance of this species' response 

curve is that factors that are closest to limiting by their deficiency or excess will deter
mine an animal's potential geographic distribution (MacNally 1995). More specifi
cally, the range limit of any animal species is determined by that environmental factor 
for which it has the narrowest range of tolerance at the most vulnerable stage in its 
life cycle. 
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Figure 21 .3 (Left) Range sizes of 97 native New Zealand land and freshwater bird species. 

Figure 2 1.4 (Right) Species response curve. The abundance of a species will vary a long an environmental 
grad ient. (Bush 1997) 

The environment as animal habitat 

The physical environment in which a population lives and draws resources for survival 

is its habitat, which provides food and cover essential for population survival. Habitat 
is most often discussed for animals, but the concept represents a more general interac
tion between any organism and the physical structure of its living space . It is distinc t 

from a territory, which is an area defended by an individual animal, because it may 
use only a portion of the total available habitat area. The home range is the area that 
an individual traverses in its normal activit ies of food gathering, mating, and caring 
for young. 

The present distribution, activity, and abundance of animals are the result of 
adaptations to past and present biotic and abiotic conditions, mediated by natural 
selection. Understanding why an animal population is found in an area requires 

knowledge of its present ecological relationships with the environment and other ani
mals, and historical factors. Climate change may, for example, explain why a species 

persists in isolated, scattered relict populations. A lso, competitive interactions in the 
past may explain present distribution and abundance patterns. In sum, understanding 
animal habitat preferences requires both evolutionary and ecological perspectives. 

Environmental determinants of the ecological niche 

There are many theories that attempt to explain the selection and use of an area by an 
animal species (Morrison et al. 1992). These theories share an assumption that ani

mals somehow perceive the correct configuration of habitat characteristics required 
for their survival (i.e. they select their habitat) . Therefore, in order to describe the 
habitat ch aracteristics of a given animal we need to measure what the an imal per

ceives as important physical characteristics of its living space. The concept of habitat 
selection developed in tandem with theory on the ecological niche by G. Evelyn 

species 
absent 

high 
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Hutchinson. According to the theory, each animal has a species-specific multidimen
sional fundamental niche that defines its living requirements on the basis of many 

biotic and abiotic variables. A simple analogy is that habitat is an animal's 'office 
building' and the niche is the animal's 'profession'. The position and shape of its 
response (in abundance) to each environmental or resource gradient (see Figure 21.4) 

define the species' niche. More specifically, the species' fundamental niche is a hyper
volume made up of many environmental dimensions within which that species can 

survive and reproduce. Niche breadth is a measure of the diversity of resources used by 
an animal species. The species' realised niche is the reduced hypervolume after exclu

sion from parts of its fundamental niche because of competition or other biotic inter
actions. Three dimensions of the realised niche for the copper skink (Cyc/odina aenea) 
in Pukerua Bay, Wellington, are represented in Figure 21.5 (Towns & Elliott 1996). 

Minimum temperature and the abundance of loam and stones are among the most 
important environmental gradients that affect copper skink abundance. The tolerable 
range of each gradient defines skink habitat and determines the areas where it can 

live. 
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Figure 21.5 Realised niche dimensions for the copper skink (Cyc/odina oeneo) in Pukerua Bay,Wellington: (a) two 
environmental gradients, (b) three environmental gradients. 

It is difficult to quantify the ecological niche because it is necessary to identify 
and measure all of these resource dimensions for each animal species and, more impor
tantly, because we can never know exactly what an animal perceives. In general, how

ever, habitat selection can be viewed as a hierarchical decision-making process. At the 
broadest level, habitat selection is primarily innate; evolutionary forces establish 
migratory routes, wintering areas, and broad physiological limits to geographic barri

ers. Within a species' range an individual animal explores alternatives and weighs the 
costs and benefits of using each habitat type on the basis of resource availability. 
Within a habitat type an animal will choose specific microhabitats on the basis of abi
otic and biotic factors such as mate availability and competition. Many studies have 

shown that animals (and especially birds) select habitat on the basis of vegetation 
physiognomy (Le. size, shape, and spatial patterns of vegetation) more often than 
floristic composition, but identifying which is more important depends on the spatial 
scale of analysis (Morrison et al. 1992). Most animals distinguish between gross habitat 
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types on the basis of vegetation physiognomy, but the flora, or plant taxonomic con
siderations, determine their abundance within a hab itat type. 

Each of the many food resources available to an animal has a different nutritiona l 

value, a different pattern of spacing and abundance, and a different cost of capture. 
Because an animal has only limited amounts of time and energy, its choices among dif
feI·ent potential foods may critically affect its survival and reproductive success. This 

summarises the critical role that the acquisition of food plays in the life of an animal, 
and demonstrates how important it is to consider food requirements in any habitat 
description. Many studies of an imal-habitat selection focus on foraging behaviour 

because it shows how an imals use their habitat (Bell et a1. 1991). Species-specific for
aging strategies reflect how each an imal perceives the spatial pattern of resources in its 
habitat. 

Land transformation and habitat fragmentation 

Variations in topography, vegetation, soils, and land use within an area create a hetero
geneous mosaic of hab itat patches that constitutes a local landscape (Wiens 1997). 
The term 'patch' refers here to an area with more-or-less homogenous environmental 

conditions. The distribution of breeding hab itat patches is especially important for 
long- term survival of animal populations (Opdam et a1. 1993). The main components 

of habitat spatial pattern that affect population surviva l are: 

• As the amount of habitat decreases, population sizes decrease, increasing the 
probability of regional population extinction. 

• For the same total amount of habitat, increasing habitat patch size increases the 
probability of population survival, outwe ighing the negative effect of increas ing 
inter-patch dis tance. 

• Variance in habitat patch size increases the probability of regional population sur
vival because populations in a few large patches can provide colonists for other 
vacant habitat patches. 

• The inter-patch area or matrix determines the 'connectivity' of the landscape, or 
the ease with which indiv iduals can move around Oms 1995). If the matrix is 
inhospitable, rates of habitat-patch recolonisation are reduced. 

• The rate of change in habitat patches is more important for population survival 
than the spatial pattern of habitat in the landscape. 
These factors operate at the landscape scale and coincide with human activ ities 

that transform natural ecosystems into inhospitable environments that fragment ani
mal habitat and threaten regional population survival (Fahrig & Merriam 1994). 

Ecology of spatially fragmented populations 

Most ecosystems are subject to one or more forms of anthropogenic disturbance that 
causes the loss of total animal habitat area. Short-term human impacts such as 
changes in land use, and longer-term impacts such as climate change can also affect 
the spatial pattern of habitats (Bissonette 1997). The term habitat fragmentation is 

commonly used to describe an overall decrease of habitat area or the partitioning of 
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habitat into small, isolated patches (Harris & Silva-Lopez 1992) . Land-use activities 

that contribute to habitat fragmentation are complex and diverse, but usually involve 

road building, the clearing of native vegetation for agriculture, and urban growth. 

Excessive fragmentation of environments (including aquatic, estuarine, grassland, and 

forest) is also one of the leading causes of animal species extinction. In New Zealand, 

the use of fire by Maori and the clearing of native forests for agriculture by early Euro

pean settlers contributed greatly to the extinction of many native bird species (Table 

21.2). Most of the New Zealand landscape is now uninhabitable for man y native ani

mal species because 63% of the area is domesticated and 73% is significantly disturbed 

(Taylor & Smith 1997). As a result, threatened native species have continued to 

dwindle to a small number of relatively isolated populations that may only occasion

ally exchange individuals. Habitat heterogeneity and the spatial dispersion of hab itats 

affect the viability of these metapopulations (Hanski 1997; McCullough 1996) . 

Table 21.2 Status of New Zealand's indigenous land, freshwater, and coastal bird species. 

Endemic 

Number of'original' species (living or subfossi l remains) 93 
Number of pre-Eumpean extinctions 34 
Number of species remaining when Europeans settled in New Zealand 59 
Number of extinctions after European settlement 9 
Total number of land bird extinctions 43 
Percentage of'original' land bird species now extinct 46 
Number of species surviving in 1994 50 
Number of species thl"eatened with extinction*' 37 
Percentage of remaining land bird species threatened with extinction 74 

*Categories A, B, and C in Department of Consel'vation (1994) 

Taylor and Smith (1997) 

Non 
-endemic 

38 
o 

38 
o 
o 
o 

38 
o 
o 

All 

131 
34 
97 

9 
43 
33 
88 
37 
42 

The transformation of natural landscapes into human land-use mosaics converts 

species with a formerly continuous spatial distribution into these fragmented meta

populations. This environmental fragmentation proceeds in several stages: 

1 With an increasing loss and disintegration of habitat, the area of remaining frag

ments diminishes and the distance between habitat patches grows. This change in 

habitat spatial pattern has two main effects: local populations become smaller, 

and inter-patch dispersal gradually decreases. Both of these effects lower the prob

ability of an average habitat patch being occupied by an animal population. 

2 Populations in some habitat patches become extinct, by a combination of envi

ronmental disturbance and stochastic demographic processes. However, so long as 

animal dispersal between patches is frequent, immigrants from distant habitat 

patches may prevent local population extinctions. 

3 The duration of habitat patch vacancy will increase as the distance between 

patches grows and the probability of dispersal between habita t patches decreases. 

4 Some of the habitat patches become empty for a long period, but eventually are 

recolonised, whereas other patches remain empty. 
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5 If habitat fragmentation continues, the whole metapopulation may become 

extinct because inter-patch distances are too great to allow dispersal and reoccu
pation of empty patches. 

6 If fragmentation stops, the animal metapopulation may reach a regional equilib

rium in the number of occupied habitat patches, even though local population 
extinctions may continue at the scale of an individual patch. 

Conservation biology and environmental management increasingly rely upon 
biogeography to determine how best to retain sufficient wildlife habitat while allowing 
sustainable use of natural resources (Bookhout 1994; Lidicker 1996). This is often 

based upon a quantitative spatial analysis of species' habitat and human land use that 
draws upon principles from landscape ecology, a new science based on the patch
corridor-matrix paradigm (Forman 1995). Every habitat mosaic element is defined as a 

patch, corridor, or matrix that can be quantified by attributes such as area, shape, 
width, and connectivity (Turner 1989). The ability to quantify the spatial pattern of 
these landscape elements using air photos, satellite imagery, and geographic informa

tion systems is prerequisite to assessing the long-term viability of animal habitat and 
metapopulations. The merits of linking indigenous forest with habitat corridors to 
allow for interaction of native New Zealand forest birds was reviewed by Thomas 
(1991 ). 

Habitat fragmentation in New Zealand 

In New Zealand, more of the indigenous land cover has been converted to farmland 
than the world average (51 % compared with 37%) (Atkinson & Cameron 1993; Tay

lor & Smith 1997). Indigenous forest habitats once covered 85% of New Zealand but 
are now largely confined to remote mountainous areas or dispersed in lowland frag
ments. Kauri and lowland podocarp forests were affected more by deforestation than 

beech forests. Habitat loss has occurred at three levels: removal (most lowland forests, 
wetlands, dune lands, and tussock grasslands have been converted to farmland); frag
mentation (remnants of native forest are habitat islands surrounded by farmland); and 

ecological degradation (through pressures from introduced species, industry, pollution, 
recreation, and tourism). 

To demonstrate the importance of this forest fragmentation for terrestrial animals 

in New Zealand, consider the habitat fragmentation of the North Island brown kiwi 
(Apteryx australis mantelli) in Northland. This region has among the highest number of 
threatened flora and fauna in New Zealand (Department of Conservation 1994), and 

a high rate of wildlife habitat loss (1 % annually from 1978 to 1983; Anderson et al. 
1984). Remnants of the indigenous podocarp/broadleaf forest are surrounded by an 
agricultural mosaic of pastures, exotic forests, farms, and towns. Some of these forest 
patches also support populations of North Island brown kiwi, but their long-term 

future is uncertain (Miller & Pierce 1995). Kiwi are flightless birds that probe the soil 
for food, so their habitat requirements are determined strongly by characteristics of 
the soil and vegetation at ground level. Population densities range from one bird per 

2.5 ha to one per 55 ha. 
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Kiwi movements are also strongly affected by human modification of native forest 
in the landscape mosaic. For example, many North Island brown kiwi (>50%) in the 

Paerata Reserve, Northland, will travel up to 100 m across open pasture to forage in 
forest remnants, but few « 10%) will travel 300 m or more (Potter 1990) (Figure 
21.6 ). The land-cover maps in Figure 21.7 illustrate two landscapes 20-30 km north

west of the Paerata Reserve with significantly different spatia l patterns of kiwi habitat. 
These 32 x 32 km subscenes were derived from a 1978 Landsat Multispectral Scanner 
(MSS) satellite image. The Waipoua landscape is dominated by indigenous vegetation 

and natural physical processes. However, native vegetation in the Omapere landscape 
is fragmented into remnant patches widely dispersed in an agricultural mosaic. The 
diversity of land cover is slightly greater in the Waipoua landscape, which also has 

more patches with a greater total length of edges (Table 21.3). 

Table 21.3 Spatial structure of native forest patches in 32 x 32 km landscapes near Waipoua Forest and Lake 
Omapere, Northland, calculated with FRAGSTATS v2.0. 

Landscape statistics 
Numbel- of patches 
Total edge length (m) 
Simpson diversity index 
Simpson evenness index 
Native forest patch statistics 
Total area (ha) 
% of the landscape 
Number of patches 
Mean patch size (ha) 
Total core area (ha) 
Number of col-e areas 
Mean core area (ha) 
Mean nearest-neighbor distance (m) 
Edge density (m ha ') 

McGarigal and Marks (1994) 

Figure 21.6 Use of forest remnants by 
North Island brown kiwi in the Paerata 
Reserve, Northland. (Potter 1990). 
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The total area and spatial pattern of native forest is significantly different in the 

Waipoua and Omapere landscapes (black patches in Figure 21.7). These forest patches 
are high-quality kiwi habitat. Quantitative measures of their patch spatial structure in 
Table 21.3 assume that the effects of agricu lture on kiwi foraging behaviour and breed

ing penetrate about 160 m into the forest patches, leaving an undisturbed core habitat 
area. The abundance of larger core forest patches in the Waipoua landscape suggests it 

has more undisturbed kiwi habitat. The area of a forest patch and its distance to the 
nearest forest patch will determine whether it will be used by kiwi (Figure 21.8). Kiwi 
require habitat patches of a sufficient size, but the forest patches must also be within a 

maximum travelling distance. (Kiwi will not cross large open pastures to search dis
tant forest patches) . The Omapere landscape has abundant small forest patches that 
are dispersed farther apart than those in the Waipoua landscape. Therefore, while 

agricultural landscapes like Omapere may have a few large forest patches, they are too 
far apart to support kiwi populations. 

D Exotic forest 
_ Native forest D Pasture and barren 
_ Scrub D Water or cloud 

Figure 21.7 Land cover of 32 x 32 km landscapes near the Waipoua 
Forest and Lake Omapere. Northland classified from a 1978 Landsat 
MSS image . 

(a) 

10000~-----------------' 

ro 
..c 

o 
o 

C 1000 0 

(\l 0 

c 
E 
~ 
Ui 
~ 
.2 
'0 
(I) 
N 
'iii 

Ii 
8 

100 0 

10 n~~~j:c 
o 0 lIlaJ IlIID IIID[I] 0 0 
o D IIlllllcQ::om::.:J CIlCIllCD D 

o 0 

100 300 1000 

distance to nearest forest remnant (m) 

(b) 

10000r-------------------~ 

ro 
:S 0 

C 1000 
(\l 0 

c 
E 
~ 
Ui 
~ 
.2 
'0 
(I) 
N 
'iii 

100 

o [] 

100 

..... lDDll!lIl[.lDil IIInIlIiIDD 0 aD 

300 1000 

distance to nearest forest remnant (m) 

Figure 21.8 Distance/area relationships of native forest patches in Waipoua (a) and Lake Omapere (b) landscapes. 
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In add ition to diminishing native animal habitat, fragmentation of native vegeta
tion also encourages the spread of exotic plants and animals. These species have been 

spread out of their natural range accidentally or intentionally by humans. Exotic 
species that successfully colonise indigenous ecosystems and cause significant environ
mental damage are considered biological invaders. 

Effects of animal invaders on the environment 

Homogenisation of the biosphere 

Humans are the only spec ies in the Earth's history to spread throughout every conti
nent. In the process, our mobile society has also redistr ibuted species at a pace that dis
rupts ecosystems, threatens human health, and strains economies. These b iological 

invas ions are now so widespread that they constitute a significant component of 
global environmental change (Drake et a l. 1989; Lever 1994) . Although biological 
invasions have always existed , the rate at which organisms are being introduced to 
areas outside their natural distribution is much greater than during any previous era. 

The phenomenon of alien invasion is both quantitatively and qualitatively different 
from any natural biogeographic process. Introduced species can affect both biotic and 
abiotic aspects of the environment. Evidence of these effects has been documented in 

ecosystem functioning, native species and genetic diversity, hydrology, geomorphol
ogy, and soil chemistry (Kirkpatrick 1994). 

From a biogeographic perspective, a biological invader is a species that expands 
its range by exploiting h umans as dispersal vectors. Successful invader species accom
plish three success ive steps: they become established; grow (i.e. find necessary 

resources , and surv ive competition and predation); and spread (i.e. reproduce). 
Despite the thousands of case studies of invaders, few general rules are ava ilable to pre
dict whether a recently introduced species will successfully invade a natural environ
ment. Vertebrates tend to be successfu l invaders because their resource requirements 

are flexible, and invasions are common in human-d isturbed environments. Apart 
from these generalisations, accurate predictions about a specific animal invasion may 
not be possib le because of the many stochastic variables (Williamson 1996). The pre

sent state of biological invasion theory is a probabilistic science, and predictions are 
akin to weather reports. 

Animal invaders in New Zealand 

The history of animal invasions in New Zealand began about 1000 years ago when 

Polynesians brought the kiore (Pacific rat) and a now-extinct race of dog, both preda
tors of birds (Druett 1983). The second wave of animal invaders began about 230 years 
ago when European settlers introduced ship rats, Norway rats, house mice (Mus mus
culus), domestic cats, ferrets, stoats, and weasels. Europeans also successfully intro

duced more than 30 bird species , carrying with them foreign viruses and parasites that 
infected New Zealand birds. Introduced diseases were implicated in sudden population 
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declines in the bellbird (Anthomis me/anura) and the now-extinct laughing owl (See!
oglaux albiiaeies ) and piopio (Tu1llagra capensis). In total, at least 54 mammal spec ies , 
138 birds and approximately 2000 invertebrate species have been introduced to New 
Zealand, but 34 mammals (Table 21.4) and 43 bird species dominate the environment 
(Taylor & Smith 1997) . Most of the land in New Zealand (63%) has been intention

ally deforested or drained to accommodate humans, sheep, and cattle. The ecology of 
most remain ing natu ral ecosystems has been disturbed or transformed by introduced 

browsers, grazers and predators that have defoliated or preyed upon the native flora 
and fa una (Parkes 1993; Parliamentary Commission for the Environment 1994). 
Introduced browsers (mainly possums) affect 1.3 million ha of New Zealand native 

forests (Taylor and Smith 1997) . 

Table 2 1.4 Mammal invaders that have significantly reduced N ew Zealand's biodiversity. 

Mammal species 

Humans (Homo sapiens) 

Sheep (Ovis aries) 

Cattle (80S taurus, 8. indicus) 
Horses (Equus cobol/us) 

Rabbits (Oryctolagus cuniculus) 

Goats (Capro hircus) 

Tahl' (Hemitrogus jemlahicus) 

Deel' 
(Cervus spp. and Dama dama) 

Pigs (Sus scrofa) 

Australian bl'ush-tailed possum 

Population estimate 

3.6 mill ion (1996) 

48.8 mil lion (1995) 

9.3 million ( 1995) 
Domestic: 40000 (1981) 

Feral: c. 2300 

Tens of millions (1995) 

Domestic: 337000 (1995) 

Feral : 300000-1 million 

10000-14000 ( 1994) 

Domestic: 1.8 mi ll ion ( 1995) 
Fel'al: 250000 (1993) 

Domestic: 431000 (1995) 
Fel'al: > 300 000 

(Trichosurus vulpecula) . 70 million (1993) 

Mustelids 
Stoats (Mustela erminea) 
FelTets (M. putorius) 
Weasels (M. nivalis) 

Rats 
Ship I-ats (Rattus rottus) 
Norway rats (R. norvegicus) 
Pacifi c rats, kiol'e (R. exulans) 

Cats (Felis cotus) 

Dogs (Canis familiaris) 

Taylol- and Smith (1997) 

Possibly millions 
Possibly millions 
Possibly thousands 

Tens of millions 
Tens of mill ions 
Tens of thousands 

Domestic: c. 770000 (199 1-92) 
Feral: possibly millions 

Domestic: >550000 ( 1992) 
Feral: insignificant 

Status 

Population growth rate 
1.5% pel' year ( 1990-95) 

Declining; maximum 
70.3 mill ion (1982) 

At recol-d level 
Domestic maximum 400000 
(192 1 ) 

Occupy 56% (15 million hal 
of land al-ea 

Domestic maximum 1.3 million 
( 1988) 
Fel'al occupy 3 million ha 

Maximum 60000 (1970s) 

Domestic increasing 

Domestic maximum 
771000 ( 1964) 

Occupy >90% of land al'ea; 
increasing 
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Animal invaders have transformed the New Zealand environment in several fun
damental ways. 

• Predation-Native flora and fauna (especially birds, reptiles , frogs, and large 
invertebrates ) have been driven to extinction by introduced mammalian preda
tors (King 1984) . Introduced wasps (Vespulagennanicus and V. vulgaris) prey upon 

native moths, butterflies, and native birds. Many native freshwater invertebrate 
and vertebrate species fall prey to introduced brown trout (Salmo trutta) and rain
bow trout (Oncorhynchus mykiss). 

• Competition-Aggressive introduced animal species like A ustralian magpies 
(G ymnorhina tibicen) and mynas (Acridotheres tristis) out-compete native species 
for resources. Introduced mallard ducks (Anas platyrhynchos) compete and occa

sionally breed with native grey ducks (Anas superciliosa ). 
• Ecosystem functioning-Introduced browsers (possums, deer, and goats) and 

grazers alter the plant spec ies composition, ecosystem functioning, and ecological 
integrity of native forests. For example, digging by feral pigs (Sus scmfa) acceler

ates the leaching of calcium, phosphorous, zinc, copper and manganese, increases 
the concentration of nitrogen in the soil and surface runoff, and reduces surface 
invertebrates , plants, and organic litter. Pig densities in New Zealand are as high 
as 43 pigs km-2 near Murchison, South Island. 

Oceanic islands throughout the world are especially susceptible to animal 
invaders-the large number of extinct and threatened native New Zealand species is 
proof of their environmental impact. 

Summary 

This chapter examined animal habitat in natural and human-modified environments. 
An overview of animal diversity and composition was given before a discussion of the 
origins of New Zealand animal diversity. The spatial patterns of New Zealand bird 
diversity and composition were then outlined, followed by a general consideration of 

the geographic distribution and abundance of animal species. The chapter continued 
by discussing the environment as animal habitat, and emphas ised that understanding 
animal habitat preferences requires both evolutionary and ecological perspectives. 

Ecological concepts such as niche, land transformation, and habitat fragmentation 
were then discussed, together with the importance of biogeographical approaches for 

conservation biology and environmental management. The issue of habitat fragmen
tation in New Zealand was discussed in some detail, since the loss of indigenous land 
cover is high by world standards and has had profound effects on the indigenous fauna. 
Not only has native animal habitat diminished, but the fragmentation of native vege

tation has encouraged the spread of exotic plants and animals. These exotic species 
may cause significant environmental damage, and the final section of the ch apter dis
cussed the effects of animal invaders on the environment. 



The Biological Environment 

Further reading 
Cox, O.B. & Moore, p.o. 1993, Biogeography: An Ecological and Evolutionary Approach, 

5th edn, Blackwell, Oxford. 
Enting, B. & Molloy, L. 1982, The Ancient Islands: New Zealand's Natural Environ

ments, Port Nicholson Press, Wellington. 
King, CM. 1990, The Handbook of New Zealand Mammals, Oxford University Press, 

Auckland. 
Kuschel, G. (ed.) 1975, Biogeography and Ecology in New Zealand, Dr. W. Junk, the 

Hague. 
Ricklefs, R. & Schluter, O. 1994. Species Diversity in Ecological Communities: Historical 

and Geographical Perspectives, University of Chicago Press, Chicago. 


	The Physical Environment_Frontmatter.pdf
	Rights
	Pages from The Physical Environment_basics-6.pdf

	Chapter 21_The Physical Environment



