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Abstract 

 

Indigenous forests all over the world are suffering habitat alteration, loss of original 

extensions, and increase of isolation levels, affecting their existence and 

sustainability. In New Zealand about 70% of the original forest cover has been 

destroyed since human settlement, converting them to a rare and threatened 

resource. Part of the problem is because native forests are often immersed in a 

landscape where other land uses are competing for the same space.  

Effective conservation management of these indigenous forest remnants requires 

information about their vulnerability to threats, in space and time. Few studies 

provide an integrated assessment of the extent to which socio- economic effects are 

responsible for native vegetation vulnerability and how these relationships change 

through time.  In this study socio-economic drivers at different scales are related to 

land cover changes.  

To analyse vulnerability of indigenous forests a temporal dataset was developed 

from aerial photography for the years 1942, 1961, 1984, and satellite images for the 

years 1999 and 2006. They were managed within a GIS, recording the extent and 

distribution of these forests and other principal land covers in a study area of ca. 

80,000 ha in the Northland region. Information about incentives to land production 

and to conservation was compared to changes of composition, configuration and 

conversion of land cover. Spatial conditioners of change, such as elevation, land use 

capability and land legal protection, were also assessed as possible constrainers of 

indigenous forest loss.  

Results showed that the incentives to land production had changed their significance 

for vulnerability of indigenous forests through time. These became conditioned by 

other land covers and incentives to conservation, and besides, indigenous forest was 

a quite stable cover where the physical characteristics of their location were 

unsuitable for land production. I concluded that at scale of decades, changes in area 

of indigenous forest were reversible; non- linear; driven by political, institutional 

and economic changes but that, biophysical characteristics of the landscape can 

preclude conversion. Such conclusions may help to set priorities for the long term 

protection and management of indigenous forests. 
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Tane Mahuta (Waipoua Forest). It is the most massive kauri (Agathis australis) 
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Chapter 1: Introduction 

 

 

1.1. Foreword 
1.2. Statement of the problem 
1.3. Objectives 

1.4. Justification 
1.5. Thesis structure 

 

 

 

1.1. Foreword 

 

This study is about indigenous forest
1
 conservation. It is also about biogeography, 

ecology of the landscape, and history of the environment. The problem statement 

comes from conservation ecology; the conceptual framework from landscape 

ecology; the background information from land use/land cover change and social 

research; and, the analysis from remote sensing techniques and geographic 

information system application. These topics are all integral to this research, but 

rather than ultimate objects of study they are used to gather and analyse the 

information. 

 

Usually indigenous forests are considered “natural” ecosystems. Nevertheless this 

dissertation begins with the assumption that extant “natural” ecosystems no longer 

exist (Vitousek et al. 1997). For better or worse, they are part of a humanized 

landscape. Even protected areas are just another kind of land use as a result of human 

decisions. That is why the human dimension of environmental issues should not be 

set apart. There is a dynamic and evolutionary relationship between society and 

environment.  

 

                                                 
1
 Indigenous forest is defined as a type of vegetation with predominance of tree biological forms that 

grows within the natural climatic and edaphic range of their species distribution (Cabrera and Willink 

1973; Meurck 1995). “Native forest” is considered synonymous. 



Chapter 1: Introduction 

 4 

1.2. Statement of the problem 

 

Indigenous forests are important because of their: 

• intrinsic values 

• genetic resources as existing or potential natural resources  

• function in the landscape 

• economic values (forestry, tourism, green advertisement/marketing) 

• cultural, religious and social significance (e.g. Maori tradition) 

• existence and sustainability are considered politically correct in occidental 

countries.  

 

Indigenous forests all over the world are suffering habitat alteration, loss of original 

extent, and increased isolation, affecting their sustainability and existence (Olsson et 

al. 2000; Wimberly and Ohmann 2004; de Barros Ferraz et al. 2005; Plieninger 

2006). If indigenous forests are at risk and they are potentially valuable resources, 

the challenge is to retain the remnants of indigenous forest in the landscape. 

 

Protection, conservation, preservation
2
 are terms that refer to something in common: 

the management of some component of the ecosystem to keep it safe from 

“unnatural” change, danger, or harm and therefore aimed to its retention. Retention 

of threatened plants and animals, biodiversity, or ecologically significant areas, relies 

on in situ protection. National parks, nature reserves and wilderness areas, also 

known as protected area
3
 networks, are gazetted to conserve ecosystems and species 

in perpetuity (Richardson 2000). Nevertheless conservation does not only function in 

strict reserves (Pressey et al. 1993), but also in areas subjected to a variety of 

management arrangements that attempt to balance extractive uses with the retention 

of natural values (Pressey 1994; Baskent and Jordan 1996; Norton 1998; 

                                                 
2
 According to the Conservation Act 1987 (New Zealand) nature conservation means: “the preservation 

and protection of natural resources of New Zealand, having regard to their intrinsic values, and having 

special regard to indigenous flora and fauna, natural ecosystems and landscape”. 
3
 According to the Conservation Act 1987 (New Zealand) a protected area is a “geographically defined 

area that is protected primarily for nature conservation purposes or to maintain biodiversity values, 

using any of a range of legal mechanisms that provide long-term security of either tenure or land use 

purpose. It may be either publicly or privately owned”. 
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Lindenmayer 1999; Noss 1999; Lindenmayer et al. 2000). These areas are not 

necessarily inside a protected system.  

 

Much of the early literature on systematic conservation planning focused on 

selection of those areas more representative of native ecosystems (e.g. reviewed by 

Margules and Pressey 2000). But strategies for maximizing representation must be 

complemented or replaced by those that maximize retention in the face of real- world 

constraints (Pressey et al. 1996b; Cowling et al. 1999). The concept of vulnerability 

was developed to explicitly define conservation priority for natural areas. In its 

simplest form vulnerability is a measure of the imminence or likelihood of the 

biodiversity in an area being lost to current or impending threatening processes 

(Pressey et al. 1996b). Thus, vulnerability implies some assessment of the urgency 

with which it should be conserved. 

 

But what makes something vulnerable? Human activities and their associated land 

use changes are predicted to be the primary driver of terrestrial species extinctions, 

causing negative changes in global ecosystem biodiversity during this century (Sala 

et al. 2000). Threats to overall biodiversity include deforestation, increasing 

population density, and economic activities such as mining, forestry and agriculture 

(Reyers et al. 1998). The increasing human demand for land and the consequent 

extensive land conversion for productive activities put pressure on the native forest 

because they are competing for the same space.  

 

Typically, it is assumed that as landscape modification increases, more indigenous 

vegetation is lost, land use intensity in modified landscapes also increases, and 

remnants of indigenous vegetation are increasingly influenced by processes 

happening in modified landscapes (McIntyre and Hobbs 1999); i.e. the more land for 

production the greater the vulnerability
4
. 

 

Opportunities and constraints for new land uses or conversions to other land uses are 

created by markets and policies. These are socio-economic drivers that determine the 

direction and intensity of land use (Turner II and Meyer 1994; Lambin et al. 2001). 

                                                 
4
 Vulnerability of an ecological system increases as the number, intensity, and frequency of stressors 

increases (Bradley and Smith 2004). 



Chapter 1: Introduction 

 6 

However, human- environment conditions created by individual, social and natural 

responses reshape the impacts of drivers differently, leading to multiple pathways of 

land use change (Lambin et al. 2000).  

 

Socio-economic drivers that make native systems vulnerable, are those related to 

production. Incentives to productive activities
5
 are examples of this kind of driver. 

But they may be constrained by incentives related to conservation
6
 and by spatial 

conditioners such as biophysical characteristics of the native cover (e.g. elevation, 

slope, land suitability) that are not favourable for production. Hence the vulnerability 

of indigenous forests reflects the interplay of this hierarchical level of influences 

between broad-scale drivers and local conditioners in the landscape.  

 

This leads to the hypothesis of this thesis:  if socio-economic drivers to production 

may change their influence (role), then there is no unidirectional relationship 

between incentives for land production and vulnerability of indigenous forests (Ho: 

the relationship between incentives to land production and vulnerability of 

indigenous forests is unidirectional, i.e. the greater the incentives to production the 

greater the vulnerability, or the less the incentive for production the less the 

vulnerability). 

 

This hypothesis was formulated to address to what extent the socio-economic drivers 

for land production are responsible for indigenous forest vulnerability.  

 

 

1.3. Objectives 

 

Indigenous forests are immersed in landscapes. Landscapes are spatial arrays of 

habitats or ecosystems with spatial claims on a finite resource base, therefore 

changes in any one, have effects on all the others. But landscape context has changed 

through time. Native systems reflect legacies of geologic, climatic, vegetative and 

                                                 
5
 Examples include changes in global markets and government policies, such as subsidies and tax 

incentives, which can make the clearing of previously unsuitable land economically viable.  

 
6
 Examples include legislation about natural resource protection and establishment of reserve areas. 
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human actions that shaped them. The role and significance of the drivers of land use 

also change through time (Gaston et al. 2002; Etter et al. 2006a).  

 

The aim of this study was to analyse vulnerability of indigenous forests through time 

by assessing the influences of socio-economic drivers and spatial characteristics of 

the landscape in different periods.  

 

Vulnerability of indigenous forests was indicated by their loss in area and changes in 

configuration. 

 

Therefore the objectives of this dissertation focused on: 

1. Analysis of historical land use framed in the context of socio- economic, political 

and conservation incentives.  

2. Analysis of landscape change by assessing its composition, configuration, and 

conversion changes. 

3. Comparison of the influences of socio-economic drivers on landscape changes. 

4. Analysis of the influence of spatial characteristics on landscape change, focused 

in particular on indigenous forests. 

5. Analysis of the vulnerability of indigenous forests. 

 

An area of ca 80,000 hectares in the Northland region of New Zealand was selected 

for this study. This region has remnants of indigenous forests and is dependent on 

exploitation of natural resources and primary production- based economies 

(Anderson and Moran 1983; Kearns and Moran 1984; Wheeler and Moran 1985; 

Blunden et al. 1995). The availability of remotely sensed information dating back to 

1942, allowed a study period of 64 years (1942- 2006) to be investigated.  

 

To achieve the objectives, satellite imagery, aerial photographs, maps, historical and 

field data were integrated and used for characterization and analysis of landscape 

change. My research combined remote sensing and Geographical Information 

Systems (GIS) techniques, landscape metrics computation and historical analysis. 
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As Naveh (1998) stated:  “the conservation strategies should be guided by the 

recognition that ecodiversity is the tangible expression of the dynamic interplay 

between ecology and culture, as determined by biodiversity, ecological micro- and 

macro- site heterogeneity and human land uses and their cultural artefacts, either 

enriching or impoverishing both biodiversity and overall landscape heterogeneity”. 

Therefore the knowledge of the trajectory of indigenous forest vulnerability will aid 

the development of threat assessments of future loss to assist conservation 

management and guide future research. It was not the intention of this study to 

define a protected area system based on the vulnerability of the indigenous forests 

for the study area, but the conclusions will create the challenge of rethinking 

conservation strategies. Producing the elements for such debate was the principal 

goal of this study. 

 

 

1.4. Justification 

 

Many studies have shown that human intervention in land utilization has changed 

forest cover over time (e.g. Mertens and Lambin 1997; Moran et al. 2000; Lambin 

and Geist 2001; Southworth et al. 2002; Millington et al. 2003). Those studies 

suggested that there is a hierarchy of factors operating: broad scale social factors 

such as global economy, descending to national, regional and local policies for 

example(Allen and Hoekstra 1992); or climate, topography and soil in descending 

hierarchy levels as ecosystem factors (Mitchell et al. 2004). 

 

Several works have assessed the vulnerability of ecologically significant areas (Faith 

and Walker 1996; Pressey et al. 1996a; White et al. 1997; Dale et al. 1998; Cowling 

et al. 1999; Pressey and Taff 2001; Wessels et al. 2003)
7
. However, also 

incorporated in this thesis were broad scale factors such as socio-economic drivers 

that are not commonly included in these assessments of vulnerability (Wilson et al. 

2005b).  

 

 

                                                 
7
 A major review was done by Wilson et al. (2005b). 
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In New Zealand over the last 800 years about 70% of the original forest cover has 

been destroyed since human settlement (MfE 1989). Many of these ecosystems were 

fragmented, modified, and much reduced in extent compared with pre- human times 

(Bellingham 2001) and replaced with some 16 million hectares of pastoral grassland 

and cropping agriculture (McGlone 1989; Wardle 1991; Norton and Mitchell 1994). 

 

Today, indigenous forest is a rare and threatened habitat, especially in the lowlands, 

and identified as priority in the Biodiversity Program of New Zealand (DoC and 

MfE 2000): “there is a need for the consistent identification of significant remnant 

natural habitats through enhanced survey and assessment programmes and 

coordinated databases, to determine relative biodiversity value”. However this does 

not take into account the vulnerability of indigenous forest fragments, a important 

step to define priorities in their conservation.  

 

Few works were found in relation to the assessment of land use changes and loss of 

indigenous forest in New Zealand. Ewers et al. (2006) made an intensive analysis of 

trajectories of forest losses for all the country. Also the work of Nikora et al. (1999) 

quantitatively characterized landscape heterogeneity at a range of spatial scales up to 

the national level. At regional level, land uses and landscape changes were analysed 

for the Nelson region (Nagashima et al. 2001; Nagashima et al. 2002; Nagashima et 

al. 2003). And Mann and Benwell (1996) described an approach that combines 

ecological modelling with spatial information for monitoring and predicting land 

condition over a large semiarid area of Central Otago. Luckman et al. (1995) carried 

out an analysis of land use planning in relation to environmental goals at a local 

level. Nevertheless the trajectory of vulnerability of indigenous forest in relation to 

socio-economic drivers and spatial conditioners of land use change has not been 

assessed for any region of New Zealand. 

 

 

 

 

 

 



Chapter 1: Introduction 

 10 

1.5. Thesis structure 

 

This study sought the quantification of landscape structure and change, relationship 

with drivers and conditioners of change to analyse vulnerability in indigenous forests 

(Fig. 1.1).   

 

 

Figure 1.1. Schematic representation of this thesis, showing the span of time taken into 

account.  

 

This was organized in several chapters, searching for answers to the following 

questions (Table 1.1.). 

 
Drivers of change 

to tn 

        Vulnerability of indigenous forest 

Land 
cover 
1942 

Land 
cover 
1961 

Land 
cover 
1984 

Land 
cover 
1999 

Land 
cover 
2006 

Spatial conditioners 

+ 
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Table 1.1.  

Thesis organization, including the several steps followed and their location in chapters. 

Question Location Steps 

Which were the theoretical 

and methodological 

backgrounds of the 

objectives? 

Chapter 2 Literature review 

What was the context of the 

region of Northland? 

Chapter 3 Spatial analysis of the whole 

region based on existing 

databases. Selection of the 

study area. 

 

What was the land use 

history in the landscape? 

Chapter 4 Historical analysis of 

keystone events at the 

regional level. 

What was the landscape 

structure of the selected 

study area through time? 

Chapter 5 Generation of land cover 

maps for different years: 

1942, 1961, 1984, 1999, 

2006. Spatial analysis of the 

study area. 

What were the changes and 

conversions among the land 

covers through time?  

Chapter 5 Temporal analysis of the 

study area. 

Were changes in the 

indigenous forest pattern 

associated with spatial 

conditioners of land use? 

Chapter 6 Association analysis of  

selected variables with 

indigenous forest change. 

 

Were the indigenous forests 

vulnerable to changes of 

land use through time? 

Chapter 7 Analysis of the vulnerability 

of indigenous forests and 

discussion. 

What were the main 

findings? 

Chapter 8 Conclusions. 
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 Pinus sp. plantations in contact with indigenous forest in the Marlborough Rd. area 

(Photo/ A. Aleksa) 
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 2.1. Vulnerability of ecological features 

 2.2. Landscape ecology as a conceptual framework 

2.2.1. Landscape change drivers 

2.2.2. Landscape history 

2.3. Landscape heterogeneity as background information  

2.3.1. Land cover and land use concepts 

2.3.2. Spatial heterogeneity: Land cover pattern and change 

 2.4. Methods 

2.4.1. Data collection 

2.4.2. Data integration 

2.4.3. Data analysis 

 2.5. Conclusions 

 

 

2.1. Vulnerability of ecological features 

 

The leading cause of biodiversity
1
 loss is due to modification of the land by human 

activities (Soulé 1991; Dale et al. 1998; Wilcove et al. 1998; Sala et al. 2000). And 

conservation efforts have often focused on designation of conservation areas to 

minimize or avoid threats to biodiversity (Noss and Cooperrider 1994). 

 

But what should be conserved was always the main question. From initial  priorities 

such as concepts of uniqueness
2
 or representativeness

3
 of an ecological feature, 

conservation planning shifted to other concepts that included maximization of the 

retention of biodiversity (Cowling et al. 1999). This retention implied the assignment 

of priorities according to the existing constraints (Pressey et al. 1996b).  

                                                 
1
 Biodiversity is defined as the natural variety and variability among living organisms, the ecological 

complexes in which they naturally occur, and the ways in which they interact with each other and 

with the physical environment (Redford and Richter 1999). 
2
 The protected feature is distinguishing by itself, e.g. a species in risk of extinction or an outstanding 

landscape. 
3
 The extent to which it adequately samples the range of physical and or/ biological variation in a 

region (Pressey and Taffs 2001). 
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Under this orientation, the concepts of irreplaceability and vulnerability were 

developed. Irreplaceability is a measure of the likelihood that a representative feature 

will be needed to achieve a conservation goal, in other words its conservation value 

(Pressey et al. 1994). On the other hand vulnerability is the measure of the likelihood 

or imminence of a representative feature being lost to current or impeding 

threatening processes (Pressey and Taffs 2001). 

 

Nevertheless as the ultimate goal in biodiversity conservation is to sustain 

biodiversity, its long term viability or persistence was included in strategies of 

conservation planning (Margules and Pressey 2000; Ferrier 2002; Gaston et al. 

2002). Not only human threats change over time, but also ecological features are 

under longer-term ecological and evolutionary processes (Ogden 1995; Cowling et 

al. 1999). 

 

In this sense the vulnerability of an ecological feature across time would define, in 

part, its persistence. In terms of conservation planning, reducing the vulnerability of 

features would increase the likelihood of their persistence.  

 

From a background in ecological risk analysis
4
  together with concepts from impact 

assessment
5
 (Freyer et al. 2000), vulnerability has to be defined according to two 

groups of parameters: intervention and feature. Intervention parameters
6
 are those 

selected as possible threats on the feature. They can be described through their 

intensity (Wilson et al. 2005b) i.e. by their magnitude, frequency and duration 

(Harwood 2000). Feature parameters are those which represent the predisposition 

to react to the intervention parameter. Additionally, sensitivity of the feature to the 

threat and buffering properties that can diminish the effect (such as slope or distance 

to roads) are components of them and define what Wilson et al. (2005b) have called 

exposure. Both types of parameters are used to interpret the impact or degree to 

                                                 
4
 The term risk assessment refers to the quantification of the probability that an undesirable outcome 

may occur, taking into account known sources of variation.  
5
 The term impact refers to the degree to which human uses of resources and/or ecological function are 

constrained or damaged by land-use and resource exploitation relative to healthy ecosystems (Freyer et 

al. 2000). 
6
 Drivers, stressors, agents, risk factors: any physical, chemical, biological, social entity that can 

induce a response (usually an adverse one). 
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which the features are constrained, damaged or affected by the threatening processes 

(Freyer et al. 2000).  

 

Assessment of biodiversity vulnerability has been carried out through different levels 

of ecological organization: species (Simberloff 1998; Caro and O’Doherty 1999), 

populations (e.g. Population Viability Analysis: Possingham et al. 1993), habitat
7
 

(Davies and Margules 1998), environmental domains such as vegetation types or 

communities
8
 (e.g. Biodiversity Viability Analysis: Faith et al. 2001; Faith et al. 

2003; or Environmental Diversity: Faith and Walker 1996). Also very intensive 

works combining the different levels have been done (Dale et al. 1998; Wessels et al. 

2003). 

 

The use of higher organizational levels such as environmental domains, called the 

coarse-level (Noss 1990), suggests that these spatial features may be useful surrogate 

measures of the biodiversity that the domains contain (Duelli 1997; Mitchell et al. 

2004). Margules and Pressey (2000) explained that environmental domains may 

represent integrated aspects of ecological processes better than subsets of species. 

Environmental domain analysis is suited to landscape- level assessments of land 

management options and, hence, has been used commonly for conservation planning 

(Wilson et al. 2005b).  

 

Coarse-level vulnerability assessments are approached in two ways. Vulnerability is 

only analysed according to the inner characteristics of the remnant patch. This leads 

usually to a binary description, e.g. forest and non- forest (Newton et al. 2004). The 

other approach takes into account the effects of the surrounding areas, e.g. forest, 

pasture, cropland. (Faith et al. 1996; Dale et al. 1998; Fairbanks and Benn 2000; 

Rouget et al. 2003). It is this interaction among features that would better describe 

the risks and threats on remnants of vegetation, since land changes resulting from 

human activities have been described as the most important process causing a 

decline in biodiversity.  

 

                                                 
7
 Defined according to species requirements. 

8
 Defined according to land cover type principally. 
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As sustainability or persistence connotes a temporal frame, the trajectory of threats 

and feature responses represents an important step in the assessment of vulnerability 

(Gaston et al. 2002). Some studies are predictions of future vulnerability according 

to the present and possible future threatening processes (e.g. de Koning et al. 1999a; 

Fairbanks and Benn 2000; Menon et al. 2001; Laurance et al. 2002; Neke and Du 

Plessis 2004). It is considered that “ a better understanding of the present and future 

distribution patterns of various threats will help focus limited conservation 

resources on areas and features most at risk” (Margules and Pressey 2000). 

However historical analysis of these threats is not generally carried out, even though 

the vulnerability history can give, in my opinion, foundation for conservation 

decisions, e.g. by learning from previous experiences.  

 

As a consequence, I have assumed that, to assess vulnerability of remaining areas of 

native forest, several factors have to be included. First of all, vulnerability should be 

framed in a spatial and temporal context (including past vulnerabilities). The 

intrinsic characteristics of the forests have to be considered together with the 

characteristics of their surroundings. Threatening processes related to land use are 

also an essential part of the assessment.  

 

2.2. Landscape ecology as a conceptual framework 

 

The spatial and temporal array of ecosystems comprises the landscape. Ecological 

and social processes respond to this landscape template (Zonnenveld 1979; Urban et 

al. 1987; Turner II 1989; Forman 1995). Therefore vulnerability of any ecosystem is 

dependent on threat processes occurring in this specific landscape. 

 

The study of the ecology of these landscapes is necessary to understand the changes 

and their effects. Ecology is defined as the science of interrelationships between 

organisms and their environment. While in the traditional ecology, the myriad spatial 

and temporal interactions of the systems are recognised (Odum 1971), the ecological 

models may ignore or inadequately represent these interactions. For example, island 

biogeography (MacArthur and Wilson 1967) was used to analyse habitat 

fragmentation. Fragments were seen as isolated islands in a hostile context and 
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closed to external influence. When this idea was applied to reserve design, it 

established an analogy between reserves and islands. As Gilpin and Diamond (1980) 

explained the assumption was that nature reserves acted as “habitat islands in an 

inhospitable sea of environment that has been modified by man”. Also the meta-

population theory assumed this duality (Haila 2002). 

 

These concepts changed under the theoretical backgrounds of landscape ecology.  

Fragmentation was conceived no longer as “islands”, but as habitat “patches” 

embedded in a particular type of surroundings (Wiens 1995). The context of the 

fragments: “the hostile human environment” was introduced into the conceptual 

model because it could not be assumed ecologically neutral (Wiens 2002). 

 

As such, a landscape is a heterogeneous land area composed of a cluster of interacting 

ecosystems that is repeated in similar form throughout (Forman and Godron 1986; 

Farina 1998). This spatial heterogeneity
9
 is the core of landscape ecology and founded 

the notion that environmental patterns strongly influence ecological processes 

(Turner II 1989). In this way, landscape ecology provided a coupling of ecological 

science with spatial concepts (Soares Filho 1998). 

 

Landscapes can be defined by structure, function and change. The spatial relationships 

define the structure, their inherent processes and interactions are the function, and the 

alterations in structure and function through time represent the change of the landscape 

(Turner and Gardner 1991).  

 

Among the drivers of non- equilibrium process, human factors were implicitly 

included as potential to influence the landscape structure, function and change. Not 

only the biological and physical patterns of the environment were important, but also 

the historical, cultural, socio-economic aspects connected to the landscape. The role 

of human activities was discussed more widely as a driver of landscape dynamics 

and evolution (Naveh and Lieberman 1994). 

 

                                                 
9
 Spatial heterogeneity is defined as the complexity and variability of a system property in space and 

time (Patrono 1995). 
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Human processes on landscapes have been described by Hobbs and Hopkins (1990) 

who recognized four levels of landscape change. They were: conservation of a more 

or less unmodified system, utilization of components of the system (e.g. forestry), 

replacement of the system with another type (e.g. agriculture, plantation forestry) 

and complete destruction (e.g. urban development, mining). 

 

As results of these changes, a landscape can be intact (low level of modification), 

variegated (from low to high level of modification), fragmented (characterised by a 

strong contrast between landscape components) and relictual (highly modified) 

(McIntyre and Hobbs 1999). 

 

Humans respond to the environment on its own suite of scales in space and time 

(Kolasa and Rollo 1991; Wiens et al. 1993). Therefore the spatial pattern of human 

activities such as land uses may be very complex and interrelated (Ernoult et al. 2003) 

i.e. the landscape is heterogeneous. 

 

There are two principal conceptual models of landscape heterogeneity (Fischer and 

Lindenmayer 2007). Firstly, there is the patch- corridor- matrix model (Forman 1995) 

that assumes habitats or patches
10

 immersed in a matrix of non habitat, and connected 

by corridors or lineal features among them. There are two tendencies: those that 

consider a neutral matrix and those that stated that the conditions of the matrix are as 

important as the habitat patches (Fischer and Lindenmayer 2007). Secondly, there is 

the variegation model (McIntyre and Barrett 1992) which assumes that there is a 

continuum of landscape alteration rather than habitat patches immersed in a matrix of 

destroyed habitat: a landscape may be a fuzzy-edged mosaic (Ingham and Samways 

1996).  

 

However, the majority of the tools proposed to characterise spatial heterogeneity 

follows the first model (Gustafson 1998; McGarigal et al. 2002). It is assumed that any 

landscape, by definition a heterogeneous area, is formed by spatial aggregation of 

fragments or patches occurring in a specific physical environment, in a determined 

scale of detail, and with their own pattern of interactions between the fragments. 

                                                 
10

 A patch is a discrete entity homogeneous with respect to a measured variable. 
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These characteristics and the causes and consequences of landscape heterogeneity 

have been studied to understand how landscape change and habitat fragmentation 

may influence options for biodiversity conservation (Burnett et al. 1998; Nichols et 

al. 1998; Millington et al. 2003; Abdullah and Nakagoshi 2007). Veldkamp and 

Lambin (2001) outlined models of land use change that can be used to support land 

use planning and policy. These models are referred as LUCC because they represent 

the scope of the Land Use and Land Cover Change project
11

. They are based on a 

landscape heterogeneity concept where the transformation of natural rhythms, 

boundaries, patterns and system components is seen to primarily result from the 

impact of human activities (Veldkamp and Lambin 2001).  Models are focused on 

the identification, qualitative description and parametrization of the drivers 

producing changes in land uses (Sklar and Constanza 1991; Hall et al. 1995; Mertens 

and Lambin 1997; Soares Filho 1998; Romero-Calcerrada and Perry 2004). These 

approaches are organised to answer three important questions: where land use 

changes are likely to take place (location of change), at what rates are changes likely 

to progress (quantity of change), and what causes land use change (drivers of 

change). 

 

Several studies carried out about land use/land cover changes associated with social, 

economical and political drivers showed that remnants of native vegetation were 

increasingly influenced by processes originating in the landscape (e.g. McIntyre and 

Hobbs 1999; Turner et al. 2003; Plieninger 2006). Hence this landscape 

heterogeneity is considered the background of the vulnerability of patches of 

indigenous forests.  

 

 

 

 

 

                                                 
11

 “A core project of the international geosphere- biosphere programme (IGBP) and the international 

human dimensions of global environmental change programme (IHDP)” (Veldkamp and Lambin 

2001). 
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2.2.1. Landscape change drivers 

 

The spatial heterogeneity or patterns represent the effects of biophysical and human 

processes. But patterns by themselves can not inform about the acting processes. To 

demonstrate the non-randomness in the landscape changes it is necessary to search 

for the drivers, i.e. the independent variables that induce change of pattern.  

 

Landscape- forming processes can be natural and cultural.These biophysical and 

socio-economic drivers
12

 and processes have different scales of influence (Allen and 

Hoekstra 1992). Their influence can be expressed at broad scales, such as global and 

regional and at local scales.  

 

A general description of this hierarchy can be referred to ultimate processes or 

proximate processes (Lambin et al. 2001). Ultimate processes are those that operate 

indirectly at global or broad scales. Climatic variation is an example of natural 

processes, and wars (e.g. WWII) are an example of cultural processes. Geology and 

climate are examples of the biophysical drivers operating at this level (Mitchell et al. 

2004). Those ultimate social drivers could be settlement policies, export markets, 

technology advances, tax policies, international trade, environmental law, etc. 

(Marcucci 2000; Veldkamp and Lambin 2001; Corry and Nassauer 2002; Etter et al. 

2006a).  

 

Proximate processes are defined as the physical expression of the ultimate processes 

and act directly at regional or local scales (Wilson et al. 2005b). Logging, clearing, 

cropping, grazing, forest planting are examples of those processes.  

 

Several studies focused on deforestation found some drivers significant in forest 

pattern changes. Density of population was useful to explain the colonization 

patterns causing deforestation in developing countries (Soares Filho 1998) as well as 

density and patterns of roads were associated with human colonization (Millington et 

al. 2003; de Barros Ferraz et al. 2005). In North America, the density of roads was 

significant in deforestation patterns (Bélanger and Grenier 2002). However, in New 

                                                 
12

 Homologous to Intervention parameters for the vulnerability literature (named in page 16).  
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Zealand, no significant association between forest loss and human population density 

was found (Ewers et al. 2006) neither was there a clear association with distance to 

cities (Nagashima et al. 2001) nor with density of roads (Ewers et al. 2006)
13

. 

 

A criticism of the current selection of drivers is that these are commonly based on 

population growth, poverty, and infrastructure and that these rarely provide an 

adequate understanding of land change (Lambin et al. 2001). Their use seems to be 

because of the convenience that they have for spatial representation rather than a real 

significance (Veldkamp and Lambin 2001; Wilson et al. 2005a). 

 

Driving forces of change can be affected by mitigating forces: those that impede, 

alter or counteract their effects. Environmental law or international protective 

treaties (e.g. CITES: Convention on International Trade in Endangered Species of 

Wild Fauna and Flora) are example of them. As was remarked by Wilson et al. 

(2005b) there may be gaps and limitations in all approaches to vulnerability 

assessment because they usually could not account for ultimate factors that mitigate 

or increase proximate threats.  

 

There are some problems with the incorporation of social, political and economic 

drivers into ecological analysis. These factors may have no physical boundaries. It is 

the interaction of policy, economy, society and environment that generate borders 

that may not be coincident to either natural or administrative boundaries (Lipschutz 

2001). In addition, relevant spatial units for biophysical processes may be very 

different from the spatial units of decision making (Wiens 2002). The drivers used in 

different studies may have a dynamic nature (Forman 1995) and be restricted by a 

lack of spatially explicit data and methodological difficulties in linking social and 

natural data (Liu 2001; Veldkamp and Lambin 2001). Inclusion of these driving 

forces often requires the combination of system analysis and narrative approaches 

(Veldkamp and Lambin 2001).  

 

 

                                                 
13

 According to Ewers et al. (2006) road density was the strongest predictor of cumulative forest loss in 

cities and suburbs. But the absence of roads was not enough to guarantee forest persistence. 
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Nevertheless the likelihood of where a change can happen is a function of local 

factors
14

, or spatial conditioners, that predispose specific areas to this change 

(Veldkamp and Lambin 2001; Wilson et al. 2005b). Those conditioners are natural 

and cultural landscape attributes. Among the natural ones, the most analysed 

variables are: topography (Pan et al. 2001; Alados et al. 2004), soil characteristics 

(Duram et al. 2004; Hietel et al. 2004), geomorphological attributes (Simpson et al. 

1994), and surface hydrology (Lo and Shipman 1990). Among the cultural variables 

are land ownership (Kennedy and Spies 2004; Vigilante et al. 2004), and 

surrounding land uses (Mladenoff et al. 1993). Those particular human- environment 

conditions under which the drivers of change operate, can reshape the impacts of 

drivers differently, leading to specific pathways of land use change (Lambin et al. 

2001). 

 

Taking an hypothetical example: an oil crisis (ultimate process) produces increments 

in oil prices (driver) resulting in an increase in fertilizer costs and decrease in 

application,  and as consequence there is an increase in the native vegetation area 

(change) because the landscape is principally a fertilizer- dependant pasture (specific 

landscape conditioner). Because of this ultimate process, a proximate process such as 

cropping could reduce, thus reducing the area under cultivation (driver) with also the 

increase of native vegetation on poor soils (specific spatial conditioner). 

 

The confluence of both ultimate and proximate processes as well as the place- based 

human- environment conditions direct land changes and, therefore, potential threats 

to indigenous forests.  

 

2.2.2. Landscape history 

 

Landscapes are a consequence of dynamic processes that happen over long periods 

of time. Through time humans have interacted differently with the environment, 

depending on the social context. Economy and policies change, technology and 

ideology also change. This has resulted in different land use possibilities being 

                                                 
14

 Homologous to Feature Parameters for the vulnerability literature (named in page 16). 
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explored, and leading to physical changes of the land. These changes create a 

feedback which may subsequently alter landscape activities (Marcucci 2000).  

 

Many disciplines deal with the relationship between human history and environment: 

cultural ecology (Turner II 1989), historical ecology (Balée 1998), environmental 

history (Asdal 2003), etc. It is not the intention to discuss dialectics and differences 

between their concepts and definitions. But according to the premises of this thesis, 

it is shared the opinion that “unlike environmental determinism, the analysis begins 

with the premise that historical, not evolutionary, events are responsible for the 

principal changes in relationships between human societies and their immediate 

environments” (Balée 1998). The aim is an interpretation of culture and 

environment, rather than on the adaptation of human beings to the environment. As 

Ingerson (1994) said the relationship between nature and culture is conceived as a 

dialogue, not a dichotomy.  

 

The history of a landscape is unique to a specific place. But two scales of 

significance can be analysed: a regional context and the intrinsic landscape context. 

The regional context allows the introduction of the trajectory of exogenous factors 

more relevant at broad scales such as geopolitics, global economy, or technological 

advances (Veldkamp and Lambin 2001). On the other hand the “internal” history of 

the landscape is displayed by the sequence of biophysical changes of the land 

(Marcucci 2000; Lipschutz 2001); i.e. its spatial heterogeneity through time.  

 

Analysis of the regional context is carried out through description of keystone events 

which influence the trajectory of landscape change (Steen- Adams 2005). They are 

separated in periods that represent changes in the landscape with respect to its 

structural and functional characteristics.  

 

The general model assumed in landscape change (Fisher and Lindenmayer 2007) is: 

as landscape modification increases, more native vegetation is lost, land use intensity 

in modified areas increases, and remnants of native vegetation are increasingly 

influenced by processes originating in modified areas (Murcia 1995; McIntyre and 

Hobbs 1999). But the combination of the history of the social and natural landscape 
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may display a diversity of trajectories in the landscape change (Lunt and Spooner 

2005) and this should be reflected in the vulnerability of indigenous forests. 

 

2.3. Landscape heterogeneity as background information 

2.3.1. Land cover and land use concepts 

 

Land use is an abstract term because it represents a process, and it is defined as a 

human activity that takes place on or makes use of the land (Treitz and Rogan 2004). 

It can be orientated to the production of goods such as crops, timber and 

manufactures, and of services such as defence, recreation, biodiversity and natural 

resources protection (Lesslie et al. 2006).  

  

On the other hand land covers are the biophysical attributes of the earth’s surface 

(Lambin et al. 2000). Land cover includes various combinations of vegetation types, 

soils, exposed rocks, water bodies and human artefacts (Lesslie et al. 2006).  It is 

land cover, rather than land use, that has a physical expression useful for analysing 

space and time patterns (Graetz 1994). In other words, land cover is the template for 

land use. 

 

Therefore land use and land cover are connected through the causes of change which 

translate the human goals of land use into changed physical states of land cover. In 

this way, one change in a land use could be reflected on the land cover pattern, thus 

the assumption is that land cover losses and conversions express the vulnerability of 

this land cover to different uses of the land. 

 

2.3.2. Spatial heterogeneity: Land cover pattern and change 

 

The structure of the landscape can be described by the group of land cover patches 

that differs in type, size, form and disposition.  Quantification of landscape pattern is 

prerequisite to the study of landscape change. 

 

A landscape structure can be characterized by both its composition and configuration. 

Landscape composition is based on enumeration of attributes such as number of class 

types and number of patches or in diversity such as richness and dominance of patch 
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types, but not the placement or location within the landscape. Instead landscape 

configuration refers to the physical distribution or spatial character of patches within 

the landscape. Configuration analysis can be based on geometry (e.g. size area, shape, 

perimeter/area ratio), and on position (adjacency, contagion, juxtaposition, proximity, 

dispersion). 

 

There are literally hundreds of possible ways to quantify landscape structure
15

, and no 

consensus has been reached about which are the best to describe a landscape. However 

several factors affect the selection of possible measures for each study.  

 

First, several measures or metrics are correlated with each other because they are 

based on a limited number of parameters: patch size, form, area/perimeter relation, 

and distance among patches (Li et al. 1993). Therefore they can repeat the 

information offered by other metrics. In consequence the selection has to avoid 

redundancy in the results and the choice of metrics should explicitly reflect some 

hypothesis about the observed landscape pattern and what processes or constraints 

might be responsible for that pattern.  

 

Second, metrics can be selected to characterise attributes at patch, class or landscape 

level, but they have a meaning just at the specific level used. For example, a 

common metric of patch isolation is the distance to the next-nearest patch, or 

“nearest-neighbour distance”. If a single patch becomes fragmented, its ENN 

(Euclidean Nearest Neighbour) will increase, that means the resultant fragments are 

more isolated. But if the analysis is carried out at a class level, the fragmented patch 

can be closer to other patches rather than to the new resultant fragment, decreasing 

its ENN. It is important to be clear about the analysis under the level in question to 

avoid misleading results (Fahrig 2003). 

 

Third, there are differences in the interpretation of measures because of differences 

in the definition of some concepts. For example, fragmentation is a conceptually 

ambiguous term (Fahrig 2003). A generalised definition of fragmentation is the loss 

and breaking up of a continuous, dominant, and homogeneous habitat/ land cover 

type into smaller and increasingly isolated patches, increasing the amount of edge or 

                                                 
15

 Fragstat software has a very detailed enumeration of metrics (McGarigal et al.  2002). 
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border between different habitat/cover types and the distance between patches of the 

same habitat/cover type (Andrén 1994). This characterization of fragmentation 

means that each landscape can be in only one of two states, continuous or 

fragmented. Habitat fragmentation is generally considered to have a large, negative 

effect on biodiversity and is therefore widely viewed as an aspect of habitat 

degradation (Haila 2002). When the same concept is applied to the analysis of 

landscape pattern (without reference to habitat and its associated species), this 

fragmentation concept represents a negative evolution of the landscape assuming a 

continuum of destruction and degradation (Lunt and Spooner 2005). Certainly, 

indigenous forests are nowadays fragmented compared to pre-human times, but it 

may not mean they are following a one- directional sequence where fragmentation is 

the “natural” endpoint.  

 

Table 2.1.  

Patch changes and spatial processes that occur in a landscape. 

Manifestation in 

the landscape 

Spatial Process 

Patch mergence Aggregation 

Patch genesis Creation 

Patch expansion Enlargement 

Patch disappearance Attrition 

Patch breaking up Fragmentation 

Patch reduction Shrinkage 

Patch subdivision 

by equal-wide lines 

Dissection 

Patch shape change Deformation 

Patch position 

change 

Shift 

 

Several spatial processes can occur at the landscape level (Table 2.1) (Forman 1995; 

Bogaert et al. 2004; Koffi et al. 2007). In this way fragmentation is one more process 

in the evolution of the landscape. Some of these processes will result in losses and 

others in gains in the class area because they are a landscape- scale process (Mc 

Garigal and Cushman 2002). For example, creation of patches will produce an 

increase in the number of class patches, with an associated gain in total class area. 
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On the other hand, fragmentation involves both land cover loss and the breaking 

apart of land cover resulting in increased number of patches (de Barros Ferraz et al. 

2004). 

 

But it is common to report individual effects of fragmentation measures without 

reporting the relationships among them, which makes the results difficult to compare 

(Fahrig 2003). Some authors do not recognize interrelationships among measures: 

fragmentation was happening when there was an increase of number of patches even 

with gain in class area (Nagashima et al. 2002). Or for example, an increase in 

number of patches was also described as fragmentation (Southworth et al. 2002), 

even though important increases based on mean area of patches could be indicative 

of patch enlargement.  

 

In conclusion and in spite of limitations, metrics are helpful because they provided 

information regarding how patterns of land cover changed over time. Metrics allow 

an examination of the extent to which the landscape structure was transformed. 

Changes in structure and composition of indigenous forest can be a manifestation of 

its vulnerability. 

 

The relevant literature distinguishes between two types of land cover change, 

modification and conversion (Lambin et al. 2000). Land cover modification involves 

alterations of structure without an evident change of physiognomy, like changes in 

productivity, biomass, or phenology (Skole 1994). Land cover conversion involves a 

change from one cover type to another. 

 

The patch-matrix- corridor model (Forman 1995) follows the last concept assuming 

the homogeneity of the defined patch. Even though there are some differences 

between what can be mapped and measured and what is ecologically relevant to the 

process in question (Turner II 1989), the generalization is especially useful in 

landscape or regional analysis. Land covers changes and the previously described 

metrics compared over time, may represent structural changes taken as evidence of 

the degree of land transformation and human impact on a given landscape. 
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2.4. Methods 

2.4.1. Data collection 

 

Quantification of spatial heterogeneity frequently requires that the data be spatially 

explicit. There are two general approaches to the studies of spatial pattern: by 

categorical maps and by point data (which means a collection of samples taken at 

specific spatial location) (Gustafson 1998).  

 

The use of land cover to define spatial pattern implies categorical – or thematic- 

maps.  It involves mapping the system or property of interest (e.g.  vegetation, soil 

types, canopy height) by identifying patches that are relatively homogeneous with 

respect to that property at a particular scale. They are different from one another and 

from their surroundings exhibiting a relatively abrupt transition (boundary) to 

adjacent areas (patches) that have a different intensity or quality. 

 

One important consideration in spatial analysis is to explicitly define the scale of the 

investigation. There are two scale factors: grain and extent.  Grain is the resolution of 

the data (minimum map unit- m.m.u.-, pixel size, time interval) and extent refers to 

the size of the area mapped or studied, or the time period over which observations 

were collected (Gustafson 1998). 

 

There are several sources from which this data can be obtained, especially vegetation 

land cover data: from maps, aerial photos, satellite images and digital databases.  

 

In the analysis of landscape change some studies may only use one type of spatial 

data source: e.g. from aerial photos (Turner and Ruscher 1988; Mladenoff et al. 

1994; Duncan et al. 1999; Coppedge et al. 2001; Hietel et al. 2004); satellite images 

(Spies et al. 1994; Brown et al. 2000; Hayes et al. 2002; Arroyo- Mora et al. 2005); 

and existing spatial digital databases (Nagashima et al. 2003; Wimberly and Ohmann 

2004). However, over a period of time a combination of these data may be required 

and may also include the use of historical maps (e.g. cadastral maps, Cousins 2001).   
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A major advantage of remote sensing data, such as aerial photographs and satellite 

imagery, is that they can be collected at multiple scales and at multiple times. They 

allow the analysis of biophysical characteristics of the land, from local to global 

scales through time. Aerial photographs may provide a longer historical record 

because their availability comes from the 1930s in several countries (Dunn et al. 

1991). Typically data are obtained by visual interpretation of texture, pattern, and 

tone of a pair of photographs under stereoscopic glasses. 

 

Satellite images offer an extensive source of land cover data collected with a wide 

variety of spectral ranges (Quattrochi and Pelletier 1991). For their interpretation, 

generally automatic methods are used (e.g. unsupervised and supervised 

classification). The resolution, spectral capacity, time frame, etc., differ for the 

different types of sensors (Cingolani et al. 2004).  

 

Both types of remote sensing data may be an effective tool for the analysis and 

measurement of landscape patterns due to its spatially explicit and extensive 

overview which, by its nature, includes a digital mosaic of the spatial arrangement of 

land cover (Chuvieco 1999). 

 

Existing digital databases such as digital elevation models (DEM) or thematic maps 

can be useful in depicting physical characteristics at large-scale level as well. The 

displayed information, usually tailored to specific requirements, can result from 

primary data collection, (e.g. characteristics of rocks in a geological map, obtained 

from field measurements) or secondary data (e.g. indices of land use capability 

deduced from primary data). Nevertheless those databases may be made by different 

authors, vary in mapping conventions, and employ different classifications (Johnston 

1998). Methodology, scale, resolution, accuracy and classifications have a wide 

range of variation, but the fact that they are spatially explicit make them a basic 

component in any landscape analysis. 
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2.4.2. Data integration 

 

Data integration refers to the use of methods and tools for the combination of spatial 

land cover data coming from different sources, to obtain a time series of land cover 

maps. Nevertheless, problems may arise when these types of coverages need to be 

compared so as to avoid imprecision and inconsistencies. There are a variety of 

methodological issues related to comparing land- cover data from different sources, 

which may complicate the study of land-cover change processes across broader 

scales of time and space.  

 

The main requirement to detect land cover change on the basis of data coming from 

different sources is to bring the maps which are being compared to the same level of 

generalization (Petit and Lambin 2002); i.e. equivalent levels of thematic content and 

spatial details. For example, aerial photographs and satellite images do not have the 

same spatial and spectral resolutions, and do not share the same detail in land cover 

classification. Map generalization is a process intended to reduce the thematic 

content and the spatial complexity, whilst retaining the major thematic and spatial 

characteristics of the source data (Weibel and Jones 1998). The generalization 

includes two components. First, thematic generalization defines land cover 

categories at successive levels of detail by clustering elementary land cover classes 

to a higher level of abstraction. This concludes in a classification system that can be 

applied uniformly over the time series (Domon et al. 1989). Secondly, spatial 

aggregation reduces the spatial resolution of the data from a finer to a coarser in an 

attempt to create a compatible resolution or detail in the data (Bailey 1988). Also, the 

variety of scales and projections may need transforming to a common spatial 

reference system (Turner and Gardner 1991). 

 

A problem that can arise is that each map can present two basic types of errors 

(Chrisman 1989). Positional errors may arise when there is a misplacement of 

boundaries of land cover patches (Coppin and Bauer 1996); while attribute 

classification errors may occur when land cover patches are assigned to incorrect 

categories (Pan et al. 1999). 
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Use of multi- temporal remote sensing data requires that observed spatial or temporal 

changes are real differences and not artefacts introduced by differences in the sensor 

calibration, changes in atmospheric conditions and / or inaccuracy of geometric 

rectification (Treitz and Rogan 2004). Ideally image data are corrected to absolute 

units of radiance through correction of atmospheric and topographic effects (Song et 

al. 2001). However some conditions can improve the comparison. For example, data 

collected by the same sensor will have similar characteristics, data acquired under 

clear atmospheric conditions will assist in the identification of real change on the 

ground surface, and data collected on anniversary dates will have similar surface 

conditions for the area under study (Prenzel 2004). 

 

Because of the spatial nature of many of the input variables used in landscape 

analyses, integration with Geographic Information Systems (GIS) is used. One of the 

strengths of GIS is the ability to integrate data from disparate sources and analyse 

them. Data can be stored and manipulated in a vector or raster format. Several land 

cover digital databases are predominantly in vector format, while categorical maps 

coming from remote sensing images are worked as raster format. Many GIS-based 

models of land use change use data stored in the raster data structure (Landis 1994; 

Veldkamp and Fresco 1996; Clarke et al. 1997) because the structure simplifies the 

representation of space by breaking it into many units of equal size and shape 

(Pijanowski et al. 2002). 
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2.4.3. Data analysis 

 

Change is time dependent hence the process of change detection is conducted by 

comparing two or more land cover maps from different times.  This multi temporal 

analysis can be achieved through several methods (Johnston 1998): 

- A comparison of the land cover area totals for the entire study area, which is 

very simple and provides the temporal increase or decrease in areal extent of 

the land cover classes. Note that this approach does not provide any 

information about site-specific changes in the area 

-  A comparison of landscape metrics, which provides information about 

changes in landscape patterns (e.g. Kienast 1993; Turner et al. 1996; Petit and 

Lambin 2002a; Southworth et al. 2002). 

- A calculation of rates of change, which is necessary for any predictive model 

or scenarios of change (e.g. Petit and Lambin 2002b). 

-  A pixel by pixel change detection analysis which can provide site-specific 

changes in the form of a contingency matrix and a map of changes (e.g. 

McConnell et al. 2004). 

 

A change detection method that is often used is post-classification comparison. It is 

based on overlaying sequential maps to observe the spatial coincidence of features 

and determine the location and nature of changes over time.  The limitation is that 

only land cover conversions, not modifications are detected (Singh 1989; Coppin 

and Bauer 1996). Where accurate and precise registration of images of one date to 

the other is achieved, identified surface changes can be confidently attributed to land 

conversion (Treitz and Rogan 2004). 

 

The results of overlaid maps may be represented as a cross-classification. The 

combination of categorical variables can be summarised in a table (i.e. contingency 

tables, confusion matrix, or transition matrix) (Pontius and Cheuk 2006) with the 

classes of one variable as the rows and the classes of the other variable as the 

columns. The data matrix from a change detection analysis gives the area of land in 

all possible combinations of the two input data layers. Changes from one land class 

to another can be described mathematically as probabilities that a given pixel will 
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remain in the same state or be converted to another state. These matrices are the 

basis for agreement measurements between dates (Pontius and Cheuk 2006) such as 

Kappa indices.  

 

Statistical analysis of categorical data generally compare expected versus observed 

outcomes (Johnston 1998). These association analyses have proven to be a useful 

technique for examining relationships between vegetation classes and soils, 

landforms and topography. The analysis can be carried out by simple Chi
2
 tests 

(Palmer and Van Staden 1992), by selection ratio (Moreira et al. 2001), by post-hoc 

values (Nagashima et al. 2001), and by indices such as the electivity index (Pastor 

and Broschart 1990).  The electivity index with its origin in food selection by 

animals (Jacobs 1974; Jenkins 1979) is a form of association analysis that has been 

used to measure strength of spatial association between physical characteristics and 

vegetation pattern within a landscape analysis framework (White and Mladenoff 

1994; Pan et al.1999; White and Host 2000; Dorner et al. 2002). 

 

Usually GIS databases represent the entire population (100% sample). Assuming that 

landscapes are consistently mapped then any change detected between them is 

significant, according to traditional statistical terminology (Johnston 1998).   
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2.5. Conclusions 

 

The research draws on several concepts:  

- Landscape as a unit of analysis with spatial and temporal variability. 

- Land cover as a biophysical descriptor of use of the land. 

- Heterogeneity as a spatial mosaic of land covers interrelated to one another. 

- Hierarchy as a system in which upper levels constrain lower levels, while 

lower levels condition the effects of the upper level. 

- Landscape history as a trajectory of land covers linked to drivers of land use 

change. 

- Loss of a specific land cover as an indicator of its vulnerability and suggestive 

of its sustainability. 

 

Humans have competing uses for the land supporting indigenous forest. Therefore, 

indigenous forest cover changes according to changes in land use drivers and to 

landscape characteristics. All these conditions are linked in the description of 

indigenous forest vulnerability. The analysis over time of threatening drivers, and of 

land cover expressions by remote sensing and digital data are the background 

information. The interpretation by measurements and associations closes this 

connection.  

 

My proposed methods to analyse the potential vulnerability of the indigenous forests 

integrates conservation and production, a condition considered necessary to achieve 

the sustainability of any ecological feature (Meurk and Swaffield 2000; Mitchell and 

Craig 2000). 
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Waima Forest view. Associated with the neighbouring Waipoua Forest, it is the 

largest remaining tract of native forest in Northland 

(Photo/ A. Aleksa)  
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3.1. The regional context: Northland 

3.1.1. Introduction of the region 

 

Northland, New Zealand’s northernmost region forms a narrow peninsula, less than 

90 km across at its widest point. It is limited by the Tasman Sea to the West and the 

Pacific Ocean to the East, covering 12,696 km
2
 (1.26 million hectares) (NRC 2007) 

(Fig. 3.1).  

 

The typical inland topography comprises rolling to steep country, connecting a series 

of small ranges and plateaux, with scarce areas of flat land found adjacent to the 

principal rivers: Awanui and Northern Wairoa Rivers (DoC 1990). The 

geomorphology was developed from ancient uplifted greywacke rock, relatively 

young volcanic rock and active coastal dunes. The highest elevation, Mt. Te Raupau 

in the Waima Range is 781 m asl.  

 



Chapter 3: The study area 

 40 

 

 

Because of the coastal influence over the region and the subtropical latitude, the 

climate is warm and humid in summers, relatively warm template/ wet in winters, 

with prevailing southwest winds. About one- third of the annual rainfall falls in the 

winter months of June, July and August. Tropical cyclones can occur in the summer, 

resulting in localised heavy rainstorms and strong north- east winds. The mean 

annual rainfall ranges from about 1000-1300 mm in low lying coastal districts to 

more than 2500 mm on some of the higher country (NRDC 1978).  

 

Mean annual temperatures range from 15.5° C to 16° C in the far north and eastern 

areas, to between 14° C and 15.5° C in the south- west and coastal districts, giving it 

the highest mean annual temperatures in New Zealand. Daily and annual temperature 

variations are low (Ministry of Forestry 1994). 

 

The New Zealand Land Inventory (NZMS 290 map series) identifies more than 100 

different soil types in the Northland region. This diversity is a result of the variation 

in underlying rock, the low relief and the influence of original vegetation and a 

warm, moist climate (NRDC 1978). Extensive areas have strongly leached, heavy 

clay soils with thin topsoil and low subsoil fertility (NRC 2002).  Smaller areas, 

based on recent volcanic eruptions and river deposits, have high natural fertility. 

Sand dunes are extensive along the western coast and are deficient in nitrogen 

(Ministry of Forestry 1994). 

 

The region supports a population of 148,470 people (Statistics New Zealand 2006), 

half of whom live in urban areas. There are some thirty townships with populations 

of more than 500 people. The population is generally concentrated along the region's 

east coast, particularly in the Whangarei (largest city: over 66,000 inhabitants) and 

Bay of Islands areas (Statistics New Zealand 2006). 





Chapter 3: The study area 

 42 



Chapter 3: The study area 

 43 

 

 

Photo 3.1. Mosaic of land covers in the landscape.   (Photo/ A. Aleksa) 

 

 

Northland is a complex mosaic that reflects both natural processes and human 

modification (DoC 1990) (Photo 3.1). The economy is based on farming, forestry, 

tourism and horticulture. Pastoral farming is the dominant land use accounting for 

more than half of the region’s land (NRC 2002). These are improved and un-

improved pastures. The improved pastures are variously comprised of perennial and 

short rotation grasses such as Lolium spp (ryegrasses), Trifolium repens (white 

clover), T. pratense (red clover), Dactylis glomerata (cocksfoot), Phleum pratense 

(timothy), Paspalum dilatatum (paspalum) (Newsome 1987). These pastures may 

vary from the truly permanent, sustained by fertiliser application and oversowing, to 

pastures renewed after 10-12 years. These pastures support intensive stock 

management devoted mainly to dairying, lamb and beef production (Blunden et al. 

1995) (Photo 3.2). 
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Photo 3.2. Pastoral cover.       (Photo/ A. Aleksa) 

 

 

 

Exotic forests (commonly a monoculture of Pinus radiata) (Photo 3.3) occur on a 

variety of landforms from dunelands and alluvial plains to volcanic plateaus and 

steep hill country. With mature heights ranging between 25 and 40 m, a typical 

management regime for a high stocking density P. radiata production forest is a 25-

30 year rotation (Newsome 1987). 
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Photo 3.3. Planted forest cover in the foreground.    (Photo/ A. Aleksa) 

 

 

The “undeveloped land” (Harmsworth 1996) consists of native forest, scrub, wetland 

vegetation, sand-dune vegetation, and un- vegetated land. The region's forest and 

associated scrubs are notable for their high native content (over half of the country's 

remaining kauri forest), species diversity, structural complexity, and tropical links. 

Both areas support a rich diversity of wildlife. Taxa include rare or declining species 

(e.g. Apteryx mantelli- North Island Brown Kiwi-, Callaeas cinerea - North Island 

Kokako-, Hemiphaga novaeseelandiae – Kereru Native Pigeon or Kukupa- and 

Leiopelma hochstetteri - Hochstetter's frog-), as well as small residual populations of 

more threatened species such as Cyanoramphus novaezelandiae and C. auriceps (red 

and yellow crowned parakeets respectively), and Nestor meridionalis –kaka-, 

Chalinolobus tuberculatus and Mystacina tuberculata - long and short tailed bats- 

(Conning 2001).  
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Human activities have resulted in forest clearance, introduction of animal pests (e.g. 

possums, mustelids, rats, goats, hedgehogs, wild cats, and poorly controlled 

domestic dogs) and plant pests. The introduction of browsing mammals has had a 

major impact on both the understorey and canopy of trees of New Zealand forests 

(Allen et al. 1984; Mark 1989). 

 

Anderson et al. (1984) documented changes in Northland habitats in the period 

1978- 1983 revealing that an average of 6 per cent of the initial area was lost 

principally from native forest, wetland and estuary habitats. The Northland 

Conservancy (administrative region) of the Department of Conservation has 37 

species classed as rare or endangered, compared to an overall average figure of 12 ± 

5 (mean ± 95% confidence interval) for all New Zealand Conservancies (Ogden 

1995). Within New Zealand, Northland is one of three regional ‘hotspots’ for local 

endemism and species diversity (Forester and Townsend 2004)
1
. 

 

3.1.2. The indigenous forests of Northland 

 

Most of the indigenous forest in New Zealand can be defined as “evergreen, 

broadleaved rainforest” (Meurk 1995) in which species of the families 

Podocarpaceae, Araucariaceae, Cupressaceae (Gymnospermae), Lauraceae, 

Cunoniaceae, Fagaceae, Myrtaceae and Monimiaceae (Angiospermae) are usually 

dominant in the canopy. The conifer-hardwood
2
 forest which is the most stratified 

has been compared to tropical rainforests (Newsome 1987). Humidity and small 

season differences, multi- storied stratification, and growth forms like lianas, tree 

ferns, epiphytes and mosses are similar to rainforests. But they are structural 

affinities rather than physiological, as Meurk (1995) said  the differences stand on 

dozens versus hundred species, the presence of gymnosperms and angiosperms 

versus the pure angiosperm forests, and the mainly microphyll trees versus meso- 

and macrophylls of the rainforests (Photo 3.4 and 3.5). 

 

 

                                                 
1
 New Zealand  has about 2,200 native vascular plants of which 82% are endemic (Webb et al. 1990). 

2
 Common terms for Gymnospermae (conifers) and Angiospermae (hardwood) divisions. 
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Photo 3.4. Indigenous forest cover.     (Photo/ A. Aleksa) 

 

 

Native forests in Northland are diverse and species abundant and can be grouped into 

three broad groups of unmodified forest formations according to Nicholls (1976). 

These broad groups have been used by the New Zealand Forest Research Institute 

for forest mapping (Meurk 1995). They are: Kauri forest, Podocarp forest, Hardwood 

forest (McKelvey and Nichols 1959). Combinations of these groups are common and 

classified according to the dominant. These forests formed part of an almost 

continuous forest cover. Today, the remaining stands of forest are only segments of 

the original vegetation sequences (Norton and Mitchell 1994) (Table 3.1). 
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Photo 3.5. Detail of indigenous forest.      (Photo/ A. Aleksa) 

 

Combined podocarp/ hardwood/ kauri forest is the most extensive forest type in 

Northland (Northland Conservancy 1990). It is composed of a wide variety of 

angiosperm species including Beilschmiedia tarairi (taraire), B. tawa  (tawa), 

Dysoxylum spectabile (kohekohe), Weinmannia silvicola (towai),  Laurelia novae-

zelandiae (pukatea), Knightia excelsa (rewarewa) and many others. The emergent 
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trees, at heights of 35 m or more, are indigenous conifers of the family 

Podocarpaceae. Tree species include Dacrydium cupressinum (rimu), which is the 

most consistently present, and Podocarpus totara (totara), Prumnopitys taxifolia 

(matai), P. ferrugineus (miro) and Dacrycarpus dacrydioides (kahikatea)(Wardle 

2002). They are scattered throughout the forest giving a multi- storied structure and 

twisted with a profusion of lianes, epiphyties such as Metrosideros robusta (rata 

vines), and ferns. The most common fern species are bracken (Pteridium 

esculentum) and ring fern (Paesia scaberula), but tree- ferns (Cyathea sp. and 

Dicksonia sp.) are also characteristic of the forests. Mature Agathis australis (kauri) 

occur as dispersed individuals or in small groups on steep sites. They have large 

spreading crowns and sometimes are visually dominant even though the numbers of 

individuals can be very few. A number of forests have had their conifer component 

logged out, although subsequent regeneration is taking place (Northland 

Conservancy 1990).  

 

 

Table 3.1.  

Area of remaining forest ecosystems in Northland (Conning 2001). 

Forest type Remaining area (ha) 

Mixed lowland kauri-podocarp- hardwood 226,248 

Upland podocarp- hardwood 9,500 

Volcanic broadleaf 1,000 

Kauri mature 6,000 

Kauri secondary 3,000 

Podocarp mature  300 

Podocarp secondary  400 

Coastal 12,000 

Riverine/ Alluvial 3,000 

Dune 300 

Shrubland 132,394 
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Podocarp/hardwood forests occur on well-drained slopes with relatively fertile 

mineral soils (New Zealand Conservation Authority 1995). These forests are 

characterised by rimu-rata emergent above towai, taraire and kohekohe. On lower 

young volcanic and alluvial sites Vitex lucens (puriri), totara and Alectryon excelsus 

(titoki) become more common (Northland Conservancy 1990). They are tall, multi-

storied structure, including an emergent tier overtopping a closed canopy and a 

profusion of lianes and epiphytes, ferns and mosses (Newsome 1987). Outside of the 

large forest tracts, podocarp/ hardwood forest remnants are found on alluvial soils in 

the broad valley floors and along the coast, bluffs, headland and sandy beach/dune 

(Conning 2001). 

 

Hardwood forests usually have a quite dense canopy that varies in height from 20 to 

30 m. Many of these forests have originated from logging or fires of former 

podocarp-hardwood forests, to the extent that the podocarp element has been reduced 

to insignificance (Newsome 1987).  

 

Dense mature kauri forests still occur on strongly leached sites on flat- rolling lands, 

and on the ridge crests of dryer dissected landscapes (New Zealand Conservation 

Authority 1995). Miro, rimu, totara and tanekaha are present in scattered groups of 

small trees, and as subdominant tree only towai is beneath the kauri canopy 

(McKelvey and Nicholls 1959). Other kind of forests includes coastal forests and 

mangroves.  

 

The vast majority of remaining native scrubs in Northland comprises Leptospermum 

scoparium (manuka) and Kunzea ericoides (kanuka) (Conning 2001) (Photo 3.6) and 

may be found either alone or in combination. Manuka has the wider ecological 

tolerance of the two and is encountered in both wetter and drier conditions and at 

higher elevations; by constrast, kanuka has a preference for well-drained and 

relatively fertile soils (Bergin and Kimberley 1995). Kanuka is the longer lived and 

may attain a greater height, occasionally up to 10 m (Meurk 1995).  
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Past logging, farming and fires has led to the establishment of extensive areas of 

manuka and kanuka. These scrubs and also the ferns are colonisers of bare and 

under-utilised land playing an important role in natural succession (Newsome 1987). 

They can also regenerate aggressively after burning because of their fire-adapted 

capsules (Meurk 1995). Their communities may include other shrubs and ferns 

common to mixed indigenous scrub and forest under-story.  

 

 

 

Photo 3.6. Scrub cover.       (Photo/ A. Aleksa)  

 

 

Most of the protected land in Northland comprises two ecosystem types: hardwood- 

podocarp- kauri forest and manuka- kanuka scrubs (Conning 2001). Waipoua State 

Forest is the largest remnant of the once extensive kauri forest of Northland (Ahmed 

and Ogden 1991).  
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3.1.3. Northland spatial pattern 

3.1.3.1. Introduction 

 

Northland is dependant on land- based production and its singular characteristics: 

peninsularity, sub tropical climate and diversity of soils and topography generate a 

complex pattern of land uses (Blunden et al. 1995). As a consequence this region has 

become through the years a heterogeneous landscape with several land cover types 

expressed in its area.  

 

The objective of this section was to define the principal land covers in the region and 

describe their spatial relationships. A general characterization of Northland was 

carried out together with the analysis of the physical characteristics of each land 

cover. The integration of data from existing databases within geographic information 

systems (GIS) was used because it offered the potential of rapid, cost-effective 

surveying and assessment at regional scale. Up to date studies about the spatial 

patterns of the landscape have not been done for the Northland region. 

 

As a result of creating this regional cartographic model it was possible to choose a 

smaller study area for the analysis of vulnerability of indigenous forests.  

 

 

3.1.3.2. Land cover composition and configuration 

 

The analysis of Northland’s land cover composition and configuration (Figure 3.2) 

was carried out using landscape metrics.  These metrics have been applied in several 

studies of vegetation cover assessments (e.g. Turner et al. 1996; Blanco Jorge and 

García 1997; Bastin et al. 2002; Millington et al. 2003; Arroyo- Mora et al. 2005). 

This approach allowed the description of landscape heterogeneity including the 

extent of indigenous forest.  
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3.1.3.2.1. Methods 

 

The selection of the source of land cover data (vegetation information) for a whole 

region relies on small scale maps or satellite images. Maps, especially if digitized, 

are an expeditious way to map land cover. New Zealand has several vegetation- 

related databases in digital formats in a scale of 1:50,000 designed to be used into a 

Geographical Information System (GIS) and with a national coverage. They are 

registered to a common map projection: New Zealand Map Grid (NZMG) (MfE 

2006). 

 

The New Zealand Land Resource Inventory (NZLRI)
3
 (NWASCO 1979), with data 

collected between 1973- 1979 (First Edition) and 1985- 1990 (Second Edition) is the 

oldest data source. The primary data collection methods used for the inventory were 

strongly orientated to represent geology and physical landscape boundaries 

(polygons were defined primarily by soils and secondarily by vegetation). The 

minimum map unit (mmu) size is 40-60 ha. However, despite the thematic resolution 

of the inventory, (the NZLRI described 50 vegetation cover classes) the currency of 

data set is inadequate to describe the contemporary land cover.  

 

The Land Environments of New Zealand database (LENZ) 
4
(Leathwick et al. 2003) 

is a landscape classification grouping together sites that have similar environmental 

character, based in landforms, soils and climate as primary data. Vegetation cover 

information derives from these abiotic drivers as they influence vegetation growth 

and species distribution. Although LENZ is a versatile database and was completed 

in 2002, vegetation cover is a secondary product. 

 

Information on the location and extent of the land cover types can be also obtained 

through the New Zealand Land Cover Data Base (LCDB)
5
.  It is a digital land cover 

map that classifies 16 standard land cover classes (Table 3.2) with a resolution of 

one hectare. The LCDB is derived from visual interpretation of 20 m -spatial 

                                                 
3
 Database steward and custodian: Manaaki Whenua -Landcare Research Ltd. 

4
 Database steward Ministry for the Environment. Database custodian: Manaaki Whenua -Landcare 

Research Ltd. 
5
 Database steward: Ministry for the Environment. Database custodian: Terralink International Ltd 
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resolution satellite imagery SPOT XS false color from the 1996- 1997 years, with a 

classification accuracy of + 90%, and positional accuracy of + - 25 m.  LCDB is 

suggested to be useful for measuring biodiversity (MfE 1998) and has a greater and 

better spatial resolution of forests than the Vegetation Cover Map of New Zeland - 

VCM- 
6
 (Allen et al. 2003). Therefore information on the location and extent of the 

land cover classes was obtained through the LCDB because they were primary 

products of the database and with the most recently updated information. 

 

It is known that spatial and spectral resolutions of remotely sensed data are not 

always of sufficient detail to map land cover distributions.  According to Thompson 

(1999) the limited spectral resolution of SPOT 2 (especially the lack of short wave 

infrared- SWIR- band) affects the number of different land cover classes discernible. 

From the error matrix of the LCDB database, it was expected that indigenous forest 

could be confused with scrub and planted forest. Also recently planted exotic forest 

(less than 3 years) tended to be misclassified as scrub or pastoral land. Nevertheless, 

as the results presented in this chapter will show, satellite images did provided broad 

and consistent data with resolutions useful for broad- scale regional mapping.  

 

 

Figure 3.2. Method followed for the analysis of composition and configuration of land cover 

of Northland region. 

                                                 
6
 The VCM is a vegetation map produced with data between 1981- 1986, at a scale of 1: 1,000,000 

(Newsome 1987). 

NZ Land Cover Data 
Base 1996 

Fragstat 3.3 

Measurement of 
landscape metrics 

Summarization of land 
cover areas 

 How much is indigenous 
forest? 
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As an exploratory analysis of the different land covers present in Northland, an 

overview of the LCDB vector was carried out using descriptive statistics (Table 3.2). 

Only six land cover classes were selected to continue with the analysis: Indigenous 

Forest, Scrub, Planted Forest, Pastoral, Horticultural, and Urban – urban and urban 

open space were put together- 
7
. They were chosen as principal land covers in the 

region according to its extensions or because they represent land uses with influence 

on indigenous forests (like Horticultural and Urban even in low proportion). Scrub 

was chosen too because its extension was significant in the total of the region and 

represented a transitional stage to indigenous forest.  

 

Table 3.2. 

Proportion of land cover areas in Northland region from LCDB (1996). 

Land cover type Proportion (%) 

Bare ground 0.15 

Coastal sand 1.39 

Coastal wetlands 0.20 

Indigenous forest 19.35 

Inland water 0.56 

Inland wetlands 0.39 

Mangrove 1.13 

Mines dumps 0.02 

Planted forest 10.48 

Prim. Horticultural 0.40 

Prim. Pastoral 53.38 

Scrub 12.11 

Tussock 0 

Urban 0.42 

Urban open space 0.02 

(Major shelterbelts: lineal information, not included in the Table) 

 

ArcGIS 9.1 software
8
 was used to analyze the information from the database. From 

the national coverage, the Northland region was cut by overlaying a vector database 

of Land Territorial Authorities of New Zealand.  Data for landscape analysis were 

                                                 
7
 See Appendix 1. 

8
 ESRI®ArcMap™ 9.1. Copyright©1999-2005 ESRI Inc. 
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obtained separating maps for each land cover class. Spatial analysis was performed 

by Fragstat 3.3 software (McGarigal et al. 2002) which provides a very 

comprehensive set of spatial statistics and descriptive metrics of pattern at patch, 

class and landscape level (Haines- Young and Chopping 1996; Southworth et al. 

2002). In this analysis class level metrics were used, because interest was focused on 

comparing descriptive metrics of land cover pattern among indigenous forest and 

each of the other classes. Vector format was converted to raster and then into ASCII 

format to be integrated into this software. 

 

The following descriptive statistics
9
 were computed for the Northland region:  

Landscape composition: 

-  Total class area expressed in hectares 

-  Percentage of landscape occupy by each land cover, to quantify the 

proportional abundance of each class of land cover in the landscape 

Landscape configuration: 

-  Number of patches of each land cover class 

-  Mean area of the class expressed in hectares 

-  Largest Patch Size to quantify the percentage of total landscape area 

comprised by the largest patch of land cover class, as a simple measure of 

dominance. It equals the area (m
2
) of the largest patch of the corresponding 

patch type divided by the total landscape area (m
2
), multiplied by 100 to 

convert to a percentage.  

-  Landscape Shape Index equals the total length of edge or perimeter involving 

the corresponding class given in number of cell surfaces, divided by the 

minimum length of class edge (or perimeter) in terms of number of cell 

surfaces. It is a measure of class aggregation or clumpiness. When the value is 

1, the landscape consists of maximally compact patch of the corresponding 

type, and increases without limit as the patch type becomes more 

disaggregated. 

-  Euclidean Nearest- Neighbor Distance equals the distance (m) to the nearest 

neighboring patch of the same type based on shortest edge-to- edge distance. 

It gives a representation of the context of a class and it is indicative of land 

cover quantity in the landscape (Fahrig 2002). 

                                                 
9
 Detailed descriptions and formula are in McGarigal et al. 2002. 
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3.1.3.2.2. Results 

 

Land cover classes in the Northland region showed differences in configuration and 

composition (Fig. 3.3)
10

. Pastoral land occupied the greatest proportion of land, 

constituting 53 % of the Northland region. Indigenous Forest was second largest in 

coverage (19 %), followed by Scrub (12%) and Planted Forest (10%). Urban and 

Horticultural cover classes were very small components (0.44% and 0.39% 

respectively) (Table 3.3). 

 

The cover classes were not similar in number of patches and their mean sizes. 

Indigenous forest had a total area of 245,626 ha separated in 2,377 patches, with a 

mean patch size of 103 ha. Size of patches ranged from 1 to greater than 100,000 ha. 

Nevertheless, more than 60% of the total number of indigenous forest patches was 

smaller than 10 ha (Fig. 3.4). The number of patches of the Scrub class were of the 

same magnitude that Indigenous Forests, but with smaller mean area sizes. Pastoral 

and Planted Forest showed similar patterns in terms of having less number of 

patches, but the Pastoral ones had larger mean area (Table 3.3). The lowest number 

of patches was found in Horticultural and Urban classes with similar small mean 

areas. 

 

Landscape metric analysis of Largest Patch Index (LPI) indicated that Pastoral 

(41%) was the dominant land cover class and typically formed the matrix that 

surrounds the other land covers. On the other hand, the highest value in Landscape 

Shape Index (LSI) for Scrub demonstrated it as the most disaggregated class in the 

region.  

 

Horticultural and Urban had the smallest LSI values (Table 3.3). These land covers 

were the most aggregated, but concentrated in dispersed areas in the region 

(Euclidean Nearest-Neighbor Distance – ENND- of 2,090 m and 2,790 m, 

respectively). This spatial pattern was also observed for Planted Forest (ENND of 

958 m). The largest values in ENND for Urban class represented the three principal 

cities in the region (Whangarei, Kaitaia, Kaikohe) separated by hundreds of 

                                                 
10

 Fig. 3.3 from Page 59. 
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kilometres. Furthermore the similarity in Urban and Horticultural class metrics could 

be explained by a spatial association between covers: horticultural activities are 

concentrated and in this region are close to urban areas. 

 

Table 3.3.  

Class metrics of the principal land cover classes in Northland. 

Land Cover 

Class 

CA 

(ha) 

PLAND 

(%) NP 

LPI 

(%) 

AREA_MN 

(ha) LSI 

ENN_MN 

(m) 

Indigenous 

Forest 245626 19.34 2377 2.63 103.33 53.01 496.00 

Scrub 153714 12.11 2557 1.51 60.12 71.56 484.26 

Planted Forest 133151 10.49 595 1.44 223.78 32.98 958.72 

Pastoral 677793 53.38 695 41.39 975.24 58.62 338.49 

Horticultural 5008 0.39 77 0.17 65.04 10.49 2090.06 

Urban 5569 0.44 85 0.16 65.52 14.21 2789.93 

Total Class Area (CA), Percentage of landscape (PLAND), Number of patches (NP), Largest patch 

index (LPI), Mean Class Area (AREA_MN), Landscape shape index (LSI), Mean Euclidean Nearest -

Neighbor Distance (ENN_MN). 

 

 

Figure 3.4. Frequency of Indigenous Forest patches in the Northland region. 
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3.1.3.3. Land cover distribution 

 

Landscapes are shaped by human activities and underlying physical attributes often 

constrains land-use (Domon et al. 1993). The spatially heterogeneous pattern of 

physical attributes such as soil, topography, and climate play an important role in 

determining the presence of natural vegetation as well as in defining land use and 

land cover distribution (Hoersh et al. 2002). The most used topographical variables 

to explain the presence of land cover types are elevation, slope and aspect (Davis and 

Goetz 1990; Brown 1994; Hoersch et al. 2002; Coblentz and Riitters 2004). Other 

physical characteristics are usually related to them. For example, elevation 

conditions precipitation, solar radiation, etc. Slope is related to the hydrology, and 

hence potential soil moisture and soil development (Moore et al. 1992). Aspect is 

related to the radiation balance, and therefore the potential evapo-transpiration 

(Franklin 1995). 

 

Several studies of forest composition and topographic variables have combined 

vegetation and data from limited and scattered plot samples or transects in 

representative communities to examine vegetation- landscape patterns (Davis and 

Goetz 1990; Pinder III et al. 1997). In Northland, distribution patterns of natural 

vegetation communities show strong relationships with physical patterns (Eadie et al. 

1985; DeVelice and Burke 1989; Burns and Leathwick 1996). A number of studies 

have evaluated the role of  topographic factors on the pattern of land cover at a 

broad- scale (e.g. Pan et al. 1999; Dorner et al. 2002), especially within geographic 

information systems. However, few studies have examined this association at 

regional scales (e.g. the Land Environments of New Zealand - LENZ-) for this 

region. 

 

The objective of this section was to describe the distribution of the principal land 

cover in the Northland region with respect to underlying topographic characteristics. 

This approach allowed identification of environmental possibilities and limitations in 

the different land cover types and characterization of landscape heterogeneity.  
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3.1.3.3.1. Methods 

 

Information on the land cover distribution was combined with topographical data 

(elevation, slope and aspect) from existing databases within a Geographical 

Information System (Fig. 3.5).  

 

Figure 3.5. Method followed for the analysis of land cover distribution and associated 

topographic variables in the Northland region. 

 

Data of land cover classes was obtained from the LCDB, and Indigenous Forest, 

Scrub, Planted Forest, Pastoral, Horticultural and Urban land covers were selected to 

be analyzed. The original vector format was worked as separate layers, converted to 

raster format when required, and then given binary values (1: presence of the 

considered land cover, and 0: absence of the considered land cover). 

 

 

ArcGIS 9 

25 m- DEM NZ Land Cover Data 
Base 1996 

Electivity Index 

   Land Cover Classes Elevation/ Slope/ Aspect 

Where is indigenous 
forest? 
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The spatial distribution of topographic attributes can often be obtained from digital 

elevation models using relatively simple techniques (Moore et al. 1992). Elevation, 

slope and aspect were obtained from a 25-m Digital Elevation Model (DEM)
11

. This 

DEM has been generated from 1:50,000 topographic data sources derived 

photogrammetrically.  It is in raster format with a planimetric (x, y) and vertical (z) 

accuracy of 90%. 

 

Elevation data were obtained directly from the DEM which gives a value for each 

25-m x 25-m pixels. One possible error in DEM data are horizontal striping (White 

et al. 1995). Resampling to smaller resolution reduces the effects of striping errors 

by increasing the signal (i.e difference in elevation) to noise (i.e. striping error) ratio 

of the data (Pinder III et al. 1997). In this case the DEM was resampled to 100 m- 

cell size also to reduce file storage and processing. 

 

A visual interpretation of the data through scatter-graph was performed to provide an 

estimate of typical ranges.  As 93% of the elevation pixels for Northland fell below 

260 m asl, a more detailed subdivision was carried out at lower altitudes: each 20 m 

(from 0 to 100m), each 40 m (from 100 to 200), each 60 m (from 200 to 300 m), 

each 80 m (from 300- 400 m), each 100 m (from 400 to 500), each 120 m (from 500 

to 600) and each 140 m (from 600 to 800m). In consequence fifteen classes of 

elevation were defined.  

 

Two derivate variables: slope and aspect were generated from the elevation surface 

using the Spatial Analyst module from ArcGIS 9.1.  

 

Slope was divided into seven groups following the classification of the New Zealand 

Land Resource Inventory - NZLRI - (Table 3.4). These classes describe landform 

and steepness and represent land use limitations. 

 

                                                 
11

 Database steward: Land Information New Zealand. Database custodian: Terralink NZ Ltd. 
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Table 3.4.   

Range of variation of slope, grouped into 7 classes according to Water and Soil Division 

(1979).  

Slope class Description Landform units 

0-3º 

 

Flat to gently undulating Floodplains, terraces 

4- 7º Undulating Fans, gently sloping downs 

8-15º Rolling Downs, steep fans 

16- 20º Strongly rolling Easy hill country, downs 

21- 25º  Moderately steep Hill country 

26- 35º Steep Steep hill country, mountain 

lands 

> 35º Very steep Very steep slopes, rock 

faces, cliffs 

 

Aspect values were classified in 9 classes and expressed in degrees: flat (-1 – 0), 

North (0-22.5 and 337.5- 359.85), North East (22.5- 67.5), East (67.5- 112.5), South 

East (112.5- 157.5), South (157.5- 202.5), South West (202.5- 292.5), West (247.5- 

292.5), and North West (292.5- 337.5). 

 

The relationship between physical variables and land cover classes were analyzed by 

overlaying the LCDB map on the topographic layers. The ArcGIS 9.1. software was 

used to integrate the information from the different databases. Each land cover class 

distribution was compared in turn with the slope, altitude and aspect raster map, 

obtaining the proportional abundances (i.e. area occupied by the land cover class/ 

total area) for each land cover class.  

 

To test the association between physical variables and land covers, the electivity 

index (Pastor & Broschart 1990; Pan et al. 1999) was calculated. This index aimed to 

analyze if each cover class is selectively found on any elevation, slope or aspect 

class. The null hypothesis states that land cover classes are distributed randomly 

across the landscape, with no association to topographic features. If this is not true, 

then each land cover class should be associated with one elevation, slope or aspect 

type, to a greater or lesser degree than would be expected at random (Pastor & 

Broschart 1990). 
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The formula is: 

Eij= ln [(rij) (1-pj)/(pj) (1-rij)] 

 

Where Eij is the electivity indices for land cover class i to elevation, slope or aspect 

type j, rij was the proportion of land cover class i on elevation, slope or aspect class j, 

and pj was the proportion of the landscape occupied by elevation, slope or aspect 

type j. If the electivity index is greater than 0, then there is a preference by the 

particular land cover class for the elevation, slope or aspect class. These electivity 

indices were tested against the chi-square distribution according to the formula: 

 

χ
2 

= E 
2

ij / [1/xij + 1/ (mj  - xij ) + 1/ yi + 1/ (nt  - yi  )] 

 

Where xij is the area of land cover class i on elevation, slope or aspect class j; yi is 

the total area of land cover class i in the landscape; mj is the area of elevation, slope 

or aspect class j; and nt is the area of the entire landscape. The calculated χ
2 

was 

compared with χ
2 

distribution with one degree of freedom at a significance level p= 

0.005. 

 

 

3.1.3.3.2. Results 

 

The majority of the elevation classes in Northland ranged between 0 to 360 m 

(95.65%), with a mean of 116.17 m (Fig. 3.6) and maximum value of 780 m.  Slope 

values were between 0 to 52.51 degrees, with a mean of 6.68 degrees, nevertheless 

90% occurred at slopes below 15 degrees (Fig. 3.7). Aspect values had a mean value 

of 172.15 degree (corresponding to a South orientation) (Fig. 3.8). 

 



Chapter 3: The study area 

 66 

0

2

4

6

8

10

12

14

16

18

20

<
 2

0

2
0

-4
0

4
0

-6
0

6
0

-8
0

8
0
-1

0
0

1
0

0
-1

4
0

1
4

0
-1

8
0

1
8

0
-2

2
0

2
2

0
-2

8
0

2
8

0
-3

6
0

3
6

0
-4

4
0

4
4

0
-5

2
0

5
2

0
-6

2
0

6
2

0
-7

2
0

>
 7

2
0

Elevation class (m)

P
ro

p
o

rt
io

n
 o

f 
to

ta
l 

a
re

a
 (

%
)

 

Figure 3.6 . Proportional areas of elevation classes in the Northland region. 
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Figure 3.7. Proportional areas of slope classes in the Northland region. 
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Figure 3.8. Proportional areas of aspect classes in the Northland region. 

 

 

Table 3.5. 

Descriptive statistics of elevation and slope values for each land cover. 

 Elevation (m) Slope (degree) 

Land cover 

class Max Mean SD Max Mean SD 

Indigenous 

Forest 780 372 215.88 46.94 2.25 5.47 

Scrub 580 254 152.60 52.51 0.94 3.18 

Planted 

Forest 668 311 183.37 36.43 0.74 2.75 

Pastoral 682 310 181.67 45.14 2.66 4.02 

Horticultural 395 134 83.59 15.06 0.01 0.20 

Urban 280 114 73.60 19.17 0.01 0.22 

Max: Maximum. SD: Standard Deviation. 
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The highest elevation- values were occupied by Indigenous Forest (Table 3.5). The 

differences in the relative abundance of land cover classes analyzed for elevation 

(Fig. 3.9) showed that up to 180m asl, Pastoral was the principal land cover, 

situation that changed above this value, where Indigenous Forest became 

proportional to Pastoral. From 280 m asl the decrease in abundance of Pastoral were 

accompanied by increases in the proportional abundance of Indigenous Forest. Scrub 

and Planted Forest maintained almost the same proportion from lower elevation 

values up to 280 m asl, above which Scrub became less abundant.  
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Figure 3.9. Land cover distribution in each elevation class, based on proportion. 

 

Results of the electivity index showed the association between each land cover and 

elevation class (Table 3.6). Indigenous forests had positive association with 

elevations above 140 m, and especially strong above 280 m asl. This was in contrast 

with Pastoral, which typically occurred on elevations below 100 m. Scrub has almost 

randomly distributed, showing a negative distribution in elevations above 220 m asl. 

Planted Forest was the most variable, but negatively associated above 440 m asl. 

Urban was associated with lowlands (below 40 m asl) while Horticultural selected 
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principally elevations from 60 to 180 m asl. Indigenous Forest was coincident in its 

positive distribution with Scrub from 140 to 220 m asl and with Planted Forest up to 

440 m asl. 

 

Table 3.6. 

Electivity index for land covers to elevation classes. Zero value means that the land cover is 

distributed randomly, (+) or (-) mean that the land cover is associated to a greater or lesser 

degree than would be expected at random. 

 Land Cover Class 

Elevation 

Class (m) 

Indigenous 

Forest Scrub 

Planted 

Forest Pastoral Horticultural Urban 

< 20 -1.60 0.19 -0.80 0.21 -1.29 1.46 

21- 40 -0.96 0.04 0.03 0.22 -0.59 0.67 

41- 60 -0.75 0.10 0.17 0.16 -0.56 -0.14 

61- 80 -0.54 0.14 0.06 0.14 0.24 -0.51 

81- 100 -0.42 0.04 -0.03 0.14 0.70 -0.48 

101-140 -0.08 0.05 0.09 0.03 1.06 -1.10 

141- 180 0.35 0.06 0.31 -0.21 0.70 -2.16 

181- 220 0.62 0.09 0.28 -0.40 -1.02 -0.12 

221- 280 0.76 -0.32 0.15 -0.41 -1.13 -2.08 

281- 360 1.12 -0.95 0.18 -0.74 -2.90   

361- 440 1.36 -1.75 0.10 -1.42     

441- 520 1.42 -2.35 -0.62 -1.29     

521- 620 1.57 -3.68 -1.01 -2.39     

621- 720 1.64   -3.05 -4.51     

> 721 1.63           

Significant  (one degree of freedom at a significance level p= 0.005) 

 

The differences in the relative abundance of land cover classes analyzed for slope 

(Fig. 3.10) revealed that Pastoral had the highest proportion for gently steeps (up to 

15º), but had decreased in proportional abundance with increasingly steepness. 

Indigenous Forest was the most abundant land cover from moderately to very steep 

slopes. Planted Forest and Scrub were distributed in each slope class in a similar way 

and both were most common on low slopes. Horticultural and Urban were only 

present at flat and gentle slopes. 
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Figure 3.10. Land cover distribution in each slope class based on proportion. 

 

 

Values of electivity for the slope variable (Table 3.7) showed a clear association of 

Pastoral to flat and gentle slopes; Horticultural and Urban, only to flat slopes. 

Indigenous Forest had a positive association with steepness above 7 degrees; also, it 

was the only land cover associated to steep and very steep lands. Both Scrub and 

Planted Forest only showed a positive association with rolling slopes (between 7 and 

20 degrees). 
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Table 3.7. 

Electivity index for land covers to slope classes. Zero value means that the land cover is 

distributed randomly, (+) or (-) mean that the land cover is associated to a greater or lesser 

degree than would be expected at random. 

  Land Cover Class 

Slope 

Class 

(degree) 

Indigenous 

Forest Scrub 

Planted 

Forest Pastoral Horticultural Urban 

0- 3 -1.72 -0.40 -0.15 0.37 1.59 1.63 

3- 7 -0.43 -0.13 -0.08 0.21 -0.07 -0.24 

7- 15 0.61 0.41 0.25 -0.36 -2.83 -2.10 

15- 20 1.08 0.29 0.11 -1.05 -5.67 -5.06 

20- 25 1.24 -0.02 -0.28 -1.28     

25- 35 1.38 -0.37 -1.07 -1.48     

> 35 1.46 -0.32 -3.78 -2.09     

Significant (one degree of freedom at a significance level p= 0.005) 

 

All land cover types were present in each aspect class. The differences in the relative 

abundance of land cover types analyzed for aspect (Fig. 3.11) reflected a dominance 

of Pastoral in flat areas. 
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Figure 3.11. Land cover distribution in each aspect class based on proportion. 
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Table 3.8. 

Electivity index for land covers to aspect classes. Zero value means that the land cover is 

distributed randomly, (+) or (-) mean that the land cover is associated to a greater or lesser 

degree than would be expected at random. 

  Land Cover Class 

Aspect 

Class 

Indigenous 

Forest Scrub 

Planted 

Forest Pastoral Horticultural Urban 

Flat -2.16 -0.52 -1.37 0.37 -0.6 0.28 

North -0.04 -0.06 0.00 0.04 0.47 -0.23 

Northeast -0.15 -0.01 -0.05 0.06 0.40 0.19 

East -0.04 0.03 0.01 0.01 0.30 0.47 

Southeast 0.07 0.00 -0.02 -0.01 0.12 0.49 

South 0.27 0.05 0.03 -0.12 -0.11 -0.13 

Southwest 0.10 0.12 0.20 -0.13 -0.78 -0.51 

West 0.11 0.05 0.13 -0.08 -0.65 -0.56 

Northwest -0.03 -0.07 -0.05 0.05 -0.12 -0.27 

 Significant (one degree of freedom at a significance level p= 0.005) 

 

Even though Indigenous Forest and Scrub occur across all aspects in the region, it is 

predominantly found on southerly faces (Table 3.8). Planted Forest is distributed on 

south and west orientations. On the contrary, Pasture shows positive association to 

NE, NW and N areas. Horticultural also is north and east orientated, and Urban is 

restricted to east orientation.  
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3.1.3.4. Northland heterogeneity: conclusion 

 

Northland could be described as a pastoral landscape, characterized as a mosaic of 

indigenous forest, scrub and exotic plantation patches. Particularly, indigenous 

forests are fragmented in a high proportion of small areas and fewer large areas.  

Scrublands are dispersed across the landscape in several small patches, while exotic 

plantations are concentrated in several large patches.  

 

More than 90% of the land in Northland is found at low and moderate elevation and 

90% of the slopes are less than 15 degrees. These characteristics make a region 

highly suitable for human land use because of ease of cultivation. This was 

consistent with the association found between elevation, slope and aspect and the 

different land covers. Lower elevations, gentle slopes and northern orientation had a 

higher proportion of productive land cover classes (pastoral, planted forestry, 

horticultural) compared to indigenous forest and scrub.  

 

To summarise, evaluation of the status of indigenous forest in relation with other 

principal land cover classes has provided a quantitative description of spatial 

heterogeneity of the Northland region. The inter-map association among land cover 

classes with topographical characteristics was useful for exploring relationships, and 

provided evidence for constraints and potential conflicts between land covers. This 

was performed with the use of existing digital databases, GIS tools and spatial 

analysis techniques as a fast and exploratory way. This information was used as 

reference in the design of further steps of the research, especially in the selection of 

the study area and principal land covers.  
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3.2. The landscape context: the study area 

3.2.1. Selection of the study area 

 

The selected study area was based on the following criteria: 

- It comprised the land covers in the Northland region 

- It  included the different sizes of indigenous forest areas  

- It contained all ranges of topographic characteristics  

- It was subject to potential drivers of land use and land use change that occur 

in the rest of Northland. 

 

It was difficult to find areas in Northland where a complete set of remote sensing 

data (especially from earlier years) were coincident in covering the same geographic 

area. Therefore, the study area was selected finally according to data availability. 

This has defined the years under study, which were 1942, 1961, 1984, 1999 and 

2006. 

 

3.2.2. Study area characteristics 

 

The study area is in the west part of the Northland region (Fig. 3.12), extending from 

6609997N to 6639448N, and from 2543709E to 2587387E (NZMG, GD 1949). It 

covers an area of 79,880 ha. It is bordered with principal routes of the region: State 

Highway 12, Picadilly Rd (north), Mangakahia Rd (east), Waimatenui Rd and 

Kaikohe Rd, Marlborough Rd. (south) and the Tasman Sea coast in the west.  

 

The study area extends principally across the Tutamoe Ecological District
12

. This 

district has the largest remaining tracts of indigenous forest in the region and the 

highest ranges in Northland (Conning 2001). The principal geological characteristics 

are predominantly basalts and sedimentary rocks in the west, separated by areas of 

sedimentary rocks, from basic marine volcanics in the east. Soils are mainly well 

structured and well drained clay soils from andesitic rocks. They range from weakly 

                                                 
12

 “An Ecological District is a local part of New Zealand where geological, topographical, climatic 

and biological features and processes, including the broad cultural pattern, interrelate to produce a 

characteristic landscape and range of biological communities” (Myers et al. 1987). 
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leached and fertile soils where original vegetation was hardwood forest, to strongly 

leached and acid soils where kauri was dominant. In high rainfall areas in upland 

plateaux the drainage is poor and soils water logged in winter. The climate is mild, 

humid, with warm summers, mild winters, and rainfall from 1500 – 2400 mm p.a. 

Occasional tropical storms from NE to E, occur in summer although in winter the 

area is also exposed to colder SW influence
13

. 

 

The area includes the Waima and Waipoua forests, with species-rich podocarp-

hardwood and kauri forest (including Waipoua forest sanctuary containing some of 

the largest kauri trees) (Burns and Leathwick 1996). There are established exotic 

forests along the coast and large areas of recently established plantations along the 

Mangakahia Rd. margin. There is farmland especially in the area of the Waimamaku 

river (refer to Fig.3.12 for locations). 

 

The north part of the study area is included in the Hokianga Ecological District, 

which is a flat to rolling district, mostly below 300 m asl. Much of the district is 

farmed with intensive dairying, some sheep and cattle grazing (McEwer 1987). 

                                                 
13

 Information extracted from McEwen 1987. 
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Traditional land uses: Sheep herd at Gammon Rd. 

(Photo/ L. Colantoni)
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4.1. Introduction 

4.2. Methods 

4.3. Review 

 4.3.1. Prior to 1942 

 4.3.2. Prior to 1961 

 4.3.3. Prior to 1984 

 4.3.4. Prior to 1999 

 4.3.5. Prior to 2006 

4.4. Historical trajectories 

 

 

4. 1. Introduction 

 

Land cover is the biophysical expression of land use. Land uses change over the 

years influenced by social, economic and political contexts that can have a local, 

regional, national and international source. Therefore land use history should relate 

to changes in landscape structure and the vulnerability of indigenous forest.  

 

As with New Zealand in general, Northland’s production and economy depend on 

national and international trends because of export-focused production, such as 

agriculture, forestry and tourism (Anderson and Moran 1983; Maunier et al. 1985, 

Blunden et al. 1995). As Fenton in 1965 stated: “the allocation of New Zealand 

resources of capital, labor, and land is a much more complex business than a first- 

level ecological question of whether land will grow grass or not, yet such appears to 

have been the predominant basis for allocation of land, and hence of resources to 

date” (cited in Le Heron and Roche 1984). 

 

Governmental assistance to specific economic sectors through financial methods, 

preferential development funds or policies, or by provision of services such as 

research and extension (Maughan and Ward 1978) could define which land use 

would be prevalent. Therefore the way land was incorporated into the production 

process could be related to land cover changes. 
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The land use history of the Northland region was analyzed in this chapter, to assess 

the influence of socio-economic drivers of land change across time. As result of the 

historical review of key events, expected changes in land cover were presented to be 

compared later with quantitative changes in the landscape. 

 

4.2. Methods 

 

An overview of the major socioeconomic and political events in the region was made 

for the study period. The analysis focused on milestones occurring at the national or 

regional scale that might be reflected in the study area.  

 

Farm, forestry, settlement and conservation incentives were compiled as well as 

legislation related to each sector. Some of these represent threats that might be 

expected to compromise the existence and persistence of the indigenous forests (such 

as production oriented policies, incentives and legislation). Others represent drivers 

which produce the opposite effect: they can mitigate or avoid change (such as 

conservation oriented policies, incentives and legislation).  

 

Five sections were separated in the analysis to allow a later comparison with five 

land cover inventories. Therefore the study was undertaken in five steps: describing 

land uses prior to 1942, prior to 1961, prior to 1984, prior to 1999 and prior to 2006. 

The analysis of the historical events allowed present several hypothesis about how 

the contemporary situation for each period were expressed in the landscape. 

 

Commonly used socioeconomic data relating to land cover change such as 

population, density of roads and distance to cities, were not used in this thesis. They 

have the possibility to be represented spatially; however, they were not considered 

useful factors for this landscape study because: 

-  There are no big cities or towns. The largest population is ca 600 inhabitants 

in Opononi- Omapere (NRC 2002). 

-  Density of roads has been almost the same during the period of study and the 

principal road of the area (State Highway 12) goes through the principal 

reserved area (Waipoua forest). 
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-  Distance to cities is not relevant to any point of the study area. They are all 

almost the same distance from the principal towns and cities.  

-  Until the 1950s statistics were not available for the Northland region. Before 

this time data were from North Auckland region
1
. 

 

4.3. Review 

4.3.1. Prior to 1942 

 

In pre-human times New Zealand was a land with about 85% of the total area 

covered with forest and scrub (Meurk 1995).The first human occupation begun with 

Polynesian settlements shortly before 1000 yr B.P. (McGlone 1989). The established 

Maori hunters and fishers also used the resources of the forests to build their houses, 

canoes, and as food supply (Ministry of Works 1964). The forest was cutover and 

replaced by bracken fern (Pteridium esculentum) and manuka (Leptospermum 

scoparium) scrub. Although Maori practiced burning land for crops, some two-thirds 

of New Zealand was still densely forested when the first European arrived in 1769 

(NZFS 1964). 

 

In Northland, whaling stations were established before 1800 and several ports of call 

were created to shelter the ships. Associated missions and trading posts were 

founded at the beginning of the nineteenth century. Economic growth created new 

opportunities: Maori agriculture up-surged and the commercial exploitation of native 

forests began (NZFS 1964). 

 

The Treaty of Waitangi was signed in 1840 by representatives of Queen Victoria and 

Maori tribes. It established British governance of New Zealand, while also affirming 

the rights of the Maori to their lands, forests, wildlife and fisheries. But also the 

British crown reserved the right to purchase land from the Maori inhabitants for the 

settlement of European immigrants (Plunket 1971?). 

 

                                                 
1
 North Auckland region included Rodney, Waitemata, Great Barrier Island, Manukau, Franklin and 

Eden, part of the Auckland region nowadays. 
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By the early 1830s there were over 200 Europeans in Northland, more than 

elsewhere in New Zealand at that time (Ministry of Works 1964) but it was after 

1850 that the European settlement was more remarkable. The offering of large areas 

of Crown-owned land for private purchase brought a big influx of immigrants. In the 

1850s and 1860s a number of planned settlements were established in Northland 

(Ministry of Works 1964). 

 

European farmers continued to clear forests to develop land for farms. Fern and 

scrub lands were converted to pasture (NZFS 1964). As European settlement 

increased, as also did the requirements of wood for housing, fuel-wood, fencing, 

gold mining and construction, resulting in the development of  a local timber market 

(Rhodes and Novis 2002). 

 

Much of the cleared forests reverted to fern and scrub especially during the period of 

the World War I (1914-1918) when labour-shortage was a problem. This 

encroachment tendency reversed during the post-war years when land was used for 

settlement of returned servicemen (e.g. Discharged Soldiers’ Settlement Act 1915, 

and Amendment Act 1923) (NZFS 1964). Land reversion happened again during the 

Great Depression (1929- 1930) when economic downturn affected not only North 

America and Europe, but also other countries such as New Zealand. As a 

consequence, much land was colonized by manuka scrub or by exotic weeds (NZFS 

1964). 

 

Northland had a favourable climate, but the region did not develop agricultural 

activities as in the rest of the New Zealand (Northland Regional Development 

Council 1978). Small farming communities worked only the most fertile soils (NZFS 

1964; Northland Regional Development Council 1978) and English grasses and 

British breeds of sheep and cattle were introduced (Ministry of Works 1964).  Native 

timber resources were almost exhausted and required a change to an agricultural 

economy. The economy of the region became increasingly based on mixed farming 

and gradually gave way to a specialized pastoral farming (Ministry of Works 1964). 

 

During the first two decades of the century there was a considerable expansion of the 

grassed area in Northland. Lowlands and valleys were developed for dairying, and 
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hill country and areas of scrub and second growth were cleared and developed for 

sheep farming (Ministry of Works 1964).  

 

Since the 1920’s pastoral agriculture has been the major industry of Northland 

(NRDC 1978; Anderson and Moran 1983). The production was easier by the 

application of fertilizers, planting of exotic grasses and new knowledge in soil 

science (PCE 2004). Also, the mechanisation of farming since the 1930’s (e.g. 

introduction of tractors and milking machines) increased agricultural activities 

(Maughan and Ward 1978). Completion of the railway, and later in the 1930’s the 

road improvement to Auckland also helped regional development (Ministry of 

Works 1964). A rapid expansion of overseas markets for meat and dairy, the 

development of refrigerated cargo vessels, the opening of the Panama Canal (1914), 

the 2
nd

 World War and post-war demands of European market, generated a great 

increase in agricultural and pastoral production (NZFS 1964). 

 

Some subsidies on the transport of most fertilizers, as well as government sponsored 

reorganisation of the dairy industry in the 1930s, together with a strong control of 

imports – from 1938 to 1950- by the government (Maughan and Ward 1978) 

facilitated the growing pastoral production. In the period of the 1920s to 1940s the 

national meat and dairy production doubled and wool production tripled (Langer 

1990) 

 

With respect to settlement incentives, it was not until the depression years of the 

1930s that the Government undertook the first large-scale land development schemes 

in Northland. During the 1930’s, development of Crown lands was continued by the 

Department of Lands and Survey, and the development of Maori land was 

commenced by the Department of Maori Affairs. Land development was a means of 

providing work for the unemployed, so that emphasis during this period was placed 

on methods requiring the greatest use of manpower. By 1940, 198 farms comprising 

7,225 hectares were settled in the North Auckland Land District by the Lands 

Department (Ministry of Works 1964). 
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Indigenous forest was heavily exploited since 1800, but was slow- growing and 

difficult to regenerate for all practical purposes. By 1870 concerns began about the 

management of these resources, and some scientists and politicians agreed that the 

country would need new timber resources: from imports or new plantation forests 

(Roche 1990). But priorities were more about the promotion of European settlement 

and the need of rapid economic development through agriculture rather than 

deforestation of native forests. Because of it the first legislative projects of 1874 (the 

First Forest Act) and 1885 (the State Forest Act) were short lived (Rhodes and Novis 

2002). The government organized the National Timber Conference in 1896 and 

began with afforestation initiatives under the Land Department, promoting the use of 

lands unfit for agricultural or pastoral purposes (Rhodes and Novis 2002). Planting 

of exotic species in Northland began in 1904 with Puhipuhi State Forest the first 

state exotic plantation.   

 

The administration of State forests and related afforestation activities in New 

Zealand was for many years under the control of the Lands and Survey Department, 

but the increasing concerns about growing demand of wood and timber supply 

resulted in the formation of the Forestry Department in 1919 (Langstone and 

Entrican 1940). The Forest Act 1921 emerged, establishing the provisions to 

conserve and protect the indigenous forest and the creation of new resources by 

planting of exotic timber trees. It also reorganized the Forestry Department changing 

its name to the State Forest Service as administrative authority of the Act. 

 

The first National Forest Inventory, which was held from 1920 to 1923, found that 

the remaining natural forests could not meet New Zealand’s wood demand 

(Nagashima et al. 2003) and the government began a large-scale afforestation of 

exotic forests between 1925 to 1936 (NZFS 1964). In this period, between the wars 

and coincident with the Great Depression times, there were high unemployment rates 

throughout New Zealand. The provision of tree-planting incentives was a way to 

offer work to the unemployed (NZFS 1964). Supplying seedlings to settlers at cost 

price for farm planting and extension by the government were also part of the 

strategy of forestry production.  
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Therefore, Northland together with other areas in New Zealand experienced since 

1925 a boom planting period (NRDC 1978).  The 1
st
 major exotic plantings began in 

Waipoua State Forest in 1925 (Blunden et al. 1995). But the outbreak of World War 

II made it necessary that the Forest Service devoted major attention to regulating the 

supplies of timber to provide for war needs, therefore the planting rate was reduced 

(NZFS 1964). 

 

Kauri (Agathis australis) had played an important role in the economy of New 

Zealand during the first periods of colonization and had its major expression in 

Northland (NRDC 1978). The exploitation of timber and its product: gum, provided 

the main source of employment in this region (NRDC 1978) and according to 

Hingley (1980) “during the 1880s and 1890s, gum was the Auckland province’s 

second largest export, and earned almost twice as much as wool and three times as 

much as timber”. 1898-1907 marked the peak of gum production and export 

regarded as the Golden Age (Smith 1952). The extraction of the resin was principally 

from fossilized deposits of kauri forests with accumulated exudations buried in soil. 

These deposits could lie beneath kauri forests but principally extracted from the 

“gumlands”. Gumlands were formerly forested areas, and later infertile and ill-

drained lands covered with manuka and bracken ferns (Smith 1952). 

 

The cut of kauri timber felt dramatically between 1926 and 1934; factors such as 

wars, economic depressions, synthetic resins or substitutes, reduction in availability 

shipping were the causes of that decline (Smith 1952). It recovered by 1935 

(economic post depression) (NRDC 1978). But since 1940 forestry based on kauri 

almost disappeared (Anderson and Moran 1983), even though in 1938 the principal 

timbers milled in New Zealand were from native trees (81%)(Table 4.1). In addition, 

the scrub and especially manuka, were commercially important as wood for fuel 

(Ministry of Works 1964). 

 

Langstone and Entrican (1940) commented on forestry policy at the time: “It has 

two purposes: the maintenance of climatic, soil, and water equilibrium, and the 

supply of timber and other forest- produce. Owing to its influence upon agriculture, 

the former objective- the conservation of the protection forests- is of the greater 

national significance. Conservation may be defined as the preservation of the forests 
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by wise use, and the intensive management of these forests will assist to solve the 

problem of timber supplies. It is with this latter consideration that the establishment 

of exotic forests is most closely associated”. 

 

This was an indication that conservation incentives by these times were focused on 

conservation of soil resources as a protection to production activities. The Land 

Drainage Act dated from 1908 and the Soil Conservation and Rivers Control Act 

from 1941, made provisions to prevent erosion and flood damage. Especially the 

1941 Act specifies the retention of forest cover when necessary. 

 

In terms of protection of native forests, the first protected area in Northland (the 

Wairua Falls) was declared in 1901. Between 1906 and 1912 the Waipoua State 

Forest Reserve boundaries were defined (9,146 ha) and from 1920 were extended to 

take in 16,187 ha (NRDC 1978). The Government policy was declared to preserve 

Waipoua Forest in its entirety, but milling continued from about 1923 (McGregor 

1948). From this period the first Non Governmental Organization (NGO) about 

conservation appeared in New Zealand. The Native Bird Protection Society -now 

Royal Forest and Bird Protection Society- was established at a public meeting in 

1923. Their mission statements are: “ to take all reasonable steps within the power of 

the society for the preservation and protection of the indigenous flora and fauna and 

natural features of New Zealand for the benefit of the public, with special reference 

to the native forests and birds” (RFBPS 2005) . 

 

The Native Plants Protect Act 1934 was declared and became one of the first laws 

regarding the protection of native biota.  
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4.3.2. Prior to 1961 

 

During World War II (1941- 1945) pastoral production was markedly reduced 

(NRDC 1978). Lack of manpower and restrictions on fertiliser imports were some of 

the factors contributing to it, and land development carried by the Department of 

Lands and Survey diminished (Ministry of Works 1964). 

 

Large-scale development began again in the post-war years when the return of 

servicemen from overseas promoted a resettlement programme in 1946 (NZFS 

1964). The Land Act 1948 was declared, to consolidate and amend enactments 

relating to the lands of the Crown, and later the Maori Reserved Land Act 1955 in 

relation with Maori lands. Forest, scrub and swamp were converted into farming land 

(Ministry of Works 1964) as they were considered improvements by the Land Act 

1948. By the late 1950 the demand for farms by ex-servicemen had been largely met, 

and in 1961 the Government decided to abolish the servicemen’s preference (NZFS 

1964). Scrub and ferns were replaced by pastures, nevertheless as the Ministry of 

Works (1964) stated: “though there is still much waste land”.  

 

From 1945 began a period of intensification of agricultural activities (Molloy 1980). 

By this time dairying and intensive sheep farming (fat lamb production) were the 

main forms of land use in Northland, with extensive sheep farming (wool and store-

sheep production) on the poorer soils (NZSF 1964). During the period 1923- 1961 

the number of livestock units increased by 142.9 per cent, the greatest increase being 

in the decade 1951 to 1961 (Ministry of Works 1964). Although the overall livestock 

proportions in 1961 were very similar to those in 1931, the general development 

towards more intensive farming resulted in a change in production from wool and 

store stock to dairying and meat production (Ministry of Works 1964). 

Diversification of markets such as the North American beef market (Maughan and 

Ward 1978) was part of the incentive.  

 

New technologies resulted in a rapid progress in production since 1950 (Le Heron 

and Roche 1984). Better knowledge of the soil and soil deficiencies, and especially 

the use of heavy agricultural machinery and widespread aerial application of 
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fertilisers and seed (NZSF 1964; Maughan and Ward 1978) made possible the 

conversion of great areas of scrub and fern into pastures even in steep hill lands or 

previously inaccessible areas (PCE 2004). 

 

According to Maughan and Ward (1978) during the last years of recession and 

WWII (1938- 1950) the Government had the direct control of imports by import 

licensing. By the early 1950’s farm exports were so good so that the controls on 

importing were progressively liberalised up to the end of that decade. But a fall in 

the wool price resulted in the government protecting the economy with restricted 

import licenses from 1958 to 1960 (Maughan and Ward 1978).  

 

As happened with agriculture after the World War II forestry production rose 

gradually again after 1945 principally because of planting in State forests (NRDC 

1978). Previous legislation governing forestry matters was revised and consolidated 

in the Forest Act 1949. A new Minister of Forests became in charge of the new New 

Zealand Forest Service (NZFS 1964) which had a long-term aim to decrease the 

pressure on indigenous forest timber and increase the exotic plantations to reach the 

country’s needs (Memon and Perkins 2000). But the intentions for a sustained yield 

management with indigenous forests were delayed, because government housing 

policy concentrated on the use of native resources (Roche 1990). Even though the 

National Forest Survey (1946- 1955) revealed strongly depleted indigenous forest 

resources (Memon and Perkins 2000). 

 

Between 1950 and 1962 exotic forestry plantings increased slowly (Mc Lean 1978; 

Rhodes and Novis 2002). A new kind of wood coming from the plantations of thirty 

or more year earlier (Le Heron and Roche 1984) stimulated the Forest Service and 

the pulp and paper industry concentrated efforts into improved utilization. Radiata 

pine timber was different to high quality indigenous timbers and represented changes 

in processing and uses (Rhodes and Novis 2002).  By 1962 the total area of exotic 

plantations in Northland amounted to nearly 10,117 ha which formed less than 3 per 

cent of the national exotic timber resource; the New Zealand Forest Service 

controlled 4,646 hectares and 5,046 hectares were owned by forest companies, local 

authorities, other Government departments, and private individuals (Ministry of 

Works 1964). 
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Forestry control policies applied only to State forests. There was no broad national 

control of private forests, except provision in the amendment of 1959 to the Soil 

Conservation and Rivers Control Act 1941, under which the Government had 

powers to prevent the felling of timber in any ownership where the retention of the 

forest cover is necessary to prevent erosion and flood damage (LeHeron and Roche 

1984). 

 

The formerly leading industry: kauri-gum extraction, disappeared by 1952, even 

though approximately 25% of Northland’s fifteen thousand square kilometres were 

“gumlands” (Smith 1952). 

 

The greater part of all remaining native forest was hardwood forest containing only 

occasional kauri or podocarps. There were extensive areas of mixed forest and scrub 

land where hardwoods invaded and replaced scrub land (NZSF 1964). 

 

Major inroads were made in Waipoua Forest in 1943 when timber was extracted for 

building of boats during World War II (Ministry of Works 1964). Timber removal 

continued until 1952 when a 9,105 ha forest sanctuary was established (Sale 1978 

cited in Ogle 1982). In the next year, the Wildlife Act 1953 was declared to protect 

and control wild animals and birds, a first step in biodiversity conservation. 

 

By 1964 the New Zealand Forest Service controlled approximately 64,750 ha of 

indigenous forest in Northland, which amounted to over one- third of the total 

indigenous resource (Ministry of Works 1964). 
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4.3.3. Prior to 1984 

 

From the 1960s the government expenditure increased to support agricultural 

production (McLean 1978) and was kept this way until to the mid- 1980s. The 

improvement of the traditional activities (such as pastoral products) and development 

of new exports were the goal, based on a strong governmental intervention through 

scientific, economic, legislative and political encouragements.  

 

The organization of meetings such as the Agricultural Development Conference 

1963- 1964 and the National Development Conference 1968-1969 also identified the 

necessity of how to expand agricultural production and export. The incentives for 

research and extension enabled farmers to increase production: improved stock 

breeding, electric fencing, improved irrigation systems and tanker collection of milk 

were examples of these new technologies and knowledge (Maughan and Ward 

1978). 

 

The Water and Soil Conservation Act 1967 was declared by “bringing together all 

management of natural water, including flood control and drainage, water supplies 

and pollution, as well as conservation of soil” in support of the productive activities. 

 

These decades were affected by several economic crises such as the Wool Price 

Crisis in late 1960s and the Oil Price Crises in 1973 and 1979. Therefore the State 

policy was focused on protecting the economy (McLean 1978). Due to decreasing 

agricultural returns (Rhodes 2001) the government introduced a series of incentives. 

On one hand it was through subsidisation of farm inputs such as fertilizer and 

herbicides (Maughan and Ward 1978). On the other it was through tax breaks for 

development and discounted loans (Rhodes 2001) such as concessionary loans from 

the Dairy Board and low interest loans from the Rural Bank (Maunier et al. 1985). 

 

The entrance of the United Kingdom (traditional market for the New Zealand 

products) into the European Economic Community in 1973 represented a restriction 

on exports to that market (Mc Lean 1978; Maunier et al. 1985; PCE 2004). This 

prompted to diversify markets, resulting in new trade agreements with other 

countries.  
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As a result beef production was stimulated (Maunier et al. 1985) and in 1978 a 

Supplementary Minimum Price scheme on beef supplemented farm incomes 

(Rhodes 2001). As a consequence specialised beef farming expanded at expense of 

dairying (Maunier et al. 1985) (Table 4.2). The number of beef farms in Northland 

increased from 5 per cent in 1960 to 26% in 1980, while dairying decreased from 

52% in 1960 to 22% in 1980 (Blunden et al. 1995). Both kinds of farms shared the 

same land cover: part high quality pasture, rough grazing, scrub and native forest.  

Nevertheless, according to Maunier et al. (1985) farms that remained in dairying 

increased their area in pasture, mainly by converting scrub to pasture, while non-

dairy farms did not improved the quality of their land. But on both dairy and non-

dairy farms the proportion of the farm in native forest did not change during the 

1980s. 

 

Land Development Encouragement Loans (LDELs) also provided by the 

government since 1978 (Maunier et al. 1985) were introduced to increase land 

production: the loan would be written off if the land was kept in a developed state for 

five years (Rhodes 2001). As priority was given to clearance of unimproved or 

reverted hill-country land (Ministry of Agriculture and Fisheries 1981), it was 

widely adopted by farmers in Northland where most farms still had areas in 

undeveloped land (Maunier et al. 1985). 

 

Diversification to other production systems also occurred in Northland, for example 

horticulture. This type of production was localized in places with favourable physical 

resources, state-supported infrastructure, and proximity to an urban centre and 

irrigation schemes subsidies (Maunier et al. 1985). 

 

The search for new exports, the demands of an increasing population, and the decline 

in indigenous resources generated the “second boom” of afforestation by the 

government (1960- 1985) (LeHeron and Roche 1984; Memon and Perkins 2000). 

The government progressively introduced a range of support measures to accelerate 

tree planting on private land, driven by the New Zealand Forest Service Forestry. For 

example the Forestry Encouragement Act 1962 which continued during the 80s 

(NZFS 1983), provided financial help for the establishment and maintenance of farm 

woodlots and forest plantations (Blunden et al. 1995). Another example was the 
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Land and Income Tax Amendment Act, 1965, that allowed expenditure on forest 

planting to be claimed against any sources of income (Maunier et al. 1985).  

 

As happened with the agricultural activities, several meetings were organised to give 

impetus to forestry production. The first comprehensive national forestry-planning 

model was prepared by the New Zealand Forest Service for the 1969 Forestry 

Development Conference, setting Northland as Priority 2 in the national planting 

targets. The Second Forestry Development Conference, in 1975 was a forum for 

reconstituting indigenous forest policy (Le Heron and Roche 1984). In the 1981 

Third Forestry Development Conference Northland became Priority 1 for planting 

(Le Heron and Roche 1984).  

 

The plantation estate grew from 352,000 hectares in 1960 to over one million 

hectares by 1984 in the whole of New Zealand (MAF 2004), of which half was on 

private land (Rhodes and Novis 2002). In Northland, the area planted by private 

companies rose by 25,988 hectares between 1960- 1980 with 15,950 ha of this total 

being planted after 1976 (Conway 1975) exceeding that of the state for the first time 

since the mid 1930s (Wheeler and Moran 1985). By 1984 there were 72,089 ha 

planted in Northland (Wheeler and Moran 1985).  

 

In 1972 a government body, the Land Use Advisory Group, was created to increase 

knowledge of available land resources and develop guidelines for effective and 

rational use of especially Crown- land (McLean 1978). The New Zealand Land 

Resource Inventory (NZLRI) was then established in 1973. This national survey of 

physical land resources established land capability criteria to attempt to resolve the  

demarcation between agriculture and forestry land, i.e. better lands for agriculture, 

and forestry restricted to land unsuited to agriculture (McLean 1978). 

 

In this period there were forest habitat losses of 13,153 hectares in Northland, 

attributed, in the main, to forestry incentive loans which encouraged the conversion 

of areas of scrub and indigenous forest to pine plantations (Ogle 1982). Prior to a 

policy change in the mid 1970s, some of New Zealand’s planted exotic production 

forest was planted on harvested (and usually degraded or degrading) indigenous 
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forests: a form of reforestation sometimes called exotic conversion (Wilson and 

Memon 2005). 

 

It was in the early 70’s that a worldwide ecological movement began. Since 

Stockholm 1972, with the United Nation Conference on the Human Environment, 

the “environmental crisis” began to occupy an important place in the considerations 

of a new international order. Since that time, an awareness process developed the 

necessity to incorporate preventive and corrective environmental measures to reduce 

the environmental impacts of the production and consumption. The creation of the 

United Nations Environment Programme (UNEP) strengthened the efforts of the 

International Union for the Conservation of Nature and Natural Resources (IUCN 

founded in 1948, now The World Conservation Union) to provide solutions to the 

destruction of natural resources and degradation of environmental quality. At the 

same time, different governments incorporated within their structures, ministries or 

agencies in charge of introducing the environmental dimension into development 

planning processes. 

 

In New Zealand, environmental NGOs strengthened their role during the 1970’s. In 

1975 a series of forest campaign groups formed the Native Forests Action Council 

(NFAC) - later the Maruia Society (1988) and finally the Ecologic Foundation 

(1999)- to head a campaign for native forest protection. The organization and 

opposition of these groups to continued production from indigenous forests led to the 

cessation of afforestation on cut-over indigenous forestry land (Mc Lean 1978). 

 

In 1977 the Reserves Act was established in relation to public reserves  “to make 

further provision for their acquisition, control, management, maintenance, 

preservation (including the protection of the natural environment), development, and 

use, and to make provision for public access to the coastline and the countryside” 

(Reserves Act 1977). This legislation opened the possibility of conservation funding 

therefore the government was able to protect areas of indigenous forest through 

acquisition. Besides the protection of indigenous forests in state lands, other 

mechanisms were developed to protect them in private lands. In the same year the 

Queen Elizabeth II National Trust was established to encourage the protection of 
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landscape features including indigenous forests, through a system of covenants
2
 

(Memon and Hawes 2000). A separate covenant system also operated for Maori land 

(MAF 2004). Also the Town and Country Planning Act 1977 gave territorial local 

authorities the ability to regulate the logging of indigenous forests on private land 

(Memon and Hawes 2000).  

 

The New Zealand Native Forests Restoration Trust (NGOs) was established in 1980, 

with the objective to encourage and undertake restoration of degraded indigenous 

habitats and plant communities. The Trust worked towards this objective through 

planting trees in existing reserves, purchasing land for conservation purposes, 

working in collaboration with other conservation groups and government agencies, 

and in writing submissions to district and regional councils over logging and 

conservation issues. The reserves established by the Trust are protected in perpetuity 

through Queen Elizabeth II National Trust open space covenants and also through 

the Trust’s own consideration (Blunden et al.1995). 

 

A conservation perspective was established in the National Parks Act 1980 with the 

purpose of “preserving in perpetuity as national parks, for their intrinsic worth and 

for the benefit, use, and enjoyment of the public, areas of New Zealand that contain 

scenery of such distinctive quality, ecological systems, or natural features so 

beautiful, unique, or scientifically important that their preservation is in the national 

interest”. Even though the Act represented a huge advance in conservation matters, 

to date there is no National Park declared in Northland. 

 

The Reserves Act included a commitment to work toward establishment of a 

protected area system which was representative of the full range of ecological 

diversity in the country. To meet this commitment, the Protected Natural Areas 

Programme (PNAP) was initiated in 1982 to undertake a rapid survey of remaining 

natural areas to identify those meriting protection (MfE 2000). From this time an 

extensive series of inventories was begun through out the country and are still the 

basis of any vegetation reference. This programme is continuing (its original 10 year 

timeframe being unattainable).  

                                                 
2
 Payment compensation to farmers for losing potentially productive land (Wilson and Memon 2005). 
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4.3.4. Prior to 1999 

 

New Zealand went through a process of major change with the new government in 

1984. Macroeconomic reforms and state restructuring were a major part of the 

changes. This was the time of the World Trade Organisation “Uruguay Round” when 

multilateral negotiations from 1986 to 1994 brought massive changes to the world’s 

trading system, among them the end of agricultural subsidies (WTO 2006). 

 

The strong intervention of the State ceased and the highly protected economy 

became market- oriented and aiming to compete effectively and on its own merits in 

international commerce (Memon and Perkins 2000). 

 

The search for efficiency in resource uses (MAF 1996; Memon and Perkins 2000) 

resulted in the dismantlement of agricultural subsidies and controls, previously 

aimed at protecting pastoral farming (Stillman 2005). The previous support measures 

including minimum prices for wool, beef, sheep meat, and dairy products; land 

development loans; fertiliser and irrigation subsidies; and subsidies for soil 

conservation, flood control and drainage schemes there were all removed (MAF 

1996). 

 

As a consequence potential marginal farmlands, once cleared with the help of land 

development subsidies were no longer used and reverted to scrub (Stillman 2005) 

becoming uneconomic land for agricultural production (MAF 1996).This led to a 

decline in the value of agricultural lands (Stillman 2005) and shifting traditional uses 

such as sheep and beef farming to forestry, horticulture, viticulture and organic 

products (Bradshaw 1998).  

 

Modification of the institutional framework resulted in state agencies being either 

abolished or restructured. It was the time of the privatisation/corporation of the 

resource production: sectors such as mining, forestry, lands and electricity generation 

were transferred to state-owned corporations or privatised (Blunden et al. 1995; 

Memon and Perkins 2000). The State-Owned Enterprises Act 1986, the Treaty of 
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Waitangi (State Enterprises) Act 1988 and the Crown Forest Assets Act 1989 were 

part of the legislative innovations to support that political decision. It was in 1987 

that the New Zealand Forest Service was dissolved and a large proportion of State 

forests sold. Government’s forest assets were split between the Department of 

Conservation (to manage protected native forests) and the New Zealand Forestry 

Corporation (to manage plantation forestry). Since then, most of the Corporation's 

plantation forests were sold to private companies (by 1989 they represented around 

65% of the ownership of Northland’s plantation forests) (NZ Forestry Corporation 

Limited 1989). Those changes in the forestry framework resulted in a decline of the 

rate of afforestation throughout New Zealand between 1985 and 1990 (Kininmonth 

1997). But as a result of the change in the taxation system, high export returns from 

pine logs and private individual investments, the third boom of afforestation began in 

the 1990s (Rhodes and Novis 2002).  

 

Following the concerns began in the 1970’s, the United Nations created in 1983 the 

World Commission on Environment and Development (WCED) (aka Bruntland 

Commission) that set the initial worldwide debates on the environment and the 

concept of sustainability began to be used as a desire goal. The Report of the 

Brundtland Commission:  “Our common future” was published in 1987 and defined 

that "sustainable development is development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs". 

 

These concepts were included in new legislation in New Zealand: the Environment 

Act 1986 after the New Zealand Environment Forum (1984). The Act affirmed that 

“in the management of natural and physical resources, a full and balanced account 

should be taken of – the intrinsic value of ecosystems; all values which are placed by 

individuals and groups on the quality of the environment; the principles of the Treaty 

of Waitangi; the sustainability of natural and physical resources; and the needs of 

future generations” (Environment Act 1986). The Act named the Ministry for the 

Environment as authority and also established the office of Parliamentary 

Commissioner for the Environment (PCE).  

 

The Department of Land and Survey, New Zealand Forest Service, Wildlife Service 

and Commission for the Environment were disestablished and replaced in 1987 by 
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the Department of Conservation (DoC) and its regional conservancies, as part of the 

Conservation Act (1987) organization. As Memon and Hawes (2000) highlighted it 

was the first time in New Zealand that a single agency of central government had a 

conservation mandate. From this time, indigenous forests on land administered by 

the Department of Conservation were managed for protection. 

 

Pressure of conservation groups against use of private indigenous forest resulted in 

some protection policies. From 1990 the Government began with incentives to 

protect forests on private and Maori land respectively: Forest Heritage Fund (by 

legal covenant agreement, or purchase) and Nga Whenua Rahui (The Protected 

Land) (Memon and Hawes 2000). Also in 1991 a voluntary agreement between 

commercial forest and forest industry organisations and conservation groups was 

reached, the New Zealand Forestry Accord. It represented a code of practice that 

acknowledge that existing natural forest should be maintained, to ensure any use of 

wood for indigenous forest was on sustainable basis, and that new planted forests 

will not disturb areas of natural indigenous vegetation. 

 

It was the Forest Amendment Act 1993 (which updated the Forest Act 1949) that 

reinforced the protection of native resources. It established a prohibition on the 

export of indigenous forest products; a prohibition on the milling of indigenous 

timber, unless the concerned sawmill was registered and the timber has been 

harvested under certain conditions; and a system of sustainable management plans 

for indigenous forests on private lands.  Private owners of indigenous forest who 

wished to harvest trees must have a Sustainable Forest Management Plan or Permit 

approved by Ministry of Agriculture and Food (MAF) and registered against the land 

title before harvesting can start. “Plans and Permits required forest land to be 

managed in a way that maintains the ability of the forest growing on that land to 

continue to provide a full range of products and amenities in perpetuity while 

retaining the forest’s natural values including flora and fauna, soil and water quality 

protection” (MAF 2004). 

 

An important step toward sustainability was achieved with the Resource 

Management Act (RMA) in 1991. Before 1991, the management of natural and 

physical resources was subject to more than 20 separate statutes, sometimes facing 



Chapter 4: Historical period analysis 

 

 100 

contradictory rules (Stillman 2005). The RMA was brought in to replace these 

statutes, empowering local and regional councils to promote sustainable management 

of natural resources. Through regional and districts plans each council regulates and 

control the environmental effects of any activity (Memon and Hawes 2000). The Act 

requires resource consents for the clearing of vegetation (of any type, including 

natural and planted forests, and for any reason) above prescribed limits which vary 

according to the region or district, but are rarely above 10 hectares (in Northland 

from 5 ha). The protection of areas of significant indigenous vegetation and 

significant habitats of indigenous fauna was a matter of national importance in the 

Act.  

 

4.3.5. Prior to 2006 

 

Intensification of agricultural production in New Zealand begun in the 1980’s and 

has continued to the present day (MacLeod and Moller 2006), without specific 

incentives. 

 

The ever- increasing restrictions on harvesting of the indigenous forest, and the 

development of what are effectively two distinct forest management categories, have 

encouraged the continuing development of the plantation industry (Rhodes and 

Novis 2002). 

 

The New Zealand Government released the New Zealand Biodiversity Strategy in 

March 2000. The strategy set national goals to conserve and sustainably manage 

New Zealand biodiversity, coordinated by the Department of Conservation (DoC and 

MfE 2000). It included a funding package in part allocated to supporting biodiversity 

conservation on private land (MAF 2004). That meant that forest owners and others 

could apply for funding to improve the condition of forest conservation areas or to 

covenant those areas (DoC & MfE 2000). In addition to the Biodiversity Strategy, 

the Minister for the Environment appointed a Ministerial Advisory Committee who 

produced a report: “Bio-what” giving advice on how to manage threats to indigenous 

biodiversity from the use of private land (MfE 2000). 
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The promotion of sustainable management was introduced in every productive 

sector. For example the MAF Sustainable Farming Fund was created in 2000. The 

aim was supporting rural communities to achieve economic, environmental and 

social sustainability, and provided grants for projects lasting from one to three years 

(MAF n.d.). The position of the PCE (2004) is that farming has to look for 

environmental sustainability not only short-term economic benefits. An example is 

the Dairying and Clean Streams Accord, signed on 26 May 2003, to reduce impacts 

of dairying on the quality of waters. 

 

The Ministry of Economic Development was created with their corresponding Act in 

2000, replacing the Ministry of Commerce. Since then, the position of the 

government regarding production was shaped in three documents. In 2002, the 

document “Growing an Innovative New Zealand” (usually refered as the Growth and 

Innovation Framework, GIF) set out the government’s approach to economic 

development to improve productivity and sustainable economic growth. It reflected 

the government policies and goals, and the Ministry of Economic Development  was 

responsible for its implementation (MED n.d.). Others included the Key Government 

Goals to Guide the Public Sector in Achieving Sustainable Development (DPMC  

n.d.) and the Sustainable Development Programme of Action (2003). The later was 

aimed to ensure that “the quality and durability of economic growth improves the 

well-being of all New Zealanders and the environment, now and for the future”. It 

established a set of objectives and principles to guide all government activity and 

policy development. Consideration of the long-term implications of decisions and 

respecting environmental limits; protection of ecosystems and promotion of 

integrated management of land, water and living resources were its basic points 

(PCE 2004). They also acknowledged the potential for future trade restrictions based 

on environmental considerations. 

 

In terms of exotic forestry, third party certifications of sustainable management 

practices were increasing in New Zealand forest management. Half of the country's 

plantations and one-third of the annual harvest are already third party certified, with 

the most popular being the Forest Stewardship Council (FSC) system (NZFOA n.d.). 

The FSC is an international association of members consisting of a diverse group of 

representatives from environmental and social groups, the timber trade and the 
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forestry profession, indigenous people's organizations, responsible corporations, 

community forestry groups and forest product certification organizations from 

around the world which promote responsible stewardship of the world’s forests. Its 

product label allows consumers worldwide to recognize products that support the 

growth of responsible forest management worldwide (FSC n.d.). 

 

Northland Regional Council through its Regional Policy Statement, fully operative 

in July 2002, promotes an integrated management of natural and physical resources, 

including biodiversity. The Statement considers the environment as a whole and 

recognising that changes, or the effects of human activities, in one area or on one 

resource, can affect other resources (NRC 2002).  This Regional Council has also set 

up an environmental fund to help improve and protect Northland's natural 

environment, including its indigenous biodiversity.  

 

4.4. Historical trajectories 

 

From the former reviews, the general trajectories of the different periods can be 

summarised as follows: 

 

Before 1942 the time of European colonization and settlement and the prevalence of 

agricultural land uses. Land development in unproductive and reverted lands was 

made by the clearing of second growth vegetation (scrub, fern principally) by felling 

and burning. The opening up of the country with topdressing and sowing, the 

consolidation with the introduction of breeding stock and the gradual build up of 

fertility allowed land to be subdivided and farmed in individual holdings.  

 

The most fertile soils were farmed, but also large areas of indigenous forests were 

cleared for pasture. Besides, indigenous forests had importance as timber supply, 

especially kauri in the beginning of the colonization. Scrub was used as a fuel 

resource and cleared to give way to pastoral activities. 
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Worries about the depletion of indigenous forests based on expectations of a 

domestic wood shortage, resulted in the beginnings of forestry.  Exotic forestry was 

developed in relatively low productivity areas, i.e. in non-agricultural lands (Blunden 

et al. 1995).  

 

The role of the government was one of strong intervention: land developer and large-

scale planting. As result, policies were focused on settlement and production. Terms 

such as conservation or preservation were not broadly present in the discussions, 

only as secondary objectives: forests were considered as means of maintenance of 

soil and water equilibrium (protection forests) because it was an important condition 

for agricultural production. 

 

Table 4.1.  

Relationship between native and exotic sawn timber in New Zealand, from 1942 to 2005. 

 Relation between native and exotic sawn timber (%) 

Species of timber  1942 1961 1984 1999 2005 

Native species 81 45 7 1 0.07 

Pinus radiata 17 52 84 93 95 

Sources: From NZ Official Yearbook 1944, 1962, 1985, 2000, 2005. 

 

Between 1942 and 1961 two different movements can be identified. The first was 

characterised by diminished productive activities as result of the Second World War. 

With production halted, encroachment of previous pastoral areas by scrub 

(reversion) should show up as a manifestation of this decline. 

 

The second one was expressed by increasing settlement policies and incentives for 

agricultural production which resulted in an important expansion of pasture and 

increase in livestock. There was also the possibility of developing infertile hill 

country land because of the introduction of aerial top dressing, enabling use of 

previously inaccessible areas. Overall there was an intensification process which 

could imply a reduction in pastoral area and relaxing of pressure in scrub vegetation. 
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Forestry continued to develop, principally by the State, but still was restricted to land 

unsuited to agriculture usually located in steeper country, away from centre of 

population, and distant from lines of communication (Le Heron and Roche 1984).  

 

Indigenous forests still had importance for timber supply, even though exploitation 

of kauri gum and timber had ceased. Forest legislation protecting indigenous forest 

since 1949 was just applied to State lands.  

 

The role of the government was still one of strong intervention: land developer and 

large-scale planting. Their general policies were focused on production and export 

therefore concepts such as conservation and preservation were still secondary. 

 

Between 1961 and 1984 New Zealand was a country with high levels of 

government-financed incentives, not only for pastoral production, but also exotic 

forestry. From the late 1960s the expanded agricultural and massive afforestation 

ventures came into competition and conflict with each other (McLean 1978). Both 

groups were in competition for idle lands.  These areas, usually regenerating scrub, 

had been regarded as part of the land resource available for agricultural expansion.  

 

This second major wave of forest planting was initiated to meet expectations of 

increased domestic needs and the development of exports. Government forestry 

loans, forestry grants and a more favourable tax regime encouraged private sector 

planting. From mid-way through this period, the rate of private planting overtook 

government planting. 

 

Indigenous forests were still used as timber resources and also cleared to be 

converted to quickly- growing exotic pines. 

 

The State role was also strong through intervention and control. Themes such as 

conservation and preservation of natural resources began to enter in the discussion 

arena, but their effects were for the future.  
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Table 4.2.  

Livestock numbers in the Northland region from 1942 to 2005. 

 1942 1961 1984 1999 2005 

Sheep 1,150,838 1,291,846 2,228,921 583,770 553,239 

Dairy cattle 375,813 409,466 363,686 386,640 343,195 

Beef cattle n/d 254,502 563,228 543,395 469,262 

Sources: Evans 1956; New Zealand Official Year-Book (1944, 1962, 1985, 2000, 2005); 

n/d: no data. 

 

Between 1984 and 1999 administrative changes resulted in the removal of 

agricultural incentives. On some of the best sites, such as irrigated soils, horticulture 

displaced pastoral farming. Dairying expanded on to cattle fattening land during the 

1980s and 1990s (Maunier et al. 1985). Previous pastoral lands were converted into 

forestry as the profitability of forestry became more apparent competing for better 

quality land. In consequence, conversion of scrub land without the pressure of 

agriculture would not be expected. 

 

It was also the period when government exited from the forestry industry. There was 

an immediate decrease of exotic plantation during this restructuring of the 

government, but later a new impetus showed up with an increase and strong 

influence of private companies in the sector, motivated by an increasing market and 

favourable tax system. 

 

New conservation policies resulted in a virtual stop in the replacement of indigenous 

forest by plantations, with most new plantations established on formerly farmed 

land. Through the Resource Management Act 1991 consent process any area of 

significant indigenous vegetation or habitat for indigenous wildlife was set aside 

from production (Norton 1998). There was an increase in protection of natural 

forests and from there all Crown lands were fully reserved. Nevertheless there was 

still harvesting of indigenous forest on private land, even with restrictions due to the 

Resource Management Act requirements. This dual behaviour might be expected to 

result in no net changes in indigenous forest areas.  
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The substantial administrative changes produced an important change of role of the 

government, emphasising the role of the free market rather than intervention. 

 

Concepts such as sustainability, biodiversity, integrated management were more 

often incorporated into the legislative and productive framework.  

 

Between 1999 and 2006 the principal governmental policies were to develop an 

economy that adapts to change, improve productivity and sustainable economic 

growth. The government also had policies to protect and enhance the environment, 

focusing on biodiversity and bio-security strategies. 

 

There was a general trend to more intensive farming systems (PCE 2004) and the 

area of planted forests was extended. The pastoral area was reduced as a result of 

land use intensification and lack of incentives for this type of production.  

 

Planted forests were developed in former pastoral areas. Scrub cover, without the 

pressure of pastoral uses and forestry, might be expected to increase. Nevertheless, 

scrub could be also the source of the expected increase in indigenous forests. 

 

The general context was similar to the previous period in terms of intervention of the 

State. As such there are no direct interventions aimed specifically at a particular 

sector of the economy. 

 

Most of the New Zealand government’s policies and legislation were orientated to 

initiatives embracing all productive activities and aimed at creating a broad 

framework that promotes the sustainable use of resources. 
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Table 4.3. 

Synthesis of production incentives (European settlement, agriculture and forestry) and 

conservation incentives from 1942 to 2006 for the Northland region. 

 Incentives 

Transition 

years 

European 

Settlement  

Agriculture Forestry  Conservation  

1942- 1961* Nil/ High Nil/High Low Low 

1961- 1984 Nil High High Low 

1984- 1999 Nil Nil High High 

1999-2006 Nil Nil Low High 

* The WWII halted all promotions (1939- 1945) 

 

Based on the previous description and synthesis given in Table 4.3, it was expected 

that the increases in incentives for production, would result in an increasing loss of 

indigenous forests. But on the other hand, this could be countered by an increase in 

protection incentives, resulting in a reduction in loss of indigenous forests. Therefore 

the following land cover changes between 1942 and 2006 for the Northland region 

(summarized in Table 4.4) were predicted: 

 

Table 4.4.  

Hypothesized generalised changes in land cover in the Northland region, according to 

historical analysis of production and conservation incentives.  

 Land cover 

Transition 

years 

Indigenous 

forest 

Scrub Planted Forest Pastoral 

1942- 1961 - + or - + - or + 

1961- 1984 - - + + 

1984- 1999 0 + + - 

1999-2006 + - + - 

(+: increase; -: decrease; 0: steady). 

 



 




