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Executive Summary 

This report supports the development of the New Zealand Sustainability Dashboard 

(NZSD), a sustainability assessment and reporting tool for the country’s primary industry 

sectors.1 The environmental framework proposed for monitoring sustainable management 

of New Zealand production landscapes can be readily integrated with other NZSD 

frameworks focusing on the social well-being, good governance, and economic resilience 

dimensions of sustainability. The NZSD environmental framework has an overarching goal 

to protect, and where necessary restore, ‘agro-environmental integrity’, which we define as: 

The state which sustains the full potential of land and its natural capital, 

ecosystem processes and services to efficiently and indefinitely produce 

healthy, high quality food and fibre while enhancing natural heritage values and 

meeting global environmental change obligations.  

It recognises the need for an integrated management approach implemented across 

multiple spatial scales and governance jurisdictions to maintain livelihoods, social well-

being and restore ecological integrity in New Zealand. Four target outcomes of agro-

ecosystem integrity, 11 objectives and 22 indicators are proposed for NZSD to guide 

farmers, their communities, industry bodies, local and national policymakers, and the 

New Zealand public towards agro-ecological integrity (see schema on next page). The 

indicators are practical, locally grounded and universally acceptable, in particular being 

closely matched to systems currently being designed and tested by the United Nations’ 

Food and Agricultural Organisation (Sustainability Assessment of Food and Agriculture 

systems) and by the Department of Conservation and regional councils (a coordinated 

biodiversity monitoring and reporting system). The four target outcomes of the NZSD 

environmental monitoring programme are: 

1. Natural capital of production landscapes is maintained: Natural capital underpins 

biological production and sustainability of intensive farming in New Zealand. Examples of 

components of natural capital that will be monitored by NZSD include soil quality, availability 

of pollinators or nitrogen fixers, intact vegetation to keep the land intact and soils moist. The 

dashboard will monitor ‘ecosystem services’, the flows of materials (like food and fibre itself), 

energy, regulation benefits (like biological pest controls that allow farmers to use fewer 

pesticides) and information. Natural capital stocks combine with manufactured and human 

capital services to provide human welfare. The NZSD is designed to help farmers, industry 

facilitators, policymakers and regulators to combine forces to maintain flows of services by 

securing or building all these capital stocks. Three specific objectives are addressed that 

help maintain natural capital in New Zealand production landscapes: (a) maintaining 

ecosystem processes (focusing on soil, water, landcover, ecosystem disruption and 

pollination); (b) reducing agricultural pest threats (considering new and established 

agricultural diseases, weeds and pests); and (c) limiting environmental pollutants 

(assessing risk and persistence of toxins). 

2. Resilience of New Zealand agriculture is secured for future productive use: Farmers, 

industry, rural communities and the agricultural economy of New Zealand must learn how 

to deal with uncertainty and to adapt if they are to withstand new threats, shocks and drivers 

that challenge New Zealand agriculture as we know it now. Three key objectives are 

addressed to support building resilience of New Zealand agriculture for the future: 
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(a) minimising material and energy subsidies (considering renewable versus non-renewable 

resource use); (b) buffering against socio-economic pressures and shocks (focusing on 

agro-environmental financial investments and governance strategies); and (c) maintaining 

agro-biodiversity (assessing genetic stocks, beneficial species and landscape functional 

heterogeneity). 

3. Production landscapes contribute to national ‘natural heritage’ goals: A high proportion 

of New Zealand’s species are endemic (found nowhere else in the world) – making these 

species both valuable and highly vulnerable. New Zealand production landscapes occur in 

lowland, fertile and warm areas, which can support high abundance and diversity of 

indigenous biota. Natural ecosystems in these landscapes, however, are highly fragmented 

and potentially vulnerable. There is limited information available to demonstrate whether 

biodiversity representation and persistence is improving or not. Three key objectives are 

addressed to support national ‘natural heritage’ goals: (1) improving ecosystem 

representation and composition; (2) preventing extinctions and declines; and (3) reducing 

conservation pest threats. 

4. New Zealand meets global environmental change obligations: The United Nations 

Framework Convention on Climate Change established an international policy context for 

the reduction of greenhouse gas emissions and increases in carbon sinks to address the 

global challenge of anthropogenic interference with the climate system. Agriculture releases 

significant amounts of greenhouse gas emissions to the atmosphere; it will also likely be 

adversely affected by global warming. Two key objectives are addressed to meet 

New Zealand’s global obligations: (a) reducing greenhouse gas emissions and (b) 

increasing carbon sequestration. 

The environmental monitoring programme proposed here will now be road-tested by 

deploying NZSD prototypes in collaboration with Sustainable Wine New Zealand; ZESPRI 

and packhouses that grow, process and market kiwifruit; and a variety of natural resource 

and farming enterprises operating within Ngāi Tahu’s Ahi Kā Kai programme. 

The main next steps for development and refinement of NZSD’s agro-environmental 

integrity monitoring are: 

1. Integration with social, governance and economic frameworks within NZSD to form 

a common goal and harmonised data-gathering process to build a prioritised, 

minimum set of interlinked and composite indicators. As soon as practicable, a 

working party should be convened to integrate the NZSD monitoring frameworks 

with those currently being developed by New Zealand’s Department of 

Conservation and regional councils. 

2. Work with producers, industry facilitators and policymakers to agree on specific 

measures and scoring systems for each indicator. Start by co-opting some of the 

more fragmentary indicators already being monitored by each sector and then 

gradually migrating and broadening the scope of monitoring into a long-term and 

more comprehensive package. Linking to existing standards, thresholds and 

protocols will help. Smaller steps and smoother transition will be less disruptive than 

major redesign. 

3. Main priorities (based on importance and cost) are: soil status, land cover, energy 

use, beneficial species, landscape functional heterogeneity, and ecosystem 

representation and protection. 
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4. We expect agricultural and conservation weed and pest issues to be high priority in 

some catchments but not others, so we recommend that collaboration trials with 

regional councils and DOC target those catchments to maximise the benefits of the 

collaboration. 

5. Work with all stakeholders and kaitiaki to develop Māori and cross-cultural 

dimensions to indicators and their measures. 

6. Check and calibrate initial indicators for their scientific reliability and repeatability. 

Any indicators that fail the reliability checks outlined above should be rapidly 

modified to fix the problems or immediately eliminated from the NZSD framework. 

7. Broaden scope of monitoring to fill gaps: Start substituting or adding indicators to 

achieve the protection of the emerging multidimensional sustainability criteria. Gap 

analysis to guide this broadening should prioritise (a) existing sector risk and 

opportunity management plans, and then higher-level gap analyses to cover (b) the 

Response-Pressure-State-Benefits and (c) all ecosystem services categories. 

8. Ensure that NZSD doesn’t overburden producers: If necessary, eliminate indicators 

that (a) are not judged important or relevant, (b) that change slowly, (c) where a 

formal power analysis has demonstrated that reliable information or baselines have 

been obtained already, or that sampling can be rested for a while. 

9. Continually consult the producers and other stakeholders to refine the indicators. 

10. Deploy formal choice modelling to guide indicator refinement. The choice modelling 

can directly measure producers’ preferences for what to include in the beta-

generation NZSDs and demonstrate to the farmers that they are in the drivers’ seat. 

11. Start with least sensitive information to build trust and confidence among 

participants. 

12. Substitute performance-based indictors in the place of practice-based indicators 

where practicable. 

13. Substitute measureable indicators in the place of qualitative indicators where 

practicable. 

14. Research important indicators that are not yet ready for sector-wide deployment. 

Trials on a test panel of vineyards, wineries, orchards, farms and forests should be 

completed before sector-wide roll-out. 

We expect and encourage continual challenge and refinement of the agro-environmental 

integrity indicators proposed in our framework, and especially rapid evolution of the metrics 

used for each indicator as the NZSDs are operationalised. Nevertheless we have proposed 

a general framework that we hope is sufficiently complete and flexible to confront global 

and national needs, while still being cast in locally grounded and relevant terms for 

producers and agricultural industry sectors to future-proof what they do best: the efficient 

production of high quality food and fibre in a way that maintains the natural capital of the 

land and contributes to shared national and global goals for environmental care. 
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The New Zealand Sustainability Dashboards 

This report supports the development of the New Zealand Sustainability Dashboard 

(NZSD1), a sustainability assessment and reporting tool for the country’s primary industry 

sectors (Appendix 1). Over the next five years, the proposed framework will progressively 

be developed and adapted to create a separate NZSD to meet the specific needs of each 

participating production sector (kiwifruit, wine, pastoral, forestry and aquaculture) and 

related Ngāi Tahu Ahikā kai initiative2 (Figure 1). 

A companion report3 focuses on the general design criteria for monitoring sustainability and 

the special features of the NZSDs (see steps – in Figure 1). This report will now apply 

those criteria to design an overarching environmental sustainability framework and 

associated indicators for the NZSDs. Accompanying reports consider other components of 

sustainability: Māori culture,4 social well-being,5 economic resilience,6 farm management5 

and tools for communication and learning.7 A synthesis report5 highlights where integration 

of all these strands will add collective value and how overlap between indicators that are 

relevant to several dimensions will be managed. 

Our framework is designed to nest comfortably within the Sustainability Assessment of Food 

and Agriculture systems (SAFA) protocols8 that are about to be launched by the United 

Nations’ Food & Agriculture Organisation (FAO). The SAFA framework is the most 

comprehensive, practical and flexible of the 14 international frameworks and sustainability 

tools that we reviewed to ensure that the NZSD is globally relevanti. Both SAFA and NZSD 

focus on individual farming enterprises as the key site of monitoring, action and learning for 

sustainability – creating a ‘bottom up’ approach. The SAFA protocols are cast in such 

general terms that they allow the NZSD framework and indicators to simultaneously meet 

both local and international sustainability criteria. The universality and adaptability of SAFA 

protocols also enable the NZSD to deploy monitoring methods that can be assessed by the 

producers themselves. This reduces costs, increases coverage and improves statistical 

inference because all producers participate, thereby avoiding subsampling and chance. 

Best of all, self-monitoring and instantaneous feedback to individual farming families 

through the NZSD software and its online network makes monitoring much more than a 

purely compliance requirement: it will drive learning and improved performance that is tuned 

to the local ecology, land, financial, social and human capacity to produce food and fibre in 

an efficient, profitable and ethical way. 

While the design of this NZSD environmental monitoring framework is primarily rooted at a 

local orchard, vineyard or farm level, we have also designed it to meet the regional, national 

and global sustainability monitoring needs. In particular, we focus on aligning to a nationally 

coordinated system currently being developed and implemented for biodiversity monitoring 

and reporting by the Department of Conservation9,10,11 and the regional councils12,13 

(Appendix 1). This close alignment of the NZSD to such local and national frameworks is 

valuable because it will facilitate cross-scale linkages and integrated management 

throughout New Zealand. This will provide an opportunity for the NZSD to better support 

national environmental policy, state of environment reporting and coordinated sustainable 

land management advocacy. 

                                                
i See Table 1 and associated discussion in Moller & MacLeod (2013)3. 
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Figure 1: The New Zealand Sustainability Dashboard project map.1 
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The fundamental first step in developing an effective environmental monitoring design is to 

clearly define the goals and vision of the framework.14,15 Such goals are currently lacking 

for New Zealand production landscapes, hence we begin this report by briefly reviewing the 

special features of their ecology and agriculture in order to define a concept of ‘agro-

environmental integrity’ that makes sense for New Zealand. We then describe four target 

outcomes that are essential components of agro-environmental integrity: 

1. Natural capital of production landscapes is maintained 

2. Resilience of New Zealand agriculture is secured for future productive use 

3. Production landscapes have contributed to national ‘natural heritage’ goals 

4. New Zealand has met global environmental change obligations 

We then propose 11 objectives and 22 indicators under these target outcomes as the basis 

of the NZSD’s environmental sustainability monitoring. Our report ends by considering the 

next steps for operationalising and refining the framework. 

Agro-environmental integrity – a national goal for 
New Zealand production lands 

Meeting the needs of New Zealand’s agro-ecosystems 

Definitions for agro-environmental integrity and the design of a monitoring framework to 

attain it must be locally grounded if they are to be used and inspire local environmental care. 

This means that the target outcomes and indicators must closely match local ecological, 

social and economic risks and benefits.ii 

Special features of New Zealand ecology (Box 1) underscore particular needs to: 

 safeguard threatened species 

 maintain biosecurity 

 enrich relatively new soils derived recently from forests 

 prevent erosion 

 restore indigenous habitat (especially woody vegetation and wetlands) 

 manage keystone introduced species that provide ecosystem services 

 build motivation and capability to improve environmental care especially in low-

lying fertile landscapes. 

Special features of New Zealand’s society and economy (Box 2) dictate that those 

ecological challenges and opportunities will need to be achieved: 

 within a highly intensive form of agriculture that is already very efficient 

 by relying on imports of large quantities of ‘ecological subsidies’ (fertilisers, 

supplementary feeds, cheap energy sources) 

 little overt subsidisation or payment for ecosystem services from public funds 

 little regulation of what happens (or doesn’t happen) on private land 

                                                
ii See Moller & MacLeod (2013)3 for a discussion of the value of mapping these links to Responses, Pressures, State and 
Benefits (RPSB) models. 
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 inclusion of Māori dimensions of sustainable land management governance, 

goals and knowledge. 

 

Box 1: Key ecological features of New Zealand’s agro-ecosystems 

 
Taxonomic uniqueness and vulnerability adds international responsibility 

 New Zealand taxa are often poorly known on a global scale because they are mainly in 
southern and tropical areas. 

 New Zealand taxa have high levels of endemism in two senses: a very high proportion of 
indigenous species are not found in other countries; and much of the evolutionary uniqueness 
occurs at ‘high taxonomic levels’ (genera, family or superfamily levels). No other populations of 
such taxa exist elsewhere in the world, so New Zealand has a particular global responsibility for 
preventing indigenous species extinctions. 

 There is inordinately high abundance of birds, some insect groups and snails in New Zealand 
ecosystems. 

 Like many island ecosystems, many of New Zealand species are k-strategists (i.e. they have 
low reproductive rate, slow growth, delayed maturation, and are long lived) and thus particularly 
vulnerable to disturbance. 

 Many New Zealand plants are vulnerable to fire and browsing and have not evolved defence 
mechanisms to cope with introduced predators and browsers. 
 

Invasion ecology features makes biosecurity paramount 

 Ecological separation and isolation of the New Zealand landmass before the eruption of 
predatory land mammals and snakes means that indigenous species lack defences against 
introduced predators and browsers (including domesticated agricultural stock). This makes 
them particularly vulnerable to introduced species. 

 Lack of biotic resistance to invasion (predation, competition, parasitism), coupled with 
widespread habitat disturbance for agriculture, has made New Zealand production landscapes 
particularly invadable by exotic species. A much wider range of species could penetrate 
New Zealand’s ecological communities and many have become pests and much more 
abundant here than where they came from because they are released from competition, 
predation and parasitism. 

 Species extinctions in the face of habitat loss and modification and the onslaught of introduced 
predators and competitors have further emptied out New Zealand ecological communities, so 
they remain relatively ‘open’ to invasion by further animals and plants. 

 New Zealand’s ecological communities, especially those within production landscapes where 
ecological disturbance is ongoing, are therefore extraordinarily vulnerable to biosecurity 
incursions and these are harder to control when they happen. 

 A large part of New Zealand agriculture’s competitive advantage is based on efficiency; this in 
turn is based on a comparative absence of pests that constrain production or force use of 
expensive and environmentally risky pest control overseas 

 Biological control can be particularly valuable by careful insertion of natural enemies of pests 
transferred from original sources. 

 
Habitat loss and fragmentation is extreme 

 Forest cover in the majority of New Zealand landscapes has been reduced below the level of an 
expected ‘extinction threshold’ (c. 30% native habitat cover) in 55 political districts, and long-
term trajectories predict that ongoing deforestation threatens to force another five districts below 
the critical threshold within the next 45 years.16 

 Within New Zealand farms,17 the area of native habitats has decreased at least six-fold in just 
four decades: land classified as ‘unimproved’ in 1960 covered 53% (i.e. 9 million ha) of total 
agricultural area, compared with only 8% (i.e. 1.3 million ha) categorised as ‘mature or 
regenerating native scrub or bush’ in 2002. 

 Retention and restoration of habitats in agro-ecosystems is a top priority. Additional biodiversity 
benefits could potentially be derived by applying predator control to such areas, but these are 
yet to be demonstrated.18,19 
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Box 2: Key ecological features of New Zealand’s agro-ecosystems (continued) 

New Zealand geology and climate 

 New Zealand climates are highly oceanic with long relatively cool growing seasons and mild 
but predictable winters. 

 New Zealand rocks are generally low in phosphorus and soils derived from them are of 
moderate to low fertility. 

 
New Zealand soils 

 Soils now under agriculture supported forests until relatively recently, so they mostly have 
moderate levels of stored carbon and much higher natural capacity for agriculture than 
desertified and salinated soils (e.g. as found in Australia). Initial problems of low soil pH after 
conversion are quickly and inexpensively solved by applying lime. 

 Volcanic ash soils of the North Island retain high carbon levels and are relatively forgiving of 
current farm soil management, but alluvial soils from throughout New Zealand are prone to 
losing carbon if not managed well. 

 Recent trend to applying urea risks emulsifying stored carbon in soils. 
 
Key ecosystem services are now provided by introduced species 

 Soil genesis, structure, aeration, nutrient retention and uptake by crops depend heavily on 
introduced earthworms.20,21 A diverse guild of native earthworms have been displaced by 
agriculture and many may now be globally extinct.22 

 Introduced honey bees and bumblebees are main pollinators of crops in New Zealand agro-
ecosystems. Potential roles in displacing indigenous species and promoting weed abundance 
are much debated.23,24 

 
The warmer lowland sites hold greatest interest for conservation and farming 

 Agriculture is targeted in the warmer and naturally more fertile landscapes of New Zealand 
where farming is most productive25 because of warmer and more prolonged growing seasons, 
and fertile alluvial soils.26,27 These were also converted first for agriculture because they could 
be easily accessed by sea, river and rail transport.28 

 High rates of local endemism among invertebrates occur in lowland habitat patches.29,30,31 

Around 35% of New Zealand is formally protected, but nearly all of this is in montane to alpine 
regions. 
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Box 3: Key social, political and economic features of New Zealand’s agro-
ecosystems 

High reliance on agricultural exports for national prosperity 

 Over 50% of New Zealand’s export earnings are derived from primary production.32 

 The Ministry of Business, Innovation and Employment has set a goal of approximately doubling the 
export volumes of primary produce by 2025 (5.5–7% p.a. increase)33.  

Highly intensive agriculture 

 A strong and steady trend for intensification17,34 since 1960, as indicated by (a) increasing stocking 
rates and yields, (b) increased use of farm fertiliser, pesticide and food stock inputs, and (c) conversion 
to more intensive forms of agriculture. 

 Intensification potentially threatens the environment, biodiversity and even the sustainability of 
agricultural production; although there are site-specific examples of adverse impacts.35 The exact 
nature of this threat and the extent of its impact are poorly understood36 as long-term fine-scale 
environmental indicators are lacking. 

Increasing reliance on ecological nutrient, food and water subsidies 

 Along with increasing use of irrigation systems at local scales, the value and amount of pesticide, 
fertilisers and feed products imported into New Zealand have escalated over the last 50 years to 
support increasing yields in the cropping and livestock industry.,17 34,37,36 ,38 

 Development of a New Zealand urea production facility has triggered increasing reliance on nitrogen 
application and displacement of traditional nitrogen fixation by clover in pasture management. 

 Questions have been raised about the sustainability of such practices,34, 36,,39 in particular whether 
these supplies of external inputs can be maintained into the future. Are these management practices 
degrading or buffering natural resources in New Zealand agro-ecosystems? 

 There have been prolonged and steady increases in the use of irrigation to drive more intensive 
agriculture and especially to convert low intensity pastoral farmland into dairy production. 

 Agriculture dries out ecological landscapes.40 

Neoliberal deregulation and lack of subsidisation 

 Deregulation and removal of financial subsidies for the farming sector in the mid-1980s (following a 
number of economic crises, e.g. wool and oil price crashes) are frequently cited as the key drivers of 
change in the agricultural industry in recent decades.17 Reduced direct intervention by the government 
in the economy aimed to encourage markets to allocate economic resources more efficiently. 

 The Resource Management Act (RMA) empowers regional councils to intervene in farming to some 
degree but these legislative warrants have been infrequently applied and regulation is generally 
avoided. There has been recent increasing attention to regulating water quality management and 
allocation of water in critical catchments.  

Rural community resilience in New Zealand 

 Hollowing out of local services driven by increased mobility and urbanisation. 

 Severe lack of employment opportunities for young people in rural areas 

Māori dimensions of sustainable land and resource management 

 High level goals of the RMA, Conservation Act, Environment Act, Fisheries Act require meaningful 
consultation with Māori and in some cases to give effect to the principles of the Treaty of Waitangi 
and/or kaitiakitanga (Māori environmental stewardship). An emerging set of case studies emphasise 
that Māori seek to manage land and environment in different ways and for different reasons. 

 There is emerging interest in indigenous agro-ecological approaches to farming in a distinctly Māori 
way. 

 The NZSD’s agro-environmental integrity monitoring framework will incorporate cultural indicators 
where possible. Dashboards will be hosted and developed by Ngāi Tahu’s Ahi Kā kai programme, by 
Māori kiwifruit producer enterprises, and by Māori communities for sustainable forestry in the North 
Island.1 

Some international threats are less pronounced9 

 Virtually none of New Zealand’s native terrestrial and freshwater biota is managed for economic gain 
(except for eel and whitebait  fisheries), some fire-induced tussock grasslands and some forests). 

 International practice often suggests measures suited to densely-settled rural areas and indigenous 
subsistence farming and is closer to a micromanagement of an economic landscape. 

 As New Zealand taxa are poorly known on a global scale, dominant international conservation 
practices are often centred on organisms with quite different responses to stressors. 

 International indicators measuring air pollution and aerial deposition of contaminants (ozone, nitrogen, 
sulphur etc.) are of limited concern in New Zealand. 
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Ecological integrity within natural ecosystems 

Traditionally the most important emphasis of New Zealand’s environmental movement has 

been on preserving natural ecosystems and preventing extinction of threatened species. 

Managers, policy analysts and researchers have therefore framed goals for environmental 

management in terms of protecting or restoring ‘ecological integrity’. In 2005, a working 

party of New Zealand researchers and conservation managers considered that ecological 

integrity requires that the full potential of indigenous biotic and abiotic features and natural 

processes are functioning in sustainable communities, habitats, and landscapes.9 The term 

encompasses all levels and components of biodiversity, and can be assessed at multiple 

scales, up to and including the whole of New Zealand. At larger scales, ecological integrity 

will be achieved when all the indigenous organisms (native plants, animals, fungi, etc.) 

typical of a region are present, together with the key processes that sustain functional 

relationships between all these components, across all of the ecosystems represented in 

New Zealand.9 Components of this definition of ecological integrity, and proposed indicators 

to measure current ecological integrity (Appendix 1), include:  

 Species occupancy (to avoid extinctions) – Are the species present that you 

would expect? 

 Indigenous dominance (to maintain natural ecological processes) – Are the key 

ecological processes maintained by native biota?  

 Ecosystem representation (to maintain ‘a full range of ecosystems’) – Are the full 

range of ecosystems in New Zealand protected somewhere? 

This concept of ecological integrity was adopted to decouple from other terms (ecological 

condition; biodiversity condition; ecosystem health; ecosystem status; biological integrity; 

biodiversity integrity) that have been proposed as encapsulating conservation goals. Those 

earlier terms fail to adequately convey the multiple dimensions or the potential outcome of 

a national biodiversity conservation strategy promoted by the working party. The terms‘

health’ or ‘condition’ were rejected because they  

…rely on analogies with human health [which] are inappropriate for a biological 

system’ and because ‘idealised states will be challenging to define and sustain. 

… Similarly, an indigenous ecosystem with a high number of exotic plants and 

animals in it is ‘sick’ or in ‘poor ‘condition’ only in the sense that we prefer exotics 

not to be there; as an ecosystem it may have high levels of diversity and 

functionality. Finally, it is not necessarily appropriate to define an ecosystem as 

‘ill’ or in ‘poor condition’ when a range of biodiversity and ecosystem 

processes might remain, and many ecosystem services are still provided. iii 

Ecological, rather than biological integrity was selected for because it  

…targets the highest level of biodiversity organisation (i.e. the ecosystem), 

explicitly includes abiotic components, and recognises the appropriate level for 

much of DOC’s management activities as conservation concepts broaden 

beyond the protection of single species.’iii 

                                                
iii (Lee et al. 2005, p 100)9 
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Integration to achieve environmental integrity within production 

landscapes 

It is important to realise that ecological integrity9 is defined as a goal mainly for ‘natural’ or 

‘semi-natural’ environments on public conservation land.iv Its accent on ‘natural’ processes 

and ecosystems, and on indigenous species dominance and representation, reflects a 

predominating preservationist paradigm. As such it is not directly and wholly transferable to 

guide an environmental monitoring programme on New Zealand’s production landscapes 

where introduced species (grass and fodder crops, fruit, grapes, cattle and sheep etc.) 

underpin primary production of food and fibre. Nevertheless, if production landscapes are 

going to contribute to conserving and restoring New Zealand’s heritage at local, regional, 

national and global levels, many of the elements of ecological integrity promoted9 must be 

integrated with simultaneous and sustainable delivery of ‘provisioning services’.v 

The need for integrating environmental care with efficient and productive agriculture has 

been well recognised in New Zealand for decades in both international and national policy 

instruments. For example, key targets of the Convention on Biodiversity include: 

 ‘improve the status of biodiversity by safeguarding ecosystems, species and genetic 

diversity’ and 

 ‘areas under agriculture … are to be managed sustainably, ensuring conservation 

of biodiversity’. 

Similarly, the New Zealand Biodiversity Strategy (2000)41 states a need for New Zealand to 

‘sustain the more modified ecosystems in production and urban environment’. 

The FAO’s upcoming SAFA protocols collect most of the environmental components of 

sustainable food and fibre production under an ‘Environmental Integrity’ dimension (Box 4). 

There is no formal definition of the ‘integrity’ of ecosystems in their context, but it directs 

attention mainly to biophysical elements of agro-ecosystems and the continuance of 

ecological flows between them.vi The water and biodiversity themes are the main 

intersections with New Zealand’s ecological integrity concept, but most of SAFA’s 

monitoring is directed towards the provisioning, regulating and supporting components of 

ecosystem services, and thereby primarily underwriting human needs and values. Natural 

ecosystems and protection of threatened species are included in most food and fibre 

production standards (Box 5). However there is relatively little attention to restoration or 

protection of highly modified fragments or restoration within production landscapes and 

none of the agricultural standards prevent habitat conversion for agriculture. 

  

                                                
iv Lee et al. (2005, p. 99)9 emphasised that biodiversity on private land was increasingly important, but that their framework ‘at 
certain levels has been designed specifically to meet DOC’s requirements as derived from the Statement of Intent’. 

v See Box 3 Ecosystem Services of Moller & MacLeod3 (2013) 

vi We speculate that the word ‘integrity’ has been incorporated by SAFA partly because of its resonance with the values and 
ethical imperatives for farmers, foresters and fishers to behave kindly to the environment. The wider context of the whole SAFA 
programme aims to define and monitor their actions, so the primary focus is on linkages between coupled social, economic and 
ecological dimensions. 
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Box 4: Environmental Integrity in FAO’s Sustainability Assessment of Food 
and Agricultural Systems 

To protect the integrity of Earth’s ecosystems, the use of natural resources and the environmental 
impacts of activities must be managed such that negative environmental impacts are minimised and 
positive impacts fostered. The following themes of environmental sustainability are addressed. 

 

Dimension E: ENVIRONMENTAL INTEGRITY 

E1 Atmosphere Greenhouse Gases; Air Quality 

E2 Water Water Withdrawal; Water Quality 

E3 Land Soil Quality; Land Degradation  

E4 Biodiversity Ecosystem Diversity; Species Diversity; Genetic Diversity 

E5 Materials and Energy Material Use; Energy Use; Waste Reduction and Disposal 

E6 Animal Welfare Health and Freedom from Stress 

 

The state of the world’s ecosystems, assessed in 2005 under the Millennium Ecosystem 
Assessment,42 concluded: 

 Human actions are fundamentally and to a significant extent irreversibly changing the diversity of 
life on Earth and the integrity of the environment. 

 Critical ecosystem services on which development depends, including air and water purification, 
soil conservation, disease control, and reduced vulnerability to natural disasters such as floods, 
droughts and landslides, are compromised. 

 The poor are overwhelmingly located in rural areas and natural resources are their most 
important asset. 

 Human activity including land conversion for agriculture leading to habitat loss, fragmentation and 
degradation, overexploitation of species due to hunting, fishing and trade are considered the 
main drivers of the pressures on environmental integrity. 
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Box 5: Biodiversity conservation for monitoring food and fibre production 
standards 

No single performance- or practice-based indicator is used to measure biodiversity or management to 
support it.43,44 Some target pressures, others responses and some the status of the plants, animals and 
habitats themselves. For example, a recent review45 of biodiversity requirements of 36 standards and 
certification schemes used internationally, including 12 agricultural ones, identified the following 
biodiversity components: 

 All standards mentioned protection of habitats and 94% gave some consideration to habitat loss or 
restoration. None of the 12 agricultural standards explicitly seek to prevent habitat loss. 

 Few standards refer specifically to modified habitats and even fewer promote the enhancement or 
restoration of habitats. 

 Most (87%) recognised protected areas and a few prescribed how to operate in or near them. 

 ‘Priority Conservation Areas’ (zoning as having high conservation value but not formally protected) 
occur in less than half the standards. 

 Protection measures for species occur in 94% of standards, and threatened species in 86%. There 
are references to sustainable use of species and management of invasive species in most 
standards, but not in any of the agricultural ones. 

 Few standards refer to biodiversity offsetting. 

 

The Group on Earth Observations (GEO) proposed a platform (Biodiversity Observation Network – BON) 
to compile existing information streams from monitoring and observation programmes into a system. Its 
aim is to produce a more comprehensive view of the status of biodiversity and socio-ecological systems46 
and to improve availability and interoperability of information relating to the global environment47 and thus 
facilitate research, assessments and decision-making. To support this initiative, a framework of essential 
biodiversity variables (EBVs) has been proposed for study, reporting and management of biodiversity 
change.48 Classes of EBVs include: 

 Genetic composition (e.g. allelic diversity) 

 Species populations (e.g. changes in abundance and distribution) 

 Species traits (e.g. changes in phenology showing trends in vulnerability) 

 Community composition (e.g. taxonomic diversity) 

 Ecosystem structure (e.g. remote sensing of height, cover, biomass of habitat types) 

 Ecosystem function (e.g. nutrient retention, nutrient output/input ratios) 

 

The EBV framework emphasises the importance of repeated measures for the same taxa at the same 
locations or regions mainly at short-term intervals (1–5 years) although a few may be medium term (10–
50 years). It aims to provide an end product that might look outwardly simple, but which combines 
elaborate observation and modelling systems. They emphasise scalability, temporal sensitivity, feasibility, 
relevance and a balance of generalisability and local specificity. These are all key design criteria for the 
NZSD.3 

 

 

There is a growing awareness in New Zealand that even highly modified ecological 

landscapes also have an intrinsic, ecological, and social value,29,49,50,51 partly because 

indigenous biota will flourish in greater variety and abundance in the warmer and more 

fertile lowlands than in upland national parks, and partly because they have become part of 

our history, lives and loves – part of place and identity that make us New Zealanders.52 

Integrating environmental care ‘ki uta, ki tai’ (‘from the mountains to the sea’)53  into 

production landscapes recognises that all the ecosystems between are ecologically 

connected in ways that defy land ownership or human governance boundaries. Ecological 

flows between reserves and production areas can either help or hinder national efforts to 

reverse declines of indigenous biota.54 Ecological restoration can be faster and less 

expensive in production landscapes. 
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An additional focus on agro-biodiversity, including common and 

introduced plants and animals 

Much of the thrust of the Convention on Biological Diversity (CBD) stemmed from ‘Agenda 

21’, a policy statement upheld by the 1992 Rio Conference. Chapter 14 of Agenda 21 

concerns Agricultural Biodiversity, which it defines thus:vii 

…agricultural biological diversity means the variability among living 

organisms associated with cultivating crops and rearing animals and the 

ecological complexes of which they are part; this includes diversity within 

species, between species, and of ecosystems. The unique feature of 

agricultural biological diversity is the emphasis on its utility to human beings. 

Introduced plants and animals provide most of the food and fibre produced by 

New Zealand’s agriculture, and key services to keep the ecosystem functioning. For 

example, introduced honey bees are the main pollinator of our crops. Introduced 

earthworms promote soil aeration and structure, organic matter, nutrient retention and 

transfer to grass and crops and crucial plant breakdown to service the detrital chains of 

ecosystems. Agro-ecosystem integrity must therefore include care for a whole suite of 

additional animals and plants than those normally considered in ecological integrity. The 

NZSD will therefore include monitoring and guide management of introduced biodiversity 

for its own sake, and does not have a goal to reduce ‘exotic dominance’ in the landscape 

as a whole. 

As agricultural biodiversity may consist of species that are either introduced or indigenous, 

the ecological resilience of New Zealand’s agro-ecosystems may be contingent on the 

retention of both native and introduced biota on production lands.36 Today’s seemingly 

redundant species may be tomorrow’s agricultural biodiversity.  Native species may affect 

the abundance of agricultural biodiversity, and vice versa, through a myriad of ‘indirect 

ecological interactions’ within the food web.55 It will be important to understand and manage 

ecological flows not only between reserves, but also between reserves and the surrounding 

matrix of production land, especially along the margins of production landscapes and 

national parks. 

The overall importance of considering the introduced and common species alongside the 

indigenous ones and systems feedbacks (including social and economic links) was clearly 

signalled in New Zealand’s Biodiversity Strategy: 

This Strategy is about managing threats to New Zealand’s total biodiversity — 

both introduced and indigenous. A significant portion of our export wealth — 

critical to our ability to protect our indigenous biodiversity — is generated by the 

sale of our introduced biodiversity. And our biosecurity threats are often 

common to both. Introduced biodiversity is neither all ‘good’ nor all ‘bad’; threats 

or benefits of individual introduced species most often depend on the situation 

in which they arise. The interactions between the introduced and indigenous 

elements of our biodiversity are complex and dynamic and need to be 

understood and addressed if we are to achieve our biodiversity goals.viii 

                                                
vii UNEP/CBD/COP/3/14, p. 2. 

viii MfE & DOC 2000,41 p. 8. 
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Despite these national and international calls for including consideration of introduced 

species and environmental care on private land, there has been very little coordinated and 

publicly funded research, monitoring, targeted management or policy development to 

secure introduced biodiversity and all biodiversity on private land in New Zealand (Box 6 

illustrates the case for bird conservation, but it applies equally to invertebrates and lizards). 

Box 6: The forgotten 60%: opportunities for bird conservation in 
New Zealand’s production landscapes? 36,54 

 

Birds as environmental indicators 

 Birds are useful indicators of ecosystem health because they are (i) conspicuous; (ii)taxonomically 
well known; (iii) iconic features of New Zealand’s endemic biota; (iv) often at the end of food 
chains (this makes them sensitive indicators of environmental health); and (v) could be a valuable 
“Market Flagship” species to encourage consumers to buy New Zealand produce.56,57 

 Production lands cover 58% of New Zealand, yet birds are little studied and not regularly 
monitored in these environments. 

 Negative impacts of agriculture on birds are well known in Europe and North America and central 
to political and economic interventions for agro-ecosystem sustainability there.58,59,60,61 

 A review54 of 95 papers and reports about birds in New Zealand’s production lands found only 3 
that focused on overall species distribution and abundance; 64 that concerned ecology and 
management of pests and introduced species; and 28 that concerned the ecology and 
management of native species. 

 Some indigenous species travel over 100s of kilometres and therefore can exploit resources over 
1000s of square kilometres covering multiple ownership and management jurisdictions. Some 
species co-dependent on production and unmodified ecosystems in a region. 

 
Key questions to guide bird conservation in New Zealand’s production lands 

 Is the widely held perception that native species are rare in the agricultural landscape correct? 
There is mounting evidence that introduced species are simply more conspicuous or abundant 
than native species.62,63,64,65 

 What regulates bird populations in production landscapes? 

 Do production lands provide important food and breeding areas for native species that frequent 
native habitats and landscapes at other times of the year? 

 At what spatial scale is it best to integrate bird management within New Zealand? 

 Does investment in restoration of habitats (cover and quality) take priority over predator control for 
bird conservation in production landscapes; or do we need both habitat and predator control to 
succeed?19 

 How much woody vegetation and other ecological refuges are needed to secure viable 
populations of native and introduced species in production lands?40,66 What is the cost and 
benefits in terms of production or economic return from increasing proportions of ecological 
refuges? 

 Which woody species and where should they be placed within farms to maximise conservation of 
birds? 

 What are the key focal bird species for maintaining ecosystem services in production landscapes? 
 
Key recommendations for NZSD 

 Shift to a more landscape-based sustainable use approach (rather than a single-species 
approach) to help indigenous and introduced species 

 Future research should focus on effects of:  
o habitat modification 
o increased farm inputs 
o increased stocking rates and yield 
o altered predator–prey regimes on birds 
o perceptions of farmers and wider New Zealand society towards birds and their 

conservation 
o better estimates of actual extent and costs of bird damage 
o barriers and enablers to trigger more active conservation of birds in production 

landscapes 
o ecological connectivity between production and less modified landscapes  

 Collaboration and coordination of a national bird monitoring scheme should be instigated to 
integrate monitoring over natural, semi-natural and modified landscapes of New Zealand. 
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Land-sparing and land-sharing for integrating biodiversity conservation 

and agriculture 

Two major strategies are promulgated to combat agricultural impacts on biodiversity: ‘land-

sparing’ and ‘land-sharing’.67,68,69,70 Land-sparing is based on the presumption that by 

intensively developing some areas, other areas can be spared from any development and 

biota sustained within those reserved areas.37,71,72 It is fundamentally a ‘land allocation’ 

model (a subset of ‘biodiversity offset’ strategies). Some areas are set aside primarily for 

conservation goals, while others are farmed intensively with a primary goal to maximise 

production and feed people, even if an unintended consequence will be that biodiversity on 

the production land dwindles or disappears. Provided that there is a social and economic 

feedback loop in place, it could result in a net gain for biodiversity over large spatial scales. 

New Zealand has already developed most of the fertile lowlands and hence, at a national 

and even a landscape scale, remaining land available for agricultural development is 

predominantly marginal land and is already well represented in the public conservation 

lands.52,ix 

Conversely, land-sharing suggests that sympathetic land management (also called wildlife-

friendly farming) can result in high biodiversity in ecosystems that are also tuned to efficient 

and intensive production. The land-sharing approach is advocated widely in Europe and in 

many tropical countries and applied through various environmental certification schemes 

such as LEAFx and agro-environmental schemes in general. Land-sharing is obviously the 

main strategy left for New Zealand at a broad scale now that most of the indigenous forest 

ecosystems have been removed to make way for farming.27,36,73,74 Land-sharing approaches 

must predominate in the ‘conservation’ phase of adaptive cyclesxi,75 where there is little 

room left to set aside land at large landscape levels for biodiversity protection. It is also a 

matter of practical reality that New Zealand’s Resource Management Act constrains 

removal of large tracts of indigenous vegetation, so the predominating philosophy for 

New Zealand farmers and conservation advocates must now be land-sharing and 

restoration of unfarmed habitats within production landscapes.  

At smaller within-farm scales, trade-off of land-sparing and land-sharing is still very 

important and are competing considerations. Allocation of some of the land within each 

individual farm, orchard, vineyard or production forest for biodiversity conservation should 

always be encouraged. Promotion of wildlife-friendly farming within each farm enterprise 

locks in active environmental management at small spatial scales within ecological 

landscapes and thereby provides resilience for meta-populations that are connected 

between many farms and wider ecological landscapes. The more farmers that contribute 

local care, the more biodiversity will be secured at catchment, regional, national and 

                                                
ix Rowarth (2008) argues that intensification of New Zealand agriculture will bring net conservation gains by reducing the 
amount of natural habitat that is converted to agriculture. We remain sceptical that direct feedback links hyper intensification in 
some areas and consequent land-sparing in others in some countries, so the result is intensification without protection of offset 
areas. Usually habitat reservation and farm development will be promulgated by very different actors and landowners that will 
not be influenced or compensated by the other. Landscape intensification by agricultural development to maximise short term 
profit will therefore assert little or no feedback to reduce the conversion of other natural habitats in most countires, and certainly 
not in New Zealand where a neo-liberal private ownership rights model drives land allocation. 

x ‘Linking Environment and Farming’ 

xi See Darnhofer et al. (2010)77 for a description of the cycles where a rapid ‘exploitation’ phase in land development, resource 
development or even market penetration of a new agricultural product turns to a ‘conservation’, then ‘collapse’ and eventually 
‘re-organisation’. 
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ultimately global scales. We take the pragmatic view that the farm owners and managers 

are the keystones for biodiversity protection and enhancement in New Zealand’s agricultural 

social-ecological system because they ultimately control investment decisions and farming 

practice on their land. There is very little regulation and no substantive help for New Zealand 

farmers to encourage habitat retention, fencing, predator control or habitat restoration on 

private land.52 

The need for better integration of production and conservation outcomes was highlighted 

by New Zealand’s Biodiversity Strategy, which noted key challenges to be: 

… finding ways to maintain the indigenous biodiversity values of natural habitats 

and ecosystems outside public protected areas, and to sympathetically manage 

indigenous biodiversity in production landscapes and seascapes. Both these 

tasks involve restoring connections between presently isolated fragments of 

natural ecosystems.xii 

The NZSD design and emphasis sits squarely on the premise that both land-sharing and 

land-sparing will be needed within farm boundaries if intensive agriculture is to be 

ecologically sustainable in New Zealand. Indicators should target land cover and 

connectivity metrics within farms to track progress and consequences for all sustainability 

indicators (including production, profit, animal welfare and biodiversity) but not neglect to 

measure biodiversity, especially but not exclusively agro-biodiversity, within the production 

spaces of the farms as well. 

Meurk and Swaffield (2000)76 provide a useful discussion on the spatial requirements that 

suit indigenous biodiversity within New Zealand’s productive landscapes. Of particular 

importance is the presence of large woodland patches, structurally dominated by either 

indigenous or introduced species. Although these suggestions follow best professional 

practice and a logical theoretical projection for reconfiguring woody vegetation in 

New Zealand farmland, their suggested target for change (25% for overall woody vegetation 

cover) is a broad-scale guess rather than informed predictions of trade-off models. A what-

if decision-making tool ( in Figure 1) will be developed to predict optimal trade-offs 

between environmental, economic, production and social outcomes for each farm if woody 

vegetation is increased or decreased. Woody vegetation intercepts light and nutrients that 

could otherwise produce crops and food, but also could provide several other potential 

benefits (Figure 2). The NZSD attempts to capture financial benefits of price premiums and 

access to niche markets by demonstrating and verifying the success of both land-sharing 

and land-sparing on New Zealand farms and turn those benefits back to the farmers to 

incentivise and meet some of the costs of their investments. If agro-environmental schemes 

are introduced to New Zealand, the NZSD could also potentially help quantify the benefits 

and losses in monetary terms to help set market rates for ‘Paid Ecosystem Services’ of the 

type being implemented in many parts of the world77,78,79,80,81,82,83,84 and recently including in 

Australia (Box 7). 

  

                                                
xii MfE & DOC 200041 p 9 
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Figure 2: Retention or restoration of woody vegetation on farms can make several 
contributions to multifunctional agricultural landscapes, but also might reduce 
production and profit. 
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Box 7: Australia’s Environmental Stewardship Program: a pathway for 
New Zealand? 

The importance of incorporating biodiversity conservation into sustainable agricultural practices has 
been recognised in Australia and internationally.85 Approximately 77% of Australia’s land area is 
managed by farmers, Indigenous communities and other private landholders. In this context, policies 
promoting biodiversity have increasingly concentrated on the sustainable use of environmental 
resources on private land.86,87 

The Environmental Stewardship Program (ESP) was established in 2007, and incorporated into the 
Ruud Government’s Caring for our Country initiative in 2008. The ESP aims to protect and enhance 
the condition of targeted sites of National Environmental Significance, listed under the Environmental 
Protection and Biodiversity Conservation Act (1999). The ESP operates using a market-based 
approach whereby the Australian Government provides payments to private landowners as an 
incentive to achieve explicit environmental outcomes. At each funding round, reverse auctions are 
held to allocate contracts. Landholders are invited to nominate a price for achieving targeted 
environmental outcomes. Successful bidders are awarded long-term contracts for up to 15 years’ 
duration, while annual payments are performance-based to ensure compliance. Environmental metrics 
are calculated to quantify landowners’ environmental performance.85,86,88 

The initial ESP project targeted the critically endangered Box Gum Grassy Woodland (BGGW) 
ecological community. Land use intensification for agriculture has severely reduced the extent of these 
woodlands so that less than 5% of their original coverage remains, often in small and degraded 
fragments. As at October 2010, the project had secured the protection of 26,474 ha of woodlands at a 
cost of AUD $70.5 million (approximately have of DOC’s biodiversity budget). The average annual 
cost was $202 (AUD) per hectare, per year.89 

In general, market-based approaches like the ESP (used as part of a broad mix of complementary 
policy options) have several advantages over traditional regulatory responses that have been unable 
to cope with complex environmental problems such as biodiversity decline. Market-based instruments 
allow a greater degree of flexibility in implementing environmental programmes; provide incentives to 
encourage innovation and promote ongoing environmental improvement; and ensure that 
environmental outcomes are achieved cost-efficiently – an important priority given the constraints on 
conservation budgets.86,90,91,88 

In the ESP case study, a market-based approach is the best option to influence environmental 
outcomes on private land on such a large scale – over the first four years, five projects covered 
45,000 ha through contracts with over 260 landowners. The commitment to long-term annual funding 
is an innovative feature of the ESP that addresses a barrier to success in many environmental 
programs. 

Overall landholder experiences of the Program were positive. However, areas that could be improved 
were also identified. In particular there was a lack of understanding of the market-based instruments 
used including the operation of the reverse auction and the use and calculation of environmental 
metrics.88 The design of environmental metrics is a significant challenge for market-based 
programmes in general.85,92 Environmental metrics need to be transparently calculated and well 
understood by participants while integrating the value of a range of ecosystems services that reflects 
the preferences of stakeholders and the wider community (on whose behalf, the Government 
purchases environmental stewardship services). A further, related challenge is to create a broader 
market including a wider pool of buyers including multiple levels of government, private investors and 
philanthropic organisations.88 

An independent review of the ESP, conducted by Marsden Jacob Associates (2010)91 concludes that 
it was robustly designed, well implemented, and effectively delivered biodiversity conservation results 
in a short time frame and across a large scale. The reverse-auction approach was confirmed as the 
most appropriate market-type mechanism for allocating funding and delivering cost-efficiency. 
Ultimately, it was recommended that the Australian Government extend the ESP. The Gillard 
Government accepted this recommendation, announcing it would invest $84.2 million (AUD) over four 
years in a new round of the ESP.93 
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Agricultural intensification: a mounting threat to agro-ecosystem 

integrity? 

Recent reviews have highlighted an accelerating rate of agricultural intensification in 

New Zealand that may threaten both the environment and the sustainability of food 

production.17,34 Understanding the extent and nature of environmental impacts associated 

with intensification is one of the most pressing issues facing New Zealand public, 

agricultural sectors, government agencies and conservation scientists. Although farming in 

New Zealand is based on introduced species, it still relies on the services provided by 

natural capital, which it can also impact, to sustain production: 

Agricultural activities can generate a range of environmental benefits. These 

include aesthetic value, recreation, water accumulation, and supply, nutrient 

recycling and fixation, soil formation, wildlife protection and flood control, and 

carbon sequestration by trees and soil. However, major changes in farming 

practices in the past forty years have brought new pressures to bear on natural 

resources.xiii 

Some commentators uncritically confuse extensification with intensification when they are 

criticising farmers for not retaining sufficient woody vegetation within their farm boundary to 

maintain viable populations of both native and introduced plants and animals on their land.35 

Removing woody vegetation to make way for more pasture is actually a form of 

extensification of farming within the landowners’ boundary, whereas it can be considered 

as a form of intensification if the entire farm boundary is defined as the land unit.36 More 

careful definition of terms will aid a search for an optimal balance between strategies that 

trade off intensification of the land already planted in pasture or crops and disintensification. 

Integrated environmental monitoring and reporting in New Zealand 

New Zealand has only published two national state of the environment reports94,95 and until 

very recently96 was the only OECD (Organisation for Economic Co-operation and 

Development) country not legally required to undertake such reporting. In addition, national 

and regional biodiversity indicators are scarce, with the Ministry for the Environment (MfE) 

recently being criticised for releasing simple report cards on ‘a patchy, ad hoc and 

occasional basis’, as these were considered ‘a major step backwards’ for the health of 

New Zealand’s environment.97 Nationally, the need for robust and factual environmental 

reporting has been identified as critical to the management of our natural capital. While the 

New Zealand Biodiversity Strategy41 outlines a high-level goal of halting the decline of 

biodiversity, the ability to measure our progress against this goal is limited by the paucity of 

data to measure biodiversity status and trend.98 Also, in a recent review of the most 

‘enduring questions’ for New Zealand’s production lands, the following were identified as 

the second-most important and the ‘highest priority for enhancement’:99 

 How sustainable are our farm management practices – including animal health 

and welfare – and are farmers and other users factoring in the full social cost of 

natural resources consumed? 

                                                
xiii PCE34 quoting OECD 
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 What is the agricultural sector doing to reduce greenhouse gas emissions and/or 

compensate through environmental enhancements and maintaining biodiversity? 

The same review considered these issues poorly informed because they were: (1) a 

relatively new area of focus, where what is meant and what should be measured is still 

uncertain; and (2) a very complex topic with many interdependencies to consider.99 

To safeguard New Zealand’s environmental resources, and address increasing pressures 

associated with land-use intensification, OECD’s recommendations for improved 

environmental management include: (1) strengthen and harmonise monitoring of major 

pressures on biodiversity and ecosystems, both within and outside protected areas; 

(2) further develop partnership approaches to conserving biodiversity on private land, 

prioritising conservation of ecosystems that are under-represented in public conservation 

lands; and (3) expand availability of quantitative indicators and time-series data related to 

environmental quality, assuring public relevance and public access. Hence, the 

development of a robust and trusted nationally harmonised system for calculating and 

delivering regular and timely measures of biodiversity change at different scales, addresses 

a significant need (Box 5); our framework will support New Zealand to meet its reporting 

obligations on biodiversity both nationally (e.g. state of environment94,95) and internationally 

(e.g. OECD; CBD; IPBES100,xiv). 

There are multiple stakeholders involved in monitoring and managing the environmental 

domain, each fulfilling different roles and addressing different needs (e.g. Table 1). For 

example, within New Zealand’s local government sector alone, there are 78 authorities 

responsible for the protection and management of the country’s biodiversity on private land, 

under their administration of the Resource Management Act 1991 and the Local 

Government Act 2002.101 In addition, to addressing four National Priorities for protecting 

rare and threatened native biodiversity on private land,102 regional councils are required to 

monitor terrestrial indigenous biodiversity to meet their key statutory, planning and 

operational requirements.12 In particular, they: 

 Need to quantify the state of terrestrial indigenous biodiversity across a region 

and monitor spatio-temporal trends 

 Need to monitor and assess the impacts of key threats and drivers 

 Need to assess and facilitate improvements in biodiversity management and 

policy 

 Need compatibility with existing frameworks for state of the environment reporting 

to enable regional councils, Department of Conservation (DOC), and the Ministry 

for the Environment (MfE) to contribute information on a common basis for 

regional and/or national reporting purposes. 

  

                                                
xiv More than 90 countries joined the Intergovernmantal Platform for Biodiversity and Ecosystems Services (IPBES) in 2012. It 
operates rather like the influential Intergovernmental Panel on Climate Change (IPCC) and is promotiong more coordinated 
monitoring, research and interventions to support biodiversity and ecosystems sevices throughout the world. The NZSDs could 
contribute valuable information for their initial global assessments and a model for bottom-up involvement of practitioners like 
farmers, fishers and foresters.  
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Table 1: Key government agencies and their monitoring roles ( = major,  = minor) 

 

Stakeholder Key responsibilities Identify 
data 
needs 

Collect 
data 

Process 
& report 
data 

Use & 
report
xv 

Ministry of Foreign 
Affairs and Trade 

Responsible for protecting and promoting 
New Zealand's interests overseas; includes 
providing the government with advice on 
foreign and trade policy and on 
international climate change negotiations. 

    

Statistics 
New Zealand 

To give New Zealand the statistical 
information it needs to grow and prosper. 
To tell the story of New Zealand through 
statistics that are relevant, accessible, and 
trustworthy. 

    

Ministry for the 
Environment 

Establishing and implementing legislation 
and policy regarding biodiversity. National 
environmental standards, policy 
statements, environmental management 
and reporting. 

    

Ministry for Primary 
Industries 

Maximising export opportunities for the 
primary industries; improving sector 
productivity; increasing sustainable 
resource use; and protecting New Zealand 
from biological risk.103 

    

Environment 
Protection Agency 

Administers applications for major 
infrastructure projects of national 
significance.104 Regulates new organisms 
(plants, animals, GM organisms) and 
hazardous substances and 
chemicals. Administers the Emissions 
Trading Scheme and New Zealand 
Emission Unit Register. 

    

Ministry of 
Business, 
Innovation and 
Employment 

Scientific policy advice     

Department of 
Conservation 

Primarily responsible for managing public 
conservation land, it also has a 
responsibility to preserve biodiversity (in 
particular halt extinctions) over the entire 
New Zealand landmass 

    

Regional, District 
and City councils 

Resource Management Act     

Parliamentary 
Commissioner for 
the Environment 

To maintain or improve the quality of the 
environment by providing robust 
independent advice that influences 
decisions. To hold the Government to 
account for its environmental policies and 
actions.105 

    

 

  

                                                
xv To assess and facilitate improvements in biodiversity management and policy. 
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Until recently, there was no coordinated system for monitoring and reporting on the 

protection, restoration or sustainable management of biodiversity. DOC and regional 

councils are currently working together to develop a coordinated system for monitoring and 

reporting on biodiversity.9,10,12 Their systems build on the foundations laid by the national 

Land Use and Carbon Analysis System (LUCAS) run by MfE (Table 2). Our environmental 

framework will build links to these initiatives to facilitate integration and development of a 

monitoring and reporting system that is both cost-effective and resilient in the long term. We 

have chosen ‘natural heritage’ indicators in the Sustainability Dashboard that will closely 

align to those being used or considered in national biodiversity monitoring frameworks 

administered by the Department of Conservation9,10,11 and the regional councils12,13 

(Appendix 1). Our goal is to enable famers and agricultural sector professionals to 

contribute to state of environment reporting in particular, thereby assisting a key challenge 

of the New Zealand Biodiversity Strategy to ‘enhance communities’ opportunities and 

capacity to be involved in biodiversity management’.xvi Matching the NZSD, DOC and 

regional council frameworks will allow collaborators to pool data to achieve maximum 

statistical power and coverage. Co-funding by industry, ratepayers and government could 

benefit everyone by sharing costs. Even more importantly, integration of monitoring themes 

and data provides for much improved systems-level information and understanding.46 

 

                                                
xvi MfE & DOC 2000,41 p. 10. 
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Table 2: Monitoring initiatives reviewed to inform the NZSD’s environmental monitoring design, their origin and scope, 
drivers () and spatial scales () for implementation. Bold text highlights three schemes of particular interest.  

Code Initiative Origin Scope 

Key drivers Spatial scales 
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NZSD New Zealand Sustainability Dashboards1 Local Sustainability         

LEP Land and Environment Plans106 Local Sustainability         

ARGOS Agricultural Research Group on Sustainability18 Local Sustainability         

BMRS Biodiversity Monitoring & Reporting System9 Local Environment         

TBMF Terrestrial Biodiversity Monitoring Framework12 Local Environment         

LUCAS Land Use and Carbon Assessment System107 Local Environment         

SAFA Sustainability Assessment of Food & Agriculture Systems8 International Sustainability         

OECD Organisation for Economic Co-operation & Development108 International Sustainability         

MP Montreal Process Criteria and Indicators109 International Sustainability         

COSA Committee on Sustainability Assessment110 International Sustainability         

SAN Sustainability Agriculture Network111 International Sustainability         

UNIL Unilever112 International Sustainability         

FA Food Alliance113 International Sustainability         

LEAF Linking Environment and Farming114 International Sustainability         

RISE Response-Inducing Sustainability Evaluation115 International Sustainability         

GRI Global Reporting Initiative116 International Sustainability         

EPI Environmental Performance Index Framework117 International Environment         

BIOBIO Biodiversity Indicators for European Farming Systems118 International Environment         

BWI WWF Biodiversity & Wine Initiative119 International Environment         

CG Conservation Grade120 International Biodiversity         
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A definition of Agro-environmental Integrity  

We propose that the following definition of agro-environmental integrity be adopted as the 

overarching goal of the environmental monitoring within the New Zealand Sustainability 

Dashboards: 

Agro-environmental integrity is defined as that state which sustains the full 

potential of land and its natural capital, ecosystem processes and services to 

efficiently and indefinitely produce high quality food and fibre while enhancing 

natural heritage values and meeting global environmental change obligations.  

It recognises the need for an integrated management approach implemented across 

multiple spatial scales and governance jurisdictions to maintain livelihoods, social well-

being and restore ecological integrity in New Zealand. The NZSD agro-environmental 

monitoring framework will therefore be structured around achieving four outcomes (Figure 

3): 

 Natural capital of production landscapes is maintained 

 Resilience of New Zealand agriculture is secured for future productive use 

 Production landscapes contribute to national ‘natural heritage’ goals 

 New Zealand meets global environmental change obligations 

 

These outcomes will result from achieving 11 nested objectives. Twenty-two indicators will 

be used to monitor progress towards those objectives, some of which may be supported by 

multiple measures. 

The following four sections of the report outline the rationale and indicators for four key 

outcomes of agro-ecosystem integrity. We customised international best practice guidelines 

(Table 3) to select indicators to meet the specific features and opportunities of the NZSDs’ 

bottom-up and participatory approach and the special emphases of New Zealand’s ecology. 

To help prioritise selection and identify where further development is required, indicators 

within each outcome have been broadly classified according to their importance, readiness 

for immediate deployment, costs and measurability (Table 4). Where a potential indicator 

has been ranked a ‘low’ importance in the following framework, this should be interpreted 

in a relative sense only. All the issues we have included here are important for agro-

environmental integrity in an absolute sense but some measures should be adopted earlier 

and attract more investment than others. 

We also provide an assessment of the likely ‘recurrence’ required for repeated 

measurements. Measurements of fast-moving variables need to be repeated frequently for 

trend detection and early warning of threats and opportunities. In many cases we suggest 

an adaptive monitoring process where more detailed and frequent monitoring kicks in only 

when and where risk or opportunity is signalled.xvii This relieves the monitoring burden on 

all agricultural enterprises and will help concentrate the attention of  

 

                                                
xvii See Moller & MacLeod (2013)3 for suggestions for monitoring rotors and scaling up monitoring where and when it is most 
needed. 
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Figure 3: A proposed environmental monitoring framework for the securing agro-
environmental integrity in New Zealand.  



 

 

Environmental Sustainability Indicators  24 

 

Table 3: Quality design criteria of environmental indicators proposed for the 
New Zealand Sustainability Dashboards focusing on optimal features for (a) individual 

indicators and (b) the entire set of indicators.xviii 

 

Indicators Criterion Description 

(a) 
Individual 
indicators 

Policy relevant & 
meaningful 

Indicators should send a clear message and provide information 
at an appropriate level for policy and management decision-
making by assessing changes in the status of the environment 
(or of pressures, responses, use or capacity), if possible with 
reference to baselines and agreed targets. Monitoring needs to 
align tightly with risk management. 

Environmentally relevant Indicators should address key properties of environment or 
related uses such as states, pressures, responses, use or 
capability. 

Neutral rather than 
ideologically based 

Most indicators should be neutral and objective measures 
except where serving local values have been declared as the 
prime target (e.g. cultural health indicators) 

For preference 
quantified 

Indicators should be fully quantified whenever practicable. For 
some issues qualitative indicators are the only reliable guide and 
quantification must not be forced.  

Clearly defined and 
repeatable 

Indicators must be based on clearly defined, verifiable and 
scientifically acceptable data collected using standard methods 
of known accuracy and precision, or based on traditional 
knowledge that has been appropriately validated. 

Broad acceptance The strength of an indicator depends on its broad acceptance. 
Involvement of policymakers, major stakeholders and experts in 
the development of an indicator is crucial. 

For preference 
performance-based  

Where available and practical, it is better to measure actual 
performance and outcomes rather than practices that are 
expected to promote sustainability and resilience. Outcomes and 
outputs are most telling, although indicators that scale output per 
unit input are useful measures of efficiency. 

Affordable monitoring Accurate, affordable measurement of indicators as part of a 
sustainable monitoring system, using determinable baselines 
and targets for the assessment of improvements and 
regressions, is essential. If scoring is affordable, participation 
and regularity of monitoring is increased. 

Affordable modelling Information on cause-and-effect relationships should be 
available and quantifiable, in order to link pressures, status and 
response indicators. These relational models enable scenario 
analyses and form the basis of ecosystem approach. 

Sensitive & specific Indicators should be sensitive in order to show trends, and 
where possible permit the distinction between human-induced 
and naturally occurring changes. They should thus be able to 
detect changes in systems within the time frames and on the 
scales that are relevant to the decisions, but should also be 
robust so that measuring errors do not affect their interpretation. 
It is important to detect changes before it is too late to correct 
the problems detected. 

Link indicators to targets 
or thresholds 

Where possible all indicators should be linked to realisable, 
action-oriented, measurable and time-delimited targets or critical 
thresholds of risk, performance or best professional practice. 

                                                
xviii Source: Moller & MacLeod 20133. 
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Table 3 continued. 

 

Indicators Criterion Description 

(b) Sets of 
indicators 

Representative The set of indicators provides a representative picture of the 
pressures, biodiversity status, responses, uses and capacity 
(coverage). 

Declare values and 
goals 

Explicit declaration of goals and underlying values behind the 
indicators makes them interpretable in context and builds 
consensus in management responses 

Low number of 
indicators 

The lower the total number of indicators, the more 
communicable they are to policymakers and the public, and the 
lower the cost of communicating them. 

Capacity to upscale  Indicators should be designed so as to facilitate aggregation at a 
range of spatial and temporal scales for different purposes. 
Aggregation of indicators at the level of ecosystem types or the 
national or international level requires the use of coherent 
indicator sets and consistent baselines. This also applies for 
pressure, response, use and capacity indicators. 

Mix of simple and 
aggregated indicators 

Some aggregated scores support more holistic appraisals and 
improve the breadth of coverage. Reductionist and more 
focused indicators guide fine-grained management adjustments. 
Always record and archive component scores if aggregated 
indices so they can be used separately to link to components of 
farm management, weighed differently or calibrated against new 
indicators later. 

Wide scope & 
integration 

The framework and indicator sets must cover and cross-link 
multiple dimensions of sustainability and values encompassing 
environment, economics, social and governance dimensions 

Trade off generalisability 
and specificity  

Cross-comparison between sectors, regions, countries and 
diverse socio-ecological systems is facilitated by generalisable 
indicator structures and protocols cast at higher levels. More 
locally grounded indicators should be nested under these to 
guide management by analysing trends but cannot be used for 
wider benchmarking. A balance between universality and 
specificity is required. Comparability and generalisability can be 
incorporated by specifying the general rationale of designing an 
overarching indicator, even if the details of what is measured or 
how is not specified or equivalent in all situations. 

Data records & 
management 

Database management requires annotation, checking of data, 
archiving and security management to allow others to replicate 
current methods. 

Linked to standards and 
certification 
requirements 

Some of the indicators, targets and thresholds should be linked 
to standards required for market accreditation. 

Explanatory and context 
information monitored 

Management guidance is more focused, effective and reliable if 
additional information is gathered to identify why the indicators 
change (or don’t change despite interventions to drive them 
towards more sustainable orientations).  

Benefits are measured Incentivise sustainability monitoring and management by 
quantifying indicators linked to benefits.  

Forward focus Monitoring is part of risk management and being prepared for 
future turbulence (shocks and drivers). Some indicators should 
be chosen to monitor potential new threats and opportunities 
just over the horizon. 
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Table 4: Factors used to classify indicators 

 

Feature Explanation 

Objective Specific goal being addressed within a particular national outcome 

Indicator  Indicator (or subtheme) title 

Definition Aspirational description of each indicator (or sub-theme) 

Rationale Background information on the relevance of the indicator. 

Reviewed schemes Percentage of 19 reviewed monitoring initiatives that monitored similar 
indicators (Table 5, Table 7, Table 8, Table 9).  

Importance 
A broad classification of importance of an indicator from an agro-
ecosystem processes perspective 

Readiness of indicator 
A broad classification of readiness of indicator from a monitoring 
perspective 

Cost of indicator A broad classification of cost from a monitoring perspective 

Measurability 
A rough guideline on ability to accurately estimate the status or trends of 
the indicator 

Recurrence of 
monitoring 

A rough indication of the frequency of monitoring likely to be required 

Performance measures Examples of measures that could be used to monitor whether 
environmental performance is being maintained or if is being degraded or 
enhanced. 

Practice measures Examples of measures that could be used to monitor management 
actions being implemented to address the specific environmental 
component. 

Priority Approximate ranks of indicator deployment priority, with importance 
assumed to have more sway than cost. Priority is ranked (first to last), as 
follows: 

 

   Cost 

   Low Moderate High 

Im
p

o
rt

a
n
c
e
 

High  High  High  Moderate 

Moderate  Moderate  Low  Low 

Low  Low  Very low  Very low 

 

Where the importance or cost ranking depends on local context, we have 
inserted stipples (and brackets around the priority ranking), and where we 
expect particularly wide variance in importance because of local ecology 
or sector characteristics, we have not shaded the rows at all. 
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producers when more infrequent and coarse-level monitoring suggests they are 

approaching a critical threshold. 

Indicators can be broadly divided into three types: performance, practice and context 

indicators. The first are often called ‘Key Performance Indicators (KPIs)’; the second are 

referred to as ‘best practice’; and the third are components of ‘benchmarking’ or ‘standards’ 

that help define targets and drive improved performance and practice.xix Several context 

indicators will be gathered to help interpret the monitoring results, but they will be 

considered in the next stages of operationalising the NZSDs. In the meantime we make 

some general suggestions of potential examples of performance- and practice-based 

‘measures’ for each proposed indicator to illustrate a range of forms that they might take. 

More specific measures must be developed later in collaboration with each agricultural 

sector that hosts its own NZSD if they are to be fully locally grounded, practical and 

measurable by the viticulturists, farmers, orchardists, foresters, kaitiaki themselves. 

Outcome 1: Natural capital for production is sustained 

Natural capital is considered pertinent to the sustainability of intensive farming in 

New Zealand,34 with capital-based indicators recently being explored as a potential means 

for measuring agricultural sustainability.121 Natural capital stock takes different identifiable 

forms (e.g. trees, minerals, ecosystems or atmosphere) or intangible forms (e.g. stored in 

species or ecosystems), providing renewable and non-renewable stock of natural resources 

that support life and enable all social and economic activities to take place at a point in 

time.34,122 Each form of capital stock generates, either autonomously or in conjunction with 

services from other capital stocks, a flow of services that may be used to transform 

materials, or the spatial configuration of materials, to enhance the welfare of humans. 

Ecosystem services consist of flows of materials, energy and information from natural 

capital stocks, which combine with manufactured and human capital services to produce 

human welfare.46,123 The human use of this flow of services may or may not leave the 

original capital stock intact. 

A number of global initiatives have recently been established to support monitoring and 

management of natural capital and ecosystem services at different spatial scales (Box 8). 

Key challenges include: 

 Recognising that agro-ecosystems are both providers and consumers of 

ecosystem services.124 Soil structure and fertility, for example, provide essential 

ecosystem services to agro-ecosystems.125 While agricultural land can help 

regulate soil quality, it can also be the source of adverse impacts, e.g. nutrient 

runoff and sedimentation of waterways.124 

 Meeting all the needs of decision-makers at national and sub-national scales 

because the management of any particular ecosystem must be tailored to the 

particular characteristics of that ecosystem and to the demands placed on it.42 

 Balancing attention and investments between biodiversity versus ecosystem 

services concepts. 

                                                
xix See Moller & MacLeod (20133) for a discussion of their relative strengths and uses. The NZSD will try to use performance-
based indicators whenever possible, but practice-based indicators are less expensive, can be scored quickly by farmers and 
can extend the coverage of the issues monitored by being naturally integrative and grounded in farming practice. 
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 Understanding the trade-offs between biodiversity conservation and ecosystem 

service supply126, as well as synergies and trade-offs between provisioning 

services and regulating and cultural services and drivers of changes in these.46 

 Achieving sustainable intensification.36,127,128 

Outcome 1 focuses on sustaining natural capital for production, while also recognising its 

importance for maintaining livelihoods and ecological components associated with 

New Zealand’s agro-ecosystem. It sets out to address three key objectives: (1) maintaining 

ecosystem processes, (2) reducing agricultural pest threats and (3) limiting environmental 

pollutants within New Zealand’s agro-ecosystems. Indicators aligned to each of these 

objectives are set out in Table 5, which also summarises their wider use in international 

and national monitoring schemes. 

 

Box 8: Global initiatives for monitoring natural capital and ecosystem 
services 

 

Millennium Ecosystem Assessment, a one-time historic analysis, provides a useful tool for 
assessment, planning and management of ecosystem services.42 It considers state and 
trends in ecosystems, drivers of ecosystem change, ecosystem services and associated 
human well-being. It also provides (1) foresight for consequences of decisions affecting 
ecosystems and options for responses to achieve sustainability goals; (2) enhanced 
capacity for individuals and institutions to undertake assessments and act on findings; and 
(3) a guide for future research. 

 

System of Environmental and Economic Accounts, developed by the United Nations’ 
Statistical Commission, goes beyond measuring just the annual output of a country (gross 
domestic product, GDP), to assessing its combined produced, social, human and natural 
capital.129 A number of countries (including New Zealand) are compiling accounts for 
natural capital (including water, energy, minerals, land and environmental protection 
expenditure) to manage better or to evaluate the trade-offs needed for making better 
development decisions (cites Australia and Mexico as leading examples). Without this 
information, natural assets are being overexploited and deteriorated. More accurate 
information is required to inform policy and ensure better economic decisions about 
development priorities and investments.130 

 Asset accounts: Stocks and changes in stocks of natural resources such as land, 
forest, water, fish, soils, minerals and energy in physical and monetary terms 

 Physical flow accounts: For the use of energy, water, other materials, air and water 
emissions by economic sectors 

 Monetary accounts: Environment taxes and subsidies, environment protection 
expenditure, and resource management expenditure 

 

Global system for monitoring ecosystem services change, currently under development, aims 
to provide information that describes the spatial and temporal patterns in the production, 
delivery and value of many ecosystem services at local to global scales46. This multiscale 
approach makes information compatible with the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services (IPBES), but also places emphasis on the 
national scale, developing standards for communication and protocols for collecting 
observations.  
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Table 5: Review of practice () and performance () indicators relevant to the ‘natural capital maintained’ outcome used by local and 
international monitoring initiatives (full names provided in Table 2). 

 

Objective Indicator 
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Objective 1: Maintaining ecosystem processes 

Ecosystem processes are changes in the stocks and/or flows of materials (natural capital) 

in an ecosystem, resulting from interactions among organisms and with their physical-

chemical environment.131 Ecosystem processes are vulnerable to change and have their 

own characteristic rates and thresholds. As the physical, chemical and biological features 

and components of ecosystems change, so will the processes and, consequently, the 

ecosystem services. The complexity of these interactions is poorly understood, making it 

difficult to predict how they will change in response to changes in stressors such as 

agricultural intensification and climate change. 

Five indicators are recommended for determining whether ecosystem processes in 

New Zealand’s agro-ecosystems are being maintained. These indicators align closely with 

issues recommended for consideration within Land and Environment Plan guidelines.106 

Soil provides the ‘central engine room’ for New Zealand agriculture and is a driver of land 

use decisions (Box 9).34,99 Recently Statistics New Zealand99,130 highlighted a lack of 

information on the quality of soil for different production purposes, the impact of soil erosion 

and associated farm-management practices in New Zealand. 

Fresh water is among New Zealand’s most valuable assets and is a vital part of the country’s 

economy;130 the impact and dependence of agricultural production on this resource is also 

one of New Zealand’s most important environmental concerns (Box 9). A lack of information 

on the use and sustainability of water resources, not only in agriculture, horticulture and 

forestry industries but all industries in New Zealand was recently highlighted as a concern.99 

Understanding New Zealand’s land cover and use patterns in agricultural landscapes is 

important for determining the drivers of change and whether production, natural and cultural 

components are being maintained (Box 9). Limiting and reducing habitat conversion and 

degradation is also often a focus in agro-environmental standards and certification schemes 

– primarily motivated by conservation objectives, but also to address carbon and water 

pollution issues.45 

Extreme disturbance events (e.g. disease, drought) can adversely impact production either 

directly (e.g. resulting in crop loss) or indirectly (e.g. increasing reliance on supplementary 

animal feed); ecosystems play an important role in modulating the effects of such events.42 

Maintenance of pollination processes is crucial for crop production in some sectors, hence 

global declines in pollinator species are a major concern for agro-ecosystems.124,132 
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Box 9: ‘Enduring questions’ posed in New Zealand’s Environment Domain 
Plan130 

Land 

What are our land cover and land use profiles, how are they changing, what is driving these 
changes, and what is the consequential impact on New Zealand’s soils, and natural and cultural 
landscapes, including urban environments and conservation lands? 

 

Supplementary enduring questions 

 What is New Zealand’s land use, and how is this changing spatially and temporally? 

 What is New Zealand’s land cover and how is this changing spatially and temporally? 

 What is driving the changes in New Zealand’s land use and land cover? 

 What is the current and potential future impact of land use and land cover change in 
New Zealand? 

 What is the quality and quantity of New Zealand’s soil and how is this changing spatially and 
temporally? 

 What is the impact of land use and land cover profiles on Māori and Māori-owned land and how 
is this changing? 

 What and where are New Zealand’s protected areas, how are they changing, and what is the 
environmental protection effort done? 

 

Fresh water 

How are the quality, abundance, and use of New Zealand’s fresh water changing, and what is the 
impact on ecosystems and humans? 

 

Supplementary enduring questions 

 What is the quality of New Zealand’s fresh water, what are the spatial and temporal trends, and 
how are these affected by climate change, human activity and other pressures? 

 What is the quantity (stocks) of New Zealand’s fresh water, what are the spatial and temporal 
trends, and how are these affected by climate change, human activity, and other pressures? 

 What is the use (flows) and allocation of our fresh water, what are the spatial and temporal 
trends, and how are these affected by climate change, human activity, and other pressures? 

 What impact does the change to quality, quantity, and use of fresh water have on ecosystems 
and humans? 

 What is the health of fresh water and freshwater mahinga kai (customary food fathering areas 
and practices) from a Māori perspective, and how and why is this changing? 

 What, where, and how is environmental protection effort being done to maintain and improve 
fresh water? 
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Indicator 1.1: Soil status 

Definition Soil characteristics are sustained and enhanced to provide the 

best conditions for plant growth and soil health, while chemical and 

biological contamination is prevented. No land is lost to agricultural 

production. Desertification and degraded land is rehabilitated 

Rationale Soil quality includes soil properties and processes (e.g. nutrient 

cycling, waste decomposition and assimilation) that determine the 

ability of soil to function effectively as an ecosystem component.133 

Soil quality may be broadly defined to include capacities for water 

retention, carbon sequestration, plant productivity, waste 

remediation, and other functions.  

Reviewed schemes 74% of schemes, typically a combination of performance and 

practice measures 

Importance High 

Readiness of indicator High 

Cost of indicator Low 

Measurability High 

Recurrence of monitoring Intermittent 

Performance measures Status and trends in soil degradation, biology, chemistry and 

structure metrics, aiming to inform management of soil fertility, 

aeration and water retention capacity 

Practice measures Implementation of best management practices (including soil 

nutrient budgets and mitigation of farm erosion risk), or other 

relevant legislation, to protect soil resources  

Priority High 
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Indicator 1.2: Water quality & yield 

Definition The release of water pollutants is prevented and freshwater quality 

is restored. Withdrawal of ground and surface water and/or use 

does not impair the functioning of natural water cycles and 

ecosystems and human, plant and animal communities 

Rationale Fresh clean water is required for stock watering, irrigation of crops 

and pasture as well as other farm operations. It is also an 

important consideration for providing a safe drinking supply, 

sustaining natural ecosystems and associated native biodiversity, 

as well as highly valued recreational activities and cultural 

reasons.9 Intensive agriculture can place severe stress on flowing 

freshwater and groundwater resources as well as reducing water 

quality. 

Reviewed schemes 79% of schemes, typically a combination of performance and 

practices measures implemented 

Importance Moderate–high 

Readiness of indicator Moderate 

Cost of indicator High 

Measurability High, specialised 

Recurrence of monitoring Intermittent 

Performance measures Status and trends in physical (including habitat), chemical or 

biological properties of water bodies, in production areas 

Practice measures Implementation of best management practices, or other relevant 

legislation, to protect water-related resources, including risk 

assessments for nitrogen leaching and phosphorus runoff 

Priority Low, but context dependent 
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Indicator 1.3: Land cover 

Definition Productive and conservation capacity of land is sustained and 

enhanced. Change in area, habitat loss and transformation are 

minimised. 

Rationale Land cover is considered a fundamental data layer in most 

monitoring schemes. It provides a basis for measuring temporal and 

spatial trends in land use and determining drivers of change. It also 

provides contextual information for interpreting changes in other 

agro-environmental indicators. Habitat mapping is also important for 

farmland biodiversity surveys,118 as habitat loss is a main threat for 

biodiversity. Certification schemes often focus on a subset of 

habitats, but the terms used to describe them are often generic and 

indistinct.45 Few schemes refer to modified habitats and even fewer 

to habitat restoration or enhancement. 

Reviewed schemes 63% of schemes, typically focused on performance measures 

Importance High 

Readiness of indicator High 

Cost of indicator Low 

Measurability Moderate 

Recurrence of monitoring Occasional 

Performance measures Extent, change and transformation in cultivated and uncultivated 

habitats (exotic versus indigenous vegetation) at different spatial 

scales 

Practice measures Extent, change and transformation of agricultural land used for 

different land uses and the intensity of management practices within 

different land use types 

Priority High 
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Indicator 1.4: Ecosystem disruption 

Definition Disruption and vulnerability to loss of production, livelihoods and 

ecosystem components resulting from major disturbances (or 

shocks) to agro-ecosystems (e.g. fire, disease outbreaks or mass 

erosion events) is minimised. 

Rationale Ecosystems play important roles in modulating the effects of extreme 

events (shocks) on human systems. Ecosystems affect both the 

probability and severity of events, and they modulate the effects of 

extreme events. Major disturbances can adversely impact production 

either directly (e.g. crop losses) or indirectly (e.g. increased reliance 

on or costs of supplementary animal feed). These regulating services 

will become increasingly important because of global climate 

change. 

Reviewed schemes 16% of schemes. 

Importance Moderate 

Readiness of indicator Moderate 

Cost of indicator Low 

Measurability High 

Recurrence of monitoring Continuous surveillance, escalated monitoring if threat found (driver 

or shock) 

Performance measures Frequency, extent and intensity of area affected by extreme abiotic 

or biotic disturbances beyond reference conditions (e.g. fires, 

disease outbreaks, mass erosion, extreme climate/weather events) 

Practice measures Implementation of education initiatives, regular surveillance and 

reporting procedures, rapid response strategies and best-practice 

management actions at farm and catchment levels to mitigate risk 

(e.g. surveillance activity targeting main pathways for entry for new 

diseases) 

Priority Moderate 
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Indicator 1.5: Pollination 

Definition Fruit set rates and yields in insect-pollinated crops are sustained 

and enhanced. Reliance on external pollination services is 

minimised. 

Rationale Fruit set is the proportion of a plant’s flowers that develop into 

mature fruit or seeds; it is a key component of crop yield.134 A 

decline in the diversity and abundance of wild insect pollinators in 

many agricultural landscapes is a global concern, as wild insects 

(native and introduced) may increase fruit set by contributing to 

pollinator abundance, number of species (richness) or equity in 

relative species abundance (evenness) or some combination of 

these factors.34,132,134,135 In New Zealand, honey bees, mainly 

sourced from managed hives, are regarded as the most effective 

pollinators of commercial crops, with some horticultural and arable 

sectors considering these pollinators as critical to the development 

of an economically viable crop.136  

Reviewed schemes 11% of schemes, only one locally (ARGOS) 

Importance Low–high 

Readiness of indicator Moderate 

Cost of indicator Moderate 

Measurability Moderate, specialised, indirect proxies available? 

Recurrence of monitoring Intermittent 

Performance measures Extent, timing and change in demand for different pollination 

services per unit area within different sectors (e.g. hives, artificial 

pollination, alternative insect pollinators, enhancing floral 

attractiveness) 

Practice measures Implementation of education and best-practice management 

strategies to enhance pollination services on farms,137 optimise 

use of pollination services within and among sectors, minimise 

agro-chemical poisoning and biosecurity risks, and ensure future 

demand can be met 

Priority Context dependent 
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Objective 2: Reducing agricultural pest threats  

Agro-ecosystems are increasingly recognised as both sources and sinks of disease, weed 

and animal pest species, which can have significant effects on biodiversity, agricultural 

biosecurity, global economies, and human health (e.g. Box 10). Changes in the emergence, 

prevalence and abundance of such pests are driven largely by socio-economic, 

environmental, and ecological factors.138 

 

Box 10: Emerging disease affects pollinator species 

The honey bee (Apis mellifera) is one of the most economically important 

insects, providing crop pollination services and valuable hive products. Emerging 
diseases are among the greatest threats to honey bees.139 During the past 50 
years, the global spread of the ecto-parasitic mite Varroa destructor has resulted 
in the death of many feral honey bee colonies.139 In New Zealand, significant 
declines in managed honey bee colonies over the last decade have been linked 
to Varroa destructor infestations and associated viral infections.140 

 

Zoonotic disease emergence at the wildlife–livestock–human interface, for example, is often 

associated with varying combinations of agricultural intensification and environmental 

change, such as habitat fragmentation and ecotones, reduced biodiversity, agricultural 

changes and increasing human density in ecosystems.141 Expansion of livestock 

production, especially in proximity to wildlife habitats, has facilitated pathogen spillover from 

wildlife to livestock and vice versa. It has also increased the likelihood that livestock become 

amplifying hosts in which pathogens can evolve and become transmissible to humans. 

Some wildlife species have adapted to and thrived in the ecological landscape created by 

human settlement and agriculture and become reservoirs for disease in livestock and 

humans. 

In New Zealand, tuberculosis in cattle and deer is an example of an ongoing endemic 

disease issue requiring significant investment to halt and reverse the problem.142 This has 

included control of Mycobacterium bovis infection in both wild and domestic animal 

populations. Other wildlife species impact agricultural production, with native and introduced 

birds, for example, causing significant damage to grape crops in vineyards.143,144 Biosecurity 

defence programmes have to weigh the biodiversity contribution of adventive species 

against their potential pest impacts. Careful study is needed to determine whether the 

indirect ecological effects of a pest plant or animal may offer unexpected net gains for agro-

ecosystem resilience that outweigh the direct penalties of their abundance on farms. 

Managing pests is difficult as land managers have to contend with multiple sources of 

uncertainty:145 (1) observation uncertainty: measurements made on the managed system 

(e.g. how many pests are actually present?); (2) model uncertainty: understanding the 

underlying behaviour of the system (e.g. how will pests respond to different levels of 

pesticide?); and (3) process uncertainty: about the environment (e.g. how unpredictable 

weather changes the effectiveness of pesticide applications?). 

Pest management monitoring typically focuses on inputs (e.g. rate and frequency of 

pesticide applications, trapping effort) rather than on performance outcomes125 (e.g. 

possum densities are reduced and maintained at low densities resulting in significant 

reductions in TB incidences in cattle). 
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Two indicators are recommended for monitoring agricultural pest threats. One focuses on 

detecting and managing new pest threats, thus meeting the regulatory requirements set out 

in the Hazardous Substance and New Organisms Act 1996. The other assesses changes 

in the dominance of established agricultural pests, posing a risk to agricultural production 

and the wider environment. 

 

Indicator 2.1: New agricultural disease, weed and pest species 

Definition Minimise the risk and number of new incursions and/or sites of 

nationally recognised agricultural weed and pest species. 

Rationale The Environmental Protection Agency manages potential risks to 

the environment, the health and safety of people, Māori culture 

and traditions and the market economy from organisms that are 

new to New Zealand without limiting the country’s future potential 

for innovation.146 New organisms in New Zealand are regulated 

and managed by the Hazardous Substances and New Organisms 

(HSNO) Act 1996.147 The Act defines a new organism as a plant, 

animal or micro-organism that is foreign to New Zealand. New 

organisms include: (1) new species that were not present in 

New Zealand before 29 July 1998; (2) organisms that have been 

given containment approval, genetically modified organisms 

(GMOs); and (3) organisms that have been eradicated from 

New Zealand. 

Reviewed schemes 26% of schemes, typically a combination of performance and 

practices measures 

Importance Moderate–high 

Readiness of indicator Moderate 

Cost of indicator High 

Measurability Moderate 

Recurrence of monitoring Continuous surveillance, escalated monitoring if threat found 

(driver or shock) 

Performance measures Incidences of the introduction of potentially invasive species are 

minimised. Occurrence of self-maintaining populations of new 

potential environmental weeds and animal pests 

Practice measures Implementation of best-practice management protocols to mitigate 

risks of new incursions 

Priority Moderate, but context dependent 
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Indicator 2.2: Agricultural disease, weed and pest dominance 

Definition Minimise the risk, distribution and abundance of agricultural 

weeds and nationally listed animal pests. 

Rationale For already established pests, management is conducted within 

a legislative and policy framework148 (e.g. Regional Pest 

Management Strategies; National Pest Plant Accord; Biosecurity 

Act 1993; National Pest Management Plan for Bovine TB). 

Performance Management Framework for pest 

management.149,150 

Reviewed schemes 74% of schemes, typically focused on practice measures 

Importance Low–high 

Readiness of indicator High 

Cost of indicator Moderate 

Measurability Moderate 

Recurrence of monitoring Intermittent 

Performance measures Status and trends in distributions and abundance or prevalence 

of key weed, pest or disease species threatening agricultural 

production and agro-ecosystems. Area and per cent of 

production land affected beyond reference conditions 

Practice measures Implementation of management actions (e.g. waste 

management, biocontrol programmes or integrated pest 

management practices) to regulation of agricultural weeds, pests 

or diseases and mitigating risk including education, regular 

surveillance and reporting procedures 

Priority Context dependent 
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Objective 3: Limiting environmental pollutants 

Rachel Carson’s book entitled The Silent Spring drew the world’s attention specifically to 

the indiscriminate toxicity of early generations of agricultural pesticides. Conventional 

agriculture is based on a high level of chemical inputs (e.g. pesticides and fertilisers), 

resulting in serious environmental impacts, health risks and loss of biodiversity in agro-

ecosystems.151 Environmental impacts include their aerial dissemination and the 

contamination of soil and water, with largely underestimated negative effects on biodiversity 

directly or indirectly exposed to these chemicals152 (Box 11). Pesticide use also contributes 

to decreases in plant and animal biodiversity in agro-ecosystems as well as habitat loss. 

Thus, a reduction in the use of plant protection products is crucial for the implementation of 

sustainable agricultural systems, particularly for systems with high pesticide use. Orchards 

in temperate regions, for example, are among the most intensive users of pesticides (e.g. 

in France orchards only make up 1% of the utilised land area but use 21% of insecticides). 

In addition to meeting the regulatory requirements set out in the Hazardous Substance and 

New Organisms Act 1996, New Zealand’s agricultural sectors need to address increasing 

consumer concern about pesticide residues in food, and the impact of crop protection 

practices on the environment, by developing strategies to minimise pesticide use through 

greater adoption of integrated pest and disease management systems.153 Such systems 

aim to minimise pesticide use by avoiding unnecessary applications, optimising pesticide 

timing and making greater use of selective and more benign pesticides. Demonstrating 

performance towards lower pesticide use and safer crop protection practices and related 

environmental benefits (e.g. improved status of key indicator species or guilds) is also 

important (e.g. Box 11). 

Two indicators are recommended for assessing the risks posed by chemical pollutants and 

their persistence in the environment. 
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Box 11: Environmental risks of pesticides 

Trends in toxicity risk 

Trends in pesticide use were assessed within three management systems in New Zealand’s kiwifruit 
sector.154 Thirty-six orchards were surveyed by the Agricultural Research Group on Sustainability 
(ARGOS). These were located in 12 clusters, with each cluster having three orchards: one integrated 
management ‘Green’, one integrated management ‘Gold’ and one organically managed Green 
‘Organic’. Within each orchard, pesticide applications were classified according to the eco-toxicity risk 
posed to terrestrial vertebrates (using the Environmental Protection Agency databases), as well as 
the frequency and area of spraying events. Toxicity risk on Organic orchards was very low compared 
with the other management systems, where a drop in the toxicity ranking was observed in 2007/08. A 
change in the types of sprays used rather than a reduction in sprays applied was determined as the 
driver of trend for a decline in pesticide toxicity. 

 

 

Native bird densities 

Using bird survey data collected from the same kiwifruit orchards in New Zealand, ARGOS found 
composite measures of breeding season densities, both of all native species and the subset of native 
insectivores, were higher on organic orchards than integrated management ones.155 However, 
pesticide use and habitat composition variables were better predictors of native bird densities than 
management system, with native bird densities negatively associated with pesticide toxicity ranking 
and/or positively associated with woody vegetation cover. A complete conversion to an organic 
system may not, therefore, be required to improve biodiversity in agro-ecosystems. Instead, the 
transfer of specific land management practices known to benefit biodiversity in organics has the 
potential to enhance biodiversity in other more intensively managed systems (e.g. integrated 
management). This may be a path towards attaining biodiversity benefits at a larger scale, since such 
changes may be more attractive than a conversion to organic. 

 

Wonky fish 

Anthropogenic pollution and disease can cause both lethal and sub-lethal effects in aquatic species 
but our understanding of how these stressors interact is often not known. Contaminants can reduce 
host resistance to disease, but whether hosts are impacted at environmentally relevant concentrations 
is poorly understood. A recent New Zealand study investigated the independent and combined effects 
of exposure to the common herbicide glyphosate (e.g. ‘round-up’) and the trematode 
parasite Telogaster opisthorchis on survival and the development of spinal malformations in 
juvenile Galaxias anomalus, a native freshwater fish.156 Parasites and glyphosate were shown to act 

synergistically on aquatic vertebrates at environmentally relevant concentrations, and that glyphosate 
might increase the risk of disease in fish. These results have important implications when identifying 
risks to aquatic communities and suggest that threshold levels of glyphosate currently set by 
regulatory authorities do not adequately protect freshwater systems. 
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Indicator 3.1: Environmental risk of toxins 

Definition Minimise the toxin risk posed to different taxa within agro-

ecosystems and surrounding areas by chemical use. 

Rationale Pesticide use contributes to biodiversity loss and soil and water 

contamination, but the impact and extent of these effects is 

largely underestimated.151,152 A reduction risk of toxins in agro-

ecosystem and surrounding environments is crucial for 

implementing sustainable agricultural systems, particularly for 

sectors where pesticide use is high. 

Reviewed schemes 53% of schemes, predominantly focused on practice measures 

Importance Moderate 

Readiness of indicator Moderate 

Cost of indicator Low 

Measurability High 

Recurrence of monitoring Continuous 

Performance measures Status and trends in toxicity risk of pesticide use is assessed 

for different taxa 

Practice measures Implementation of education initiatives and best-practice 

management at farm and catchment levels to mitigate risk 

Priority Moderate 
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Indicator 3.2: Ecosystem levels of persistent toxins 

Definition Minimise the number of accidental release/chronic 

contamination events and presence toxins in selected 

tissues of wildlife, and agricultural produce, and humans 

Rationale Public and consumer concerns about pesticide residues in 

food, the environment and humans need to be addressed. 

Hence international certification schemes often place a 

strong emphasis on safe use and storage of hazardous 

chemicals on farms as well as transparent processes for 

declaring and managing accidental or chronic 

contamination events. 

Reviewed schemes 53%, typically practice measures 

Importance Low 

Readiness of indicator Moderate 

Cost of indicator High 

Measurability High, specialised 

Recurrence of monitoring Occasional 

Performance measures Toxins in selected tissues (introduced and native wildlife 

species, agricultural produce and humans) for which 

poisoning is suspected 

Practice measures Implementation of safe use and storage of toxic substances 

for plant protection, livestock treatments, cleaning, on 

wildlife is ensured. Frequency of events of accidental 

release and chronic contamination by chemicals 

Priority Very low 
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Outcome 2: Resilience is secured for future use 

This outcome focuses on securing environmental resilience for future use of the production 

landscape. It sets out to address three key objectives: (1) minimising material and energy 

subsidies; (2) buffering against socio-economic pressures and shocks; and (3) maintaining 

agro-biodiversity. 

Resilience is ‘the capacity of a system to absorb disturbance and reorganise while 

undergoing change so as to still retain essentially the same function, structure, identify and 

feedbacks.’157 If socio-ecological systems are to be strong enough to withstand 

perturbations by new threats, we must learn how to deal with uncertainty and adapt to 

changing conditions,158 rather than just learning what makes ecosystems vulnerable159 

There are four crucial aspects of resilience:157 (1) Latitude: the maximum amount a system 

can be changed before losing its ability to recover; (2) Resistance: the ease or difficulty of 

changing the system; (3) Precariousness: how close the current state of the system is to a 

limit or ‘threshold’; and (4) Panarchy: the resilience of a system at a particular focal scale 

will depend on the influences from states and dynamics at other scales due to cross-scale 

interactions. 

Adaptability is the capacity of stakeholders in a system to influence resilience and avoid 

crossing the system into an undesirable regime.157,160 Transformability is the capacity to 

create a fundamentally new system when ecological, economic or social conditions make 

the existing system untenable. 

Objective 4: Minimising material and energy subsidies 

Intensification of agriculture both globally and locally is largely dependent on increased use 

of external inputs (Table 6).17,34,36,161 As such inputs (e.g. fertiliser, fossil fuels) are often 

costly, significant risks to future farming and yields associated with increasing and 

increasingly volatile fossil fuel prices.161 Inputs also often rely on non-renewable resources, 

make up a significant component of the energy footprint for food production162 and/or 

increase the risk of environmental impacts both on and off the farm (e.g. nutrient runoff; 

biodiversity loss.124,163 From a fundamental ecosystem perspective, however, increased 

inputs are not wholly a threat, as intensively managed agro-ecosystems are only 

sustainable in the long term if the outputs of all components produced are balanced by 

appropriate inputs.36,164 A key challenge is to optimise energy inputs, while reducing 

greenhouse gas emissions and improving yields to meet the anticipated requirements to 

provide food, fuel, chemicals and materials for a growing global population.161 
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Table 6: Comparison of internal and external resources/processes for farmingxx 

 

Component Internal External 

Sun Main source of energy Supplemented by fossil fuels 

Water Mainly rain and small irrigation schemes Large dams, centralised distribution and 
deep wells 

Nitrogen Fixed from the air and recycled in soil 
organic matter 

Primarily from inorganic fertiliser 

Minerals Released from soil reserves and recycled Mined, processed and imported 

Weed & pest 
control 

Biological, cultural, mechanical and 
locally available chemicals 

With pesticides and herbicides 

Energy Some generated and collected on farm Dependence on fossil fuel 

Seed Some produced on farm All purchased 

Management 
decisions & 
information 

By farmer and community, gathered 
locally and regularly 

Some provided by input suppliers, 
researchers, extensionists – assumed to be 
similar across farms 

Animals Integrated on farm Production at separate locations 

Cropping 
system 

Rotations and diversity Monocropping 

Varieties of 
plants 

Thrive with lower fertility and moisture Need high input levels to thrive 

Labour Labour requirement greater – work done 
by family living on farm and hired labour 

Labour requirement lower – most work done 
by hired labour and mechanical replacement 
of manual labour 

Capital Initial source is family and community; 
and accumulation invested locally 

Initial source is external indebtedness or 
equity; and accumulation leaves community 

 

Critical questions about the sustainability of agricultural intensification in New Zealand that 

deserve attention include (Box 12):34,36,39,163 

 Can New Zealand achieve more sustainable agriculture by making better use of 

internal resources and being less dependent on external inputs? 

 What are the overall agro-ecosystem responses to the type of inputs, the degree 

and the way they are applied? 

 What are the adverse impacts of extracting of imported resources at their original 

source (e.g. biodiversity footprint of palm oil kernels) and will their continued use 

present a risk for New Zealand products in the marketplace? 

 Can the supply of external subsidies of nutrients, chemicals and energy from 

fossil fuels be maintained indefinitely for New Zealand farmers? 

 Is development and uptake of renewable energy resources responding 

sufficiently fast and on a large enough scale to allay concerns about climate 

change and dwindling fossil fuel reserves? 

                                                
xx Source: PCE (2004)34 
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 Is the rate of extraction of energy, nutrients, protein and vitamins as food and 

fibre increasing faster than their regeneration by solar energy, natural 

regenerative processes and artificial inputs by farmers? 

Two indicators are recommended for monitoring energy and material resources use (Table 

7). 

Box 12: ‘Enduring questions’ posed in New Zealand’s Environment Domain 
Plan130 

Energy 

What is the environmental impact of New Zealand’s generation, distribution and use of energy, and to 
what extent are renewable options taken? 

 

Supplementary enduring questions 

 What and where are New Zealand’s current energy resources and what is the potential for future 
exploitation and development? 

 What and where is the environmental impact of energy generation, distribution, and use occurring in 
New Zealand? 

 What and where is the environmental impact through the life cycle of renewable energy generation, 
and which types of renewable energy best support New Zealand’s sustainable development? 

 To what extent are energy conservation and energy efficiency options being taken, and where and 
how are these affecting the demand for energy? 

 What and where are the environmental-cultural risks and impact of energy generation, distribution, 
and use, for Māori, and how can they minimised? 

 What and where is environmental protection effort being done to address the environmental impact of 
energy generation, distribution, and use? 

 

Materials and Waste 

How do production and consumption patterns in New Zealand affect waste generation and minimisation? 

 

Supplementary enduring questions 

 What and where are the effects of production and consumption on New Zealand’s environment? 

 To what extent is New Zealand adopting technologies, production methods, and best practices that 
make more efficient use of natural resources, minimise waste, and reduce the impact on the 
environment from production and consumption? 

 What and where is the total amount and composition of waste generated, recycled and disposed of in 
New Zealand? 

 To what extent are Māori values affected by current waste management practices? 

 What environmental protection effort is undertaken to reduce the impact of waste on the 
environment? 
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Table 7: Review of practice () and performance () indicators used by local and international monitoring initiatives (full names 
provided in Table 2) relevant to the ‘resilience secured for future use’ outcome. 

 

Objective Indicator 
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xxi Mainly cited as habitat diversity rather than a focus on functionality per se. 
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Indicator 4.1: Non-renewable materials 

Definition Non-renewable resource use and waste generation is 

minimised. 

Rationale Modern agriculture is heavily dependent on fossil resources 

directly for crop management and indirectly for fertilisers, 

pesticides and machinery production.161 Nitrogen fertiliser 

production in particular uses large amounts of fossil fuels. 

Waste generation (hazardous and non-hazardous) is also a 

significant concern. Food waste within food supply chains, 

for example, means non-renewable inputs to its production 

are also wasted and highlights an opportunity for improved 

system efficiencies.8,165 

Reviewed schemes 53% of schemes, mainly practice measures 

Importance Moderate 

Readiness of indicator Moderate 

Cost of indicator Moderate 

Measurability High 

Recurrence of monitoring Intermittent 

Performance measures Trends in the extent and rate of substitution of non-

renewable materials (renewable versus non-renewable). 

Margin for potential waste generation to reach best 

achievable target for sector. Reuse and recycling rates are 

maximised 

Practice measures Volume, application rate and type of non-renewable and 

renewable materials used. Implementation of education and 

best-practice management to reduce use of non-renewable 

resources and waste generation 

Priority Low 
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Indicator 4.2: Energy use 

Definition Overall energy consumption is minimised and use of sustainable 

renewable energy is maximised. 

Rationale Global energy use, primarily from fossil fuel resources, is a major 

concern, in as far as it contributes to the degradation of air, water and 

soil quality as well as human and ecological health.8 To reduce the 

use and impact of fossil fuels, two main strategies are promoted: (1) 

increased energy efficiency through technology and eliminating 

waste; and (2) use of more renewable/alternative fuels (e.g. solar and 

wind power). 

Reviewed schemes 42%, mainly practice measures 

Importance High 

Readiness of indicator Moderate 

Cost of indicator Moderate 

Measurability Moderate 

Recurrence of monitoring Continuous 

Performance measures Status and trends in energy use and efficiency for different sectors. 

Proportion of farms/businesses meeting energy use 

compliance/certification requirements 

Practice measures Amount and type of fuels used. Implementation of education and 

best-practice strategies for increasing energy efficiency 

Priority High 
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Objective 5: Buffering against socio-economic pressures and shocks 

Devising ways to sustain the earth’s ability to support diverse life, including a 

reasonable quality of life for humans, involves making tough decisions under 

uncertainty, complexity and substantial biophysical constraints as well as 

conflicting human values and interests.166 

Agriculture is a dynamic industry that has witnessed many changes in the type, diversity 

and quality of farm production and in the technologies utilised99. Fundamental to 

understanding the drivers of economic growth, productivity and environmental change is 

the documentation of investment (levels, changes and types) and governance patterns in 

agriculture as well as the outcomes of those actions. However, large-scale economic 

incentives may not be closely aligned with the condition of local ecosystems, making the 

drivers of change difficult to identify, monitor and manage (Box 12).163,166,167 

 

Box 13: Requirements of adaptive governance in complex systems166 

 
 Providing information: Environmental governance depends on good, trustworthy 

information about stocks, flows and processes within the resource systems being 
governed, as well as about the human–environment interactions affecting those 
systems. This information must be congruent in scale with environmental events and 
decisions. 

 

 Dealing with conflicts: Sharp differences in power and in values across interested 

parties make conflict inherent in environmental choices. Designing resource institutes 
able to facilitate conflict resolution by bringing together people with different 
perspectives, interests and fundamental philosophies to spark learning and change. 

 

 Inducing rule compliance: Effective governance requires that the rules of resource use 

are generally followed, with reasonable standards for tolerating modest violations. 
 

 Providing infrastructure: Physical, technical and institutional infrastructure determines 

the degree to which natural resources can be exploited, the extent to which waste can 
be reduced in resource use, and the degree to which resource conditions and the 
behaviour of human users can be effectively monitored. 

 

 Be prepared for change: Institutions must be designed to allow for adaptation because 

some current understanding is likely to be wrong, the required scale of organisation can 
shift and the biophysical and social systems change. 

 

 

As ecosystems degrade and loss of biodiversity accelerates, it is becoming increasingly 

important to identify governance strategies that successfully mitigate these adverse impacts 

of human activities under particular conditions.166,168 Yet, conservationists have been poor 

at building up and using an evidence base about the efficacy of potential interventions.169,170 

This lack of basic empirical evidence on performance of different management strategies 

has led to polarised debates among conservationists, wastage of scarce financial 

resources, and a risk of poorly designed and ineffective conservation programmes.170 

Climate change is a critical problem occurring at a large scale and involves non-local 

influences.166 Promising strategies for addressing this problem include facilitating dialogue 

among interested stakeholders, government and scientists, and implementing designs that 

facilitate experimentation, learning and change. 
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Two indicators are recommended for assessing how well New Zealand’s agro-ecosystems 

are buffered against future socio-economic pressures and shocks (Table 7) focusing on 

agro-environmental financial investments and governance. 

 

Indicator 5.1: Agro-environmental financial resources 

Definition Sufficient public and private resources are available for 

sustaining and enhancing agro-environmental goods, services, 

research and conservation for improving environmental quality 

Rationale Documenting investment patterns (levels, changes, types) in 

agriculture is fundamental to understanding the drivers of 

economic growth, productivity and environmental change.99 

However, in New Zealand, information available on capital 

investment expenditure in agriculture is poor. 

Reviewed schemes 37% of schemes, combination of performance and practice 

measures 

Importance Moderate–high 

Readiness of indicator High 

Cost of indicator Moderate 

Measurability High 

Recurrence of monitoring Continuous 

Performance measures Environmental outcomes in relation to public and private 

(including farm-level) agro-environmental expenditure 

Practice measures Farm-level agro-environmental expenditure in relation to net 

farm income (defined by OECD as the difference between the 

value of the gross output and all expenses, including the 

depreciation at the farm level from agricultural activities). Public 

and private agro-environmental expenditure on agro-

environmental goods, services, research and conservation for 

improving environmental quality (e.g. number and value of 

corporate sponsorships in conservation) 

Priority Moderate, but context dependent 
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Indicator 5.2: Agro-environmental governance 

Definition Legal, institutional and economic framework is sufficient for 

sustaining and enhancing agro-ecosystem, conservation and 

climate change management 

Rationale Identification of governance strategies that successfully mitigate 

the adverse impacts of land management activities on the 

environment requires an evidence base about the efficacy of 

potential interventions.168,169,170 A lack of such evidence leads to 

polarised debates among stakeholders, wastage of scarce 

financial resources, and a risk of poorly designed and ineffective 

environmental management programmes.170 

Reviewed schemes 58% of schemes, mainly practice measures 

Importance Moderate 

Readiness of indicator High 

Cost of indicator Low 

Measurability High 

Recurrence of monitoring Occasional, escalated where alert found 

Performance measures Environmental outcomes assessed in relation to initiation and 

implementation of resource management policy and 

management actions 

Practice measures Implementation of resource management policy (e.g. 

environmental whole farm management plans for nutrient, pest, 

soil and water management, organic farming). Number of 

partnerships between different stakeholder groups (e.g. industry, 

government bodies, farmers and local community groups) and 

extent of participation. Education and advocacy effort to engage 

stakeholder participation 

Priority Moderate 
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Objective 6: Maintaining agro-biodiversity 

Diverse agro-ecosystems are characterised by a high natural insurance function against 

changing environments because they decrease variance in crop yields and, thereby, the 

uncertainty in the provision of public-good ecosystem services.152 Agricultural biodiversity 

may enhance a system’s capacity to absorb and recover from perturbation, or build 

resilience, which in turn potentially reduces reliance on external inputs to maintain 

production.171 The unique feature of agro-biodiversity (microbes, plants, and animals that 

provide ecosystem services) is the emphasis on its utility to human beings.172 

Maintaining genetic diversity of crop-cultivars and livestock breeds is important for 

producing commercial products, as well as pest and disease management, pollination 

services and soil processes.34,42,108,173 The monitoring of beneficial species representing 

different ecological functions (primary production, herbivory, pollination, predators) and a 

range of sensitivities to management activities at varying spatial scales is required, to 

ensure these important components of the system are being maintained.18,46 

Agricultural intensification replaces heterogeneity in habitat structure, in time and space, 

with homogeneity174 resulting in declines in agro-biodiversity at local and global 

scales.60,72,175 The extent, structure, composition and management of non-crop habitats are 

of particular interest, because these habitats can provide important refuges for beneficial 

species on farms (e.g. Box 14).35,36,118,176 Thus, maintaining habitat heterogeneity at multiple 

spatial scales (i.e. landscape, between-field and within field scales) is considered important 

for supporting biodiversity in agro-ecosystems. Key concerns include: 

 At the landscape scale: consolidation of small farm units into larger ones, the 

replacement of mixed farming systems with specialised ones dominated by either 

tilled land or grassland. 

 At the between-field scale: simplification of crop rotations, removal of non-

cropped areas and removal of field boundary habitat strips. 

 At the within-field scale: increased mechanisation of farming practices, 

agrochemical use, drainage/irrigation, more competitive crop breeds (creating 

monocultures) and grassland improvement as well as increased duration and 

intensity of grazing on improved fields.177,178 

International examples of minimum requirements and thresholds for non-crop management 

applied either by law or certification schemes are: 

 Ecological Compensation Areas (ECA, Switzerland) – Required to manage 7% 

of farm land area as ECA.xxii,179 Features that qualify include hay meadows, 

traditional orchards and hedgerows. However, in addition to meeting regulations 

for management allowed on ECAs, there are also ecological quality criteria to 

which the ECA vegetation needs to conform. 

 Conservation Grade certification (CG, UK) – Commit to at least 10% of farmed 

area to a range of managed wildlife habitats and meet specific management 

criteria. Two pollen and nectar sources should be provided (grass/wildflower 

mixtures and grass/legume mixtures) – specific thresholds and requirements 

need to be met. 

                                                
xxii Herzog et al. 2005 and Knop et al. 2006 cited in Henle et al. 2008179 
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 Sustainable Agriculture Standard (SAN, International) – farms in areas where the 

original natural vegetation is not forest (e.g. grasslands, savannahs, scrublands 

or shrublands) must dedicate at least 30% of the farm area for conservation or 

recovery of the area’s typical ecosystems. These farms must implement a plan 

to establish or recover natural vegetation within 10 years. 

Three indicators are recommended to assess the status of agro-biodiversity in 

New Zealand’s production lands: genetic stock, beneficial species and landscape functional 

heterogeneity (Table 8). 

 

Box 14 Agro-biodiversity indicators for New Zealand agro-
ecosystems 

 

Shelterbelts as refuges for beneficial species180 

Spiders (Araneae) and beetles (Coleoptera) comprise more than one-quarter of world 
biodiversity and provide crucial ecosystem services. Spiders and predatory beetles are 
important natural enemies of many pasture pests; many detritivorous beetles facilitate 
nutrient cycling. They are also an important food source for birds and have potential to be 
used as indicators of agro-ecosystem health. However, agricultural intensification has 
caused rapid declines in invertebrate biodiversity worldwide, due to increased input of 
inorganic pesticides, herbicides and fertilisers, and removal of woody vegetation. 

A recent study focusing on the North Island dairy sector found organic farms and fenced 
shelterbelts supported 40% and 67% higher densities of spiders than conventional farms 
and unfenced shelterbelts, respectively. Shelterbelts of native plant species supported 
higher species richness of native spiders and beetles than shelterbelts of exotic plants. A 
combination of converting to organic farming, fencing off shelterbelts and planting more 
native shelterbelts is likely to provide increased ecosystem services and biodiversity 
conservation on New Zealand dairy farms. 

 

Native birds in kiwifruit orchards155 

A recent study in New Zealand kiwifruit orchards observed native bird densities (for 
common and widespread species) were negatively associated with pesticide toxicity 
ranking and⁄or positively associated with woody vegetation cover. Native bird species are, 
therefore, likely to be suitable indicators for monitoring the impact of changes in land 
management practices within kiwifruit orchards. Although only relatively small differences 

between bird densities were associated with the different management systems, the 

alignment of these differences with previously observed benefits of organics in terms of 

higher plant and invertebrate biodiversity and soil quality181,182,183 means that they are likely 
to reflect large differences at the total biodiversity scale. 

 

Threatened falcons in vineyards144 

The New Zealand falcon (Falco novaeseelandiae) is listed as a threatened species by the 
Department of Conservation. Introduction of this species to vineyards in Marlborough was 
associated with a significant decrease in the abundance of introduced passerines 
considered vineyard pests and with a 95% reduction in the number of grapes removed 
relative to vineyards without falcons. Also, relative to damage in vineyards without falcons, 
the presence of a falcon could potentially result in savings of US$234/ha for the Sauvignon 
Blanc variety of grapes and $326/ha for Pinot Noir variety of grapes. 
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Indicator 6.1: Genetic stock 

Definition The diversity of domesticated species living in agricultural, forestry and 

fisheries ecosystems, as well as the diversity of varieties, cultivars and 

breeds of domesticated species, is sustained and enhanced. 

Rationale A wide variety of species and their genes contribute to commercial 

products in agro-ecosystems.42 Farmers and breeders have developed 

a multitude of crop varieties and animal breeds to suit their needs, and 

to stabilise and increase productivity.118 Molecular genetic methods for 

characterising genetic variation are technologically demanding, 

expensive and require further development for general application. 

International schemes (e.g. OECD, BIOBIO) recommend on simple, 

indirect measures based on crop-cultivar and livestock breed 

information to assess genetic resources. 

Reviewed schemes 21% of schemes 

Importance Low 

Readiness of indicator High 

Cost of indicator Low 

Measurability High 

Recurrence of monitoring Intermittent 

Performance measures Number, amount and origin of different breeds and varieties and the 

number and proportion of those that are endangered. Genetic diversity 

of aquaculture/crop/livestock/tree production is enhanced 

Practice measures Number of varieties or breeds that have registered and certified within 

the main crop/livestock categories for marketing. Share of key crop 

varieties in total marketed production for individual crops and key 

livestock breeds in respective categories of livestock numbers 

Priority Low 
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Indicator 6.2: Beneficial species 

Definition The status of species (or animal guilds) that are beneficial to 

agricultural, forestry and fisheries ecosystems is sustained and 

enhanced. 

Rationale Agricultural biodiversity may enhance a system’s capacity to absorb 

and recover from perturbation, or build resilience,158 which in turn 

potentially reduces reliance on external inputs to maintain 

production.171 

Reviewed schemes 47% of schemes 

Importance High 

Readiness of indicator Moderate 

Cost of indicator Moderate–high 

Measurability Low–high 

Recurrence of monitoring Intermittent 

Performance measures Diversity and/or abundance of species guilds considered important for 

production, including pollinators (e.g. wild bees and bumblebees), 

natural predators (e.g. spiders) and ecosystem engineers (e.g. 

earthworms) 

Practice measures Implementation of key management actions (e.g. spraying, mowing, 

grazing, weeding) likely to affect the status and trend in beneficial 

species populations 

Priority High 
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Indicator 6.3: Landscape functional heterogeneity 

Definition The diversity, functional integrity and connectivity of ecological refuges 

in agro-ecosystems are sustained and enhanced. 

Rationale Elements of landscape heterogeneity can influence a variety of 

ecological responses, including animal movement, population 

persistence, species interactions and ecosystem function184. 

Agricultural landscapes vary widely in their degree of spatial 

heterogeneity, in part, controlled by patterns of land tenure and 

cumulative effects of cropping, grazing and other decisions made by 

individual farmers. More heterogeneous landscapes contain many 

different production cover types which are distributed in a complex 

pattern and interspersed with other, more ‘natural’ cover types. Of 

particular interest are habitats providing refuges for agro-biodiversity. 

Landscape functional heterogeneity identifies different land cover types 

based on differences in resource dependencies of species or species 

groups of interest184,185,186 (e.g. pollinators, natural predators, 

ecosystem engineers) at different spatial scales187 (field, farm or 

landscape scale). It also takes into account subtle non-structural 

distinctions among habitat types relevant to a species response (i.e. 

management actions that can affect patch quality such as pesticide 

use, soil management or crop history.177,178 

Reviewed schemes 74% of schemes, mainly practice measures with performance 

measures often focusing on habitat diversity rather than directly aiming 

to assess functionality 

Importance High 

Readiness of indicator Moderate 

Cost of indicator Moderate 

Measurability Moderate 

Recurrence of monitoring Occasional, monitoring escalated if event/change signalled 

Performance measures Status and trends of landscape functional heterogeneity assessed for 

key species or groups of species of interest and changes in these 

metrics of over time. Status and trends in bird communities as 

surrogate indicators of environmental health indicators 

Practice measures Implementation of key management actions likely to affect the value 

and continuity of ecological refuges for agro-biodiversity within the farm 

boundary including (1) proportion protected from grazed animals and 

other forms of ecological disturbance; (2) number of native and exotic 

trees planted or removed on the property; (3) share of utilised area and 

stock with certified organic production; (4) area set aside for protection 

purposes (e.g. riparian corridors); and (5) other non-crop habitats like 

field margins or understorey for vineyards and orchards. 

Priority High 
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Outcome 3: ‘Enhanced natural heritage’ goal supported 

This outcome focuses on New Zealand’s national goal to enhance its natural heritage. It 

aims to address three key objectives within production landscapes: (1) maintaining 

ecosystem representation and composition; (2) preventing extinctions and declines; and (3) 

reducing conservation pest threats. 

A high proportion of New Zealand’s species are endemic (i.e. found nowhere else in the 

world) – making these species both valuable and highly vulnerable (Box 1). Better 

information is required about drivers of change (including threats posed by exotic weeds 

and pests, habitat loss and land-use intensification) and the extent to which New Zealand’s 

native biodiversity is being protected and sustained (Box 14).130 In the past, biodiversity 

indicators employed in New Zealand focused on recording management activity inputs, as 

these are often easily and accurately measured (e.g. area of possum control, number of 

litres of herbicide used over a given area). However, these do not directly measure the 

actual biodiversity outcomes achieved from the management activities.12,98,149 This makes 

it difficult to demonstrate whether biodiversity representation or persistence is improving or 

not. 

 

Box 15: Enduring questions posed in New Zealand’s Environment 
Domain Plan130 

Ecosystems and Biodiversity 

To what extent is the native (indigenous) biodiversity of New Zealand being protected and 
sustained? 

 

Supplementary enduring questions 

 How and where is the biodiversity and condition of indigenous species changing? 

 How and where is the diversity and condition of indigenous ecosystems changing? 

 What impact does change to the diversity and condition of indigenous species and 
ecosystems have on natural capital and the provision of ecosystem services? 

 What is driving the change to the diversity and condition of indigenous species and 
ecosystems, where does it occur, and how is it changing over time? 

 What ecosystem services are currently provided by New Zealand’s terrestrial and 
freshwater environments and how are these predicted to change in the future? 

 What and where is the impact of change to culturally significant indigenous taonga 
(treasured) species, mahinga kai (customary food gathering areas and practices), and 
ecosystems, and what is being done to protect and sustain them? 

 What and where is environmental protection effort being undertaken to protect and sustain 
the diversity and condition of indigenous species and ecosystems, including people and 
agencies, time and capital and how effective are the different efforts? 
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Objective 7: Maintaining ecosystem representation & composition 

Ecosystems can be defined by abiotic and biotic factors.9 Ecosystems occupy a range of 

environments (defined at different scales by climate, soils, topography, and disturbance 

regime factors) and their composition can vary according to species, functional groups, life-

history stages, trophic diversity and structural complexity. 

Focusing on higher levels of biological organisation (e.g. the ecosystem rather than species) 

may provide a pragmatic and cost-effective means of conserving multiple levels of biological 

diversity. A key challenge for biodiversity conservation is to identify and conserve areas of 

natural habitat that contain unique and diverse biological assemblages.45 New Zealand’s 

rare ecosystems, for example, frequently occur outside existing conservation areas, with 

opportunities for improvements in their protection and management recently being 

highlighted using an international threat classification system (Box 16). 

Three indicators are recommended for monitoring whether ecosystem representation and 

composition is improving (Table 8). These focus on (1) environmental representation and 

protected status; (2) ecosystem composition; and (3) occupancy of environmental range. 

 

Box 16: Classification and protection New Zealand’s naturally uncommon 
ecosystems 

 

Naturally uncommon ecosystems represent a distinct set of environmental conditions often 
associated with rare and threatened endemic species. IUCN recently developed some Ecosystem 
Red-List criteria that can be used to assess changes in the extent of these ecosystems and any 
reductions in their ecosystem processes.188 By providing a rational basis for identifying which 
ecosystems are the most threatened, this classification system can inform conservation priority 
setting.189 

New Zealand’s naturally uncommon ecosystems: 

 Are classified into 72 different types190 (e.g. basaltic outcrops and coastal turfs). 

 Eighteen are critically endangered, 17 endangered and 10 vulnerable naturally uncommon 
ecosystem types.189 

 Contain 145 (85%) of mainland New Zealand’s taxonomically distinct nationally critically, 
endangered or vulnerable plant species, 66 (46%) of which are thought to be endemic to 
naturally uncommon ecosystems. 

 Frequently occur outside existing public conservation areas and have been included in national 
conservation policy.191,192 

 Of the seven threatened ecosystems currently mapped, four have <20% of their total area 
under formal protection.11 
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Table 8: Review of practice () and performance () indicators relevant to the ‘contributed to the national natural heritage goal’ 
outcome used by local and international monitoring initiatives (full names provided in Table 2). 
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8. Preventing 
extinctions & 
declines 

8.1 Status of threatened 
speciesxxiii 

  

 

 

 

 

 

  

 

  

 

  

 

     

 

    

 

10. Reducing 
conservation 
pest threats 

10.1 New conservation 
weed & pest species 

   

 

 

 

  

 

      

 

       

10.2 Conservation weed & 
pest dominance 

  

 

 

 

 

 

  

 

 

 

 

 

    

 

      

 

 

 

 

                                                
xxiii Note that the majority of schemes specify direct measures of species status rather than indirect measures of habitat status for threatened species.  
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Indicator 7.1: Environmental representation and protected status 

Definition Sustain and enhance the extent and protection of indigenous 

cover and habitats or naturally uncommon ecosystems. 

Rationale Very widely reported internationally to assess the survivorship of 

intact ecosystems relative to their original extent and protection 

status. In New Zealand, such measures are expected to change 

slowly but are generally limited to coarse-level assessments9 (but 

also see Box 16). 

Reviewed schemes 42% of schemes 

Importance High 

Readiness of indicator Moderate 

Cost of indicator Moderate–high 

Measurability Moderate 

Recurrence of monitoring Occasional, monitoring escalated if event/change signalled 

Performance measures Extent, transformation and type of natural and near-natural 

ecosystems and habitats within production landscapes (including 

indigenous cover or habitats and naturally uncommon 

ecosystems) 

Practice measures Production does not occur in areas where natural habitat was 

destroyed during the last five years. Area and type of natural or 

near-natural ecosystems and habitats protected from human 

interventions. Implementation of best-practice management to 

mitigate damage risk of transformation or loss of existing habitats 

(e.g. through fire or aerial spraying) and to contribute to habitat 

restoration initiatives. 

Priority High 

 

  



 

 

Environmental Sustainability Indicators  62 

 

Indicator 7.2: Ecosystem composition 

Definition A balanced composition of plant and animal species typical and 

important to the region in natural and semi-natural ecosystems is 

sustained and enhanced. 

Rationale This indicator addresses a major conservation goal for New Zealand 

and is widely used in North America and Europe.9 Early warnings of 

long-term changes/problems can be indicated by (1) changes in 

vegetation structure or functional groups; (2) local/regional 

extinctions of previously widespread and common animals; or (3) 

changes in functional communities or guilds of animals. 

Reviewed schemes 68% of schemes, mainly practice measures 

Importance Moderate 

Readiness of indicator Moderate 

Cost of indicator High 

Measurability Low to Moderate 

Recurrence of monitoring Occasional 

Performance measures Structure and composition of vegetation and animal communities 

and vulnerable ecosystems have not been affected in your sphere 

of influence 

Practice measures Implementation of best-practice management actions to mitigate 

risks 

Priority Low 
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Indicator 7.3: Occupancy of environmental range 

Definition Sustain and enhance the extent of potential range occupied 

by focal indigenous taxa. 

Rationale Species that are limited by adverse ecological factors (e.g. 

predators or habitat disruption) typically have very much 

smaller, atypical and fragmented ranges than those less 

affected.9 The extent to which they occupy their potential 

range can be regarded as a surrogate for cumulative 

pressure up on them, and this indicator is therefore widely 

used internationally. The ultimate baseline for species’ 

occurrence is its potential ecological range. However, as 

this potential range is often effectively unbounded, it is more 

common to use some version of its historical range, or 

modelling based on its historical range. 

Reviewed schemes 5% of schemes, only in one locally 

Importance Low 

Readiness of indicator Moderate 

Cost of indicator Moderate 

Measurability Moderate 

Recurrence of monitoring Occasional 

Performance measures Extent of potential range occupied by focal indigenous taxa 

Practice measures Implementation of management actions to facilitate the 

maintenance or enhancement of focal taxa ranges 

Priority Very low 
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Objective 8: Preventing extinctions & declines 

Preventing extinctions and population reductions is fundamental for maintaining 

biodiversity.9 Indicators reporting on conservation status of threatened taxa attract high 

public interest not only in New Zealand, where many endemic species are highly 

threatened, but also internationally.193,194 Many small natural-habitat remnants across a 

large geographical area protect more species than a single large remnant of the same 

area.152 However, fragmented populations experience high extinction rates, and many of 

the most endangered plants and animals need very large areas to survive. One indicator is 

recommended for reporting on the status of threatened species in New Zealand agro-

ecosystems. 

 

Indicator 8.1: Status of threatened taxa 

Definition Sustain and enhance the status of threatened taxa and their 

habitats. 

Rationale Threatened biota status is probably the most widely used 

conservation index.9 For example, protection measures for 

species are common biodiversity requirements of standards and 

certification schemes (94% of 36 standards reviewed across eight 

sectors), with a strong emphasis on measures to protect or 

manage threatened species.45  

Reviewed schemes 42% of schemes 

Importance High 

Readiness of indicator Moderate 

Cost of indicator High 

Measurability Low, specialised 

Recurrence of monitoring Occasional, escalated if threatened taxa found 

Performance measures Number of threatened taxa, extent and transformation of their 

habitats and the number responsive to management actions 

within sphere of influence; changes quantitative genetic 

characters 

Practice measures Number of threatened taxa and their habitats being actively 

managed within sphere of influence 

Priority Moderate 
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Objective 9: Reducing conservation pest threats 

Biological invasions are a major cause of indigenous biodiversity loss and ecosystem 

function both globally and locally.9,148,195 Mammal predators have caused extinction and 

reductions in many indigenous animal species, while mammalian herbivores have caused 

shifts in vegetation composition and structure. Invasive species alter disturbance regimes, 

displace native species and vegetation, and modify ecosystem processes. 

Agro-ecosystems and neighbouring vegetation can be a source of environmental invasive 

weeds and pests. In New Zealand, about 80% of environmental weed species that are 

managed by government agencies arise from garden dumping in marginal habitats, or 

through the naturalisation of economic plant species outside of cultivation.196,197,198,199 

Naturalised populations of wild kiwifruit, for example, emerged in native and exotic forest 

patches near orchards; this spread was likely facilitated by birds dispersing seed after 

feeding on waste fruit, and producers dumping vines or fruit into surrounding bush 

patches.200,201 Improvements in the industry’s waste management practices, coupled with 

proactive control of wild kiwifruit populations by the regional council, are required to 

significantly reduce the risk posed by this invasive species.200 

Two indicators are recommended for monitoring the status of conservation pest 

populations. One focuses on new pest species incursions, the other on distribution and 

abundance of established pest species. 
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Indicator 9.1: New conservation weed and pest species 

Definition Minimise the number and risk of new incursions and/or sites of 

nationally listed conservation weed and pest species. 

Rationale Central and local government have good border security and 

effective surveillance mechanisms in place to make this a reliable 

indicator of the size and potential threat of new conservation weed 

and pests.9 Early detection and management of novel weeds and 

pests is considered the only feasible way of preventing spread. 

Reviewed schemes 21% of schemes, mainly performance measures 

Importance Moderate–high 

Readiness of indicator Moderate 

Cost of indicator High 

Measurability Moderate 

Recurrence of monitoring Continuous, escalated if threat found (driver or shock) 

Performance measures Occurrence and elimination of self-maintaining populations of new 

potential conservation weeds and animal pests  

Practice measures Implementation of management practices to control or eliminate 

target species 

Priority Moderate, but context dependent 
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Indicator 9.2: Conservation weed and pest dominance 

Definition Minimise the risk, distribution and abundance of conservation 

weeds and nationally listed animal pests. 

Rationale Exotic environmental weed and pest dominance are important 

measures of the threats posed to indigenous persistence, 

realignment of ecosystem processes and the destruction of socially 

valued aspects of ecosystems.9 However, while invasive species 

are considered a major threat, standards and certification schemes 

provide little evidence this threat is being reduced by management, 

with the management requirements varying greatly among 

schemes.45 This indicator will provide a useful tool for priority setting 

and quantifying threats to ecological integrity.9 

Reviewed schemes 42% of schemes 

Importance Low–high 

Readiness of indicator High 

Cost of indicator Moderate 

Measurability Moderate 

Recurrence of monitoring Intermittent 

Performance measures Distribution and abundance of exotic conservation weeds and pests 

considered a threat. Change in the abundance of indigenous plants 

and animals susceptible to introduced herbivores and carnivores 

Practice measures Implementation of management actions that contribution to weed 

and animal pest control and reductions in ecological refuges on or 

adjoining farms 

Priority Context dependent 
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Outcome 4: Global environmental change obligations met 

This outcome sets out to address two key objectives for New Zealand to meet its global 

environmental change obligations: (1) reducing emissions; and (2) increasing carbon 

sequestration. 

Agriculture releases significant amounts of greenhouse gas (GHG) emissions to the 

atmosphere, which are expected to drive global warming (i.e. rising average surface 

temperatures) with large-scale and irreversible consequences.8,202 Carbon dioxide is 

released largely from microbial decay or burning of plant litter and soil organic matter. 

Methane is produced when organic materials decompose in oxygen-deprived conditions 

(particularly from fermentative digestion by ruminant livestock, and stored manures). Nitrous 

oxide is generated by the microbial transformation of nitrogen in soils and manures, and is 

often enhanced where available nitrogen exceeds plant requirements, especially under wet 

conditions. Land-use change associated with agriculture is also a significant but indirect 

driver of emissions. Agriculture will also likely be adversely affected by global warming, due 

to changes in temperatures and rainfall patterns and dramatic weather events. A number of 

mechanisms for increasing carbon sinks and reducing carbon dioxide and other greenhouse 

grass emissions in agricultural systems have been proposed (Box 17). 

The 1997 Kyoto Protocol to the United Nations Framework Convention on Climate Change 

established an international policy context for the reduction of carbon emissions and 

increases in carbon sinks in order to address the global challenge of anthropogenic 

interference with the climate system.203 New Zealand’s Land use and Carbon Analysis 

System204 (LUCAS), administered by the Ministry for the Environment, was established in 

2005 to support international reporting requirements (Box 18). It is envisaged the 

recommended indicators will closely align to those being used or considered for LUCAS, 

hence supporting national and international reporting initiatives (Table 9). 
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Box 17: Mechanisms for increasing carbon sinks and reducing CO2 
and other greenhouse gas emissions in agricultural systemsxxiv 

Increase carbon sinks in soil organic matter and above-ground biomass 

 Replace inversion ploughing with conservation- and zero-tillage systems. 

 Adopt mixed rotations with cover crops and green manures to increase biomass 
additions to soil. 

 Adopt agroforestry in cropping systems to increase above-ground standing biomass. 

 Minimise summer fallows and periods with no ground cover to maintain soil organic 
matter stocks. 

 Use soil conservation measures to avoid soil erosion and loss of soil organic matter. 

 Apply composts and manures to increase soil organic matter stocks. 

 Improve pasture/rangelands through grazing, vegetation and fire management both 
to reduce degradation and increase soil organic matter. 

 Cultivate perennial grasses (60–80% of biomass below ground) rather than annuals 
(20% below ground). 

 Restore and protect agricultural wetlands. 

 Convert marginal agricultural land to woodlands to increase standing biomass of 
carbon. 

 

Reduce direct and indirect energy use to avoid greenhouse gas emissions 

 Conserve fuel and reduce machinery use to avoid fossil fuel consumption. 

 Use conservation-zero-tillage to reduce CO2 emissions from soils. 

 Adopt grass-based grazing systems to reduce methane emissions from ruminant 
livestock. 

 Use composting to reduce manure methane emissions. 

 Substitute biofuel for fossil fuel consumption. 

 Reduce the use of inorganic nitrogenous fertilisers (as manufacturing is highly energy 
intensive), and adopt targeted- and slow-release fertilisers. 

 Use IPM to reduce pesticide use (avoid indirect energy consumption). 

 

 

 

Box 18: Tools for New Zealand’s global environmental change 
obligations 

New Zealand’s Land Use and Carbon Analysis System (LUCAS) was established in 2005 to 
meet UN Framework Convention on Climate Change (UNFCC) and Kyoto Protocol 
reporting requirements.107. It tracks and quantifies changes in New Zealand land use, 
(particularly since 1990), as well as compiles information on greenhouse gas emissions 
and removals. Method development for the carbon accounting system focuses principally 
on carbon inventory and modelling in natural forest, planted forest and soils. It draws on 
information collected using a combination of field surveys, LiDAR and remote-sensing. 

 

                                                
xxiv (Adapted from Pretty 2008)203 
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Table 9: Review of practice () and performance () indicators relevant to the ‘global environmental change obligations met’ 
outcome used by international and local monitoring initiatives (full names provided in Table 2). 
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Objective 10: Reducing emissions 

Agricultural greenhouse gas fluxes are complex and heterogeneous.202 In New Zealand, for 

example, there are large year-to-year fluctuations in emissions, which are partly driven by 

changes in agricultural productivity and livestock numbers associated with droughts.204 

However, active management of agricultural systems offers possibilities for mitigation, using 

current technologies to manage more efficiently the flows of carbon and nitrogen in agro-

ecosystems.202 For example, managing livestock to make most efficient use of feeds often 

suppresses the amount of methane produced. Approaches that best reduce emissions 

depend on local conditions and therefore vary from region to region. Emissions of GHG, in 

particular carbon dioxide, can be avoided by implementing agricultural practices that 

prevent the cultivation of new lands now under forest, grassland or other non-agricultural 

vegetation.205 The net benefit of a particular action will depend on the combined effects on 

all gases, as that practice will often affect more than one gas, by more than one mechanism 

and sometimes in opposite ways.202 One indicator is recommended focusing on monitoring 

industry efforts to mitigate greenhouse gas emissions. 
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Indicator 10.1: Greenhouse gas emissions 

Definition Emission of greenhouse gases is slowed, stabilised and eventually 

reduced. 

Rationale Greenhouse gases facilitate climate warming. At the global scale, 

20% of CO2 emissions (in the 1990s) originated from changes in land 

use and land management, primarily deforestation.42 At the same 

time, agriculture was responsible for 30% of methane and 35% of 

nitrous oxide emissions. 

Reviewed schemes 58% of schemes, typically practice measures 

Importance Low 

Readiness of indicator Moderate 

Cost of indicator Low 

Measurability Moderate 

Recurrence of monitoring Intermittent 

Performance measures Change in the gross total agricultural emissions of carbon dioxide, 

methane and nitrous oxide, expressed in CO2-eq. GHG intensity of 

products as compared to similar products produced elsewhere is 

reduced. Margin for potential reduction in GHG emissions to reach 

the best achievable target in the region/sector 

Practice measures Share of operations covered by GHG prevention and mitigation 

measures. Reduction of GHG emissions through prevention and 

mitigation measures (kg of CO2-eq) 

Priority Low 
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Objective 11: Increasing carbon sequestration 

Carbon sequestration is defined as the capture and secure storage of carbon that would 

otherwise be emitted to or remain in the atmosphere.203 Agriculture can contribute to carbon 

storage, when organic matter is accumulated in the soil, and when above-ground biomass 

acts as either as a permanent sink or is used as an energy source that substitutes for fossil 

fuels and avoids carbon emissions. Changes in land use and management can facilitate 

increases in carbon storage. One indicator is recommended, focusing on measuring total 

carbon pools and fluxes in agro-ecosystems. 

 

Indicator 11.1: Carbon storage and fluxes 

Definition Total amount of carbon stored in agro-ecosystems is enhanced. 

Changes, fluxes or flows in carbon between agro-ecosystems and 

the atmosphere are slowed, stabilised and eventually reduced. 

Rationale Carbon sequestration is advocated to minimise potential impacts 

of GHG emissions on the global climate. Sequestering carbon in 

agriculture requires a change in management practices (Box 

17).202,203 

Reviewed schemes 47% of schemes, typically practice measures 

Importance Moderate 

Readiness of indicator Moderate 

Cost of indicator Moderate 

Measurability Moderate 

Recurrence of monitoring Occasional 

Performance measures Status and trend in total amount of carbon stored in agro-

ecosystems. Changes, fluxes or flows in carbon between agro-

ecosystems and the atmosphere 

Practice measures Implementation of education and best-practice management to 

increase carbon sequestration on farms 

Priority Low 
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Next steps for framework and indicator development 

Integrating agro-environmental integrity monitoring 

This report provided context to optimise monitoring of just the environmental dimensions of 

sustainability. However, we also cast it in ways that will naturally couple with economic, 

social and governance concerns that are equally crucial for the success of the NZSDs. That 

integration will broadly follow the SAFA structures about to be launched by FAO. SAFA was 

chosen as the most wide ranging and flexible framework available under which the more 

local focus of the NZSD can nestle.xxv 

The first stage of achieving integration will be to formulate a common goal for the entire 

NZSD sustainability initiative. We will then map indicators that are measured for one 

dimension that can usefully be combined with data from other dimensions. For example, 

many of the environmental indicators can most usefully be expressed on a production area 

basis, which is gathered under the suite of farming statistics entered via the Governance 

section of the NZSD. 

Although the NZSD framework and associated software tool provides the opportunity to 

integrate across sectors, landscapes and institutional jurisdictions, such cross-scale linkage 

is unlikely to happen without active facilitation by a steering group. It is fortuitous and 

potentially enormously beneficial that DOC and regional councils are developing and 

beginning to road-test monitoring frameworks at the same time as the NZSD finds its feet. 

We urge that a working party is convened as soon as possible to maximise integration of 

frameworks and information sharing between the groups. A test-drive of an integrated 

approach could provide evidence of mutual benefit. The most likely test case could combine 

remote sensing by the regional councils with ‘ground truthing’ and monitoring on orchards, 

vineyards and farms and on the DOC estate. Vegetation cover, flows of water and changes 

in water quality, or biosecurity risk managementxxvi across catchments are likely to be the 

most practical examples of the value of integration. 

Cross-cultural partnership will be needed for any distinctive and integrated New Zealand 

agro-environmental integrity monitoring. We have chosen not to separate Māori-oriented 

environmental management priorities from those of Pākehā throughout the preceding 

review of sustainability monitoring in general3 and development of a rationale for the agro-

environmental integrity framework in this report. Nevertheless there is growing evidence 

that Māori set land and environmental priorities differently, target different species of 

particular cultural importance, and see ecological restoration as bicultural restoration – the 

restoration of people’s links to the land and each other as much as reinstatement of the 

plants and animals themselves.206 Māori may choose to monitor different things and to 

monitor in different ways.xxvii These needs will be incorporated by including inclusive and 

culturally appropriate processes207,208 to refine the NZSDs’ designs and how they are 

operationalised. The agro-environmental integrity framework proposed here is sufficiently 

broadly cast that we expect any distinctive Māori approaches to be easily enveloped within 

it. 

                                                
xxv See Moller & MacLeod (2013)3 for a more detailed description of the advanatges and disadvantages of linking to SAFA. 

xxvi For example, distribution and abundance and flows of established pest and weed populations. 

xxvii For example, see  Moller & MacLeod (2013) for a description of Marine Cultural Health Indices3. 
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Preliminary indicator selection 

NZSD researchers, industry facilitators and other key stakeholdersxxviii will next co-design 

tightly prescribed metrics for each of the indicators proposed herexxix. Several composite 

indicators can be deployed to summarise large quantities of information and spread the 

scope of the framework. A wider mapping exercise will automatically link to databases 

outside the NZSD (e.g. climate records, soil maps, LCDB3). Careful selection of all 

measures will ground the more conceptual considerations outlined by Moller & MacLeod3 

for sustainability monitoring in general, and for New Zealand environmental conditions in 

this report. Defining what is measured or how an indicator is scored forces fine tuning of 

monitoring to serve the practical needs, opportunities and challenges that confront 

New Zealand’s orchardists, wine producers and makers, foresters and farmers. 

Our preliminary screening of the relative importance, costs, measurability, readiness and 

recurrence of the indicators (Table 10) is extremely broad brush and reflects judgements by 

two ecologists who considered national priorities. We expect facilitators and producers from 

each host industry to check each of these scales and adjust ranks according to specific 

opportunities and threats confronting their own sector and regions where their production is 

concentrated. Whatever the sector-adjusted ranks for individual indicators, we suggest that 

preliminary indicator selection considers all the design criteria set out in Table 3 (pages 24–

25), and is further prioritised as follows: 

1. Start by working with what you’ve got already: An iterative process of perfecting the 

framework should start by co-opting some of the more fragmentary indicators 

already being monitored by each sector and then gradually migrating and 

broadening the scope of monitoring into a long-term and more comprehensive 

package. Linking to existing standards, thresholds and protocols will help. Smaller 

steps and smoother transition will be less disruptive than major redesign. 

2. Importance of the indicator: Policy relevance and direct link to keystones of the agro-

ecosystem is paramount, but it must also be meaningful and acceptable for the 

producers. 

3. Costs: Time and monetary costs for both the individual producers and the industry. 

4. Readiness of the indicator: Only indicators that are already proven and accepted 

should be immediately deployed across the entire sector. 

5. Measurability: Qualitative scores are valuable and entirely appropriate for some 

aspects of sustainability, but where a choice exists, semi-quantitative and especially 

quantitative approaches should be selected. 

  

                                                
xxviii Including regional councils, Ministry for Primary Industries, Ministry for the Environment, Department of Conservation, 
Environment Protection Agency, Statistics New Zealand. 

xxix A preliminary spreadsheet of over 150 metrics has been drawn up for consideration by the partipating producers and 
industry advisors. 
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Table 10: Summary of approximate national rankings of indicators for importance, cost and other design issues (Table 3). 

Outcome Objective Indicators 
(% of reviewed schemes)  

Importance Cost Readiness Measurability Recurrence  Priority† 

N
a
tu

ra
l 

c
a

p
it

a
l 
m

a
in

ta
in

e
d

 

1. Maintaining 
ecosystem 
processes 

1.1: Soil status (74%) High Low High High Intermittent High 

1.2: Water quality and yield (79%) 
Moderate-
High 

High Moderate High, Specialised Intermittent (Low) 

1.3: Land cover (63%) High Low High Moderate Occasional High 

1.4: Ecosystem disruption (16%) Moderate  Low Moderate High 
Continuous, 
escalated if an alert  

Moderate 

1.5: Pollination (11%) Low-High Moderate Moderate 
Moderate, 
Specialised  

Intermittent Variable 

2. Reducing 
agricultural pest 
threats 

2.1: New agricultural diseases, 
weed and pest species (26%) 

Moderate -
High 

High Moderate Moderate 
Continuous, 
escalated if an alert  

(Low) 

2.2: Agricultural disease, weed 
and pest dominance (74%) 

Low-High Moderate High Moderate Intermittent Variable 

3. Limiting 
environmental 
pollutants 

3.1: Environmental risk of toxins 
(53%) 

Moderate Low Moderate High Continuous Moderate 

3.2: Ecosystem level of persistent 
toxins (53%) 

Low  High Moderate High, Specialised Occasional Very low 

R
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s
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n
c

e
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e
c

u
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d
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o
r 

fu
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s
e

 

4. Minimising 
materials and 
energy subsidies 

4.1: Non-renewables materials 
(53%) 

Moderate Moderate Moderate High Intermittent (Low) 

4.2: Energy use (42%) High Moderate Moderate Moderate Continuous High 

5. Buffering against 
socio-economic 
pressures and 
shocks 

5.1: Agro-environmental financial 
resources (37%) 

Moderate-
High 

Moderate High High Continuous (Moderate) 

5.2: Agro-environmental 
governance (58%) 

Moderate Low High High 
Occasional, 
escalated if an alert  

Moderate 

6. Maintaining agro-
biodiversity 

6.1: Genetic stock (21%) Low Low High High Intermittent Low 

6.2: Beneficial species (47%) High 
Moderate-
High 

Moderate Low-High Intermittent High 

6.3: Landscape functional 
heterogeneity (74%) 

High Moderate Moderate Moderate 
Occasional, 
escalated if an alert 

High 
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Table 10 continued: 

 

Outcome Objective Indicators  
(% of reviewed schemes)  

Importance Cost Readiness Measurability Recurrence  Priority 

C
o
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d
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a
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7. Improving 
ecosystems 
representation 
and composition 

7.1: Ecosystem representation and 
protection (42%) 

High Moderate-High Moderate Moderate 

Occasional, 
escalated if land 
use change 
signalled 

High 

7.2: Ecosystem composition (68%) Moderate High Moderate Low-Moderate Occasional Low 

7.3: Occupancy of environmental 
range (5%) 

Low Moderate Moderate Moderate Occasional Very low 

8. Preventing 
extinctions and 
declines 

8.1: Status of threatened taxa (42%) High High Moderate Low, Specialised 

Occasional, 
escalated if 
threatened taxa 
found 

Moderate 

9. Reducing 
conservation 
pest threats 

9.1: New conservation weed and pest 
species (21%) 

Moderate-
High 

High Moderate Moderate 
Continuous, 
escalated if alert 
signalled 

(Moderate) 

9.2: Conservation weed and pest 
dominance (42%) 

Low-High Moderate High Moderate Intermittent Variable 
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10. Reducing 
emissions 

10.1: Greenhouse gas emissions 
(58%) 

Low Low Moderate Moderate Intermittent Low 

11. Increasing carbon 
sequestration 

11.1: Carbon storage and fluxes (47%) Moderate Moderate Moderate Moderate Occasional Low 

† See Table 4 (p. 26) for explanation of priority ranking and colour codes. 
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Our very crude priority ranking of indicators (Table 3) suggests rapid deployment of soil 

status, land cover, energy use, beneficial species, landscape functional heterogeneity, and 

ecosystem representation and protection. The latter two will often need to be managed and 

monitored well beyond the individual vineyard, orchard, farm, or forest-patch level so they 

are likely to be high priority for collaborative work between farmers, regional councils and 

DOC. 

We expect agricultural and conservation weed and pest issues to be of high priority in some 

catchments but not others, so we recommend that collaborative trials with regional councils 

and DOC target those catchments to maximise the benefits of the collaboration. There 

seems to be no reason why an NZSD needs to deploy all indicators everywhere, so some 

targeting to meet regional priorities should be considered. 

Reliability checks once NZSD prototypes are operating 

Indicators will only make a difference if they are trusted. We therefore urge the development 

of a rigorous field testing and independent auditing of the prototype NZSD measurements 

and each subsequent additional measure as they are introduced. These checks must reflect 

the international best-practice criteria outlined in Table 3 and reviewed in detail by Moller & 

MacLeod (20133). For each indicator, we will need to demonstrate and quantify levels of: 

 Honesty in reporting 

 Repeatability 

 Sensitivity and specificity 

 Scale appropriateness and scalability  

 Precision and, where required, accuracy and bias 

 Statistical power to detect trends and accurate benchmarking between similar 

orchards, vineyards, wineries, farms and forests. 

Where relative or proxy indicators are deployed, detailed calibration studies may be needed 

to describe the shape of the relationship between the indicator and what it purports to predict 

in the agro-ecosystem. An equivalent verification of the reliability of qualitative and semi-

quantitative indicators is particularly important, starting with an realistic assessment of 

whether an indicator can be used at all. The ultimate goal is to track nuanced but 

fundamentally important determinants of social sustainability that drive sustainable practice 

by farmers, their families and their communities. Deployment of a forced, abstracted or non-

repeatable indicator will be worse than useless – it adds rather than reduces risk. 

Practice-based indicators are likely to be incorporated because they are likely to be 

affordable, easy of score, integrate and cover a wide scope of issues and match the way 

farmers organise their work planning.xxx However, usually they are only assumed to trigger 

desired sustainability outcomes. Researchers must check any important practice-based 

indicators deployed in the NZSD to critically evaluate whether they deliver the expected 

gains for sustainability and resilience. This may require quite detailed research of ecological 

processes and feedbacks on a subset of orchards, vineyards, forests and farms. 

                                                
xxx See Moller & MacLoed (2013)3 for more detailed comparisons of practice- and performance-based indicators. 
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Refining indicator selection and measures 

Just as farmers mainly learn to farm by getting out there and doing it, the NZSD coalition of 

practitioners, industry facilitators, consultants and researchers must now learn how to 

monitor effectively by doing it. Our recommendations are: 

1. Broaden scope of monitoring to fill gaps: Start substituting or adding indicators to 

achieve the protection of the emerging multidimensional sustainability criteria. Our 

review showed that some of the indicators we have proposed only occur in 5% or 

other schemes, while others appear in 79% of schemes. The international trends 

are clearly for broadening the scope of sustainability themes so the goal should be 

to eventually have at least one indicator in each theme as soon as is practicable. 

Gap analysis to guide this broadening should (a) first prioritise existing sector risk 

and opportunity management plans, and then address higher level gap analyses to 

cover (b) the Response-Pressure-State-Benefits and (c) all ecosystem services 

categories. 

2. Eliminate unreliable indicators: Any indicators that fail the reliability checks outlined 

above should be rapidly modified to fix the problems or immediately eliminated from 

the NZSD framework. 

3. Don’t overburden your producers: Check the time and costs committed to the 

programme. If near their limit, start eliminating indicators that (a) are not judged 

important or relevant, (b) that change slowly, (c) where a formal power analysis has 

demonstrated that reliable information or baselines have been obtained already, or 

that sampling can be rested for a while. 

4. Consult the producers and other stakeholders to refine the indicators: We stress that 

the mandatory participation in NZSD reporting forced by marketing accreditation is 

both an opportunity and a threat: it will greatly accelerate initial engagement and 

spread of the network; however it risks resistance and low quality reporting if 

producers do not adopt the tool as ‘theirs’ and make it work primarily for their needs. 

A series of repeated interviews with owners and managers of a subsample of 

vineyards, wineries orchards and farms will guide refinement of the framework and 

software. The survey module has been incorporated into the software so that 

responses to the NZSD and monitoring framework can be elicited regularly from all 

participants in each agricultural sector. 

5. Consider formal choice modelling to guide indicator refinement: One way of building 

ownership of the tool by the host industry is to involve them as much as practicable 

and as early as possible in its design. A choice modelling approach using the 1000 

Minds software could be used to formally evaluate the optimum shape and scope of 

the framework and selection of the indicators themselves. It would be ideal to involve 

farmers, industry champions, regional and national policy analysts and consumers 

in such choice modelling inquiries so that strategy is based on an amalgam of 

stakeholder needs and preferences. The choice modelling can directly measure 

producers’ preferences for what to include in the beta-generation NZSDs and 

demonstrate to the farmers that they are in the drivers’ seat. 

6. Start with least sensitive information to build trust: Security of confidential data will 

have to be managed and demonstrated if the producers are going to feel safe about 
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providing information. As the scope of the NZSD’s monitoring widens and deepens, 

gradually more intimate information could be requested. We recommend that proof 

of the NZSD product and inevitable teething problems in getting it up and running 

are negotiated first before more sensitive information is requested from producers. 

7. Substitute performance-based indictors in the place of practice-based indicators 

where practicable: Outcomes from farming provide more certain inference of 

sustainability than inputs like best professional practice (the latter are assumed to 

deliver better outcomes). 

8. Substitute measureable indicators in the place of qualitative indicators where 

practicable: Trust of wider stakeholders is enhanced if indicators are quantified and 

repeatable. Nearly all the indicators proposed for agro-environmental integrity are 

measureable, at least in part (Table 9), but we expect relatively few of the social 

well-being indicators in NZSD to be similarly quantifiable. 

9. Research important indicators that are not yet ready for sector-wide deployment: 

Some workable measures exist for all indicators, but we also scored 17 (71%) of 

proposed indicators as ‘moderately ready’ for deployment (Table 9). Careful 

selection and follow-up work on developing workable indicators is still needed. An 

associated research programme should test new indicators for critical gaps in the 

framework. Trials on a test panel of vineyards, wineries, orchards, farms and forests 

should be completed before sector-wide roll-out. 

Continual refinement of the NZSD software will be needed to improve a farmer-friendly 

interface that is fundamentally important for efficient, repeatable and scientifically defensible 

monitoring. Participation metrics will be automatically recorded by the softwarexxxi to guide 

the researchers to what is useful for the producers and which features of NZSD are being 

ignored. Interviews and online surveys should be used for much more than to just select 

indicators – they should also explore the barriers and enablers to lift participation rates and 

particularly the processes by which producers and industry champions interact to co-design 

and improve their dashboard. 

Although the main indicator of success of the NZSD is whether it is enthusiastically adopted 

and used by the producers, the industry facilitators have crucial roles to structure and guide 

the learning by doing. Their continuous queries and direction of their NZSD will turn ‘passive 

adaptive management’ into ‘active adaptive management’ and thereby accelerate learning 

and focus attention on the most important vulnerabilities and opportunities faced by the 

industry as a whole.3 Vertical integration into industry plans and risk management strategies 

will assist uptake and guide investment, but active driving of the dashboard from within the 

industry bodies by key sustainability champions will be needed. Too many sustainability 

monitoring frameworks and tools sit moribund because they were not fully integrated into 

day-to-day industry practice.7 

Biodiversity indicators (to meet Objectives 6 and 7) are particularly expensive and often 

technically complex to measure (Table 10). They are not yet generally present in agricultural 

sustainability accreditation schemes within New Zealand, but are increasingly being 

required overseas. They also vary enormously between taxa and the ecological level of 

                                                
xxxi Examples of queries include: How many farmers visited the site? What pages did they look at and for how long? Which 
Decision Support tools did they access? Did they change their farming practice in the longer run? 
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organisation concerned (species, communities, ecosystems, habitats, ecological 

landscapes).3 Retention and restoration of biodiversity depends on integrated management 

of forces operating at all these scales. 

We expect and encourage continual challenge and refinement of the agro-environmental 

integrity indictors proposed in Figure 3, and especially rapid evolution of the metrics used 

for each indicator as the NZSDs are operationalised. Nevertheless we have proposed a 

general framework that we hope is sufficiently complete and flexible to confront global and 

national needs, while still being cast in locally grounded and relevant terms for producers 

and agricultural industry sectors to future-proof what they do best: the efficient production 

of high quality food and fibre in a way that maintains the natural capital of the land and 

contributes to shared national and global goals for environmental care. 
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Appendix 1: National monitoring and reporting systems 

 

Sustainability Dashboard 

 

The project’s vision at the completion of the six-year research project by September 2018 

is that:  

The New Zealand Sustainability Dashboard is unifying sustainability monitoring 

and reporting of internationally recognised metrics across five primary 

production sectors. Fine-tuned monitoring has been designed, tested and 

integrated into the framework. A web-application tool enables (i) users to directly 

upload their sustainability Key Performance Indicators (KPIs) to industry 

databases, (ii) smart visualisation of trends and benchmark comparisons 

between farms and sectors, (iii) semi-automated reporting at regional, industry 

and farm levels, and (iv) a ‘clearing house’ for access to decision-support tools 

for improving KPIs. The Dashboard is used throughout product supply chains 

by market assurance programmes and is providing regular feedback to 

producers for learning, and to government for policy formation. The system has 

reduced monitoring and regulatory costs, built consumer trust, secured market 

access and garnered support from wider New Zealand society by verification 

and regular reporting of standardised sustainability criteria. 
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DOC biodiversity monitoring and reporting system 
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Regional Council Terrestrial Biodiversity Framework 

 

 
 



 

 

Environmental Sustainability Indicators  85 

 

References 

1 Manhire J, Moller H, Barber A, Saunders C, MacLeod C, Rosin C, Lucock D, Post E, Ombler F, 
Campbell H, Benge J, Reid J, Hunt L, Hansen P, Carey P, Rotarangi S, Ford S, Barr T 2012. The 
New Zealand Sustainability Dashboard: Unified monitoring and learning for sustainable agriculture 
in New Zealand. The NZ Sustainability Dashboard Research Report 13/01. Published by ARGOS. 
[available for download from www.nzdashboard.org.nz ] 

2 http://www.ahikakai.co.nz/ 

3 Moller H, MacLeod CJ 2013. Design criteria for effective monitoring of sustainability in 
New Zealand’s production landscapes. The NZ Sustainability Dashboard Research Report 13/07. 
Published by ARGOS. [available for download from www.nzdashboard.org.nz ] 

4 Reid J, Barr T, Lambert S (Varona G ed.) 2013. Indigenous sustainability indicators for Māori 
farming and fishing enterprises: a theoretical framework. The NZ Sustainability Dashboard 
Research Report 13/06. Published by ARGOS. [available for download from 
www.nzdashboard.org.nz ] 

5 Hunt L, McCusker K, MacLeod CJ, Moller H, Reid J, Barr T, Lambert S, Rosin C, le Quellec I, 
Manhire J 2013. Framework and KPIs for ‘The New Zealand Sustainability Dashboard’: reflecting 
New Zealand’s economic, social, environmental and management values. The NZ Sustainability 
Dashboard Research Report 13/09. Published by ARGOS. [available for download from 
www.nzdashboard.org.nz ] 

6 Saunders C, Guenther M, Driver T 2013. Sustainability trends in key overseas markets to 
New Zealand and the KPI identification NZ Sustainability Dashboard Research Report 13/04. 
Published by ARGOS. [available for download from www.nzdashboard.org.nz ] 

7 Hansen P, Ombler F, Post E 2013. A survey of Sustainability Dashboards in use internationally. A 
report for the New Zealand Sustainability Dashboard project. NZ Sustainability Dashboard 
Research Report 13/03. Published by ARGOS. [available for download from 
www.nzdashboard.org.nz ] 

8 FAO 2012. SAFA. Sustainability Assessment of Food and Agriculture systems guidelines. Test 
version 1.1. Rome, Natural Resources Management and Environment Department. Food and 
Agriculture Organisation of the United Nations, 4 December 2012. 

9 Lee W, McGlone M, Wright E comps 2005. Biodiversity Inventory and Monitoring: A review of 
national and international systems and a proposed framework for future biodiversity monitoring by 
the Department of Conservation. Landcare Research Contract Report LC0405/122. 216 p. 

10 Allen RB, Wright EF, MacLeod CJ, Bellingham PJ, Forsyth DM, Mason NWH, Gormley AM, 
Marburg AE, MacKenzie DI, McKay M 2009. Designing an inventory and monitoring programme 
for the Department of Conservation’s Natural Heritage Management System. Landcare Research 
Contract Report LC0809/153. 

11 MacLeod CJ, Affield K, Allen RB, Bellingham PJ, Forsyth DM, Gormley AM, Holdaway RJ, 
Richardson SJ, Wiser SK 2012a. Department of Conservation biodiversity indicators: 2012 
assessment. Landcare Research Contract Report LC1102. 

12 Lee WG, Allen RB 2011. Recommended monitoring framework for regional councils assessing 
biodiversity outcomes in terrestrial ecosystems. Landcare Research Contract Report LC144. 29 p. 

                                                

http://www.ahikakai.co.nz/


 

 

Environmental Sustainability Indicators  86 

 

                                                                                                                                                  

13 MacLeod CJ, Gormley AM, Thomson FJ, Bellingham PJ 2012. Designing a biodiversity monitoring 
and reporting system for Greater Wellington Regional Council. Landcare Research Contract 
Report LC1190. 55 p. 

14 Yoccoz NG, Nichols JD, Boulinier T 2001. Monitoring of biological diversity in space and time. 
Trends in Ecology and Evolution 16: 446–453. 

15 Jones JPG, Asner GP, Butchart SHM, Karanth KU 2013. The ‘why’, ‘what’ and ‘how’ of monitoring 
for conservation. In: Macdonald DW, Willis KJ eds Key topics in conservation biology 2, 1st edn. 
Wiley (Chapter 18, in press). Pp. 329–343. 

16 Ewers RM, Kliskey AD, Walker S, Rutledge D, Harding JS, Didham RK 2006. Past and future 
trajectories of forest loss in New Zealand. Biological Conservation 133: 312–325. 

17 MacLeod CJ, Moller H 2006. Intensification and diversification of New Zealand agriculture since 
1960: An evaluation of current indicators of land use change. Agriculture Ecosystems & 
Environment 115: 201–218. 

18 Moller H, Wearing A, Pearson A, Perley C, Steven D, Blackwell G, Reid J, Johnson M 2005. 
Environmental monitoring and research for improved resilience of New Zealand agriculture. 
Agriculture Research Group on Sustainability, Dunedin. ARGOS Working Paper No. 6. 136 pp. 

19 Weller F 2011. Testing the power of an experiment to measure predator control and habitat 
complexity impacts on farmland bird abundance. New Zealand Journal of Ecology 35: 44–51. 

20 Stockdill SM 1982. Effects of introduced earthworms on the productivity of New Zealand pastures. 
Pedobiologia 24: 29–35. 

21 Edwards C 2004. Earthworm Ecology. CRC Press. 

22 Lee KE 1959. The earthworm fauna of New Zealand. DSIR Bulletin 130. Wellington, Government 
Printer. 486 p. 

23 Butz Huryn VM, Moller H 1995. An asessment of the contribution of honey bees (Apis mellifera) to 
weed reproduction in New Zealand protected natural areas. New Zealand Journal of Ecology 19: 
111–122. 

24 Moller H, Butz Huryn V 1996. Beekeeping and conservation values of protected natural areas. 
University of Otago Wildlife Management Report No. 51. 166 p. 

25 Jay M 2007. The political economy of a productivist agriculture: New Zealand dairy discourses. 
Food Policy 32: 266-279. 

26 Pawson E, Brooking T eds 2002. Environmental histories of New Zealand. Oxford University Press. 
342 + xvii p. 

27 Norton D, Reid N 2013. Nature and farming. Sustaining native biodiversity in agricultural 
landscapes. CSIRO. 

28 Brooking T, Pawson E 2010. Seeds of Empire: The transformation of the New Zealand 
environment. London, I.B. Tauris. 

29 Klimaszewski J, Watt JC 1997. Coleoptera: family-group review and keys to identification. Lincoln, 
Manaaki Whenua Press. 199 p. 

30 Kuschel G 1990. Beetles in a suburban environment: a New Zealand case study. DSIR Plant 
Protection Report No. 3. Available Landcare Research, Lincoln. 118 p. 



 

 

Environmental Sustainability Indicators  87 

 

                                                                                                                                                  

31 Perley C, Moller H, Hamilton WJ, Hutcheson J 2001. Towards safeguarding New Zealand's 
agricultural biodiversity: research gaps, priorities and potential case studies. Ecosystems 
Consultants Report 23: 1–230. Available online at: http://www.maf.govt.nz/mafnet/rural-
nz/sustainable-resource-use/biodiversity/convention-on-biological-diversity/cbd-report.pdf 
(accessed 28 May 2008). 

32 Hendy S, Callaghan P 2013. Get off the grass. Kickstarting New Zealand’s innovation economy. 
Auckland, Auckland University Press. 238 + ix p. 

33 Ministry of Business, Innovation & Employment 2012. 2013 Sector Investment Plan. Biological 
Industries Research Fund. MBIE, Wellington. 20 p. 

34 PCE (Parliamentary Commissioner for the Environment) 2004. Growing for good. Intensive farming, 
sustainability and New Zealand’s environment. Wellington, Parliamentary Commissioner for the 
Environment. 

35 Lee WG, Meurk CD, Clarkson BD 2008. Agricultural intensification: whither indigenous biodiversity? 
New Zealand Journal of Agricultural Research 51: 457–460. 

36 Moller H, MacLeod C, Haggerty M, Rosin C, Blackwell G, Perley C, Meadows S, Weller F, 
Gradwohl M 2008. Intensification of New Zealand agriculture: implications for biodiversity. 
New Zealand Journal of Agricultural Research 51: 253–263. 

37 Didham RK, Denmead LH, Deakin EL 2012. Riches to rags: the ecological consequences of land 
use intensification in New Zealand. In: Lindenmayer D, Cunningham S, Young A eds Land use 
intensification. Effects on agriculture, biodiversity and ecological processes. Collingwood, VIC, 
CSIRO. 

38 Ministry for Primary Industries 2012. Pastoral input trends in New Zealand: a snapshot. Wellington, 
MPI. 34 p. 

39 Carlton R 2011. The carbon cost of palm kernel expeller and its contribution to the dairy carbon 
footprint in New Zealand. Carlton Consultancy report for Greenpeace. 

40 Moller H 2013. Patching Earth’s quilt: planting trees for people, profit and the planet. New Zealand 
Tree Producer 34: 27–28. 

41 MfE & DOC 2000. The New Zealand Biodiversity Strategy. Wellington, Ministry for Environment & 
Department of Conservation. 144 p. ISBN O-478-21919-9. 

42 MEA (Millennium Ecosystem Assessment) 2005. Ecosystems and human well-being: Synthesis. 
Washington, DC, Island Press. 

43 Pereira HM, Cooper HD 2006. Towards the global monitoring of biodiversity change. Trends in 
Ecology and Evolution 21: 123–129. 

44 Gaston 1996 cited in Jones JPG, Collen B, Atkinson G, Baxter PWJ, Bubb P, Illian JB, Katzner TE, 
Keane A, Loh J, McDonald-Madden E, Nicholson E, Pereira HM, Possinghma HP, Pullin AS, 
Rodrigues ASL, Ruiz-Gutierrez V, Sommerville M, Milner-Gulland EJ 2011. The why, what and 
how of global biodiversity indicators beyond the 2010 target. Conservation Biology 25: 450–457. 

45 UNEP-WCMC 2011.Review of the biodiversity requirements of standards and certification 
schemes: a snapshot of current practices. Technical Series No. 63. Montréal, Canada, Secretariat 
of the Convention on Biological Diversity. 30 p. 

46 Tallis H, Mooney H, Andelman S, Balvanera P, Cramer W, Karp D, Polasky S, Reyer B, Ricketts T, 
Running S, Thonicke K, Tietjen B, Walz A 2012. A global system for monitoring ecosystem service 
change. BioScience 62: 977–986. 



 

 

Environmental Sustainability Indicators  88 

 

                                                                                                                                                  

47 Scholes RJ et al. 2011. Building a global observing system for biodiversity. Current Opinion in 
Environmental Sustainability 4: 139–146. 

48 Pereira HM, Ferrier S, Walters M, Geller GN, Jongman RHG, Scholes RJ, Bruford MW, Brummitt N, 
Butchart SHM, Cardoso AC, Coops NC, Dulloo E, Faith DP, Freyhof J, Gregory RD, Heip C, Höft 
R, Hurtt R, Jetz W, Karp DS, McGeoch MA, Obura D, Onoda Y, Pettorelli N, Reyers B, Sayre R, 
Scharleman JPW, Stuart SN, Tuark E, Walpole M, Wegmann M 2013. Essential biodiversity 
variables. Science 339: 277–278. 

49 Norton DA 1998. The myth of reserves and the future of nature conservation in New Zealand. N.Z. 
Ecological Society Newsletter (89): 8–9. 

50 Norton DA, Miller CJ 2000. Some issues and options for the conservation of native biodiversity in 
rural New Zealand. Ecological Management & Restoration 1: 26–34. 

51 Park G 2000. New Zealand as ecosystems. The ecosystem concept as a tool for environmental 
management and conservation. Wellington, Department of Conservation. 97 p. 

52 Craig JL, Moller H, Norton DA, Williams M, Saunders D In press. Enhancing our heritage: 
conservation for 21st century New Zealanders: Ways forward from the Tahi Group of Concerned 
Scientists. Pacific Conservation Biology. 

53 Hepburn CD, Jackson AM, Vanderburg PH, Kainamu A, Flack B 2010. Ki Uta ki Tai: From the 
mountains to the sea. Holistic approaches to customary fisheries management. Proceedings of the 
4th International Indigenous Conference on Traditional Knowledge: Kei muri i te kāpara he 
tangata, Recognizing, engaging understanding difference. Pp. 140–148. 

54 MacLeod CJ, Blackwell G, Moller H, Innes J, Powlesland R 2008. The forgotten 60%: bird ecology 
and management in New Zealand’s agricultural landscape. New Zealand Journal of Ecology 32: 
240–255. 

55 Yodzis P 1988. The indeterminacy of ecological interactions as perceived through perturbation 
experiments. Ecology 69: 508–515. 

56 Coleman G, Moller H, Benge J, MacLeod CJ 2009. Could fantails provide a marketing edge for 
New Zealand kiwifruit? Kiwifruit Journal July/August: 18–23. 

57 Meadows S 2012. Can birds be used as tools to inform resilient farming and environmental care in 
the development of biodiversity-friendly market accreditation systems? Perspectives of 
New Zealand sheep and beef farmers. Journal of Sustainable Agriculture 36: 759–787. 

58 Campbell lH, Avery MI, Donald PF, Evans AD, Green RE, Wilson JD 1997. A review of the indirect 
effects of pesticides on birds. Joint Nature Conservation Committee Report 227. Peterborough, 
Joint Nature Conservation Committee. 18 p. 

59 Krebs JR, Wilson JD, Bradbury RB, Siriwardena GM 1999. The second Silent Spring. Nature 400: 
611–612. 

60 Donald PF, Green RE, Heath MF 2001. Agricultural intensification and the collapse of Europe’s 
farmland bird populations. Proceedings of the Royal Society London Series B 268: 25–29. 

61 Murphy MT 2003. Avian population trends within the evolving agricultural landscape of Eastern and 
Central United States. The Auk 120: 20–34. 

62 Meadows S, Moller H, Weller F 2012.Reduction of bias when estimating bird abundance within 
small habitat fragments. New Zealand Journal of Ecology 36: 408–415. 



 

 

Environmental Sustainability Indicators  89 

 

                                                                                                                                                  

63 MacLeod CJ, Blackwell G, Weller F, Moller H 2012. Designing a scheme for monitoring changes in 
bird abundance in New Zealand’s agricultural landscape. New Zealand Journal of Ecology 36: 
312–323. 

64 Weller F 2012. A comparison of different approaches to monitoring bird density on New Zealand 
sheep and beef farms. New Zealand Journal of Ecology 36: 382–390. 

65 Weller F, Blackwell G, Moller H 2012. Detection probability for estimating bird density on 
New Zealand sheep & beef farms. New Zealand Journal of Ecology 36: 371–381. 

66 Blackwell G, Fukuda Y, Maegli T, MacLeod CJ 2008. Room for everyone? Refugia and native 
biodiversity in New Zealand’s agricultural landscapes (Forum). New Zealand Journal of Agricultural 
Research 51: 473–476. 

67 Green RE, Cornell SJ, Scharlemann JPW, Balmford A 2005. Farming and the fate of wild nature. 
Science 307: 550–555. 

68 Fischer J, Brosi B, Daily GC, Ehrlich PR, Goldman R, Goldstien J, Lindenmayer DB, Manning AD, 
Mooney HA, Pejchar L, Ranganathan J, Tallis H 2008. Should agricultural policies encourage land 
sparing or wildlife-friendly farming? Frontiers in Ecology and Environment 6: 380–385. 

69 Balmford A, Green R, Phalan B 2012. What conservationists need to know about farming. 
Proceedings of the Royal Society Series B 279: 2714–2724. 

70 Phalan B, Onial M, Balmford A, Green RE 2011. Reconciling food production and biodiversity 
conservation: land sharing and land sparing compared. Science 333: 1289–1291. 

71 Rowarth JS 2008. Agricultural intensification protects global biodiversity. New Zealand Journal of 
Agricultural Research 51: 451–455. 

72 Lindenmayer D, Cunningham S, Young A 2012. Land use intensification. Effects on agriculture, 
biodiversity and ecological processes. Collingwood, VIC, CSIRO. 

73 Meadows S, Gradwohl M, Moller H, Rosin C, MacLeod CJ, Weller F, Blackwell G, Perley C 2008. 
Pathways for integration of biodiversity conservation into New Zealand’s agricultural production. 
New Zealand Journal of Agricultural Research 51: 467–471. 

74 Moller H, Blackwell G, Weller F, MacLeod CJ, Rosin C, Gradwohl M, Meadows S, Perley C 2008. 
Social-ecological scales and sites of action: keys to conserving biodiversity while intensifying 
New Zealand’s agriculture? New Zealand Journal of Agricultural Research 51: 461–465. 

75 Darnhofer I, Fairweather J, Moller H 2010. Assessing a farm's sustainability: insights from resilience 
thinking. International Journal of Agricultural Sustainability 8: 186–198. 

76 Meurk CD, Swaffield SR 2000. A landscape ecological framework for indigenous regeneration in 
rural New Zealand-Aotearoa. Landscape & Urban Planning 50: 129–144. 

77 Tscharntke T, Klein AM, Kruess A, Steffan-Dewenter I, Thies C 2005. Landscape perspectives on 
agricultural intensification and biodiversity – ecosystem service management. Ecology Letters 8: 
857–874. 

78 Herzon I, Mikk M 2006. Farmers’ perceptions of biodiversity and their willingness to enhance it 
through agri-environment schemes: A comparative study from Estonia and Finland. Journal of 
Nature Conservation 15: 10–25. 

79 Wittig B, Kemmermann AR, Zacharias D 2006. An indicator species approach for result-orientated 
subsidies of ecological services in grasslands – A study in Northwestern Germany. Biological 
Conservation 133: 186–197. 



 

 

Environmental Sustainability Indicators  90 

 

                                                                                                                                                  

80 Börner J, Wunder S, Wertz-Kanounnikoff S, Rugnitz MT, Pereira L, Nascimento N 2010. Direct 
conservation payments in the Brazilian Amazon: Scope and equity implications. Ecological 
Economics 69: 1272–1282. 

81 Daniels AE, Bagstad K, Esposito V, Moulaert A, Rodriguez CM 2010. Understanding the impacts of 
Costa Rica's PES: Are we asking the right questions? Ecological Economics 69: 2116–2126. 

82 Louhichi K, Kanellopoulos A, Janssen S, Flichman G, Blanco M, Hengsdijk H, Heckelei T, 
Berentsen P, Oude Lansink A, Ittersum Van M 2010. FSSIM, a bio-economic farm model for 
simulating the response of EU farming systems to agricultural and environmental policies. 
Agricultural Systems 103: 585–597. 

83 Burton RJF, Paragahawewa UH 2011. Creating culturally sustainable agri-environmental schemes. 
Journal of Rural Studies 27: 95–104. 

84 Sutherland LA, Gabriel D, Hathaway-Jenkins L, Pascual U, Schmutz U, Rigby D, Godwin R, Sait S, 
Sakrabani R, Kunin WE, Benton TG; Stagl S 2012. The ‘Neighbourhood Effect’: A multidisciplinary 
assessment of the case for farmer co-ordination in agri-environmental programmes. Land Use 
Policy 29: 502–512. 

85 Lindenmayer DB, Zammit C, Attwood SJ, Burns E, Shepherd CL, Kay G, Wood J 2012. A novel 
and cost-effective monitoring approach for outcomes in an Australian biodiversity conservation 
incentive program. PLoS ONE 7(12): e50872. 

86 Alexandra J 2007. Environmental stewardship: the possibilities. In: Burns H, Stanton R eds 
Agriculture: opening the gate. Proceedings of the EH Graham Centre Riverina Outlook Conference 
2007. New South Wales Department of Primary Industries, Orange, NSW. Pp. 35–47. 

87 Attwood SJ, Burns E 2012. Managing biodiversity in agricultural landscapes: perspectives from a 
research-policy interface. In: Lindenmayer D, Cunningham S, Young A eds Land use 
intensification: effects on agriculture, biodiversity and ecological processes. Collingwood, VIC, 
CSIRO. Pp. 17–26. 

88 Zammit C 2013. Landowners and conservation markets: Social benefits from two Australian 
government programs. Land Use Policy 31: 11–16. 

89 Marsden Jacob Associates 2010. Review of the Environmental Stewardship Program. A report 
prepared for the Department of Sustainability, Environment, Water, Population and Communities. 
21 December by Marsden Jacob Associates, Melbourne. 

90 Gunningham N, Holley C 2010. Bringing the ‘R’ word back: regulation, environment protection and 
NRM. The Academy of the Social Sciences in Australia: Occasional Paper 3/2010. Canberra. 

91 Wardrop M, Zammit C 2012. Innovation in public policy for conservation of biology. In: Figgis P, 
Fitzsimons J, Irving J eds Innovation for 21st century conservation. Sydney, Australian Committee 
for IUCN. Pp. 56–65. 

92 Hajkowicz S, Collins K 2009. Measuring the benefits of environmental stewardship in rural 
landscapes. Landscape and Urban Planning 93: 93–109. 

93 Burke T 2011. Media release: Gillard Government delivers boost for environment and heritage. 
http://www.environment.gov.au/minister/burke/2011/mr20110510c.html [accessed 5 April 2013] 

94 Ministry for the Environment 1997. The state of New Zealand’s environment 1997. Wellington, 
Ministry for the Environment. 

95 Ministry for the Environment 2007. The state of New Zealand’s environment 2007. Wellington, 
Ministry for the Environment.  



 

 

Environmental Sustainability Indicators  91 

 

                                                                                                                                                  

96 http://www.mfe.govt.nz/environmental-reporting/about-environmental-reporting/reporting-

programme/monitoring-and-reporting-enviroment.html 

97 http://www.stuff.co.nz/dominion-post/news/politics/7879930/Govt-criticised-for-axeing-environment-reports 

98 Green W, Clarkson BD 2005. Turning the tide? A review of the first five years of the New Zealand 
Biodiversity Strategy. The synthesis report. Wellington, Biodiversity New Zealand. 50 p. 

99 Statistics New Zealand 2009. Agriculture, Horticulture, and Forestry Domain Plan 2009. Wellington, 
Statistics New Zealand  

100 www.iucn.org/about/work/programmes/global_policy/gpu_our_work/ipbes 

101 Schneider A, Samkin G 2012. A biodiversity jigsaw: A review of current New Zealand legislation 
and initiatives. e-Journal of Social & Behavioural Research in Business 3(2): 10–26. 

102 Ministry for the Environment and the Department of Conservation. 2007. Protecting our places: 
information about the statement of national priorities for protecting rare and threatened biodiversity 
on private land. Wellington, Ministry for the Environment. 

103 www.mpi.govt.nz/  

104 http://www.epa.govt.nz/about-us/what/Pages/default.aspx 

105 http://www.pce.parliament.nz/about-us/ 

106 beeflambnz.com/lep/ 

107 MfE 2005. Measuring carbon emissions from land-use change and forestry. The New Zealand 
Land-Use and Carbon Analysis System. http://www.mfe.govt.nz/publications/climate/carbon-
emissions-land-use/measuring-carbon-emissions.pdf 

108 OECD (Organisation for Economic Co-operation and Development) 2001. Environmental 
indicators for agriculture. Methods and Results. Volume 3. OECD, Paris. 

109 The Montreal Process 2009. Criteria and indicators for the conservation and sustainable 
management of temperate and boreal forests. 4th edn. Arlington, VA, USDA. 

110 www.thecosa.org 

111 sanstandards.org 

112 Pretty J, Smith G, Goulding KWT, Groves SJ, Henderson I, Hine RE, King V, van Oostrum J, 
Pendlington DJ, Vis JK, Walter C 2008. Multi-year assessment of Unilever’s progress towards 
agricultural sustainability I: indicators, methodology and pilot farm results. International Journal of 
Agricultural Sustainability 6: 37–62. 

113 foodalliance.org/standards 

114 www.leafuk.org 

115 www.hafl.bfh.ch 

116 www.globalreporting.org 

117 epi.yale.edu 

http://www.mfe.govt.nz/environmental-reporting/about-environmental-reporting/reporting-programme/monitoring-and-reporting-enviroment.html
http://www.mfe.govt.nz/environmental-reporting/about-environmental-reporting/reporting-programme/monitoring-and-reporting-enviroment.html
http://www.stuff.co.nz/dominion-post/news/politics/7879930/Govt-criticised-for-axeing-environment-reports
http://www.mpi.govt.nz/
http://www.epa.govt.nz/about-us/what/Pages/default.aspx
http://www.pce.parliament.nz/about-us/
http://www.mfe.govt.nz/publications/climate/carbon-emissions-land-use/measuring-carbon-emissions.pdf
http://www.mfe.govt.nz/publications/climate/carbon-emissions-land-use/measuring-carbon-emissions.pdf
http://epi.yale.edu/


 

 

Environmental Sustainability Indicators  92 

 

                                                                                                                                                  

118 Herzog F, Balázs K, Dennis P, Friedel J, Geijzendorffer I, Jeanneret P, Kainz M, Pointereau P 
2012. Biodiversity indicators for European farming systems. A guidebook. www.biobio-
indicator.org/deliverables/guidebook.pdf 

119 www.wwf.org.za 

120 www.conservationgrade.org 

121 Saunders CM, Kaye-Blake W, Campbell R, Kolandai K 2010. Capital based sustainability 
indicators as a possible way for measuring agricultural sustainability. ARGOS Research Report 
10/02. P. 27 

122 Costanza R, d’Arge R, de Grott R, Farber S, Grasso M, Hannon B, Limburg K, Naeem S, O’Neill 
RV, Paruelo J, Raskin RG, Sutton P, van den Belt M 1997. The value of the world’s ecosystem 
services and natural capital. Nature 387: 253–260. 

123 TEEB (The Economics of Ecosystems and Biodiversity) 2010. Mainstreaming the economics of 
nature: a synthesis of the approach, conclusions and recommendations of the TEEB. TEEB. 

124 Power AG 2010. Ecosystem services and agriculture: trade-offs and synergies. Philosophical 
Transactions Royal Society of London B 365: 2959–2971. 

125 Zhang W, Ricketts TH, Kremen C, Carney K, Swinton S M 2007. Ecosystem services and dis-
services to agriculture. Ecological Economics 64: 253–260. 

126 Maes J, Paracchini ML, Zulian G, Dunbar MB, Alkemade R 2012. Synergies and trade-offs 
between ecosystem service supply, biodiversity and habitat conservation status in Europe. 
Biological Conservation 155: 1–12. 

127 Godfray HCJ, Crute JIR, Haddad L, Lawrence D, Muir JF, Nisbett N, Pretty J, Robinson S, Toulmin 
C, Whiteley R 2010. The future of the global food system. Philosophical Transactions of the Royal 
Society Series B 365: 2769–2777. 

128 Wilson JD, Evans AD, Grice PV 2010. Bird conservation and agriculture: a pivotal moment? Ibis 
152: 176−179. 

129 WAVES 2012. Moving beyond GDP. How to factor natural capital into economic decision making. 
Wealth Accounting and the Valuation of Ecosystem Services. 
http://www.wavespartnership.org/waves/sites/waves/files/images/Moving_Beyond_GDP.pdf 

130 Statistics NZ, Ministry for the Environment, Department of Conservation 2013. Environment 
domain plan 2013: Initiatives to address our environmental information needs. Available from 
www.stats.govt.nz 

131 Mace GM, Norris K, Fitter AH 2012. Biodiversity and ecosystem services: a multi-layered 
relationship. Trends in Ecology and Evolution 27: 19–26. 

132 Tylianakis JM 2013 The global plight of pollinators. Science 339: 1532–1533. 

133 Schoenholtz SH, Miegroet HV, Burger JA 2000. A review of chemical and physical properties as 
indicators of forest soil quality: challenges and opportunities. Forest Ecology and Management 
138: 335–356. 

134 Garibaldi LA, Steffan-Dewenter I, Winfree R, Aizen MA, Bommarco R, Cunningham SA, Kremen 
C, Carvalheiro LG, Harder LD, Afik O, Bartomeus I, Benjamin F, Boreux V, Cariveau D, Chacoff 
NP, Dudenhöffer JH, Freitas BM, Ghazoul J, Javorek SK, Kennedy CM, Krewenka KM, Krishnan 
S, Mandelik Y, Mayfield MM, Motzke I, Munyuli Tm, Nault BA, Otieno M, Petersen J, Pisanty G, 
Potts SG, Rader R, Ricketts TH, Rundlöf M, Seymour CL, Schüepp C, Szentgyörgyi H, Taki H, 



 

 

Environmental Sustainability Indicators  93 

 

                                                                                                                                                  
Tscharntke T, Vergara CH, Viana BF, Wanger TC, Westphal C, Williams N, Klein AM 2013. Wild 
pollinators enhance fruit set of crops regardless of honey bee abundance. Science 339: 1608–
1611. 

135 Goodwin M, Scarrow S, Tayor M. 2006. Supply of and demand for pollination hives in 
New Zealand. A briefing paper prepared for the Strategic Pollination Group. 
http://maxa.maf.govt.nz/sff/about-projects/search/05-075/ 

136 Strategic Pollination Group 2006. Pollination Strategy.http://maxa.maf.govt.nz/sff/about-
projects/search/05-075/ 

137 http://www.treesforbees.org.nz/crisis 

138 Blaustein AR, Johnson PTJ 2010. When an infection turns lethal. Nature 465: 881–882. 

139 Martin SJ, Highfield AC, Brettell L, Villalobos EM, Budge GE, Powell M, Nikaido S, Schroeder DC 
2012. Global honey bee viral landscape altered by a parasitic mite. Science 336: 1304–1306. 

140 Todd JH, De Miranda JR, Ball BV 2007. Incidence and molecular characterisation of viruses found 
in dying New Zealand honey bee (Apis mellifera) colonies infested with Varroa destructor. 
Apidologie 38: 354–367 

141 Jones BA, Grace D, Kock R, Alonso S, Rushton J, Said MY, McKeever D, Mutua F, Young J, 
McDermott J, Pfeiffer DU 2013. Zoonosis emergence linked to agricultural intensification and 
climate change. Proceedings of the National Academy of Sciences (USA) 110(21): 8399–8404. 

142 Ryan TJ, Livingstone PG, Ramsey DS, de Lisle GW, Nugent G, Collins DM, Buddle BM. 2006. 
Advances in understanding disease epidemiology and implications for control and eradication of 
tuberculosis in livestock: the experience from New Zealand. Veterinary Microbiology12: 211–219. 

143 Boyce L, Meister A, Lang S 1999. An economic analysis of bird damage in vineyards of the 
Marlborough region. Massey University, Palmerston North. 

144 Kross SM, Tylianakis JM, Nelson XJ 2011. Effects of introducting threatened falcons into vineyards 
on abundance of Passeriformes and bird damage to grapes. Conservation Biology 26: 142–149. 

145 Shea K, Possingham HP, Murdoch WM, Roush R 2002. Active adaptive management in insect 
pest and weed control: intervention with a plan for learning. Ecological Applications 12: 927–936. 

146 http://www.epa.govt.nz/new-organisms/ 

147 http://www.mfe.govt.nz/issues/managing-environmental-risks/organisms/what-are.html 

148 Williams JA, West CJ 2000. Environmental weeds in Australia and New Zealand: issues and 

approaches to management. Austral Ecology 25: 425–444. 

149 Jones C 2009. A performance measurement framework (PMF) for pest management. Landcare 
Research Contract Report LC0910/055. MAF Contract No. 07 10630. 

150 Jones C 2010. Draft performance indicators for national pest management outcomes: a discussion 
document for review. Unpublished. 

151 Simons S, Bouvier J-C, Debras J-F, Sauphanor B 2010. Biodiversity and pest management in 
orchard systems. A review. Agronomy for Sustainable Development 30: 139–152. 

152 Tscharntke T, Batáry P, Clough Y, Kleign D, Scherber C, Thies C, Wanger TC, Westphal C 2012. 
Combining biodiversity conservation with agricultural intensification. In Lindenmayer D, 
Cunningham S, Young A eds Land use intensification. Effects on agriculture, biodiversity and 
ecological processes. CSIRO. Pp. 7–15. 

http://www.treesforbees.org.nz/crisis
http://www.ncbi.nlm.nih.gov/pubmed?term=Ryan%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=16330161
http://www.ncbi.nlm.nih.gov/pubmed?term=Livingstone%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=16330161
http://www.ncbi.nlm.nih.gov/pubmed?term=Ramsey%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=16330161
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Lisle%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=16330161
http://www.ncbi.nlm.nih.gov/pubmed?term=Nugent%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16330161
http://www.ncbi.nlm.nih.gov/pubmed?term=Collins%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=16330161
http://www.ncbi.nlm.nih.gov/pubmed?term=Buddle%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=16330161
http://www.epa.govt.nz/new-organisms/
http://www.mfe.govt.nz/issues/managing-environmental-risks/organisms/what-are.html


 

 

Environmental Sustainability Indicators  94 

 

                                                                                                                                                  

153 Walker JTS, Hodson AJ, Batchelor TA, Manktelow DW, Tomkins AR 1997. A pesticide rating 
system for monitoring agrichemical inputs in New Zealand horticulture. Proceedings of the 
New Zealand Plant Protection Conference 50: 529–534. 

154 Benge J, Manhire J, Moller H, MacLeod CJ 2010. An analysis of drivers for environmental 
sustainability in the New Zealand Kiwifruit Industry, performance and possible responses. A Report 
for ZESPRI International Ltd. The Agriculture Research Group On Sustainability (ARGOS). 

155 MacLeod CJ, Blackwell G, Benge J 2012a. Reduced pesticide toxicity and increased woody 
vegetation cover account for enhanced native bird densities on organic orchards. Journal of 
Applied Ecology 49: 652–660. 

156 Kelly DW, Poulin R, Tompkins DM, Townsend CR 2010. Synergistic effects of glyphosate 
formulation and parasite infection on fish malformations and survival. Journal of Applied Ecology 

47: 498–504. 

157 Walker B, Holling CS, Carpenter SR, Kinzig A 2004. Resilience, adaptability and transformability in 
social-ecological systems. Ecology and Society 9(2): 5. [online] 
http://www.ecologyandsociety.org/vol9/iss2/art5/ 

158 Fischer J, Lindenmayer DB, Manning AD 2006. Biodiversity, ecosystem function and resilience: 
ten guiding principles for commodity production landscapes. Frontiers in Ecology and the 
Environment 4: 80–86. 

159 Olsson P, Folke C, Berkes 2004. Adaptive co-management for building resilience in social-
ecological systems. Environmental Management 34: 75–90. 

160 Nelson DR, Adger WN, Brown K 2007. Adaptation to environmental change: contributions of a 
resilience framework. Annual Review of Environment and Resources 32: 395–419. 

161 Woods J, Williams A, Hughes JK, Black M, Murphy R 2010. Energy and the food system. 
Philosophical Transactions of the Royal Society B 365: 2991–3006. 

162 Norton S, Lucock D, Moller H, Manhire J 2010. Energy return on investment for dairy and 
sheep/beef farms under conventional, integrated or organic management. Proceedings of the 
New Zealand Grassland Association 72: 145–150. 

163 Lenzen M, Moran D, Kanemoto K, Foran B, Lobefaro L, Geschke A 2012. International trade 
drives biodiversity threats in developing nations. Nature 486: 109–112. 

164 Pretty J, Sutherland WJ, Ashby J, Auburn J, Baulcombe D, Bell M, Bentley J, Bickersteth S, Brown 
K, Burke J, Campbell H, Chen K, Crowley E, Crute I, Dobbelaere D, Edwards-Jones G, Funes-
Monzote F, Godfray HCJ, Griffon M, Gypmantisiri P, Hadda L, Halavatau S, Herren H, Holderness 
M, Izac AM, Jones M, Koohafkan P, Lal R, Lang T, McNeely J, Mueller A, Nisbett N, Noble A, 
Pingali P, Pinto Y, Rabbinge R, Ravindranath NH, Rola A, Roling N, Sage C, Settle W, Sha JM, 
Shiming L, Simons T, Smith P, Strzepeck K, Swaine H, Terry E, Tomich TP, Toulmin C, Trigo E, 
Twomlow S, Vis JK, Wilson J, Pilgrim S 2010. The top 100 questions of importance to the future of 
global agriculture. International Journal of Agricultural Sustainability 8: 219–236. 

165 Parfitt J, Barthel M, Macnaughton S 2010. Food waste within food supply chains: quantification 
and potential for change for 2050. Philosophical Transactions of the Royal Society B 365: 3065–
3081. 

166 Dietz T, Ostrom E, Stern PC 2003. The struggle to govern the commons. Science 302: 1907–
1912. 

167 Koh LP, Wilcove DS 2007. Cashing in palm oil for conservation. Nature 448: 993–994. 

http://onlinelibrary.wiley.com/doi/10.1111/jpe.2010.47.issue-2/issuetoc


 

 

Environmental Sustainability Indicators  95 

 

                                                                                                                                                  

168 Rockström J, Will Steffen W, Noone K, Persson Å, Chapin FS, Lambin EF, Lenton TM, Scheffer M, 
Carl Folke C, Schellnhuber HJ, Nykvist B, de Wit CA, Hughes T, van der Leeuw S, Rodhe H, 
Sörlin S, Snyder PK, Costanza R, Svedin U, Falkenmark M, Karlberg L, Corell RW, Fabry VJ, 
Hansen J, Walker B, Liverman D, Richardson K, Crutzen P, Foley JA. 2009. A safe operating 
space for humanity. Nature 461: 472–475. 

169 Sutherland WJ, Pullin AS, Dolman P.M, Knight TM 2004. The need for evidence-based 
conservation. Trends in Ecology and Evolution 19:304–308. 

170 Kenward RE, Whittingham MJ, Arampatzis S, Manos BD, Hahn T, Terry A, Simoncini R, Alcorn J, 
Bastian O, Donlan M, Elowe K, Franzén F, Karacsonyi Z, Larsson M, Manou D, Navodaru I, 
Papadopoulou O, Papathanasiou J, von Raggamby A, Sharop RJA, Söderqvist T, Soutukorva Å, 
Vavrova L, Aebischer NJ, Leader-Williams N, Rutz C 2011. Identifying governance strategies that 
effectively support ecosystem services, resource sustainability and biodiversity. Proceedings of the 
National Academy of Sciences (USA) 108: 5308–5312.  

171 Milestad R, Darnofer I 2003. Building farm resilience: the prospects of organic farming. Journal of 
Sustainable Agriculture 22: 81–97. 

172 Matson PA, Parton WJ, Power AG, Swift MJ 1997. Agricultural intensification and ecosystem 
properties. Science 277: 504–509. 

173 Hajjar R, Jarvis DE, Gemmill-Herrern B 2008. The utility of crop genetic diversity in maintaining 
ecosystem services. Agriculture, Ecosystems and Environment 123: 261–270. 

174 Benton TG, Vickery JA, Wlison JS 2003. Farmland biodiversity: is habitat heterogeneity the key? 
Trends in Ecology and Evolution 18: 182–188 

175 Chamberlain DE, Fuller RJ, Bunce RGH, Duckworth JW, Shrubb M 2000. Changes in the 
abundance of farmland birds in relation to the timing of agricultural intensification in England and 
Wales. Journal of Applied Ecology 37: 771–788. 

176 Haslem A, Bennett AF 2008. Bird in agricultural mosaics: the influence of landscape pattern and 
countryside heterogeneity. Ecological Applications 18: 185–196. 

177 Wilson, J.D., Morris, A.J., Arroyo, B.E., Clark, S.C., Bradbury, R.B. (1999) A review of the 
abundance and diversity of invertebrate and plant foods of granivorous birds in northern Europe in 
relation to agricultural change. Agriculture, Ecosystems and Environment 75: 13–30. 

178 Vickery JA, Tallowin JR, Feber RE, Asteraki EJ, Atkinson PW, Fuller RJ, Brown VK 2001. The 
management of lowland neutral grasslands in Britain: effects of agricultural practices on birds and 
their food resources. Journal of Applied Ecology 38: 647–664. 

179 Henel K, Alard D, Clitherow J, Cobb P, Firbank L, Kull T, McCracken D, Moritz RFA, Niemelä, 
Reban M, Wascher D, Watt A, Young J. 2008. Identifying and managing conflicts between 
agriculture and biodiversity conservation in Europe – A review. Agriculture, Ecosystems and 
Environment 124: 60–71. 

180 Fukuda Y, Moller H, Burns B 2011. Effects of organic farming, fencing and vegetation origin on 
spiders and beetles within shelterbelts on dairy farms. New Zealand Journal of Agricultural 
Research 54: 155–176. 

181 Moller H, Wearing A, Perley C, Rosin C, Blackwell G, Campbell H, Hunt L, Fairweather J, Manhire 
J, Benge J, Emanuelsson M, Steven D 2007. Biodiversity on kiwifruit orchards: the importance of 
shelterbelts. Proceedings of the Sixth International Symposium on kiwifruit. Volume 2. Acta 
Horticulturae 735: 609–618. 

182 Carey PL, Benge JR, Haynes RJ 2009. Comparison of soil quality and nutrient budgets between 
organic and conventional kiwifruit orchards. Agriculture Ecosystems & Environment 132: 7–15. 



 

 

Environmental Sustainability Indicators  96 

 

                                                                                                                                                  

183 Todd JH, Malone LA, McArdle BH, Benge J, Poulton J, Thorpe S, Beggs JR 2011. Invertebrate 
community richness in New Zealand kiwifruit orchards under organic or integrated pest 
management. Agriculture, Ecosystems & Environment 141: 32–38. 

184 Fahrig L, Baudry J, Brotons L, Burel FG, Crist TO, Fuller RJ, Sirami C, Siriwardena GM, Martin J-L 
2011. Functional landscape heterogeneity and animal biodiversity in agricultural landscapes. 
Ecology Letters 14: 101–112. 

185 Butler SJ, Vickery JA, Norris K 2007. Farmland biodiversity and the footprint of agriculture. Science 
315: 381–384. 

186 Butler SJ, Freckleton RP, Renwick AR, Norris K 2012. An objective, niche-based approach to 
indicator species selection. Methods in Ecology and Evolution 3: 317–326. 

187 Gabriel D, Sait SM, Hodgson JA, Schmutz U, Kunin WE, Benton TG 2010. Scale matters: the 
impact of organic farming on biodiversity at different spatial scales. Ecology Letters 13: 858–869. 

188 Rodriguez JP, Rodriguez-Clark KM, Baillie JEM, Ash N, Benson J, Boucher T, Brown C, Burgess 
ND, Collen B, Jennings M, Keith DA, Nicholson E, Revenga C, Reyers B, Rouget M, Smith T, 
Spalding M, Taber A, Walpole M, Zager I, Zamin T 2011. Establishing IUCN Red List Criteria for 
Threatened Ecosystems. Conservation Biology 25: 21–29. 

189 Holdaway RJ, Wiser SK, Williams PA 2012. Status assessment of New Zealand's naturally 
uncommon ecosystems. Conservation Biology 26: 619–629. 

190 Williams PA, Wiser SK, Clarkson B, Stanley M 2007. New Zealand’s historically rare terrestrial 
ecosystems set in a physical and physiognomic framework. New Zealand Journal of Ecology 31: 
119–128. 

191 MfE (Ministry for the Environment), DOC (Department of Conservation) 2007. Protecting our 
places: information about the statement of national priorities for protecting rare and threatened 
biodiversity on private land. Wellington, Ministry for the Environment. 

192 Wiser SK, Buxton RP 2008. Context matters: matrix vegetation influences native and exotic 
species composition on habitat islands. Ecology 89: 380–391. 

193 Butchart SHM, Stattersfield AJ, Bennun LA, Akçakaya HR, Baillie JEM, Stuart SN, Hilton-Tyalor C, 
Mace GM 2005. Using Red List Indices to measure progress towards the 2010 target and beyond. 
Philosophical Transactions of the Royal Society B 1454: 255–268. 

194 IUCN 2008. Guidelines for using the IUCN Red List categories and criteria.Version 7.0. Gland, 
Switzerland, IUCN. 

195 Vitousek PM, D’Antonio CM, Loope LL, Rejmánek M, Westbrooks R 1997. Introduced species: a 
significant component of human-caused global change. New Zealand Journal of Ecology 21: 1–16. 

196 Sullivan JJ, Williams PA, Cameron EK, Timmins S M 2004. People and time explain the 
distribution of naturalized plants in New Zealand. Weed Technology 18: 1330–1333. 

197 Sullivan JJ, Timmins SM, Williams PA 2005. Movement of non-native plants into coastal native 
forests from gardens in northern New Zealand. New Zealand Journal of Ecology 29: 1–10. 

198 Williams PA, Cameron E 2006. Creating gardens: the diversity and progression of European plant 
introductions. In: Allen RB, Lee WG eds Biological invasions in New Zealand. Ecological Studies 
186. Berlin, Springer. Pp. 33–47. 

199 Pyšek P, Křivánek M, Jarošík V 2009. Planting intensity, residence time, and species traits 
determine invasion success of alien woody species. Ecology 90: 2734–2744. 



 

 

Environmental Sustainability Indicators  97 

 

                                                                                                                                                  

200 Sullivan JJ, Williams PA 2002. The ecology, distribution and environmental weed potential of wild 
kiwifruit (Actinidia species) in the Bay of Plenty, New Zealand. Landcare Research Contract Report 
LC0102/166. 

201 Logan DP, Xu X 2006. Germination of kiwifruit, Actinidia chinensis, after passage through 
Silvereyes, Zosterops lateralis. New Zealand Journal of Ecology 30: 407–11. 

202 Smith P, Martino D, Cai Z, Gwary D, Janzen H, Kumar P, McCarl B, Ogle S, O’Mara F, Rice C, 
Scholes B, Sirotenko O, Howden M, McAllister T, Pan G, Romanenkov V, Schneider U, 
Towprayoon S, Watternbach M, Smith J. 2008. Greenhouse gas mitigation in agriculture. 
Philosophical Transactions of the Royal Society B 363: 789–813. 

203 Pretty J 2008. Agricultural sustainability: concepts, principles and evidence. Philosophical 
Transactions of the Royal Society B 363: 447–465. 

204 MfE (Ministry for the Environment) 2010. Measuring carbon emissions from land-use change and 
forestry. The New Zealand Land-Use and Carbon Analysis System. 
http://www.mfe.govt.nz/publications/climate/carbon-emissions-land-use/measuring-carbon-
emissions.pdf 

205 Foley JA, DeFries R, Asner GP, Barford C, Bonan G, Carpenter SR, Chapin FS, Coe MT, Daily 
GC, Gibbs HK, Helkowski JH, Holloway T, Howard EA, Kucharik CJ, Monfreda C, Patz JA, 
Prentice IC, Ramankutty N, Snyder PK 2005. Global consequences of land use. Science 309: 
570–574. 

206 Phipps H, Akins A, Moller H, Lyver PO’B, Kahui V, Towns D 2011. Cross-cultural values for 
restoring coastal forest ecosystems in New Zealand. Landcare Research Contract Report LC243. 
135 p. 

207 Allen W, Ataria JM, Apgar JM, Harmsworth G, Tremblay LA 2009. Kia pono te mahi putaiao—
doing science in the right spirit. Journal of the Royal Society of New Zealand 39: 239–242. 

208 Stephenson J, Moller H 2009 Cross-cultural environmental research and management: challenges 
and progress. Journal of the Royal Society of New Zealand 39: 139–149. 


