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Abstract 

The Department of Conservation (DOC) is the central government organisation charged with 
conserving the natural and historic heritage of New Zealand on behalf of, and for the benefit 
of, present and future New Zealanders. This requires DOC to know where heritage outcomes 
are being achieved and how management interventions can be used to improve poor 
outcomes. Reporting on progress towards achieving outcomes is dependent on the 
development of indicators for each component of natural heritage within an explicit inventory 
and monitoring programme (IMP). Implementation of these indicators will demonstrate 
DOC’s leadership in quantifying the status of New Zealand’s natural heritage, provide an 
opportunity to engage with stakeholders from a position of strength, and more generally 
allow the Department to better connect with the public. An inventory and monitoring 
programme will provide unbiased, repeatable ecological-integrity-indicator estimates for all 
Conservation lands. This report presents technical details that form a basis for designing five 
measures to report on three natural heritage priority indicators: Size-class structure of canopy 
dominants; Representation of plant functional types; Distribution and abundance of exotic 
weeds and pests considered a threat – Weeds, Distribution and abundance of exotic weeds 
and pests considered a threat – Pests; and, Assemblages of widespread animal species – 
Birds. The spatially extensive, robustly designed programme will position New Zealand 
strongly, both nationally and internationally, to report on the effectiveness of biodiversity 
conservation. 

 

Keywords: biodiversity assessment, monitoring, performance measurement, invasive species, 
pest impacts, bird community structure, plant size-structure, functional traits 
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1 Introduction 

The Department of Conservation (DOC) is the central government organisation charged with 
conserving the natural and historic heritage of New Zealand on behalf of, and for the benefit 
of, present and future New Zealanders. This requires DOC to know where heritage outcomes 
are being achieved and how management interventions can be used to improve poor 
outcomes. The desired outcome of conserving natural heritage was recently defined as 
maintaining ecological integrity and this now forms the basis for implementing a Natural 
Heritage Management System (NHMS) (Lee et al. 2005). Reporting on progress towards 
achieving the outcome is dependent on the development of indicators for each component 
within an explicit inventory and monitoring programme (IMP). Although the selection of 
specific indicators remains a contentious issue, they also remain essential to society and are 
widely used (e.g. nitrates for water quality; blood pressure for health risks; consumer price 
index for inflation). Indicators within an IMP would provide a more systematic approach than 
is currently available to quantify ecological integrity and its threats. It is anticipated that the 
IMP indicators will increase the quality and transparency of DOC resource allocation to 
maintain ecological integrity and provide the basis for a systematic assessment of the entire 
New Zealand landscape. 

The National Monitoring and Reporting System (part of the NHMS) contains three 
components that are currently under development: 

• National Ecosystems and Species 

• Managed Ecosystems 

• Managed Threatened Species 

They can be distinguished by their objectives, scale over which they operate, type of 
measures implemented, and target end-users. Each includes indicators, measures, monitoring 
and reporting tools that are intended to operate at a range of scales. The three components 
collectively contribute to measuring ecological integrity. 

An important challenge will be to define and integrate the indicators from these various 
components. This report considers the design of indicators for National Ecosystems and 
Species reporting. These indicators should provide a verifiable broad-based picture of 
ecological integrity on Conservation lands, and its threats, for organisational (DOC), and sub-
organisational (e.g. Conservancy) reporting. It is an objective way of assessing what 
outcomes are being achieved at large scales (e.g. is DOC land becoming more or less 
weedy?). These indicators applied nationally should also provide a means of improving and 
assessing management effectiveness by providing a context for the selection of managed 
places (e.g. are their pests unusually abundant nationally?) and direct contrasts with managed 
places (e.g. are weeds in managed places less than those in unmanaged sites?) respectively. 
This will require comparable data from managed-place and national monitoring. We envisage 
the indicators could also serve the needs of international reporting (e.g. Convention on 
Biological Diversity). Although there is currently no globally accepted set of indicators there 
is a lot of commonality in the types of data available and desired (Scholes et al. 2008). 

Lee et al. (2005) proposed a range of IMP indicators that can report on components of 
ecological integrity for the whole New Zealand landscape. Three indicators were chosen for 
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early implementation through this project to provide new and objective data with enough 
detail to address the concerns of DOC, stakeholders, and the New Zealand public. These 
indicators were selected by DOC as having high policy relevance and being suitable for 
reporting on components of ecological integrity (Table 1). For example, Coomes et al. (2003) 
showed New Zealand’s indigenous forests were widely deficient in small trees and that this 
was particularly so for species palatable to ungulates. Existing land-cover spatial layers have 
little detail on such indicators and are largely out of date. We are currently only capable of 
making vague, and sometimes misleading, statements about national trends in pests and 
weeds. Each indicator is based upon one or more measure that requires the collection of a 
consistent suite of field data. The data will be used for common and widespread taxa (e.g. 
Measure 5.1.1) or pooled to generate synthetic measures applicable anywhere on the 
landscape (e.g. Measure 5.1.3) (Table 1). Although these measures can be applied at many 
spatial scales the design reported here has a national focus and, as such, will usually be 
inadequate for meaningful reporting at local scales (e.g. DOC Area Offices) or for 
uncommon taxa. They will detect common taxa that become uncommon or uncommon taxa 
that become common. While the measures (and indicators) investigated in this report would 
be used for reporting and assessing management effectiveness (see above), they would also, 
in combination with research programmes, indicate where management responses are 
required. For example, they could indicate where regeneration of canopy species would be 
expected, in terms of forest structure, but appears to be limited by high pest densities. 

Table 1. Core components of an inventory and monitoring framework to evaluate progress towards the goal of 
maintaining/restoring ecological integrity (Lee et al. 2005). 

Indicator Measure Match with historical data 
1 Objective: Reduce the spread and dominance of exotic/invasive species 

Exotic weed and 
pest dominance 
(Indicator 2.2) 

Distribution and abundance of exotic 
weeds and pests considered a threat – 
Weeds 
(Measure 2.2.1) 

Well matched to historical forest vegetation 
data and to a lesser degree other 
vegetation data 

Exotic weed and 
pest dominance 
(Indicator 2.2) 

Distribution and abundance of exotic 
weeds and pests considered a threat – 
Pests 
(Measure 2.2.2) 

Abundance measures well matched to 
some recent pest data but not to large 
amounts of unorganised historical data. 
Distribution measure (occupancy) is new 
data 

2 Objective: Maintain / restore ecosystem composition 

Composition 
(Indicator 5.1) 

Size-class structure of canopy dominants 
(Measure 5.1.1) 

Well matched to historical forest vegetation 
data but poorly matched to other 
vegetation data  

Composition 
(Indicator 5.1) 

Assemblages of widespread animal 
species – Birds 
(Measure 5.1.2) 

Basic features of historical 5-min bird count 
retained to allow for comparisons of the 
contemporary data with historical data. 

Composition 
(Indicator 5.1) 

Representation of plant functional types 
(Measure 5.1.3) 

Well matched to historical forest vegetation 
data and to a lesser degree other 
vegetation data 

1 Biological invasions are sometimes a major cause of indigenous biodiversity loss. 
2 Species, population structure and functional groups have important consequences for ecosystem 

composition. 
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This report gives a detailed background to the rationale for, and design of, the five national 
measures. The report reviews for each of the five measures: 

• What we are trying to measure 

• What we are going to report 

• Cost-effective sampling design 

• How would the data be collected? 

• Managing the data 

This review was first based upon the literature and analyses of historical data, from which a 
provisional design was formulated. That design was tested in a pilot study undertaken over 
the austral summer of 2008/09. The pilot study design involved selecting six locations 
systematically on a grid in each of forest, shrubland, and grassland on DOC land nationally to 
provide unbiased estimates of the various measures and then undertaking field measurements 
for each of the five measures. That study allowed us to assess: 

• Feasibility of field measurements 

• Costs and time required 

• Improvements in sampling estimates 

• Estimates of measures nationally for DOC land 

These assessments were then used to inform the review of measures for this report. Because 
the three measures related to vegetation data share many features in common, these measures 
are treated together, with a preface section, ‘Measures for vegetation’. Sampling intensities 
defined for field data collection were typically to allow indicator measures to be estimated 
with known levels of precision (within 5% of the mean at the 90% confidence interval) over 
all Conservation land. Development of each indicator explicitly considered the utilisation of, 
and matching to, historical data (Table 1, Column 3). In particular, specific use was made of 
the >1200 permanent vegetation plots established in forests and shrublands by the Ministry 
for the Environment as part of its Land Use Carbon Accounting System. The field data 
underpinning the selected ecological integrity indicators and measures are broadly based and 
as a result have some capacity to adapt to unanticipated requirements (see Allen et al. 2003). 
This report also briefly considers strategies to integrate the priority measures. As a 
consequence, our design will negate many of the limitations often found in conservation 
monitoring designs (e.g. Legg & Nagy 2006). 
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2 Review of five priority measures 

2.1 Elements in common across three vegetation measures 

This section of the report considers the two vegetation indicators and associated three 
measures in Table 1 from the DOC contract as outlined in Lee et al. (2005). We propose a 
single field methodology for assessments related to each of these indicators in a wide range 
of vegetation cover types. For national indicators there are considerable advantages from 
using a single methodology (e.g. see Allen et al. 2003). However, it is difficult to design one 
system optimal for all cover types, and several ecosystems already have historical 
investments in specific monitoring systems. In the following subsections we first consider 
aspects of the monitoring that are in common to each of the indicators listed in Table 2 
followed by subsections on aspects specific to each of the indicators and measures. 
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Table 2. Indicators and measures for integrated optimal sampling design development and reporting 

 Indicator Measure Elements Report, approach & method 

Objective 2: Reducing 
exotic spread and 
dominance 

Indicator 2.2 Exotic 
weed and pest 
dominance 

Measure 2.2.1 
Distribution and 
abundance of exotic 
weeds and pest 
considered a threat – 
Weeds  

1) Widespread weed species 
subject to site- or weed-led 
programmes 
2) Weed assemblages 
3) Functionally significant weed 
species 

Report nationally on trends in: 
a) Distribution and abundance of weed assemblages as a 
proportion of total vascular plant species across a 
representative sample of NZ vegetation communities 
b) Distribution and abundance (% cover/biomass) of 
nominated, functionally significant weed species (e.g. 
ecosystem-transforming weed species) 

Objective 5: 
Ecosystem 
composition 

Indicator 5.1 
Composition 

Measure 5.1.1 Size-
class structure of 
canopy dominants 

1) Nominated species and species 
assemblages in forest and non-
forest veg. communities  
NB. Needs to consider growth, 
mortality, recruitment and 
population size  
Aim to consider all major biomes, 
e.g. forests, shrublands, 
grasslands (montane and alpine), 
wetlands, dunes 

Report nationally on: 
a) Temporal shifts in species assemblages of canopy 
dominants across a representative sample of NZ vegetation 
communities 
b) Demographic explanation of temporal shift in population 
size and structure of nominated species and species 
assemblages across a representative sample of NZ 
vegetation communities 

Measure 5.1. 3 
Representation of 
plant functional types  

Species grouped according to: 
1) Sensitivity to pressure 
2) Bird food resource  
3) Sensitivity to shifts in climate 

Report nationally on: 
a) Temporal shifts in species assemblages of palatable and 
bird food resource species across a representative sample of 
NZ vegetation communities 
b) Demographic explanation of temporal shift in population 
size and structure of palatable, ecosystem- resource and 
climate-sensitive species across a representative sample of 
NZ vegetation communities 
Evaluate drivers of distribution of non-vascular plant species 
to assess their utility as potential indicators. 
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2.1.1 What we are trying to measure 

2.1.1.1 Identities of measures 

The metrics (or specific data elements) for each of the indicators and measures are presented 
in Table 3. Those with a priority classification of ‘primary’ will be considered in detail in 
subsequent subsections while those with a priority classification of ‘secondary’ reflect 
additional benefits derived from the monitoring methodologies, although these are not the 
chief metrics that will be reported for the indicator. 

 
Table 3. Metrics proposed for each of the measures and elements. 

Measure Priority Metric 

  Percentage 
(e.g. of 
total flora) 

Richness Size structure 
stem 
dbh ≥ 2.5 cm  

Size 
structure: 
individuals 
>1.35 m 
tall and 
dbh 
< 2.5 cm  

Height 
structure 
individuals 
≤1.35 m 
tall 

Height 
structure 
non-
woody 
≤1.35 m 
tall 

Exotic plants Primary Yes Yes     

 Secondary   Yes (also can 
be used to 
determine 
demography, 
e.g. mortality 
and 
recruitment 
rates) 

Yes Yes Yes 

        

Size structure Primary   Yes  Yes Yes Yes 

 Secondary   Demographic 
measures 

   

        

Functional 
groups 

Primary Yes Yes     

 Secondary   Yes & 
demographic 
measures 

Yes Yes Yes 

2.1.1.2 Sampling universe for measure/element 

The sampling universe for all three vegetation measures is the land administered by DOC, i.e. 
set within cadastral boundaries. 
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2.1.1.3 Measurement technique and type 

We propose a universal method of permanent plots that can be used in any vegetation 
encountered and in nearly all ecosystems, including those that are classed as rare ecosystems 
(sensu Williams et al. 2007). The likely exceptions are sample points where there is deep or 
moving water (estuarine, lacustrine, riverine, and marine). GPS technology should enable 
accurate re-location of sample points even in highly disturbed or mobile habitats (e.g. 
aggrading dunes or landslides). 

A consistent unbiased sampling of forest and shrublands was developed to report change in 
New Zealand’s carbon stocks during 2000–2005 (the New Zealand Land Use and Carbon 
Accounting System; LUCAS; Payton et al. 2004). Permanent plots 20 m by 20 m (‘20 × 20 m 
plots’) were established principally to monitor changes in carbon in areas of indigenous forest 
and shrubland and these were established on a grid 8 km by 8 km (‘8-km grid’). While 
focused on collecting information about carbon pools (including live woody biomass, coarse 
woody debris and soil carbon), during initial measurements of plots used for LUCAS and in 
current remeasurements, information about plant biodiversity was also collected. A grid-
based sample was chosen for LUCAS because it provides objective information in sampling 
forests (Kauppi et al. 1992; Hall et al. 2001). 

We propose that this approach is well suited to measurement of biodiversity indicators. For 
example, the same grid-based sampling intensity that provided stable estimates of forest 
biomass provided stable estimates of degree of forest invasion and of basal area of a 
widespread tree (Weinmannia racemosa; Bellingham et al. 2000). The national grid-based 
sampling used for LUCAS initial measurements provided objective species assemblage data 
that underpin a national classification of forests and shrublands (Wiser & Hurst 2008, 
confidential draft report to DOC). 

We propose that this unbiased national assessment forms a sound foundation on which to 
build. It is already possible to report instantaneous evaluations, based on the 2000–2005 
LUCAS measurement, of the three vegetation measures in indigenous forests and shrublands. 
We suggest that this forms the best basis for unbiased measurements of change in these 
measures in future and offers the best basis for extension to other areas of land under non-
woody vegetation. 

Our proposition is to: 

• Extend the 8-km LUCAS grid to all Conservation land, i.e. sampling is unconstrained 
by anything other than cadastral boundary. This will give an unbiased basis for 
sampling all land administered by DOC. The same sampling approach can be applied 
beyond DOC boundaries and could be adopted by any other agency (private, Māori, 
government agency, local government agency, etc.). 

• Measure the vegetation at each regular sample point on the 8-km grid. We propose that 
vegetation at all sample points should be measured using a consistent approach, i.e. a 
20 × 20 m plot. This is consistent with the approach of LUCAS. For forests and 
shrublands sampled as part of LUCAS, the same plots should be used as in LUCAS. 
For areas not sampled as part of LUCAS, the approach will entail establishing a new 
20 × 20 m plot at the sample point. If there is an existing 20 × 20 m plot within a 1-km 
radius of the sample point, then the nearest existing plot to the sample point should be 
used and remeasured. If the nearest plot within 1 km of the sample point is not an 
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existing 20 × 20 m plot (e.g. it is a grassland transect), then it may still be desirable to 
sample at the point from which historical data can be derived. Research is needed to 
determine the comparability of results from different methods (see section 2.1.3.4). 

• Record information about the structure and composition of the vegetation so that all 
three vegetation measures can be reported and so that change in the measures can be 
reported consistently. 

Establish a 20 × 20 m plot using the layout formalised in Hurst & Allen (2007b). The GPS 
location is designated for corner ‘P’ in the plot layout (Payton et al. 2004). The plot may be 
moved up to 5 m in any direction and consist of 75% of the original plot area if the location is 
too steep for safety (e.g. bluffs). Formal guidelines need to be agreed before the first field 
season, in consultation with DOC Health and Safety experts, about reasonable conditions that 
make a plot formally too unsafe to establish and measure. In plots that are in shrubland and 
grassland, larger pegs will be used to designate the corners of the 20 × 20 m plot than those 
used currently as standard in forests. 

Record the plot metadata, including GPS location, altitude, aspect, etc. using standard 
methods (Hurst & Allen 2007a). Some of the metadata provide essential data that can be used 
as covariates in analyses of instantaneous and temporal assessments of the vegetation 
measures. Other metadata are key in re-locating the plot in future remeasurements. Bearings 
along each perimeter of the 20 × 20 m plot are to be recorded along with the absolute 
measured distances, to assist in future remeasurement of the plot. Especially in shrublands 
and non-woody vegetation, formalised protocols for photographs of plots need to be 
established before the first field season to assist future re-location. 

Conduct a full inventory of plant species, both vascular and non-vascular, and include 
epiphytes. Data collection is structured as relevé plots (i.e. Recce plots) using the fixed height 
tiers recommended by Hurst & Allen (2007a) for woody vegetation. Hurst and Allen (2007a) 
suggest subdivision of tiers in relevé plots for non-woody vegetation but we do not 
recommend this for plots used for NHMS measures. Instead relevé plots will use consistent 
tiers, without subdivisions, across all vegetation to enable comparability of data across all 
plots. Where identifiable, dead plants of annual or seasonal plants are to be included in relevé 
descriptions but not dead plants of perennials. Relevé data are to be collected from a fixed-
area 10 × 10 m plot nested centrally within the 20 × 20 m plot, i.e. the four 5 × 5 m subplots 
labelled G, F, J, and K in Fig. 1 in grasslands, and should also be conducted in forests and 
shrublands. A second relevé will be collected over the entire 20 × 20 m plot (see rationale for 
choice of plot sizes below). Comprehensive evaluation of epiphytic communities in forests 
may be achieved using binoculars for vascular plants, although some (e.g. Hymenophyllum 
armstrongii) will escape detection except as fallen material. Comprehensive evaluation of 
non-vascular epiphytes is unlikely to be achieved and there are many species that are 
exclusively epiphytic in tree crowns (Dickinson et al. 1993; Affeld et al. 2008). We 
recommend for non-vascular species that the maximum height to which they are recorded as 
epiphytes is 2 m. The plant inventory data derived from these relevés provide critical 
information for several of the NHMS vegetation measures. For example, overall species 
richness is the denominator value in each plot for some measures and also provides essential 
values for the numerator in others measures (e.g. number of exotic plant species and number 
of species per functional group; Table 3). Cover data per species are not used directly to 
inform any of the indicators but have additional utility (e.g. cover data were used to provide 
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an overall classification of forest and shrublands nationally; Wiser & Hurst 2008, confidential 
draft report to DOC). 

Trees: Permanently tag, identify to species, and measure the diameter of all woody stems 
≥2.5 cm in diameter at 1.35 m (dbh) within the 20 × 20 m plot – from all stems in a forest to 
single stems in a plot that is otherwise grassland. Tag each stem of multi-stemmed 
individuals of sufficient size and note connections between all connected stems. Assign each 
stem’s position to designated contiguous 5 × 5 m subquadrats (Hurst & Allen 2007b). This 
provides key information needed for the size structure measure and permanent tagging and 
following fates of individuals allows calculation of demographic rates, including diameter 
growth rates, mortality rates, and recruitment rates. 

Shrubs, saplings, and lianas: Identify to species and count woody plants that are >1.35 m tall 
but of dbh < 2.5 cm within each contiguous 5 × 5 m subquadrat (Fig. 1) – woody-plants 
denoted as genets rather than ramets (i.e. each multi-stemmed individuals with above-ground 
connections between stems counted as single plants). Record presence only (not counts) of 
lianas rooted in each 5 × 5 m subquadrat. Lianas such as Freycinetia baueriana and Rubus 
cissoides that can form stems with dbh ≥ 2.5 cm are to be counted but not tagged. Some 
shrubs are difficult to count as individual stems, e.g. Coprosma depressa, Myrsine 
nummularia, Podocarpus nivalis; an agreed schedule of such species for which stem counts 
are either too difficult or too unreliable will be drafted before the first field season begins. 
Data on shrubs, saplings, and lianas also provide key information needed for the size 
structure measure and, for saplings, the potential pool of species that could be recruited in 
future into the tree size size structure measures. 

Forbs, seedlings, and turfs: Establish 24 subplots (each of 0.75 m2) on a regular grid (Fig. 1) 
within which the presence of all species in fixed tiers will be recorded (tiers: ≤0.15 m; 0.16–
0.45 m; 0.46–0.75 m; 0.76–1.05 m; 1.06–1.35 m), i.e. yielding height frequency data (Scott 
1965; Wiser & Rose 1997). Vascular plants are recorded in subplots. Whenever possible, 
collections of material for later determination should be avoided inside the subplots and 
collections made in the nearest point outside. Sampling of subplots enables a fine-scale 
resolution and complementary reporting of the weed measure (% exotic species as a mean per 
subplot) and functional group measures. Counts of woody species recorded within each tier 
will also be conducted (Hurst & Allen 2007b), enabling reporting of size structures of smaller 
woody stems. Existing permanent plots or transects in grasslands (e.g. Dickinson et al. 1992) 
employ more subplots of smaller area and, to maximise use of historical data, it will be 
necessary to evaluate the comparability of data collected using the method proposed and 
these existing methods. 
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Figure 1. Proposed generalised plot layout for all vegetation measures. 

 

This approach results in a fundamental split in the way vegetation can be reported for all of 
the measures: size classes, weeds, and functional groups (Fig. 2): 

• Vegetation ≤1.35 m tall will be reported at one scale (per 18 m2, i.e. from 24 
circular 0.75-m2 subplots within a 20 × 20 m plot) 

• Vegetation >1.35 m tall will be reported at the whole 20 × 20 m plot scale, and 
could also be reported at finer scales (i.e. to show variability, patchiness, etc.) 
using size-structure or presence/absence within 16 contiguous 25-m2 subplots. 

These produce complementary values for all measures, enabling reporting at the whole-plot 
level and also enabling reporting of variation in measures (from the subplot level). 
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Reported from all of 
400 m2 plots (could also
be reported from within
16 subplots, all 25 m2)

 

Figure 2. Mode of reporting vegetation from generalised plot layout at two scales. 
 

The utility of reporting at two scales can be demonstrated if we consider the interpretation of 
measures with respect to herbivore pressure and management of that pressure: 

• For vegetation ≤1.35 m tall the size classes and functional groups measures can be 
interpreted with respect to introduced ungulate herbivory, i.e. measurements are made 
in the height range most frequently browsed. We can expect that where seed source is 
not limiting, highly palatable species might be represented in the smallest height classes 
(as germinants) but not in larger tiers because they are browsed selectively. If ungulate 
management regimes are ascribed to each plot, it should be possible to compare the 
functional group measure (% highly palatable species) across management regimes and 
the rate of change per plot with respect to change in management regimes per plot. 

• For vegetation >1.35 m tall size classes and functional groups can be interpreted with 
respect to chronic herbivory by introduced ungulates (e.g. unexpectedly low 
recruitment into smallest size classes, cf. Coomes et al. 2003) or with respect to 
herbivory by possums (e.g. death of adult Fuchsia excorticata in some sites, e.g. 
Pekelharing et al. 1998). 
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Both scales of reporting vegetation will also be pertinent for reporting weed indicators, 
enabling reporting of percentage alien species at multiple small scales (vegetation ≤1.35 m 
tall) to complement the nested 10 × 10 m plot relevé data. For woody weeds, vegetation 
>1.35 tall can be used to calculate percentage stem density or basal area that are weeds, again 
complementing the nested 10 × 10 m plot relevé data. 

The method has already been used at a national scale for forests and shrublands. Field testing 
of the method for use in grasslands was conducted in February 2009 using six 
randomly assigned points on the 8-km national grid that sampled land administered by DOC 
and which were classified by the Landcover Database (LCDB) as grassland. These points 
were all in the South Island, with a mean altitude of 1130 m (range 490–1470 m). 

2.1.1.3.1 Rationale for plot area recommended for relevé (Recce) plots 

The development of relevé methods has been used widely in New Zealand vegetation and 
within fixed areas in forests, i.e. at 20 × 20 m plot scales (Payton et al. 2004; Hurst & Allen 
2007a). As part of the field testing of the methods, we compared the use of relevés at two 
scales: over the whole 20 × 20 m plot and within a 10 × 10 m plot nested within the larger 
plot. Manuals for relevé methods have recommended that plot area should be dictated by the 
vegetation. For example, Allen (1992) noted that plot areas used for relevé plots range from 
2 m2 (sampling turf), to 20–50 m2 (grassland), 80–150 m2 (shrubland), and 200–400 m2 
(forest). 

In all vegetation, with increasing area the number of species increases following a species–
area curve with an initial exponential increase followed by a levelling off, although the curve 
never reaches an absolute plateau, i.e. rare species will continue to be found as plot area 
increases. Species–area curves differ across vegetation; for example: a 5-m2 plot in a north 
German pasture contained 88% of the species in a 20-m2 plot in the same pasture, whereas a 
5-m2 plot in a hay meadow contained 76% of the species in a 20-m2 plot in the same hay 
meadow (Mueller-Dombois & Ellenberg 1974). Therefore determining a fixed area for 
sampling across all vegetation is a trade-off and there will be different levels of information 
loss across communities. 

After field sampling, we could test the loss of information between different plot sizes in one 
vegetation type (grassland). Experience of sampling non-woody communities by relevé plots 
has shown a 10 × 10 m plot size to be as large as practical, e.g. in sampling turf communities 
on rock outcrops, vegetation on gravel sand plains and on shingle beaches (S.K. Wiser, pers. 
comm.). Moreover, with increasing plot size it is difficult to be confident that all species 
present will be found. Therefore we expect that the variance should be greater about 
estimates of species richness in larger plots than it is in small plots in the same vegetation. 
We tested the shape of species–area curves in New Zealand grasslands (as identified by 
LCDB) and variance about estimated vascular plant species in grasslands. Plots of 100 m2 
(10 × 10 m) contained 67% of the species in the 400-m2 plots (20 × 20 m) within which they 
were nested (Fig. 3). As predicted, the variance about the mean species richness of the 400-
m2 plots was nearly twice as much as about the mean species richness of the 100-m2 plots 
(Fig. 3). 
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Figure 3. Number of vascular plant species in six plots in grasslands located on a grid of 8 km by 8 km. Mean 
values ± standard error of the mean are displayed for two plot sizes sampling the same vegetation (smaller plot 
nested within the larger plot) and the species–area curve fitted. 
 

Because a smaller plot contains fewer species than a large plot, it is important to ascertain the 
implications of a small plot size for the indicators that are dependent on enumeration of 
species. We tested (from an admittedly small sample of six plots) whether the measure 
‘Distribution and abundance of exotic weeds and pests considered a threat – Weeds’ was 
affected by plot size. Specifically, we tested whether the percentage of species that were 
exotic was affected by plot size; the mean percentage was constant across the two different 
plot sizes (Fig. 4). 

Our recommendation is therefore to standardise a 100-m2 fixed area to be sampled for a 
relevé (a 10 × 10 m plot nested at the centre of a 20 × 20 m plot) across all vegetation. This 
represents a compromise across vegetation types. 

Present methods for relevés in forests and shrublands as part of remeasurement of LUCAS 
plots, from 2009, are for recording species within the 400-m2 fixed area of a 20 × 20 m plot 
(Payton et al. 2004) and this is also the case for most forest plots measured by DOC (Hurst & 
Allen 2007a). We recommend that for the future, an additional measurement of a relevé 
within a 100-m2 fixed area is added to these measurements to ensure comparability with the 
methods we propose here. 
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Figure 4. Percentage of exotic vascular plant species in six plots in grasslands located on a grid of 8 km 
by 8 km. Mean values ± standard error of the mean are displayed for two plot sizes sampling the same 
vegetation (smaller plot nested within the larger plot); there was no difference in mean between the two plot 
sizes (paired t5 = 0.095; P = 0.93). 
 

Species–area curves in forests have shown that a 100-m2 plot is at the low end of a desirable 
sample size (Otýpková & Chytrý 2006). Furthermore, there are many historical relevés 
collected over 20 × 20 m plots in forests, and will continue to be collected at this scale as part 
of LUCAS plot measurements. Therefore, we recommend that, in addition to the relevé data 
collected from a 10 × 10 m plot nested at the centre of a 20 × 20 m plot, a second relevé is 
conducted over the 400-m2 plot (i.e. the entire 20 × 20 m plot); relevés describe composition 
and cover of vascular and non-vascular plants (epiphytes of the latter to a maximum height of 
2 m above ground). 

For at least one NHMS measure (percentage non-native vascular plant species) it is likely that 
past data collected at a larger plot size will be useful in comparisons and is likely to be 
independent of plot size. More data collected from forests and shrublands from both 100-m2 
and 400-m2 plots will allow us to test this. It is also likely that, as long as the vegetation 
within the larger plot is not very heterogeneous, both presence-absence data and cover-
abundance data are likely to be stable, at least in forests, between 100-m2 and 400-m2 plots 
(Otýpková & Chytrý 2006). 

2.1.1.4 What patterns exist nationally? 

The approach will be to conduct national- and regional-scale evaluations. The design will 
enable reporting of change in indicators in widespread ecosystems, i.e. indigenous forests, 
shrublands, and grasslands, which cover more than 90% of land administered by DOC. 
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Local networks of plots are in place, many with several decades of data (Bellingham et al. 
2000), which can be used to give: (1) greater local-scale interpretation of results and (2) 
greater temporal resolution of change. Local plot networks can also give greater resolution of 
local management activities, which are often applied at the same scale as local networks of 
plots (e.g. at catchment scale). Local networks of plots can therefore provide ancillary 
interpretation of change in indicators, especially at regional scales, but may also provide 
robust assessments of effects of management nationally where treatments have been applied 
consistently. 

2.1.2 What we are going to report 

2.1.2.1 What statistics will be reported? 

Detail is provided for individual vegetation measures (see sections 2.2.2.1, 2.3.2.1, and 
2.4.2.1). 

2.1.2.2 Frequency of measurement and reporting 

We have aimed for congruence in frequency of measurement and reporting of all vegetation 
indicators so that data of consistent quality are collected using standardised measurements 
and which are useful for several vegetation measures and which can be used to detect trends 
reliably and at a range of spatial scales. 

We can expect that changes will occur more rapidly in some environments than others. More 
productive environments (e.g. at lower latitudes, lower elevation, and on fertile soils) and 
those most recently disturbed are likely to exhibit greatest change. However, to develop a 
representative national or regional view of change we advocate against stratification for 
sampling; instead post hoc stratification can be applied to interpret differences within 
measures. 

We propose a periodic remeasurement of plots to detect change that is pragmatic and linked 
to other Government initiatives. For example, national-scale reporting of carbon from 
permanent plots is currently on a 5-year reporting cycle for indigenous forests and 
shrublands. This could be an appropriate interval for reporting change in non-woody 
communities as well; for example, lower montane secondary grasslands in Canterbury 
showed significant compositional shifts over 5-year periods especially with respect to 
invasive plant species (Rose et al. 1995). 

A guiding principle is that the measurement intervals will be based on the time needed to 
observe (with a 90% confidence interval) a 5% shift in size-structure (e.g. mean diameter), 
exotic species percentage, or of representation of particular functional groups. 

2.1.2.3 Hierarchies of reporting 

Detail is provided for individual vegetation measures (see sections 2.2.2.3, 2.3.2.3, and 
2.4.2.3). 
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2.1.2.4 Spatial and temporal analyses for interpreting variability in measurements 

The vegetation measures can be used to show: 

• Changes in population size and extent of particular plant species. These could 
be native or exotic species, and they could be aggregations of species of 
particular functional types (e.g. species highly palatable to possums) 

• Changes in size distributions (e.g. under different regimes of control for 
mammalian pests) 

Information about vegetation measures could be reported at national scales and to the level of 
individual Conservancies. At a national scale, it will be possible to report changes in size 
distributions between areas where mammalian pests are present or absent (though pest effects 
might be confounded by environmental heterogeneity and disturbance history). Data for 
vegetation measures could also be integrated with climatic and edaphic data to examine 
environmental effects on changes in population size and size distributions. For example, it is 
possible that succession from shrubland to forest might be slowed by environmental stress. 
Analysing the same patterns at the Conservancy level would allow managers to assess how 
successions to forest are progressing in their region, or to measure the response of palatable 
species to pest control programmes. These types of analyses might be used to inform 
management goals (e.g. where afforestation will be easiest, or where conservation goals, such 
as forest restoration, are likely to require the greatest/least amount of management 
intervention). 

All vegetation measures will be reported for each of the three dominant vegetation types 
(indigenous forests, shrublands and grasslands) separately. We recognise that transitions 
between each of these vegetation types occur in some circumstances, especially during 
succession after disturbance, so the number of sample points in any given category will 
change between reporting periods. 

An example of change in vegetation measures that can be reported combines size class 
distributions and functional groups based on palatability in forests (Fig. 5). Here, the 
proportion of highly palatable plants in early successional woody communities is greater on 
soils of high fertility than on soils of low fertility (Wardle 2006). Over time we expect little 
change in the proportion of highly palatable species at the infertile site and a much slower 
rate of change in overall stand density and size class distribution than at a fertile site (Fig. 5). 
Furthermore we expect that there should be demonstrable effects of management of 
introduced herbivores at a fertile site where rates of change are larger. We expect that intense 
management of ungulates should maintain the relatively high proportion of highly palatable 
species in the community but that no control of herbivores should result in lower proportions 
of highly palatable species and compensatory growth of less palatable species. 
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Figure 5. Potential changes in size structure over time partitioned among highly palatable species (black bars) 
and other species (grey bars) on soils of low fertility (A and B) and of high fertility (C–E), where D represents a 
scenario of intense management of ungulate herbivores and E represents a scenario of no management of 
ungulate herbivores. 
 

2.1.2.5 Presentation of national patterns (in relation to management)  

As in section 2.1.2.4, all vegetation measures will be reported separately for each of the three 
dominant vegetation types from which we expect adequate sampling at regional and national 
scales (i.e. indigenous forests, shrublands and grasslands). National patterns could be 
examined by analysing chosen subsets of sample plots. These subsets might be formed on a 
geographic/regional basis, or on the basis of factors such as presence or lack of pest animal 
control. It should be possible with a practicable number of plots (i.e. ≤2000) to provide a 
meaningful representation of all three vegetation indicators for administrative units (e.g. 
DOC Conservancies, local government boundaries). 

Vegetation measures and changes of the measures could be reported in selected vegetation 
types. For forests and shrublands, these might be reported in broad categories (e.g. within 
seven cover types used in a national classification; Wiser & Hurst 2008, confidential draft 
report to DOC) or in finer categories (e.g. the 24 classes of forest and shrubland derived from 
a national classification at the same 8-km sampling intensity that we propose; Wiser & Hurst 
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2008). Thus changes in size structure of some dominant species (such as podocarps) or 
functional groups (e.g. tree species dispersed by kererū) could be reported for vegetation 
classes in which they are significant components only. 

For grasslands and other non-woody ecosystems, as earlier, a provisional classification based 
on available data from the NVS Databank could provide broad and fine categories within 
which to report change and these categories could be refined in the same way as has been 
conducted for forests and shrublands (Wiser & Hurst 2008, confidential draft report to DOC). 
Changes in measures such as size structure could be reported in communities more likely to 
be undergoing succession (such as lower montane grasslands) and changes in the measure 
‘Percentage exotic species’ could be reported across different non-woody ecosystem classes. 

Research is needed to determine the adequacy of the proposed sampling strategy of an 8-km 
grid for non-woody ecosystems. A first step to addressing this will be to use available data 
from non-woody ecosystems (e.g. grasslands, wetlands) in the National Vegetation Survey 
(NVS) Databank to derive a provisional classification of New Zealand’s non-woody 
ecosystems and their extent. The provisional classification could be refined on the basis of an 
unbiased regular sampling (as on an 8-km grid) in the same manner as has been conducted for 
forests and shrublands (Wiser & Hurst 2008, confidential draft report to DOC). 

The ability to report change in vegetation measures with confidence at the level of selected 
vegetation types will be governed by the total area each type occupies, nationally or 
regionally. Each 20 × 20 m plot on the proposed 8-km grid samples 6400 ha and as few as 
five 20 × 20 m plot plots may be needed in any given unit (e.g. a designated vegetation class) 
to report change in a vegetation measure if change was unidirectional in all five plots. 
Therefore it is possible that change in vegetation measures could be reported in vegetation 
classes that are as small as 32 000 ha nationally (i.e. five plots sampling within 6400 ha 
each). However, the design will not be suitable for reporting of indicators in many rare 
ecosystems (sensu Williams et al. 2007). Although some permanent plots nationally will be 
in these ecosystems, overall replication will be too low to be useful and therefore indicators 
focused on change in these ecosystems will need to be designed specifically. 

2.1.3 Cost-effective sampling design 

2.1.3.1 Justification for where sampling design departs from consistent approach 
across measures/elements 

Detail is provided for individual vegetation measures (see sections 2.2.3.1, 2.3.3.1, and 
2.4.3.1). 

2.1.3.2 Trade-offs between precision and sampling effort in relation to 
conservation management needs  

Not applicable. 
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2.1.3.3 Determination of sampling intensities to estimate the measure/element to 
within 5% at the 90% confidence limits 

Detail is provided for individual vegetation measures (see sections 2.2.3.3, 2.3.3.3, and 
2.4.3.3). In general, an 8-km sampling intensity provides the capacity to detect 5% shifts 
nationally in: 

• The adult size structures of 27 widespread, common tree species in forests, with 
90% confidence, but not of seedling or sapling size structures of these species 

• The percentage of plots in forest containing some species preferred in the diets 
of possums, with 90% confidence 

• The percentage of total species in forests that provide fruits as resource for birds 
or substrates for insectivorous birds, with 90% confidence, but insufficient to 
report 5% changes in the percentage of total species in forests that provide 
nectar or foliage as sources of food for birds 

• The percentage of plots in forests that contain species that may contract in range 
due to drier climates or to increased fire, with 90% confidence 

Halving the sampling intensity (i.e. to a sampling intensity of 16 km by 16 km) resulted in 
inability to detect 5% shifts nationally in these measures with 90% confidence. We lacked 
data to evaluate whether we could with 90% confidence detect shifts nationally of 5% in 
exotic plant species richness. However; estimates of exotic plant species richness in forests 
and shrublands were not significantly different between an 8-km and a 16-km sampling 
intensity but were poorer using a 24-km sampling intensity. 

The capacity to report some of these measures was evaluated for three individual 
Conservancies (Wellington, West Coast, and Canterbury). It is possible to provide 
comparisons at given measurements between Conservancies of most measures, but an 8-km 
sampling framework used at a national scale does not generally enable detection of 5% shifts 
in most measures with 90% confidence, unless change in measures is unidirectional in most 
or all sample points. 

2.1.3.4 Optimal integration of historical data 

New Zealand has amongst the world’s best-developed network of permanent vegetation plots 
that can aid interpretation of change (Wiser et al. 2001). It is because much of these data have 
been collected in standard and consistent methods that we have developed the three 
vegetation measures to build on past investments, to capitalise upon methods that have 
demonstrated utility and which have been able to determine trends, and to collect new data 
that are compatible (Allen et al. 2003). 

Remeasured plots in the LUCAS 8-km grid from indigenous forests provide one source that 
can inform about change in forest size-structure, in the percentage of vascular plant species 
that are exotic, and in plant functional groups. For the subset of LUCAS plots that used 
existing 20 × 20 m plots, trends in these indicators could be determined for up to 40 years, 
i.e. their original dates of establishment. Remeasurement of all, or a random subset of, 
LUCAS plots in forests and shrublands nationally (first measured in 2000–2005) would 
provide an unbiased estimate of all three measures in two widespread ecosystems. 
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Other major sources of historical data can potentially aid interpretation of all three measures: 

• Permanent forest transects (20 m by 210 m) established in the late 1950s to 
early 1960s throughout the central North Island, most remeasured at least three 
times since (Bellingham et al. 2000) 

• Permanent transects that report change in species composition and size-structure 
in grasslands (Scott 1965; Dickinson et al. 1992) 

• Permanent transects in grasslands that report change in species composition 
(frequency in subplots; Wraight 1963; Rose et al. 2004; see also Duncan et al. 
2001) 

• To maximise historical interpretation we recommend placing new plots to 
sample the same vegetation as existing transects (see section 2.1.1.3). 

Almost all historical datasets for grasslands (alpine or montane) are based on transects. 
Therefore it will be important to evaluate the utility of the 20 × 20 m plot approach we 
propose for use in grasslands (and other non-woody systems) compared with existing transect 
methods. Specifically: 

• What is the difference in information on species composition obtained from existing 
transects in non-woody vegetation compared with proposed square plots? 

• What is the trade-off in information between commonly used height-intercept methods 
in determining size-structure in non-woody vegetation (information in 100-cm3 units at 
5-cm sampling points, with multiple point-based samples, usually 100 per transect; 
Dickinson et al. 1992) compared with coarser units (c. 22 600-cm3 units in 30-cm 
sampling points in 24 0.75-m2 circular subplots)? 

2.1.3.5 Estimated costs of sampling design 

Total cost for sampling each plot will be c. $8,159 (Table 4). Of that $5,205 will be spent on 
field surveys, with the balance spent post-sampling processing (e.g. species identification and 
plot sheet checks) and data entry, after each sampling season, into the National Vegetation 
Survey (NVS) Databank per DOC standard operating procedures. Data entry costs on average 
$279 per plot at a $30 hr-1 charge-out rate. A national sampling scheme of 1311 plots will 
cost $10.7 million, or $2.1 million annually if rolled out over 5 years.  

More than half the survey time for plots will be spent travelling to and establishing plots 
(Table 4), indicating that little time would be saved by simplifying the sampling design. Since 
the majority of time and cost of surveys is spent on non-sampling tasks, it is unlikely to be 
more economical to sample vegetation in lesser detail over a larger number of plots. 
Therefore it will likely be most cost effective to sample vegetation in detail for as many plots 
as are required for detection of shifts in size distributions at a national scale. 

The sampling for the DOC IMP project will likely differ from the LUCAS protocol in the 
following ways: 

• The 20-m-radius plot will not be sampled. This may save on average 1–2 person hours 
per plot for stem diameter measurements.  
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• Shrub biomass will not be measured, saving 0.38 person hours on average. 

• Coarse woody debris will not be measured, saving 1.21 person hours on average. 
However, CWD measurements may be desirable for inclusion for other indicators.  

• Species presence/absence will be recorded in subquadrats, adding an unknown number 
of person hours to understorey sampling time and relevé description time. Extra time 
will mainly be due to recording on field sheets, which should not add more than 1–2 
person hours in most cases. Non-forest vegetation may require a greater number of 
smaller subquadrats to facilitate searching the plot (e.g. subquadrats of 2.5 m by 2.5 m 
within the 10 × 10 m plot). 

It is worth considering that the same sampling method we propose for three vegetation 
measures may also be appropriate (and cost-effective, since transport and logistical costs will 
be shared) for other indicators proposed by Lee et al. (2005) but not yet developed (e.g. Soil 
status; indicator 1.1). 

 
Table 4. Estimated average time for vegetation survey tasks 

Field survey costs Hours per task Cost ($) Cost per task ($) 

Field team logistics and co-ordination 6 40 240 

Pre-field preparation 6 30 180 

Travel to location (and setup plot) 46 30 1,372 

Commute to and around plot 0 30 0 

Field survey 39 30 1,156 

Wet weather day allowance (30%) 25 30 758 

Field operating costs (incl. travel)   1,500 

Data entry 9.3 30 279 

Processing non-vascular plants   2,000 

Processing vascular plants   675 

Total per sampling location 131   8,159 

 

2.1.3.5.1 Costs after fieldwork 

Many vascular plants and almost all non-vascular plants cannot be reliably identified in the 
field. Even when field identifications may be possible using keys, given time constraints at 
the site, it is unlikely to be a cost-effective approach. Therefore collection of material for later 
accurate identification is an essential component of accurate data collection from each sample 
point. We have already established that several of the NHMS vegetation measures are 
critically dependent on a repeatable, reliable estimate of species richness of vascular and non-
vascular plants, and that accurate determination of species is required (e.g. to determine 
whether species are native or exotic, for assignation to particular functional groups). 

As an indication, from six plots in grasslands measured by a field team with above-average 
levels of field identification skills in February 2009, on average 27 ± 16 of the 59 ± 21 
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vascular plant taxa noted in the field in each plot were collected for subsequent accurate 
identification, i.e. 43 ± 14% of the vascular plant taxa on each plot. From these same plots, all 
non-vascular plants were collected for subsequent identification. Curation of material from 
the field (with accurate labelling of its origin, e.g. plot and in some cases subplot, annotations 
on field sheets to support collected specimens, storage and databasing for later determination) 
requires approximately 7 hours for one person for each plot. Field plant presses will need to 
be purchased and renewed periodically. Storage of material (either drying or freezing) entails 
additional costs of facilities and power, etc. 

There are numerous skilled contractors who can determine vascular plant specimens collected 
from plots in a timely way. Current daily contract rates for these contractors are c. $250–$350 
per day, which translates as c. $6–$8 per specimen determined. Contractors with expertise in 
some taxa that are difficult to determine, e.g. grasses and alpine plants, may charge more. For 
vascular plant taxa that are undergoing systematic treatments or which, for other reasons, are 
best determined by specialist systematists, are likely to cost c. $22–$25 per specimen 
determined. 

Accurate determination in the field of non-vascular plants is unrealistic for all but a very 
small proportion of species. Even to avoid spurious accuracy, we therefore recommend that 
all taxa that can be distinguished in the field are collected. The most serious constraint in 
identification of the taxa collected is the lack of sufficiently skilled people. It is likely that 
there are fewer than 10 people in New Zealand with sufficient skills to identify all non-
vascular taxa. An indicative estimate of the cost of identifications of non-vascular plants 
collected from the six plots in grasslands in February 2009 is $2,000 per plot. It is likely that 
this cost could be reduced by improved methods of collection and labelling in the field, but 
only by 5%. Moreover, demands on the three experts currently available mean that it is likely 
that there will be significant backlogs of material requiring processing, with costs of storage 
space, etc. 

Current data entry cost for vegetation data, including metadata, is $279 per plot, including 
reconciliation of data with plant specimens determined, queries resolved, and final 
validations checked and corrected where needed. This estimate was based on six grassland 
plots and included relevé plots collected at two scales, but the estimate does not include entry 
of non-vascular plant data. There is a lag between initial data entry and subsequent additions 
after specimens are determined; one to two months is typical (although incorporation of non-
vascular plant data will take even longer). Costs of data entry are likely to be reduced through 
the use of, and improvements to, the NVS Lite data entry tool 
(http://nvs.landcareresearch.co.nz/html/NVSLite.aspx). 

2.1.4 How would the data be collected? 

2.1.4.1 Methodologies 

Data methodologies follow established protocols for collection of: 

• Vascular plant compositional information (Hurst & Allen 2007a) 

• Tree size structure (Hurst & Allen 2007b) 

• Sapling and seedling size structure (Hurst & Allen 2007b) 
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Size structure of non-woody components is adapted from existing protocols (Wiser & Rose 
1997) and some modifications of sapling data for shrubland communities is adapted from 
existing protocols (Hurst & Allen 2007b), as is use of a smaller fixed area relevé plot for 
compositional data collection – all are described in section 2.1.1.3. 

Metadata for locating and travelling to plots will follow the protocol used in LUCAS (Payton 
et al. 2004). 

2.1.4.2 Field delivery programme consistent with design and reporting 

We recommend that a measurement interval of 5–10 years is suitable for most expected 
changes in the vegetation measures. We also recommend that an 8-km grid is the most 
suitable to obtain robust initial estimates for most vegetation measures. Using this grid, 1311 
points are required to sample the land administered by DOC (i.e. within DOC’s 2006 
cadastral boundaries excluding areas that are likely to be too unsafe to sample [i.e. sampling 
locations with slope >65°]). We recommend measuring plots at all 1311 points over a 5-year 
period, with an approximately equal number of plots sampled in each year (i.e. 262 plots per 
year). Each of the 1311 sample points should be assigned randomly whether it will be 
measured in year 1, 2, 3, 4 or 5. For sample points where there are difficulties in obtaining 
access in any year, then a further attempt should be made in the subsequent year. 

For plots in forest and shrubland administered by DOC, many of these points already have 
20 × 20 m plots that were measured during the 2000–2005 LUCAS. These are 914 sample 
points, i.e. 65.7% of all sample points proposed for this exercise. We recommend 
remeasuring these existing LUCAS plots for the three vegetation measures. To optimise 
historical interpretation of change, the 2000–2005 LUCAS remeasured existing 20 × 20 m 
plots if they were located within 1 km of a sample point. We recommend adopting the same 
principle for the vegetation measures. This will mean that the same existing forest and 
shrubland plots incorporated in LUCAS will also be remeasured for the current vegetation 
measures. For the c. 34% of points on Conservation land that were not sampled as part of 
LUCAS, we recommend that the nearest existing permanent plot within 1 km of a sample 
point is also resampled as a 20 × 20 m plots (see section 2.1.3.4). In any circumstances where 
records of an existing plot’s location are in error and transpire to be >1 km from the sample 
point, then the existing permanent plot should not be used and instead a new permanent plot 
established at the sample point. 

Some sample points will be unsafe to establish a permanent plot at (because of very steep 
terrain or dangerous access). In these circumstances, as in LUCAS (Payton et al. 2004), if it is 
possible to position a permanent plot within 200 m of the sample point in similar vegetation, 
altitude and aspect, then a permanent plot should be established at that site. 

We strongly recommend that measurement of plots is conducted by a designated, skilled, 
centralised, coordinated field team and managers. The group could be contractors or a 
designated central group in DOC. There is utility in considering an approach equivalent to 
LUCAS, which used two centralised field teams to measure all plots over 5 years: one team 
based in the North Island and the other in the South Island. The advantages were: 

• Development of a corps of expertise, and easy communication among team 
members 
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• Renewal of expertise and mentoring of new team members 

• A focus on this as a single task with few distractions and a sense of ‘ownership’ 
so that the same team that conducted field measurements was also in charge of 
identifying plant specimens and curating field data sheets 

• Centralised coordination of travel and logistics 

The same approach could be applied in future, especially if this is coordinated across multiple 
Government initiatives (e.g. LUCAS and IMP simultaneously). An alternative approach is to 
take a decentralised approach in which Conservancies undertake to train and calibrate staff. 
This approach could save on transport time and could potentially link with other activities, 
e.g. at DOC Area Offices. It will also capitalise on local expertise, e.g. DOC experts in local 
floras, either having these experts in field teams or mentoring team members. We favour a 
hybrid between the two approaches, using a centralised team that coordinates travel, logistics 
and keeps a schedule of progress, but arranges activities so that Conservancy business plans 
allocate staff time at local levels, contributing and developing expertise. We advocate a 
centralised approach to quality assurance to guard against lower precision that could arise 
from different staff conducting the fieldwork. 

Experience with the LUCAS vegetation monitoring programme shows that considerable 
advance planning is required before a field season begins, and in the processing of data and 
field samples after the field season ends. Training before the start of measurement will be 
essential for all staff and for new staff in any following year. Periodic recalibration among 
teams is also important to ensure consistent interpretation of field manuals, etc. Working 
nationally will also enable optimum planning so that fieldwork at low latitudes and low 
altitudes is conducted early in a field season with sites at high latitudes and high altitudes 
later in a field season. Experience with LUCAS also strongly suggests a high level of 
involvement of the field teams with staff who curate the hard copies of field data and enter 
the data electronically. Input of data into the NVS Databank (see section 2.1.5.1) could be 
undertaken by the same team and should be entered as soon as field data are returned from 
each trip (i.e. approximately monthly). 

We recommend that 10% of plots are audited in the field by an external team for quality 
assurance in year 1 (29 random plots) and, as long as satisfactory results are obtained and 
staff turnover is not very high, 5% of plots (15 random plots) in subsequent years. We also 
recommend evaluation of the quality of field data sheets within the team to mitigate against 
errors in identification of species (e.g. incorrect codes applied) and against data entry errors. 

2.1.5 Managing the data 

2.1.5.1 Data formats, curation and access protocols 

Entry of vegetation data from the permanent plots we advocate follows established protocols 
(NVS Lite; Vickers et al. 2009, unpublished report). Within DOC it is standard operating 
procedure to enter and store data within the National Vegetation Survey (NVS) Databank 
(http://nvs.landcareresearch.co.nz/). Metadata required for each plot follows protocols 
devised for plots in LUCAS, and includes information on site access, etc. Storage of data in 
NVS has the additional benefit of ready access to data from historical measurements of 
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already established permanent plots. Links to data in the LUCAS database may also be 
necessary. 

We also strongly recommend storage of field data sheets in the fireproof archives that are part 
of the NVS Databank, along with maps and ancillary notes regarding access, etc. Field data 
from most remeasured plots (historical and those that are part of LUCAS) likely to be used 
for these measures are also stored in the NVS archives. Storage of original field data sheets in 
a centralised storage facility also facilitates checking for errors (e.g. in transcription of data). 
We anticipate that more flexible and robust field data entry using electronic media will 
become more widespread in the near future and recommend that such equipment be evaluated 
regularly to evaluate benefits. Such media are also likely to allow access to historical site 
photos when a site is visited and this is likely to be valuable. 

2.1.5.2 Integration with other data layers 

Plot metadata such as geographic location will allow integration of size distribution data with 
all forms of spatial data (e.g. climate, soil type, land tenure). Data for different measures will 
all be lodged in the same database, which will allow efficient integration of data for different 
measures. Integration with DOC data layers on presence of alien animals and plants will also 
be important in interpreting trends. 

Sampling locations with associated species information built up over time provide baseline 
information to which complementary or supplementary spatial data layers can be linked 
based on location and used for analytical purposes, or can be layered over topographical base 
maps. This can assist in interpreting changes and patterns in the data spatially and through 
time. 

Site characteristics of plot locations can be assessed by drilling down to national or local 
spatial datasets. Characteristics of these plot sites can be used in conjunction with monitoring 
results from the plot to explore national or local relationships. Spatial datasets that could be 
used for these types of analyses include climate, soil, landform, land status, or fire occurrence 
surfaces. Plot locations can also be linked based on proximity to more dispersed datasets or 
potentially important data sources including other monitoring sites, weather station sites, 
topographical features or other features of interest where potential interactions may occur. 

Changes to plot composition through time can be examined spatially by observing patterns in 
changing distribution nationally or locally, and assessing whether relationships may exist 
with environmental, species occupancy or anthropogenic factors by comparing changes with 
other spatial data sets. 

Species presence/absence data, cover/abundance data can be used to develop predictive 
species distribution surfaces, by sampling underlying spatial datasets (e.g. environmental 
variables) at each plot location and using statistical modelling. Boosted Regression Trees 
calculate the relative importance of the contributions that each of the environmental variables 
effect on a species (Elith et al. 2006). Based on these relative contributions, the model can 
then predict the likelihood of finding the species at any location across the landscape, using 
the predictor (e.g. environmental variables) surfaces. The resulting distribution shows the 
relative probability of finding a species at each pixel in a national or other specified grid 
extent. An example (Fig. 6) combines the predicted distributions of one functional group of 
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plants (trees palatable to goats) with the current distribution of feral goats and areas in which 
goats are being controlled. 

 

 

Figure 6. Example of the projected distribution of goat-palatable Pseudopanax spp. trees nationally, based on 
occurrence in LUCAS plots, the distribution of feral goats, and the areas in which goat control is being 
conducted. 
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2.2 Vegetation measure: Distribution and abundance of exotic weeds 

2.2.1 What we are trying to measure 

2.2.1.1 Identity of measure 

The primary elements of this measure are: 

• The percentage of vascular plant species that are exotic: this is a measure of exotic 
invasion (Stapanian et al. 1998; Stohlgren et al. 1999). This will be reported at the 
whole plots scale (cover scores in fixed classes derived from relevés can be used as a 
coarse surrogate for estimating biomass and thus dominance by individual species 
(Lundholm & Larson 2004). Trends in dominance with time are best determined from 
data for this measure obtained at the sub-plot scale. Recording local-scale presence will 
allow better determination of factors that determine invasion (Wiser et al. 1998). These 
data will also be useful in determining the extent to which invasion enhances total 
diversity yet simultaneously leads to greater community homogenisation (McKinney 
2004; Cassey et al. 2008). We do not consider exotic non-vascular plants because there 
are very few species known to be exotic (e.g. only five species of 595 liverworts 
nationally, 0.8%; Engel & Glenny 2008) compared with exotic vascular plants where 
the number of naturalised species exceeds the native flora (Williams & Cameron 2006). 

• Current distributions of selected exotic vascular plant taxa (47 species; Table 5). 

Secondary elements, derived from the grid-sampled plots, can also inform this measure and 
derive from overlap with the measure ‘Size-class structure of canopy dominants’, such as: 

• Size-class distributions of stems of exotic woody species ≥2.5 cm in diameter at 
1.35 m, at 20 × 20 m plot scales. These could be reported for individual species 
(e.g. as for Ligustrum lucidum; Smale & Gardner 1999). They could also be 
reported aggregating all exotic woody species (similar to aggregations in the 
measure ‘Representation of plant functional types’). Demographic trends 
(growth, mortality, and recruitment, based on tagged individuals) of individual 
exotic species, or as a guild of exotic species, can also be determined from these 
data, after repeated measurements 

• Counts of stems of exotic woody species, as genets, >1.35 m tall but dbh 
< 2.5 cm, based on measurements at 20 × 20 m plot scales, which can reported 
at a by-species level (e.g. as for Cytisus scoparius; Bellingham 1998), or as a 
guild of exotic species 

• Counts of stems of exotic woody species, as genets, <1.35 m tall, in fixed 
height-classes in replicated subplots (total 18-m2 scales) 

• Presence of non-woody exotic plants, including lianas, <1.35 m tall, in fixed 
height-classes in replicated subplots (total 18-m2 scales) 
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2.2.1.2 Sampling universe for measure 

The sampling universe is all land areas administered by DOC (Conservation land) since all 
areas of vegetation are potentially invasible by exotic plant species. Some vegetation that is 
little invaded currently may be invaded to a greater extent in future, and there is evidence 
from forests that this is so (Wiser & Allen 2006), therefore we advocate that an unbiased 
sampling framework will provide data to confront assumptions about which vegetation 
classes are currently most invaded and which exhibit over time the greatest rates of invasion. 

 
Table 5. Exotic plant species for which occupancy will be determined 

Family Species 

Aceraceae Acer pseudoplatanus 

Asclepiadaceae Araujia sericifera 

Asteraceae Ageratina adenophora 

Asteraceae Ageratina riparia 

Asteraceae Chrysanthemoides monilifera subsp. monilifera 

Asteraceae Erigeron karvinskianus 

Asteraceae Hieracium lepidulum 

Asteraceae Hieracium pilosella 

Asteraceae Mycelis muralis 

Basellaceae Anredera cordifolia 

Berberidaceae Berberis darwinii 

Buddlejaceae Buddleja davidii 

Caprifoliaceae Leycesteria formosa 

Caprifoliaceae Lonicera japonica 

Celastraceae Celastrus orbiculatus 

Commelinaceae Tradescantia fluminensis 

Ericaceae Calluna vulgaris 

Ericaceae Erica lusitanica 

Fabaceae Callistachys lanceolata 

Fabaceae Cytisus scoparius 

Fabaceae Lupinus polyphyllus 

Fabaceae Ulex europaeus 

Haloragaceae Gunnera tinctoria 

Iridaceae Crocosmia × crocosmiiflora 

Liliaceae Asparagus scandens 

Oleaceae Ligustrum lucidum 

Oleaceae Lycium ferocissimum 

Osmundaceae Osmunda regalis 
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Passifloraceae Passiflora tripartita 

Pinaceae Pinus contorta 

Pinaceae Pseudotsuga menziesii  

Poaceae Agrostis capillaris 

Poaceae Ammophila arenaria 

Poaceae Cortaderia jubata 

Poaceae Cortaderia selloana 

Poaceae Glyceria maxima 

Poaceae Nasella trichotoma 

Poaceae Pennisetum clandestinum 

Poaceae Spartina spp. 

Proteaceae Hakea sericea 

Ranunculaceae Clematis vitalba 

Rhamnaceae Rhamnus alaternus 

Rosaceae Cotoneaster glaucophyllus 

Salicaceae Salix cinerea 

Salicaceae Salix fragilis 

Tropaeolaceae Tropaeolum speciosum 

Zingiberaceae Hedychium gardnerianum 

2.2.1.3 Measurement technique and type 

See general features of measures for vegetation. 

2.2.1.3.1 Occupancy 

Distributions of selected exotic vascular plant taxa (Table 5) will be determined based on 
occupancy (presence/absence) in relevé plots within 100-m2 fixed areas in the same plots on 
the 8-km grid. This information will be interpreted alongside other initiatives (species 
mapping and coarser-scale mapping of presence/absence of species; see section 2.2.1.4). 
Because we report comprehensively on all exotic vascular plant taxa that occur in plots, this 
list can be revised in future and a different list of plants can be reported upon. 

The list of exotic taxa for reporting (Table 5) derived from expert opinion and includes 
species that represent a range of: 

1. Life forms, including herbs, lianas, woody plants  

2. Likely climatic envelopes, from those restricted to warm temperate areas (e.g. 
Araujia sericifera) to those which are likely to be widespread throughout 
New Zealand (e.g. Cytisus scoparius) 
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3. Stages of invasion, from those in early stages of invasion and expanding in range 
(e.g. Celastrus orbiculatus) to those which have invaded much of the 
New Zealand landscape (e.g. Ulex europaeus) 

4. Species, from those likely to be restricted to particular habitats (e.g. dunes in the 
case of Ammophila arenaria) to generalists (e.g. Agrostis capillaris) 

2.2.1.4 What patterns exist nationally? 

2.2.1.4.1 Percentage of exotic vascular plant species 

The percentage of exotic vascular plant species of the flora, at national and regional scales, is 
likely to be influenced by: 

1. The degree of human-induced modification of ecosystems (Rejmánek 2000). 
Thus, at a national scale, lower-montane grasslands subject to pastoral grazing, 
fertilising, and aerial seeding could be expected to have a greater percentage of 
exotic vascular plant species than alpine grasslands not subjected to any of these 
influences. 

2. The frequency of disturbance in ecosystems; more frequently disturbed 
ecosystems are more likely to be invaded than those less frequently disturbed 
(D’Antonio et al. 1999). Thus at national and regional scales, successional 
shrublands developing after past fire and grazing disturbance are more likely to 
have a greater degree of exotic invasion than subalpine shrublands subject to less 
frequent disturbances (e.g. by avalanches or earthquakes). 

3. Propagule pressure; ecosystems close to sources of many species of exotic 
invasive plants are more likely to be invaded than those more distant from 
sources (Sullivan et al. 2005). Diversity of alien species is also closely linked to 
human populations, especially in New Zealand where gardens are a major source 
of exotic invasive plants (Williams & Cameron 2006). Thus forests, shrublands, 
and grasslands closest to populated urban areas are likely to have the greatest 
percentage of exotic invasive plants. 

There are additional relationships that may be pertinent. For example, the species-richness of 
the resident plant community may determine how readily it is invaded but the relationship 
may be positive (e.g. Wiser et al. 1998; Levine 2000; Stohlgren et al. 2008) or negative 
(Tilman 1997). Widespread ecosystems such as indigenous forests have the potential to yield 
understanding of relationships between resident community species-richness and invasibility, 
because there is a general declining trend in tree species diversity with increasing latitude in 
New Zealand forests (Wardle 1991) and also between some dominant forests, e.g. tree 
species richness is generally lower in forests dominated by beech (Nothofagus) species than 
those without beech (Wardle 1984). 

To further explore the relationship between statistical power, sampling density and spatial 
scale, we repeated the analyses of the measure of percentage of exotic species at finer scales. 
We conducted these analyses in three DOC Conservancies. Canterbury Conservancy was 
chosen because many parts of the landscape administered by DOC include areas long 
deforested and, as a result, in widespread secondary successional communities and include 
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large areas subject to influences of European pastoral grazing (e.g. Rose et al. 1995). Other 
DOC-administered land in the Conservancy contains comparatively unmodified indigenous 
forests and alpine grasslands. Wellington Conservancy was chosen because there are large 
tracts of indigenous forest right up to the limits of greater Wellington City, enabling analyses 
of invasion in forests according to whether the adjacent matrix is urban, or rural and pastoral 
(cf. Wiser & Buxton 2008). West Coast Conservancy has the most intact indigenous forest 
cover of any Conservancy and has comparatively little pressure of propagules from urban 
areas. Local networks of forest plots, and in some Conservancies, non-forest (especially 
grassland) plots exist. These can enhance resolution about particular sampling points on a 
national grid of plots. For example, size-class and demographic data derived from local plot 
networks can enhance interpretation of trends in tree populations or of individual tree species 
(Bellingham et al. 1999). Some key local networks of forest plots have been identified 
(Bellingham et al. 2000). Reporting at Conservancy scales therefore allows integration of 
objective national-scale data with local initiatives, which can provide resolution of trends 
about some grid points. 

2.2.1.4.2 Distributions of selected exotic vascular plant taxa 

This measure will provide plot-scale mapping (on an 8-km grid nationally) of 
presence/absence data for at least the 47 exotic plant species in Table 5. This can provide 
valuable change-with-time representation as maps, as well as with attendant statistics 
(changes in occupancy for individual species or across all nominated species). This is a finer 
scale of resolution of distribution of these plant species and is complementary to a coarse-
scale (NMZ 260 map unit-scale) mapping of the distribution of 328 plant species considered 
environmental weeds, currently being undertaken by DOC. Both are underpinned by 
presence/absence data. Whereas the ‘Distribution and abundance of exotic weeds’ measure 
will report solely on the presence/absence of 47 nominated taxa in plots sampling the country 
evenly across DOC-administered land (and potentially beyond), the coarse-scale mapping 
will rely on whatever information and coverage is currently available. The initiatives are thus 
complementary. 

Also related to this measure, DOC has recently (2008) produced distribution maps of 20 
weed species using data from Bioweb, herbarium records and other sources, including plot-
based records (e.g. from NVS) and interviews with DOC Area staff to confirm mapping of 
extent. Producing these maps thus combines presence/absence data (from plots) with 
‘presence-only’ data, although there are some circumstances where mapped distributions of 
species using ‘presence/absence’ data and ‘presence only’ data are in close agreement (Elith 
et al. 2006). 

2.2.2 What we are going to report 

2.2.2.1 What statistics will be reported? 

• The percentage of vascular plant species that are exotic will be reported as a mean % ± 
standard error of the mean (SE) within each of the vegetation classes (indigenous 
forests, shrublands and grasslands) or subcategories within these. This measure is best 
reported at the 20 × 20 m plot scale. 
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• The richness of exotic species can also be reported (mean number of exotic species per 
400-m2 [20 × 20 m plot] ± SE). This is useful as an adjunct measure because the 
percentage exotic is sensitive to the denominator (i.e. sum of total exotic and native 
species). If the richness of exotic species remains constant while the percentage of 
exotic species increases, then this is because the number of native species is declining, 
as was the case over 10–15 years in lower montane grasslands in the eastern South 
Island (Duncan et al. 2001). 

• Distributions of selected taxa will be reported in terms of occupancy, i.e. the probability 
that a randomly selected site within dominant vegetation forests, shrublands and 
grasslands (or subcategories of these) is occupied by the particular exotic species. Mean 
occupancy will be reported with a 90% confidence interval. The underpinning statistics 
can be derived from across a whole 20 × 20 m plot scale or in terms of occupancy 
within the 24 0.75-m2 subplots. Of the 25 most abundant herbaceous species found in 
subplots in forests and shrublands (LUCAS) data (Supplementary Table 1), four are 
exotic. Only one of these (Agrostis capillaris) is one of the taxa selected taxa for 
reporting (the others are two exotic grasses, Anthoxanthum odoratum and Holcus 
lanatus, and one exotic herb, Hypochoeris radicata). The systematic plot-based survey 
coupled with additional plot-based data and other sources of presence/absence data can 
be used to generate distribution maps at a range of spatial scales. 

• Frequency of occurrence of the same taxa will be reported similarly as a mean 
frequency of occurrence ± SE tabulated across broad categories in each of indigenous-
dominated forests, shrublands and grasslands, at national and regional scales, or within 
units of management (e.g. Conservancy) or under particular management regimes (e.g. 
under weed-led or site-led control regimes). 

2.2.2.2 Frequency of measurement and reporting 

Two studies give useful estimates of trends in invasions of forests by exotic weeds. An exotic 
herb (Mycelis muralis) increased in frequency of occurrence in permanent plots by >30% 
over 5 years in three of 13 forests nationally, but increases were much less in others (Wiser & 
Allen 2006). During early stages of invasion of montane forest in Craigieburn by the exotic 
herb Hieracium lepidulum, the frequency of occurrence in plots increased by 32% over 15 
years (Wiser et al. 1998). These values suggest that intervals of 5–10 years should suffice for 
detecting change with confidence. 

There is little comparable plot-based data from shrublands on which to derive rates of 
invasion. Reconstruction of invasions by the exotic shrubs hawthorn (Crataegus monogyna) 
and Scotch broom (Cytisus scoparius) into grey scrub in inland Canterbury suggests that 
detectable rates of change in frequency should also be detectable at 5–10-year intervals 
(Williams & Buxton 1986; Bellingham 1998). 

In grasslands, two exotic species (Hieracium lepidulum and H. pilosella) increased in 
frequency by c. 10% over decadal intervals, while others (e.g. Agrostis capillaris) showed 
smaller rates of change, in lower montane grasslands in inland Canterbury (Rose et al. 1995). 
These too indicate that changes in frequency should be detectable at 5–10-year intervals. 
However, rates of change in frequency of exotic species in other montane grasslands are 
substantially less (e.g. in Marlborough; Rose et al. 2004). A more general appraisal of lower 
montane grasslands (for a subset of those reported from Otago and Canterbury in Duncan 
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et al. 2001, i.e. those administered by DOC) showed no change in the percentage of vascular 
plant species that are exotic over a >10-year interval (Fig. 7). 
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Figure 7. Mean percentage of exotic species in 41 transects in lower montane grasslands administered by DOC 
in Canterbury and Otago in two periods. There was no difference between the two reporting periods (paired-t40 
= 1.47, P = 0.15). 
 

2.2.2.3 Hierarchies of reporting 

The statistics of percentage or richness of vascular plant species that are exotic lends itself to 
further hierarchies of reporting to other groups that could be relevant to managers. These 
could be in terms of life history attributes (e.g. trees, grasses, annual plants) or in terms of 
functional attributes (e.g. exotic C4 grasses that can promote fire and possibly facilitate 
further invasions (Hughes et al. 1991), or exotic nitrogen-fixing plants that can alter 
successional pathways (Sullivan et al. 2007)). An example of how this might be reported 
derives from a floodplain on the Kowhai River, near Kaikoura, which is heavily invaded by 
exotic species (Fig. 8: see Bellingham et al. 2005a). 

2.2.2.4 Spatial and temporal analyses for interpreting variability in measurements 

See general features of measures for vegetation (section 2.1.2.4). 

2.2.2.5 Presentation of national patterns  

See general features of measures for vegetation (section 2.1.2.5). 
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Figure 8. Mean number of species in five plant functional groups across five plots on a floodplain in the 
Kowhai River, near Kaikoura, in 2006, 4 years after primary succession initiated by a flood event (P.J. 
Bellingham & D.A. Peltzer, unpublished data). 
 

2.2.3 Cost-effective sampling design 

2.2.3.1 Justification for where sampling design departs from consistent approach 
across measures/elements 

None are envisaged for determination of a general measure of exotic plant invasion (% 
exotic); the method follows established protocols for 20 × 20 m plots in forests and 
shrublands (e.g. LUCAS) and is applied more generally, with key data deriving from a relevé 
plot covering a central 10 × 10 m area. 

2.2.3.2 Trade-offs between level of precision and sampling effort (intensity and 
frequency) in relation to conservation management needs 

See general features of measures for vegetation. We acknowledge that national- and regional-
level reporting is unlikely to address conservation management of species that are rare or 
which are in early stages of invasions and therefore are poorly suited to surveillance. Our 
method will highlight which ecosystems are most invaded and trends within ecosystems, 
which will enable prioritisation of resources according to which ecosystems and which 
geographic areas are most deserving. 
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2.2.3.3 Determination of sampling intensities to estimate the measure/element to 
within 5% at the 90% confidence limits 

We evaluated sampling intensities required to determine the percentage of vascular plant 
species that are exotic, and also exotic species richness, using plots in forests and shrublands 
in LUCAS. The underpinning data were from relevé (recce) plots that provided full vascular 
plant compositional data. Note that these derive from 400-m2 fixed areas rather than the 100-
m2 fixed area we recommend for future measurements. For both analyses, we used data only 
for species coded to a species name (according to the plant names database) and we 
determined native or exotic status for each species on the basis of the New Zealand flora 
website (.http://nzflora.landcareresearch.co.nz/). 

Estimates of the percentage of vascular plant species that are exotic were not significantly 
different for forests and shrublands between an 8-km sampling intensity and a 16-km 
sampling intensity at a national scale (Table 6) but the estimate on a 24-km grid was poorer. 
At a Conservancy scale, forests and shrublands in Canterbury Conservancy had a higher 
percentage of vascular plant species that are exotic than those in Wellington and West Coast 
Conservancies. We have not investigated whether a coarser (16- or 24-km) sampling intensity 
at a Conservancy scale resulted in poorer estimates. The mean exotic plant species richness 
per plot was less affected by an increasingly coarse grid and Conservancy-scale patterns were 
similar to those of the percentage of vascular plant species that are exotic. 

 
Table 6. Mean and standard error for the percentage of total species richness contributed by exotics, and for 
exotic species richness (n species) across LUCAS plots: on 8-km, 16-km and 24-km grids and on an 8-km grid 
only for the West Coast, Wellington and Canterbury Conservancies. 

 8-km 16-km 24-km West Coast Wellington Canterbury 

Mean % exotic 3.583 3.734 4.276 0.897 1.084 4.021 

SE % exotic 0.177 0.366 0.693 0.099 0.366 0.878 

Mean exotic richness 1.558 1.535 1.804 0.475 0.692 1.729 

SE exotic richness 0.070 0.132 0.250 0.053 0.253 0.370 

 

The exotic grass browntop (Agrostis capillaris) was the only taxon of those selected for 
reporting (Table 5) that was sufficiently common in forests and shrublands to produce 
estimates of its frequency at a range of spatial scales (Table 7). Despite only 10% of the 
number of occurrences on a 24-km grid as on an 8-km grid, estimates of the frequency of 
occurrence in subplots in tiers 1 and 2 were very similar. However, the capacity to report 
occurrence of browntop at Conservancy scales would require 8-km-grid sampling. Even at 
this level of sampling there were too few occurrences in Wellington Conservancy to enable 
reporting of its frequency in subplots. The frequency of occurrence of browntop in forests 
and shrublands was not different between the West Coast and Canterbury conservancies. 
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Table 7. Mean and standard error (SE) in the proportion of circular 0.75-m2 subplots in each of five height tiers 
(T1 ≤15 cm; T2 16–45 cm; and T3 46–75 cm) occupied by Agrostis capillaris in forests and shrublands 
(LUCAS data; since this is a short-stature turf grass it was very rarely reported in T4 (76–105 cm) and not at all 
in T5 (106–135 cm)) on 8-km, 16-km and 24-km grids in forests and shrublands nationally, and on an 8-km grid 
only in three DOC Conservancies. NOCC indicates the number of plots in which the species occurred. 

 NOCC MeanT1 SET1 MeanT2 SET2 MeanT3 SET3 

8-km grid 159 0.333 0.024 0.161 0.016 0.032 0.008 

16-km grid 38 0.307 0.049 0.166 0.032 0.035 0.016 

24-km grid 15 0.369 0.077 0.156 0.077 0.006 0.000 

        

West Coast 4 0.198 0.150 0.010 0.000 0.000 0.000 

Wellington NA NA NA NA NA NA NA 

Canterbury 11 0.163 0.030 0.106 0.060 0.027 0.030 

2.2.3.4 Optimal integration of historical data including the effects of biased versus 
unbiased data in development 

See general features of measures for vegetation re plot-based methods (section 2.1.3.4). 

For occupancy, detection of temporal trends can use information from local-scale plot 
networks remeasured over decades to provide local catchment scale resolution and improved 
prediction of drivers of invasion at catchment (Wiser et al. 1998), regional (Duncan et al. 
2001), or national scales (Wiser & Allen 2006). 

2.2.3.5 Estimated costs of sampling design 

See general features of measures for vegetation (section 2.1.3.5). 

2.2.4 How would the data be collected? 

2.2.4.1 Methodologies 

A key data standard for this measure is a certified high standard of taxonomic aptitude of 
fieldworkers and that this standard is demonstrated consistently during successive 
measurements. As an example of why this is needed, several alien weedy species have native 
congeners with which they may co-occur (e.g. in the genera Acaena, Agrostis, Cortaderia, 
Epilobium, Hydrocotyle, Senecio); inadequate taxonomic ability is likely to result in errors of 
determination of the percentage of species that are exotic. 

Particular life forms and functional groups (e.g. geophytes and annuals) could be under-
represented or even missed if surveys were conducted at certain times of the year. At earliest 
October to at latest May are optimal for sampling at higher latitudes, with an earlier start 
(September) possible at lower latitudes. High latitude, high altitude sites should be sampled 
from January onwards until autumn. 
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2.2.4.2 Field delivery and standards 

See general features of measures for vegetation (section 2.1.4.2). 

2.2.5 Managing the data 

2.2.5.1 Data formats, curation and access protocols 

See general features of measures for vegetation (section 2.1.5.1). In addition, ancillary 
metadata required for each plot includes information about the management regime practised 
at the point (e.g. is it subject to weed-led or site-led management?). 

2.2.5.2 Integration with other data layers 

Interpretation of this measure, both in terms of the percentage of exotics and occupancy of 
selected exotic species, will be improved for point-in-time data, but even more for change-
with-time data, by integrating measurements from plots alongside DOC’s and regional 
councils’ data layers of where weed management has taken place, for which weed species, 
and with what levels of success. 

Interpretation of the measure will be improved using data of past and present climatic 
patterns, including mean, maximum and minimum data on: temperature, rainfall, and vapour 
pressure deficit. Mapped data on extreme events (e.g. floods, or rainfall deficit during ENSO 
droughts) will also aid interpretation, since many weed species are disturbance dependent and 
because some disturbances can accelerate rates of weed invasions (e.g. cyclones, Bellingham 
et al. 2005b). Similarly maps of recent disturbance by earthquakes (Stirling et al. 2002) could 
aid interpretation of invasions facilitated by landslides, etc. 

Data layers on land use are likely to be valuable in interpreting rates of invasion, not only 
because of the information they yield about urban to remote gradients, which can be strong 
predictors of rates of invasion (e.g. Sullivan et al. 2005), but also because adjoining land use 
can also predict the degree of exotic invasion (Wiser et al. 1998; Williams & Wiser 2004; 
Predick & Turner 2008). Likewise data layers with information about transport routes (roads, 
rail) can be important in predicting invasions (e.g. Jodoin et al. 2008). 

There are also opportunities for integration of data with those that derive from the measures 
‘Distribution and abundance of exotic pests’ and ‘Demography of widespread animal species 
– birds’, because they derive from the same sample points. These could improve 
understanding of the ecology of invasions by exotic plants, i.e. understanding: 

• Interactions between exotic animal and plant invasions 

• The role of different bird guilds as dispersers of exotic weeds 
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2.2.6 Analysis and reporting approach 

2.2.6.1 Reporting suitable for a range of audiences 

Reporting will be based principally on indicating if the percentage of exotic plant species has 
changed significantly (with α = 0.1) between measurement periods. The same will be the 
basis of reporting for the richness of exotic plant species. 

For selected taxa (Table 5), reporting will focus on whether there has been a significant 
change in the number of sample points (plot and subplot) that the taxa occupy (with α = 0.1) 
between measurement periods. 

Secondary reporting, integrated with the measure ‘Size structure of canopy dominants’ will 
report whether the size structure and population size of selected canopy dominant species 
(e.g. Cytisus scoparius, Ulex europaeus) have changed significantly (with α = 0.1) between 
measurement periods. An example of this measure is shown for a remnant of warm temperate 
rain forest in central Auckland, showing similar distributions of stems in all but the smallest 
size class of the exotic shade-tolerant tree Ligustrum lucidum and two native shade-tolerant 
trees (Fig. 9). Repeated measurements would determine whether the currently largest/smallest 
size class translates over time into greater numbers in intermediate size classes. 
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Figure 9. Size class distributions of stems of the exotic shade-tolerant tree Ligustrum lucidum (red line) and two 
native shade-tolerant trees, Alectryon excelsus (tītoki; black line) and Litsea calicaris (māngeao; blue line), in a 
remnant fragment of warm-temperate rain forest in central Auckland (redrawn from Smale & Gardner 1999). 
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2.2.6.2 Presentation of national patterns  

Presentation of results is appropriate within land cover types, management regimes, 
administrative units, etc., reflecting the management needs of the Department across a range 
of spatial scales. To give an indication of how this can be achieved, three land covers that 
occupy most Conservation land are forest, shrubland, and grassland. Six plots from random 
points in each of these land covers suggest that total vascular species richness is lower in 
forests than it is in shrublands and grasslands (Fig. 10A). However, the same points suggest 
that grasslands have more than 10 times the percentage of exotic vascular plant species as 
forests, with shrublands in between (Fig. 10B). Differences were not significant in either case 
because of the small total number of plots used in the 2009 pilot study. Once such data are 
obtained from a full census nationally these data could then be presented in figures similar to 
that in Fig. 10 and this would be appropriate at the end of the first reporting period. 
Hypothetical data (Fig. 11) indicate how the measure of percentage vascular plant species 
might be further broken down according to DOC’s management regimes. 
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Figure 10. (A) Number of vascular plant species in six plots each in forests, shrublands, and grasslands 
nationally drawn from sampling points on a grid 8 km by 8 km (mean ± SE); forests and shrublands sampled in 
2002, grasslands in 2009. Data derive from relevés over 400-m2 fixed areas in each land cover type. (B) 
Percentage of vascular plant species in the same plots that are exotic (mean ± SE). 
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Figure 11. An example of how the percentage of exotic plant species could be reported, in terms of major 
vegetation covers and DOC’s management regimes within them. In this example, mean percentages ± SE are 
reported from plots within each class: in the case of these imaginary data, there are significant differences 
between vegetation types but not according to management regimes within each type. 
 

After the first reporting period, the future focus will be on temporal change. Using the 
examples in Figs 9–11, the statistics to report temporal change could be as simple as a repeat-
measures ANOVA, but is better suited to a repeated-measures analysis with plot-level 
covariates (e.g. latitude, altitude, etc.). 

2.2.6.3 Integrating the measures with complementary interpretive data 

Examples of the integration of measures are presented (Figs 12 and 13) for two components 
of New Zealand’s alien biota: exotic plants and exotic birds (derived from Measure 5.1.2: 
Demography of widespread common birds). Both measures could be used to test the 
expectation that propagule pressure is a major determinant on the percentage of exotic biota 
(Fig. 12). Over time and under different management regimes, we might expect to see that 
control of propagule pressure at source might alter that nature of the relationship. We might 
also expect that this could be more readily applied to plants than to birds because the 
naturalisation rate for plants (concentrated in urban centres near ports; Williams & Cameron 
2006) is orders of magnitude greater than it is for birds – i.e. new plant naturalisations will 
occur from the pool of 25 000 species present in New Zealand but not yet naturalised, 
compared with a very small pool of captive bird species that have not naturalised. 
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Figure 12. Potential relationships between the percentage of exotic plants and exotic birds and distance from the 
five largest ports in New Zealand. 
 

Potential changes in these measures over 60 years are contrasted (Fig. 13) and, for both 
measures, the potential benefits of intensive management are also assessed. For plants, the 
rate of new naturalisations has followed a linear increase for >150 years (Williams & 
Cameron 2006) and this could be expected to remain the case, hence an increase in both 
scenarios over 60 years. DOC’s current management of exotic plants focuses on reduction of 
specific weed species: our scenario does not expect the number of weeds controlled to 
increase at the same rate that new species naturalise, hence the trajectories may converge. In 
contrast, we do not expect many new exotic birds to establish (most new liberations are 
eradicated) although some species may expand in range with climate change. Hence in 
managed areas we expect only a slight increase in the percentage of exotic birds. On 
unmanaged lands the trajectory will differ not because exotic birds preferentially colonise 
these areas but rather because we expect there will be further local extinctions of native birds. 
New native species (arriving through long-distance dispersal) will also affect the total species 
pool. 

 

Figure 13. Potential trajectories of the percentage of exotic plants and birds over 60 years, as determined from 
point-based samples position on a grid nationally. Solid lines represent areas intensively managed by DOC and 
scored lines areas not subject to intensive management. 
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2.3 Vegetation measure: Size-class structure of canopy dominants 

2.3.1 What we are trying to measure 

2.3.1.1 Identity of measure 

The primary elements of this measure are: 

• Size-class distributions of woody stems ≥2.5 cm in diameter at 1.35 m, by 
species, based on measurements at 20 × 20 m plot scales 

• Counts of woody stems, as genets, >1.35 m tall but dbh < 2.5 cm, based on 
measurements at 400-m2 (20 × 20 m plot) and 25-m2 scales 

• Counts of woody stems, as genets, <1.35 m tall, in fixed height-classes in 
replicated subplots (total 18-m2 scales) 

• Presence of non-woody plants, including lianas, <1.35 m tall, in fixed height-
classes in replicated subplots (total 18-m2 scales) 

A secondary element of this measure, only suitable for woody stems ≥2.5 cm in diameter at 
1.35 m, is the ability to determine demographic trends (growth, mortality, and recruitment, 
based on repeated measurements of tagged individuals) to further inform changes in 
population size structure, across all species, and by species (or species-groups). 

2.3.1.2 Sampling universe for measure 

See general features of measures for vegetation (section 2.1.1.2). 

2.3.1.3 Measurement technique and type 

See general features of measures for vegetation (section 2.1.1.3). 

2.3.1.4 What patterns exist nationally? 

The size structure of a plant community and of individual species within a community, at 
national and regional scales, is likely to be influenced by: 

1. Climatic and environmental influences. For example forests in low rainfall areas 
are more likely to exhibit skewed distributions than those in high rainfall areas, 
and have a smaller proportion of big species and a smaller size range (Poorter 
et al. 2008). 

2. Past disturbance. At national and regional scales, regeneration in many 
New Zealand plant communities is discontinuous, with populations of many 
plants often with common adults but few juveniles (Wardle 1963). These 
distributions often reflect episodic recruitment: populations of many dominant 
plant species in New Zealand arise after natural disturbances such as volcanism 
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(McKelvey 1963; Lusk & Ogden 1992), earthquakes (Wells et al. 2001), 
landslides (Veblen & Stewart 1982), cyclones (Ogden & Stewart 1995), or floods 
(Duncan 1991). Past human disturbance is also a reason for discontinuous 
regeneration (e.g. Ogden 1983; Burns & Smale 1990; Bellingham 1998). In 
forests, discontinuous regeneration is more likely to be a feature of conifer-
dominated than angiosperm-dominated communities (Harcombe et al. 1998; 
Coomes et al. 2005; Coomes & Allen 2007a), since most New Zealand conifers 
regenerate disproportionately following disturbance (Ogden & Stewart 1995). 

3. Herbivory. In an evaluation of size structures throughout New Zealand forests, 
Coomes et al. (2003) attributed a departure from predicted distributions of small-
size stems (18% less than predicted) to chronic levels of reduced recruitment, 
which they attributed to pervasive browsing by deer. There is support for this 
interpretation at local scales in New Zealand forests (e.g. Allen et al. 1984; Smale 
et al. 1995; Husheer et al. 2003). In grassland, size structures of Chionochloa 
changed over a 16-year period, with increases in height and frequency in height 
tiers of dominant species as a result of removing mammal herbivores and 
cessation of burning (Dickinson et al. 1992). 

2.3.2 What we are going to report 

2.3.2.1 What statistics will be reported? 

2.3.2.1.1 Size distributions of woody stems with dbh ≥ 2.5 cm  

Changes in diameter and resultant changes in the size structure of tree populations are 
determined by site productivity, which is related to past disturbance, and to extrinsic 
influences that can depress diameter increment such as herbivory. For all species with dbh 
≥ 2.5 cm, paired comparisons of mean dbh (though other statistics such as median or first and 
third quartiles might be used) within plots but between measurement dates will be made (i.e. 
for each plot, mean diameter at t1 will be subtracted from that at t2 with these differences then 
summed across all plots). Only plots where the species in question is present at both t1 and t2 
will be included in analyses. The sum of paired differences in the mean (or other statistics) 
will be reported, as well as the sum of differences expected at random and the p-values (the 
proportion of simulations giving a difference as or more extreme than that observed) derived 
from simulation tests. Simulations will randomly allocate mean dbh for each plot, for each 
species to the same plot, but different measurement dates. Simulations will be used to test 
significance since data are likely to be non-normal. 

For species with dbh ≥ 2.5 cm, individuals will be tagged, so that the same individuals will be 
tracked through time. This will provide a good deal of power in analysing the effects of 
demographic processes. Tagged individuals allow comparisons of observed initial size 
structures (or population sizes) of one tree species compared with another. For example, to 
measure the effect of growth, all individuals present at both t1 and t2 would be assigned their 
size at t2. The resulting distribution would be compared with that observed at t1, and the test 
statistic recorded. To quantify the effect of recruitment, all new recruits at t2 could be added 
to the sample obtained at t1, and the test statistic calculated between the resulting distribution 
and that observed at t1. Finally, for death, all individuals dying between t1 and t2 would be 
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removed from the sample taken at t1, and changes in statistics calculated between the 
resulting distribution and the t1 observed. In this way, it will be possible to report the effects 
of different demographic processes on size distributions. Most native tree species in most 
sites show slow rates of radial growth (e.g. across three sites conifer radial growth ranged 
0.75–1.07 mm yr-1 and angiosperm trees 1.08–1.55 mm yr-1; Ogden & Stewart 1995). An 
implication of such slow growth rates is that change at an annual rate is slow – probably at 
the margins of detection – so data collected over short time periods is unlikely to be useful, 
e.g. in annual planning cycles where a signal from monitoring might be used to defend 
management interventions. 

2.3.2.1.2 Changes in population size of woody stems with dbh ≥ 2.5 cm  

For species with dbh ≥ 2.5 cm, comparisons of total basal area within plots but between 
sampling dates will be made, with differences being summed across all plots. Significance of 
differences in dbh will be assessed using a permutation test similar to that used for mean dbh, 
with the difference that all plots will be examined, rather than only plots where the species 
occurs at t1 and t2. 

For all species, changes in local frequency in 5 × 5 m subquadrats (i.e. the percentage of 
subquadrats in which the species is present) will be reported. Significance of differences will 
be assessed following a repeated measures design as outlined above. 

Effects of different demographic processes on growth may be interpreted from the frequency 
distribution of stems of dbh ≥ 2.5 cm (Fig. 14). For example, the effect of mortality on the 
size distribution may either be to increase or decrease the mean diameter, depending on 
whether there is excess recruit mortality or excess adult mortality. Identifying the effects of 
different demographic processes on the size distribution can help to elucidate the mechanisms 
behind size shifts. For example, an increase in mean diameter might be due either to growth 
or excess recruit mortality. An outline of how shifts in each of the size distribution measures 
would be interpreted is given in Tables 8 and 9. Another point to note from Fig. 14 is that 
different summary statistics might be more sensitive to different demographic processes. For 
instance, the first quartile of the size distribution is likely to be more sensitive to recruitment 
or excess in recruit mortality than the mean or third quartile. Similarly, the third quartile is 
likely to be more sensitive to excess adult mortality. Thus, although only mean diameter 
shifts are explored below, examination of other summary statistics may aid in interpretation 
during reporting. 
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Figure 14. Interpretation of demographic effects on size distributions for stems with dbh ≥ 2.5 cm. The solid 
black line represents a hypothetical initial size distribution while coloured dashed lines indicate shifts in the size 
distribution expected from different demographic processes.  

 

Table 8. Interpretation of shifts in primary measures for the vegetation size structure measure 

Measure Shift Interpretation 

Mean stem diameter 
Increase Growth or excess mortality of recruits 

Decrease Recruitment or excess adult mortality 

Sapling density 
Increase Recruitment into sapling size class 

Decrease Excess sapling mortality or excess recruitment of saplings into 
>2.5 cm dbh size class 

Seedling density 
Increase Excess regeneration 

Decrease Excess seedling mortality or excess recruitment into sapling size 
class 

Herbaceous plant height 
frequency 

Increase Increase in height of herbaceous plants 

Decrease Decrease in height of herbaceous plants 
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Table 9. Interpretation of shifts in secondary measures for the vegetation size structure measure 

Measure Shift Interpretation 

Mortality effects on mean 
stem diameter 

Increase Excess mortality of recruits  

Decrease Excess adult mortality 

Growth effects on mean 
diameter Increase Detectable growth in stem diameter at a national scale 

Recruitment effects on 
mean diameter Decrease Excess recruitment 

 

2.3.2.1.3 Size distributions of woody stems >1.35 m tall and dbh < 2.5 cm  

For all woody species >1.35 m tall and dbh < 2.5 cm (not including lianas), paired 
comparisons of mean number of ramets per plot (mean across 16 contiguous 25-m2 subplots; 
though other statistics such as median or first and third quartiles might be used) within plots 
but between measurement dates will be made. 

2.3.2.1.4 Size distributions of vascular plants ≤1.35 m tall and dbh < 2.5 cm  

For all woody species <1.35 m tall (not including lianas), paired comparisons of mean 
number of stems per height tier per subplot (means derived across 24, 0.75-m2 spatially 
separate subplots) within plots but between measurement dates will be made. This will allow 
an estimate of changes in height frequency for this layer of vegetation. For plots in vegetation 
< 1.35 m in height, more of these 0.75-m2 subplots might be needed to estimate height 
frequency adequately for each species. 

2.3.2.2 Frequency of measurement and reporting 

To determine an appropriate interval between surveys for size structure in woody species, the 
absolute percentage shift in mean diameter was calculated for each species, for each 
remeasured plot contained in the NVS Databank. Some of the plots were measured more than 
twice, which allowed several comparisons to be made for some plots (e.g. if a plot was 
measured three times, three comparisons were made – t1:t2, t1:t3 and t2:t3). For each plot, the 
percentage shift in mean diameter was averaged across all species with stem dbh > 2.5 cm at 
both survey dates. These averaged shifts were regressed on the time between surveys to 
provide an estimate of percentage shift in mean diameter for different intervals between 
surveys. The regression equation produced indicates that, on average, species are expected to 
experience slightly more than a 10% shift in diameter over a 5-year interval. These analyses 
suggest that 5 years is adequate for detectable shifts in mean diameter to occur for most 
species in forests (Fig. 15). There are no data available with which to estimate the rate of 
change in measures for species with dbh < 2.5 cm. 
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Figure 15. Mean absolute percentage change in mean diameter for remeasured forest plots (20 × 20 m) in the 
NVS Databank. Each point represents the mean percentage change for a single plot between two survey dates 
(taken across all species present as stems with dbh > 2.5 cm at both survey dates). 
 

2.3.2.3 Hierarchies of reporting 

For size distributions, individual species will be reported within the four key functional 
groups (canopy dominants, ecosystem service providers, palatable species and species 
threatened by climate change). Species will be expected to have different modal sizes, so that 
grouping species together in analysing changes in size distributions might equate to testing 
for differences between multi-modal distributions. This will limit the interpretability of 
changes in the statistics chosen. Similarly, for population sizes, individual species will be 
reported, though it might be interesting to report changes in population sizes for chosen 
functional groups. 

2.3.2.4 Spatial and temporal analyses for interpreting variability in measurements 

See general features of measures for vegetation (section 2.1.2.4). 

2.3.2.5 Presentation of national patterns  

See general features of measures for vegetation (section 2.1.2.5). 
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2.3.3 Cost-effective sampling design 

2.3.3.1 Justification for where sampling design departs from consistent approach 
across measures/elements 

The sampling design will be consistent with other measures concerning vegetation. 

2.3.3.2 Trade-offs between level of precision and sampling effort in relation to 
conservation management needs 

As noted above, there seems little potential to improve efficiency by decreasing precision, 
since the majority of the cost of surveys is due to travelling to plots. 

2.3.3.3 Determination of sampling intensities to estimate the measure/element to 
within 5% at the 90% confidence limits and implications for a 
greater/lesser level of precision 

2.3.3.3.1 Forests 

Data from permanent forest plots in LUCAS (c. 1200 plots) were used to guide the design of 
the sampling design for size distributions in canopy dominants for trees (stems with dbh 
≥ 2.5 cm). The plots contained over 150 000 measured stems with over 300 woody species 
(both native and exotic). The 20 most abundant tree species contained 64% of all stems, the 
50 most abundant 87%, and the 100 most abundant 97%, i.e. there are very few stems of the 
remaining two-thirds of woody species. 

We determined the effect of sampling intensity on the ability to detect shifts in size structure 
for 27 tree species (Table 10). These species were chosen because there were >500 stems of 
each of these species in the LUCAS plots and they also represent some of the functional 
groups (Sensitivity to pressure from introduced herbivores; Provision of a bird food resource; 
Sensitivity to shifts in climate), and one exotic plant (Ulex europaeus). This approach was 
taken to assess the ability of the method to detect a known shift in mean diameter at different 
sampling intensities. Since it is unreasonable to expect a perfectly consistent shift in mean 
diameter across all the plots in which a species occurs (especially on a national scale), it is 
necessary to examine the ability of the method to detect shifts in mean diameter when the 
shift is inconsistent across plots. To this end, noise, or inconsistency in mean diameter shift 
across plots, was incorporated at rates of 5, 10, 15 and 20%. Noise levels indicate the 
probability that a given species in a given plot would not experience the 5% increase in mean 
diameter. Thus, with a noise level of 10%, a given species in a given plot would have a 5% 
chance of experiencing no change in mean diameter and a 5% chance of experiencing a 5% 
decrease in mean diameter.  

These analyses were conducted for sample plots on 8-km, 16-km and 24-km grid sizes. Data 
from forests and shrublands in LUCAS were from an 8-km grid, thus our analyses for an 8-
km grid include all forest plots measured during LUCAS, and subsets of LUCAS data for the 
larger grids. An 8-km grid (c. 1200 plots containing at least one stem of dbh ≥ 2.5 cm) was 
more than adequate to detect a 5% shift in size distributions of all 27 woody species, with 
90% confidence at the national level (Table 11). Assuming that sampling on an 8-km grid 
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would also suffice for detecting shifts in canopy dominants of non-woody vegetation, and 
given that woody vegetation covers around 67% of Conservation land (Vegetation Cover 
Map; Newsome 1987), c. 1600 plots would suffice for national-level reporting. Sampling on 
a 16-km grid gives 321 plots in woody vegetation (Table 11). This sampling intensity gave 
adequate power at a national level for 25 of the 27 selected woody species. Sampling on a 24-
km grid gives 151 plots in woody vegetation, which provided the ability to detect shifts for 
21 of the 27 selected species (Table 11). 

 

Table 10. Species codes and species names for the 27 selected woody species. 

Species code Species name Species code Species name 

BEITAW Beilschmiedia tawa PODHAL Podocarpus hallii 

CARSER Carpodetus serratus PSEARB Pseudopanax arboreus 

COPGRA Coprosma grandifolia PSEAXI Pseudowintera axillaris 

DACCUP Dacrydium cupressinum PSECOL Pseudowintera colorata 

DRATRA Dracophyllum traversii PSECRA Pseudopanax crassifolius 

DYSSPE Dysoxylum spectabile QUISER Quintinia serrata 

GRILIT Griselinia littoralis SCHDIG Schefflera digitata 

HEDARB Hedycarya arborea ULEEUR Ulex europaeus* 

IXEBRE Ixerba brexioides WEIRAC Weinmannia racemosa 

KUNERI Kunzea ericoides   

LEPSCO Leptospermum scoparium   

MELRAM Melicytus ramiflorus   

METUMB Metrosideros umbellata   

NOTCLI Nothofagus solandri var. cliffortioides   

NOTFUS Nothofagus fusca   

NOTMEN Nothofagus menziesii   

OLECOL Olearia colensoi   

OLERAN Olearia rani   

*= exotic species 

 

In general, size shifts may be detected for species occurring in more than four plots if the 
shift is in the same direction across all plots. However, with a noise level of 20%, >20 plots 
might be required to detect the effects of demographic processes on mean diameter. Further, 
results presented in Table 11 indicate that in the real world, shifts in mean diameter for a 
single species may be rather idiosyncratic across the plots in which it occurs. One hundred 
and five random datasets were used to test the Type I (false positive) error rate of the method 
for various sample sizes (beginning at 5 with increments of 5 to 100 and increments of 50 
from 100 to 1000). That approximately 5% of datasets giving a significant result at α = 0.05, 
indicates that the method gives an appropriate false positive rate. 
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Table 11. Ability to detect a 5% increase in mean diameter with a 90% level of confidence for 27 selected 
species at different noise levels in: all LUCAS plots, LUCAS plots on a 16-km grid and LUCAS plots on a 24-
km grid. + indicates ability to detect the shift, X indicates inability to detect the shift. See Table 10 for the 
species names corresponding to the species codes presented. 

 All plots 16-km grid 24-km grid 

Noise(%) 5 10 15 20 5 10 15 20 5 10 15 20 

BEITAW + + + + + + + + + + + + 

CARSER + + + + + + + + + + + + 

COPGRA + + + + + + + + + + + + 

DACCUP + + + + + + + + + + + + 

DRATRA + + + + + + + + + + X X 

DYSSPE + + + + + + X + X X X X 

GRILIT + + + + + + + + + + + + 

HEDARB + + + + + + + + + + + + 

IXEBRE + + + + + + + + + X X X 

KUNERI + + + + + + + + + + + + 

LEPSCO + + + + + + + + + + + + 

MELRAM + + + + + + + + + + + + 

METUMB + + + + + + + + + + + X 

NOTCLI + + + + + + + + + + + + 

NOTFUS + + + + + + + + + + + + 

NOTMEN + + + + + + + + + + + + 

OLECOL + + + + X X X X X X X X 

OLERAN + + + + + + + + + + + + 

PODHAL + + + + + + + + + + + + 

PSEARB + + + + + + + X X X X X 

PSEAXI + + + + + + + + + + + + 

PSECOL + + + + + + + + + + + + 

PSECRA + + + + + + + + + + + + 

QUISER + + + + + + + + + + + + 

SCHDIG + + + + + + + + + + X + 

ULEEUR + + + + + + + + X X X X 

WEIRAC + + + + + + + + + + + + 
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Table 12. Ability to detect a 5% increase in mean diameter with a 90% level of confidence for 27 selected 
species at different noise levels in plots occurring in the West Coast, Wellington and Canterbury conservancies. 
+ indicates ability to detect the shift, X indicates inability to detect the shift. See Table 10 for the species names 
corresponding to the species codes presented. 

 West Coast Wellington Canterbury 

Noise(%) 5 10 15 20 5 10 15 20 5 10 15 20 

BEITAW X X X X + X X X X X X X 

CARSER + + + + + + + + + + + X 

COPGRA + X X X + + + + X X X X 

DACCUP + + + + X X X X X X X X 

DRATRA + + + + X X X X X X X X 

DYSSPE X X X X X X X X X X X X 

GRILIT + + + + + + X X + + + + 

HEDARB + + + + + + X X X X X X 

IXEBRE X X X X X X X X X X X X 

KUNERI X X X X X X X X X X X X 

LEPSCO + + + + X X X X X X X X 

MELRAM + + + + + + + + X X X X 

METUMB + + + + X X X X X X X X 

NOTCLI + + + + X X X X + + + + 

NOTFUS + + + + + + + + + + X X 

NOTMEN + + + + + + + + + + + + 

OLECOL X X X X X X X X X X X X 

OLERAN X X X X X X X X X X X X 

PODHAL + + + + X X X X X X X X 

PSEARB X X X X X X X X X X X X 

PSEAXI X X X X + + + + X X X X 

PSECOL + + + + + + + + X X X X 

PSECRA + + + + X X X X + + X X 

QUISER + + + + X X X X X X X X 

SCHDIG + + + + + X X X X X X X 

ULEEUR X X X X X X X X X X X X 

WEIRAC + + + + + + + + X X X X 

 

  

53 



 

This analysis shows that a sampling intensity similar to that of LUCAS would be adequate 
for a nation-wide monitoring strategy aiming to detect shifts in size distributions of most 
dominant canopy trees. However, because most tree species are rare at national and regional 
scales, an 8-km grid will be inadequate for some species that are dominant at local scales. For 
example, it is unlikely to be adequate to detect shifts in size distribution of kauri (Agathis 
australis), a significant dominant canopy tree in many warm-temperate rain forests, is 
represented by only 34 stems across all LUCAS plots. To further explore the relationship 
between statistical power, sampling density and spatial scale, we repeated the analyses using 
subsets of the LUCAS dataset. These were analysed for three Conservancies separately 
(Canterbury, West Coast and Wellington). In each case it seems that the LUCAS dataset has 
enough power to detect shifts for several key canopy dominant species, but for the majority 
of species this was not the case (see Table 12 above). 

The power to detect shifts in tree populations was also examined using data from repeated 
measurements of permanent plots in indigenous forests. These were from the c. 200 existing 
permanent plots that were remeasured during LUCAS (methods as in section 2.3.2.1; earlier 
data derived from the NVS Databank) (Supplementary Table 2). Only two (i.e. Pseudopanax 
crassifolius and Weinmannia racemosa) of the 27 common trees (Table 10) showed 
significant shifts in mean diameter (Supplementary Table 3). Given the demonstrated power 
of the method to detect size shifts when they occur consistently across plots, these results 
indicate that either (a) 200 plots is insufficient to detect size shifts for most species and/or (b) 
the direction of size shifts was highly inconsistent across plots for most species. The latter 
might be expected, since different demographic processes are likely to have contrasting 
effects on size distributions. For example, species that occur widely along soil nutrient 
(Richardson et al. 2005) or altitudinal (Coomes & Allen 2007b) gradients can also be 
expected to show gradients in growth responses along these gradients, and thus different rates 
of change in size structure. Additionally, disturbances at large and small scale cause 
heterogeneity in forests so that plots may sample young stands of trees undergoing self-
thinning and with rapid growth rates of stems of superior competitors as well as old-growth 
stands with stems that show little radial growth (Coomes & Allen 2007b). 

Indeed, we found significant effects of growth (which has a unidirectional effect) on mean 
diameter for most of the tree species (Supplementary Table 4). Tree species with no 
significant increase in mean diameter due to growth tended to occur in <30 remeasured plots, 
indicating that sample size may have been a factor in this. These results must be interpreted 
with caution as the stem diameter data for remeasured plots have not been completely 
checked. (See Supplementary Tables 5 and 6 for effects of recruitment and mortality on mean 
diameter.) 

2.3.3.3.2 Saplings and seedling size structures in forests 

Mean and standard error for the mean density of stems with dbh < 2.5 cm but >1.35 m in 
height across 16 25-m2 subplots was calculated for plots occurring on three grid sizes (8-km, 
16-km and 24-km – Supplementary Table 7) and in the West Coast, Wellington and 
Canterbury conservancies selected to show local-level changes (Supplementary Table 8). In 
all cases the precision of the estimate of the mean was well outside the desired 5% with 90% 
confidence (Supplementary Table 8). 

Mean and standard error of the proportion of 24, 0.75-m2
 circular subplots was calculated 

across all occupied plots for each of the 27 selected woody species in height Tier 1 (≤15 cm). 
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For the four other height tiers (T2 16–45 cm; T3 46–75 cm; T4 76–105 cm; T5 106–135 cm) 
examined in these subplots, mean and standard error for the mean number of stems present 
was calculated across occupied plots. This was done for all plots in LUCAS (Supplementary 
Table 9); LUCAS plots on a 16-km grid (Supplementary Table 10); plots on a 24-km grid 
(Supplementary Table 11); plots in the West Coast (Supplementary Table 12), Wellington 
(Supplementary Table 13) and Canterbury (Supplementary Table 14) Conservancies. As for 
saplings, the precision of mean estimates was far from the desired 5% with 90% confidence. 

2.3.3.3.3 Shrublands and grasslands 

Changes in size structure of dominant species from repeated measurements in shrublands and 
grasslands have been demonstrated at local scales (e.g. of the exotic shrub Calluna vulgaris 
and dominant grasses such as Chionochloa spp., Dickinson et al. 1992). However, there are 
no data for size structures in shrublands or grasslands at scales comparable for evaluating size 
structures in forests as in LUCAS. Thus we are unable to determine whether the 8-km-grid 
sample is adequate to determine shifts in size structure of dominant species in grasslands or 
shrublands. It will be necessary to conduct a pilot exercise (similar to that described for 
forests in Coomes et al. (2002)) to determine whether sampling on an 8-km grid is sufficient 
for the purpose. 

2.3.3.4 Optimal integration of historical data 

See general features of measures for vegetation (section 2.1.3.4). 

2.3.3.5 Estimated costs of sampling design 

See general features of measures for vegetation (section 2.1.3.5). 

2.3.4 How would the data be collected? 

2.3.4.1 Methodologies 

See general features of measures for vegetation (section 2.1.4.1) for vegetation survey 
methodology and standards of data capture. 

2.3.4.2 Field delivery and standards 

See general features of measures for vegetation (section 2.1.4.2): standard operating practices 
developed for LUCAS will be implemented. 

2.3.5 Managing the data 

2.3.5.1 Data formats, curation and access protocols 

See general features of measures for vegetation (section 2.1.5.1). 
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2.3.5.2 Integration with other data layers 

See general features of measures for vegetation (2.1.5.2). 

2.3.6 Analysis and reporting approach 

2.3.6.1 Reporting suitable for a range of audiences 

Reporting will be based on indicating if the size structure and population size of selected 
canopy dominant species have changed significantly (with α = 0.1) between measurement 
periods. Whether or not different demographic processes have caused a significant shift in 
size distributions and population size will also be reported for species with dbh > 2.5 cm. 

2.3.6.2 Presentation of national patterns 

The same as for section 2.3.6.1, but for chosen subsets of the dataset. 

2.3.6.3 Integrating the measures with complementary interpretive data 

The public is most concerned about canopy dominants. Their population size structures could 
change for several reasons. For example, changes in population size of particular species 
might indicate a national trend for transition from seral shrubland to forest. Similarly, an 
increase in mean size of species that dominate mature forest might indicate that existing 
forest is rebuilding after anthropogenic disturbance, such as logging. Further, changes in the 
population size and size distributions of canopy dominants would indicate changes in habitat 
availability for native bird species, as well as indicating national changes in the susceptibility 
of vegetation to invasive plant species (since forests are less likely to be invaded by certain 
exotic species). Finally, canopy dominants might also act as indicators of benefits from pest 
animal control, if they also belong to functional groups relating to palatability. The relevance 
of different canopy dominants can be outlined in reporting to provide a context for the results 
of statistical analyses. An example of this is given for the canopy dominants selected in Table 
10. 

2.4 Vegetation measure: Representation of plant functional types 

2.4.1 What we are trying to measure 

2.4.1.1 Identity of measure 

This indicator focuses on plant functional types. Functional types are aggregations of plant 
species that share common traits. Traits can include attributes such as structure (e.g. woody 
plants) and physiological properties (e.g. the ability, via symbionts, to fix atmospheric 
nitrogen). There is growing use of plant functional types because the presence or absence of 
certain plant functional types can have consequences for ecosystem function (Wardle 2002) 
and ecosystem function can be influenced more by the diversity of plant functional types than 
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by plant species diversity (Díaz & Cabido 2001). The indicator relies on data collected, 
archived and distributed for individual species, which are then aggregated into functional 
types occurring for analysis and reporting only. We advocate this approach, rather than 
collection of field data as aggregations of species in functional types, because: 

• It allows maximum flexibility in design, i.e. data can be aggregated or disaggregated as 
desired, or construed in new functional types. 

• The definition of functional types is a very active area of research and future work may 
indicate that the elements of the indicator need to be revised. 

• The overall success and longevity of the project will be enhanced if the broader 
ecological community finds the data useful. 

We address three functional types of plant species identified by Lee et al. (2005): 

• Sensitivity to pressure from introduced herbivores 

• Provision of a bird food resource 

• Sensitivity to shifts in climate 

Each of these functional types addresses different management challenges: effective control 
of pests, maintaining resources necessary to permit species recovery, and mitigation of 
change that is difficult to prevent. 

To achieve the desired balance between simplicity of design and interpretable results, we 
propose that the functional types be defined according to the extremes of a response to a 
given factor. For example, we expect that decreased populations of introduced pests will 
result in increases in population size and recruitment of vulnerable species while failure to 
control pests will result in a competitive advantage for non-vulnerable species. Therefore 
comparing the performance of sensitive and insensitive species relative to a baseline of past 
changes can help assess changes due to management strategy as opposed to changes due to 
other drivers. For climate change, we also suggest comparing vulnerable and less-vulnerable 
types, although the direct consequences of management are harder to demonstrate. 

2.4.1.2 Identity of elements 

The primary elements of this indicator are: 

• The percentage of species that are in designated functional types 

• Species-richness for designated functional types 

• The percentage of plots where at least one member of the functional type is 
present (occupancy) 

As the strongest expectations for climate-sensitive species concern range shifts, occupancy is 
the primary element for that functional type. 

Secondary elements that can inform this indicator overlap with the indicator ‘Size-class 
structure of canopy dominants’, i.e. 
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• Size-class distributions of woody stems in designated functional types ≥2.5 cm 
in diameter at 1.35 m, by species, based on measurements at 20 × 20 m plot 
scales. Demographic trends (growth, mortality, and recruitment, based on 
tagged individuals) of stems in designated functional types can also be 
determined from these data, after repeated measurements 

• Counts of woody stems, as genets, in designated functional types, >1.35 m tall 
but dbh < 2.5 cm, based on measurements at 20 × 20 m plot scales 

• Counts of woody stems, as genets, in designated functional types, <1.35 m tall, 
in fixed height-classes in replicated subplots (total 18-m2 scales) 

• Presence of non-woody plants, including lianas, in designated functional types, 
<1.35 m tall, in fixed height-classes in replicated subplots (total 18-m2 scales) 

2.4.1.2.1 Sensitivity to pressure 

Assessing the vulnerability of native plants to introduced herbivores has long been a concern 
of New Zealand ecologists (e.g. Holloway 1950). One persistent challenge has been that the 
‘palatability’ of a particular species changes with the composition of its surroundings, making 
it difficult to compare results from different studies (Parkes 1984; Nugent et al. 2001a; 
Cowan 2005). An additional complication is that there are multiple species of introduced 
herbivores, each with its own feeding ecology and preferences. Understanding how the 
presence of multiple pests affects each species’ feeding habits is an active area of research 
(Parkes & Forsyth 2008). 

As the overarching goal of this project is to develop a national-scale assessment of ecosystem 
integrity, we have focused on three introduced herbivores that have a national range, are 
suspected of having strong impacts on native vegetation, and which will be monitored as part 
of indicator 2.2.1 (‘Distribution and abundance of exotic pests’). 

For each of three widespread, common introduced mammals (deer [all species combined], 
goats, and possums), we propose comparing a group of plant species that are highly palatable 
to a similar group that is rarely, if ever, eaten. To devise these lists we looked for species that 
showed extreme responses and which had a consistent response across their range. This 
means that species that are very vulnerable in parts of their range (e.g. mountain beech, 
Nothofagus solandri var. cliffortioides, in the Kaweka Range, palatable to sika deer) are 
omitted from this list. Occasionally, a species has been left on the list where the bulk of the 
evidence indicates that it is either highly palatable or avoided and only one study indicates 
otherwise. These cases are noted as footnotes. 

In our review of the literature, we placed the greatest weight on field studies that measured 
both pest diet and the surrounding vegetation. These studies and others where different plant 
species are presented directly to herbivores (‘cafeteria trials’) determine the ‘avoided’ species 
– those species which are available but not eaten. The list of ‘selected’ species was also 
supplemented by studies that reported diets only (we used a 10% in any season cut-off) or 
reported recovery of heavily grazed species after pest removal. 

A drawback of rumen and pellet analysis is that it can be difficult to identify food items 
precisely. Genus-level identifications are noted in Tables 13–17. Family and broader 
classifications (e.g. ‘ferns’ or ‘other herbaceous species’) were considered too broad to be 
useful. Non-vascular species were rarely identified, although several studies notes that goats 
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and deer tend to avoid mosses and lichens (Nugent et al. 1997; Forsyth et al. 2002), although 
some deer populations do eat measurable amounts of lichens (Johnson et al. 2001; Nugent 
et al. 2001b). 

Another limitation of our literature review is that many of the studies that determine 
palatability of plant species have been conducted long after an irruptive peak in numbers of 
invasive animals, so that the most palatable species may have been locally eliminated (e.g. 
Stilbocarpa lyallii on Stewart Island; Wilson 1987) and that the principal components of diet 
are in fact slightly less-preferred plant species. However, for both national and Conservancy 
evaluations we argue that the indicator is designed to report on forests in their current 
condition and that local areas of high intensity management and restoration, within which 
highly palatable plant species populations may be restored, will be compared against general 
trends. 

Finally, we note that we have focused on foliar consumption, but introduced herbivores can 
damage plants in other ways, e.g. on Secretary Island, Phyllocladus alpinus is severely 
damaged by antler rubbing (Mark 1989) and possums have been shown to affect seed 
availability via intense flower and fruit consumption (Cowan 1990). 

Schedules of ‘selected’ and ‘avoided’ species are listed for deer (all deer species combined; 
Table 13), goats (Table 14) and possums (Table 15). 

Table 13. Vascular plant species avoided and selected by deer 

Life form Preference Species name 

Fern Avoided Blechnum discolor 3 

Fern Avoided Cyathea smithii 2,3 

Graminoid Avoided Chionochloa acicularis 7 

Graminoid Avoided Chionochloa crassiuscula 7 

Graminoid Avoided Poa colensoi 3 

Herb Avoided Astelia nervosa 3 

Herb Avoided Celmisia armstrongii 3 

Herb Avoided Celmisia walkeri 3 

Shrub Avoided Alseuosmia macrophylla 2 

Shrub Avoided Archeria traversii 4 

Shrub Avoided Dracophyllum menziesii 4 

Shrub Avoided Dracophyllum rosmarinfolium 4 

Shrub Avoided Gaultheria antipoda 4 

Shrub Avoided Gaultheria rupestris 4 

Shrub Avoided Leptecophylla juniperina 4 

Shrub Avoided Olearia colensoi 4 

Shrub Avoided Phyllocladus alpinus 4 

Shrub Avoided Pittosporum crassicaule 4 

Tree Avoided Beilschmiedia tawa 2 
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Life form Preference Species name 

Tree Avoided Cyathea dealbata 2 

Tree Avoided Dacrydium cupressinum 2 

Tree Avoided Dracophyllum longifolium 2,4 

Tree Avoided Elaeocarpus hookerianus 4 

Tree Avoided Halocarpus biformis 4 

Tree Avoided Kunzea ericoides 2 

Tree Avoided Lepidothamnus intermedius 2,4 

Tree Avoided Leptospermum scoparium 2,4 

Tree Avoided Leucopogon fasciculatus 2 

Tree Avoided Melicope simplex 2 

Tree Avoided Metrosideros umbellata 4 

Tree Avoided Neomyrtus pedunculata 2,4 

Tree Avoided Nestegis cunninghamii 2 

Tree Avoided Nestegis lanceolata 2 

Tree Avoided Nothofagus fusca 2 

Tree Avoided Nothofagus menziesii 2 

Tree Avoided Olearia ilicifolia 2 

Tree Avoided Phyllocladus trichomanoides 2 

Tree Avoided Podocarpus hallii 2,4 

Tree Avoided Prumnopitys taxifolia 2 

Tree Avoided Pseudowintera colorata 2,4 

Tree Avoided Quintinia serrata 2 

Liana Avoided Clematis paniculata 

Liana Avoided Freycinetia baueriana subsp. banksii 4 

Liana Avoided Metrosideros diffusa 4 

Fern Selected Asplenium bulbiferum 3 

Fern Selected Polystichum vestitum 3 

Graminoid Selected Chionochloa flavescens 3,5 

Graminoid Selected Chionochloa pallens 3,5 

Herb Selected Aciphylla lyallii 5 

Herb Selected Aciphylla takahea 5 

Herb Selected Anisotome haastii 3,5 

Herb Selected Astelia petriei 3 

Herb Selected Celmisia verbascifolia 5 

Herb Selected Dolichoglottis lyallii 5 

Herb Selected Dolichoglottis scorzoneroides 5 

Herb Selected Gentianella spp. 5 
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Life form Preference Species name 

Herb Selected Ourisia macrocarpa 5 

Herb Selected Ourisia macrophylla 3,5 

Herb Selected Ranunculus lyallii 3 

Shrub Selected Brachyglottis buchananii 4 

Shrub Selected Hebe macrantha 3 

Shrub Selected Hebe subalpina 3 

Tree Selected Aristotelia serrata 1,4 

Tree Selected Carmichaelia arborea 3,4 

Tree Selected Carpodetus serratus 1,4 

Tree Selected Coprosma foetidissima 1,3 

Tree Selected Coprosma grandifolia 1 

Tree Selected Coprosma lucida 1,3,4 

Tree Selected Coprosma propinqua 3 

Tree Selected Coprosma pseudocuneata 1,3 

Tree Selected Fuchsia excorticata 4 

Tree Selected Griselinia littoralis 1,3,4 

Tree Selected Hedycarya arborea 1,4 

Tree Selected Hoheria glabrata 3,4 

Tree Selected Melicytus ramiflorus 1,4 

Tree Selected Myrsine australis 1,4 

Tree Selected Prumnopitys ferruginea 1 

Tree Selected Pseudopanax arboreus 1 

Tree Selected Pseudopanax colensoi 3,4 

Tree Selected Pseudopanax crassifolius 1,3,4 

Tree Selected Pseudopanax linearis 1,3 

Tree Selected Raukaua simplex 1 

Tree Selected Schefflera digitata 1,4 

Tree Selected Weinmannia racemosa 1 

Liana Selected Ripogonum scandens 4 
1 OBI – IO1 schedule of 20 palatable plant species 
2 Forsyth et al. (2002) 
3 Mark (1989) 
4 Stewart et al. (1987) 
5 Rose & Platt (1987) 
6 Mills & Mark (1977) 
7 Wardle et al. (1970) and Evans (1972, unpublished) as cited by Fenner et al. (1993) 
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Table 14. Vascular plant species avoided and selected by goats 

Growth form Group Species 

Fern Avoided Blechnum fluviatile 1 

Fern Avoided Cyathea smithii 1,5 

Fern Avoided Dicksonia squarrosa 1,5 

Fern Avoided Polystichum spp. 5 

Fern Avoided Trichomanes reniforme 1 

Graminoid Avoided Chionochloa rubra 9 

Graminoid Avoided Cortaderia sp. 5 

Graminoid Avoided Gahnia spp. 5 

Graminoid Avoided Juncus spp. 5 

Graminoid Avoided Microlaena avenacea 1,4,5 

Graminoid Avoided Uncinia spp. 5 

Graminoid Avoided Uncinia uncinata 4 

Herb Avoided Astelia spp. 1 

Shrub Avoided Alseuosmia macrophylla 1 

Shrub Avoided Alseuosmia pusilla 1 

Shrub Avoided Coprosma rhamnoides 1 

Shrub Avoided Leptospermum scoparium 1,5 

Shrub Avoided Leucopogon fasciculatus 4 

Shrub Avoided Lophomyrtus obcordata 1 

Tree Avoided Aristotelia serrata 1* 

Tree Avoided Beilschmiedia tawa 1,4 

Tree Avoided Coprosma rugosa 3 

Tree Avoided Knightia excelsa 4 

Tree Avoided Kunzea ericoides 1 

Tree Avoided Myoporum laetum 1 

Tree Avoided Myrsine salicina 1 

Tree Avoided Neomyrtus pedunculata 4 

Tree Avoided Nestegis cunninghamii 1 

Tree Avoided Nothofagus fusca 1 

Tree Avoided Nothofagus solandri var. cliffortioides 1 

Tree Avoided Nothofagus solandri 1 

Tree Avoided Olearia solandri 3 

Tree Avoided Pittosporum eugenioides 1 

Tree Avoided Pittosporum tenuifolium 1 

Tree Avoided Podocarpus hallii 3 

Tree Avoided Podocarpus totara 1 

Tree Avoided Prumnopitys ferruginea 1,3 

Tree Avoided Pseudowintera colorata 1,5 
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Growth form Group Species 

Liana Avoided Metrosideros diffusa 1 

Fern  Selected Asplenium bulbiferum 8 

Fern Selected Asplenium flaccidum 1 

Fern Selected Blechnum norfolkianum 6 

Fern Selected Blechnum procerum 6 

Fern Selected Microsorum pustulatum 8 

Graminoid Selected Hierochloe recurvata 7 

Graminoid Selected Oplismenus imbecillis 6 

Herb Selected Anisotome haastii 7 

Herb Selected Libertia ixioides 8 

Herb Selected Ourisia macrocarpa 7 

Herb Selected Phormium tenax 1 

Shrub Selected Carmichaelia australis 1 

Shrub Selected Coprosma chathamica 3 

Shrub Selected Coprosma foetidissima 2 

Shrub Selected Coprosma grandifolia 1,4 

Shrub Selected Coprosma lucida 1 

Shrub Selected Coprosma tenuifolia 1,4 

Shrub Selected Gaultheria crassa 7 

Tree Selected Geniostoma ligustrifolium 1,4,8 

Shrub Selected Hebe stricta 1 

Tree Selected Carpodetus serratus 8 

Tree Selected Cordyline australis 1 

Shrub Selected Coriaria arborea 6,8 

Tree Selected Elaeocarpus dentatus 1 

Tree Selected Fuchsia excorticata 8 

Tree Selected Griselinia littoralis 1 

Tree Selected Griselinia lucida 1,5 

Tree Selected Hebe salicifolia 8 

Tree Selected Ixerba brexiodes 8 

Tree Selected Macropiper excelsum 4 

Tree Selected Melicytus ramiflorus 1,5,8 

Tree Selected Metrosideros robusta 1 

Tree Selected Metrosideros umbellata 2 

Tree Selected Olearia rani 8 

Tree Selected Pseudopanax arboreus 1,8 

Tree Selected Pseudopanax crassifolius 1,4,8* 

Tree Selected Raukaua simplex 2,8 

Tree Selected Schefflera digitata 1,8 
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Growth form Group Species 

Tree Selected Weinmannia racemosa 1 

Liana Selected Clematis cunninghamii 8 

Liana Selected Clematis paniculata 1 

Liana Selected Metrosideros fulgens 1 

Liana Selected Ripogonum scandens 1,5 

*Pseudopanax crassifolius was reported as palatable by Forsyth et al. (2002) and Parkes (1990a), but not 
selected by Pollock et al. (2007). The reverse was true for Aristotelia serrata. As Pollock et al. (2007) was a 
small cafeteria trial, preference has been given to the results of field studies where the two conflict. 
 
Data sources: 
1 Cochrane (1994) and Mitchell et al. (1987) as summarised by Forsyth et al. (2002) 
2 Chimera et al. (1995) 
3 Pollock et al. (2007) 
4 Parkes (1990a, b) 
5 Rudge (1990) 
6 Parkes (1984) 
7 Norton (1995) 
8 Parkes (1993) 
9 Rose & Burrows (1985) 

 

Table 15. Vascular plant species avoided and selected by possums 

Life form Group Species name 

Fern Avoided Blechnum discolor 8 

Fern Avoided Cyathea smithii 

Fern Avoided Dicksonia squarrosa 

Graminoid Avoided Uncinia spp. 9 

Tree Avoided Carpodetus serratus 1,9 

Tree Avoided Dacrycarpus dacrydiodes 

Tree Avoided Dacrydium cupressinum 1 

Tree Avoided Griselinia littoralis 1 

Tree Avoided Hebe salicifolia 1 

Tree Avoided Hebe stricta 1 

Tree Avoided Hedycarya arborea 8 

Tree Avoided Nestegis cunninghamii 1 

Tree Avoided Nothofagus fusca 

Tree Avoided Nothofagus menziesii 

Tree Avoided Phyllocladus alpinus 1 

Tree Avoided Phyllocladus glaucus 1 

Tree Avoided Phyllocladus trichomanoides 1 

64 



 

Life form Group Species name 

Tree Avoided Prumnopitys ferruginea 1 

Tree Avoided Prumnopitys taxifolia 1 

Tree Avoided Pseudowintera colorata 1,9 

Tree Avoided Quintinia serrata 1 

Liana Avoided Clematis foetida 1 

Liana Avoided Clematis paniculata 1 

Fern Selected Asplenium spp. 9 

Fern Selected Blechnum penna-marina 7 

Fern Selected Blechnum procerum 7 

fern Selected Polystichum vestitum 7 

Herb Selected Coriaria angustissima 6 

Herb Selected Gunnera monoica 7 

Herb Selected Nertera villosa 7,8 

herb Selected Pratia angulata 7 

Herb Selected Viola cunninghamii 7 

Mistletoe Selected Alepis flavida 7 

Mistletoe Selected Peraxilla colensoi 9 

Mistletoe Selected Peraxilla tetrapetela 7 

Shrub Selected Muehlenbeckia axillaris 6 

Shrub Selected Myrsine divaricata 9 

Shrub Selected Podocarpus nivalis 3,6 

Tree Selected Alectryon excelsus 5 

Tree Selected Aristotelia serrata 1,2,6,7,8,9 

Tree Selected Brachyglottis repanda 5 

Tree Selected Coprosma foetidissima 2 

Tree Selected Coprosma grandifolia 1 

Tree Selected Coprosma rotundifolia 2 

Tree Selected Coprosma tenuifolia 1 

Tree Selected Dysoxylum spectabile 4,6 

Tree Selected Fuchsia excorticata 2,5,6,7,8,9 

Tree Selected Hoheria glabrata 7 

Tree Selected Kunzea ericoides 5 

Tree Selected Leptospermum scoparium 5 

Tree Selected Melicope simplex 1 

Tree Selected Melicytus ramiflorus 1,6,9 

Tree Selected Metrosideros robusta 5,6 

Tree Selected Metrosideros umbellata 4,6 

Tree Selected Muehlenbeckia australis 1,2,6,8,9 

Tree Selected Myoporum laetum 6 
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Life form Group Species name 

Tree Selected Myrsine salicina 1,6 

Tree Selected Neomyrtus pedunculata 9 

Tree Selected Olearia arborescens 1 

Tree Selected Olearia avicenniifolia 1 

Tree Selected Olearia colensoi 1 

Tree Selected Olearia furfuracea 1 

Tree Selected Olearia ilicifolia 1 

Tree Selected Olearia lacunosa 1 

Tree Selected Olearia paniculata 1 

Tree Selected Olearia rani 1 

Tree Selected Pennantia corymbosa 9 

Tree Selected Podocarpus hallii 1,6 

Tree Selected Pseudopanax arboreus 5,8 

Tree Selected Pseudopanax spp. 8,9 

Tree Selected Raukaua simplex 6,7,8 

Tree Selected Schefflera digitata 6 

Tree Selected Weinmannia racemosa 5,6,8,9 

Liana Selected Parsonsia capsularis 8 

Liana Selected Ripogonum scandens 6 

Liana Selected Rubus spp. 9,6 

Melicytus ramiflorus and Podocarpus hallii were scored only indifferent in Sweetapple (2003). Podocarpus 
nivalis marked as indifferent in Sweetapple (2003). Polystichum vestitum indifferent by Cochrane et al. 
(2003). Podocarpus hallii was not eaten in Cochrane’s study, but numerous other studies have found it to 
be highly palatable. Small-leaved Coprosma spp. were an important component of the diet in Nugent et al. 
(1997), but we did not attempt to include such a broad category in this classification. 
Data sources: 
1 Nugent et al. (1997) 
2 Sweetapple et al. (2004) 
3 Parkes & Forsyth (2008) 
4 Expert opinion of CDRP Technical Advisory Group 
5 Cowan (2005) 
6 Nugent (2000) 
7 Sweetapple (2003) 
8 Cochrane et al. (2003) 
9 Owen & Norton (1995) 
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2.4.1.2.2 Provision of a bird food resource 

Plant food resources used by birds include fruit, nectar, sap and foliage (Table 16). Plants 
also provide foraging sites for insectivorous native birds (O’Donnell & Dilks 1994). Large 
plants are often preferred (e.g. large trees; O’Donnell & Dilks 1994), so evaluating the 
secondary elements, i.e. size-structures, will be useful for interpreting change in the status of 
this functional type. 

The great majority of New Zealand’s terrestrial native birds reside in forests and many of 
these species visit shrublands and grasslands only sporadically. Although, takahē (Porphyrio 
hochstetteri) forage in alpine grasslands during summer (Mills & Mark 1977) and kea 
(Nestor notabilis) live above treeline year-round (Clarke 1970), the list of plants as bird food 
resources are inevitably biased towards forest species. Moreover the information base to 
underpin the lists is also biased because of the disproportionate investment in research into 
diets of rare species, for conservation biology purposes (e.g. kōkako, Callaeas wilsoni; 
Powlesland 1987). 

Many native plant species are used for food by native birds. We focused on those species 
which are of greatest importance to bird diets because 75% of New Zealand’s woody species 
have fleshy fruits (Lord 2004; Table 16). Birds vary greatly in their food preferences and 
these preferences vary by region and season. We propose reporting on four broad classes of 
food resources: (1) fleshy fruits; (2) foliage, buds & flowers; (3) nectar; (4) substrate for 
insectivore foraging. We stress that these coarse types do not, of course, supplant detailed 
monitoring of critical resources for our endangered bird species. 

To avoid creating heterogeneous types, we will further subdivide these types by coarse life-
form definitions: trees, shrubs and herbaceous species. We included a species in these 
functional types if it was reported in the literature to comprise more than 10% of feeding 
observations of a native bird in any season and that food type is known to be more than 10% 
of the total diet of that bird species (few studies report the total diet of observed birds, making 
calculations of overall importance difficult). A few species known to be important food 
resources were not captured by these criteria and were included on the basis of qualitative 
reports in the literature and expert opinion, and these are noted in footnotes to Table 16. 
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Table 16. Schedule of bird food resources 

Fleshy fruits   Foliage, buds and flowers  

Alepis flavida 4  Woody plants: 

Aristoelia serrata 2  Coprosma rotundifolia 6 

Ascarina lucida 1  Dacrydium cupressinum 1,3  

Beilschmiedia tarairi 7  Fuchsia excorticata 1 

Beilschmiedia tawa 7 (including B. tawaroa 7)  Laurelia novazelandiae 3 

Carpodetus serratus 1,6  Muehlenbeckia australis 1 

Coprosma robusta 2  Olearia rani var. rani 3 

Coprosma rotundifolia 6  Phyllocladus trichomanoides 3 

Coprosma parviflora 4  Podocarpus hallii 3 

Coprosma pseudocuneata 8  Raukaua edgerleyi 3 

Corynocarpus laevigatus 7  Rhopalostylis sapida 3 

Dacrydium cupressinum 1  Sophora microphylla 6 

Dacrycarpus dacrydioides 7  Weinmannia silvicola var. silvicola 3 

Dysoxylum spectabile 7   

Elaeocarpus dentatus 7  Herbs and graminoids: 

Fuchsia excorticata 6   Chionochloa flavescens 5 

Griselinia littoralis 1  Chionochloa pallens 5 

Leucopogon fasciculatus 4  Hypolepis millefolium 5 

Litsea calicaris 7  Nectar  

Macropiper excelsum 2  Alepis flavida 4 

Melicytus ramniflorus 2  Earina autumnalis 1 

Muehlenbeckia australis 2  Fuchsia excorticata 1 

Pennantia corymbosa 2  Metrosideros umbellata 1  

Peraxilla tetrapetala 4  Metrosideros spp. (lianas) 1 

Podocarpus hallii 1,2  Peraxilla colensoi 1 

Prumnopitys ferruginea 1  Peraxilla tetrapetala 1,4 

Prumnopitys taxifolia 2,6  Substrate for insectivore foraging 

Pseudopanax arboreus 2  Dacrydium cupressinum 1 

Pseudopanax crassifolius 1  Metrosideros umbellata 1 

Pseudowintera colorata 6  Pseudopanax colensoi 1 

Planchonella costata 7  Nothofagus menziesii 1 

Raukaua simplex 1  Nothofagus solandri var. cliffortioides 4 

Ripogonum scandens 7  Cyathea spp. 1 

Syzygium maire 7  Dicksonia spp. 1 

Vitex lucens 7  Weinmannia racemosa 1 

 
NB – dead wood is also a favoured substrate for insectivores (O’Donnell & Dilks 1994) 
Data sources: 
1 O’Donnell & Dilks (1994); 2 Williams & Karl (1996); 3 Best & Bellingham (1991); 4 Murphy & Kelly (2001); 5 
Mills & Mark (1977); 6 Clout et al. (1986); 7 Clout & Hay (1989), Wotton et al. (2008) 
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2.4.1.2.3 Sensitivity to shifts in climate 

Climate change differs from the previous two factors because it is not within DOC’s power to 
alter its course, so the goal of monitoring is simply to observe changes rather than to assess a 
management strategy. 

Although there is considerable uncertainty about how global changes will affect local 
conditions, current best estimates, based on the IPCC fourth assessment (2007), suggest that 
while the expected rise in New Zealand’s average temperature under an intermediate 
emissions scenario (‘AIB’) is 2°C by the end of the century, the major changes to 
New Zealand’s climate will be changes in the spatial distribution and seasonality in wind and 
rainfall. For the South Island, this will lead to increased rain on the West Coast and drier 
conditions to the east of the Southern Alps. For the North Island, more westerly winds in 
winter and spring and fewer in summer and autumn will bring drier conditions to the north 
and east of the island. Increased winter rain in the west will be partially offset by less summer 
rain (Ministry for the Environment 2008). In addition to these spatial and temporal shifts in 
rainfall, current projections suggest an overall decrease in frost risk and duration of snow 
cover and an increase in extreme events such as daily rainfall and high temperatures 
(Ministry for the Environment 2008). 

We expect that overall warming coupled with decreased frost risk and shorter snow cover 
will allow species currently limited by frost-sensitivity to increase their altitudinal and 
latitudinal range limits. Changes in rainfall patterns may influence plants directly because 
range limits of many species in New Zealand are highly correlated with mean annual rainfall 
(Holloway 1924) or humidity (McGlone & Moar 1977; Leathwick & Whitehead 2001). 
Therefore increased likelihood of droughts and decreasing ambient humidity are likely to 
affect species at various life history stages, but especially that of establishment, while indirect 
effects of drought, such as increasing fire frequencies, are likely to affect a range of life 
history stages. 

Predicting which species will be the first to respond to these climatic changes is complicated 
by the fact that climate is only one element determining biogeography. For example, range 
expansions could be due to dispersal barriers being lowered, rather than climate change; for 
example, pōhutukawa (Metrosideros excelsa) is expanding in the northern South Island from 
horticultural plantings, or karaka (Corynocarpus laevigatus) in the southern North Island 
extending in range from Māori introductions (Costall et al. 2006). In addition, basic 
phenological information that could help predict which species might be best able to take 
advantage of new climatic envelopes is lacking for many native species (M.S. McGlone, pers. 
comm.). In addition, not all life-stages are equally vulnerable to climate change. For long-
lived species, such as trees, young and small plants are likely to be more vulnerable to 
changed conditions than larger, well-established individuals, although increases in 
disturbance frequency or intensity may affect a broader range of size-classes. Similarly, for 
those species likely to expand in range, we expect that change will be most apparent at the 
stages of establishment and early growth (e.g. germination of trees above treeline, or 
establishing at higher-than-current elevational limits under existing canopies). 

We have focused on a small number of species that we consider most likely to show 
measurable changes in their range over the next century. The focus on detection ability means 
that some species that are expected to show marked changes in range (e.g. mangroves, 
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Avicennia marina) are excluded from the list because their main habitats are not 
well represented in our plot network. 

We identified five categories of range shifts that are likely to be detected in a national grid-
based monitoring programme, i.e. plants that are expected to: 

• Expand their ranges into areas from which they were previously excluded by 
low temperature, i.e. southward and/or upward in elevation 

• Respond to changes in soil moisture or precipitation, e.g. contract their ranges in 
the east with drier summers 

• Respond to changes in disturbance regime, e.g. expand or contract their ranges 
in eastern North and South island regions as a result of increased fires spurred 
by drier summers 

• Experience no changes at all 

These species and groups of species are listed in Table 17. 

In addition to expected changes in the range of individual species, some plant communities 
are expected to be disproportionately affected by climate change. Alpine plant communities 
could be expected to be affected by increasing global temperatures. For example, Halloy and 
Mark (2003) predicted that a 3ºC rise in temperature over 100 years would result in the 
extinction of 200–300 indigenous plant species from New Zealand’s alpine plant 
communities, and that this would be most manifest in isolated alpine areas. Other reasons for 
change in alpine plant communities could be diminished snow cover, which could result in 
plants being exposed to late frosts. However, Bannister et al. (2005) found that most alpine 
plants have seasonal fluctuations in frost sensitivity that are keyed to day length, rather than 
temperature. If this is true of subalpine shrubs as well, then decreased snow cover is unlikely 
to affect plant communities via exposure to frosts. The general design we propose for 
measuring vegetation across New Zealand plant communities will document changes in 
composition at two scales (20 × 20 m plots and within replicated 0.75-m2 subplots) to test 
these hypotheses of how alpine plant communities could be affected by climate change. 
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Table 17. Climate-sensitive species 

 Species 

 Native Exotic 

Plants expected to expand range 
as winters warm 

Beilschmiedia tarairi Ageratina adenophora 

Beilschmiedia tawa Erigeron karvinskianus 

Dacrydium cupressinum (higher 
altitude in western New Zealand) 

Tradescantia fluminensis 

Dysoxylum spectabile Tropaeolum speciosum 

Knightia excelsa  

Metrosideros robusta 

Laurelia novae-zelandiae 

Nestegis cunninghamii 

Rhopalostylis sapida 

Trichomanes reniforme 

Structural changes at treeline Woody species (native and exotic) into alpine grasslands Dracophyllum 
spp. height increase in the same site that Chionochloa spp. height may 
decrease 

Range changes in east with drier 
summers: contraction 

Ascarina lucida  

Cyathea spp. 

Dicksonia spp. 

Hymenophyllum spp. 

Trichomanes spp. 

Weinmannia racemosa 

Bryophytes, especially liverworts 

Range changes in the east due to 
increased fires spurred by drier 
summers: expansion 

Pteridium esculentum Cytisus scoparius 

Ozothamnus leptophyllus  

Festuca novae-zelandiae 

Poa cita 

Range changes in the east due to 
increased fires spurred by drier 
summers: contraction 

Nothofagus spp. 
Pittosporum eugenioides 
Griselinia littoralis 

 

No change predicted Podocarp species generally, with the 
exception of Dacrydium cupressinum 
in western New Zealand (see above) 

 

Adjustments of New Zealand treelines in response to warming could be expected, especially 
because some Northern Hemisphere treelines have shown considerable movement up 
mountains (Grace et al. 2002). There is little evidence to date of expanding ranges of native 
trees at New Zealand treelines: seed limitation or lack of mycorrhizal symbionts are putative 
reasons but require testing (Wardle 2008), but there is evidence that seed output is increasing 
at New Zealand treelines in response to increased temperatures (Richardson et al. 2005) so 
this may not remain so. Exotic tree species, especially Pinaceae, can already grow above 
treelines of native species in New Zealand (Wardle 2008) so we advocate measurement of 
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communities to determine whether exotic species colonise above the treeline. The plot-based 
measurements of vegetation and structure we propose will be able to measure compositional 
change with time (e.g. increases in woody plant numbers) and also measure changes in size 
structure (i.e. changes in size structure of woody and non-woody plants and, for larger woody 
stems, growth and mortality) to evaluate responses of vegetation to increased temperatures at 
and above treeline. 

Coastal ecosystems, wetlands and riparian systems are expected to be strongly impacted by 
sea-level rise and changes in the quantity and timing of rainfall and associated river flows 
(Ministry for the Environment 2008). However, due to their overall rarity and spatial 
configuration (often linear or fragmented), these systems will not be adequately sampled by 
our proposed plot network. As many of these systems are biodiversity hotspots and provide 
key ecosystem services, a separate monitoring scheme may be desirable that is focused on 
rare ecosystems, especially those likely to be most affected by climate change. 

Non-vascular species are particularly sensitive to drier conditions, because of their 
physiology. In Tasmania (with a similar west–east gradient of rainfall to much of 
New Zealand), bryophyte species richness is highest in moist forests, while lichen species 
richness is greater in drier forests (Pharo & Beattie 2001). If the same gradient applies in 
New Zealand, then we might expect that if more westerly winds bring drier conditions to the 
east of both main islands that in eastern New Zealand communities that are currently 
bryophyte-dominated may shift to become lichen-dominated. In areas in the west, increased 
rainfall may result in the opposite trend, i.e. increasing bryophyte dominance over lichens. 
Any such trends would need to be interpreted with care near urban centres because of the 
sensitivity of non-vascular plants to airborne pollutants (Daly 1970). 

2.4.1.3 Sampling universe for measure/element 

See general features of indicators for vegetation (section 2.1.1.2). 

2.4.1.4 Measurement technique and type 

See general features of indicators for vegetation (section 2.1.1.3). 

2.4.1.5 What patterns exist nationally? 

In addition to the patterns outlined in the general features of indicators for vegetation, there 
are some national trends in the occurrence of functional types; indeed these national patterns 
are the focus of the assessment of climate sensitive species. Because palatable species tend to 
be fast-growing and nutrient-demanding, we expect that they would be more common on 
more fertile soils and in recently disturbed areas in the absence of herbivores. Conversely, 
unpalatable species should be naturally more prevalent on infertile soils and on drier sites 
dominated by beech (Coomes et al. 2003). Many of the large-seeded fruits that are a favoured 
bird food when available grow only in the North Island (e.g. Beilschmiedia tarairi and Vitex 
lucens). For both of these latter two groups we have attempted to include species from a wide 
range of systems, which we hope will temper the effects of these biogeographical gradients 
on national estimates of plant functional type representation. 
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2.4.2 What we are going to report 

2.4.2.1 What statistics will be reported? 

2.4.2.1.1 Sensitivity to pressure 

The primary indicators are: 

• Percentage of species that are members of the functional type. For each subcategory 
within each functional type (e.g. species avoided by goats), the percentage of the 
species recorded in a relevé conducted within a 100-m2 fixed area nested within each 
20 × 20 m plot that are members of that type will be calculated for each plot and the 
mean % ± standard error of the mean will be reported for each of the vegetation classes 
(indigenous forests, shrublands and grasslands) or subcategories within these. 

• Species-richness within the functional type. For each subcategory within the functional 
type (e.g. species avoided by goats), the number of species recorded in a relevé 
conducted within a 100-m2 fixed area nested within each 20 × 20 m plot that are 
members of that type will be calculated and the mean species richness ± standard error 
will be reported for each of the vegetation classes (indigenous forests, shrublands and 
grasslands) or subcategories within these. 

• Occupancy. For each subcategory within the functional type (e.g. species avoided by 
goats), the percentage of plots where at least one member of the functional type is 
present will be calculated for each of the vegetation classes (indigenous forests, 
shrublands and grasslands) or subcategories within these. 

Secondary indicators: 

The secondary indicators differ according to herbivore, because their different feeding 
ecology exposes different life-history stages to herbivory. 

For plant species grazed by ungulates (Tables 13 and 14) changes will be reported principally 
for plants <1.35 m tall, the approximate height of their browsing pressure. These will be 
reported as changes in selected and avoided taxa (aggregations of species in groups) and the 
ratio of selected to avoided taxa. Individual widespread taxa could be reported similarly. 

• For woody plants, paired comparisons of mean number of selected and avoided stems 
per height tier per subplot (means derived across 24 0.75-m2 spatially separate subplots) 

• For non-woody plants, paired comparisons of frequency of selected and avoided taxa 
per height tier per subplot (means derived across 24 0.75-m2 spatially separate 
subplots). 

For plant species grazed by possums (Table 15) changes will be reported for all life-history 
stages measured, as possums’ terrestrial and arboreal foraging renders all sizes of plants 
vulnerable to herbivory. These will be reported as changes in selected and avoided taxa as for 
ungulates. 

• For woody plants, paired comparisons of the ‘selected’ and ‘avoided’ subcategories 
will be conducted for both (a) mean size of stems >1.35 m tall per 20 × 20 m plot and 
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(b) mean number of stems per height tier per subplot (means derived across 24 0.75-m2 
spatially separate subplots) 

• For non-woody plants, paired comparisons of frequency of selected and avoided taxa, 
as groups, per height tier per subplot (means derived across 24 0.75-m2 spatially 
separate subplots) 

To assess which species are driving observed changes in either the primary or secondary 
measures, we recommend using ordination with each time step (McCune & Grace 2002; 
Fukami et al. 2005). 

2.4.2.1.2 Bird food resource 

Primary indicators: 

• Percentage of species that are members of each subcategory – (1) fleshy fruits; (2) 
foliage, buds & flowers; (3) nectar; (4) substrate for insectivore foraging – within the 
bird-food-resource functional type. For each subcategory, the percentage of the species 
recorded in a relevé conducted within a 100-m2 fixed area nested within each 20 × 20 m 
plot that are members of that type will be calculated for each plot and the mean % ± 
standard error of the mean (SE) will be reported for each of the vegetation classes 
(indigenous forests, shrublands and grasslands) or subcategories within these. 

• Species-richness within the functional type. For each subcategory within the functional 
type (e.g. nectar resource), the number of species recorded in a relevé conducted within 
a 100-m2 fixed area nested within each 20 × 20 m plot that are members of that type 
will be calculated and the mean species richness ± SE will be reported for each of the 
vegetation classes (indigenous forests, shrublands and grasslands) or subcategories 
within these. 

• Occupancy. For each subcategory within the functional type (e.g. nectar resource), the 
percentage of plots where at least one member of the functional type is present will be 
calculated for each of the vegetation classes (indigenous forests, shrublands and 
grasslands) or subcategories within these. 

Secondary indicators: 

For plant species that provide food resources for birds (Table 16), changes will be reported 
for all life history stages measured. Individual widespread taxa could be reported similarly. 

• For woody plants, mean number of each subcategory of bird-utilised species, for (a) 
mean size of stems >1.35 m tall per 20 × 20 m plot and (b) mean number of stems per 
height tier per subplot (means derived across 24 0.75-m2 spatially separate subplots) 

• For non-woody plants, frequency of each subcategory of bird-utilised taxa, as a group, 
per height tier per subplot (means derived across 24 0.75-m2 spatially separate subplots) 

For the fleshy-fruited plants (Table 16) the process of concern is two-fold — adequate 
dispersal of the plants by birds and adequate food provided to the birds by reproductive 
adults. Therefore it may be desirable to report changes in the mean number of woody plants < 
1.35 m tall for specific subcategories based on potential dispersal limitations, (e.g. those 
dispersed only by kererū, Hemiphaga novaeseelandiae; Clout & Hay 1989). Regeneration of 
individual widespread taxa could also be reported. 
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2.4.2.1.3 Sensitivity to shifts in climate 

Primary indicator: 

• Occupancy 

Where sample size allows, occupancy should be calculated for each species as well as for the 
five species groups or plant communities listed in Table 17 (e.g. range expansion in response 
to warming). The percentage of plots where at least one member of the species group is 
present will be calculated for each of the vegetation classes (indigenous forests, shrublands 
and grasslands) or subcategories within these (see Table 3). For non-vascular species 
occupancy would be reported from within each 20 × 20 m plot. 

• Species-richness within the functional type 

This is recommended as the mode of reporting non-vascular species, i.e. the number of non-
vascular species recorded in a relevé conducted within a 100-m2 fixed area nested within each 
20 × 20 m plot. This will be calculated across all non-vascular plants per plot (and across 
broad groupings: lichens, liverworts, mosses) so that the mean species richness ± SE will be 
reported for each of the vegetation classes (indigenous forests, shrublands and grasslands) or 
subcategories within these. 

The percentage of vascular species that are members of the functional type and species-
richness within the functional type are not suggested as indicators for this measure because 
we know too little about the by-species responses within each subcategory to assume that 
they would respond uniformly. 

The expected response is spatially structured — increases in recruitment in newly favourable 
areas and decreased recruitment along with increases in mortality in areas that are becoming 
less favourable. To capture the spatial dimension of the response a map showing 
presence/absence at each sample point should accompany the statistics on changes in 
occupancy. 

Secondary indicators: 

• For woody plants, both (a) mean size of stems >1.35 m tall per 20 × 20 m plot and (b) 
mean number of stems per height tier per subplot (means derived across 24 0.75-m2 
spatially separate subplots) 

• For non-woody plants, frequency of per height tier per subplot (means derived across 
24 0.75-m2 spatially separate subplots) 

To assess the predicted changes in plant communities and to detect unanticipated changes in 
other communities, we suggest using ordination to identify the main gradients of vegetation 
composition. Overlaying environmental variables on the ordination will allow analysts to 
determine which axes most closely correspond to the climatic gradient of interest (e.g. 
altitude, annual rainfall, relative humidity in the driest month). Graphing the changing 
position of each plot in ordination space with each subsequent measurement would then give 
a holistic view of how the vegetation communities of New Zealand are changing in response 
to climate (Fukami et al. 2005) and would also allow delineation of vegetation communities 
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(e.g. the alpine grasslands) for more detailed investigation. Quantitative methods for 
comparing the trajectories of different plots have also been developed (McCune 1992). 

2.4.2.2 Frequency of measurement and reporting 

Most of the species in the functional types (Tables 13–17) are long-lived. Rates of change for 
this measure for all groupings should be of similar rates to those for the measures 
‘Distribution and abundance of weeds’ and ‘Size structure of canopy dominants), so that a 5–
10-year interval for remeasurement is likely to be adequate to detect change. As an example 
of expected rate of change relevant to the functional type ‘sensitivity to pressure’, after 
control of white-tailed deer (Odocoileus virginianus) in coastal forests on Stewart Island, 
there was rapid response of palatable species in terms of seedling density and basal area 
within 5 years (Bellingham & Allan 2003). As an example of expected rate of change 
relevant to the functional type ‘sensitivity to shifts in climate’, there were detectable increases 
in seedling recruitment at elevations slightly above current Nothofagus treelines over 11 years 
(Wardle 2008). 

2.4.2.3 Hierarchies of reporting 

This measure is explicitly hierarchical, i.e. each functional type has subcategories (Tables 
13–17) that can be reported and contrasted. 

2.4.2.4 Spatial and temporal analyses for interpreting variability in measurements 

See general features of measures for vegetation (section 2.1.2.4). 

2.4.2.5 Presentation of national patterns 

See general features of measures for vegetation (section 2.1.2.5). 

2.4.3 Cost-effective sampling design 

2.4.3.1 Justification for where sampling design departs from consistent approach 
across measures/elements 

See general features of measures for vegetation (section 2.1.3.1). 

2.4.3.2 Trade-offs between level of precision and sampling effort in relation to 
conservation management needs 

See general features of measures for vegetation (section 2.1.3.2). 
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2.4.3.3 Determination of sampling intensities to estimate the measure/element to 
within 5% at the 90% confidence limits 

Evaluation of sampling intensities required to detect a 5% change in both percent total 
richness or percent richness within the type to within 90% confidence was done by 
comparing the magnitude of a 5% change in the estimate of each indicator to 1.7 × SE (the 
standard error of the mean) (the 90% confidence interval). 

Change in occupancy was determined as a comparison of two binomial samples using a two-
tailed test of H0 : p1 = p2 versus HA :  p 1 ≠ p2 (eqn 1) where P1-hat and P2-hat are the 
probabilities of occurrence in the first and second sample, respectively, P is the total 
probability of occurrence when both samples are combined, and n1 and n2 are the number of 
observations in each sample: 

 

  (eqn 1) 

 

The ability to detect a given percentage change in occupancy therefore depends on both the 
number of plots sampled (n1 & n2) and on the initial occupancy of the species (P1). For 
example, if 1000 plots are measured and a species increased from 90% in the first sample to 
95% in the second, that would mean new sightings on 45 plots. In contrast, if the species only 
occurred on 10% of plots in the first sample, then a 5% change in occupancy means a gain of 
only five plots. 

The ability to detect a 5% change in occupancy with 90% confidence is high for common 
species and poor for rare species. At a sampling density of 1429 plots, our ability to detect 
change in species that occur on less than half the plots is poor (Fig. 16). We will be able to 
detect a 10% change in occupancy with 90% confidence for species occurring on more than 
30% of plots (Supplementary Fig. 1). However, not even a doubling of the sampling intensity 
will give us sufficient power to detect even large changes in the occupancy of rare species 
(Supplementary Fig. 1). 

The implications of the effect of initial occupancy on power for the detection of change in 
functional types are detailed below. 
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Figure 16. Type 1 error for a two-sample binomial comparison of a 5% change in occupancy between two 
sample periods as a function of initial occupancy and the number of plots sampled. The horizontal line shows 
the P = 0.1 threshold and the dashed vertical line indicates the proposed sampling intensity (1429 plots). 
 

2.4.3.3.1 Sensitivity to pressure 

• Percentage total richness and mean richness within the type 

We have good power to detect change in both mean richness (average number of plant 
functional type members per plot) and percent total richness (percentage of species on a plot 
that is palatable) at an 8-km grid spacing for all animal palatability guilds considered (Table 
18). However, the standard errors of the estimates of percent total richness are about twice as 
large as those for mean richness (Table 18). When the LUCAS data were sub-sampled to 
represent a sampling at coarser (less intense) grid scales, estimates of mean richness were 
similar, but the standard errors were about twice as large for the 16-km grid and three times 
as large for the 24-km grid, severely eroding power to detect change (Supplementary Table 
15). 

To further explore the relationship between statistical power, sampling density and spatial 
scale, we repeated the analyses for two Conservancies that differ in size and dominant 
vegetation – the mostly forested West Coast (207 plots) and the much less forested 
Wellington Conservancy, in which forests are also more fragmented (26 plots). Estimates of 
mean richness and percent total richness varied both between the two Conservancies, and 
between the Conservancies and the national estimate (Table 19). These differences were 
greatest for possums and goats, and weaker for deer. This may reflect real differences in the 
effects of introduced herbivores on vegetation in different regions of the country, or may be 
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an artefact of the small number of plots in Wellington Conservancy and the greater degree of 
human influence there. An implication is that for Conservancies with a small total area of 
forest, national-scale sampling may not yield sensitive indications of state at within-
Conservancy spatial scales across the country. To detect differences at a 90% level within 
Conservancies, this may necessitate additional sampling within Conservancies such as 
Wellington with a small total sample, possibly selecting plots randomly within existing 
permanent plot networks (as outlined in Bellingham et al. 2000). 

 
Table 18. Results of power analysis using LUCAS data. Mean richness is the average number of type members 
per plot and percentage total richness is the PERCENT of species on a plot that are members of the type. The 
total number of plots was 1280. 

Functional type 
No. 
occurrences Mean richness SE richness 

Mean %total 
richness 

SE %total 
richness 

Goats – Avoided 1240 7.18 0.11 15.96 0.22 

Goats – Selected 1110 4.68 0.10 9.67 0.20 

Deer – Avoided 1207 5.63 0.09 12.83 0.09 

Deer – Selected 1200 7.48 0.12 16.16 0.23 

Possum – Avoided 1166 6.03 0.10 13.50 0.23 

Possum – Selected 1245 8.97 0.13 19.78 0.24 

 

Table 19. Mean richness within each type and PERCENTage total richness per plot for two conservancies. 
There are 207 plots in West Coast Conservancy and 26 plots in Wellington Conservancy. 

 West Coast Wellington 

Type NOCC 
Mean 
richness SE rich 

Mean 
%total 
richness 

SE 
%total 
richness NOCC 

Mean 
richness SE rich 

Mean 
%total 
richness 

SE 
%total 
richness 

Goats – 
Avoided 202 8.73 0.26 18.13 0.58 26 10.81 0.76 21.92 1.28 

Goats – 
Selected 197 4.50 0.19 8.76 0.32 26 7.62 0.70 14.77 1.03 

Deer – 
Avoided 201 6.61 0.18 14.18 0.45 26 6.88 0.46 14.12 0.93 

Deer – 
Selected 200 10.17 0.29 20.57 0.45 26 10.58 0.62 21.54 0.98 

Possums – 
Avoided 200 7.91 0.24 16.40 0.47 26 9.15 0.63 18.46 1.20 

Possums – 
Selected 201 11.46 0.30 23.40 0.47 26 10.65 0.68 21.96 1.37 
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• The percentage of plots where at least one member of the functional type is present 
(Occupancy) 

All palatability subcategories were found on more than three-quarters of the sample plots at 
all grid scales tested. However, the severely reduced sampling intensity at 16-km and 24-km 
grid sampling intensities means that sufficient power to detect a 5% change in palatable 
species at a national spatial scale exists only for the subcategory ‘selected by possums’ (Table 
20). A 10% change could be detected in the other types on a 16-km and 24-km sampling 
intensity. All palatability groups were nearly ubiquitous in the two Conservancies analysed, 
giving good power to detect change despite the small sample sizes (Table 21). 

 
Table 20. Number of occurrences and occupancy of palatability subcategories in LUCAS data at three sampling 
intensities: an 8-km grid (1280 plots), a 16-km grid (321 plots) and a 24-km grid (151 plots). See Fig. 16 for 
relationship between sample size, initial occupancy and ability to detect change.  

 8-km grid 16-km grid 24-km grid 

Type 
No. 
occurrences 

Occupancy 
(%) 

No. 
occurrences 

Occupancy No. 
occurrences 

Occupancy 
(%) 

Goats – Avoided 1240 97 291 91 135 89 

Goats – Selected 1110 87 255 79 120 79 

Deer – Avoided 1207 94 283 88 128 85 

Deer – Selected 1200 94 284 88 131 85 

Possum – Avoided 1166 91 272 85 128 85 

Possum – Selected 1245 97 292 90 134 89 

 

Table 21. Number of occurrences and occupancy of palatability subcategories in LUCAS data in two 
conservancies. 

 West Coast Wellington 

Type 
No. 
occurrences 

%  No. 
occurrences 

%  

Goats – Avoided 202 98 26 100 

Goats – Selected 197 95 26 100 

Deer – Avoided 201 97 26 100 

Deer – Selected 200 97 26 100 

Possums – Avoided 200 97 26 100 

Possums – Selected 201 97 26 100 
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2.4.3.3.2 Bird food resource 

• Percentage total richness and mean richness within the type 

Both the mean richness and percentage total richness are much lower for the ‘nectar’ and 
‘foliage’ subcategories than for the ‘fruit’ or ‘insect substrate’ subcategories (Table 22), 
probably reflecting the smaller size of these subcategories rather than a real difference in 
availability of these resources. Power to detect change in mean richness and the percentage 
total richness was adequate for ‘fruit’ and ‘insectivore substrate’ subcategories but was 
marginal for ‘nectar’ and ‘foliage’ subcategories. As was the case for the species sensitive to 
pressure, estimates of mean richness and percentage total richness were similar at all grid 
scales examined (8-, 16- and 24-km grids), but the standard error of those estimates increased 
markedly, eroding power to detect a 5% change (Supplementary Table 16). For the two 
Conservancies analysed, the estimates of mean richness and percentage total richness were 
markedly different from the national estimates and from each other for all subcategories 
(Table 23). The standard errors of the estimates were too large to detect a 5% change, 
consistent with the results of lower sampling intensity at a national scale. 

 
Table 22. Mean richness is the average number of type members per plot and percentage total richness is the 
percent of species on a plot that are members of the type. The total number of plots was 1280. 

Funct. type No. occurrences Mean richness SE richness 
Mean %total 
richness 

SE %total 
richness 

Fruit 1109 4.14 0.07 8.90 0.16 

Insect 1085 2.78 0.05 6.49 0.17 

Nectar 728 1.18 0.04 2.21 0.09 

Foliage 835 1.22 0.03 2.27 0.06 

 

Table 23. Mean richness within each type and percentage total richness per plot for two conservancies. 

 West Coast Wellington 

Type NOCC 
Mean 
Rich SE Rich 

Mean 
%total 
Rich 

SE 
%total 
Rich NOCC 

Mean 
Rich SE Rich 

Mean 
%total 
Rich 

SE 
%total 
Rich 

Fruit 188 4.59 0.19 9.08 0.34 26 5.50 0.38 11.04 0.70 

Insect 197 3.82 0.12 8.26 0.52 25 3.46 0.28 6.77 0.55 

Nectar 144 1.70 0.11 3.01 0.20 17 1.42 0.27 2.35 0.40 

Foliage 139 1.13 0.07 1.83 0.12 19 1.27 0.24 2.15 0.37 
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• Percentage of plots where at least one member of the functional type is present 
(Occupancy) 

Bird subcategories have slightly lower occupancy than the palatability subcategories, but are 
still quite widespread (Table 24). Reducing the sampling intensity at 16-km and 24-km scale 
has the effect that power to detect a 5% change exists only for the subcategories ‘fruit’ and 
‘insect foraging’ (Table 24). A 15% change could be detected in the other types if sampling 
took place on a 16-km grid but only a 20% change could be detected if sampling took place 
on a 24-km grid. 

The ‘fruit’ and ‘insect foraging’ subcategories were common enough in the West Coast 
Conservancy to detect a 5% change, and a 10% change could be detected for the ‘nectar’ and 
‘foliage’ subcategories. The very small number of plots in the Wellington Conservancy 
makes it difficult to detect any change in all but ubiquitous subcategories (Table 25). 

 
Table 24. Number of occurrences and occupancy of bird food subcategories in LUCAS data at three sample 
intensities: an 8-km grid (1280 plots), a 16-km grid (321 plots) and a 24-km grid (151 plots). See Fig. 16 for 
relationship between sample size, initial occupancy and ability to detect change. 

 8-km 16-km 24-km 

Type 
No. 
occurrences 

Occupancy 
(%) 

No. 
occurrences 

Occupancy 
(%) 

No. 
occurrences 

Occupancy 
(%) 

Fruit 1109 86 250 78 126 83 

Insect 1085 85 255 79 113 75 

Nectar 728 57 166 52 78 52 

Foliage 835 65 185 58 94 62 

 

Table 25. Percentage occurrence of bird food resources in LUCAS data and percentage change in occurrence 
between two measurements, given that initial value, that is detectable with a Type I error of 0.1 or less (see Fig. 
16 for relationship between initial occupancy and detectable change). 

 West Coast Wellington 

Type 
No. 
occurrences 

Occupancy (%) No. 
occurrences 

Occupancy (%) 

Fruit 188 91 26 100 

Insect 197 95 25 96 

Nectar 144 70 17 65 

Foliage 139 67 19 73 
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2.4.3.3.3 Sensitivity to shifts in climate 

The climate subcategories were much less prevalent than either the palatability or bird 
resource functional types. Only three types – ‘species expected to contract in the east due to a 
drier climate’, ‘species expected to contract in the east with greater fire’ and those species not 
expected to change at all’ – met the threshold for detecting a 5% change at the densest grid 
spacing (Table 26, Fig. 16). This is expected, as a restricted range determined by strong 
environmental gradients was the key selection criteria for the other subcategories. None of 
the types met the 5% threshold at coarser grid spacing (Table 26). 

Both example Conservancies are on the wetter side of New Zealand’s rainfall gradient. It is 
therefore not surprising that occupancy of the two types hypothesised to be negatively 
affected by reduced rainfall – ‘species expected to contract in the east due to a drier climate’ 
and ‘species expected to contract in the east with greater fire’ – are more prevalent in these 
two Conservancies than they are nationally (Table 27). This increased occupancy means that 
they met the threshold for detecting a 5% change in both Conservancies despite the smaller 
number of plots. The ‘no change’ type met the threshold for the West Coast Conservancy, but 
not Wellington. 

The ‘native species expected to expand south’ type was much more prevalent in Wellington 
(77% occupancy) than in the West Coast (22% occupancy). However, the very small number 
of plots in the Wellington Conservancy (n = 26) means that this type would have to change 
by more than 15% for the change to be detectable. 

 
Table 26. Number of occurrences and occupancy of climate subcategories in LUCAS data at three sample 
intensities: an 8-km grid (1280 plots), a 16-km grid (321 plots) and a 24-km grid (151 plots). See Fig. 16 for 
relationship between sample size, initial occupancy and ability to detect change. 

 8-km 16-km 24-KM 

Type 
No. 
occurrences 

Occupancy 
(%) 

No. 
occurrences 

Occupancy 
(%) 

No. 
occurrences 

Occupancy 
(%) 

Expand South – Native 438 34 103 32 48 32 

Expand South – Exotic 13 1 4 1 2 1 

Contract –drier east 1029 80 241 75 108 71 

Expand – more fire: 
native 262 20 73 23 21 14 

Expand – more fire: 
exotic 28 2 10 3 2 1 

Contract – more fire  932 73 213 66 100 66 

No change 784 61 174 54 87 57 
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Table 27. Occupancy of climate subcategories in LUCAS data for two example Conservancies. See Fig. 16 for 
the relationship between initial occupancy and detectable change. 

 West Coast Wellington 

Type 
No. 
occurrences 

Occupancy (%) No. 
occurrences 

Occupancy (%) 

Expand South – Native 46 22 20 77 

Expand South – Exotic 0 0 0 0 

Contract – drier east 195 94 26 100 

Expand – more fire: native 10 5 1 4 

Expand – more fire: exotic 0 0 0 0 

Contract – more fire  191 92 24 92 

No change 153 74 19 73 

 

Reporting on occupancy within coarse latitudinal and altitudinal bands may be a way to boost 
occupancy for the remaining types to a level where change is detectable. The two types of 
exotic species are rare enough that restricting the spatial scale of the analysis may not be 
sufficient to detect even large changes. However, all species listed as members of the ‘exotic 
species expected to expand south’ and the ‘exotic species expected to expand with fire’ 
subcategories have been selected for individual reporting under the ‘Distribution and 
abundance of exotic weeds’ measure (Table 5) and are part of DOC’s exotic species mapping 
programme. These additional analyses will help guide interpretation of changes in 
occupancy. 

2.4.3.3.4 Non-vascular taxa 

We evaluated the utility of non-vascular species as biodiversity indicators by comparing total 
non-vascular species richness, as well as the species richness of three major sub-groups – 
mosses, liverworts and lichens – to 14 environmental variables. Relationships between non-
vascular species richness and environmental variables were assessed using multiple linear 
regression, with backwards elimination of non-significant terms. 

We restricted our analysis to the South Island (767 plots) because dominant westerly weather 
patterns create a strong west–east moisture gradient across the axial range that runs most of 
its length. Rainfall is predicted to be an important driver of non-vascular diversity (Pharo & 
Beattie 2001; Turner et al. 2006). Moreover it is the aspect of New Zealand climate most 
likely to be affected by climate change (Ministry for the Environment 2008). 

The environmental variables chosen for analyses have been shown to be predictive of 
distributions of some vascular species (Leathwick et al. 2002). Six climate variables were 
estimated from interpolated surfaces derived from climate stations: mean annual solar 
radiation; two measures of temperature (mean annual temperature, mean minimum 
temperature of coldest month); and three measures of moisture (mean monthly water balance 
ratio, October vapour pressure deficit and annual water deficit; Leathwick et al. 2002). Three 
soil variables (acid-soluble phosphorus, soil drainage class, exchangeable calcium) were 
estimated from interpolated surfaces from primary data (Leathwick et al. 2002). Five 
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variables were measured on each plot: altitude, horizon angle (meso-scale McNab index), 
mean top height of the canopy, and the easting and northing of the plot. 

Total non-vascular species richness varied widely across the South Island; ranging from zero 
to 119 species, with a median of 24 species per plot. Liverworts and mosses had similar 
median species richness (8 and 9 species, respectively), but liverworts had higher maximum 
species richness (range = 0–66 species) than mosses (range = 0–35 species). Lichens were the 
least diverse, with a median of 3 species per plot (range = 0–26). 

Of the three subgroups, liverwort richness had the strongest relationship with climate 
variables (Table 28). Liverwort richness was highest on cool, cloudy, moist, low-altitude 
plots with tall canopies located towards the north of the South Island (Table 28). The 
relationship between liverworts and climate variables is strong enough that we might expect 
their richness to decline in regions predicted to become warmer and drier, but so not strong 
that changes in liverwort richness could be used as a proxy for actual climate measurements. 

The relationships between environment and lichens and mosses were weaker than for 
liverworts, although the trends matched well with predictions from the literature (Pharo & 
Beattie 2001; Turner et al. 2006). Lichen richness was greatest on dry, cloudy, high-altitude 
plots (Table 28). The model has less explanatory power than the liverwort model; however, 
its simplicity suggests that lichen richness may have some utility as an indicator. The model 
for moss richness had the largest number of terms and the weakest explanatory power (Table 
28). Furthermore, the relationship between moss richness and one of the terms selected in the 
model, October vapour pressure deficit, changed signs depending on whether the variable 
was considered singly or in combination with others (data not shown). These three 
observations suggest that the variation in moss species richness is not well-characterised by 
the environmental variables we examined. It is also clear that local-scale drivers can also 
structure non-vascular plant communities (e.g. along successional gradients; Mark et al. 
1989). Future analyses of non-vascular taxa from across a range of New Zealand vegetation 
can determine the relative contribution of local-scale drivers (e.g. successional status) vs 
national- or regional-scale drivers in non-vascular plant community composition. 
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Table 28. Relationship between species richness of three sub-groups of non-vascular plants and climate, soil 
and plot variables. Symbols indicate the sign of the relationship for those variables retained in a backwards 
elimination multiple linear regression. All three models had an overall significance of P < 0.0001. 

 Liverworts Lichens Mosses 

 (Adj R2 = 0.43) (Adj R2 = 0.28) (Adj R2 = 0.25) 

Climate variables    

Mean annual solar radiation − − − 

Mean annual temperature −   

Mean min. temp. of coldest month   − 

Mean monthly water balance ratio +  + 

October vapour pressure deficit  + + 

Annual water deficit   − 

Soil variables    

Acid-soluble phosphorus    

Soil drainage class    

Exchangeable calcium    

Measured plot variables     

Altitude − +  

Horizon angle    + 

Mean top height of the canopy +  + 

Easting    

Northing +   

 

2.4.3.4 Optimal integration of historical data 

See general features of measures for vegetation (section 2.1.3.4) re plot-based methods. 

For occupancy, detection of temporal trends can use information from local-scale plot 
networks remeasured over decades to provide local catchment scale resolution and improved 
prediction of drivers of invasion at catchment (Wiser et al. 1998), regional (Duncan et al. 
2001), or national scales (Wiser & Allen 2006). 

2.4.3.5 Estimated costs of sampling design 

See general features of measures for vegetation (section 2.1.3.5). 
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2.4.4 How would the data be collected? 

2.4.4.1 Methodologies 

See general features of measures for vegetation (section 2.1.4.1). 

A key data standard for the measure with respect to taxa sensitive to climate-change is a 
certified high standard of taxonomic aptitude in fieldworkers in their capacity to distinguish 
non-vascular plant taxa in the field and to collect these from relevés (10 × 10 m and 
20 × 20 m). Standardised ‘meta-taxa’ descriptions need to be applied to field collections 
because these are critical in subsequent determinations (e.g. habitat – epiphytic, epipetric; 
habit – foliose vs thallose for lichens, etc.). 

New floras for non-vascular plants recently published (Galloway 2007; Engel & Glenny 
2008) or soon to be published (second and third volumes of the New Zealand liverwort flora) 
improve the capacity to identify non-vascular plants from material collected in relevés and 
subplots. However, a key issue is that currently only three people nationally are able to 
identify all collected non-vascular plants to a very high standard, i.e. >90% accuracy, 
although specialists (e.g. on lichens alone) can identify subsets of material. There are 
currently no courses run by New Zealand tertiary institutes or research institutes that can 
provide formal instruction in the systematics and identification of New Zealand’s non-
vascular plants. Only informal workshops through botanical societies partially fulfil this role. 
There is a clear need to address the problem of having so few people with identification 
skills, without which a backlog of unidentified material will develop so that there will be an 
unacceptable delay in reporting on this measure. 

2.4.4.2 Field delivery and standards 

See general features of measures for vegetation (section 2.1.4.2). 

2.4.5 Managing the data 

2.4.5.1 Data formats, curation and access protocols 

See general features of measures for vegetation (section 2.1.5.1). 

2.4.5.2 Integration with other data layers 

Interpretation of the feature of this measure ‘sensitivity to pressure’ will be improved 
significantly through integration with data that derive from the measure ‘Distribution and 
abundance of exotic pests’, because they derive from the same sample points. Improved 
interpretation will also be achieved with historical information on the distribution of pest 
mammals and their population trends (e.g. irruptive peaks; King 2005). Significant 
improvement in interpretation of ‘sensitivity to pressure’ will also be achieved by 
incorporating point-in-time, but even more change-with-time, measurement from plots 
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alongside DOC’s and the Animal Health Board’s and regional council’s data layers of where 
pest management has taken place, for which pest species, and with what levels of success. 

The feature of this measure ‘bird food resources’ will be enhanced significantly in its 
improvement through integration with data that derive from the measure ‘Demography of 
widespread animal species – birds’, because they derive from the same sample points. 
Improved interpretation will also be achieved with historical information on the distribution 
of birds, especially because populations of many bird species have declined or ranges 
contracted during the lifespan of many of the plant species concerned (e.g. kererū; Lyver 
et al. 2008). 

Interpretation of this feature of the measure ‘sensitivity to climatic shifts’ will be heavily 
dependent on data of past and present climatic patterns, including mean, maximum and 
minimum data on: temperature, rainfall, and vapour pressure deficit. Mapped data on 
storminess or extreme events (e.g. floods) will also aid interpretation. Long-term records of 
vegetation pattern and composition (e.g. from the New Zealand pollen database) are also 
likely to aid interpretation of shifts in distribution and abundance. 

2.4.6 Analysis and reporting approach 

2.4.6.1 Reporting suitable for a range of audiences 

Reporting formats for both the three primary measures and the secondary measures are 
identical to the other measures of vegetation. Examples of graphics suitable for reporting to a 
general scientific audience are shown below for the two features of this measure. 

The percentage of species that are in designated functional types can be reported (Fig. 17). 

 

Figure 17. The effect of long-term application of two treatments on average percentage of species palatable to 
possums over 60 years. Sustained, intensive treatment produced a significant improvement in representation of 
palatable species, while irregular widespread treatment was indistinguishable from no possum management at 
all. 
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Species-richness for designated functional types can be reported (Fig. 18). 

 

 

 

Figure 18. Twenty years after restoration began there has been a significant improvement in the number of 
species which are important bird food resources. At the end of the study period the restored areas were 
statistically similar to mature-regrowth stands, although they still lag behind intact (unlogged and unburnt) 
forests. 

 

• The percentage of plots where at least one member of the functional type is present 
(Occupancy) 

Of the three primary measures described in section 2.4.1.2, the first two are most easily 
presented as text, although they could also be graphed if desired. Changes in occupancy may 
be easier to interpret with the aid of maps showing where the species occurs (Fig. 19), 
particularly for analyses by region or management regime. 

The secondary measures listed in section 2.4.1.2 will be of particular interest for the 
palatability types, as much research to date has focused on the disproportionate impacts of 
pests on small (goats and deer) and large (possums) individuals (Nugent et al. 2001a) 
Appropriate techniques for reporting these secondary measures are outlined in the description 
of ‘Size structure of canopy dominants’ and should be combined with graphical comparisons 
of size-class distributions, which are easy for non-specialists to understand. 
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Figure 19. An example of an occupancy map. 
 

2.5 Distribution and abundance of exotic weeds and pests considered a threat – pests 

2.5.1 What we are trying to measure 

2.5.1.1 Identity of measures 

The animal pests that we are contracted to include in this work are: all deer, feral goats 
(Capra hircus) and European rabbits (Oryctolagus cuniculus). We believe that we should 
also include brushtail possums (Trichosurus vulpecula). For each of these animal pests we 
are interested in understanding spatial and temporal trends in distribution and abundance. 

2.5.1.2 Sampling universe for each measure 

The sampling universe for each measure is the land administered by DOC (= Conservation 
lands) that can be safely sampled, but this will vary according to the technique used for each 
animal pest. For the staff survey of distributions the sampling universe will be all 
Conservation lands. For helicopter-based surveys the sampling universe will be all 
Conservation lands that can be safely flown over. For ground-based surveys of possums and 
relative abundance measures for all pests, the sampling universe will be the parts of the 
Conservation lands that can be safely sampled by ground-based teams. 
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2.5.1.3 Measurement techniques and types 

We propose two approaches to measuring changes in pest animal distributions. The first 
method involves asking DOC Conservancy and Area staff which pest animal species are and 
are not present in a grid of 4-km2 cells (i.e. 2 km by 2 km) superimposed nationally on land 
administered by DOC (hereinafter termed ‘staff survey’). The resulting information would 
then be used to create distribution maps of the pest species on Conservation lands, and 
repeating the survey (e.g. every 5 or 10 years) would enable changes in distributions to be 
evaluated. The staff survey would also provide an opportunity for DOC staff to report new 
populations of pests (sensu Fraser et al. 2000). The survey approach would be easily 
transferable to regional council (and other agency) staff to estimate New Zealand-wide 
distributions of deer species, feral goats, rabbits, and possums. 

Because the probability of detecting an animal pest at a sampling location, given that they are 
present, will usually be <1, a significant problem with the staff survey method is false 
absences (i.e. a species is actually present but is not thought to be present by staff). 
Furthermore, the probability of false absences is likely to vary greatly both among and within 
staff both spatially and temporally. There will also be situations where false presences could 
occur. Because of these problems, it is considered essential to account for detection 
probability in studies of animal distribution and abundance (review in MacKenzie et al. 
2006). We therefore recommend a second approach that will enable detection probability to 
be estimated such that both abundance and distribution can be simultaneously modelled using 
hierarchical spatial models (Royle et al. 2007). The hierarchical spatial modelling approach 
of Royle et al. (2007) accounts for the spatially variable relationship between detection 
probability and abundance (where an abundance of 0 means the species is absent from a 
location). We therefore recommend that a helicopter-based survey (hereinafter termed ‘aerial 
survey’) of all deer, feral goats and rabbits be conducted in cells centred on the sampling 
locations at which the other measures are being estimated. Aerial survey is commonly used to 
estimate the abundance of ungulates outside New Zealand (e.g. Pople et al. (1998) and 
Forsyth et al. (2003a) for feral goats Capra hircus in Australia and Trenkel et al. (1997) for 
red deer Cervus elaphus scoticus in Scotland) and has been used in New Zealand to estimate 
the abundance of Himalayan tahr (Hemitragus jemlahicus; Choquenot et al. 2008). To our 
knowledge aerial survey has not been used to estimate the abundance of deer, feral goats or 
rabbits in New Zealand. We recommend that the numbers of each pest animal species be 
counted in a cell either 1 km by 1 km or 2 km by 2 km around each sampling location. (Note 
that at any sampling location multiple animal pests could be present, and more than one deer 
species, i.e. red, wapiti-type Cervus elaphus nelsoni, sika C. nippon, rusa C. timorensis, 
sambar C. unicolor, fallow Dama dama, and white-tailed Odocoileus virginianus borealis.) 
The aerial surveys should be conducted within 3 h of dawn or dusk in November–April, when 
animals are most likely to be visible. To simultaneously model distribution and abundance 
from survey data (Royle et al. 2007) requires at least two surveys (but preferably more; see 
sections 2.5.3.2 and 2.5.3.3) at each sampling location within each measurement period (i.e. 
within November–April). A protocol that standardises as many of the potentially important 
factors influencing detectability (e.g. helicopter type, number of observers, distance from the 
ground/canopy etc.) would need to be developed. 

The distribution and relative abundance of possums will be estimated using the trap-catch 
index (TCI) and the presence/absence of faecal pellets. The TCI was adopted by the National 
Possum Control Agencies in 1996 to ensure that the monitoring of possum abundance by the 
Department of Conservation, regional councils, and researchers was standardised (Warburton 
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2000). Although there have been minor changes to the protocol since 1996 (National Possum 
Control Agencies 2008a), the key components have not changed. The TCI involves locating 
one or more lines of 10 No. 1 double-coil-spring leghold traps at the sampling location; the 
first trap on a trap-line should be 20 m from the start point, and traps are set at 20-m intervals 
on the trap site (i.e. the nearest tree or fence post that will hold a fence staple). In the pilot 
study we used four such trap-lines emanating from the 20 × 20 m vegetation plot at 90o 
intervals (Fig. 20). 
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Figure 20. Provisional design of sampling location showing spatial arrangement of field measurements to derive 
five measures of ecological integrity. 

Key: 

20 × 20 m Vegetation plot 

1 × 1 m Rabbit quadrat 

Bird count station 
 
150-m Ungulate pellet transect 

200-m Possum trapping line 
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Traps are set for two consecutive fine nights (i.e. a night with no rain within 4 h of darkness); 
traps must be checked within 12 h of sunrise (as required by the Animal Welfare Act 1999), 
and all possums are killed as quickly as possible and removed from the trap. Non-target 
captures, escaped possums (identified from fur in the jaws of the trap) and sprung traps are 
also recorded. To calculate the TCI for a trap-line, the total number of possums caught is 
divided by the number of trap nights minus 0.5 trap nights for each non-target and sprung but 
empty trap, and that number is multiplied by 100%. The estimate of abundance (±95% CI; 
i.e. either confidence interval (Frequentist analysis) or credible interval (Bayesian analysis)) 
for the sampling location is then calculated using each trap-line as a sampling unit (National 
Possum Control Agencies 2008a). 

Since the number of nights that traps are set has a major bearing on the labour costs of field 
sampling, we set traps for only two consecutive fine nights at each of the 18 sampling 
locations in the pilot study. We also investigated how estimates of occupancy and abundance 
changed when data from the first night of trapping – rather than both nights – were used 
(section 2.5.3.3). 

The presence/absence of possum faecal pellets at a sampling location is an important source 
of information about occupancy. In the pilot study we recorded the presence/absence of 
possum faecal pellets in each of the eight rabbit quadrats plus the 30 plots along each of the 
four ungulate transects (see below). Possum faecal pellets were recorded at 16 of the 18 
sampling locations, including four at which possums were not detected using trap-lines. 
Hence, including presence/absence of possum faecal pellets in our analyses increased the 
estimated occupancy rates. 

We did not use the WaxTag® monitoring protocol (National Possum Control Agencies 
2008b) for two main reasons. First, the protocol requires monitoring to be conducted for 
either 3 or 7 nights (National Possum Control Agencies 2008b) and based on our experiences 
with the TCI (Forsyth et al. 2005) we thought that the latter method would be more likely to 
be useful if used for 1 or 2 nights (to reduce costs). The results of the pilot study support this 
decision. Second, in contrast to the TCI the usefulness of the WaxTag® protocol as an index 
of possum abundance has not been demonstrated in a peer-reviewed journal. Notwithstanding 
these two points, future work could investigate the usefulness of waxtags for estimating 
occupancy and abundance of possums within the IMP. 

Since ground-based measurements would be undertaken at each sampling location (including 
TCI), we also recommend that the opportunity be taken to conduct faecal pellet counts for 
deer, feral goats and rabbits: conducting these ‘faecal surveys’ would provide useful 
information on both distribution and abundance at relatively little additional cost. We 
recommend that the relative abundance of all deer and feral goats be measured using the 
faecal pellet index (FPI; Forsyth 2005; Forsyth et al. 2007). Given that Forsyth et al. (2007) 
showed a positive and approximately linear relationship between fecal pellet abundance and 
known deer density (in 20 enclosures throughout New Zealand), then it is reasonable to infer 
that temporal changes in faecal pellet abundance reflect temporal changes in deer abundance. 
Parkes (1983) used the recruitment of feral goat faecal pellets in marked plots to evaluate the 
effectiveness of goat control methods in Raukumara State Forest Park. The faecal pellet 
counts were considered ‘imprecise’ but no worse than the other index used (the number of 
goats seen per hour; Parkes 1983: 273). The relationship between faecal pellet abundance and 
known goat density has not been evaluated, but we assume that the relationship is positive 
and linear. In the pilot study we used the Forsyth (2005) protocol to count intact faecal pellets 
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along four 150-m transects emanating from the 20 × 20 m vegetation plot at 90o intervals at 
each sampling location (Fig. 20). The number of intact faecal pellets are counted in 30 
circular plots of 1-m radius along each transect (i.e. spaced every 5 m). The total number of 
intact faecal pellets counted along a transect is the Faecal Pellet Index. 

The pellets of each of the various deer species present in New Zealand cannot be reliably 
differentiated in the field and it can also be difficult for observers to identify the pellets of 
deer, chamois, Himalayan tahr, feral goats and feral sheep. The FPI is therefore a measure of 
the relative abundance of all of these species at each sampling location. Our preferred option 
to determine which of the ungulate species were present/absent at each sampling location (i.e. 
occupancy) was to use aerial surveys (see above). However, for financial reasons it was 
decided to instead use expert opinion to determine which species were present/absent at each 
sampling location. Two sources of expert opinion were used. The first source was a 
questionnaire that we circulated to the DOC staff most familiar with animal pests at each 
sampling location. We asked the DOC staff to identify which mammal pest species were 
present/absent within a 2 km by 2 km (i.e. 4 km2) area around the sampling location. A 
species was defined as ‘present’ (‘absent’) if the expert(s) believed that one or more 
individuals of that species would (not) have been present within the 4-km2 cell when the 
abundance monitoring was conducted. The second source was DOC’s national maps of pest 
animal distribution (Kappers & Smith 2009; Fig. 21). The data in that project were also 
compiled by DOC experts, albeit at a different scale (1:250 000 cf. 4 km2) to our survey of 
expert opinion and during 2007–08 rather than at the time of our field monitoring (summer 
2008/09). We superimposed the 4-km2 cells that included our sampling locations over the 
relevant pest animal maps (i.e. feral goats and the various deer species; Fig. 21): if the taxa 
were present in any part of that cell then it was deemed ‘present’ at the sampling location; if 
it was not recorded within any of that cell then it was deemed ‘absent’. 

We also recommend that the relative abundance of rabbits is measured at each sampling 
location using faecal pellet counts. We note that this method is not described in either 
McGlinchy & Barker (1997) or the National Possum Control Agencies’ best practice 
guidelines for rabbit monitoring (National Possum Control Agencies 2006), but the methods 
suggested in those documents are either impractical to implement throughout land 
administered by DOC (night counts) or are not useful for estimating national trends in rabbit 
abundance (the Modified McLean scale). Only one New Zealand study has investigated the 
relationship between rabbit abundance and pellet density (Taylor & Williams 1956): data 
reported in table 2 of that study indicate an approximately linear relationship between pellet 
counts (per square foot – 0.09290304 m2) and the abundance of rabbits in five stocked 
enclosures (either 10 or 25 per acre – 0.4046863 ha). Counts of rabbit pellets were positively 
correlated with rabbit abundance in an Australian study (Wood 1988). Based on the 
Australian study we suggest that rabbit pellets be counted on eight 1 × 1 m quadrats (Wood 
1988) at each sampling location (Fig. 20). Each quadrat corner was permanently marked with 
a labelled metal peg and the location of each quadrat recorded with GPS. As for possums, we 
also recorded whether or not rabbit pellets were present in plots on each of the four ungulate 
transects in the pilot study. Since rabbit pellets were only detected at one of the 18 sampling 
locations we cannot assess the usefulness of the additional information provided from 
recording presence/absence rabbit pellet data along the ungulate transects. However, at the 
sampling location where rabbit pellets were counted in all eight rabbit quadrats, pellets were 
also detected on all four ungulate transects, suggesting that collecting these data would 
provide useful information about occupancy. 

95 



 

2.5.1.4 What patterns exist nationally? 

The national distributions of all deer species and feral goats in the mid-1990s were mapped 
by Fraser et al. (2000) and were updated in 2007–08 by Kappers and Smith (2009). For 
example, the area currently thought to be occupied by feral goats is shown in Fig. 21. Large 
areas of Conservation lands were designated as unoccupied by deer and feral goats. There are 
likely to be patterns in the relative abundances of deer and feral goats depending on the 
species present, time since colonisation, habitat, access to grasslands and history of hunting. 
For example, the relative abundance of deer in open habitats was greatly reduced by 
helicopter-based hunting, with highest densities of survivors (as indicated by faecal pellet 
counts) in the mid-slope forests (e.g. Challies 1985; Stewart & Harrison 1987). Hunting is 
thought to have reduced national densities of red deer in forested habitats to c. 3–4 deer km-2, 
but are thought to be lower in the South Island (2–5 deer km-2) than the North Island (5–15 
deer km-2) (Nugent & Fraser 2005). Densities are also likely to be higher for smaller-bodied 
deer (i.e. white-tailed, fallow and sika) than larger deer (rusa, red, wapiti and sambar). 

Rabbits are seldom found above about 1000 m and 1200 m a.s.l. in the South and North 
islands, respectively, and are absent from wet sites and intact forest except adjacent to 
grasslands (Norbury & Reddiex 2005). The highest densities are in Central Otago, the 
Mackenzie Basin, North Canterbury and Marlborough, but are periodically reduced by 
epidemics of RHD and by control programmes (Norbury & Reddiex 2005). 

Possums have colonised most suitable habitat on Conservation lands (Kappers & Smith 
2009). The only large areas of land administered by DOC without possums are thought to be 
in south Westland and western Fiordland (Cowan 2005; but see Kappers & Smith 2009). The 
only other expected national pattern for this species is that relative abundance will, all other 
things being equal, decrease with increasing elevation. Intensive control of possums for the 
purposes of eradicating bovine Tb for the last decade has greatly reduced the abundance of 
possums in regions where the disease is present. 
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Figure 21. Location of the 18 sampling locations superimposed on DOC’s distribution of feral goats in 
New Zealand. 
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Climate change is likely to alter sea levels, temperature, precipitation and the frequency and 
magnitude of extreme weather events in New Zealand in the next 90 years 
(Intergovernmental Panel on Climate Change 2007; Ministry for the Environment 2008). In 
New Zealand, a warming of 0.2–2.0oC is expected by 2040 and 0.7–5.1oC by 2090 (Ministry 
for the Environment 2008). Other changes that may affect the distributions and abundances of 
animal pests include rainfall (wetter in the west of the North and South islands and drier in 
the east and north), decreased frost risk and decreased seasonal snow cover (Ministry for the 
Environment 2008). Although no work has been done on the implications of likely climate 
change scenarios for vertebrate pests in New Zealand (McGlone 2001, unpublished report) or 
elsewhere (Brook 2008), we think it is possible that the distributions and abundances of some 
animal pests (e.g. rabbits) may change in response to climate change by 2100. The 
distributions and abundances of the animal pests estimated using the monitoring framework 
proposed here could be used, in conjunction with bioclimatic information, to predict the 
likely consequences of New Zealand climate change scenarios (e.g. Ministry for the 
Environment 2008) on animal pests. 

2.5.2 What we are going to report 

2.5.2.1 What statistics will be reported? 

For all animal pests we will be able to explicitly report on geographic range size (including 
range expansions and new populations), occupancy and abundance. The staff survey will 
provide an estimate of the geographic range size (km2) of each species on Conservation land 
and also identify any known major changes in distribution (including ‘new incursions’). 
Occupancy is defined (MacKenzie et al. 2006; Bailey et al. 2007) as the probability that a 
site is occupied by a species (i.e. the sampling location contains at least one individual of the 
species). The methods recommended here will enable mean occupancy rates and 
abundances (and their associated 95% CIs) to be reported for each of the animal pests. 
Counts of deer, feral goats and rabbits in aerial surveys, and possums in trap-lines, would be 
used to simultaneously estimate both occupancy and abundance for each sampling location 
(Royle et al. 2007). Importantly, the model of Royle et al. (2007) will enable abundance to be 
predicted for cells that were not sampled, producing a ‘prediction surface’ (see fig. 8 in Royle 
et al. 2007). Forsyth et al. (2009) generated a map of the relative abundance of sambar deer 
(Cervus unicolor) in part of Victoria, Australia, from data (Faecal Pellet Index) that we 
propose to collect in this project: that approach could also be applied to possums and rabbits. 

The data collected in the faecal surveys for ‘all deer and feral goats’ and rabbits would be 
reported as a faecal pellet count and a 95% CI. Although the faecal pellets of rabbits can be 
easily identified from those of all deer and feral goats, those of all deer and feral goats cannot 
be reliably distinguished. Hence, the results of the staff survey of distributions and the 
distribution and abundance modelling using data collected during the aerial survey would be 
used to partition the sampling locations into those that have (1) only deer present, (2) only 
feral goats present, and (3) have both feral goats and deer present. Mean faecal pellet counts 
(and their 95% CI) can be reported for each of these three classes. 

98 



 

2.5.2.2 Frequency of measurement and reporting 

The frequency of remeasurement depends upon the real change (increase or decrease) in both 
distributions and relative abundance that DOC wants to detect: this has not yet been 
specified. Once that is known, then the desired frequency of remeasurement will be largely 
determined by the maximum expected increase or decrease in occupancy and abundance. 

The maximum possible annual increase in abundance for ‘all deer’ and possums is about 35% 
(Duncan et al. 2007); for feral goats about 53% (Parkes et al. 1996), and for rabbits about 
1200% (Caley & Morley 2002). National rates of increase are likely to be lower than these 
estimated local maxima. 

Maximum increases in distribution would be a function of both maximum annual increase 
and dispersal rates and the amount of suitable but unoccupied habitat. Caughley (1963) 
estimated the long-term rate of red deer breeding range expansion to be 1.6 km year-1. There 
are no published estimates available for the other animal pests. Deliberate and accidental 
releases of animals can also establish new populations a long way from existing wild 
populations (Fraser et al. 2000). The maximum possible annual decreases in distribution and 
abundance are likely to be a function of control effort for all of the animal pests, and also 
disease (e.g. RHD) for rabbits. 

The similar maximum rates of increase for all deer, feral goats and possums suggest that the 
remeasurement interval for estimating changes in distribution and abundance need not be 
more frequent than 3 years. Rabbits can increase far more quickly than the other mammal 
pests and large increases/decreases can occur from one year to the next. If large increases or 
decreases in rabbit abundance were expected (e.g. due to introduction of a biocontrol agent) 
then monitoring could be conducted annually or every second year. In the absence of such 
expectations monitoring could be conducted at the same frequency as for the other mammal 
pests. Norbury et al. (2001, unpublished report to DOC) recommended a 5-year frequency of 
monitoring for deer, feral goats, possums and rabbits in Canterbury Conservancy and that is 
what we recommend here. 

Following remeasurement of sampling locations at time t+1, the temporal change in 
geographic range size since time t can be reported for each pest animal nationally, or for any 
subset of Conservation land (see Supplementary Table 17), in two ways. First, using the 
distribution maps generated from the staff survey. Second, by estimating changes in 
occupancy (i.e. data collected in aerial [all deer, feral goats and rabbits] and ground surveys 
[possums]) using the method of Royle et al. (2007). Temporal changes in abundance of the 
pest animals would be reported in two ways. First, changes in abundance based on data 
collected in aerial surveys (i.e. all deer, feral goats and rabbits) conducted at times t and t+1 
can be estimated using the method of Royle et al. (2007). Second, changes in the relative 
abundances of each animal pest can be estimated after each remeasurement as follows. For all 
deer, feral goats and rabbits, the change in relative abundance can be reported as the 
percentage change in faecal pellets following Forsyth (2005). After multiple remeasurements 
of the same sampling locations, ‘route-regression’ methods can be used to estimate trends in 
faecal pellet abundance for all deer, feral goats and rabbits (e.g. Link & Sauer 1998). The 
relative abundance of possums would be estimated from the capture rate of leghold traps (i.e. 
TCI; National Possum Control Agencies 2008a) rather than faecal pellets. The national 
change in the TCI can be reported using spatial hierarchical models (Royle et al. 2007). 
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2.5.2.3 Hierarchies of reporting 

See 2.2.2.4 and 2.2.2.5; otherwise not applicable. 

2.5.2.4 Spatial and temporal analyses for interpreting variability in measurements  

It is likely that the distribution and abundance of all pest animals will vary with the same 
biological drivers (i.e. vegetation type and access to grasslands, time since colonisation, and 
histories of control and harvesting). Hence, both distribution and abundance should be 
analysed at the following spatial scales within Conservation lands for all of the pest animals: 
North Island; South Island; Stewart Island; by Conservancy; within exotic forest, beech 
forest, podocarp forest, broadleaved forest, snow tussock grassland, subalpine scrub, lowland 
tussock, and subalpine or alpine herbfield. 

For ‘all deer’ there will also be variation in distribution and abundance according to the deer 
species present. Hence, abundance data should be analysed at the following spatial scales 
within Conservation land; sampling locations with red deer present, wapiti-type deer present, 
white-tailed deer present, fallow deer present, sambar deer present, rusa deer present, and 
with sika deer present. Depending on the number of locations sampled, it may be possible to 
subdivide sampling locations on the basis of deer species and vegetation type (e.g. sika deer 
in North Island beech forest and red deer in South Island beech forest). If DOC wishes to 
sensibly evaluate such subdivisions then the number of sampling locations that would need to 
be sampled would increase substantially; such objectives need to be made explicit prior to 
sampling location selection. 

It is claimed that parts of New Zealand are deer-free (e.g. Coromandel and Northland; Fraser 
et al. 2000; Nugent & Fraser 2005), and such claims could be investigated using the 
distribution maps generated from both the staff survey and from the results of aerial and 
ground surveys in sampling locations within those areas. (We emphasise that any 
observations of pest animals made by staff conducting the ground sampling for any measure 
would be recorded and used in analyses of distributions and abundances.) The changes in 
range sizes for ‘all deer’, feral goats and each deer species since the mid-1990s could be 
evaluated by comparing the staff survey distribution maps and the abundance maps (Royle 
et al. 2007) with the maps of Fraser et al. (2000). These maps would also be used to 
determine whether some deer species have moved islands (e.g. sika deer to the South and 
Stewart islands and white-tailed deer to the North Island). 

The distribution and abundance of possums could be analysed according to time since 
colonisation using the maps in Fraser et al. (2004). For example, Cowan (2005: 61) claimed 
that ‘Northland has been completely colonised only in the last 15 years (1989–2004)’ and that 
areas of South Westland, western Fiordland, South Canterbury and north-west Otago had not 
been colonised. It may be possible that some of these areas have now been colonised, and if 
they have, the abundance of possums there is likely to be low. 

Norbury and Reddiex (2005) presented a map of the relative density (low, medium and high) 
of rabbits in the North and South islands (rabbits are not present on Stewart Island). It would 
be sensible to compare occupancy and abundances of sampling locations within those three 
abundance classes; this should be done by overlaying the map of Norbury and Reddiex 
(2005) on the network of DOC monitoring sampling locations within a GIS and assigning 
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each of the DOC classes into those three classes (and an additional ‘absent’ class for those 
outside the known distribution). 

2.5.2.5 Presentation of national patterns 

If DOC wishes to evaluate how control programmes change distribution and abundance at the 
national scale, then this could be done for all the pest animals by including one or more 
‘management’ covariates in analyses (see MacKenzie et al. 2006; Royle et al. 2007): if the 
desired (e.g. 90 or 95%) CI for the covariate parameter included zero then it can be concluded 
that that management action did not alter abundance. The same approach could be taken to 
estimating the effects of management actions on relative abundance using route-regression-
type models (Link & Sauer 1998). A simpler approach would be to report on changes in 
faecal pellet abundance among sub-sets of the sampling locations, e.g. for only red deer or for 
only within a specified region or vegetation classes (see sections 2.5.3.2 and 2.5.3.3). Table 
29 and Fig. 22 show how data have been reported for faecal pellet counts along the same 50 
randomly located transects in two areas in Waihaha (central North Island) that are part of 
DOC’s Forest and Deer study. Note that the treatment area is subject to recreational hunting, 
DOC-funded ground-based deer control and deer mortality from 1080 possum baits that do 
not have deer repellent; the non-treatment area is subject only to recreational hunting, and 
there is thought to have been little or no mortality from 1080 possum baits treated with deer 
repellent. Similar tables and figures could be produced for changes in the relative abundance 
of all deer (and each of the deer species), feral goats, rabbits, and possums at sampling 
locations subject to different management. 

 

Table 29. Annual percentage changes in red deer faecal pellet INDEX in the Waihaha treatment and non-
treatment areas, 2005–2007. 

 NON-TREATMENT AREA TREATMENT AREA 

Parameter 2005/06 2006/07 2005/06 2006/07 

Lower 95% CL −47.0% −72.6 −87.6% 17.8% 

Mean  −5.8% −48.4 −78.2% 120.3% 

Upper 95% CL 61.9% −5.0 −61.3% 308.0% 
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Figure 22. Mean and 95% confidence intervals for faecal pellet indices (FPI) in the Waihaha treatment and non-
treatment areas, 2005–2007. The same 50 transects were sampled in each year. 
 

2.5.3 Cost-effective sampling designs 

2.5.3.1 Justification for where sampling design departs from consistent approach 
across measures/elements 

Not applicable. 

2.5.3.2 Trade-offs between precision and sampling effort in relation to 
conservation management needs 

Not applicable. 
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2.5.3.3 Determination of sampling intensities to estimate the measure/element to 
within 5% at the 90% confidence limits 

2.5.3.3.1 Occupancy for all deer, feral goats and rabbits 

We propose that aerial surveys be used to estimate occupancy, and changes in occupancy, for 
all deer, feral goats and rabbits. Identification of an appropriate sampling design for detecting 
changes in occupancy of all deer and feral goats was based on assigning a probability of 
detecting animals on a single helicopter-based survey of a 4-km2 (2 km by 2 km) cell centred 
on a sampling location. Each of the Vegetation Cover Map (VCM) classes within 
Conservation lands was assigned to one of eight broad vegetation classes: Forest, Forest–
Scrub, Open, Open–Forest, Open–Scrub, Scrub, Tall tussock and Tall tussock – Scrub. The 
VCM was used to calculate the percentage of Conservation land covered by each of these 
vegetation classes (Tables 30 and 31). If a random or systematic survey is used, then the 
proportion of sampling locations occurring in each vegetation type will be proportional to the 
percentage of Conservation land covered by that vegetation type. 

There has not been any previous work on helicopter-based surveys of deer, feral goat and 
rabbits in New Zealand, so detection probabilities (i.e. the probability of observing at least 
one deer, feral goat or rabbit at a sampling location during a single helicopter survey, given 
that they are present) were unknown for any of the eight vegetation types. We therefore 
guessed detection probabilities for both ‘all deer’ (i.e. assuming the different species of deer 
have equal detection probabilities) and feral goats in eight different habitat types at four 
different densities (Tables 30 and 31). Feral goats have a higher detection probability than 
deer in each density class because of their greater propensity to use open areas during 
daylight hours, more social behaviour (i.e. larger groups are more likely to be observed than 
smaller groups), and often having coat-colours that are more observable than deer (e.g. 
white). The different density classes are based on data reported for red deer (Nugent & Fraser 
2005) and feral goats (Parkes 2005). Hence, the detection probability was assumed to vary 
with population density. 

From the detection probabilities in Tables 30 and 31 we used the binomial distribution to 
calculate the probability of not observing deer or feral goats at a sampling location when they 
were actually present (i.e. the probability of a false absence), for a given maximum survey 
effort per sampling location (Figs 23 and 24). The geographic range sizes of deer and feral 
goats on Conservation land were provided to us by S. Ferriss (DOC): the range shared by 
feral goats and deer (i.e. overlap) was 1 393 638 ha, the range occupied by feral goats and not 
deer was 509,916 ha, the range occupied by deer and not feral goats was 5 425 279 ha, and 
the range unoccupied by deer or feral goats was 1 071 001 ha (total Conservation land was 
8 399 833 ha). Based on the false absence probabilities and the geographic range sizes, we 
were able to explore, using simulations, the probability that a true change in occupancy rate 
(i.e. number of sampling locations occupied) would be detected for a given number of 
surveys. This was achieved by randomly assigning occurrences to sampling locations, then 
using detection probabilities to calculate an observed occupancy rate at time t1. The true 
occupancy rate was increased by 5%, with these new occurrences being randomly allocated 
to previously unoccupied sampling locations, and presence was assumed to be maintained in 
all previously occupied sampling locations. Observed occupancy was then calculated for the 
second sample (t2). We incorporated the geographic range sizes described above into the 
simulations such that changes in occupancy and abundance reflected the current distributions. 
For estimating changes in occupancy, deer and feral goats could both occupy the same 
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sampling location but changes in abundance were only estimated for the subsets of sampling 
locations at which only feral goats or only deer were detected because the faecal pellet counts 
of the two species cannot be reliably discriminated. 

 
Table 30. Probability of detecting deer in one helicopter survey of a 4-km2 cell consisting of the specified 
habitat for four densities of deer. Note that % Cover does not sum to 100% because four VCM classes were 
excluded: ‘none’, ‘river’, ‘lake’ and ‘urban’. 

  DEER DENSITY PER SQUARE KILOMETRE 

Vegetation type 

% cover on 
Conservation 
lands Very low (<1) Low (1–5) Medium (5–30) High (>30) 

Open 14.09 0.6 0.75 0.9 0.98 

Tall tussock 2.35 0.5 0.6 0.8 0.95 

Scrub 5.45 0.2 0.4 0.6 0.9 

Forest 51.01 0.1 0.2 0.3 0.6 

Open–Scrub 11.97 0.4 0.575 0.75 0.89 

Open–Forest 1.84 0.35 0.475 0.6 0.74 

Forest–Scrub 8.48 0.15 0.3 0.45 0.75 

Tall tussock – Scrub 0.15 0.35 0.5 0.7 0.925 

 

Table 31. Probability of detecting feral goats in one helicopter survey of a 4-km2 cell consisting of the specified 
habitat for four densities of deer. % cover does not sum to 100% because four VCM classes were excluded: 
‘none’, ‘river’, ‘lake’ and ‘urban’. 

Vegetation type 

% cover on 
Conservation 
lands 

Very low feral 
goat density 
 (<5 per km2) 

Low feral goat 
density  
(5–15 per km2) 

Medium feral 
goat density  
(15–90 per km2) 

High feral 
goat density  
(>90 per km2) 

Open 14.09 0.85 0.95 0.98 1 

Tall tussock 2.35 0.7 0.8 0.95 0.98 

Scrub 5.45 0.4 0.7 0.85 0.95 

Forest 51.01 0.25 0.4 0.6 0.75 

Open–Scrub 11.97 0.625 0.825 0.915 0.975 

Open–Forest 1.84 0.55 0.675 0.79 0.875 

Forest–Scrub 8.48 0.325 0.55 0.725 0.85 

Tall tussock – Scrub 0.15 0.55 0.75 0.9 0.965 
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A    B  

C   D  

Figure 23. Probability of false absence (i.e. failure to detect the presence of deer given that they are present) for eight habitats at four deer densities; (A) Very low, (B) Low, 
(C) Medium, and (D) High. 
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A   B  

C    D  

Figure 24. Probability of false absence (i.e. failure to detect the presence of feral goats given that they are present) for eight habitats at four feral goat densities; (A) Very low, 
(B) Low, (C) Medium, and (D) High. 
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We used a one-tailed binomial test to determine if the observed increase in occupancy rate 
from t1 to t2 was greater than expected at random, according to a binomial distribution. This 
process was repeated 1000 times for each combination of sample size, maximum number of 
surveys per sampling location, and population density. Our assumption that population 
density was the same for all occupied sampling locations is unrealistic but was made to 
quicken the simulations. We again emphasise that the simulations are indicative only and that 
field data are required to accurately estimate the optimal numbers of sampling locations and 
surveys per sampling locations needed to detect desired changes in occupancy. Sample sizes 
spanned 100–2000, with increments of 100 sampling locations examined within this range. 
Six levels of maximum per-sampling location survey effort (i.e. 1, 2, 3, 4, 5, 10, and 15 
helicopter-based surveys per sampling location per time t) within a single year were used. For 
each of these combinations, the proportion of simulations giving a significant (P < 0.1) result 
was calculated. In all simulations, for each habitat a minimum number of surveys per 
sampling location was set as the number of surveys required to give a false absence 
probability of <0.01. This minimum number of surveys was used when it was lower than the 
maximum per-sampling location survey effort. 

Assuming that deer are at ‘very low’ densities throughout their current range (Nugent & 
Fraser 2005), 20 surveys at ≥1900 sampling locations gave a 90% or better probability of 
detecting a real 5% increase in occupancy (Fig. 25A). As the density of deer increased (from 
very low to low to medium to high) the number of surveys and sampling locations required to 
detect any real increase declined (Figs 25 and 26). However, the power to detect a real 5% 
increase in occupancy increased dramatically from about 600 to 1000 sampling locations 
when there were four or more surveys per sampling location and deer density was low, 
medium and high (Fig. 25A, E). 

Three or more surveys per sampling location and ≥1000 sampling locations gave a ≥86% 
chance of detecting real 15% and 20% increases in occupancy rates at very low and low deer 
densities, and >95% chance of detecting real increases of ≥10% at medium and high deer 
densities (Figs 25C, D, G, H, 26B–D, F–H). If 500 sampling locations were used at low deer 
density, ≥15 surveys per sampling location would provide a ≥81% chance of detecting a real 
10% increase in occupancy (Fig. 25B) and five or more surveys per sampling location would 
provide a ≥78% chance of detecting real increases of 15% and 20% in occupancy (Fig. 25C, 
D). Three surveys per sampling location and 500 sampling locations gave a ≥85% chance of 
detecting a 20% increase in occupancy at very low deer density (Fig. 25D) and a ≥15% 
increase at low and medium deer densities (Fig. 25G, H), and a >96% chance of detecting 
increases of ≥10% at high deer densities (Fig. 25F, G). 

A similar pattern was observed for changes in feral goat occupancy as for changes in deer 
occupancy (Figs 27 and 28). Although at least 1000 sampling locations and more than 15 
surveys per location would be required to detect a real 5% change in the occupancy rate of 
feral goats at very low density with >80% certainty (Fig. 27A), because feral goats were 
assumed to be more detectable than deer there is a better than 80% chance of detecting a 10% 
increase at very low density with 1000 sampling locations surveyed three times at time t1 and 
t2 (Fig. 27B). Three surveys at each of 500 sampling locations would detect real increases of 
15% and 20% occupancy rates at all four feral goat densities (Figs 27C, D, F, G, 28C, D, G, 
H), and have a ≥80% chance of detecting 10% increases in occupancy at medium and high 
feral goat densities (Fig. 28B, F). 

107 



 

 
Figure 25. Proportion of simulations in which binomial tests gave a significant (P < 0.1) result for a real 
increase of 5%, 10%, 15% and 20% in deer occupancy rates for different numbers of sampling locations and 
surveys per sampling location. (A)–(D) are for very low deer abundances and (E)–(F) are for low deer 
abundances. 
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Figure 26. Proportion of simulations in which binomial tests gave a significant (P < 0.1) result for a real 
increase of 5%, 10%, 15% and 20% in deer occupancy rates for different numbers of sampling locations and 
surveys per sampling location. (A)–(D) are for medium deer abundances and (E)–(F) are for high deer 
abundances. 
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Figure 27. Proportion of simulations in which binomial tests gave a significant (P < 0.1) result for a real 
increase of 5%, 10%, 15% and 20% in feral goat occupancy rates for different numbers of sampling locations 
and surveys per sampling location. (A)–(D) are for very low feral goat abundances and (E)–(F) are for low feral 
goat abundances. 
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Figure 28. Proportion of simulations in which binomial tests gave a significant (P < 0.1) result for a real 
increase of 5%, 10%, 15% and 20% in feral goat occupancy rates for different numbers of sampling locations 
and surveys per sampling location. (A)–(D) are for medium feral goat abundances and (E)–(F) are for high feral 
goat abundances. 
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We emphasise that our deer and feral goat occupancy simulations are based on guessed 
detection probabilities and results should be treated as indicative rather than prescriptive. We 
strongly recommend that our simulations are updated using data collected in the first year of 
sampling (i.e. t1). 

The aerial surveys would also provide information that would be used to estimate occupancy 
rates for rabbits. However, there are no estimates of helicopter-based detection probability 
available for this species in New Zealand or elsewhere, and we were uncomfortable guessing 
detection probabilities. It was therefore not possible to estimate how much sampling effort 
would be required to detect a 5% change in rabbit occupancy. We suggest that these 
relationships be evaluated with data collected during the first year of implementation. 

2.5.3.3.2 Occupancy and abundance of possums 

A key question is how many trap-lines need to be set at a sampling location to detect possums 
with a desired level of confidence given that they are present? We investigated this question 
using simulations based on a larger data set collected in a 2-year study of seasonal changes in 
the trappability of a low- (mean TCI = 7%) and a high-density (22% TCI) possum population 
(Forsyth et al. 2005). The simulations were conducted as for deer and feral goat occupancy 
rates except that we did not include any information on the proportion of Conservation land 
that is occupied by possums (because that information was not available). As per the latest 
protocol (National Possum Control Agencies 2008a), the simulations were conducted based 
on lines of 10 traps. Our simulations suggest that four trap-lines, each of 10 traps and set for 
three fine nights, at 1000 sampling locations will have a c. 75% chance of detecting a real 5% 
increase in the occupancy rate of possums when the TCI was low at time t1 (Fig. 29A). Such 
a sampling effort has a 100% chance of detecting real increases of ≥10% in the occupancy 
rate of possums at low and high density (Fig. 29B–D, F–H). Setting four trap-lines at 500 
sampling locations had only a 21.5% chance of detecting a real 5% increase in the occupancy 
rate of possums at low TCI, but this increased to 100% for detecting increases of ≥10% at 
both low and high TCIs. 

Forsyth et al. (2005) investigated both nonlinearity and seasonal bias in the TCI as an index 
of possum abundance. It was concluded that the index was nonlinear, becoming ‘saturated’ at 
high possum abundances, and that there were seasonal biases. Given the absence of a cost-
effective alternative, it was concluded that the TCI continue to be used but that seasonal 
biases be minimised by conducting repeat sampling in the same season. The number of 
locations that need to be sampled, and the number of trap-lines that should be set at each 
sampling location, in order to detect real increases in possum TCI with 90% confidence were 
investigated using the pooled data from the low and high TCI populations studied by Forsyth 
et al. (2005). The simulation results (Fig. 30) show that benefit comes from increasing the 
number of trap-lines per sampling location and not the number of sampling locations. Four 
trap-lines (each of 10 traps) set at each of 1311 sampling locations have a greater than 78% 
chance of detecting a real TCI increase of 5% (Fig. 30A). The same sampling effort has a 
≥94% chance of detecting real increases of ≥10% TCI (Fig. 30B–D). 
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Figure 29. Proportion of simulations in which binomial tests gave a significant (P < 0.1) result for a real 
increase of 5%, 10%, 15% and 20% in possum occupancy rates for different numbers of sampling locations and 
trap-lines per sampling location. (A)–(D) are for low density possum populations and (E)–(F) are for high 
density possum populations. 
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Figure 30. The proportion of simulations for each combination of sampling locations and numbers of trap-lines 
per sampling location that gave a statistically significant increase (P < 0.1) using the binomial test, where real 
TCI increased by 5%, 10%, 15% and 20% from t1 to t2. 
 

We used the data collected at 18 sampling locations in the pilot study to investigate the 
effects of trapping possums for only one night rather than the recommended minimum two 
nights (National Possum Control Agencies 2008a). For this comparison we assumed that 
information on occupancy from possum faecal pellets observed in the ungulate and rabbit 
quadrats did not change with the number of nights trapped. At one sampling location trapping 
was only conducted for one night (heavy rain fell on the second night): data from this 
sampling location were included in our one-night estimates of possum occupancy and 
abundance. Our inferences about possum occupancy and abundance did not vary greatly if 
one or two nights of trapping were conducted (Figs 31 and 32). Although based on only 18 
sites (at six of which no possums were trapped), these results suggest that trapping could be 
reduced from two to one nights. We recommend that data collected from two nights of 
trapping in the first year of monitoring (i.e. from c. 262 sampling locations) be similarly 
analysed to investigate the consequences of trapping for one rather than two nights. 
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Figure 31. Ordered mean estimates (and 95% confidence intervals) of relative possum abundance at the 18 sites 
sampled during the pilot study estimated with one or two nights of trapping. Note that trapping was only 
conducted for one night at BQ105. 

 

Figure 32. Occupancy rates and relative abundances (trap-catch index; TCI) of possums estimated based on 
either one or two nights of trapping. Note that occupancy estimates for both nights made use of the same 
ancillary information collected on the ungulate and rabbit transects (see text). 
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2.5.3.3.3 Abundance of all deer, feral goats and rabbits 

We recommend that faecal pellet counts are used to estimate changes in relative abundance of 
all deer, feral goats and rabbits. The same method (the Faecal Pellet Index, FPI; Forsyth 
2005; Forsyth et al. 2007) will be used to count the faecal pellets of all deer and feral goats, 
but a different method will be used to count the faecal pellets of rabbits. 

We used FPI data collected at three areas (Hopkins and Huxley valleys in South Canterbury 
and Waihaha, west of Lake Taupo) in 2005–2007 in DOC’s Forest and Deer study to identify 
sampling designs for detecting changes in the abundance of all deer. Sampling was conducted 
along 150-m transects, with 30 circular quadrats of 3.14 m2 per transect (i.e. spaced at 5-m 
intervals). For the purposes of our simulations, each transect was treated as a separate 
sampling unit or sampling location, giving mean faecal pellet counts at t1. A true change in 
mean faecal pellet counts for each transect was applied by adding 5% to the count observed 
in each quadrat (zero counts remained unchanged), giving a mean faecal pellet count at t2. To 
reflect the stochastic nature of faecal pellet counts, 104 bootstrap samples were generated 
from samples at t1 and t2 for each transect. The mean faecal pellet count for bootstrapped 
samples from t1 and t2 was compared to give the proportion of permutations where the 
observed change in mean pellet counts (i.e. the difference between bootstrapped samples) 
was in the same direction as the true change in pellet counts. The mean of these proportions 
was calculated across transects and interpreted as the average probability for a single transect 
that a true change of 5% in mean faecal pellet count will be reflected by an observed change 
in mean pellet count in the same direction. This value was then used in binomial tests to 
examine whether the observed proportion of sampling locations showing an observed change 
in a particular direction is significantly greater than that expected at random (assumed to be 
0.5). This was repeated for a wide range of sampling locations and numbers of transects per 
sampling location. The simulations indicate that the proposed sampling design (i.e. four 
transects at each of 1311 sampling locations) would have a >95% probability of detecting a 
real change in FPI of ≥5% (Fig. 33A). 

There were no historical data to use in simulations investigating how many sampling 
locations and quadrats per sampling location are required to detect real changes in the 
abundance of rabbits, and rabbit pellets were counted in the rabbit quadrats at only one of the 
18 sampling locations in the pilot study – too few to use in simulations. We therefore 
recommend that data collected in the first year of sampling (i.e. at c. 262 sampling locations) 
be used to evaluate those relationships. 
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Figure 33. P-values from binomial tests of whether the number of sampling locations and transects per 
sampling location where mean FPI increases are greater than that expected at random, where real FPI increased 
by 5%, 10%, 15% and 20% from t1 to t2. P-values of <0.1 are considered desirable. 
 

2.5.3.4 Optimal integration of historical data (including biased data) 

2.5.3.4.1 Distribution 

The distribution maps generated from the staff survey will be broadly comparable with 
previous maps (e.g. Fraser et al. (2000) for all deer species and feral goats, Norbury & 
Reddiex (2005) for rabbits, and Fraser et al. (2004) and Cowan (2005) for possums), 
including DOC’s 2007–08 national maps of pest animal distribution (Kappers & Smith 2009; 
Fig. 21). It should be possible to obtain digitised versions of Fraser et al.’s (2000) deer and 
feral goat ranges from Landcare Research, and the rabbit and possum maps could be digitised 
(if they are not already). 

As explained above, the probability of occupancy has not previously been estimated for any 
mammal pest in New Zealand. Hence, there are no historical data with which to integrate 
with this measure. Occupancy estimated at the first measurement should therefore be 
considered a baseline against which to estimate future changes. 

It is likely that hundreds of thousands of TCI lines have been sampled since that protocol was 
adopted by the National Possum Control Agencies in 1996. For example, in the 2002/03 
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financial year at least 23 412 TCI lines were sampled during possum control operations 
funded by the Animal Health Board (P. Fairbrother, pers. comm.), and an additional 2098 
TCI lines were sampled by DOC (C. Veltman, pers. comm.). Much of the data are stored 
electronically (i.e. for each trap-line there should be a georeferenced start and end point, dates 
sampled, and number of possums caught) within either DOC, regional councils or the Animal 
Health Board. Fraser et al. (2004) used historical TCI data to predict spatial patterns of 
possum abundance on Conservation land, and noted two major problems with their approach. 
First, there was a strong geographic sampling bias towards areas in which possums were 
being controlled by the AHB (with the aim of eradicating bovine Tb) or DOC (with the aim 
of protecting conservation values). Hence, large areas of Conservation land had never been 
sampled (Fraser et al. 2004). Second, there was a bias towards monitoring possum 
populations after they had been controlled, often to very low densities. Thus, those data did 
not represent ‘average’ TCI abundances at those sampling locations but rather abundances 
immediately after control had been conducted. Using such data to infer occupancy would 
give estimates biased low. 

2.5.3.4.2 Abundance 

The use of faecal pellet counts to estimate the abundance of deer and feral goats in 
New Zealand dates to the 1950s (Riney 1957; review in Forsyth et al. 2003b). Faecal pellet 
surveys have been the preferred method for indexing the abundance of deer in New Zealand 
forests, and two New Zealand Forest Service publications have recommended techniques for 
estimating the relative or absolute abundance of deer based on Riney’s and Batcheler’s work 
(Bell 1973; Baddeley 1985). 

Bell (1973) recommended two techniques based on faecal pellet groups, ‘presence-absence’ 
and ‘point-distance’. The same design was used in the field for both methods. Briefly, a series 
of transects running from river bed to the main dividing ridge was established, and sampling 
done in plots systematically spaced at 15-m intervals along the length of each transect. The 
desired sampling intensity was one plot every 20 ha. Transects were not placed randomly, but 
rather ‘semi-randomly’ by subdividing the study area into equal blocks (one for each 
transect) and then marking 10 equal divisions along the base line of the block and then 
randomly drawing one of the marks. The transect bearing was randomly varied by ±10o. In 
the presence-absence technique, circular plots of 0.0004-ha (i.e. a radius of 114 cm) were 
spaced at 15-m intervals along the transect and searched for deer defecations, and the 
presence or absence of defecations within the plot boundary recorded. Both the presence-
absence and point-distance techniques measured intact pellets, defined as ‘whole pellets with 
an entire outer shell’. In point-distance sampling a pellet group consisted of six or more intact 
pellets. In the point-distance technique, sample points were located at 15-m intervals along 
the transect and the distance to the centre of the nearest faecal pellet group (up to a maximum 
of 3 m from the sample point) was recorded. The distance from the centre of this pellet group 
to its nearest neighbour (again up to a maximum of 3 m) was also recorded. Equations were 
presented for calculating the mean defecation density and 90% confidence limits. The mean 
pellet group density estimate was weighted by the number of plots in each transect relative to 
the total number of plots. It was recommended that areas were divided into three habitats 
(forest, grassland and scrub) and estimates calculated separately for each habitat; these were 
combined into a weighted mean for the area of interest. A protocol was presented for 
estimating the rate at which faecal pellet groups decay, and for correcting the mean pellet 
group density by this estimate to give an ‘animal density index’. Equations were presented 
for estimating the absolute density of deer based on mean defecation density, an estimate of 
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decay rate, and a daily deer defecation rate gleaned from the international literature. Baddeley 
(1985) recommended the same two techniques (i.e. presence-absence and point-distance) 
outlined by Bell (1973). 

Hundreds, if not thousands, of pellet lines were established by the New Zealand Forest 
Service and periodically remeasured. However, most of those data have not been entered in 
an electronic database and often the only records of them are summary statistics (i.e. mean 
and standard error or confidence interval) in unpublished reports or file notes (and many of 
those have likely been lost). Moreover, because the sampling was not random the data are 
geographically biased at both the catchment scale and at the scale of the total land 
administered by DOC. It is also important to recognise that because the data were collected 
differently to the FPI protocol (e.g. different-sized quadrats, transect lengths, intervals 
between quadrats, and pellet definitions) the estimated abundances of pellets (or pellet 
groups) are not directly comparable with those collected in the protocol proposed here 
(Forsyth 2005). The FPI protocol is considered more cost-effective for estimating changes in 
deer abundance than the methods previously used. 

Notwithstanding the above issues, historical deer and feral goat pellet count and feral goat 
catch-per-unit-effort data were collated in a purpose-built database as part of the 2008–09 
pilot study. Temporal and spatial (i.e. national, Rakiura, South and North islands, and DOC 
Conservancy) patterns in those data will be reported elsewhere. It is anticipated that those 
analyses will provide a baseline for reporting the trends in deer and feral goat abundances 
within the IMP. 

Apart from a small amount of data collected at Ardgour (B. Reddiex, Ministry of Agriculture 
and Forestry, pers. comm.), to our knowledge there has not been any other rabbit faecal pellet 
count data collected in New Zealand. Southland Regional Council has been monitoring the 
abundance of rabbits using the Modified McLean Scale, but there is no obvious way to 
integrate that information with the data that we propose to collect. Some regional council and 
DOC staff have collected spotlight count data, but as for the Modified McLean Scale there is 
no obvious way to integrate those data with the rabbit abundance data that will be collected in 
this project. 

As noted above, hundreds of thousands of TCI lines have been sampled in New Zealand. 
However, the spatial and temporal biases in those data (Fraser et al. 2004) preclude them 
from being of use in this project in terms of estimating changes in the abundance of possums 
in Conservation land at the national scale (or at any other spatial or temporal subset). 

2.5.3.5 Estimated costs of sampling design 

2.5.3.5.1 Staff surveys of the distributions of all deer, feral goats and rabbits 

The costs involved in this survey can be divided into three stages. First, there is a start-up 
cost associated with producing both a grid that can be printed on 1:50 000 NZMS 
topographic maps and a database and associated forms for capturing information from DOC 
staff. We guess that the first stage would take the maximum of 0.8 FTE. Second, there is the 
cost associated with DOC staff actually completing the survey, and we guess that this would 
take a total of 1.0 FTE. Third, there is the cost of entering and displaying the data in GIS and 
calculating the geographic range size of each pest animal species. We estimate that 0.5 of a 
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competent GIS person could complete the third stage. We emphasise that the staff surveys of 
the pest animal distributions should be managed entirely by DOC, so the total cost to DOC 
will depend upon how it costs the involvement of its staff in projects. 

2.5.3.5.2 Aerial surveys of all deer, feral goats and rabbits 

These surveys would be conducted independently of ground-based surveys of the abundance 
of these species and both distribution and abundance of possums (see below). Deer, feral 
goats and rabbits will all be counted during the same aerial survey. It is envisaged that a four-
seater helicopter such as a Squirrel or Hughes 500E would be used for these surveys. The 
cost of hiring such a helicopter (including pilot) is currently $2,200 per hour (inclusive of 
GST) (Southern Lakes Helicopters, pers. comm., March 2009). It is envisaged that in addition 
to the pilot there will be two observers, one in the front and one in the rear behind the pilot). 
It is estimated that to survey each sampling location once will take a maximum of 20 min of 
flying time. [We have noted previously that it would be desirable to investigate the optimal 
size of the survey area in the first year of sampling.] Transit times will vary depending on the 
spatial array and how many can be done within each 3-h period post-dawn or pre-dusk. 
However, for the purposes of this exercise it is estimated the total flying time per sampling 
location will be 50 min. If an hourly rate of $50 is assumed for each of the two observers then 
the cost of surveying one sampling location will be c. $2,000. Note that this cost excludes 
data entry, but that is expected to be a very minor cost. 

If 1311 sampling locations are visited on a 5-yearly rotation (i.e. c. 262 annually), then 
surveying each 10 times by helicopter would cost 262 × 10 × $2,000 = $5.24 million 
annually. This is likely to be unacceptably high. If the 262 sampling locations are sampled 
three times at each measurement the cost would be 262 × 3 × $2,000 = $1.57 million. Four 
things should be noted. First, the detection probabilities are based on guesses and may be 
very wrong, which could substantially alter the precision being purchased for different survey 
efforts. Second, as the number of sampling locations increases the average distance between 
sampling locations will decrease, reducing the between-sampling location flying time and 
thus the cost. Third, it is also likely that the helicopter charge-out rate (i.e. the major cost 
component of these surveys) would be discounted for a large number of hours. Hence, the 
estimates presented here should be considered as crude maximum estimates. Fourth, analyses 
using data collected during the first year could be used to better estimate vegetation-type-
specific detection probabilities and thus improve the accuracy of the simulated relationships 
between precision and costs. It may also be possible to reduce the size of the survey area 
based on data collected in the first year, again reducing the cost of further measurements. 

2.5.3.5.3 Ground-based surveys of all deer, feral goats, rabbits and possums 

It is envisaged that these surveys would be undertaken simultaneously by the same field team 
of two people. The length of the field trip is constrained by the need to have the possum traps 
set for two consecutive fine nights (although this might be reduced to one fine night after the 
first year), and checked daily (National Possum Control Agencies 2008a). Assuming that the 
team set all of the trap-lines at a sampling location on the first day, and that the weather is 
fine for the next two nights, then each sampling location could be sampled in 3 days. Faecal 
pellet counts for all deer, feral goats and rabbits would be undertaken on days 1–3 as time 
allows. On day 3 the possum traps would be checked and removed, and the sampling location 
vacated.  
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Table 32 provides a summary of the person hours required to complete each task and the 
associated estimated costs. Assuming a charge-out rate of $30 hr-1 person-1 then the field 
season labour would cost $2,337, including pre-field preparation as well as the relevant field 
support for logistics and co-ordination. Note that Victor No. 1 traps cost c. $22 per trap and a 
Garmin 60CSx GPS costs c. $950. Other material costs for these measurements are minor. 
Field operating costs including transport to and from the sampling location (e.g. by 4WD or 
helicopter) is assumed to cost an average of $1,500 per sampling location. Additional labour 
costs of $480 per sampling locations would be required for data entry and pellet 
identification. The total cost per sampling location would be $4,318. Hence, if c. 262 
sampling locations are visited annually then the estimated total annual labour and transport 
costs would be c. $1.08 million. 

 
Table 32. Estimated average time for mammal survey tasks. 

Field survey costs Person hours Cost per hour ($) Cost per task ($) 

Field team logistics and co-ordination 6 40 240 

Pre-field preparation 6 30 180 

Travel to location (and setup plot) 10 30 309 

Commute to and around plot 13 30 402 

Field survey 25 30 764 

Wet weather day allowance (30%) 15 30 443 

Field operating costs (incl. travel)   1,500 

Data entry 15 30 450 

Processing pellets 1 30 30 

Total per sampling location 92   4,318 

 

2.5.4 How would the data be collected? 

2.5.4.1 Methodologies 

2.5.4.1.1 Staff survey of pest animal distributions 

The land administered by DOC would need to be divided into a grid of cells, and we suggest 
that each cell be 4 km2 (i.e. 2 km by 2 km). Each cell would have a unique identifier (e.g. the 
latitude/longitude of the north-east corner). To assist DOC staff in knowing where the 
boundaries of cells fall topographically, we recommend that the grid is printed on the 
1:50 000 NZMS. Each Conservancy would then be provided with a gridded topographic map 
for Conservation land within its boundaries. It would then be the responsibility of the 
Conservancy to ensure that staff with relevant knowledge of pest animals are surveyed. 

The survey would consist of the map and either an electronic spreadsheet or hard copy listing 
for each cell whether the pest animal species that we are interested in determining are present 
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or absent. The list would include the pest species identified above and perhaps also others 
that could be of interest to DOC, such as Himalayan tahr (Hemitragus jemlahicus), chamois 
(Rupicapra rupicapra), feral cattle, feral sheep, Bennett’s wallaby (Macropus rufogriseus) 
and Dama wallaby (Macropus eugenii eugenii). There would be the following options for 
each pest animal species: (1) neither males nor females thought to be present; (2) females 
known to be present (either sighted or otherwise reliably thought to be present); (3) females 
may be present (e.g. a possible sighting or otherwise unreliable record); (4) males known to 
be present (either sighted or otherwise reliably thought to be present). We believe that it is 
particularly important to discriminate between the presence of males and females because in 
most ungulates the males disperse much further and have larger home ranges than females 
(e.g. Himalayan tahr; Caughley 1970). The name and contact details of the person completing 
the survey would be recorded. 

The national data would be compiled into a gridded distribution map and the estimated 
geographic range sizes of each pest animal species calculated with GIS. The different levels 
of certainty about the presence of females can be displayed on the distribution map using 
colours and presented as a separate range size. Note that the cell size adopted (e.g. 4 km2) 
will be the minimum sampling unit from which both the distributions and geographic range 
sizes are estimated. 

2.5.4.1.2 Aerial surveys to estimate occupancy for all deer and feral goats 

A draft protocol for conducting the aerial surveys was developed in 2008–09 but needs 
further work in consultation with helicopter operators and DOC’s Health and Safety experts. 
The protocol may need to be revised after the first year of sampling. It is envisaged that 
‘clusters’ of sampling locations would be surveyed in each 3-h period post-dawn and pre-
dusk. Identifying and training a suitable pool of observers (whether DOC staff and/or 
contractors) will be an important task, and it is recommended that as far as possible the same 
observers are used each year. 

2.5.4.1.3 Abundance of deer and feral goats 

The faecal pellet data used to estimate the abundance of deer and feral goats will be collected 
following the FPI protocol of Forsyth (2005): this protocol is being used by DOC staff and 
contractors at the Forest and Deer study areas (Table 29; Fig. 22), and some of those people 
could train people involved in this project. The protocol requires pellet counts to be made 
when there is no snow on the ground and the day-length is reasonable; pellets are not counted 
when light is poor (Forsyth 2005). It is important that remeasurements in subsequent years be 
conducted within ±28 days of the same date. The persons collecting the data need to be 
appropriately trained. It is recommended that the pellet counts be conducted along four 150-
m transects emanating from the 20 × 20 m vegetation plot at 90o intervals (AD, DM, MP and 
PA in Fig. 20). The number of intact faecal pellets were counted in 30 circular plots of 1-m 
radius along each transect (i.e. spaced every 5 m). It may also be possible to use the aerial 
counts of deer, feral goats and rabbits to estimate the abundances of these species, but this 
option needs to be assessed using data collected in the first year of sampling. 

2.5.4.1.4 Occupancy and abundance of rabbits 

We recommend that the standing crop of rabbit pellets be counted in eight 1 × 1 m quadrats 
(Wood 1988) at each sampling location (Fig. 20). The four corners of each quadrat would be 
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permanently marked with a labelled metal peg. Rabbits were detected at only one of the 18 
sampling locations surveyed in the pilot study, too few with which to evaluate whether the 
recommended sampling intensity is sufficient for the purposes of the IMP. However, it is 
encouraging that rabbit pellets were counted on all eight rabbit quadrats and were detected on 
all four ungulate transects at the sampling location where they were present. Analyses of data 
from the first measurement may show that the number of quadrats at each sampling location 
could be reduced. 

The pellets of brown hares (Lepus europaeus occidentalis), which are larger and typically 
more fibrous than those of rabbits, were detected in the rabbit quadrats and/or the ungulate 
pellet plots at eight of the 18 sampling locations during the pilot study. Hares were detected 
at all six grassland sampling locations and at two of the six shrubland sampling locations: 
hares were not detected at any of the six forest sampling locations. The data collected in the 
pilot study enable occupancy – but not abundance – to be estimated for hares. Parkes (2001) 
recommended that the relative abundance of hares be estimated using the recruitment rate of 
pellets (pellets m-2 day-1) in 0.09-m2 plots over a 60-day period. The rabbit quadrats used in 
the pilot study were much larger (i.e. 1 m2) than those advocated by Parkes (2001) and it 
would not be feasible for field staff to revisit sampling locations after 60 days. However, it 
would take little additional time for field staff to record the number of hare pellets in each of 
the eight rabbit quadrats at each sampling location and use those counts as an index of hare 
abundance. It would be desirable to assess the usefulness of the data collected in the first year 
of the project (i.e. from c. 262 sampling locations) as an estimate of relative abundance. 

Because the quadrats need to be permanently marked, they should be revisited at least every 
5 years to ensure that the four corner markers are present; if any are missing they should be 
replaced. As for the estimates of abundance for the other animal pests, the quadrats should be 
remeasured in the same season. 

The presence/absence of rabbit pellets (and, if desired, hare pellets) in the 30 plots along each 
of the four ungulate transects should also be recorded. These data provide useful additional 
information on rabbit (and hare) occupancy. 

2.5.4.1.5 Occupancy and abundance of possums 

We propose that four trap-lines of 10 No. 1 double-coil-spring leghold traps at each sampling 
location for two nights following the current national protocol (National Possum Control 
Agencies 2008a). In the pilot study the four trap-lines emanated from the 20 × 20 m 
vegetation plot at 90o intervals (Fig. 20). Following advice from DOC staff, a modification to 
the current national protocol was used when local DOC Area Office staff believed that kea 
(Nestor notabilis) were present at a sampling location: traps were camouflaged with twigs 
and grasses to reduce the probability of kea being caught. Nevertheless, two kea were caught 
at one sampling location (the birds were following the field staff as they set traps) but both 
were immediately released unharmed. As per the current national protocol, if kiwi (Apteryx 
spp.) or weka (Gallirallus australis) were thought to be present at a sampling location then 
raised sets were used. Kea have previously been captured in traps set for possums (Hickling 
& Forsyth 2000); research is required to determine how to minimise kea captures. As noted 
previously, data collected in the first year of sampling should be analysed to determine 
whether or not traps could be set for one rather than two fine nights. 
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Because there are seasonal biases in TCI (Forsyth et al. 2005), it is strongly recommended 
that remeasurements be conducted in the same season (i.e. within ±28 days), which is 
consistent with the recommendations for the faecal pellet counts for all deer, feral goats and 
rabbits. TCI data should be collected according to the national protocol (National Possum 
Control Agencies 2008a), for which certified training is available1. Briefly, Eurotafts 
International Limited organises accredited courses on population monitoring on behalf of the 
National Possum Control Agencies. People who wish to undertake monitoring using the TCI 
for DOC, the Animal Health Board or regional councils are required to have passed this 
course. The course lasts two days and costs c. $600 per person. 

The presence/absence of possum faecal pellets at a sampling location is an important source 
of information about occupancy. Hence, the presence/absence of possum faecal pellets in 
each of the eight rabbit quadrats plus the 30 plots along each of the four ungulate transects 
should be recorded. 

2.5.4.2 Field delivery and standards 

2.5.4.2.1 Implementation 

We recommend that data collection occurs at a random 20% (i.e. c. 262) of the 1311 
sampling locations in the first year and that c. 262 new sampling locations are sampled in 
each of the next four years. In the fifth year the first 262 sampling locations are resampled. 
Hence, there would be 5-yearly remeasurement of each sampling location. We reiterate that 
the data collected in the first year of sampling should be analysed to determine (1) the 
sampling intensities required for aerial surveys, and the cost-effectiveness of this approach, 
and (2) whether traps could be set for one rather than two fine nights. 

2.5.4.2.2 Data collection and auditing of data collectors 

The 2008–09 pilot study revealed three main constraints on the mammal pest monitoring. 
First, steep terrain sometimes meant that not all of the 150-m ungulate transects and the 200-
m possum trap-lines could be safely implemented at a sampling location. Of the 18 sampling 
locations, five had incomplete sampling of rabbit quadrats, three had incomplete sampling of 
ungulates (two locations sampled with three transects and one location sampled with two 
transects), and two had incomplete sampling of possums (two locations sampled two trap-
lines). Both the FPI and TCI protocols permit deviations from a straight line when physical 
barriers are encountered, and these deviations were frequently required in the pilot study (e.g. 
see Fig. 41). However, parts of some sampling locations are simply too rugged to safely 
negotiate by field teams and in these situations it is permissible to not sample all four 
ungulate transects and possum trap-lines and it is straightforward to account for incomplete 
sampling at a location in analyses. However, since at least two ungulate transects and two 
trap-lines were sampled at all locations it was possible to obtain estimates of distribution and 
abundance for all pest mammals at all sampling locations. Future sampling locations need to 

1 For further detail see:  
www.npca.org.nz/index.php?option=com_content&task=view&id=7&Itemid=46 
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be vetted more carefully using maps before fieldwork is undertaken, although it is recognised 
that accessibility cannot always be determined from a map. 

The second constraint was the need to trap possums for two consecutive fine nights (National 
Possum Control Agencies 2008a). The cost of the pest mammal monitoring could be reduced 
if the number of consecutive fine nights that traps needed to be set could be reduced from two 
to one. Our analyses of data collected in the pilot study suggest that it may be possible to trap 
for only one fine night, but we recommend that the analysis be repeated with data collected in 
the first year of sampling (i.e. from c. 262 sampling locations). 

The third constraint was the reliance on expert opinion to determine which ungulate species 
were present/absent at each sampling location and we use the examples of possums and 
rabbits in the pilot study to highlight this point. Expert opinion was sought for possum and 
rabbit occupancy at each of the 18 sampling locations in the pilot study in the same way as 
for deer and feral goats. For possums, both the DOC experts and the latest DOC map 
(Kappers & Smith 2009) indicated that possums occupied all 18 sampling locations (i.e. an 
occupancy rate of 1.0). In good agreement with the two sources of expert opinion, we 
detected possums at all but two of the sampling locations. For rabbits, DOC experts and the 
DOC map indicated that possums occupied six and eight of the 18 sampling locations, 
respectively. However, rabbits were detected at only one of the 18 sampling locations, 
highlighting how using expert opinion to determine the presence/absence of deer species and 
feral goats at sampling locations could generate misleading inferences about occupancy and 
abundance rates for these taxa. Our intention was to use helicopter-based surveys to estimate 
which ungulate species were present at each sampling location, but this was not conducted in 
the pilot study due to financial and logistical constraints. We still believe that using 
helicopter-based surveys to estimate the presence/absence of ungulates at each sampling 
location would add substantial value to this work, although the practicalities and cost per 
sampling location are unknown. 

It took little time to estimate rabbit abundance, although rabbits were only present at one of 
the 18 sampling locations. The time required to conduct the deer and feral goat monitoring 
varied greatly among sampling locations depending mainly upon the steepness of the terrain, 
the thickness of the vegetation and the number of pellets encountered. Conducting the survey 
of DOC experts to determine which ungulate species were present was a desk-top exercise 
that took little time and the DOC maps were already available (albeit from 2007/08; Kappers 
& Smith 2009). The cost of conducting helicopter-based surveys to determine which ungulate 
species are present/absent is unknown, but we estimate that it might cost c. $6,000 per 
sampling location. 

The skills required to conduct the mammal pest field sampling are relatively straightforward. 
Someone with demonstrated field skills and who has completed the ‘field operative’ training 
course run by Eurotafts International for the National Possum Control Agencies2 would have 
the skills required to conduct the possum monitoring and with an additional day of field-
based training should also be able to conduct the ungulate and rabbit monitoring. 

2 For further details see: 
www.npca.org.nz/index.php?option=com_content&task=view&id=7&Itemid=46 
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A key aspect of all monitoring in this project is data quality. Maintaining a high level of data 
quality starts with the selection of appropriate staff to conduct the work, providing sufficient 
training and time or other resources to complete the monitoring, and a process for entering 
and storing data. We strongly recommend that each of the contractors’ work is independently 
and randomly audited. One option for doing this would be to have DOC and/or Landcare 
Research staff visit a subsample of each contractor’s sampling locations. There should be 
financial penalties (e.g. withholding of contractual payments) if measurable threshold 
standards are not attained. 

2.5.5 Managing the data 

2.5.5.1 Data formats, curation and access protocols 

DOC wants accurate information on the distribution and abundance of pest mammals to 
determine priority areas for management and, over time, to determine the effectiveness of its 
management. It is therefore critical that DOC develops internal pathways for reporting pest 
mammal occupancy rates and abundance information at national, regional and Conservancy 
scales in order to optimise its future operations and priorities. Successful reporting will set 
objectives for work streams and allow them to be updated and new priorities to be set in 
response. 

Field monitoring teams would record information on waterproof field sheets. (Electronic 
capture of field data is not currently feasible due to problems with battery life and 
waterproofing, but future technology may way well replace field sheets.) Quality assurance 
(QA) and quality control (QC) are key components of modern data management. Quality 
assurance is the set of actions that ensures the data are collected, stored, analysed and 
reported in a way that provides confidence that the project’s objectives are being met. Quality 
control is a statistical approach to assuring standards (e.g. of data entry errors) are met. When 
the monitoring team returns from a sampling location the data sheets should undergo QA to 
ensure that all required fields have been completed. If some required fields have not been 
completed then the monitoring team must complete them and this may require the team to 
return to the sampling location. 

Both the field sheets and the data they contain need to be captured in electronic databases. 
Modern databases help minimise the potential for transcription errors (e.g. by constraining 
input possibilities) and can have customised self-checking and random auditing procedures. 
The potential for data entry errors can be further minimised by having data entered by two 
operators (‘double-entry’) and automatically checking to determine which cells differ (i.e. 
quality control). Although double-entry may seem unnecessary, a seemingly minor 
transcription error could cause major problems in subsequent data analyses, reporting and 
interpretation – far outweighing the additional cost of double-entry. We recommend that the 
field sheets be scanned (e.g. in portable document format) and archived so that they remain 
accessible indefinitely. The original field data sheets should be stored in centralised fireproof 
archives so that errors (e.g. in transcription of data) can be easily checked. 
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2.5.5.2 Integration with other data layers 

The methods proposed above will enable the animal pests occupying each sampling location, 
and their relative abundances, to be estimated with specified confidence. The relationships 
between temporal changes in the three measures thought to be caused by animal pests (i.e. 
each of the vegetation functional groups thought to be preferred and avoided by feral goats, 
deer and possums; see section 2.4 ‘Representation of plant functional types’) and the 
abundance of the animal pests can be explicitly modelled. It is intended that information on 
possum occupancy and abundance, and rabbit, deer and feral goat abundance, will be 
collected as close as possible to the 20 × 20 m vegetation plot used to sample vegetation 
indicators and measures at each sampling location (see general features of measures for 
vegetation). Hence, those measures of animal pests should closely reflect what the 20 × 20 m 
vegetation plot is experiencing. Because occupancy of deer, feral goats and rabbits will be 
estimated in a large cell (≤ 2 km by 2 km) centred on the 20 × 20 m vegetation plot, these 
measures would reflect what the vegetation plot is experiencing less accurately. 

2.5.6 Analysis and reporting approach 

2.5.6.1 Reporting suitable for a range of audiences 

The key information that we will report are the mean (±95% CI) occupancy rates and relative 
abundances of each of the animal pests for each measurement and the mean (±95% CI) 
changes in those measures between measurements. We will also report the occupancy and 
abundance of the animal pests at each measurement as maps (e.g. for relative abundances of 
deer see Forsyth et al. (2009)). A hypothetical example for national changes in the occupancy 
of possums assuming a 5-year remeasurement interval is shown in Fig. 34. These measures 
and formats would be suitable for a range of audiences including DOC’s Director-General 
and Senior Management Team, Conservancy and Area Office staff, Treasury officials, and 
stakeholders external to government (e.g. New Zealand Deerstalkers’ Association). 
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Figure 34. One possible trend in the national occupancy rates of possums assuming a 5-year remeasurement 
interval. Filled circles are means, and upward and downward triangles are upper and lower 95% confidence 
limits, respectively. 
 

2.5.6.2 Presentation of national patterns 

Presentation of the occupancy and relative abundance measures would be appropriate within 
land cover types, management regimes, and administrative units that reflect the management 
needs of the Department at a range of spatial scales. To give an example of how this can be 
achieved, three land covers that occupy most of the land administered by DOC are forest, 
shrubland and grassland. We used data collected at 18 sampling locations (six in each of 
forest, shrubland and grassland) in the pilot study to estimate the occupancy rates and relative 
abundances of mammal pests. 

Insufficient locations were sampled to separately estimate these parameters for feral goats 
and ‘all deer species’ so we instead pooled all FPI data as ‘ungulates’. We analysed the data 
using hierarchical models that accounted for imperfect detection probability (Royle et al. 
2007) and separate models were developed for ungulates, possums and rabbits in the freeware 
OpenBUGS 3.0.2 (Thomas et al. 2006). The code is available from the authors upon request. 
Mean and 95% credible intervals (CIs) are presented for the occupancy and abundance of the 
mammal pests at two spatial scales: nationally (i.e. for all Conservation land) and by habitat 
(i.e. forest, shrubland and grassland) within the Conservation land administered by DOC. We 
also present the simple mean estimates of ungulate (i.e. FPI) and possum abundance (i.e. 
TCI) at each sampling location. 

Occupancy rate is a statistic that can be directly compared among taxa and habitats. At the 
national scale, occupancy rates were highest for possums (95% CI; 0.72–0.98), moderate for 
ungulates (0.44–0.86) and low for rabbits (0.01–0.20) (Fig. 35A). By habitat, ungulate 
occupancy rates were highest in forest (0.78–0.99; Fig. 35B), moderate in shrubland (0.30–
0.96) and low in grassland (although the confidence interval was wide; 0.05–0.73). Possum 

128 



 

occupancy rates (based on two nights of trapping but including possum faecal pellet 
information from ungulate and rabbit transects) were highest in forest (0.80–0.98) but 
moderate to high in both shrubland and grassland (c. 0.48–0.99) (Fig. 35C). Rabbits were 
only detected at one sampling location (in grassland habitat) and hence occupancy rates were 
highest in that habitat (0.01–0.49; Fig. 35D). The occupancy rates of possums in grasslands 
and shrublands were surprisingly high, and flag the potential for possums to be an important 
predator (e.g. of birds and invertebrates) in these habitats. 

The relative abundances of mammal pests cannot be directly compared among taxa because 
the units differ. However, the estimates of relative abundance provide an important baseline 
for estimating temporal changes in abundance (Fig. 35E) and can be compared within 
habitats for each taxa. Ungulate abundance was highest in shrubland (although this result was 
strongly influenced by one sampling location that had sika and red deer), moderate in forest, 
and very low in grassland (Fig. 35F). Possum abundances were similar in forest and 
shrubland (although the forest estimate was strongly influenced by one sampling location that 
was only sampled for one night) and only c. 50% lower in grassland habitats (Fig. 35G). 
Although we were unsurprised that rabbits were not present in forest habitats, it was 
surprising that rabbits were not more abundant in the shrubland habitat (Fig. 35H). 
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Figure 35. Estimated occupancy rates (left-hand panel) and relative abundances (right-hand panel) of mammal 
pests in the 2008–09 pilot study. Filled circles are means and upward and downward triangles are upper and 
lower 95% confidence limits, respectively. 
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Ordering sampling locations by the mean abundance of ungulates (Fig. 36) and possums (Fig. 
31) shows interesting patterns. The highest abundance of ungulates was for sika and red deer 
in Kaweka shrubland (CZ73) followed by feral goats, red deer and fallow deer in Taranaki 
forest (CI76; Fig. 36). Sampling locations thought to be occupied only by red deer had 
generally low relative abundances, the highest being in forest at Makarora (Z143). The 
highest abundance of possums was in forest near Nelson (BQ105), although trapping only 
occurred on one night here due to rain. No possums were trapped at two forest sites (BV99 in 
the South Island and DE66 in the North Island), possibly due to recent control efforts. 

 

Figure 36. Ordered mean estimates (and 95% confidence intervals) of relative ungulate abundance at the 18 
sites sampled during the pilot study. 
 

It would be straightforward to incorporate relevant pest animal control operations (e.g. aerial 
1080 possum control operations funded by DOC and/or the Animal Health Board) as 
management layers. (Both DOC and the Animal Health Board have information on control 
operations stored in GIS layers.) For example, it would be expected that both occupancy rates 
and abundances of possums would vary as a function of time since control. 

2.5.6.3 Integrating the measures with complementary interpretive data 

The animal pest measures have been designed to integrate with the three vegetation measures 
outlined in section 2.1 (i.e. distribution and abundance of exotic weeds, size-class structure of 
canopy dominants and representation of plant functional types). Temporal and spatial trends 
in elements of the three vegetation measures can be compared at sites where each of the 
animal pests is present and absent and at the subset of sites where each animal pest is 
managed. We do not present an exhaustive list of these integrated measures here but rather 
highlight some examples. Of particular interest will be the temporal changes in species 
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assemblages of palatable (to pest animals) and bird food resource plant species. We would be 
able to report on changes in the percentage of species in these groups at sampling locations in 
sites occupied versus unoccupied by deer (and/or feral goats and/or possums) and at managed 
versus unmanaged sites. Potential changes in several measures over 60 years are shown in 
Fig. 37. We would similarly be able to report how native bird species richness changes at 
sites with and without possum control. 

 

 

Figure 37. Examples of potential long-term changes in two elements of vegetation measures thought to be 
impacted by animal pests. (a) Percentage of plant species palatable to deer in forest and shrubland habitats. (b) 
Percentage of exotic plants at sites in grassland habitat. Sites unoccupied by the animal pests are those at which 
the pest has never been recorded. 
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It would also be possible to report on relationships between the occupancy rates and 
abundances of the animal pests. For example, do sampling locations with higher abundances 
of ungulates have higher relative abundance of possums? Are deer less likely to be present at 
sites occupied by feral goats? 

Improved interpretation of many relationships between measures would be achieved by 
incorporating historical information on the distributions and abundances of animal pests. 
Historical deer and feral goat pellet count and feral goat catch-per-unit-effort data were 
collated as part of the pilot study and analyses of temporal and spatial patterns in those data 
will be reported elsewhere. It is anticipated that those analyses will provide ‘baseline’ 
abundances against which future changes in the deer and feral goat measures proposed here 
can be compared. 

2.6 Assemblages of widespread animal species – birds 

2.6.1 What we are trying to measure 

2.6.1.1 Identity of measure 

This component of the inventory and monitoring scheme aims to measure temporal shifts in 
assemblages of widespread and common bird species in the breeding season at fixed 
sampling locations at the national scale on Conservation land. The scheme we propose is 
designed for monitoring diurnal bird species, which can be measured at a spatial scale that 
is suitable for integration with the other four indicator elements in the monitoring scheme. 

Temporal changes in species richness will be reported to describe temporal patterns of 
change in bird assemblages at the national scale. We also recommend that temporal changes 
in rates of colonisation and extinction are also reported to identify the processes underlying 
the trend patterns observed in the species richness data. Temporal trends in species richness, 
colonisation and extinction parameters could also be reported for a subset of guilds or 
taxonomic or functional groups of interest (see sections 2.6.2.1 and 2.6.2.3). 

Temporal trends in species level parameters will also be reported, more specifically trends in 
the sampling location occupancy (i.e. proportion of sampling locations at which a species 
was detected) and the abundance for occupied sampling locations of widespread and 
common bird species in the breeding season at fixed sampling locations at the national scale.  

We recommend that the scheme records all species detected at each sampling location, rather 
than focusing on a particular subset of species. This approach will provide DOC with the 
flexibility and baseline data for measuring shifts in bird assemblages in the future that were 
not anticipated at the outset, i.e. the possibility that some species that are currently rare 
become common in the future. We recommend that a separate (but complementary) scheme 
is developed for nocturnal species of interest (e.g. kiwi and morepork). 

Complementary schemes are envisaged to facilitate monitoring of managed species and 
places. These schemes will include monitoring of rare and threatened species as well as the 
effects of conservation management efforts at specific locations. Thus, the bird sampling 
proposed here is not intended to address these issues. 
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2.6.1.2 Sampling universe for measure/element 

The sampling scheme is appropriate for diurnal bird species at terrestrial sampling locations 
within Conservation land. This scheme was designed for reporting primarily at the national 
level and, where sampling effort is sufficient, at the Conservancy level. Some habitats 
currently administered by DOC (e.g. wetland areas including coastal, braided riverbeds and 
dune habitats) may need to be monitored independently if species assemblages associated 
with these habitats are of interest. In particular, we expect that migratory and wetland species 
associated with these habitats will be poorly monitored by the current scheme. 

2.6.1.3 Measurement and technique type 

2.6.1.3.1 Bird sampling protocol 

Bird sampling will be carried out at permanent plots using a standardised 10-min bird count 
(10MBC) technique. This technique will retain features of the 5-min bird count method 
(5MBC; Dawson & Bull 1975) to allow comparison with historical data, where appropriate. 
The 5MBC method will be adapted to overcome its current limitations, more specifically its 
inability to control for temporal and spatial variation in detection probabilities for different 
species over a range of environmental and topographical conditions. The modified 5MBC 
method will incorporate a repeated sampling design and distance sampling procedures to 
allow for more accurate estimates of species richness, occupancy and abundance. 

Number and location of sampling locations: Sampling will be undertaken at approximately 
1311 sampling locations, from an extended version of the 8-km2 LUCAS grid that overlaps 
Conservation land (with a slope ≤65°). Every year within each 5-year period, a subset of 
sampling locations (n = c. 262) will be surveyed. The subsets of sampling locations will be 
established at the outset, using a randomised selection technique, with each subset being 
surveyed at regular 5-year intervals. (Other agencies interested in adopting the same 
technique could sample the remaining locations on the same grid outside the Conservation 
land boundaries.) 

Timing of bird surveys: Surveys should be carried out in as short a period as possible to 
minimise the risk of bias arising from seasonal movements of some species. We recommend 
that all bird surveys are completed during a 12-week period (mid-September to mid-
December), with the field teams working from north to south and east to west accessing 
sampling locations as field conditions allow. 

Number and distribution of count stations: Each sampling location will be used as an 
independent sampling unit, with the information collected from the cluster of count stations 
within each sampling location used to calculate the species- and community-level parameter 
estimates. At each location, the field team will aim to set up five count stations over a 
220 × 220 m bird-sampling plot. The first count station will be centred on the 20 × 20 m 
vegetation plot with the remaining four stations located at the end of each of the 200-m 
possum trap-line transects that extend from each corner of the vegetation plot (Figs 20 and 
38). At each count station that can be safely sampled, the modified 5MBC method will be 
used to record birds. 
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Duration of sampling location visits: We recommend that independent bird counts are carried 
out at each station by two observers on the same day (1-day design) and that these counts are 
done independently of the mammal surveys. This design will require the observers to camp at 
or near to the sampling location the night before the day the sampling occurs. A habitat 
survey will also be carried out at each count station, after completing the count, by one of the 
two observers. If the bird surveys are integrated with the mammal surveys (3-day design), 
then on day 1, the count station will be established, in parallel with the possum trap-lines (see 
Figs 20 and 38), and a habitat survey will be completed. This will allow the observers to 
familiarise themselves with the location prior to the bird counts. On both days 2 and 3, one 
observer will complete one bird count at each count station, while checking/collecting the 
possum trap-lines. 

 

 

Figure 38 Location of bird count stations in relation to the layout of a vegetation plot and possum trapping 
transects. 
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2.6.1.3.2 Habitat survey 

Once the location of each count station is established: 

• The following metadata will be recorded: (a) the sampling location and count station 
identifiers, date, observer identity, and start/finish times; and (b) the GPS unit identity 
and co-ordinates. The latter should also be saved on the GPS unit using the standardised 
code (i.e. sampling location, survey [BIR] and station identifiers [A, D, M, P or C]; e.g. 
AB123BIRA). 

• A rangefinder will be used to determine the boundaries of a 20 × 20 m plot centred on 
the bird count station. A reduced Recce will be carried out within the plot, to 
characterise the topography and vegetation at each station (i.e. altitude, aspect, slope, 
physiography, drainage, cultural, surface and ground cover characteristics and overall 
vegetation tier cover classes). Detailed information about how to measure and record 
each variable is provided in the vegetation Recce manual (Hurst & Allen 2007a; pp. 
11–23; see pp. 34–35 for example of completed datasheet). Note: overall vegetation tier 
cover classes should only be provided for Tiers 1–7 as per protocol for woody 
vegetation. (Do NOT subdivide Tiers 5 and 6.) 

• The broad land-cover classes within the 20 × 20 m plot and the buffers (11–40 m and 
41–100 m) around that plot (Fig. 39) will be recorded (definitions compatible with 
those used in the LCDB1 classification should be provided in a table in the protocol 
booklet). If the observer is unable to assess these parameters, these observations should 
be recorded as ‘unknown’. 

• The observer will then record the maximum distance it is feasible measure, using the 
laser range finder, facing north, east, south and west. 

 

 

Figure 39. Assessing land cover distribution in relation to the bird count station 

  

 

136 



 

2.6.1.3.3 Bird counts 

• Timing of counts: To minimise the effects of diurnal variation in vocalisation and to 
ensure comparability with historical 5MBC data, all counts will be completed between 
the end of the first hour after the official sunrise time for the sampling location and 
before 1300 hours. (A sunrise table should be provided. Sunrise times can be estimated 
for a given date(s) and location co-ordinates (lat/long) using the sunriset function in the 
maptools package in R; Lewin-Koh et al. 2008). 

• Weather conditions: Counts must not be carried out in heavy rain, strong winds or poor 
visibility (see Dawson & Bull 1975 for recommendations). 

• Order of count stations: The observers can work systematically through the count 
stations in the order that is most efficient, unless the field team is working in 
conjunction with the vegetation survey team. In the latter scenario, at the sampling 
location the observer will always sample the count station centred on the vegetation 
plot (count station ‘C’) first, before the remainder of the field team arrives and any 
other survey work commences, to minimise the risk of disturbance biasing the bird 
observations. 

• Recording period: Observers should approach count stations as quietly as possible, to 
minimise disturbance to birds. Recording should be initiated as soon as the observer 
arrives at the station and continue for a total of 10 min. If there is an interval between 
arriving at the count station and the initiation of recording, this time-interval should be 
recorded. A stopwatch/timer will used to indicate 1-min intervals from time zero and 
the 10-min end point. These 1-min intervals must be recorded on the datasheet to 
indicate in which interval each bird record was first observed and it should only be 
recorded once. 

• 0–5 min: The observer must remain at the count station and record distance 
from the count station to each bird detected. 

• 6–10 min: Record any additional species that were not observed in the 
 initial 5-min period and if those species were within 100 m of the count station 
or not. During this period, the observer can move to clarify the location of any 
birds they were uncertain about during the 0–5 min recording period. 

• Species name: Record the species observed using the standardised code for that species 
(table of species codes should be provided). If the observer is uncertain about the 
identity of that species, add a question mark in the ‘uncertain’ box (which is a shaded 
column). Record ‘unknown’ if species identity cannot be ascertained. 

• No. of individuals: Record as accurately as possible the number of individuals (i.e. the 
cluster size) detected for each observation and whether those individuals were heard 
(h), seen (s), heard and then seen (hs) or seen and then heard (sh). If uncertain about the 
number of individuals, add a question mark in the ‘Uncertain’ box or provide a 
minimum–maximum range for the cluster size. 

• Distance estimates: Always record the horizontal distance from the count station to the 
point that you first detected the bird. The observer will distinguish between birds 
detected within the following distance bands: 0–10 m; 11–20 m; 21–40 m; 41–60 m; 
61–100 m; 101–150 m and >150 m from the count station. If the observer is uncertain 
about distance category estimate then leave the distance blank or mark the ‘Uncertain’ 
box. 
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• Flying birds: If birds were only observed flying, tick the ‘Flying’ box. Note that this 
does not include species such as the skylark that hover in the air and sing; for these 
species record the horizontal distance to the bird and add a comment that it was 
hovering. 

• Bird movement in response to observers: Where birds in close proximity to the count 
station were obviously disturbed by the approach of the observers, care must be taken 
to note the identity and original location of those birds as soon as you arrive at the 
station. Some species (e.g. robins) may also move towards the observer. Record these 
movements in the ‘Response to the observer’, with ‘T’ indicating movement towards 
the observer and ‘A’ moving away from the observer. 

• Comments: Use to record any additional observations that may be of interest, e.g. sex 
and age, behaviour. 

Once a bird count is complete: 

• Ensure that all the relevant information about the count station locality, dates, times and 
observer identity are completed. 

• Fill in information on the weather and noise conditions that occurred during the count, 
including the source of any noise. 

• Use the ‘Notes’ section to make any additional notes that may be use about the 
methods, conditions, site or logistics associated with this count station. 

Ad hoc bird observations: 

• While walking between count stations. Any additional bird species detected while 
walking between count stations should be recorded in the ‘Notes’ section. The observer 
should record location (e.g. the possum transect line that they were traversing) at the 
time the bird was detected. 

• Within the 2 × 2 km square (excluding those recorded at bird count stations and 
walking between those stations). Record these in the ‘Bird notes’ section of the 
datasheet booklet. 

• Arrival and departure times from the sampling location and the distance of the camp 
from the sampling location should be recorded. 

2.6.1.3.4 Justification for bird sampling design and methods 

Below, we outline the justification for our choice of sampling design and methods. We also 
highlight the trade-offs in the sampling design that were explored in the pilot study and those 
that need will need further consideration as the scheme develops. 

2.6.1.3.5 Why measure species occupancy and abundance?  

Different species exhibit different spatial and temporal patterns in distribution and 
abundance. Thus, from a management perspective, the relative value of occupancy and 
abundance estimates for measuring changes in bird assemblages over time may vary, 
depending on the species being considered. Figure 40, for example, illustrates differences in 
species occupancy–abundance estimates for three 5MBC datasets. Species with relative low 
occupancy estimates in all three datasets also tended to have low abundance measures (where 
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abundance here is assumed to be equivalent to mean number of individuals recorded per 
count station). However, abundance estimates for widespread species, which occupy a high 
proportion of sampling locations or all sampling locations, were more variable. Occupancy 
estimates may, therefore, provide a suitable surrogate measure of abundance for species with 
relatively low occupancy estimates, provided that the survey area is made spatially explicit, 
but not be sensitive enough to detect changes in the abundance of widespread species. Given 
that this monitoring scheme aims to detect temporal changes in widespread and common bird 
assemblages, accurate measures of abundance will provide important additional information 
on the composition of these bird communities. 

2.6.1.3.6 Limitations of the 5-min bird count method  

Occupancy and abundance are measured by sampling a fraction of sampling units in a 
landscape where the target species are present. However, a species or an individual bird will 
not always be detected in the sampling unit even when it is present, resulting in a bias in the 
occupancy or abundance estimate being measured i.e. occupancy and abundance measures 
will be underestimated. This is a widely recognised limitation of the 5-min bird count 
(5MBC) technique (Dawson & Bull 1975), which has been used extensively in New Zealand 
over the last 30 years to quantify bird species composition and abundance. This method 
estimates an index of abundance for a species in a given area, assuming that the index is 
correlated with true abundance or density of that species in that area. However, the 5MBC 
technique does not control for differences in detectability of different species under the same 
conditions or the same species under different conditions (e.g. changes in a species between 
seasons or habitat types; Gill 1980; Moffat & Minot 1994). Subsequently, the original 5MBC 
technique design has often been modified by researchers and practitioners in the field to try 
and address their concerns about the limitations of the technique or to suit their specific study 
design (e.g. using bounded or unbounded counts or varying distances between count 
stations). 
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Figure 40. Species occupancy–abundance plots for three studies: (a) forest habitat at Mainland Island monitoring sites; (b) beech forest sites at Craigieburn (E.B. Spurr 
unpublished); (c) open modified habitats from five regions (J. Innes, unpublished data). 
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2.6.1.3.7 Measuring species occupancy at sampling location 

Repeat measures: To provide unbiased estimates of species richness and occupancy, we need 
to be able to control for variation in species’ detection probabilities over space and time. To 
estimate species’ detection probabilities for a given sampling location, we need to implement 
an intensive survey effort (i.e. repeat surveys; MacKenzie & Royle 2005; MacKenzie et al. 
2006). Repeat surveys of sampling locations are often undertaken as a series of discrete visits 
(e.g. on different days), but multiple surveys may be also carried out within a single visit, 
where multiple observers carry out independent surveys, either on the same or different visits. 
Alternatively, multiple plots within a larger site may be surveyed on a single visit (e.g. 
several randomly located count stations at sampling location). The appropriate choice of 
survey design will depend on the study objectives, the biology and behaviour of the species 
being measured, and logistical constraints.  

We propose a design where there are 10 repeat surveys for each sampling location. The 10 
repeat surveys are made up of a combination of spatial (five count stations) and temporal 
(two surveys of each of the five count stations) replicates, where the latter may be carried out 
by one observer over a period of 2 days or two observers may carry out independent surveys 
at all the count stations on the same day.  

Feasibility of setting up five count stations per sampling location: The topography of each 
sampling location will be the primary determinant of whether it is feasible to set up all five 
count stations at each sampling location or not. In the pilot study, five count stations were 
completed at 16 of the 18 sampling locations (e.g. sampling locations AB144 and AU126 in 
Fig. 41). Only four count stations were completed at the two remaining sampling locations 
(e.g. L158 in Fig. 41). 

The 200-m separation distance between count stations is unlikely to be maintained for all 
count stations at each sampling location, especially if bird counts are carried out in 
conjunction with the possum trapping effort. In the pilot study, substantial overlap between 
the 100-m buffers around two count stations was evident at two of the 18 sampling locations 
(see AU126 and L158 in Fig. 41). This occurred because physical barriers in the landscape 
were encountered while setting the possum traps, with the trap-line deviating from a straight 
line (see possum trapping protocol). Time constraints prevented the field teams from 
investigating whether they could reach the bird count station via an alternative route. 

The degree of spatial overlap among the count stations at each sampling location and validity 
of using data collected from overlapping buffer zones may need to be considered at the data 
analysis stage. We believe that for the purposes of the IMP these data are still valid for 
species occupancy and community-level parameter estimates (and abundance estimates; 
Buckland 2006; Buckland et al. 2008). 
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Figure 41. Layout of bird count stations (and their respective 100-m buffer zones) at three sampling locations established during the pilot study. 
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Timing of surveys: Here, the aim is to get a snapshot of the composition of bird assemblages 
on Conservation land at a given point in time (i.e. the breeding season). To do this accurately, 
all sampling locations should be surveyed in the shortest time frame possible. Increasing the 
time taken to collect data from all sampling locations will increase the potential for change 
and decrease our understanding of the system. Relaxing the assumption that all sampling 
locations are closed to changes for the duration of repeat surveys would mean shifting from 
measuring occupancy to measuring ‘use’. The proportion of area ‘used’ is often physically 
larger than the proportion of the area where the species physically occurs. This has important 
implications, particularly if measures of occupancy are to be used as a surrogate measure of 
abundance – for example, if we consider a low-density, highly mobile species, i.e. a species 
with a relatively large home range compared with the size of the sampling units, then the area 
‘used’ would be very high but the actual population size would be very small. So if 
occupancy at a single point in time is desired then repeated surveys need to be conducted as 
quickly as possible (possibly on the same visit) to reduce the possibility of a species moving 
among sampling locations. However, multiple visits can also induce heterogeneity in the data 
if, for example, the same observer always visits the same sampling locations or the sampling 
locations are always surveyed at the same times of day. MacKenzie and Royle (2005) 
recommend that both the observers and the order that the sampling locations are surveyed are 
rotated to avoid this problem. 

The optimal time for the bird surveys in New Zealand is mid-September to mid-October, 
which is early in the breeding season for most bird species and when male birds sing most 
consistently (Efford et al. unpublished draft report: Recommendations for land bird 
monitoring by DOC). Later in the breeding season, some species may be missed because they 
are less vocal or conspicuous (e.g. as females are sitting on nests so will be less active) and 
abundance estimates (mean and variance) may also be inflated by significant increases in the 
number of juveniles in the population. Gaining access to sampling locations in the ‘optimal’ 
sampling period, however, is likely to be a problem for the majority of sampling locations. 
This problem can be overcome, to some extent, by ‘following the season’, i.e. with field 
teams moving from north to south and east to west. To address these issues, we have 
suggested that surveys are completed in a 12-week period from mid-September to mid-
December. 

Species identification skills: A vital component of the IMP is securing field teams with the 
capacity to recognise bird calls for the range of species likely to be encountered at each 
sampling location. In the pilot study, observations were primarily based on auditory cues 
rather than visual ones for most species (mean ± SE percentage observations heard per 
species: 72 ± 5 %; Fig. 42). As expected, a higher proportion of observations per species 
were based on auditory cues in forest (93%) and shrub (79%) sampling locations than in 
tussock ones (58%; Fig. 43). 
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Figure 42. Histogram of the percentage of bird records heard (versus seen) per species. 
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Figure 43. Histogram of the percentage of bird records heard (versus seen) per species at six sampling locations 
in each land-cover type (forest n = 22, shrub n = 28, and tussock n = 24). 
 

Timing and duration of bird counts: To control for the effects of diurnal variation in bird 
activity and behaviour at each sampling location, we have recommended that observations 
are carried out within a specified time period (between one hour after sunrise and 1300 hours) 
and that observers record the time that bird counts were undertaken. 

To increase the likelihood of detecting cryptic or inconspicuous species, that either call or 
move infrequently, we increased the duration of bird counts from 5 to 10 min to allow for 
more accurate estimates of species richness and occupancy. A comparison of the raw counts 
of total number of bird species recorded per sampling location, without controlling for 
differences in detection probabilities between species and habitats, shows that significantly 
more species (mean difference = 1.05) were recorded using the 10-min bird count than the 5-
min count (t17 = −4.49, P < 0.001; n = 18 sampling locations; Fig. 44). 
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Figure 44. Number of species recorded at each sampling location in a 10-min bird count (10MBC) versus a 5-
min bird count (5MBC). 
 

We have recommended, therefore, that observers record for 10 min and indicate in which 1-
min interval each species was recorded. By indicating which 1-min interval a species is first 
detected at each count station, some flexibility will be retained for modifying the duration of 
recording period in the field or analysis or both stages in the future. 

We also estimated species richness estimates for three specific sampling locations, using 
models that take into account the conspicuousness of species (a broad classification of high or 
medium detectability) and their commonality at the national scale (uncommon, locally 
common, common, abundant; Heather & Robertson 2000). Species richness estimates were 
calculated for each sampling location using four different datasets, varying the levels of 
sampling effort (i.e. fixed 100-m radius versus an unlimited survey area for each count 
station; and a 5-min versus a 10-min recording period; see Fig. 45). Species richness 
estimates for the shrubland sampling location were consistent across datasets, but were more 
variable for forest and tussock sampling locations. Species richness estimates were slightly 
higher for fixed-radius count stations than unbounded ones in forest sites, but precision was 
lower for the 10-min count. Precision was generally lower for bounded counts in tussock 
sampling locations. 
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Figure 45. Model averaged estimates of species richness and the minimum number of species detected for three 
sampling locations in different land-cover classes, with varying levels of sampling effort (fixed versus 
unbounded count station and 5-min versus 10-min recording period). 
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Using data collected during the IMP pilot study, we investigated the effect of land-cover class 
and varying the sampling effort (i.e. duration of the recording period – 5 min v. 10 min, and 
the area surveyed –a fixed radius of 100 m v. unlimited area) on estimates of occupancy and 
detection probabilities for six species (bellbird, chaffinch, fantail, hedge sparrow, rifleman 
and yellowhammer). (Note: distance was only recorded for the 5-min count period, so the 
area surveyed in the second 5-min period was an unlimited area.) We used bird count data 
collected from 18 sampling locations (with six sampling locations in one of three land-cover 
classes: forest, shrub and tussock). 

At each sampling location, we carried out a maximum of 10 repeat surveys, where the repeat 
surveys were made up of a combination of five spatial replications (count stations) and two 
temporal replicates (each count station was surveyed on two consecutive days by the same 
observer). We then fitted four models to each dataset to test whether the effect of land-cover 
affected occupancy or detection probabilities or both. The models were ranked according to 
AICc and then model averaging was used to estimate occupancy and detectability 
probabilities. This analysis was repeated for all combination of count duration and 5-min-
count radius for each species. 

Land-cover composition was not a good predictor of occupancy and detection probability 
estimates for only one species, the chaffinch (Table 33). However, detection probabilities 
(but not occupancy) varied among land-cover types for four species (rifleman, fantail and 
yellowhammer) for all combinations of sampling effort (duration of count and area surveyed; 
Table 33) but only for 5-min counts for bellbirds. Similarly, for hedge sparrow, either 
occupancy alone or both occupancy and detection probabilities varied in relation to land-
cover class depending on the sampling effort considered (Table 33). (Note, however, all 
species, except the bellbird and chaffinch, were not detected in at least one land-cover class, 
so caution needs to be taken when interpreting the parameter estimates extracted from these 
models.) Overall, these analyses show that accounting for spatial (and temporal) variation in 
detection probabilities in relation to land-cover class is important when estimating species 
occupancy at the national scale in the IMP. 
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Table 33. Models fitted to four different datasets for each species to test the effect of land-cover class and 
sampling effort (varying the count station radius and duration of the recording period) on occupancy and or 
detection probabilities for six species. Psi = probability that a sampling location is occupied, p = probability of 
detection given that a sampling location is occupied, Hab = the probability is different for different land-cover 
classes, ‘.’ = probability is the same for different land-cover classes. 

Species Sampling effort Model AIC Delta AIC AIC wgt 

Bellbird 5 min, <100 m (((psi(.),p(Hab)))) 154.05 0 0.8917 

  (((psi(.),p(.)))) 159.23 5.18 0.0669 

  (((psi(Hab),p(Hab)))) 161.12 7.07 0.026 

  (((psi(Hab),p(.)))) 162.16 8.11 0.0155 
      
 5 min, unlimited ((psi(.),p(Hab))) 169.14 0 0.3309 

  ((psi(Hab),p(.))) 169.3 0.16 0.3055 

  ((psi(Hab),p(Hab))) 170.06 0.92 0.2089 

  ((psi(.),p(.))) 170.66 1.52 0.1548 
      
 10 min, <100 m (((psi(.),p(.)))) 175.52 0 0.6524 

  (((psi(.),p(Hab)))) 177.35 1.83 0.2613 

  (((psi(Hab),p(.)))) 179.79 4.27 0.0771 

  (((psi(Hab),p(Hab)))) 184.04 8.52 0.0092 

      

 10 min, unlimited (((psi(.),p(.)))) 176.16 0 0.433 

  (((psi(Hab),p(.)))) 177.12 0.96 0.2679 

  (((psi(.),p(Hab)))) 177.26 1.1 0.2498 

  (((psi(Hab),p(Hab)))) 180.51 4.35 0.0492 
      
Chaffinch 5 min, <100 m  (((psi(.),p(.)))) 219.41 0 0.7403 

  (((psi(Hab),p(.)))) 222.57 3.16 0.1525 

  (((psi(.),p(Hab)))) 223.39 3.98 0.1012 

  (((psi(Hab),p(Hab)))) 229.04 9.63 0.006 

      

 5 min, unlimited ((psi(.),p(.))) 229.89 0 0.8314 

  ((psi(Hab),p(.))) 234.43 4.54 0.0859 

  ((psi(.),p(Hab))) 234.57 4.68 0.0801 

  ((psi(Hab),p(Hab))) 241.39 11.5 0.0026 
      
 10 min, <100 m (((psi(.),p(.)))) 221.99 0 0.6479 

  (((psi(.),p(Hab)))) 224.31 2.32 0.2031 

  (((psi(Hab),p(.)))) 225.11 3.12 0.1361 

  (((psi(Hab),p(Hab)))) 229.83 7.84 0.0129 
      
 10 min, unlimited (((psi(.),p(.)))) 222.31 0 0.8127 

  (((psi(.),p(Hab)))) 226.5 4.19 0.1 

  (((psi(Hab),p(.)))) 226.85 4.54 0.084 

  (((psi(Hab),p(Hab)))) 233.32 11.01 0.0033 
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Species Sampling effort Model AIC Delta AIC AIC wgt 

Fantail 5 min, <100 m  (((psi(.),p(Hab)))) 91.03 0 0.6164 

  (((psi(Hab),p(.)))) 92.97 1.94 0.2337 

  (((psi(.),p(.)))) 94.26 3.23 0.1226 

  (((psi(Hab),p(Hab)))) 97.26 6.23 0.0274 
      
 5 min, unlimited ((psi(.),p(Hab))) 91.03 0 0.6179 

  ((psi(Hab),p(.))) 92.98 1.95 0.2331 

  ((psi(.),p(.))) 94.28 3.25 0.1217 

  ((psi(Hab),p(Hab))) 97.26 6.23 0.0274 
      
 10 min, <100 m (((psi(.),p(Hab)))) 102.86 0 0.8627 

  (((psi(Hab),p(.)))) 107.54 4.68 0.0831 

  (((psi(.),p(.)))) 109.34 6.48 0.0338 

  (((psi(Hab),p(Hab)))) 110.35 7.49 0.0204 

      

 10 min, unlimited (((psi(.),p(Hab)))) 102.86 0 0.8627 

  (((psi(Hab),p(.)))) 107.54 4.68 0.0831 

  (((psi(.),p(.)))) 109.34 6.48 0.0338 

  (((psi(Hab),p(Hab)))) 110.35 7.49 0.0204 
      
Hedge sparrow 5 min, <100 m (((psi(Hab),p(.)))) 94.22 0 0.8623 

  (((psi(.),p(Hab)))) 99.03 4.81 0.0778 

  (((psi(.),p(.)))) 100.02 5.8 0.0474 

  (((psi(Hab),p(Hab)))) 102.71 8.49 0.0124 
      
 5 min, unlimited ((psi(.),p(Hab))) 116.68 0 0.4804 

  ((psi(Hab),p(.))) 116.84 0.16 0.4435 

  ((psi(.),p(.))) 121.58 4.9 0.0415 

  ((psi(Hab),p(Hab))) 121.94 5.26 0.0346 
      
 10 min, <100 m (((psi(Hab),p(.)))) 95.59 0 0.8614 

  (((psi(.),p(Hab)))) 100.38 4.79 0.0785 

  (((psi(.),p(.)))) 101.4 5.81 0.0472 

  (((psi(Hab),p(Hab)))) 103.99 8.4 0.0129 
      
 10 min, unlimited (((psi(Hab),p(.)))) 116.97 0 0.5073 

  (((psi(.),p(Hab)))) 117.37 0.4 0.4154 

  (((psi(.),p(.)))) 121.7 4.73 0.0477 

  (((psi(Hab),p(Hab)))) 122.65 5.68 0.0296 

Rifleman 5 min, <100 m  (((psi(.),p(Hab)))) 83.91 0 0.9367 

  (((psi(Hab),p(.)))) 90.43 6.52 0.036 

  (((psi(.),p(.)))) 92.36 8.45 0.0137 

  (((psi(Hab),p(Hab)))) 92.37 8.46 0.0136 
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Species Sampling effort Model AIC Delta AIC AIC wgt 
      
 5 min, unlimited (psi(.),p(Hab)) 83.91 0 0.9367 

  (psi(Hab),p(.)) 90.43 6.52 0.036 

  (psi(.),p(.)) 92.36 8.45 0.0137 

  (psi(Hab),p(Hab)) 92.37 8.46 0.0136 
      
 10 min, <100 m (((psi(.),p(Hab)))) 96.73 0 0.9684 

  (((psi(Hab),p(Hab)))) 105.15 8.42 0.0144 

  (((psi(Hab),p(.)))) 105.61 8.88 0.0114 

  (((psi(.),p(.)))) 106.96 10.23 0.0058 
      
 10 min, unlimited ((psi(.),p(Hab))) 96.73 0 0.9684 

  ((psi(Hab),p(Hab))) 105.15 8.42 0.0144 

  ((psi(Hab),p(.))) 105.61 8.88 0.0114 

  ((psi(.),p(.))) 106.96 10.23 0.0058 
      
Yellowhammer 5 min, <100 m (((psi(.),p(Hab)))) 59.55 0 0.4647 

  (((psi(.),p(.)))) 59.68 0.13 0.4355 

  (((psi(Hab),p(.)))) 62.78 3.23 0.0924 

  (((psi(Hab),p(Hab)))) 67.85 8.3 0.0073 
      
 5 min, unlimited psi(.),p(Hab) 84.58 0 0.9331 

  psi(.),p(.) 91.41 6.83 0.0307 

  psi(Hab),p(.) 92.36 7.78 0.0191 

  psi(Hab),p(Hab) 92.57 7.99 0.0172 
      
 10 min, <100 m (((psi(.),p(Hab)))) 86.43 0 0.9257 

  (((psi(Hab),p(Hab)))) 91.72 5.29 0.0657 

  (((psi(Hab),p(.)))) 96.58 10.15 0.0058 

  (((psi(.),p(.)))) 98.05 11.62 0.0028 
      
 10 min, unlimited (((psi(.),p(Hab)))) 101.41 0 0.8446 

  (((psi(Hab),p(.)))) 105.96 4.55 0.0868 

  (((psi(.),p(.)))) 107.36 5.95 0.0431 

  (((psi(Hab),p(Hab)))) 108.41 7 0.0255 

 

Table 34 provides a summary of the effects of varying sampling effort on species occupancy 
and detection probability estimates and their precision (also see Fig. 46a–f; Table 35a–f for 
species-specific parameter estimates in relation to land-cover class). The probability of 
detecting three species (chaffinch, bellbird and hedge sparrow) increased when we used an 
unlimited survey area rather than a fixed 100-m radius, but the precision of the occupancy 
estimate for two of those species (bellbird and hedge sparrow) decreased. Detection 
probabilities increased for two species (chaffinch and rifleman) when the duration of the 
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recording period at the count station increased. The effect of varying the count radius and 
duration on occupancy estimates and precision was variable within and among species, with 
the precision of occupancy estimates only consistently increasing across land-cover classes 
for one species, the bellbird. This suggests that increasing the duration of the recording period 
may not be important for common and widespread species (compared with other more cryptic 
or inconspicuous species; see previous section). Although detection probabilities for some 
species increased when using the unlimited-count-station radius, we caution that when using 
this approach the area surveyed will vary spatially (and potentially temporally) among 
sampling locations (e.g. due to differences in vegetation structure and topography). We have 
retained this aspect of the original 5MBC design to allow for comparisons with historical 
data, but emphasise that such comparisons need to be interpreted with caution. 
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Table 34. Summary of the effect of varying the count station radius (using unlimited detection area versus 100-m radius) and the duration of the recording period (10 min 
versus 5 min) on species occupancy and detection probability estimates and their precision. * We exclude those land-cover classes where the species was never detected (see 
above) when determining trends. 

 Radius Duration 

Species detection Occupancy detection Occupancy 

 estimate Precision estimate Precision estimate Precision estimate Precision 

Chaffinch Increase Slight increase Increase Increase Increase Variable No change No change 

Bellbird Increase Variable Variable Decrease Variable Variable Variable Increase 

Hedge sparrow* Increase Variable Variable Decrease Similar Similar Similar Similar 

Rifleman* No change No change No change No change Increase No change Decrease No change 

Fantail No change No change No change No change Variable Variable Increase Decrease 

Yellowhammer Variable Variable Variable Variable Variable Variable Increase Decrease 
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Figure 46a. Model-averaged parameter estimates (±SE) for models fitted to four different datasets for bellbird 
to test the effect of land-cover class and sampling effort ((varying the duration of recording period and count 
station radius [<100 m v. unlimited])) on occupancy and or detection probabilities for six species. 

 

Table 35a. Model-averaged parameter estimates (±SE) for models fitted to four different datasets for bellbird to 
test the effect of land-cover class and sampling effort (varying the duration of the recording period and count 
station radius) on occupancy and or detection probabilities for six species.  

 Occupancy  Detectability 

Summary Forest Tussock Shrub Forest Tussock Shrub 

5 min, <100 m 0.67 (0.15) 0.66 (0.16) 0.66 (0.15) 0.51 (0.08) 0.11 (0.08) 0.30 (0.10) 

5 min, unlimited 0.84 (0.18) 0.50 (0.23) 0.67 (0.15) 0.75 (0.07) 0.65 (0.09) 0.61 (0.10) 

10 min, <100 m 0.64 (0.13) 0.61 (0.13) 0.61 (0.13) 0.46 (0.06) 0.39 (0.09) 0.44 (0.06) 

10 min, unlimited 0.81 (0.15) 0.65 (0.17) 0.70 (0.14) 0.74 (0.06) 0.67 (0.08) 0.70 (0.05) 
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Figure 46b. Model-averaged parameter estimates (±SE) for models fitted to four different datasets for chaffinch 
to test the effect of land-cover class and sampling effort ((varying the duration of recording period and count 
station radius [<100 m v. unlimited])) on occupancy and or detection probabilities for six species.  

 

Table 35B. Model-averaged parameter estimates (±SE) for models fitted to four different datasets for chaffinch 
to test the effect of land-cover class and sampling effort (varying the duration of the recording period and count 
station radius) on occupancy and or detection probabilities for six species.  

 Occupancy  Detectability 

Summary Forest Tussock Shrub Forest Tussock Shrub 

5 min, <100 m 0.86 (0.10) 0.81 (0.12) 0.84 (0.10) 0.43 (0.04) 0.42 (0.05) 0.44 (0.05) 

5 min, unlimited 0.90 (0.08) 0.88 (0.08) 0.88 (0.08) 0.56 (0.04) 0.56 (0.04) 0.57 (0.04) 

10 min, <100 m 0.86 (0.10) 0.81 (0.11) 0.84 (0.10) 0.50 (0.05) 0.47 (0.07) 0.51 (0.06) 

10 min, unlimited 0.90 (0.08) 0.88 (0.08) 0.88 (0.08) 0.62 (0.04) 0.63 (0.04) 0.63 (0.05) 

Chaffinch
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Figure 46c. Model-averaged parameter estimates (±SE) for models fitted to four different datasets for fantail to 
test the effect of land-cover class and sampling effort ((varying the duration of recording period and count 
station radius [<100 m v. unlimited])) on occupancy and or detection probabilities for six species. Note: never 
seen in tussock so be wary of estimates 

 

Table 35C. Model-averaged parameter estimates (±SE) for models fitted to four different datasets for fantail to 
test the effect of land-cover class and sampling effort (varying the duration of the recording period and count 
station radius) on occupancy and or detection probabilities for six species. Note: never seen in tussock so be 
wary of estimates 

 Occupancy  Detectability 

Summary Forest Tussock Shrub Forest Tussock Shrub 

5 min, <100 m 0.56 (0.20) 0.37 (0.25) 0.47 (0.18) 0.19 (0.07) 0.08 (0.11) 0.33 (0.13) 

5 min, unlimited 0.56 (0.20) 0.37 (0.25) 0.47 (0.18) 0.19 (0.07) 0.08 (0.11) 0.33 (0.13) 

10 min, <100 m 0.63 (0.17) 0.55 (0.21) 0.61 (0.16) 0.17 (0.07) 0.03 (0.05) 0.39 (0.10) 

10 min, unlimited 0.63 (0.17) 0.55 (0.21) 0.61 (0.16) 0.17 (0.07) 0.03 (0.05) 0.39 (0.10) 

Fantail
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Figure 46d. Model-averaged parameter estimates (±SE) for models fitted to four different datasets for hedge 
sparrow to test the effect of land-cover class and sampling effort ((varying the duration of recording period and 
count station radius [<100 m v. unlimited])) on occupancy and or detection probabilities for six species. Note: 
never seen in forest so be wary of estimates 

 

Table 35d. Model-averaged parameter estimates (±SE) for models fitted to four different datasets for hedge 
sparrow to test the effect of land-cover class and sampling effort (varying the duration of the recording period 
and count station radius) on occupancy and or detection probabilities for six species. Note: never seen in forest 
so be wary of estimates 

 Occupancy Detectability 

Summary Forest Tussock Shrub Forest Tussock Shrub 

5 min, <100 m 0.07 (0.13) 0.22 (0.20) 0.82 (0.18) 0.30 (0.09) 0.31 (0.08) 0.33 (0.07) 

5 min, unlimited 0.30 (0.30) 0.46 (0.21) 0.70 (0.20) 0.23 (0.24) 0.57 (0.12) 0.44 (0.08) 

10 min, <100 m 0.07 (0.13) 0.22 (0.20) 0.81 (0.19) 0.31 (0.09) 0.32 (0.08) 0.35 (0.07) 

10 min, unlimited 0.26 (0.29) 0.44 (0.21) 0.71 (0.20) 0.27 (0.25) 0.56 (0.11) 0.46 (0.07) 
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Figure 46e. Model-averaged parameter estimates (±SE) for models fitted to four different datasets for rifleman 
to test the effect of land-cover class and sampling effort (varying the duration of recording period and count 
station radius [<100 m v. unlimited]) on occupancy and or detection probabilities for six species. Note: never 
seen in tussock and only once in shrub so be wary of estimates. 
 
Table 35e. Model-averaged parameter estimates (±SE) for models fitted to four different datasets for rifleman to 
test the effect of land-cover class and sampling effort (varying the duration of the recording period and count 
station radius) on occupancy and or detection probabilities for six species. Note: never seen in tussock and only 
once in shrub so be wary of estimates 

 Occupancy  Detectability 

Summary Forest Tussock Shrub Forest Tussock Shrub 

5 min, <100 m 0.67 (0.19) 0.64 (0.22) 0.66 (0.21) 0.45 (0.08) 0.02 (0.04) 0.04 (0.05) 

5 min, unlimited 0.67 (0.19) 0.64 (0.22) 0.66 (0.21) 0.45 (0.08) 0.02 (0.04) 0.04 (0.05) 

10 min, <100 m 0.64 (0.19) 0.62 (0.20) 0.63 (0.20) 0.55 (0.08) 0.01 (0.01) 0.09 (0.07) 

10 min, unlimited 0.64 (0.19) 0.62 (0.20) 0.63 (0.20) 0.55 (0.08) 0.01 (0.01) 0.09 (0.07) 

Rifleman
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Figure 46f. Model averaged parameter estimates (±SE) for models fitted to four different datasets for 
yellowhammer to test the effect of land-cover class and sampling effort ((varying the duration of recording 
period and count station radius [<100 m v. unlimited])) on occupancy and or detection probabilities for six 
species. Note: never seen in forest so be wary of estimates 

 

Table 35f. Model averaged parameter estimates (±SE) for models fitted to four different datasets for 
yellowhammer to test the effect of land-cover class and sampling effort (varying the duration of the recording 
period and count station radius) on occupancy and or detection probabilities for six species. Note: never seen in 
forest so be wary of estimates 

 Occupancy Detectability 

Summary Forest Tussock Shrub Forest Tussock Shrub 

5 min, <100 m 0.20 (0.14) 0.22 (0.13) 0.23 (0.14) 0.24 (0.24) 0.32 (0.19) 0.52 (0.12) 

5 min, unlimited 0.41 (0.16) 0.43 (0.15) 0.43 (0.15) 0.02 (0.04) 0.23 (0.08) 0.62 (0.12) 

10 min, <100 m 0.50 (0.18) 0.57 (0.18) 0.53 (0.16) 0.00 (0.00) 0.13 (0.06) 0.58 (0.12) 

10 min, unlimited 0.44 (0.19) 0.52 (0.16) 0.48 (0.16) 0.05 (0.09) 0.31 (0.08) 0.60 (0.13) 
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Number of repeat surveys: MacKenzie and Royle (2005) emphasise that attempting to survey 
as many sites as possible may not be the most efficient use of resources and that surveying 
fewer sites more often may result in a more precise estimate of occupancy. Another important 
issue that needs to be considered when designing occupancy studies is the number of repeat 
surveys that should be conducted, with the number of repeat surveys required per sampling 
location being likely to vary among species. Tyre et al. (2003) recommend that when the 
probability of false absences is low then it is better to survey more sampling units rather than 
increase the number of surveys per unit, but when the probability of false absences is high, 
more surveys per sampling unit should be carried out. 

We predict that the proposed survey design (with 10 repeat surveys, based on a combination 
of spatial and temporal replicates) should perform well for species with a detection 
probability of ≥0.3 for a range of occupancy levels and for species with low occupancy levels 
(<0.4) and detection probabilities of <0.3 (see table 1 in MacKenzie & Royle 2005). 

Measuring species abundance at sampling locations:  

Various methods have been proposed for estimating bird abundance, including distance 
sampling (e.g. Buckland et al. 2001), multiple-observer surveys (e.g. Nichols et al. 2000) and 
time-of-detection methods (e.g. Farnsworth et al. 2002). Distance sampling uses recorded 
distances from the observer to the detected individuals to estimate a detection function that 
describes the probability of detecting an individual as a function of distance from the 
observer. The multiple-observer methods estimate the probability of detection by each 
observer using a removal (primary-secondary observer; Nichols et al. 2000) or capture-
recapture (independent observers; Alldredge et al. 2006). The time-of-detection sampling 
uses a capture–recapture approach, in which a count is divided into several intervals and 
observers record whether or not an individual is detected in each interval of the count. 

While the development of such methods has reduced the bias associated with indices based 
on point-count data, the practical application of these quantitative methods in the field is 
often difficult (e.g. Alldredge et al. 2007a, b, 2008; Johnson 2008). Estimates of bird 
abundance based on such methods, therefore, require careful scrutiny. We anticipate that 
these methods will continue to be refined, and advances in analysis techniques for dealing 
with the methodological limitations and associated measurement errors should be given due 
consideration as the scheme develops. 

Bird identification skills – shortage of personnel: While searching for personnel to work on 
the IMP pilot study, it quickly became apparent that there was a significant shortage of 
trained bird observers with sufficient field experience for working in challenging and remote 
locations. This shortage of personnel not only prevented us from implementing multi-
observer survey methods in the pilot study, it also indicated that it was highly unlikely that 
DOC would be able to secure the number of trained observers required to implement this 
method at the national scale. 

We did not implement time-of-detection methodologies in the pilot study because: (a) this 
method would require a significant deviation from the existing 5MBC sampling protocol (i.e. 
recording all bird cues for an individual bird rather than only recording cues for each 
individual once); (b) the time constraints associated with implementing a range of different 
bird sampling protocols, in conjunction with the mammal surveys, at each sampling location; 
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and (c) the concerns raised by DOC staff about observer swamping at sampling locations 
with high bird abundance and species richness. 

Thus, we focused on developing a distance sampling regime suitable for estimating 
abundance of common and widespread species. It is not intended to be suitable for estimating 
abundance for rare species. However, we have recommended that distance estimates be 
recorded for all species to allow for changes in the future, where currently rare species may 
become abundant. For this reason, we were reluctant to recommend a design that only 
attempts to measure abundance for a subset of species. 

Distance sampling: In New Zealand, distance sampling techniques have recently been 
advocated in preference to more labour intensive methods (e.g. mapping breeding territories 
or mark–recapture techniques) to obtain more accurate estimates of bird abundance 
(Westbrooke et al. 2003; Cassey et al. 2007). These studies, however, focused on single-
species surveys within one study area. Application of distance sampling techniques for a 
multi-species survey implemented at the national scale is likely to present challenges not 
encountered by the single-species surveys. However, elsewhere, these methods have been 
implemented at the national scale to monitor bird community composition, abundance and 
population trends and sizes (e.g. Newson et al. 2008). 

Line-transect sampling is widely regarded as preferable to the point-transect method for 
distance sampling – except where terrain does not allow transect counts (Buckland et al 
2001). The line transect sampling is preferred, in part, because more time is spent sampling 
compared with point transect sampling, where more time is spent travelling between points 
prior to collecting data (Buckland 2006). However, the point-transect counting can be 
efficient if points are relatively close together (cluster sampling) rather than randomly 
distributed through a study area. Line-transect sampling is also more efficient relative to 
point-transect sampling because it is birds seen on or near the line or point that are the most 
important in distance sampling. Birds seen further away from the line or point provide 
relatively little information about density. For point-transect surveys, the count of birds away 
from the point is relatively large as the area sampled at those distances is so large, while birds 
close to the point are few. 

Recently, the relative performance of these different distance sampling techniques in 
measuring the density of a single conspicuous endemic species, the saddleback, was tested at 
one locality, Tiritiri Mātangi Island (Cassey et al. 2007). The density estimates generated 
from the distance sampling were compared with the ‘actual’ density of saddlebacks, which 
was estimated independently using information from a mark–recapture study (Cassey et al. 
2007). The study found that line-transect distance sampling methods measured densities more 
accurately than point-transect distance methods. The same study varied the amount of time 
that birds were recorded at each point-transect. Saddleback density estimates (of mean and 
variance) based data collected using 5-min point-transects were significantly higher than 
those using data from 1-min point-transects, indicating that the shorter period for recording 
observations produced more accurate and precise estimates of density for this species. This 
study highlights some of the issues around sampling effort and design for obtaining accurate 
estimates of density. However, it is difficult to know how these lessons might apply to a 
survey design that aims to measure the species composition and abundance of a wide range of 
species under a range of different conditions. 
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Buckland et al. (2001) recommend that a pilot study is carried out prior to launching the main 
study, for several reasons. The information collected in the pilot study can be used: (a) to 
provide rough estimates of encounter rate and associated variances, from which refined 
estimates are obtained of number of observations and the total line length of transects or 
number of replicate transect or points for the main study; (b) to test operational procedures 
and provide training for participants; and (c) to provide insights into how best to meet the key 
assumptions: (i) the probability of detecting a bird on the transect line or point [g(0)] is equal 
to 1, i.e. there is no movement in response to the observer prior to detection, and distance 
measurements are accurate (or allocated accurately to specific distance categories); (ii) if 
population is clustered, it is important that cluster size is determined accurately; and (iii) a 
minimum sample size (n) in the 60–80 range for line-transects and probability detection 
function [g(y)] with a broad shoulder are certainly important considerations. 

Buckland et al. (2001) acknowledge that point-transect sampling is advantageous when: (a) 
the terrain is difficult to traverse a straight line safely while detecting and recording birds 
(particularly for multispecies songbird surveys in complex forest habitats; but also see 
Johnson (2008) for review of studies where distance sampling was not accurate across a 
range of species); (b) habitat is patchy, allowing more efficient and unbiased density 
estimation by habitat; and (c) detection may be enhanced by spending several minutes at each 
point in a point transect as they may ensure that g(0) = 1, particularly important when cues 
(i.e. bird calls) only occur at discrete times or are obscured in structurally complex habitats – 
but caution that if recording period is too long, an upward bias may result if birds move into 
the area. They recommend choosing a sufficient number of points or lines to detect a 
minimum of 60–80 observations, but the sample size will also depend on the level of 
precision required to achieve the management objectives. However, sample size in point 
transects can be misleading because the area sampled increases with the square of distance 
and many of the observations are actually in the tail of the detection function g(r) where 
detection probability is low (Buckland et al. 2001). A minimum sample size of around 75–
100 is preferable for estimating a detection function or average density within a study area 
when using point-transects. 

Modifying 5MBC technique to incorporate distance sampling: We propose to adapt the 
5MBC technique (Dawson & Bull 1975) to incorporate distance sampling procedures (i.e. 
using a point-transect sampling approach) to produce more accurate measures of species 
abundance over a wide range of environmental and topographical conditions at the national 
scale. By implementing point-transect sampling rather than the line-transect method, the 
practical constraints imposed by the need to survey a large number of sampling locations that 
encompass areas of ‘difficult’ terrain (e.g. those associated with steep slopes or thick 
vegetation) and a desire to do these both safely and accurately will be addressed. At the same 
time, comparisons with baseline data from the historical 5MBC database, where appropriate, 
can also be achieved. 

Bias associated with presence of the observer: As a number of species are known to respond 
to observer activity (e.g. blackbirds moving away and robins moving towards the observer), 
in the pilot study, we requested that observers approached the count station as quietly as 
possible to minimise disturbance and movement and to note movement of any birds away 
from the count station. If field teams are checking the possum trap-lines in conjunction with 
the bird counts, noise and disturbance of the birds within the vicinity of the count station is 
likely to be an issue. We also asked the field teams to initiate the bird count as soon as they 
arrived at a count station, rather than have a standardised ‘acclimatisation’ period when birds 
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are allowed to settle (e.g. Buckland 2006), which some regard as a ‘biological folly’ (e.g. 
Johnson 2008). However, in the pilot study, observers found that they could rarely start the 
count as soon at they arrived at the station, as they needed time to recover from the physical 
exertion of reaching the point to be able to hear and observe birds accurately. 

Observers should record the time-interval between arriving at the count station and initiation 
of the recording period so the effect of the time delay can be considered at the analysis stage. 
Where there is significant delay in the initiation bird counts or high levels of disturbance, the 
subsequent measurement errors need to be given due consideration at the analysis and 
interpretation stage, particularly for species known to respond to observer activity. 
Furthermore, any change in the possum trapping protocol that may result in a change in the 
disturbance/noise levels within the vicinity of the count station must be taken into 
consideration. 

Bias associated with measuring distance from observer: Distance measures are used to 
estimate the area sampled as well as to model the detection process using distance sampling 
theory (Alldredge et al. 2007b). However, bias in distance measurement generates greater 
bias in point-transect estimates of density than in line-transect estimates. If, for example, all 
distances are underestimated by 10%, this generates 11% upward estimates in transect 
estimates of density but 23% upwards bias in point-transect estimates (Buckland et al. 2001: 
176). Bias resulting from error in distance estimates is greater for point-transects because the 
number of birds available for detection increases with distance from the point; we expect 
twice as many birds at 20 m as at 10 m. 

In the pilot study, we found that most observations were based on auditory cues (see above), 
which are often difficult for the observer to estimate distance for accurately. For example, see 
Alldredge et al.’s (2007b) recently evaluated distance measurement error in auditory point-
count surveys for a subset of species in a forest habitat in the USA. They found that, although 
training reduced errors and bias in distance estimates by approximately 15%, distance 
estimation errors were substantial and nonlinearly related to distance. Greatest error was 
detected for distances >65 m and when the orientation of the song was away from, rather than 
towards, the observer. Such information is currently not available for the different bird 
species and habitats in New Zealand. 

Distance intervals: When distance cannot be measured with good precision, a useful 
alternative is to take grouped data in 5–7 distance intervals such that the width of the interval 
increases toward w (the radius of the area surveyed; Buckland et al. 2001). Accurate 
measurements of distance near the point are particularly important for distance sampling. 
Buckland et al. recommend that: (a) there should be at least two intervals in the region of the 
shoulder of the detection function and (b) that the width of the distance intervals should 
increase with distance from the point, because the larger distances will tend to be less 
accurate and information collected from the intervals closest to the point are the most 
important. They suggest using the upper 20% quantile for delineating the division between 
the last two intervals. Note, if too few distance intervals are used, then only single-parameter 
models will be able to be fitted and the adequacy of their fit cannot be tested. This would 
prevent, for example, testing of the effect of environmental covariates on detection 
probabilities. 

Observers in the pilot study were asked to report accurate measures of distance wherever 
possible but only did so for approximately 40% of observations. For the other 60% of 
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observations, distance estimates were grouped according to one of two classifications of 
distance (0–50 m; 51–100 m; >100 m or 0–10m; 11–25 m; 25–50 m; 50–100 m; >100 m). 
The latter classification was introduced when it became apparent that observers were 
recording distance categories rather than actual distances (note: it is not clear if this was a 
recorder error or an observer error and highlights the importance of training to ensure a 
standardised approach). 

We compared the distribution of bird observations (for all species together) in relation to 
three distance categories (0–50 m; 51–100 m; >100 m) and using accurate distance measures 
(where available) for each land-cover class (Figs 47 and 48). Figure 47 shows that most 
observations with distance category records in forest and shrub sampling locations were close 
to the count station, but the reverse pattern was observed for tussock sampling-locations. 
However, Fig. 48 also shows that observers were also able to measure accurate distances 
relatively far away from the point (up to 1 km away) in shrub sampling-locations. 

 

 

Figure 47. Distribution of bird observations in relation to distance categories and land cover. 
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Figure 48. Distribution of accurate distance estimates for bird observations (for all species together) for three 
land-cover types. 
 

Using information from the 80% (or upper 20%) quantile (for the accurate distance estimates; 
Table 36) and from Figs 47 and 48 as a guide, we suggest setting a 150-m truncation distance 
with seven intervals. Based on Alldrege et al.’s (2007a) findings and Buckland et al. (2001) 
recommendations, we recommend using narrower distance intervals close to the point, with 
increasing intervals further away from the point. More specifically, we recommend that the 
observer distinguish between birds detected within the following distance bands: 0–10 m; 11–
20 m; 21–40 m; 41–60 m; 61–100 m; 101–150 m and >150 m from the count station. This 
range of distance groupings should allow some flexibility to be retained at the analysis stage 
for estimating detection functions for both species detected only close to the count station 
(e.g. rifleman; Fig. 49) and those also detected further away (e.g. bellbird, where some of the 
narrower distance categories may need to be grouped into larger categories; Fig. 49). 
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Table 36. Quantiles for accurate distance measures (for all species combined) recorded in each land-cover class. 
Buckland et al. (2001) recommend using the 80% quantile as a guideline for determining final cut-off interval. 

 Quantile       

 0% 25% 50% 75% 80% 90% 100% 

Forest (n = 209) 1 20 40 70 70 80 100 

Shrub (n = 173) 1 30 73 110 120 160 917 

Tussock (n = 117) 5 50 83 150 161 209 410 

 

 

Figure 49. Distribution of observations in relation to distance from the count station for two species, rifleman 
and bellbird (using only accurate distance measures and for all habitat combined). 
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Duration of count: Here we have specified a 5-min recording period, in keeping with the 
historical 5MBC method. However, it is possible that using information from a shorter 
recording period for some species (particularly those that are highly mobile) may provide 
more precise estimates of abundance (e.g. Cassey et al. 2007). For example, where bird 
movement through the plot occurs, abundance will be overestimated and the longer the count 
period, the larger this effect will become (Buckland et al. 2008). We have recommended, 
therefore, that the observer records in which 1-min interval in the 5-min recording period the 
bird is first observed. This will allow some flexibility to be retained at the analysis stage to 
determine the optimal duration for recording for each species. 

2.6.1.3.8 Other potential sources of bias 

A number of additional features will affect the availability of birds to be detected or the 
perceptibility of birds (Johnson 2008). Below we list these features and the solutions 
proposed for mitigating their effects: 

Changes in bird behaviour and activity over time: (e.g. during the day and within/between 
seasons) or in response to changes in population densities (e.g. increases in the frequency of 
calling when population densities are low; M. Pryde, pers. comm.) or population structure 
(e.g. unpaired male robins call more frequently than paired males during the breeding season; 
Powlesland 1983). See previous discussion about timing of bird surveys and recording. 
Where significant changes in species behaviour/calling rates occur in response to changes in 
abundance or population structure, it may be better to report more conserve estimates of 
species occupancy rather than abundance. 

Weather conditions and masking of cues by ambient noise: Dawson & Bull (1975) 
recommend that counts are not carried out in heavy rain, strong winds or poor visibility to 
minimise the effects of changes in bird behaviour and observer ability in adverse weather 
conditions. Observers are also asked to record the weather and noise conditions in which the 
bird counts are undertaken, using standardised codes, so that these factors can be taken into 
consideration during the data analysis stage. However, it should be noted that sample sizes 
will determine the number of environmental covariates that can be included in these analyses. 

Topography and vegetation composition and structure of sampling locations: Variation in the 
topography and vegetation structure and composition among sampling locations is also likely 
to influence the observer’s ability to detect a species. We have recommended, therefore, that 
a reduced Recce be carried out at each count station to quantify differences in topography and 
vegetation structure and composition among count stations at a given sampling location, as 
well as variation in these features among sampling locations. Again, the effect of these 
variables can potentially be assessed at the data analysis stage, provided the sample sizes are 
sufficiently large. 

Variation in observer ability (to see and hear) and skills: (Identifying the range of different 
calls for each species and accurately estimating the numbers of a particular species calling at 
a given time). The proposed bird monitoring scheme is designed based on the assumption that 
the field teams will be made up of a trained team of bird observers who have extensive 
experience of recognising bird calls. Variation in the quality of the observers may result in 
spurious results and reduce the capacity of the monitoring system to detect real changes in 
species occupancy and abundance. We recommend that observers are tested prior to each 
field season to quantify potential biases in hearing ability among observers (e.g. are they able 
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to hear rifleman calls?). If they are working in unfamiliar areas where species dialects maybe 
different from those they usually work with, they should be given appropriate training to 
distinguish these species’ calls. 

2.6.1.3.9 Training 

To reduce the effects of observer bias we recommend that observers be trained to identify a 
range of calls from each species and to accurately measure distance of the birds from the 
point count station (see Efford et al. unpublished draft report; Alldredge et al. 2007b). DOC’s 
existing training programme could be enhanced to incorporate distance training (following an 
experimental design similar to that used by Alldredge et al. (2007b)). 

Training for data recording should also be an integral part of the bird monitoring scheme, 
with an intensive workshop before the start of the field season to ensure that methods are 
standardised among field teams and geographic regions. Emphasis needs to be placed on 
species recognition, distance sampling, accurately recording the 1-min intervals that birds 
were first observed, distinguishing between observations where individual(s) were either seen 
or heard or heard/seen or seen/heard, flying overhead and moving towards or away from the 
observer as well as classification of weather and noise variables, land cover, topographic and 
vegetation variables (using the reduced Recce methodology). 

2.6.1.4 What patterns exist nationally? 

A number of environmental (e.g. habitat, food supplies, temperature, rainfall) and 
topographical (e.g. altitude, latitude) parameters are predicted to influence the distribution of 
bird species and, therefore, the composition of species assemblages at the national level. 
However, most published studies investigating relationships between these environmental 
and topographical parameters and species distributions and abundance in New Zealand use 
information collected from a limited number of sampling locations within a particular region 
(e.g. Gibb 1961; Dawson et al 1978; Onley 1980, 1983; Wilson et al. 1988; Fitzgerald et al. 
1989; Spurr et al. 1992). In addition, only species-level responses to a particular 
environmental or topographical gradient are usually reported and these results are based on 
analyses using univariate statistical models or descriptive comparisons with other studies 
(except see Moffat & Minot 1994). Multivariate analyses investigating species and 
community-level responses to variation in environmental and topographical parameters at 
both regional and national scales are lacking – making it difficult to assess the relative 
importance of these variables in determining species distribution and abundance and, 
therefore, bird community composition at regional and national scales. 

Wilson et al. (1988), for example, investigated the effect of topography on the seasonal 
distribution of forest birds in north Westland. Lowland forest habitats were predicted to 
provide essential resources for birds that inhabited higher altitude forests for much of the 
year. Species-level analyses showed that bellbirds, tūī, silvereyes, blackbirds, song thrush and 
kererū were more common at low altitudes near the coast, while riflemen, fantails, tomtits 
and robins were more abundant in inland lowland forest sites and bellbird and redpoll 
numbers increased at high-altitude sites. Some seasonal differences in bird abundance were 
also detected. Bellbirds, for example, were more abundant at low-altitude sites in the winter 
than in the spring. Tūī were only detected in December throughout the altitudinal range, 
while silvereyes were detected in low and high altitudes throughout the year. This study 
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provides some evidence that species’ distributions vary between sites and over time in 
relation to altitude, proximity to the coast, and habitat composition. However, it is not 
possible, based on the univariate models presented, to distinguish between the relative effects 
of each parameter – this would require a multivariate analysis approach using information 
from a wider range of sites. 

Maps showing the distribution of endemic, native and introduced species at the national scale 
are presented in the most recent New Zealand bird atlas (Robertson et al. 2007). However, 
these analyses do not control for variation in detection rates or sampling effort across sites, so 
the patterns presented may be biased. The maps suggest that spatial patterns in species 
richness vary between regions and taxonomic groups. Estimates of native and introduced bird 
species richness tended to increase with latitude, but there was no obvious pattern for 
endemic species. On the South Island, a longitudinal gradient in bird species richness was 
detected, where endemic bird assemblages are more specious in west than in the east; the 
reverse trend was observed for introduced bird assemblages. On the North Island, there was 
no evidence of a distinct longitudinal gradient, with areas of high levels of endemic and 
native species richness being patchily distributed across the region, occurring in both coastal 
and inland locations. Species richness estimates for introduced species assemblages on the 
North Island were relatively high across the island, except in high-altitude areas. These 
latitudinal and longitudinal patterns must also code for other effects such as variation in 
association with modified and unmodified habitats of each species group as well as 
differences in climatic conditions and topography. 

2.6.2 What we are going to report 

2.6.2.1 What statistics will be reported? 

Community- (and guild-) level parameters (mean ± 95% confidence limits for species 
richness, colonisation and extinction rates) will be reported at the national level (and where 
sufficient data are available, at the Conservancy level). These parameters could also be 
reported for subsets of species that will be useful from a management perspective: species 
origin/conservation status (e.g. endemic, native, introduced, migrant), feeding guilds 
(insectivores, nectar-feeders, frugivores, omnivores, herbivores, carnivores), different habitat 
types (forested v. non-forested), preferred foraging habitat (e.g. ground v. arboreal 
insectivores), nesting sites (cavity- v. open-nesting species, arboreal v. ground-nesting 
species), mobile v. sedentary species (within or across feeding guilds). 

For each species the following could also be reported at the national level (and, where 
sufficient sampling effort has been attained, the regional and habitat levels): Species 
distribution maps for Conservation land and temporal trends in mean (± 95% confidence 
limits) sampling location occupancy (i.e. proportion of sampling locations in which the 
species was detected) and abundance estimates for occupied sampling locations.  

2.6.2.2 Frequency of measurement and reporting 

To determine the appropriate interval between reporting times and to understand the trade-
offs between different levels of precision and sampling intensity for measuring temporal 
changes in community- and species-level parameters, we need to consider what level of 
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change is important from a management perspective. Understanding what level of change is 
unusual for the system being monitored versus that which is part of the system’s natural 
dynamics is an integral part of determining the optimal sampling design for a monitoring 
scheme. In general, temporal variation in the composition of New Zealand’s bird 
assemblages, and particularly that of widespread and common bird species, is poorly 
understood. 

Here, therefore, we quantify temporal trends in three community-level parameters (species 
richness estimates and rates of colonisation and extinction), using information from a dataset 
that provides a rare opportunity to investigate long-term annual trends in bird community 
composition (i.e. data collected as part of the Mainland Island monitoring programme, where 
data are available for eight sampling locations during the breeding season over about a 10-
year period, 1997–2006). Figure 50 investigates the effect on the trends observed of varying 
the number of sampling stations at each sampling location. Lower levels of sampling effort 
tended to underestimate species richness and overestimate rates of extinction and 
colonisation, relative to higher levels of sampling effort, but overall the temporal trends 
detected were broadly similar. Estimates of mean relative change in species richness 
estimates over the 10-year period ranged from 3 to 4% but varied depending on the sampling 
effort per location (Table 37). Figure 50, however, indicates that the level of interannual 
change varied between years and Fig. 51 shows how this pattern may vary for different 
subsets of species. This has important implications for designing a monitoring scheme. It 
shows that the timing of and interval between sampling events will be key determinants of 
the patterns observed. For example, if sampling had begun in 1999 and resampling had 
occurred 5 years later in 2004, these data would have indicated about a 7% decrease in the 
species richness estimate, but if sampling had begun in 2000, we then would have measured 
an 18% increase in the species richness estimate in 2005. We caution, therefore, against block 
surveys of all sampling locations (i.e. all 1311 sampling locations in year 1, year 5, year 10, 
etc.). Here, instead, we have recommended that, within each 5-year sampling period, a 
randomly selected subset of locations (n = ~262 of the total 1311 sampling locations) are 
sampled in each year (following the LUCAS design) and that a time-averaging approach is 
used to measure temporal trends (e.g. route-regression methods, Link & Sauer (1998); or 
generalised additive models (Fewster et al. 2000). An alternative survey design is annual 
surveys of fewer sampling locations (i.e. the same 262 sampling locations each year). The 
latter design would potentially be more sensitive for detecting temporal trends (by removing 
any spatial variance associated with surveying a random subset of sampling locations each 
year in a 5-year block) and provide more immediate measures of trends, but would be less 
powerful in terms of its spatial resolution and area of inference. 
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Figure 50. Annual variation in (a) species richness estimates, (b) colonisation rates and (c) extinction rates in relation to variation in sampling effort (i.e. the number of count 
stations per sampling location). Data present are based on 5MBC data collected from eight Mainland Island sites (using information from both treatment and control 
locations). The parameter estimates presented are the mean estimates extracted from 411 bootstrapping simulations of each level of sampling effort (i.e. 10, 20, 30 and 40 
count stations per location). 
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Figure 51. Annual changes in species richness estimates for (a) endemic, (b) native and (c) introduced species in relation to variation in sampling effort (i.e. the number of 
count stations per sampling location). Data present are based on 5MBC data collected from eight Mainland Island sites (using information from both treatment and control 
locations). 
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Table 37. Mean (± Standard Deviation) estimates of species richness, relative changes in species richness and 
rates of colonisation and extinction of terrestrial bird communities based on data collected from eight mainland 
sites over a 10-year period (1997–2006). 

No. of stations Species richness Relative change Rate of colonisation Rate of extinction 

10 12.3 ± 1.27 0.043 ± 0.119 0.277 ± 0.091 0.234 ± 0.046 

20 13.4 ± 1.47 0.037 ± 0.134 0.252 ± 0.097 0.215 ± 0.058 

30 13.8 ± 1.54 0.035 ± 0.140 0.244 ± 0.098 0.208 ± 0.064 

40 14.0 ± 1.57 0.035 ± 0.142 0.240 ± 0.099 0.205 ± 0.067 

 

2.6.2.3 Hierarchies of reporting 

As indicated in section 2.6.2.1, reporting of community-level parameters may be useful for a 
range of different subsets of species depending on the management issues of interest (e.g. 
Figs 52 and 53). In particular a comparison of endemic, native and introduced species (e.g. 
Fig. 54) will provide useful information on temporal shifts in species assemblages and 
whether native and endemic species’ distributions are increasing relative to introduce species 
or is the reverse pattern true? Subsets of different feeding guilds (insectivores, nectar-feeders, 
frugivores, omnivores, herbivores, carnivores; e.g. Fig. 55), preferred foraging habitat (e.g. 
ground v. arboreal insectivores) and nesting sites (cavity v. open nesting species, arboreal v. 
ground nesting species) may also provide useful information about how different groups of 
species are responding to different management regimes. For example, does large-scale 
possum control result in significant increases in species richness or occupancy estimates of 
insectivores or herbivores or both at the national or regional scale? Do sedentary and mobile 
species respond differently to large-scale management regimes? Reporting on key functional 
groups (in particular pollinators and seed-dispersers) will provide useful information for 
integration with other indicators in the IMP. 
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Figure 52. Mean (± 95% CI) number of passerine and non-passerine species per sampling location within three 
land-cover class (n = 6 sampling locations per class). 
 

 

Figure 53. Mean (± 95% CI) number of species per sampling location subdivided according to conservation 
threat categories (Miskelly et al. 2008) and land-cover class (n = 6 sampling locations per class). The ‘Various’ 
category was used for species groups where observers were unable to distinguish between specific species, in 
this case the parakeets. 
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Figure 54. Mean (± 95% CI) number of species per sampling location for endemic, native and introduced 
species (Heather & Robertson 2000) and in relation to land-cover class (n = 6 sampling locations per class). 
 

 

Figure 55. Mean (± 95% CI) number of species per sampling location subdivided according to feeding guild 
(Heather & Robertson 2000) and land-cover class (n = 6 sampling locations per class). 
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2.6.2.4 Spatial and temporal analyses for interpreting variability in measurements 

Broad habitat characteristics at each sampling location will be recorded to allow DOC to 
classify count stations and sampling locations according to their environmental 
characteristics. (The latter could be expanded in the future to include recording of specific 
plant indicator species used to determine specific vegetation classes, e.g. those identified by 
national mapping of New Zealand’s forests and shrublands.) This will allow DOC to test for 
the effects of changes in habitat composition at sampling locations as well as to control for 
the associated changes in detection probabilities. 

These data may be used to measures changes in both community- and species-level 
parameters, for example, at the Conservancy level, in relation to large-scale management 
regimes (e.g. intensive pest control such as AHB possum control programmes or changes in 
land use such as vegetation succession), or integrated with other spatial layers of national 
data on disturbance histories, land use, climate and topography. 

2.6.2.5 Presentation of national patterns 

Both community- and species-level parameters could be reported for the same three broad 
habitat classes being reported for the vegetation surveys: indigenous forest, shrub and 
grassland (providing that a sufficient number of sampling units in each of these classes were 
obtained). Where sufficient data are available, it may also be possible to report trends for 
subsets of forest types, different regions and areas, with and without intensive pest control or 
in relation to broad categories of varying levels of pest control or distributions (as identified 
as part of the mammal monitoring component of the IMP). We anticipate that this scheme 
will provide important baseline information about bird assemblages at national and regional 
scale, but that more intensive sampling programme will be required in localities where DOC 
is interested in investigating the effects of specific management regimes within a restricted 
area. 

2.6.3 Cost-effective sampling design 

2.6.3.1 Justification for where sampling design departs from consistent approach 
across measures/elements 

Not applicable. 

2.6.3.2 Trade-offs between level of precision and sampling effort (intensity and 
frequency) in relation to conservation management needs 

2.6.3.2.1 Species richness estimates and detection probabilities 

The precision of species richness estimates at a given sampling location will be determined 
by our ability to detect all species at that location. A key question is, therefore, for a given 
level of sampling effort, what is the proportion of species that will be detected within 90% 
confidence limits? To test the effect of varying sampling effort at each sampling location on 
our ability to detect all species recorded within a given habitat type, we first estimated 
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detection probabilities for each species recorded within two habitat types (forest and open 
modified areas) during the breeding season. For each species, we selected all surveys where 
that species was detected as present. We assumed that separate surveys of the same sampling 
location on different dates were independent and that the detection probability was equivalent 
to the mean proportion of count stations per survey that species was detected. We then 
estimated, using the binomial distribution, the probability of detecting a particular species, 
given that it was present at a location, for varying levels of sampling effort at the sampling 
location. We used this approach to create a matrix of the probabilities of accurately detecting 
the presence of each species within each habitat type in relation to varying levels of sampling 
effort. We then calculated the proportion of species that we would be able to accurately detect 
as present for a given threshold of confidence (Fig. 56 and Table 38). 

These analyses indicate that at the 90% confidence threshold, a sampling effort of 10 count 
stations at a sampling location in forest will only accurately detect 26% of species if they are 
present compared with 50% of species with 30 count stations. In open habitat, assuming a 
90% confidence threshold, approximately 41% of species would be detected with 10 count 
stations at a sampling location compared with 54% with 30 count stations. If the aim of the 
monitoring scheme was only to detect passerine bird species, the proportion of species 
detected would increase to 39% and 76% of species for 10 count stations for forest and open 
habitats respectively and 57% and 85% for 30 count stations. 

2.6.3.2.2 Occupancy estimates 

We have recommended the surveying of five count stations at a given sampling location 
twice on the same day (by independent observers) or on consecutive days (by the same 
observer). Our aim is use information from these spatial replicates to estimate variation in 
detection probabilities between sampling locations (i.e. a repeat survey design, based on 
spatial and temporal replication). However, the precision of the occupancy estimate may also 
be determined by two temporal factors. First, the time that bird counts are recorded at each 
count station. Some species that are less active or call less frequently may go undetected if 
the recording time at the count station is too short. For example, recent work shows that the 
optimal recording period to detect kererū and kākā at a count station is 7.5 min, 2.5 min 
longer than the current standard used in the 5MBC method. Thus, we have advocated the use 
of a 10-min recording period per count station, but distinguishing between birds recorded 
within each 1-min interval to provide the flexibility to vary the information used depending 
on the target species being considered. The second temporal sampling issue is the need for 
repeated surveys within a given breeding season at each sampling location and the effect of 
varying the interval between repeat surveys. This represents an important trade-off between 
precision at the sampling location, where the probability of detecting some species may 
increase with the number of repeat surveys at a sampling location, versus the power to detect 
change by increasing the number of sampling locations but reducing the sampling effort per 
location. Future research needs to explore the effect of varying the number of, and interval 
between, repeat surveys. 
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Table 38. proportion of species that have a probability greater than or equal to 0.9 of being observed, given that 
they are present, in two habitat types in relation to the number of count stations at a sampling location: (a) for all 
species and (b) only passerine species recorded within each habitat type (n = number of species). 

Species n Habitat No. of count stations 

   10 20 30 40 

All 42 Forest 0.262 0.381 0.500 0.524 

 39 Open modified 0.410 0.462 0.538 0.615 

Passerine 26 Forest 0.385 0.538 0.577 0.615 

 21 Open modified 0.762 0.762 0.857 0.857 

 

 

Figure 56. Proportion of species detected, given that they are present, at a sampling locations in forest and open 
habitats in relation to varying levels of sampling effort (i.e. number of count stations per location) and 
confidence limits. Results are presented for the complete list of species observed within each habitat type and a 
subset of species, the passerines. 
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2.6.3.2.3 Abundance estimates 

We have advocated the use of a distance sampling technique, point-transect sampling, for 
obtaining abundance estimates of common bird species. As we highlighted in Section 2.6.1.3, 
this choice of method was determined by the need to measure and control for variation in 
detection probabilities under different environmental conditions at different sampling 
locations over space and time as well as the practical constraints of working in difficult 
terrain. However, the suitability of this technique for measuring bird densities will vary 
depending on the species being considered and the terrain the observer is working in. The key 
issue determining the feasibility of this approach will be that the assumptions of the method 
are met (i.e. the birds do not move in response the presence of the observer, all individuals at 
the sampling point are observed at distance zero and distance measures are accurate). We 
have simplified the distance sampling design to aggregate measures of distance into groups to 
try to overcome some of the complexities of collecting distance data. Where this is not 
feasible, a coarse estimate of abundance (i.e. an index) may be more appropriate. For 
example, analyses (using a similar approach to that used for estimating occupancy; 
D. MacKenzie, Proteus Consulting, pers. comm.) may be carried out using categorical 
estimates of abundance within a given radius of the sampling point or other multispecies 
modelling approaches could be adopted (Alldredge et al. 2008). Alternatively, where the 
assumptions of the distance sampling method are not met, complementary methods may need 
to be implemented to develop suitable correction factors for a given set of conditions. 

2.6.3.3 Determination of sampling intensities to estimate the measure/element to 
within 5% at the 90% confidence limits 

2.6.3.3.1 Probability of detecting changes in occupancy 

We investigated the effect of varying the level of sampling frequency (i.e. the number of 
locations sampled) and intensity (i.e. the number of count stations at a given location) on our 
ability to detect change in occupancy at the 5, 10, 15 and 20% levels with 90% confidence. 
We compared the effect of varying sampling effort for nine species with different 
distributions (widespread, locally common and uncommon; Heather & Robertson 2000) and 
detection probability characteristics (i.e. easy, moderate and difficult to detect; Table 39). 

For each species, we tested, using simulations, the probability of detecting a true change in 
occupancy for a given number of count stations at each sampling location. To do this, we 
assumed an initial occupancy estimate equivalent to the proportion of grid squares in the 
New Zealand 1969–79 bird atlas occupied by that species (Bull et al. 1985; excluding all grid 
squares which were not surveyed and assuming that a presence record in each grid square 
(10 000 yards by 10 000 yards) was equivalent to occupancy). We estimated the detection 
probability for each species, using the 5MBC data from the Mainland Island surveys. We 
selected only surveys where the focal species was detected and estimated the detection 
probability for that species by calculating the mean proportion of counts per survey that the 
focal species was observed. 

For each species, we then randomly assigned occurrences to sampling locations and 
calculated the observed occupancy rate at time t1 using the detection probabilities. The true 
occupancy rate was then increased by 5%, with these new occurrences being randomly 
assigned to previously unoccupied sampling locations and the status of occupied locations 
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remaining unchanged. The observed occupancy was then calculated for time t2 increase in the 
true occupancy rate. A one-tailed binomial test was then used to test whether the observed 
increase in occupancy rate form t1 to t2 was greater than expected at random according to the 
binomial distribution. This process was repeated 100 times for each combination of samples 
sizes (which ranged from 100 to 5000 locations, with increments of 100 locations) and 
sampling effort per location (1, 2, 3, 4, 5, 10, 15 and 20 count stations), assuming a constant 
detection probability and occupancy rates are the same across different habitat types and 
regions. For each of these combinations, the proportion of simulations giving a significant 
(P < 0.1) result was calculated. 

Figures 57–65 and Table 39 summarise the results of these simulations. The number of 
sampling locations required to detect a 5% change in occupancy for a widespread species 
(e.g. grey warbler), with an initial occupancy estimate of >0.8 and detection probability of 
0.7, was 200 for a sampling effort of between 5 and 10 count stations per location. This 
would be reduced to 100 sampling locations to detect a ≥10% change for the same species. 
For other widespread species with lower occupancy and detection probabilities estimates (e.g. 
rifleman and kererū), the number of sampling locations required to detect a 5% change in 
occupancy would be substantially higher (≥1900) with 5–10 count stations per location. To 
detect a 20% change in occupancy for kererū, which had a very low detection probability 
(0.09), 1100 sampling locations would be required at the national scale with five count 
stations per location and reduced to 500 locations with 10 count stations per location. For 
‘locally common’ or ‘uncommon’ species with a moderate detection probability (0.25), 
approximately 900 sampling locations would be required to detect a 20% change in 
occupancy with five count stations and reduced to 400–500 locations for 10 count stations. 
More than 5000 sampling locations would be required to detect any change in occupancy 
between 5 and 20% for ‘locally common’ or ‘uncommon’ species with detection probabilities 
of ≥0.6. Overall, this suggests that it will not be practical to detect a 5% change in occupancy 
for most species. 
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Table 39. Estimates of occupancy (at the national scale) and detection probabilities for species with varying distribution and detection characteristics. Occupancy was 
estimated as the proportion of 10 000-yard grid squares that were surveyed in 1969-79 that the species was detected. The detection probabilities were estimated as the 
proportion of count stations the species was detected in surveys where it was detected as present, using data primarily from the Mainland Island surveys. 

Species Distribution Occupancy Detection 
category 

Detection 
probabilities 

No. of sampling locations required 
5 count stations 10 count stations 

5% 10% 15% 20% 5% 10% 15% 20% 

Grey warbler Widespread 0.85 Easy 0.7 200 100 100 100 200 100 100 100 

Rifleman Widespread 0.29 Moderate 0.5 2000 800 400 200 1900 500 200 200 

Blackbird Widespread 0.92 Moderate 0.38 500 200 200 200 200 100 100 100 

Kererū Widespread 0.46 Difficult 0.09 3300 2400 1900 1100 2100 2000 900 500 

Brown creeper Locally common 0.21 Moderate 0.23 2600 2400 1300 900 2300 1500 700 400 

Kea Locally common 0.14 Difficult 0.03 >5000 >5000 >5000 >5000 >5000 >5000 >5000 >5000 

Robin Uncommon 0.17 Moderate 0.24 3000 2700 1700 900 2500 1800 900 500 

Falcon Uncommon 0.15 Difficult 0.006 >5000 >5000 >5000 >5000 >5000 >5000 >5000 >5000 

Mohua Uncommon 0.04 Difficult 0.06 >5000 >5000 >5000 >5000 >5000 >5000 >5000 >5000 
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Figure 57. Proportion of simulations where binomial tests gave a significant (P < 0.1) result for a real increase 
of 5%, 10%, 15% and 20% in grey warbler occupancy rates for different numbers of sampling locations and 
count stations per sampling location. 
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Figure 58. Proportion of simulations where binomial tests gave a significant (P < 0.1) result for a real increase 
of 5%, 10%, 15% and 20% in rifleman occupancy rates for different numbers of sampling locations and count 
stations per sampling location. 
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Figure 59. Proportion of simulations where binomial tests gave a significant (P < 0.1) result for a real increase 
of 5%, 10%, 15% and 20% in blackbird occupancy rates for different numbers of sampling locations and count 
stations per sampling location. 
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Figure 60. Proportion of simulations where binomial tests gave a significant (P < 0.1) result for a real increase 
of 5%, 10%, 15% and 20% in kererū occupancy rates for different numbers of sampling locations and count 
stations per sampling location. 
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Figure 61. Proportion of simulations where binomial tests gave a significant result (P < 0.1) for a real increase 
of 5%, 10%, 15% and 20% in brown creeper occupancy rates for different numbers of sampling locations and 
count stations per sampling location. 
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Figure 62. Proportion of simulations where binomial tests gave a significant (P < 0.1) result for a real increase 
of 5%, 10%, 15% and 20% in kea occupancy rates for different numbers of sampling locations and count 
stations per sampling location. 
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Figure 63. Proportion of simulations where binomial tests gave a significant (P < 0.1) result for a real increase 
of 5%, 10%, 15% and 20% in New Zealand robin occupancy rates for different numbers of sampling locations 
and count stations per sampling location. 
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Figure 64. Proportion of simulations where binomial tests gave a significant (P < 0.1) result for a real increase 
of 5%, 10%, 15% and 20% in New Zealand falcon occupancy rates for different numbers of sampling locations 
and count stations per sampling location. 
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Figure 65. Proportion of simulations where binomial tests gave a significant (P < 0.1) result for a real increase 
of 5%, 10%, 15% and 20% in yellowhead/mohua occupancy rates for different numbers of sampling locations 
and count stations per sampling location. 
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2.6.3.3.2 Changes in abundance 

We used 5MBC data collected at a beech forest site (Craigieburn; E.B. Spurr, unpublished 
data) to test the effect of varying sampling effort per location (i.e. the number of count 
stations) and the number of locations on our ability to detect 5% and 10% changes in relative 
abundance within 90% confidence limits. (Note: for the purposes of these analyses we 
assume that these 5MBC data provide a surrogate measure of abundance rather than indices.) 
Repeat surveys were carried out along four transects (with 10 count stations per transect 
separated by 200-m intervals) at various intervals over a 5-year period (1978–1982). For the 
purposes of our analysis, we consider each survey as an independent sampling location, 
giving a mean abundance estimate at t1. We simulated a 5% increase in abundance by added 
5% to the count observed at each count station, giving a mean abundance estimate at t2. To 
reflect the stochastic nature of bird count, 1000 bootstrap samples were generated from 
samples t1 and t2 for each sampling location. The mean bird count for bootstrapped samples 
from t1 and t2 was compared with the proportion of permutations where the observed change 
in mean bird counts was the same as the true change in bird counts. The mean of these 
proportions was then calculated across sampling locations and interpreted as the average 
probability for a single sampling location that a true change of 5% in mean bird count will be 
reflected by an observed change in mean bird count in the same direction. We then used a 
binomial test to determine whether the observed proportion of sampling locations showing an 
observed change in a particular direction is significantly greater than expected at random 
(assumed to be 0.5). This was repeated for four levels of sampling effort per location (10, 20, 
30 and 40 count stations) and varying numbers of sampling locations (100–1500 locations, 
with increments of 100 locations). We also estimated changes in the relative abundance of 
bird species across all sampling locations and only those occupied by the species of interest 
and tested the effects of varying a change in abundance from 5 to 10%. 

For a relatively common and widespread species, the grey warbler, this analysis predicted 
that more than 1500 sampling locations would be required to detect a 5% change in relative 
abundance for all four levels of sampling effort per location tested in our simulations (Table 
40 and Fig. 66). To detect a 10% change in abundance, this would require 1100 sampling 
locations with 20 count stations per location and 400 locations with 30 count stations per 
location. However, if we only consider a change in abundance for this species only at 
occupied sampling locations, the level of sampling effort required is substantially reduced to 
detect a 5% or 10% change. For a sampling effort of 10 count stations per location, 300 and 
100 locations would detect a 5% and 10% change in abundance respectively. 

For an irruptive species (i.e. one that exhibits high levels of spatial and temporal variation) 
but is also common and widespread, the fantail, it was not possible to detect either a 5% or 
10% change in abundance across all sampling locations (including unoccupied ones) based 
on the level of sampling effort and number of locations considered in our analysis (Table 40; 
Fig. 67). However, it was possible to detect 5% and 10% changes in abundance at occupied 
locations with 20 or more count stations if about 200 occupied locations were sampled. 
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Table 40. The number of sampling locations required to detect a 5% or 10% change in abundance of grey 
warbler and fantail (with 90% confidence) in relation to the number of count stations per location. 

Sampling locations % change 

No. of count stations per location 

Grey warbler Fantail 

10 20 30 40 10 20 30 40 

All 5 >1500 >1500 >1500 >1500 >1500 >1500 >1500 >1500 

 10 >1500 1100 400 400 >1500 >1500 >1500 >1500 

Occupied 5 300 200 100 100 >1500 200 100 200 

 10 200 100 100 100 >1500 200 100 100 

 

 

Figure 66. Probability of detecting a true change in occupancy of grey warblers in forest habitats for varying 
levels of sampling effort per location and numbers of sampling locations: based on change in abundance across 
all sampling locations (a–b) and only at sampling locations occupied by grey warbler (c–d). 
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Figure 67. Probability of detecting a true change in occupancy of fantails in forest habitats for varying levels of 
sampling effort per location and numbers of sampling locations that were occupied by fantails. (More than 1500 
locations would be required to detect a 5% or 10% change in abundance across all sampling locations, including 
unoccupied sampling locations.) 
 

2.6.3.4 Optimal integration of historical data 

By adapting the existing 5MBC method, we will maximise the potential for incorporating 
these new data with historical 5MBC datasets. As outlined in Section 2.6.1.4, the historical 
5MBC database currently administered by DOC potentially provides important baseline 
information on New Zealand’s bird assemblages, primarily within forest habitats. 
Investigating the potential to use a subset (or subsets) of data from this database should, 
therefore, be a research priority. Such a study should be carried out to test the feasibility and 
validity of using the historical 5MBC data to provide baseline information for the IMP at 
either regional or national or both scales. 

Data from the bird monitoring scheme could be used to contribute towards future bird atlas 
records as well as a national breeding bird monitoring scheme if a comparable sampling 
regime was implemented at a national scale. Eric Spurr (Landcare Research) has led an 
initiative to set up a national breeding bird monitoring scheme and has reviewed the methods 
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used overseas for national bird monitoring schemes (Spurr 2003) as well as led two 
workshops on this topic. The first brought together key end-user groups (representing various 
national and regional organisations) to discuss the feasibility of establishing a national bird-
population monitoring scheme in New Zealand (Spurr 2005). The outcome of this meeting 
was general support for the concept and a recommendation for a working group to determine 
the purpose of the monitoring, survey design, methods for monitoring, access to data and 
funding. (An ‘ad hoc’ working group has been established to support Eric Spurr, but this 
currently does not have financial support.) The second workshop, involving national and 
international scientists, discussed the pros and cons of different international schemes and 
their relevance to New Zealand. I understand that the design of this proposed national bird 
monitoring scheme is still a subject of debate. However, in an effort to gauge community 
support for a national monitoring scheme, Landcare Research (in collaboration with members 
of the Ornithological Society, Royal Forest and Bird Protection Society, DOC, Royal Society, 
and various city and regional councils) has initiated an annual national ‘Garden Bird Survey’ 
scheme. 

In the long term, DOC could incorporate the data collected into a national integrated 
population monitoring scheme using other data sources on breeding and survival parameters 
(i.e. the nest record card and banding databases). 

Other existing data sources on bird abundance, distribution and demography: 

• Bird atlas (1969–1979; 1999–2004; administered by OSNZ) 

• Banding scheme (currently administered by DOC) 

• Nest record cards (currently administered by OSNZ) 

• Five-minute-bird-count database (administered by DOC) 

• Garden Bird Survey (administered by Landcare Research) 

2.6.3.5 Estimated costs of sampling design 

We use time-budget information collected by the IMP pilot study to estimate costs of 
implementing the bird monitoring scheme at each sampling location. The 1-day sampling 
design assumes that a team of two observers will arrive at the sampling location the day 
before sampling is due to occur and camp overnight at or close to the location so the bird 
counts can be initiated early the following day. For this design, we anticipate that travel to the 
sampling location (c. 35 hours in total; Table 41) will be the main cost (40%) to implement 
the bird monitoring scheme. Field survey time will only make up about 18% (c. 17 hours) of 
the total labour costs, with a similar level of logistics management and co-ordination support 
(c. 12 hours) required. Data entry will make up about 11% (c. 10 hours) of the total labour 
cost. We anticipate that operating costs will be about $1,500 per sampling location. The 
initial outlay on equipment (providing both observers with a pair of binoculars, a rangefinder 
and a GPS unit) will be at least $130,000 (assuming a minimum of 13 teams are required). 
This equipment should have standardised specifications among all the field teams, so would 
be better supplied by DOC rather than contractors. In the long term, there will be some costs 
associated with maintaining and replacing this equipment. 

The other major cost for the bird survey work will be training. The long-term costs associated 
with building and maintaining a field team with good bird identification skills will be 
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determined by the number of personnel required and, in the short term, the skills currently 
available. In addition to these costs, an annual 10-day training programme for all field teams 
will be required to ensure that the methods implemented by all personnel are standardised. 
Assuming that 13 teams of two people will be required per season, we estimate that this will 
cost $81,000 p.a. 

The other key costs associated with the bird monitoring programme will be training prior to 
the start of the field season and then, on completion of the fieldwork, data analysis. Where 
costs of detailed analysis (e.g. distance sampling) are too high, these data could be archived 
and made publicly available for others to analyse, thus maximising the benefits of field time 
and, therefore, the value of the data collected. 

 

Table 41. Estimated average time for bird surveys tasks 

Task Person hours Cost per hour ($) Cost per task ($) 

Field team logistics and co-ordination 6 40 240 

Pre-field preparation 6 30 180 

Travel to location (and set up plot) 35 30 1,044 

Commute to and around plot 13 30 380 

Field survey 4 30 114 

Wet-weather-day allowance (30%) 15 30 461 

Field operating costs   1,500 

Data entry 10 30 300 

Total cost ($) per sampling location 89  4,219 

 

2.6.4 How would the data be collected? 

2.6.4.1 Methodologies 

Existing 5MBC protocols (Dawson & Bull 1975) will provide the basis for the data 
methodologies but will require adaptation to incorporate changes to the method as outlined in 
section 2.6.1.3 of this report. Metadata for locating and travelling to plots will follow those 
used in the LUCAS (Payton et al. 2004). 

2.6.4.2 Field delivery and standards 

The field programme should be delivered using the same sampling design as outlined for the 
vegetation components of the IMP (see section 2.1.4.2 but also see section 2.6.2.2 for 
discussion about alternative sampling designs). 
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Field teams need to be highly skilled and trained bird observers who are experienced in 
working in challenging and remote terrain. These field teams should only involve personnel 
who have completed the training workshop before initiating any data collection. These teams 
should also be dedicated solely to the task of collecting IMP bird data for a period of 
12 weeks. Field surveys should be carried out using the sampling protocols outlined in 
section 2.6.1.3. Field teams should be provided with A5 booklets that describe the bird 
sampling protocols in detail and provide the following tables of information: land-cover-class 
definitions, location-specific sunrise times, species codes. Field teams should also be given a 
copy of the vegetation Recce sampling protocol (Hurst & Allen 2007). Each observer should 
be provided with good quality binoculars and rangefinder, as well as a stopwatch (with a 1-
min-interval alarm) and a GPS unit. Datasheets should be printed on waterproof paper in an 
A5 format, with a separate booklet of datasheets for each observer and sampling location. 

Wherever possible all five count-stations should be set up at each sampling location. 
However, we anticipate that some sampling points will be unsafe and field teams will need to 
abandon those points. Count stations will not be permanently marked, but the GPS co-
ordinates for each location should be recorded to allow remeasurement of those points by 
future teams. We recommend that observers survey each count station independently and use 
radios to communicate while moving among sampling locations, to minimise disturbance. 

Field teams should be supported by a central logistical team that will determine the work plan 
and organise travel and operational support. Standardised protocols should be used to ensure 
that all data are complete and correct before being stored electronically. We recommend that 
field team members assist with this process as much as possible. 

Field auditing of the bird survey data collection is likely to present significant challenges. 
Thus, we recommend that observer capacity is initially verified using a series of standardised 
electronic recordings before employing personnel and then again prior to the start of the field 
season as part of the training programme. During the field season, we suggest that field 
teams’ species identification and data collection standards are verified by incorporating 
highly skilled members into the field teams at random, with the field teams then staying for 
an extra day at a location and carrying out double-counts at the same count station to verify 
observer accuracy and performance. 

2.6.5 Managing the data 

2.6.5.1 Data formats, curation and access protocols 

Bird count data should be entered using protocols established for the historical 5MBC 
database. However, these protocols will require further development, to incorporate the 
additional information that is not normally collected during 5MBCs. In particular, protocols 
will be needed to verify and standardise how the 1-min-interval, distance and observer 
uncertainty measures as well as ad hoc species observations are curated. The related habitat 
survey data could be curated using existing NVS Lite software, but NVS or the historical 
5MBC database may need to be adapted to store land-cover information. 

Metadata for each sampling location should be recorded using the same format as required 
for the other IMP and LUCAS surveys. Additional protocols may be required to ensure that 
the time-budget information is also recorded accurately. 
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After ensuring that all datasheets are complete and accurate, these should be scanned and 
stored in an easily accessible electronic format to ensure that an electronic copy of the 
original datasheets is readily available. Any electronically recorded data (e.g. GPS co-
ordinates) should be downloaded and stored in a format that is readily accessible within a 
GIS framework for analysis as well as for downloading onto GPS units for the future 
fieldwork. All data should be stored at a central location and using a standardised protocol. 

2.6.5.2 Integration with other data layers 

Once the bird count data have been processed (i.e. estimates of both community- and species-
level parameters), this information could be integrated with information collected in the 
habitat survey done as part of the bird sampling protocol (which will provide data on the 
topography and vegetation structure of each count station). It will also be possible to integrate 
the bird data with other components of the IMP (e.g. possum abundance, ungulate pellet 
counts, or distribution of key plant species) as well as other spatial information including 
topographic and climatic layers and management information (e.g. data on current and 
historical land cover/use, AHB/DOC possum control effort). 

2.6.6 Analysis and reporting approach 

2.6.6.1 Reporting suitable for a range of audiences 

The bird component of the IMP has been designed to allow reporting of temporal trends in 
community- and species-level parameters. We anticipate that reporting will include a range of 
community-level parameters, including species richness, colonisation and extinction rates as 
well as various composite indices of population trends based on species occupancy and, 
where available, abundance. We provide two examples of such information that could be 
presented and reported to suit a range of audiences. 

2.6.6.1.1 Example 1 

This example presents population trends for different species groups in New Zealand from 
2010 to 2046. (Note: similar information could be presented for species richness parameters 
or species occupancy measures.) The information presented in Fig. 68 shows that an overall 
‘all bird’ index for New Zealand’s common and widespread bird species remained broadly 
stable throughout the period 2010–2046. In 2046, the breeding exotic bird index for 
New Zealand is 48% lower than its 2010 level. Most of the decline in the exotic bird index 
occurred between the mid-2010s and mid-2030s, but it has fallen over the last three years to 
its lowest recorded level. 
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Figure 68. Example of overall population trends for different groups of widespread and common birds in 
New Zealand for the period 2010–2046. (Based on information reported by the UK’s Department for 
Environment Food and Rural Affairs to report on one of several sustainable development strategy indicators: 
http://www.defra.gov.uk/ENVIRONMENT/statistics/wildlife/kf/wdkf03.htm). 
 

2.6.6.1.2 Example 2 

This example presents a comparison of population trend indices for forest and non-forest bird 
species (note: similar information could be presented for community-level parameters or 
species occupancy measures). Following a period of no significant change between 2010 and 
2020, the forest bird index has fallen in recent years (Fig. 69). In particular the index showed 
a fall of almost two percentage points between 2049 and 2050 relative to the 2010 level; the 
largest fall for 15 years. Overall, the non-forest bird index has remained relatively stable over 
the same period, but with a slight increase over the last five years. 

 

Figure 69. Example of overall population trends for different groups of widespread and common birds in 
New Zealand for the period 2010–2050. (Based on information reported by the UK’s Department for 
Environment Food and Rural Affairs to report on one of several sustainable development strategy indicators: 
http://www.defra.gov.uk/ENVIRONMENT/statistics/wildlife/kf/wdkf03.htm). 
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2.6.6.2 Presentation of national patterns 

Where there are sufficient data, both community- and species-level parameters could also be 
presented for different land-cover classes, management regimes (e.g. areas with and without 
possum control) and regions. 

Figure 70, for example, shows that mean species richness estimates for a given year were 
significantly higher in forest and lowest in tussock. This figure also shows that species 
richness estimates were less variable in shrubland than in forest or tussock sampling 
locations. 

Species richness estimates could also be presented to show how these vary among different 
species groups (native, endemic and introduced) and different land-cover classes. For 
example, in Fig. 71, we show that forest sampling locations had almost twice as many 
endemic bird species as tussock sampling locations, while shrubland locations had highest 
numbers of native and introduced species. 

Species-specific information could also be presented to show regional trends for populations, 
using species occupancy or abundance information or both. Figure 72 shows an example of 
similar population trend information for one species, the blackbird, in the UK. It provides 
overall information about the conservation status of the species as well as detailed population 
trends at national and regional scales. These data are readily available to a wider range of 
audiences, with information for each species presented on a separate webpage. These 
webpages are updated annually by the British Trust for Ornithology. 

2.6.6.3 Integrating the measures with complementary interpretive data 

The bird component of the IMP has been designed to integrate with both vegetation and 
mammal pest measures. This should allow bird community and species measures to be 
presented in relation to spatial and temporal data for both vegetation and mammal 
components of the IMP. 

Changes in bird species richness, occupancy and abundance estimates, for example, could be 
presented in relation to possum abundance estimates or abundance of bird food resources, 
using information from sampling locations where both datasets were collected. 
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Figure 70. Overall mean (±95% CI) species richness estimates for three land-cover classes.  

 

 

Figure 71. Mean (±95% CI) species richness estimates for three species groups (endemic, native and 
introduced) in relation to three land-cover classes (forest, shrubland and tussock). 
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Figure 72. An example of how species-specific population trend information could be presented for different 
regions. (Data source: http://www.bto.org/birdtrends2008/wcrblabi.shtml) 
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3 Integration among five priority measures 

An essential feature of our provisional design was an unbiased sample of Conservation lands. 
We used grid-based (8 × 8 km) sampling locations as these provide better coverage than 
random points in a low sampling intensity design (e.g. Coomes et al. 2002). Although there 
are more complex options that combine grid-based coverage with local randomisation 
(Overton & Stehman 1996) a simple grid also integrates with the existing MfE Land Use and 
Carbon Analysis System (LUCAS) plot network. Using our provisional design, a total of 
1311 sample locations would occur on Conservation lands, excluding areas that are likely to 
be too unsafe to sample (i.e. those sampling locations with slope >65°). (Note: a further 
reduction in the maximum sloped sampled by 10° for safety does not markedly reduce the 
number of sampling locations.) For each of the five measures this number of locations would 
be adequate for national- and regional-scale analyses. Of those on Conservation lands, 
approximately 914 can be centred upon existing LUCAS plots. It would be extremely useful 
for land-use comparisons if the grid-based design was expanded to include all lands in 
New Zealand (2849 additional sampling locations). In addition, a denser grid could be used to 
sample locations where more intensive data are required. 

Our analyses, and the wider literature (e.g. Coomes et al. 2002), support the use of permanent 
sampling locations. Repeat-measures analysis from permanent sampling locations is cost-
effective because it allows more explicit partitioning of temporal trends from spatial variation 
(e.g. Coomes et al. 2002). Historical analyses of the vegetation measures, although more 
often locally (e.g. Wiser et al. 1998) or regionally based (e.g. Wardle 1984), suggest that the 
detectable 5% change in an indicator may occur nationally at a decadal timescale. Known 
rates of increase, or decrease, in pest animal abundance (e.g. Forsyth et al. 2003c, 
unpublished report) or distribution (e.g. Fraser et al. 2000) suggest significant changes may 
occur at timescales of much less than a decade. Similarly, known rates of increase, or 
decrease, in bird abundance (e.g. Westbrooke et al. 2003) or distribution (e.g. O’Donnell 
1996) suggest changes at timescales of much less than a decade. We suggest it is also 
important to know if indicators are static at timescales relevant to reporting and policy 
requirements. Overall, our recommendation is for a 5-yearly remeasurement of each sampling 
location – with a random subset of sampling locations measured in each year. This allows a 
rolling-average calculation. An investigation is needed to determine whether there are issues 
of spatial confounding in the sample design.  A major benefit from this sampling regime is 
that it is consistent with likely LUCAS plot remeasurements for carbon reporting time 
frames. It is anticipated this will require negotiation with MfE, and other stakeholders, as a 
key initiative with a whole-of-government approach. An alternative survey design is annual 
surveys of fewer sampling locations (i.e. the same 262 sampling locations each year). The 
latter design would potentially be more sensitive for detecting temporal trends (by removing 
any spatial variance associated with surveying a random subset of sampling locations each 
year in a 5-year block) and provide more immediate measures of trends, but would be less 
powerful in terms of its spatial resolution and area of inference. 

At each sampling location, as our provisional design shows (Fig. 20), data would be collected 
on the five measures. There are efficiencies from undertaking all measurements on the same 
locations – although bird seasonal movements and plant phenology likely preclude all 
measurements being made at the same time of year. Collection of data from the same 
locations will strengthen analyses through paired observations. Although, there remain some 
issues with measures that have different scales of observation. For example, the vegetation 
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plots sample a relatively small area relative to ungulates (Fig. 20) – although the home range 
of ungulates will likely exceed the scale of ungulate sampling. 

Currently there is no central repository for all the types of data the measures would generate. 
A more suitable solution is to disperse the data in appropriate databases that have the capacity 
to manage the data in the long term (e.g. National Vegetation Survey Databank). Where these 
do not exist (e.g. ungulate data) they may well have to be formed in an integrated way. Of 
course the inventory and monitoring system will ultimately draw upon a much wider range of 
data to optimally interpret the measures. 
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4 Conclusions 

The indicators, and measures, reviewed in this report should come as no surprise to 
conservation managers. They build upon and strengthen a long history of similar work in 
New Zealand and elsewhere. This report presents analyses that should provide considerable 
confidence in an inventory and monitoring system for reporting and assessing conservation 
achievements on Conservation lands nationally. While many are apt to debate, argue, and 
question monitoring systems, the time has come to be bold and proceed with a similar system 
to that being implemented in many developed countries (e.g. Canada, Barker et al. 1996; 
Austria, Monserud & Sterba 1996; USA, Stolte 1997; Finland, Tomppo 1998). The rationale 
for and specifics of the proposed system will be outlined in a subsequent report to DOC (due 
June 2009). 
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Appendix – Supplementary tables and figure 

 
Supplementary Table 1. Codes and names of the 25 most abundant herbaceous species found in subplots in 
forests and shrublands (LUCAS) data. 

Code Species name 

GRABIL Grammitis billardierei 

BLEDIS Blechnum discolor 

UNCUNC Uncinia uncinata 

HYMDEM Hymenophyllum demissum 

MICAVE Microlaena avenacea 

BLEPRO Blechnum procerum 

HYMMUL Hymenophyllum multifidum 

NERVIL Nertera villosa 

BLEFLU Blechnum fluviatile 

HYMREV Hymenophyllum revolutum 

ASPFLA Asplenium flaccidum 

BLENOV Blechnum novae-zealandiae 

ASPBUL Asplenium bulbiferum 

NERDEP Nertera depressa 

POLVES Polystichum vestitum 

UNCINI Uncinia species 

MICPUS Microsorum pustulatum 

ANTODO Anthoxanthum odoratum* 

HOLLAN Holcus lanatus* 

BLECHA Blechnum chambersii 

CORTRI Corybas trilobus 

HYPRAD Hypochoeris radicata* 

UNCFIL Uncinia filiformis 

AGRCAP Agrostis capillaris* 

HYMSAN Hymenophyllum sanguinolentum 

 * = exotic plant species 
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Supplementary Table 2. Mean and standard error of plot mean diameters at measurement date 1 (from the 
NVS databank) and measurement date 2 (from the LUCAS database). NOCC indicates the number of plots in 
which each species occurred. See Table 10 for the species names corresponding to the species codes presented. 

Species NOCC MeanDiamt1 MeanDiamt2 SEDiamT1 SEDiamt2 

BEITAW 20 12.227 12.833 2.375 2.143 

CARSER 47 11.463 10.231 1.134 0.766 

COPGRA 12 7.515 6.526 0.709 0.787 

DACCUP 28 48.671 49.119 7.306 7.271 

DRATRA 3 5.982 6.798 0.461 0.498 

DYSSPE 2 8.85 5.683 4.55 1.517 

GRILIT 67 15.175 16.036 1.929 1.977 

HEDARB 20 8.942 8.861 0.757 0.784 

IXEBRE 2 19.375 19.896 8.025 5.137 

KUNERI 3 25.372 27.171 9.568 10.23 

LEPSCO 3 13.883 11.476 5.062 5.997 

MELRAM 27 11.406 11.481 0.967 1.005 

METUMB 27 35.597 34.32 4.596 5.316 

NOTCLI 62 17.642 19.313 1.31 1.885 

NOTFUS 49 34.03 34.198 2.934 2.887 

NOTMEN 97 23.174 22.502 1.419 1.443 

OLECOL 1 −99 −99 −99 −99 

OLERAN 5 9.474 11.736 1.841 3.344 

PODHAL 47 15.375 15.778 2.007 2.108 

PSEARB 1 −99 −99 −99 −99 

PSEAXI 12 5.614 5.543 0.456 0.401 

PSECOL 47 4.874 4.918 0.18 0.185 

PSECRA 41 7.404 7.976 0.676 0.706 

QUISER 17 11.013 10.883 1.758 1.568 

SCHDIG 7 7.911 7.698 2.028 2.02 

ULEEUR NA NA NA NA NA 

WEIRAC 82 14.266 15.079 0.753 0.792 
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Supplementary Table 3. Mean (Observed) and standard error (SEObserved) of shifts in mean diameter for 
plots in the NVS databank that were remeasured during LUCAS. Differences were calculated using comparisons 
of the most recent survey lodged in the NVS database with surveys conducted during LUCAS. Expected is the 
mean of values produced in 10 000 Monte-Carlo simulations; P<= is the proportion of simulations giving a 
result less than or equal to that observed; P>= is the proportion of simulations giving a result greater than or 
equal to the observed value. NOCC indicates the number of plots in which each species occurred. See Table 10 
for the species names corresponding to the species codes presented. 

Species NOCC Observed Expected SEObserved P<= P>= 

BEITAW 20 0.606 −0.024 0.66 0.825 0.175 

CARSER 47 −1.232 −0.018 0.883 0.072 0.928 

COPGRA 6 −0.247 0.006 0.187 0.121 0.899 

DACCUP 28 0.448 −0.01 2.731 0.597 0.403 

DRATRA 3 0.816 0.01 0.17 1 0.125 

DYSSPE 2 −3.167 0.057 3.033 0.247 1 

GRILIT 67 0.861 −0.04 0.769 0.865 0.135 

HEDARB 20 −0.081 −0.04 0.53 0.48 0.52 

IXEBRE 2 0.521 −0.05 2.888 0.757 0.488 

KUNERI 3 1.799 −0.007 0.9 1 0.135 

LEPSCO 3 −2.407 0.117 2.901 0.48 0.764 

MELRAM 27 0.075 0.018 0.358 0.562 0.438 

METUMB 27 −1.277 −0.023 3.302 0.362 0.638 

NOTCLI 62 1.671 0.044 1.145 0.92 0.08 

NOTFUS 49 0.168 0.077 2.119 0.521 0.479 

NOTMEN 97 −0.672 −0.019 1.033 0.263 0.737 

OLECOL 1 −2.185 −0.013 NA 0.503 1 

OLERAN 5 2.261 −0.035 1.558 0.917 0.108 

PODHAL 47 0.403 −0.019 1.054 0.66 0.34 

PSEARB 1 0.812 0.01 NA 1 0.506 

PSEAXI 12 −0.071 0.013 0.3 0.401 0.599 

PSECOL 47 0.047 −0.002 0.096 0.704 0.296 

PSECRA 41 0.573 0.015 0.296 0.972 0.028 

QUISER 1 1.515 0.045 NA 1 0.515 

SCHDIG 7 −0.213 −0.014 0.507 0.368 0.639 

ULEEUR NA NA NA NA NA NA 

WEIRAC 82 0.813 −0.009 0.473 0.961 0.039 

 

  

224 



 

Supplementary Table 4. Mean (Observed) and standard error (SEObserved) of shifts in mean diameter for 
plots in the NVS databank that were remeasured during LUCAS arising from stem diameter growth. Expected is 
the mean of values produced in 10 000 Monte-Carlo simulations; P<= is the proportion of simulations giving a 
result less than or equal to that observed; P>= is the proportion of simulations giving a result greater than or 
equal to the observed value. NOCC indicates the number of plots in which each species occurred. See Table 10 
for the species names corresponding to the species codes presented. 

Species NOCC Observed Expected SEObserved P<= P>= 

BEITAW 20 0.298 −0.002 0.132 1 0.002 

CARSER 47 0.441 −0.003 0.156 0.997 0.003 

COPGRA 6 0.427 0.007 0.347 1 0.029 

DACCUP 28 −0.163 0.014 0.642 0.477 0.523 

DRATRA 3 0.229 0 0.229 1 0.499 

DYSSPE 2 −0.04 0.002 0.04 0.478 1 

GRILIT 67 0.421 0.007 0.112 1 0 

HEDARB 20 0.249 −0.004 0.13 0.984 0.017 

IXEBRE 2 0.9 −0.002 0.9 1 0.499 

KUNERI 3 0.01 0 0.01 1 0.514 

LEPSCO 3 0.367 0.004 0.299 1 0.24 

MELRAM 27 0.049 0.002 0.072 0.743 0.257 

METUMB 27 0.187 −0.004 0.082 0.996 0.004 

NOTCLI 62 1.618 −0.026 0.712 1 0 

NOTFUS 49 1.37 0.016 0.553 1 0 

NOTMEN 97 0.754 0.015 0.157 1 0 

OLECOL 1 0 0 NA 1 1 

OLERAN 5 0.485 0.022 0.473 1 0.272 

PODHAL 47 0.256 0.002 0.073 1 0 

PSEARB 1 0 0 NA 1 1 

PSEAXI 12 0.141 0 0.087 0.98 0.044 

PSECOL 47 0.216 0.001 0.068 1 0 

PSECRA 41 0.506 −0.009 0.158 1 0 

QUISER 1 2.971 0.101 NA 1 0.517 

SCHDIG 7 0.023 0 0.021 1 0.224 

ULEEUR NA NA NA NA NA NA 

WEIRAC 82 0.333 0.001 0.078 1 0 
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Supplementary Table 5. Mean (Observed) and standard error (SEObserved) of shifts in mean diameter for 
plots in the NVS databank that were remeasured during LUCAS arising from recruitment. Expected is the mean 
of values produced in 10 000 Monte-Carlo simulations; P<= is the proportion of simulations giving a result less 
than or equal to that observed; P>= is the proportion of simulations giving a result greater than or equal to the 
observed value. Nocc indicates the number of plots in which each species occurred. See Table 10 for the species 
names corresponding to the species codes presented. 

Species NOCC Observed Expected SEObserved P<= P>= 

BEITAW 20 0.413 0.012 0.271 0.912 0.088 

CARSER 47 −1.383 −0.004 0.723 0.005 0.995 

COPGRA 6 −0.069 −0.001 0.238 0.287 0.724 

DACCUP 28 −1.363 −0.025 2.05 0.356 0.644 

DRATRA 3 0.354 −0.001 0.082 1 0.124 

DYSSPE 2 −2.583 0.031 2.583 0.494 1 

GRILIT 67 −0.511 0.008 0.412 0.125 0.875 

HEDARB 20 −0.262 −0.002 0.448 0.341 0.659 

IXEBRE 2 −1 −0.047 2.566 0.514 0.751 

KUNERI 3 0.83 −0.003 0.481 1 0.133 

LEPSCO 3 −2.67 0.085 2.67 0.484 1 

MELRAM 27 −0.191 −0.004 0.159 0.136 0.864 

METUMB 27 −1.384 0.034 2.545 0.311 0.689 

NOTCLI 62 −0.801 0.013 0.465 0.048 0.952 

NOTFUS 49 −2.305 −0.006 1.45 0.057 0.943 

NOTMEN 97 −1.714 −0.012 0.816 0.017 0.983 

OLECOL 1 −1.401 −0.017 NA 0.506 1 

OLERAN 5 0.02 −0.002 0.069 0.644 0.474 

PODHAL 47 −0.268 −0.01 0.752 0.336 0.664 

PSEARB 1 0.359 0.014 NA 1 0.519 

PSEAXI 12 −0.257 −0.007 0.196 0.125 0.876 

PSECOL 47 −0.155 0.001 0.06 0.005 0.995 

PSECRA 41 −0.107 −0.005 0.205 0.329 0.671 

QUISER 1 −0.218 −0.004 NA 0.509 1 

SCHDIG 7 −0.206 −0.011 0.418 0.296 0.719 

ULEEUR NA NA NA NA NA  

WEIRAC 82 −0.183 −0.004 0.337 0.332 0.668 
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Supplementary Table 6. Mean (Observed) and standard error (SEObserved) of shifts in mean diameter for 
plots in the NVS databank that were remeasured during LUCAS arising from mortality. Expected is the mean of 
values produced in 10 000 Monte-Carlo simulations; P<= is the proportion of simulations giving a result less 
than or equal to that observed; P>= is the proportion of simulations giving a result greater than or equal to the 
observed value. NOCC indicates the number of plots in which each species occurred. See Table 10 for the 
species names corresponding to the species codes presented. 

Species NOCC Observed Expected SEObserved P<= P>= 

BEITAW 20 −0.017 0.037 2.388 0.48 0.53 

CARSER 47 0.9 0.011 0.863 0.769 0.232 

COPGRA 6 −0.839 −0.038 0.483 0.07 1 

DACCUP 28 0.372 0.015 1.495 0.743 0.287 

DRATRA 3 −1.15 −0.039 NA 0.517 1 

DYSSPE 2 −0.044 0 NA 0.498 1 

GRILIT 67 3.02 0.004 1.522 0.984 0.016 

HEDARB 20 −0.073 −0.002 0.282 0.437 0.571 

IXEBRE 2 0 0 NA 1 1 

KUNERI 3 0.917 −0.035 NA 1 0.481 

LEPSCO 3 −0.987 0.034 0.987 0.483 1 

MELRAM 27 0.808 −0.004 0.362 0.993 0.008 

METUMB 27 −1.044 0.007 2.12 0.344 0.656 

NOTCLI 62 0.309 0.043 0.941 0.599 0.401 

NOTFUS 49 1.801 −0.111 1.582 0.872 0.128 

NOTMEN 97 2.488 −0.104 2.385 0.83 0.17 

OLECOL 1 NA NA NA 1 1 

OLERAN 5 4.017 0.163 3.733 1 0.257 

PODHAL 47 0.229 −0.006 0.455 0.668 0.336 

PSEARB 1 NA NA NA 1 1 

PSEAXI 12 0.853 −0.04 0.933 0.832 0.21 

PSECOL 47 0.21 0.01 0.263 0.754 0.246 

PSECRA 41 −0.002 0 0.118 0.489 0.525 

QUISER 1 0 0 NA 1 1 

SCHDIG 7 4.059 0.192 4.959 0.749 0.524 

ULEEUR NA NA NA NA NA NA 

WEIRAC 82 0.054 −0.059 0.709 0.557 0.443 

 

  

227 



 

Supplementary Table 7. Mean and standard error (SE) for mean density of saplings in 5 × 5 m subplots for 27 
selected species calculated across: all plots in LUCAS (8-km grid), LUCAS plots on a 16-km grid, and LUCAS 
plots on a 24-km grid. NOCC indicates the number of plots in which each species occurred. See Table 10 for the 
species names corresponding to the species codes presented. 

Species 
All plots 16-km grid 24-km grid 

NOCC Mean 
density 

SE 
density NOCC Mean 

density 
SE 
density NOCC Mean 

density 
SE 
density 

BEITAW 151 1.05 0.156 NA NA NA NA NA NA 

CARSER 254 0.5 0.073 51 0.534 0.125 31 0.571 0.163 

COPGRA 141 1.012 0.152 39 1.072 0.297 NA NA NA 

DACCUP 135 0.324 0.047 29 0.3 0.101 16 0.383 0.193 

DRATRA 46 0.598 0.134 8 0.766 0.262 6 0.656 0.431 

DYSSPE 37 0.84 0.145 11 1.063 0.244 NA NA NA 

GRILIT 176 0.513 0.079 36 0.339 0.079 22 0.455 0.166 

HEDARB 179 0.654 0.075 47 0.616 0.158 24 0.797 0.287 

IXEBRE 21 0.298 0.094 NA NA NA NA NA NA 

KUNERI 109 2.01 0.319 28 2.132 0.632 12 0.536 0.272 

LEPSCO 134 3.612 0.763 41 2.747 0.809 13 5.514 3.069 

MELRAM 197 0.959 0.163 46 1.345 0.591 24 0.911 0.418 

METUMB 112 0.479 0.069 21 0.423 0.077 12 0.375 0.132 

NOTCLI 146 5.67 1.106 36 5.988 1.743 13 10.399 5.454 

NOTFUS 134 1.652 0.327 35 1.729 0.542 18 4.552 1.954 

NOTMEN 293 1.867 0.21 74 1.727 0.384 31 1.196 0.285 

OLECOL 35 1.666 0.486 4 3.141 1.516 NA NA NA 

OLERAN 93 0.464 0.067 24 0.37 0.079 22 0.253 0.058 

PODHAL 234 0.422 0.043 46 0.344 0.058 NA NA NA 

PSEARB 61 1.397 0.493 18 0.767 0.251 NA NA NA 

PSEAXI 81 0.583 0.08 24 0.565 0.166 NA NA NA 

PSECOL 327 1.706 0.157 65 1.846 0.33 35 1.084 0.243 

PSECRA 303 0.501 0.06 73 0.578 0.121 32 0.355 0.074 

QUISER 75 2.308 0.474 18 1.941 0.771 NA NA NA 

SCHDIG 86 0.568 0.118 25 0.33 0.116 12 0.672 0.371 

ULEEUR 44 3.354 0.881 14 4.781 1.731 2 0.25 0.188 

WEIRAC 375 1.863 0.148 78 1.994 0.284 36 1.747 0.357 
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Supplementary Table 8. Mean and standard error (SE) for mean density of saplings in 5 × 5 m subplots for 27 
selected species calculated across LUCAS plots in the West Coast, Wellington and Canterbury conservancies. 
NOCC indicates the number of plots in which each species occurred. See Table 10 for the species names 
corresponding to the species codes presented. 

Species 
West Coast Wellington Canterbury 

NOCC Mean 
density 

SE 
density NOCC Mean 

density 
SE 
density NOCC Mean 

density 
SE 
density 

BEITAW NA NA NA NA NA NA NA NA NA 

CARSER 51 0.305 0.051 NA NA NA NA NA NA 

COPGRA 6 0.802 0.349 NA NA NA NA NA NA 

DACCUP 40 0.423 0.106 2 0.063 0 NA NA NA 

DRATRA 27 0.734 0.21 NA NA NA NA NA NA 

DYSSPE NA NA NA NA NA NA NA NA NA 

GRILIT 56 0.584 0.165 NA NA NA 8 0.695 0.245 

HEDARB 18 0.878 0.319 NA NA NA NA NA NA 

IXEBRE NA NA NA NA NA NA NA NA NA 

KUNERI NA NA NA NA NA NA NA NA NA 

LEPSCO 9 3.035 1.018 NA NA NA NA NA NA 

MELRAM 15 0.65 0.186 NA NA NA NA NA NA 

METUMB 45 0.507 0.141 NA NA NA NA NA NA 

NOTCLI 19 0.776 0.245 NA NA NA NA NA NA 

NOTFUS 38 0.633 0.16 NA NA NA NA NA NA 

NOTMEN 82 2.147 0.428 NA NA NA NA NA NA 

OLECOL 5 0.912 0.481 NA NA NA NA NA NA 

OLERAN NA NA NA NA NA NA NA NA NA 

PODHAL 41 0.311 0.069 2 0.281 0.219 3 0.292 0.146 

PSEARB NA NA NA NA NA NA NA NA NA 

PSEAXI NA NA NA NA NA NA NA NA NA 

PSECOL 89 1.365 0.253 8 1.133 0.554 3 1.042 0.771 

PSECRA 70 0.372 0.062 6 0.677 0.45 10 0.619 0.32 

QUISER 15 2.013 0.521 NA NA NA NA NA NA 

SCHDIG 11 0.909 0.278 NA NA NA NA NA NA 

ULEEUR 4 0.688 0.545 NA NA NA NA NA NA 

WEIRAC 116 2.306 0.294 9 0.215 0.074 NA NA NA 

229 



 

Supplementary Table 9. Mean and standard error (SE) in the proportion of circular 0.75-m2 subplots in each of five height tiers (T1 ≤15 cm; T2 16–45 cm; T3 46–75 cm; 
T4 76–105 cm; T5 106–135 cm) occupied by the 27 selected woody species for all plots in the LUCAS database (8-km grid). NOCC indicates the number of plots in which 
each species occurred. See Table 10 for the species names corresponding to the species codes presented. 

Species NOCC MeanT1 SET1 MeanT2 SET2 MeanT3 SET3 MeanT4 SET4 MeanT5 SET5 

BEITAW 139 0.075 0.008 0.090 0.017 0.028 0.008 0.009 0.000 0.008 0.000 

CARSER 267 0.077 0.006 0.031 0.006 0.014 0.000 0.007 0.000 0.003 0.000 

COPGRA 196 0.195 0.014 0.051 0.007 0.013 0.000 0.006 0.000 0.004 0.000 

DACCUP 172 0.114 0.008 0.026 0.000 0.006 0.000 0.003 0.000 0.002 0.000 

DRATRA 22 0.053 0.021 0.044 0.021 0.009 0.000 0.008 0.000 0.006 0.000 

DYSSPE 31 0.089 0.036 0.059 0.018 0.013 0.000 0.005 0.000 0.003 0.000 

GRILIT 627 0.288 0.012 0.027 0.004 0.004 0.000 0.002 0.000 0.001 0.000 

HEDARB 338 0.191 0.011 0.049 0.005 0.010 0.000 0.005 0.000 0.002 0.000 

IXEBRE 56 0.242 0.040 0.024 0.013 0.005 0.000 0.001 0.000 0.001 0.000 

KUNERI 94 0.095 0.010 0.103 0.021 0.051 0.010 0.039 0.010 0.020 0.000 

LEPSCO 121 0.216 0.018 0.367 0.100 0.108 0.018 0.054 0.009 0.044 0.009 

MELRAM 284 0.119 0.006 0.062 0.006 0.017 0.000 0.008 0.000 0.006 0.000 

METUMB 115 0.095 0.009 0.055 0.009 0.010 0.000 0.005 0.000 0.003 0.000 

NOTCLI 177 0.500 0.023 1.056 0.180 0.294 0.053 0.145 0.030 0.072 0.015 

NOTFUS 195 0.321 0.021 0.222 0.036 0.050 0.007 0.021 0.007 0.015 0.007 

NOTMEN 336 0.295 0.011 0.223 0.027 0.062 0.011 0.029 0.005 0.018 0.005 

OLECOL 35 0.245 0.051 0.358 0.085 0.149 0.068 0.085 0.051 0.039 0.017 

OLERAN 86 0.066 0.011 0.053 0.011 0.016 0.000 0.006 0.000 0.005 0.000 

PODHAL 181 0.092 0.007 0.062 0.015 0.021 0.000 0.006 0.000 0.005 0.000 

PSEARB 57 0.096 0.013 0.067 0.013 0.027 0.013 0.020 0.000 0.010 0.000 

PSEAXI 96 0.163 0.020 0.034 0.010 0.011 0.000 0.006 0.000 0.004 0.000 
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PSECOL 317 0.219 0.011 0.182 0.022 0.062 0.006 0.027 0.006 0.016 0.000 

PSECRA 365 0.151 0.010 0.054 0.005 0.013 0.000 0.004 0.000 0.003 0.000 

QUISER 86 0.133 0.011 0.241 0.065 0.096 0.022 0.042 0.011 0.021 0.011 

SCHDIG 172 0.116 0.008 0.040 0.008 0.008 0.000 0.004 0.000 0.002 0.000 

ULEEUR 69 0.287 0.036 0.413 0.181 0.162 0.060 0.058 0.012 0.030 0.012 

WEIRAC 447 0.150 0.005 0.096 0.009 0.032 0.005 0.014 0.000 0.008 0.000 
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Supplementary Table 10. Mean and standard error for the proportion of subplots occupied by 27 selected woody species, for LUCAS plots on a 16-km grid. NOCC 
indicates the number of plots in which each species occurred. See Table 10 for the species names corresponding to the species codes presented. 

Species NOCC MeanT1 SET1 MeanT2 SET2 MeanT3 SET3 MeanT4 SET4 MeanT5 SET5 

BEITAW 38 0.072 0.016 0.069 0.016 0.021 0.000 0.005 0.000 0.007 0.000 

CARSER 61 0.083 0.013 0.027 0.013 0.021 0.000 0.008 0.000 0.004 0.000 

COPGRA 48 0.190 0.029 0.076 0.014 0.018 0.000 0.005 0.000 0.003 0.000 

DACCUP 36 0.145 0.033 0.015 0.000 0.003 0.000 0.002 0.000 0.000 0.000 

DRATRA 6 0.056 0.041 0.090 0.041 0.014 0.000 0.007 0.000 0.021 0.000 

DYSSPE 9 0.130 0.067 0.074 0.033 0.005 0.000 0.005 0.000 0.000 0.000 

GRILIT 140 0.281 0.017 0.022 0.008 0.005 0.000 0.002 0.000 0.000 0.000 

HEDARB 80 0.169 0.011 0.049 0.011 0.014 0.000 0.008 0.000 0.004 0.000 

IXEBRE 12 0.271 0.058 0.052 0.058 0.007 0.000 0.000 0.000 0.000 0.000 

KUNERI 22 0.100 0.021 0.116 0.043 0.044 0.021 0.044 0.021 0.027 0.021 

LEPSCO 31 0.180 0.036 0.363 0.144 0.106 0.036 0.054 0.018 0.035 0.018 

MELRAM 68 0.109 0.012 0.048 0.012 0.013 0.000 0.006 0.000 0.007 0.000 

METUMB 24 0.075 0.020 0.030 0.000 0.005 0.000 0.003 0.000 0.002 0.000 

NOTCLI 45 0.506 0.045 1.413 0.432 0.402 0.134 0.185 0.060 0.079 0.030 

NOTFUS 44 0.359 0.045 0.174 0.045 0.042 0.015 0.023 0.000 0.017 0.015 

NOTMEN 79 0.282 0.034 0.242 0.045 0.076 0.023 0.030 0.011 0.017 0.011 

OLECOL 6 0.257 0.122 0.243 0.122 0.063 0.041 0.028 0.000 0.000 0.000 

OLERAN 23 0.080 0.021 0.043 0.021 0.005 0.000 0.005 0.000 0.004 0.000 

PODHAL 34 0.116 0.034 0.064 0.017 0.016 0.000 0.006 0.000 0.001 0.000 

PSEARB 16 0.096 0.025 0.081 0.025 0.023 0.000 0.016 0.000 0.003 0.000 

PSEAXI 25 0.163 0.020 0.037 0.020 0.012 0.000 0.008 0.000 0.000 0.000 
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PSECOL 61 0.214 0.026 0.188 0.038 0.066 0.013 0.025 0.000 0.019 0.000 

PSECRA 82 0.171 0.022 0.074 0.011 0.022 0.011 0.005 0.000 0.005 0.000 

QUISER 20 0.127 0.022 0.179 0.067 0.073 0.022 0.029 0.022 0.023 0.000 

SCHDIG 42 0.093 0.015 0.043 0.015 0.007 0.000 0.002 0.000 0.000 0.000 

ULEEUR 22 0.333 0.064 0.210 0.085 0.072 0.021 0.025 0.021 0.023 0.000 

WEIRAC 92 0.129 0.010 0.082 0.021 0.029 0.010 0.013 0.000 0.006 0.000 
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Supplementary Table 11. Mean and standard error for the proportion of subplots occupied by 27 selected woody species, for LUCAS plots on a 24-km grid. NOCC 
indicates the number of plots in which each species occurred. See Table 10 for the species names corresponding to the species codes presented. 

Species NOCC MeanT1 SET1 MeanT2 SET2 MeanT3 SET3 MeanT4 SET4 MeanT5 SET5 

BEITAW 17 0.051 0.024 0.037 0.024 0.037 0.024 0.007 0.000 0.005 0.000 

CARSER 32 0.087 0.018 0.038 0.018 0.021 0.000 0.016 0.000 0.005 0.000 

COPGRA 25 0.208 0.040 0.062 0.020 0.017 0.020 0.008 0.000 0.003 0.000 

DACCUP 23 0.107 0.021 0.025 0.000 0.011 0.000 0.002 0.000 0.000 0.000 

DRATRA 2 0.042 0.071 0.000 0.000 0.021 0.000 0.000 0.000 0.000 0.000 

DYSSPE 3 0.250 0.231 0.181 0.115 0.000 0.000 0.000 0.000 0.000 0.000 

GRILIT 65 0.283 0.037 0.026 0.012 0.003 0.000 0.002 0.000 0.001 0.000 

HEDARB 42 0.194 0.031 0.054 0.015 0.009 0.000 0.010 0.000 0.007 0.000 

IXEBRE 7 0.179 0.076 0.012 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

KUNERI 9 0.065 0.033 0.065 0.033 0.116 0.067 0.060 0.033 0.014 0.000 

LEPSCO 14 0.196 0.080 0.211 0.080 0.074 0.027 0.015 0.000 0.027 0.000 

MELRAM 31 0.118 0.018 0.113 0.054 0.019 0.000 0.007 0.000 0.003 0.000 

METUMB 8 0.073 0.035 0.042 0.000 0.016 0.000 0.016 0.000 0.010 0.000 

NOTCLI 13 0.631 0.083 1.955 0.832 0.609 0.277 0.311 0.139 0.112 0.055 

NOTFUS 21 0.349 0.065 0.401 0.153 0.103 0.065 0.056 0.022 0.042 0.022 

NOTMEN 34 0.230 0.034 0.148 0.051 0.038 0.017 0.018 0.000 0.018 0.017 

OLECOL 5 0.408 0.134 0.633 0.313 0.183 0.089 0.075 0.045 0.025 0.000 

OLERAN 8 0.089 0.035 0.031 0.000 0.016 0.000 0.005 0.000 0.005 0.000 

PODHAL 20 0.077 0.022 0.040 0.000 0.010 0.000 0.004 0.000 0.000 0.000 

PSEARB 5 0.017 0.000 0.017 0.000 0.000 0.000 0.017 0.000 0.000 0.000 

PSEAXI 18 0.171 0.047 0.046 0.024 0.005 0.000 0.005 0.000 0.000 0.000 
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PSECOL 31 0.184 0.036 0.144 0.036 0.042 0.018 0.024 0.000 0.012 0.000 

PSECRA 44 0.157 0.030 0.066 0.015 0.014 0.000 0.001 0.000 0.005 0.000 

QUISER 9 0.130 0.033 0.218 0.133 0.102 0.100 0.056 0.033 0.000 0.000 

SCHDIG 22 0.136 0.043 0.074 0.021 0.017 0.000 0.009 0.000 0.002 0.000 

ULEEUR 7 0.196 0.113 1.619 1.625 0.411 0.378 0.077 0.076 0.012 0.000 

WEIRAC 47 0.112 0.015 0.059 0.015 0.012 0.000 0.007 0.000 0.004 0.000 
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Supplementary Table 12. Mean and standard error for the proportion of subplots occupied by 27 selected woody species, for LUCAS plots occurring the West Coast 
Conservancy (8-km grid). NOCC indicates the number of plots in which each species occurred. NA indicates that a species occurred in less than two plots within the 
Conservancy. See Table 10 for the species names corresponding to the species codes presented. 

Species NOCC MeanT1 SET1 MeanT2 SET2 MeanT3 SET3 MeanT4 SET4 MeanT5 SET5 

BEITAW NA NA NA NA NA NA NA NA NA NA NA 

CARSER 34 0.063 0.017 0.020 0.000 0.015 0.000 0.004 0.000 0.000 0.000 

COPGRA 19 0.307 0.046 0.070 0.023 0.013 0.000 0.009 0.000 0.000 0.000 

DACCUP 48 0.107 0.014 0.034 0.014 0.008 0.000 0.005 0.000 0.001 0.000 

DRATRA 14 0.054 0.027 0.045 0.027 0.015 0.000 0.009 0.000 0.009 0.000 

DYSSPE NA NA NA NA NA NA NA NA NA NA NA 

GRILIT 144 0.278 0.017 0.031 0.008 0.005 0.000 0.001 0.000 0.001 0.000 

HEDARB 49 0.207 0.029 0.031 0.000 0.007 0.000 0.002 0.000 0.002 0.000 

IXEBRE NA NA NA NA NA NA NA NA NA NA NA 

KUNERI NA NA NA NA NA NA NA NA NA NA NA 

LEPSCO 11 0.473 0.060 1.125 0.332 0.250 0.060 0.076 0.030 0.057 0.030 

MELRAM 15 0.086 0.026 0.025 0.026 0.003 0.000 0.003 0.000 0.000 0.000 

METUMB 42 0.075 0.015 0.056 0.015 0.011 0.000 0.007 0.000 0.002 0.000 

NOTCLI 20 0.354 0.067 0.219 0.112 0.046 0.022 0.033 0.022 0.013 0.000 

NOTFUS 54 0.267 0.027 0.181 0.041 0.038 0.014 0.018 0.000 0.008 0.000 

NOTMEN 87 0.316 0.021 0.215 0.043 0.052 0.011 0.023 0.000 0.015 0.000 

OLECOL 8 0.115 0.035 0.240 0.106 0.078 0.035 0.073 0.035 0.036 0.035 

OLERAN NA NA NA NA NA NA NA NA NA NA NA 

PODHAL 33 0.052 0.017 0.047 0.017 0.011 0.000 0.005 0.000 0.005 0.000 

PSEARB NA NA NA NA NA NA NA NA NA NA NA 

PSEAXI 4 0.229 0.100 0.042 0.050 0.000 0.000 0.000 0.000 0.021 0.000 
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PSECOL 79 0.165 0.023 0.119 0.023 0.034 0.000 0.020 0.000 0.010 0.000 

PSECRA 57 0.096 0.013 0.034 0.000 0.008 0.000 0.004 0.000 0.004 0.000 

QUISER 14 0.164 0.053 0.310 0.187 0.113 0.053 0.048 0.027 0.027 0.027 

SCHDIG 24 0.139 0.041 0.043 0.020 0.009 0.000 0.002 0.000 0.003 0.000 

ULEEUR 6 0.069 0.041 0.028 0.000 0.021 0.000 0.035 0.041 0.097 0.082 

WEIRAC 112 0.168 0.009 0.160 0.019 0.056 0.009 0.023 0.009 0.013 0.000 

 

  

237 



 

Supplementary Table 13. Mean and standard error for the proportion of subplots occupied by 27 selected woody species, for LUCAS plots occurring the Wellington 
Conservancy (8-km grid). NOCC indicates the number of plots in which each species occurred. NA indicates that a species occurred in less than two plots within the 
Conservancy. See Table 10 for the species names corresponding to the species codes presented. 

Species NOCC MeanT1 SET1 MeanT2 SET2 MeanT3 SET3 MeanT4 SET4 MeanT5 SET5 

BEITAW 3 0.097 0.058 0.028 0.000 0.000 0.000 0.000 0.000 0.014 0.000 

CARSER 12 0.052 0.029 0.028 0.000 0.010 0.000 0.007 0.000 0.010 0.000 

COPGRA 10 0.242 0.063 0.054 0.032 0.008 0.000 0.004 0.000 0.000 0.000 

DACCUP NA NA NA NA NA NA NA NA NA NA NA 

DRATRA NA NA NA NA NA NA NA NA NA NA NA 

DYSSPE NA NA NA NA NA NA NA NA NA NA NA 

GRILIT 21 0.238 0.044 0.016 0.000 0.002 0.000 0.000 0.000 0.000 0.000 

HEDARB 18 0.213 0.047 0.051 0.024 0.005 0.000 0.012 0.000 0.005 0.000 

IXEBRE NA NA NA NA NA NA NA NA NA NA NA 

KUNERI NA NA NA NA NA NA NA NA NA NA NA 

LEPSCO NA NA NA NA NA NA NA NA NA NA NA 

MELRAM 10 0.075 0.032 0.079 0.032 0.013 0.000 0.004 0.000 0.000 0.000 

METUMB NA NA NA NA NA NA NA NA NA NA NA 

NOTCLI NA NA NA NA NA NA NA NA NA NA NA 

NOTFUS 6 0.097 0.041 0.042 0.041 0.007 0.000 0.007 0.000 0.007 0.000 

NOTMEN 8 0.219 0.106 0.042 0.035 0.005 0.000 0.005 0.000 0.005 0.000 

OLECOL 3 0.361 0.173 1.028 0.462 0.931 0.577 0.514 0.520 0.153 0.115 

OLERAN NA NA NA NA NA NA NA NA NA NA NA 

PODHAL 2 0.021 0.000 0.000 0.000 0.000 0.000 0.021 0.000 0.000 0.000 

PSEARB NA NA NA NA NA NA NA NA NA NA NA 

PSEAXI 10 0.217 0.063 0.042 0.032 0.037 0.032 0.013 0.000 0.004 0.000 
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PSECOL 14 0.164 0.053 0.071 0.027 0.033 0.027 0.009 0.000 0.006 0.000 

PSECRA 9 0.097 0.033 0.065 0.033 0.005 0.000 0.000 0.000 0.009 0.000 

QUISER NA NA NA NA NA NA NA NA NA NA NA 

SCHDIG 6 0.139 0.041 0.042 0.000 0.014 0.000 0.007 0.000 0.000 0.000 

ULEEUR NA NA NA NA NA NA NA NA NA NA NA 

WEIRAC 14 0.092 0.027 0.045 0.027 0.009 0.000 0.000 0.000 0.000 0.000 
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Supplementary Table 14. Mean and standard error for the proportion of subplots occupied by 27 selected woody species, for LUCAS plots occurring the Canterbury 
Conservancy (8-km grid). NOCC indicates the number of plots in which each species occurred. NA indicates that a species occurred in less than two plots within the 
Conservancy. See Table 10 for the species names corresponding to the species codes presented. 

Species NOCC MeanT1 SET1 MeanT2 SET2 MeanT3 SET3 MeanT4 SET4 MeanT5 SET5 

BEITAW NA NA NA NA NA NA NA NA NA NA NA 

CARSER 10 0.054 0.032 0.063 0.032 0.033 0.032 0.013 0.000 0.000 0.000 

COPGRA NA NA NA NA NA NA NA NA NA NA NA 

DACCUP NA NA NA NA NA NA NA NA NA NA NA 

DRATRA NA NA NA NA NA NA NA NA NA NA NA 

DYSSPE NA NA NA NA NA NA NA NA NA NA NA 

GRILIT 26 0.514 0.059 0.054 0.020 0.008 0.000 0.008 0.000 0.003 0.000 

HEDARB NA NA NA NA NA NA NA NA NA NA NA 

IXEBRE NA NA NA NA NA NA NA NA NA NA NA 

KUNERI 5 0.142 0.045 0.117 0.045 0.050 0.045 0.025 0.045 0.017 0.000 

LEPSCO 4 0.063 0.050 0.104 0.000 0.031 0.000 0.031 0.050 0.021 0.000 

MELRAM 3 0.208 0.115 0.181 0.115 0.069 0.058 0.042 0.000 0.069 0.058 

METUMB NA NA NA NA NA NA NA NA NA NA NA 

NOTCLI 31 0.617 0.054 2.052 0.521 0.864 0.233 0.456 0.126 0.249 0.054 

NOTFUS 8 0.458 0.071 1.203 0.530 0.328 0.141 0.130 0.071 0.078 0.035 

NOTMEN 7 0.220 0.038 0.202 0.038 0.054 0.038 0.054 0.038 0.012 0.000 

OLECOL NA NA NA NA NA NA NA NA NA NA NA 

OLERAN NA NA NA NA NA NA NA NA NA NA NA 

PODHAL 3 0.083 0.058 0.083 0.058 0.014 0.000 0.000 0.000 0.014 0.000 

PSEARB NA NA NA NA NA NA NA NA NA NA NA 

PSEAXI NA NA NA NA NA NA NA NA NA NA NA 
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PSECOL 4 0.156 0.050 0.063 0.050 0.063 0.050 0.010 0.000 0.021 0.000 

PSECRA 13 0.263 0.083 0.103 0.028 0.035 0.028 0.006 0.000 0.013 0.000 

QUISER NA NA NA NA NA NA NA NA NA NA NA 

SCHDIG NA NA NA NA NA NA NA NA NA NA NA 

ULEEUR 3 0.153 0.115 0.181 0.173 0.125 0.058 0.014 0.000 0.028 0.000 

WEIRAC NA NA NA NA NA NA NA NA NA NA NA 
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Supplementary Table 15. Results of power analysis of palatability groups using LUCAS data re-sampled to 
simulate a 16-km (321 plots) or 24-km (151 plots) grid spacing. Mean richness is the average number of group 
members per plot and % total richness is the % of species on a plot that are members of the group. 

16-km grid spacing      

Group 
No. of 
occurrences Mean richness SE richness 

Mean %total 
richness 

SE %total 
richness 

Goats – Avoided 241 1.67 0.07 3.65 0.21 

Goats – Selected      

Deer – Avoided 283 5.51 0.19 12.66 0.44 

Deer – Selected 284 7.27 0.25 15.80 0.47 

Possum – Avoided 272 5.91 0.22 13.54 0.49 

Possum – Selected 292 8.75 0.26 19.44 0.50 
 
24-km grid spacing      

Group 
No. of 
occurrences Mean richness SE richness 

Mean %total 
richness 

SE %total 
richness 

Goats – Avoided 107 1.54 0.11 3.21 0.27 

Goats – Selected      

Deer – Avoided 128 5.35 0.30 11.64 0.64 

Deer – Selected 131 7.26 0.38 14.89 0.69 

Possum – Avoided 128 5.85 0.33 13.18 0.71 

Possum – Selected 134 8.73 0.41 18.72 0.74 

 

Supplementary Table 16. Results of power analysis of bird food groups using LUCAS data re-sampled to 
simulate a 16-km (321 plots) or 24-km (151 plots) grid spacing. Mean richness is the average number of group 
members per plot and mean % total richness is the average percentage of species on a plot that are members of 
the group. 

16-km grid spacing      

Group 
No. of 
occurrences Mean richness SE richness 

Mean %total 
richness 

SE %total 
richness 

Fruit 250 4.02 0.16 8.63 0.35 

Insect 255 2.69 0.11 6.31 0.31 

Nectar 166 1.16 0.08 2.26 0.18 

Foliage 185 1.22 0.07 2.25 0.14 
 
24-km grid spacing      

Group 
No. of 
occurrences Mean richness SE richness 

Mean %total 
richness 

SE %total 
richness 

Fruit 126 4.20 0.22 9.25 0.51 

Insect 113 2.59 0.17 5.99 0.59 

Nectar 78 1.15 0.11 2.35 0.36 

Foliage 94 1.29 0.11 2.30 0.19 
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Supplementary Table 17. Established range sizes (km2) for deer species (except moose) and feral goats in DOC Conservancies (Source: Fraser et al. 2000). 

Species 
Conservancy 

Northland Auckland Waikato BOP East 
Coast 

Tongariro 
Taupo 

Hawke’s 
Bay 

Wanganui Wellington Nelson/ 
Marl. 

West 
Coast 

Cant. Otago Southland Total 

Red deer 5917 392 3779 6683 8732 4735 2889 2445 3660 15 462 18 728 15 319 13 152 18 682 12 0575 

Wapiti 167 0 0 0 0 0 0 17 0 0 0 0 0 1861 2045 

Sika deer 54 0 31 43 10 3250 1442 1092 78 0 0 8 0 0 6008 

Fallow deer 67 397 78 71 8 0 0 1498 0 457 386 261 1464 308 4995 

Sambar deer 0 0 0 1615 76 0 0 3506 149 0 0 0 0 0 5346 

Rusa deer 0 0 0 14 455 0 0 0 0 0 0 0 0 0 469 

White-tailed 
deer 

0 0 0 0 0 0 0 0 0 0 0 0 354 1659 2013 

Feral pig 5585 739 8527 5481 8949 3739 1357 9511 4704 15 307 3677 8878 11 623 5444 93 521 

Feral goat 2499 336 3898 1146 2211 651 923 7057 2477 6207 3598 625 6962 761 39 351 

Himalayan 
tahr 

0 0 0 0 0 0 0 0 0 0 921 2881 457 0 4259 

Chamois 0 0 0 0 0 0 0 0 0 7423 12724 8584 8117 2957 49 805 
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Supplementary Figure 1. The Type 1 error for a two-sample binomial comparison as a function of initial 
occupancy and the number of plots sampled. The horizontal line shows the P = 0.1 threshold. The proposed 
sample network will have about 1600 plots. Three magnitudes of change between sample 1 and sample 2 were 
tested: 10% (a), 15% (b), and 20% (c). 
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