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Overview

In 2010, the Technical Group of the Regional Council Biodiversity Forum worked with
Landcare Research to develop the Regional Council Terrestrial Biodiversity Monitoring
Framework.'

This framework is designed as part of ‘a national, standardised, biodiversity monitoring
programme, focusing on the assessment of biodiversity outcomes, to meet regional council
statutory, planning and operational requirements for sustaining terrestrial indigenous
biodiversity’

The terrestrial biodiversity monitoring framework adopts the same approach as the ecological
integrity framework designed by Landcare Research for the Department of Conservation
(DOC) and consists of three components: (i) indigenous dominance, (ii) species occupancy,
and (iii) environmental representation.” To inform the framework, there are four broad areas:
(1) state and condition, (ii) threats and pressures, (iii) effectiveness of policy and
management, and (iv) community engagement.

A standardised monitoring framework ensures that data for each measure are consistent
among regional councils, which allows for reliable State of Environment reporting.
Furthermore, to enable national reporting across public and private land, it is also desirable
that where possible, measures can be integrated with those from DOC’sBiodiversity
Monitoring and Reporting System (DOC BMRS).? The monitoring framework covers most
categories of essential biodiversity variables’ recommended for reporting internationally,
addressing species populations, species traits, community composition, and ecosystem
structure adequately, but does not address genetic composition and only in part ecosystem
function.

This report contains descriptions of 18 terrestrial biodiversity indicators developed within this
framework by scientists who worked with regional council counterparts and representatives
from individual regional councils. Each indicator is described in terms of its rationale, current
efforts to evaluate the indicator, data requirements, a standardised method for implementation
as a minimum requirement for each council, and a reporting template. Recommendations are
made for data management for each indicator and, for some, research and development
needed before the indicator can be implemented.

The terrestrial biodiversity indicators in this report are designed to enable reporting at a
whole-region scale. Some of the indicators are also suitable for use at individual sites of

" Lee and Allen 2011. Recommended monitoring framework for regional councils assessing biodiversity
outcomes in terrestrial ecosystems. Lincoln, Landcare Research.

* Lee et al. 2005. Biodiversity inventory and monitoring: a review of national and international systems and a
proposed framework for future biodiversity monitoring by the Department of Conservation. Lincoln, Landcare
Research.

? Allen et al. 2013. Designing an inventory and monitoring programme for the Department of Conservation’s
Natural Heritage Management System. Lincoln, Landcare Research.

* Pereira et al. 2013. Essential biodiversity variables. Science 339, 277-278.
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interest within regions. Each indicator is described in terms of a minimum standard for all
councils. If implemented by all councils, each measure can then be aggregated to allow
national-scale reporting (e.g., for State of Environment reports, or for international
obligations such as reporting on achievement of Aichi Targets for the Convention on
Biodiversity). Individual councils could add additional measurements to supplement the
minimum standards recommended.

Three of the 18 terrestrial biodiversity indicators — Measures 1 ‘Land under indigenous
vegetation’, 11 ‘Change in temperature and precipitation’, and 18 ‘Area and type of legal
biodiversity protection’ — were implemented and reported on for all regional councils in June
2014. An attempt to implement and report two others at that time — Measures 19
‘Contribution of initiatives to (i) species translocations and (ii) habitat restoration’ and 20
‘Community contribution to weed and animal pest control and reductions’ — was unsuccessful
because the data needed for these indicators was either not readily available or not collected
in a consistent way, and investment will be needed to remedy these issues before they can be
reported successfully.
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1 Indicator M1: Land under indigenous vegetation

Author: Jake Overton, Landcare Research

1.1 Introduction

While 40-50% of New Zealand’s original indigenous vegetation remains, the distribution of
this across land environments is very uneven. Environments that burn easily or lowland areas
suitable for human activities often have very little indigenous habitat remaining, while steep,
wet or high elevation environments may remain largely indigenous.

Indicator M1 is designed to measure and report on patterns of loss and retention of
indigenous vegetation cover relative to potential vegetation cover, and therefore provides a
fundamental indicator of environmental representation (i.e. the proportion of environments or
potential habitats remaining in indigenous vegetation). This indicator requires a national layer
of potential habitat types or environments to estimate original extent, and information on
current land cover to estimate current indigenous extent. The indicator provides tables and
maps of proportion remaining indigenous (i.e. representation) of the original habitat types,
summarised nationally and regionally, and by territorial authorities, and ecological regions
within local government administrative regions. Some regional councils will use summaries
supplied by Landcare Research, and others will do their own analyses. Ideally, councils will
refine the results for their area, by refining the habitat type descriptions for their area, and
using fine-scale information on special habitats to provide more resolution of habitats. Future
updates and refinements may include new classifications of environments or of potential
habitat extent, updated current land cover information, revised methods for assessment of the
indigenous content of land cover, and refinements of analyses and presentation.

1.2 Scoping and analysis

Indicator M1 is a fundamental indicator of environmental representation — one of the three
components of ecological integrity. While other indicators address various aspects of
environmental representation and change, this measure provides the overall picture of
patterns of environmental representation across New Zealand. Since this indicator also
considers the indigenous component of vegetation, it also addresses the indigenous
dominance component of ecological integrity.

Understanding the distributions of remaining habitat types, and in particular, their
distributions across environments (i.e. environmental representation) is fundamental to
understanding biodiversity loss. While the overall loss of indigenous vegetation cover in New
Zealand is moderate, the loss in some environments is critical. This indicator is designed to
measure and report on these fundamental patterns of biodiversity, and therefore provides a
fundamental indicator of environmental representation (i.e. the proportion of environments or
original habitats remaining in indigenous vegetation).

Some discussion of the term ‘potential habitat types’ as it is used here is warranted. Potential
habitat types or ecosystems are similar to — but subtly different from — original or pre-human
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habitat types or ecosystems. Original or pre-human habitat types are the actual habitat types
that existed at some time in the past (e.g. 1000 AD). In this sense, they are an actual past
configuration of habitat types that actually existed, even if we can only estimate what they
were. In contrast, potential habitat types estimate what would be present currently in

New Zealand, in the absence of any anthropogenic influences or large-scale natural
disturbances. These are different from pre-human habitat types because conditions (e.g.
climate) might have changed, or species and communities might have changed their
distributions for other reasons. Potential habitats also include the influence of biogeography
on the distributions of habitats and ecosystems, whereas this is not considered in purely
environmental classifications. Thus, when using national potential habitat datasets, regional-
based interpretation and narrative will be required.

1.3 Assessment of existing methodologies

This indicator has been developed for the Ministry for the Environment (MfE), various
regional councils and the Department of Conservation (DOC) over the past twelve years.
Examples of reporting land under indigenous cover, or land under indigenous cover
providing context for other reports and analyses include:

. Analyses of biodiversity protection for MfE (Rutledge et al. 2004)

. Analyses of recent loss of cover and threatened environment classification and tools
(Walker et al. 2006, 2008)

. Analysis of past and current indigenous vegetation cover and the justification for the
protection of terrestrial biodiversity within the Manawati—Whanganui region (Maseyk
2007)

. Report on indigenous biological diversity in the matter of hearing submissions
concerning the proposed One Plan notified by the Manawati—Whanganui Regional
Council (Maseyk 2008)

. Applications to conservation planning and reporting (Overton et al. 2010a).

Most of these analyses used the Land Environments of New Zealand (LENZ; Leathwick et al.
2003) as an estimate of potential or original habitats or ecosystem patterns. Maseyk (2007,
2008) used Potential Vegetation of New Zealand (PVNZ).

Whatever the choice of habitats used for the analyses, it must provide nationally consistent
predictions of original or potential habitat types or ecosystems across of New Zealand that
will yield consistent predictions at sub-national (i.e. regional) scales. For this reason, habitat
type classifications that provide detailed definition of habitat types, but do not provide
complete coverage (such as that used by DOC for the ecosystem prioritisation process)
cannot be used for this indicator. It should be noted that both LENZ and PVNZ do not
include many specialist habitat types for which there is currently no national coverage of
original and current extent. This indicator may be improved by individual councils where
they have reliable and regionally consistent information on these habitat types not captured
by the national datasets.

The basic indicator of environmental representation is the amount and proportion of each
habitat type remaining in indigenous vegetation. There is usually interest in having this
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summarised in various ways, such as nationally, by local government administrative
boundaries, and by ecological regions. Of these analyses, most have used a simple binary
classification of current land cover into indigenous and non-indigenous. But Overton et al.
(2010a) considered whether the current land cover was also ‘natural’ (in the sense that the
habitat may consist of indigenous species, but has been induced by human interference)
relative to the potential vegetation, including degradation of various indigenous habitat types.

1.4 Indicator definition, data and analysis

1.4.1 Definition

Indicator M1 requires a nationally comprehensive layer of potential or original habitat or
ecosystem types, together with current land cover information. Each current land cover type
is designated as either indigenous or non-indigenous. The fundamental indicator of
representativeness of each habitat type is defined as the proportion of the potential or original
habitat type that remains in indigenous vegetation. The total areas of original and remaining
indigenous vegetation are also reported. These analyses are reported nationally, by local
government administrative boundaries, and by ecological regions.

1.4.2 Data

Potential habitat types

The methodology for M1 uses the PVNZ as the potential habitat classification, augmented by
each regional council with information on additional habitat types present in the region and
not depicted by PVNZ. Potential vegetation predicts for all terrestrial parts of New Zealand,
the vegetation that would be expected currently if humans had never arrived. Within forested
areas, the predictions of composition are based upon the extensive work of John Leathwick,
which modelled the potential distributions of canopy trees in relation to environmental
attributes. Additional habitat types have been added from historical and palaeological
evidence. The potential habitats also include important biogeographic effects that influence
species distributions and ecosystem characteristics, particularly the beech gap. A number of
additional habitat types have been added from information in the New Zealand Land Cover
Database (LCDB; most recent iteration as LCDB4). Estimates of wetland extent have also
been updated, using estimates of original wetland extent by Ausseil et al. (2008) for the
Waters of National Importance (WONI) project.

More detailed methods behind PVNZ can also be found at https://Iris.scinfo.org.nz/layer/289-
potential-vegetation-of-new-zealand/

Each of the forest classes in PVNZ is given a name based on forest class naming standards.
These are names for classes of forest, rather than an explicit description of all of the species
that ought to be present, and there are only 20 such names for New Zealand, and therefore
they represent broad-scale and generalised patterns only. It is expected that some of the
species in a class will not be found across the entire geographic distribution of the class. For
example, the class ‘Kauri/northern broadleaved forest’ has been observed to extend south of
the distribution of kauri. Similarly, a class such as ‘Hall’s totara—miro—rimu/kamahi—silver
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beech—southern rata forest’ may occur in regions where there is no southern rata, but which
do have a suite of species that are associated with southern rata in other locations. It is
reasonable for councils to amend the names of habitats in their region to make the classes
more regionally valid (e.g. to remove a species from the name that does not occur in their
region).

There is considerable scope for improvement of the PVNZ. There are many uncharacteristic
or naturally uncommon ecosystems (cf. indicator M12) that are unrepresented in the PVNZ.
It is quite feasible to include these habitat types where information on their original or
potential extent is available across New Zealand, and councils may wish to update habitat
types in their region if they have improved information at the regional scale. Councils will
need to carefully balance incorporation of new information and integrity of the overall
classification. For example, the process of updating the potential extent of wetlands based on
new wetland information results in areas the PVNZ identifies as wetland now being classified
as non-wetland, but there is no alternative vegetation classification offered within the PVNZ.
To solve the problem in the interim, an additional class ‘wetland discrepancy’ has been
added. This will need to be resolved by regional councils as better information specific to
their region comes to light. There are also known wetland errors on the West Coast of the
South Island, which should be resolved in time.

Like LENZ, PVNZ does not include many uncharacteristic habitat types. Councils with more
specific information on habitat types for their region should augment the analyses for their
region. Care will need to be taken to ensure the national integrity of the indicator remains.

Current land cover

Indicator M1 uses the Land Cover Database (LCDB). Worked examples developed for this
report used LCDB2 but for applications of this measure in future, the most up-to-date version
of LCDB should be used (currently LCDB4).

Past analyses suggest that some LCDB classifications do not provide reliable estimates of
change for indigenous vegetation at the decadal time scale. This should be revisited with
successive iterations of LCDB, but it is likely that use of other measures (e.g. Indicator M2,
‘Vegetation Structure and Composition’) will be needed in conjunction with this indicator to
estimate changes in the patterns of indigenous vegetation.

Boundaries

The ecological region and local authority boundaries are used for this indicator. The 2012
versions of the regional, territorial, and unitary boundaries were downloaded from the
Statistics New Zealand website and re-projected to the New Zealand Map Grid (NZMG).

Because the coastlines used differ between the layers (ecological regions and local authority
boundaries) and also differ between the PVNZ and LCDB information, there are some minor
variations in the predicted areas of habitat type extent from different analyses. For the same
reason, some pixels do not have assigned values in one or more of the GIS layers, resulting in
no values in those areas.
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1.4.3 Analysis and application

Some councils will choose to use analyses provided by Landcare Research. Others will
choose to perform their own analyses.

Analyses performed by Landcare Research use the data transformed into GIS raster grids.
Using a custom-made extension for ArcView 3.2, the grids are combined to get all the unique
combinations of potential vegetation, land cover, and the boundaries. The combinations are
then used for summarising the amount of each remnant habitat type typology for each
boundary (e.g. region, territorial authority, or ecological region). This grid combines results
to yield a single grid with a unique ID for each combination. A table gives the values of each
grid for that combination, and a count of the grid cells with that combination. Each grid cell
represents a fixed areal extent, and multiplying the number of grid cells by this area yields the
number of hectares for each remnant habitat in the context of each boundary type. To manage
the different combinations of habitat type and boundary type effectively, the table is exported
to an Access database to provide the required summaries, which are outputted as Excel files.
The results of the Excel table summaries can be linked back to the GIS grid using the unique
grid ID to make maps of the variables of interest, such as the proportion remaining of each
habitat type, for each region.

Analyses by Landcare Research have all been done using NZMG projection. Given the New
Zealand standard is to shift to the preferential use of the New Zealand Transverse Mercator
projection (NZTM), future analyses will need to consider any discrepancy in the number of
grids that may arise due to the slight distortion between the NZMG and the NZTM
projections. (Note that all projections suffer from distortions; both NZMG and NZTM are not
equal-area projections and hence, there are small errors in the resulting area values.)

Councils that use analyses provided by Landcare Research may choose to refine the results
for their region. For example, the Bay of Plenty Regional Council has considerable
confidence in their estimates of original and remaining duneland extent, and these differ from
those provided by the Landcare Research analyses. In such cases, regional councils should
replace the analyses with their own estimates for their region, and provide their information
into a central resource that may be used to improve future versions of the PVNZ. Similarly,
as mentioned above, councils may amend the habitat type names to better reflect the species
composition in their region.

The approach of combining the LCDB2 with PVNZ to model remaining habitats by type has
been successfully used by Horizons Regional Council to develop biodiversity protection
policy for use in its One Plan. The habitat typologies were re-grouped (and at times re-
phrased) into typologies that typically match those that are expected. For example, the very
specific ‘Kahikatea—matai/tawa—mahoe forest’ was redefined as a simpler and generic
‘Podocarp/tawa—mahoe forest’ due to the propensity for other podocarp species to appear as
mixed forest types within the region. Also, for example, the ‘Kauri/taraire—kohekohe—tawa
forest’ typology was re-phrased as ‘Hardwood/broadleaf” forest because of the lack of kauri
and taraire in the Manawatii—Whanganui region, and typologies such as ‘rimu—matai—miro—
totara/kamahi’ and ‘Rimu—miro—totara/kamahi’ are so similar that they can be merged as
‘Podocarp/kamahi’.

The proportion (%) of former extent remaining of these re-phrased habitat types was
recalculated and then scaled against two theoretical thresholds for accelerated biodiversity
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loss: 20% and below of former extent to identify ‘Threatened’ habitat types and between 20%
and 50% of former extent for ‘At-risk’ habitat types. Habitat types above 50% were excluded
from the regulatory methods of the One Plan and have thus not been assigned a threat
category.

The development of the policy to protect living heritage is based on these thresholds and
threat classifications (Threatened, At-risk), where any activity that results in vegetation
clearance or land disturbance of threatened habitats is a ‘non-complying’ activity, and of at-
risk habitats is a ‘discretionary’ activity. Both classes set a high bar for resource consenting.

The One Plan of Horizons Regional Council also provides an example of needing to
supplement the identification of habitat types by the PVNZ with those known to exist in the
region but not captured by the model (e.g. naturally rare habitat types).

1.5 Sampling scheme development

Indicator M1 uses spatially extensive GIS information on an existing model of potential
habitat types and current land cover depicted in LCDB2. As such, sampling schemes are not
germane to this measure.

However, new versions of LCDB (i.e. LCDB4) have been improved by regional councils
checking the ground accuracy of the data. To improve the accuracy of LCDB, and maintain
some degree of national consistency in the level of accuracy, it may be preferable that the
LCDB development team propose a minimum sampling scheme requirement at all councils.

As stated above, improvements to the accuracy and value of the PVNZ relies on councils
providing more finely-scaled data for the analysis.

1.6 Data management and access requirements

Indicator M1 combines a range of spatial information from different sources. It is the
responsibility of the various agencies that provide the information to update the information.
The use of the information in indicators may provide additional impetus or funding to update
the information. All sources of information are publicly available.

1.7 Reporting indices and formats

Indicator M1 provides fundamental information on overall biodiversity status, useful for
reporting and setting of policy.

Several maps should be used to present the indicator, to provide both context and status for
this indicator. These are exemplified below using examples from work for Horizons Regional
Council’s One Plan (Maseyk 2007). The distribution of the different habitat types (Figure 1-
1) provides an understanding of the potential distribution and extent of each habitat type. A
map of the current remaining habitats (Figure 1-2) provides a comparison for the amount and
distribution of the habitat types remaining. A simple graphing of the proportion remaining in
the region for each habitat type facilitates a classification into threat categories (Figure 1-3).
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Threat categories can also be mapped to provide an understanding of their extent and
distribution (Figure 1-4).
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Figure 1-1 Predicted previous extent of indigenous vegetation defined by habitat type in the Manawatii-

Whanganui region.
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Figure 1-2 Current extent of indigenous vegetation cover defined by habitat type in the Manawati-Whanganui

region. Vegetation cover classes defined in Appendix 1..

Page 8

Landcare Research



Standardised terrestrial biodiversity indicators for use by regional councils

100 -
a0
l|:|:$:| T = |
£ I
Em :"Eg
£ ; £ §F 5
2w P i t 5 E £
: - L BEE T B B A
P, P Ps f P ¢ i: i
¥ - @B = £ £
g B EEEEREEEERREIEE
-y — —h—=—2
< T £ 58 3 & £ I 8 £ & % ; H
2.l ¢ ¢ S EEREED N
z = & - B i ]
AR L,
L B B 3 4 g
T 2 T £ § © i1
i 11 a®®

Figure 1-3 Habitat types identified in the Manawatii-Whanganui Region and remaining extent of each habitat
type expressed as a proportion of previous extent. Habitat types below the horizontal red line are considered
‘Threatened’ habitat types (red hatched circles). Habitat types below the horizontal orange line are considered
‘At Risk’ habitat types (orange horizontal shaded circles). Habitat types below the horizontal yellow line are
labelled ‘No Threat Category’ (yellow vertical shaded circles). From Maseyk (2007).
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Figure 1-4 Map of the Manawatii-Whanganui Region showing the spatial pattern of Threatened, At Risk and
No Threat Category habitat types at a scale of 1:1,080,000.

Behind these maps, a wide range of other applications exist. More detailed information on the
breakdown of remaining indigenous vegetation needs to be provided in databases or
appendices. These should include tables of the amount remaining and proportion remaining
of various habitat types, summarised in various ways, including nationally, regionally, and
within political region by ecological region or territorial authority. Three ways of
summarising, and the variables provided for each follow:
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1. Region. Summaries of the following variables are provided nationally and regionally for

each habitat type:

a. Habitat name

b. Area Original NZ

c. Area Remaining Indigenous NZ

d. Percentage Remaining Indigenous NZ

e. Area Original Region

f. Area Remaining Indigenous Region

g. Percentage Remaining Indigenous Region

2. Region and ecological region. Summaries of the following variables are provided
nationally and regionally (a—g), and for each ecoregion within the region (h-1), for each
habitat type:

As above for No. 1—

ISR

e o

Habitat name

Area Original New Zealand

Area Remaining Indigenous New Zealand
Percentage Remaining Indigenous New Zealand
Area Original Region

Area Remaining Indigenous Region

Percentage Remaining Indigenous Region

For each ecological region i found in the region—

k.

1.

Ecological region i Area Original in Region

Ecological region i Area Remaining Indigenous in Region
Ecological region i Percentage Remaining Indigenous Region
Ecological region i Percentage Contribution to Region Original

Ecological region i Percentage Contribution to Region Remaining

3. Region and territorial authority. Summaries of variables are provided as for No. 2 above,
but using territorial authority to summarise within region, rather than ecological region.

1.8 Future considerations

There are a number of considerations for the future development of this indicator. The most
important are the choice of classification used for the analysis, and how the estimation of
indigenous cover remaining is done.
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1.8.1 Choice of classification

The choice of classification for potential habitats or environments will have a very strong
influence on the results. Currently the PVNZ is used for this indicator. Many previous
analyses have used LENZ Level IV, which also forms the basis of the Threatened
Environment tool. One notable difference between LENZ and PVNZ is the number of
classes, with LENZ Level IV having 500 classes and PVNZ only 24 (20 forest habitats, and 4
non-forest habitats). In both cases, more classes may be added by councils when information
on special habitats or ecosystems is available. The larger number of classes in LENZ Level
IV means that the environmental patterns are divided much more finely than for PVNZ. This
means that there is much more variation in the proportion of classes remaining in indigenous
vegetation in analyses done with LENZ Level IV than those done with PVNZ. The results
using PVNZ can be seen as a ‘coarse focus’ view of the status of biodiversity, while those
using LENZ Level IV are a ‘fine focus’. It is, however, not entirely clear that all of this finer
division is biologically meaningful. Overton et al. (2010b) report that the ability of LENZ to
predict differences in both snail and beetle communities decreases with the number of LENZ
classes used.

It is, of course, possible to use more than one classification, and provide comparisons of the
results. Councils may find it useful to compare this indicator with the Threatened
Environments classifications when reporting biodiversity statistics to their community. There
is a range of other classifications that could also be considered. In particular, the
environmental classification in LENZ was not directly informed by biotic data. New
generations of LENZ have been generated that use biotic information to optimise the
classification to best discern biotic pattern. The new generations of LENZ also include
biogeographic effects, which are ignored in the original version of LENZ.

1.8.2 Estimation of indigenous cover remaining

In the current analyses, classes from the LCDB2 are considered either exotic or indigenous.
In many of the classes considered indigenous, the vegetation is highly modified from the
natural or potential vegetation. In many cases, this will overestimate the amount of
indigenous vegetation remaining. A more sophisticated approach is to consider classes as a
continuum of ‘indigenous-ness’ or naturalness. As discussed above, Overton et al. (2010a)
developed a method to consider whether the current land cover was natural relative to the
potential vegetation.

The consideration of ‘indigenous’ instead of ‘natural’ can make a significant difference in the
reported statistic. For example, in Inland Otago the current analyses show c. 50% of the
vegetation remaining is indigenous (Figure 1-5). This is largely because the current analyses
consider highly modified tussock grasslands to be indigenous and natural, even when the
potential vegetation is woodland. This contrasts starkly with the results from the Threatened
Environment tool, which show much more variance in this region. Although the Threatened
Environment analyses also consider tussock grasslands to be native, they use LENZ IV
classification, which has a much finer division of the area.
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Figure 1-5 Map of proportion of potential vegetation types remaining in indigenous vegetation (PERCEMNZ)
for New Zealand.

What is considered indigenous can change in different places. For example, in the analyses
shown above from Horizons Regional Council, induced indigenous land cover types, such as
manuka scrub, were separated out in the estimation of areas of remaining indigenous habitat.
This is another way to refine the estimation of the indigenous-ness of current land cover in
these analyses.
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It is worth noting that any changes in classifications or the estimation of indigenous-ness will
provide different results.
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Appendix 1 - Land cover classes

Table A1-1 Land cover classes and whether they are considered indigenous in the analyses (0 = No, 1 = Yes).

Grid value

Land cover class

Indigenous

v b~ W N -

11
12
13
14
15
20
21
22
30
31
32
40
41
43
44
45
46
47
50
51
52
53
54
55
56
57
60

Landcare Research

Build-up Area

Urban Parkland / Open Space
Surface Mine

Dump

Transport Infrastructure

Coastal Sand and Gravel

River and Lakesore Gravel and Rock
Landslide

Alpine Gravel and Rock

Permanent Snow and Ice

Alpine Gras / Herbfield

Lake and Pond

River

Estuarine Open Water
Short-roationa Cropland

Vineyard

Orchard and Other Perennial Crops
High Producing Exotic Grassland
Low Producing Grassland

Tall Tussock Grassland

Depleted Grassland

Herbaceous Freshwater Vegetation
Herbaceous Saline Vegetation
Flaxland

Fernland

Gorse and/or Broom

Manuka and/or Kanuka

Matagouri

Broadleaved Indigenous Hardwoods
Sub Alpine Shrubland

Mixed Exotic Shrubland

Grey Scrub

Minor Shelterbelts

O B O RrR B KRB P O R R B R P B O O O O O R R P B R RP B B RBP O O O o o
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Grid value Land cover class Indigenous
61 Major Shelterbelts 0
62 Afforestation (not imaged) 0
63 Afforestation (imaged, post-LCDB1) 0
64 Forest — Harvested 0
65 Pine Forest — Open Canopy 0
66 Pine Forest — Closed Canopy 0
67 Other Exotic Forest 0
68 Deciduous Hardwoods 0
69 Indigenous Forest 1
70 Mangrove 1
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2 Indicator M2: Vegetation structure and composition
Author: Fiona Thomson, Landcare Research

2.1 Introduction

This report concerns Indicator M2 (‘Vegetation structure and composition’), which is part of
the Biodiversity Condition indicator. The reporting element for M2 is the ‘Presence of
suitable indigenous component in all structural layers’ and this measure is directly analogous
to the Department of Conservation (DOC) measure 5.1.1, which examines the change in ‘Size
class structure of canopy dominants’ (Allen et al. 2013). The regional council measure is
worded to include other indigenous components — not just canopy dominants.

Five kinds of data can be used to report change in size class structure of canopy dominants
using methods of Hurst and Allen (2007a) and Allen et al. (2013):

1. Size-class distributions of woody stems >2.5 cm in diameter at breast height (1.35 m
height) (dbh), by species, based on measurements at 20 x 20 m plot scales

2. Counts of woody stems, as genets, >1.35 m tall but <2.5 cm dbh, based on measurements
at 400-m” (20 x 20 m plot) and 25-m? scales

3. Counts of woody stems, as genets, <1.35 m tall, in fixed height-classes in replicated
subplots (total 18 m” within 400 m?; stems >1.35 m tall are included in (2), above)

4. Presence of non-woody plants, including lianas, <1.35 m tall, in fixed height-classes
(<0.15 m; 0.16-0.45 m; 0.46—0.75 m; 0.76—1.05 m; 1.06—1.35 m) in replicated subplots
(total 18 m* within 400 m?)

5. Cover of all plants in a 20 x 20 m plot (400 m?) in fixed height tiers (0-0.3 m
(subdividable as 0-0.1 and 0.1-0.3 m); 0.3—-2 m (subdividable as 0.3—1 and 1-2 m); 2-5
m; 5-12 m; 12-25 m; >25 m; epiphytes) and cover classes within each tier (<1%; 1-5%;
5-25%; 25-50%; 50-75%; 75-100%) (Hurst & Allen 2007b).

2.2 Scoping and analysis

2.2.1 Indicator definition

For reporting at a national scale the definition of M2 (‘Presence of suitable indigenous
component in all structural layers’) needs to be consistent among regional councils. The term
‘indigenous component’ could refer to individual taxonomic units (i.e. species or genera) or
groups of taxa, such as canopy dominants. As long as data are collected using consistent
methods, the interpretation of those data can be tailored either for individual regional
councils, or to enable cross-council or cross-agency comparisons (e.g. with DOC).
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Interpretation of a ‘suitable indigenous component’ can vary between regions, vegetation
communities, and land-use types. The percentage of native species present is a suitable means
of describing indigenous species’ dominance (e.g. percentage basal area comprised of native
trees or percentage of the cumulative cover percentage that is comprised of native species)
and this will allow consistent reporting by all regions. The rationale is measures of
dominance are often strongly related to the functioning of ecosystems (Grime 1998). For
individual councils, the dominance of local species of interest, including taonga species, can
be reported but this requires context, such as knowledge of range limits. For example, tawa
(Beilschmiedia tawa) is a locally dominant tree in many North Island regions but is naturally
rare or is absent from most of the South Island (Knowles & Beveridge 1982), so reporting
low or zero dominance of this individual tree species without this context will lead to
spurious conclusions. Similarly, it is naive to expect widespread dominance of other species
even within regions. For example, tawari (Ixerba brexioides) is a tree of northern latitudes, of
importance as a source of nectar for birds and honeybees, but it seldom occurs outside large
areas of continuous forest, so it would be unlikely to occur, even in fragments, in agricultural
landscapes. Therefore, its dominance is highly habitat-specific and little short of large-scale
restoration is likely to alter that.

Regional councils could report vegetation structure and composition according to functional
groups, such as those that provide key ecosystem services (e.g. food resources for native
birds). Consistent standards for interpretation are desirable and can be developed among
councils, and with other agencies, especially DOC, which already collects data from public
conservation land using these methods, and also with the Ministry for the Environment (MfE)
and Statistics New Zealand. This mode of reporting can be applied regionally or nationally.

Using the DOC methodology framework (DOC 2012), the definition of ‘all structural layers’
can be based on height tiers and/or counts of stems in defined size categories (based on
diameter at breast height measurements). Subplot data can be used to examine presence in
tiers at a finer scale.

2.2.2 Indicator statistic
Three examples that emphasise indigenous dominance could be according to
1. the proportion of native species present in each tier;
2. the proportion of native non-woody species present in each tier; and

3. the proportion of tree basal area (or biomass) comprised by native species.

Regional councils can report similar statistics for individual common plant species or
functional groups deemed important at a regional or national scale (e.g., palatable plant
species or species that provide food resources for birds). These statistics can be reported at a
whole-region scale, or within major vegetation classes (i.e. Landcover Database (LCDB)
classes).

Page 18 Landcare Research



Standardised terrestrial biodiversity indicators for use by regional councils
2.2.3  Reporting frequencies

Regional councils should adopt the same reporting 5-yearly frequency as DOC’s Biodiversity
Monitoring and Reporting System (BMRS) national-scale reporting.

2.2.4  Reporting hierarchies

Plots can be aggegrated or reported at granulated scales (i.e. within LCDB classes such as
indigenous forests, plantation forests, and pasture), the latter depending on statistical
defensibility according to the number of sampling sites per class within the region.

2.2.5 Spatial and temporal analysis

National-scale reporting of the statistics across regional councils is possible; however, a more
intense sampling design may be needed for local reporting for some regional councils. When
reporting on individual species or groups of taxa within vegetation types, power analyses
(e.g. Green & MacLeod 2016) will be needed to determine sampling intensity. Data from a
range of vegetation types, including forested and non-forested ecosystems on public
conservation land (i.e. DOC’s Tier 1 data), can be used to inform power analyses pertinent to
indigenous-dominated ecosystems; fewer data are currently available to support power
nalayses of sampling intensities needed in production landscapes.

2.2.6 Relationships between indicators and present patterns

Indicator M2 uses identical methods to those used for the vegetation components of M16
(Table 2-1): the primary data collection for reporting M2 should be all that is necessary for
reporting vegetation data for M16 (‘Change in the abundance of indigenous plants and
animals susceptible to introduced herbivores and carnivores’). Indicator M2 may also
assist/supplement monitoring done for M6 (‘Number of new naturalisations’). If species lists
are collected at sites these can be used to determine whether there are any incursions of
weeds in the area.
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Table 2-1 Regional Council Terrestrial Biodiversity Monitoring Framework indicators related to M2:
Vegetation structure and composition

Indicator  Measures Element Ecological Driving Data required and
Integrity forces — potential sources
Pressure-
State-Impact-
Response
Pest Change in the Contribution Indigenous State Element: Contribution
manage- abundance of (richness, basal area, dominance (richness, basal area, and
ment indigenous plants and density) of density) of palatable plant
(M16) and animals palatable plant species (e.g. Forsyth et al.
susceptible to species (e.g. Forsyth 2000) and indigenous birds
introduced et al. 2002) and (herbivores, insectivores,
herbivores and indigenous birds ground dwelling) in
carnivores (herbivores, representative ecosystems.
insectivores, ground Data: Presence/absence
dwelling) in and density data from
representative representative sites,
ecosystems including across variable
levels of pest control, from,
for example, the National
Vegetation Survey
Databank.
Weeds and Number of new  Number of new Indigenous Pressure/ Element: Number of new
animal naturalisations regional dominance Impact regional incursions/sites of
pests (M6) incursions/sites of nationally recognised

nationally recognised
environmental weed
species

environmental weed
species

Data: Requires surveillance
monitoring at regional
level, currently undertaken
by regional councils.

2.3 Assessment of existing methodologies

2.3.1 Overview

Generalisations in this section of the report are based on the seven regional councils that
responded to the online survey (screenshot of survey in Figure A2-1, Appendix 2). Of the
seven regional councils, 57% of councils were dissatisfied with the current way their regional
council monitored and reported on change in vegetation structure and composition. No
council was completely satistfied with their monitoring techniques. Vegetation monitoring
techniques varied between regional councils. Several regional councils did not report change

in structure over time.

2.3.2

Field methods

Not all regional councils monitor vegetation structure and composition within their region.
For those that do, methods differ among councils, projects and vegetation types. Funding,
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time and the preferences of the individuals designing the monitoring programme influence
choice of methods. Basic vegetation monitoring may consist of taking photo points or doing a
general visual assessment (often captured in a report). More complex monitoring often uses
standard sized plots or quadrats along a transect to define the sample area. Plots range in size
from 2 x 2 m in wetlands to 20 x 20 m in forests. Some councils use unbounded relevés
(recce plots), where the sample area is defined by the observer’s interpretation of an
homogeneous sample of the plant community. The data on species composition and
abundance may include all species occurring in the sample area (which allows estimation of
species richness), or often it is a subset based on the most dominant species in the plot (e.g.
rapid recces) or those species that are the focus of the study. No council mentioned their use
of the Forest Monitoring and Assessment Kit (FORMAK) monitoring system for monitoring
forest vegetation that was developed by PA Handford & Associates Ltd, although it may be
in use.

2.3.3 Datastorage

Regional councils each use different methods of data storage: Excel spreadsheets, GIS
databases, and WorkSmart databases to be migrated to IRIS.

Some regional councils have used National Vegetation Survey’s NVS Express to upload data
collected using standard forest monitoring methods (i.e. permanent 20 x 20 m plots or
relevés). NVS Express is a purpose-built Windows tool for entering and summarising
vegetation data compatible with the NVS (National Vegetation Survey,
https://nvs.landcareresearch.co.nz/) databank. Other methods can be added to the NVS
databank, but are not currently compatible with NVS express.

There are examples of rigorous data storage protocols by some regional councils, for
example:

Anything that can go to NVS does. In addition we store original data sheets, scanned
electronic copies of data sheets, spreadsheets in our electronic document storage system,
spatial database and spatial files on the network.

2.3.4 Reporting

Over half of regional councils do not report on changes in vegetation structure and
composition. One reason provided for a lack of reporting is insufficient support for return-
surveys at sites. This means results are restricted to representing the current state of the
environment (i.e. a snapshot in time), rather than looking at change over time.

A further problem is that for survey techniques with strong observer-experience bias, there is
often no assessment of whether changes in vegetation over time are because of differences
between observers. When regional councils do report change, it is often done in annual
reports, or other reports (e.g. WCI reports, annual lakes reports). It can also be reported to
landowners and to council committees (e.g. the Operations, Monitoring and Regulation
committee). Regional councils’ responses for the appropriate frequency for reporting change
in vegetation structure varied, from each year to every 10 years.
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2.3.5 Additional comments
Regional councils were generally positive about the need for a robust monitoring programme.

A commitment to monitoring is needed — one-off surveys are jolly good, but are not going
to help us track changes over time! The methodologies we employ need a bit of empirical
testing to see if observer differences can be constrained or if the methods are just too
loose to be of any use for composition and structure change tracking.

We re progressing well but still have some big gaps in the information! We 've not yet
submitted a big region-wide report on wetlands or forests (have for dunes), so am not
sure how that will look yet. Hoping the monitoring framework project will solve that for
me!

Some regional councils want more clarification of the exact aims of the measure, and are

interested in what the desired outcomes for the monitoring are and how the monitoring will
be funded.

Our question is why do we need to measure or monitor? If we increase our programmes
beyond the little we do now, what would we report, and to whom, for what purpose?
Currently Northland has no Biodiversity Strategy which would lead to a Biodiversity
Monitoring Plan. The strategy would sit under the RPS (in draft) and direct
biosecurity/biodiversity resources. The monitoring plan would lead to reporting on
intermediate and long term outcomes. The monitoring plan may also include monitoring
for national purposes as we are required to do this.

Because we are a council with limited resources any monitoring programmes are at
present focused towards protecting values (lakes) or measuring project outcomes. Any
additional future assessment of vegetation structure and composition will need to target
regional priorities, e.g. the health of iconic Northland habitats such as kauri forest and
coastal forest. Other monitoring of key species, e.g. phenology (related to bird numbers)
may be important for ratepayers/customers who are involved in community restoration
programmes. If monitoring is required for national systems we will need to find
additional resources so a mandate will be required through the NPS or equivalent.

2.4 Designing a sampling scheme

2.4.1 Alignment with existing methodology

The Department of Conservation has developed a set of biodiversity indicators, and has
implemented some of these nationally through the BMRS. National-scale monitoring
reporting (Tier One) focuses on simultaneous point-based measurement of vegetation, bird
communities, and abundances of some pest mammals (ungulates, lagomorphs and brushtail
possums). It is used to assess indigenous dominance and species occupancy across public
conservation land. It includes methods for measuring vegetation structure and composition,
using a regular, unbiased sampling framework across New Zealand. This framework builds
upon a national infrastructure established to measure carbon, vegetation structure and
composition of 1372 vegetation plots in forests and shrublands (the LUCAS network;
Coomes et al. 2002). Tier One monitoring extends the LUCAS network to non-forest and
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non-shrubland ecosystems on public conservation land. Its point-based measurements of
vegetation are directly compatible with those proposed for M2 (as are DOC’s bird
community measurements with M3 and those of pest mammals with M7).

Currently, many councils are not employing the methodology used by DOC to measure
vegetation, perceiving it to be not feasible within budget constraints. However, DOC’s
approach of simultaneous, point-based assessments of multiple measures at a given sampling
point, with each sample point being revisited on a 5-yearly basis, allows minimisation of
costs (i.e. travel time, etc.). Regional councils need only conduct a subset of the methods that
DOC and MTE apply on vegetation plots measured as part of the LUCAS programme,
reducing the time and costs (i.e. there is no need for councils to measure large tree diameters
(from an additional external plot), coarse woody debris (CWD) and tree heights as these are
all used in national carbon assessments for MfE and are collected in forests on private land).
Additonally, DOC collects data on non-vascular plant species in its Tier One monitoring,
which should be optional for regional councils. The implications of altering DOC sampling
protocols are discussed below.

2.4.2 Gridsize

The DOC method places an 8 x 8 km grid across New Zealand: a plot is established where
the gridlines intersect on public conservation land. If councils sample across their regions on
the same 8 x 8 km grid it will allow inclusion of data from public conservation land collected
by DOC as part of regional reporting, and it will enable ready scaling up from regional to
national reporting (e.g. for national State of Environment reporting). For some regional
councils the number of plots that would be established is large and might be beyond the
financial constraints of those regional councils (Table 2-2 and Figure 2-1). Increasing the grid
size to 16 x 16 km (Table 2-3 and Figure 2-2) greatly reduces the sampling required, but also
greatly reduces the power to detect change. Individual councils may want to sample at
different scales, depending on resources available. To ascertain the ability to detect change,
individual councils should run power analyses for a variety of grid sizes, 4 x 4 km, 8 x 8 km
and 16 x16 km, to see how reductions or increases in sample size change power. This should
be run after the first year of sampling, when regional councils will have raw data collected
from their region that can be fed directly into the power analysis. The power analysis would
need to include the other indicators that are associated with the proposed methods (see
MacLeod et al. (2013) for an example in the Greater Wellington Region).

2.4.3 Species lists and cover scores — all or a subset?

Regional councils have measured subsets of species (usually the most dominant) on a plot to
minimise the resources required to measure a plot. If regional councils are concerned with
‘no net’ biodiversity loss (e.g. when assessing resource consents), a comprehensive inventory
of all plant species present is needed. Likewise, not recording species that are not dominant
has other consequences. For example, early incursions of non-native species that may
subsequently become dominant will be missed if only dominant species are recorded.
Furthermore, assumptions that dominant species are those that are most important for
exosystem function and services are not always correct (e.g. Peltzer et al. 2009; Mariotte
2014). Hence a full inventory of the covers of all vascular plant species, both native and non-
native species, and including epiphytes, should be recorded within each 20 x 20 m plot. A
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full species list has additional utility for other measures, that is, M6, where it could be
considered as part of an active surveillance program for monitoring new naturalisations in the
region, and M 16, where it can provide information and context for maintenance of some rare
species or those under pressure (e.g. plant species that are highly palatable to introduced
mammals). Full species lists provide presence/absence data, so are also useful when
modelling species distributions for weed species. In addition there are so far few data on plant
biodiversity in agricultural or urban systems (a focus for many regional councils), so there is
little systematic information on how intensification of agriculture influences biodiversity
nationwide.

Recording cover scores will allow plots to be placed into a plot-based classification of New
Zealand plant communities (Wiser & De Caceres 2013; Wiser et al. 2016). This classification
was developed for DOC, and would assist regional councils in sub-setting data for reporting
recognised vegetation communities. Plot-based estimates of cover of vascular plant species

also provides local points of ground truth that can be integrated with remote measures (i.e.
LCDB as used in M1, M8, M9 and M17).

2.4.4 Permanent marking of plots and trees

A limitation at some sites could be an inability to permanently mark plots (e.g. in pastoral
farmland) and possibly to tag trees (if a landowner objected, or if tagging trees were
hazardous if trees were likely to be logged in future, e.g. Pinus radiata). The consequence of
not permanently marking plots is that a different area may be remeasured if the plot is not
accurately relocated. This will increase the amount of variation between measures (e.g. plant
species missed/added due to the change in plot location). The consequence of not tracking
individual trees through time is an inability to report on the recruitment, growth and mortality
of trees (one means of reporting change in tree size structure; Peltzer et al. 2014). Not
individually tagging trees will also increase the likelithood of missing trees during the
measurement. Paint can be used to semi-permanently mark trees, for example, those closest
to corners, when tagging trees with nails is not possible. Using different paint colours
between successive surveys can be used to help distinguish unmeasured stems that grow into
the minimum size class (Sheil 1995).

2.4.5 Costs

The following estimate of costs is from a trip that sampled agricultural land, pine plantations
and croplands in Marlborough in March 2013 led by Robert Holdaway, Landcare Research.
This estimate also includes collecting data for M3: Avian representation.

. To do two plots per day required four people (two competent botanists, one general
helper, and one bird survey specialist). Costs depend on costs of individuals, i.e.
contractor rates, but an estimate of $3000/day for labour, $500/day for incidentals, and
$500/day for organisational logistics (pre- and post-trip).

. The team completed measuring 16 plots in a 10-day period (with two travel days either
end) = $4000 x 10 = $40,000 per trip / 16 plots = $2500 per plot. This estimate did not
include post-sampling species ID checks, data entry, analysis, etc.
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Table 2-2 Number and percentage of sampling locations within each region based on an 8 x 8 km grid, partitioned by public conservation land (sampled by DOC’s Tier
One) and other land, that could be sampled by regional councils. Total number of locations excludes sample points with slopes >45° (estimated using LENZ). Sample points
within each cover class determined from LCDB.

Region No. sampling locations Percentage sampling locations
Total DOC Regional | DOC Regional | Grassland, Forest Scrub & Bare or lightly Slope Cropland Artificial Water
Tier councils | Tier  councils | sedgeland shrubland vegetated >45° surfaces  bodies
One One & surfaces
marshland

Auckland 78 6 72 8 92 49 23 14 0 0 1 13 0
Bay of Plenty 194 60 134 31 69 19 73 6 0 2 <1 2 0
Canterbury 692 169 523 24 76 63 10 9 12 1 6 <1 <1
Gisborne 130 15 115 12 88 48 33 15 3 1 2 0 0
Hawke’s Bay 216 39 177 18 82 57 30 11 0 0 <1 <1 0
Manawatt—-Whanganui 349 61 288 17 83 67 23 8 <1 0 1 <1 0
Marlborough 153 73 80 48 52 48 27 12 10 3 <1 0 2
Nelson City 7 2 5 29 71 14 71 14 0 0 0 0 0
Northland 202 27 175 13 87 53 36 9 1 <1 1 0 0
Otago 480 87 393 18 82 78 10 7 5 1 <1 <1 0
Southland 478 260 218 54 46 49 39 8 4 7 0 <1 <1
Taranaki 114 26 88 23 77 56 33 8 0 0 0 4 0
Tasman 151 102 49 68 32 19 70 8 4 2 0 0 0
Waikato 369 64 305 17 83 55 35 7 <1 0 <1 2 <1
Wellington 125 23 102 18 82 49 31 14 2 1 0 4 0
Westland 346 297 49 86 14 15 65 12 7 4 0 0 0
Total no. of locations 4084 1311 2773 2126 1303 367 180 76 56 42 10
Total % of locations 32 68 52.1 31.9 9.0 4.4 <2 14 1.0 0.2
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Figure 2-1 Sampling locations on the 8 x 8 km grid in relation to the regional council boundaries and land cover classification of sampling locations (see Table 2-2).
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Table 2-3 Number and/or percentage of sampling locations within each region based on a 16 x 16 km grid, partitioned by public conservation land (sampled by DOC’s Tier
One) and other land, that could be sampled by regional councils. Total number of locations excludes sample points with slopes >45° (estimated using LENZ). Sample points
within each cover class determined from LCDB.

Region No. sampling locations Percentage sampling locations
Total DOC  Regional DOC  Regional | Grassland, Forest Scrub & Bare or Slope Cropland Artificial Water
Tier councils Tier councils | sedgeland shrubland lightly >45° surfaces  bodies
One One & vegetated
marshland surfaces

Auckland 18 0 18 0 100 61 17 11 0 0.0 0 11 0
Bay of Plenty 49 17 32 35 65 10 84 4 0 4.1 2 0 0
Canterbury 177 47 130 27 73 63 10 10 10 0.6 7 0 1
Gisborne 32 2 30 6 94 50 31 13 6 0.0 0 0 0
Hawke’s Bay 55 7 48 13 87 55 29 15 0 0.0 2 0 0
Manawatt—-Whanganui 86 14 72 16 84 65 23 9 1 0.0 1 0 0
Marlborough 38 17 21 45 55 63 13 8 13 5.3 0 0 3
Nelson City 2 0 2 0 100 50 50 0 0 0.0 0 0 0
Northland 50 7 43 14 86 54 36 8 0 0.0 2 0 0
Otago 120 18 102 15 85 81 10 4 4 0.0 0 1 0
Southland 116 65 51 56 44 48 41 8 2 8.6 0 0 1
Taranaki 29 6 23 21 79 55 31 14 0 0.0 0 0 0
Tasman 36 23 13 64 36 11 69 14 6 0.0 0 0 0
Waikato 96 19 77 20 80 59 34 4 1 0.0 0 0 1
Wellington 32 7 25 22 78 50 34 6 3 0.0 0 6 0
Westland 83 72 11 87 13 10 66 16 8 3.6 0 0 0
Total no. of locations 1019 321 698 535 324 90 44 18 16 5 5
Total % of locations 32 68 52.5 31.8 8.8 4.3 1.8 1.6 0.5 0.5
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Figure 2-2 Sampling locations on the 16 x16 km grid in relation to the regional council boundaries and land cover classification of sampling locations (see Table 2-3)
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2.5 Methods

The following text is extracted from the contract report ‘Designing a biodiversity monitoring
and reporting system for Greater Wellington Regional Council’ (MacLeod et al. 2013) with
permission from Greater Wellington Regional Council. Detailed information on field
sampling protocols can be obtained from DOC.

2.5.1 Summarised field sampling protocols

A nationwide plot register is being developed (December 2015) to preserve the fundamental
integrity of the 8 x 8 km grid-based sample design that has been the basis of LUCAS
sampling of indigenous forests and shrublands (public and private land) and DOC’s BMRS
Tier One sampling of vegetation across all public conservation land. The project, led by
MH{E, has a goal of facilitating the expansion of the national grid sample network across New
Zealand. Components of the register include:

1. Unique plot identifers for each sample location (e.g. AA138)
2. Each sample point’s grid location (NZMG and NZTM)
3. Anideal randomised year of measurement (on a 5-year an a 10-year cycle)

The last of these will provide each council with a schedule of plots to measure in the year that
it begins to collect data for M2. This schedule will mean that each council need not collect
data from public conservation land (this will be continued by DOC’s BMRS Tier One
sampling) or from indigenous forest and shrubland (this will be continued through the
LUCAS programme). The schedule for councils will therefore focus on sample points on
private land in land cover types other than indigenous forest and shrubland.

Each sampling location should be permanently marked at the four corners of a fixed 20 % 20
m plot to allow for repeated sampling at that location (DOC 2012). In some production
landscapes (e.g. High Producing Exotic Grassland), permanent marking of boundaries may
not be possible. Highly accurate GPS devices will enable accurate relocation of these plots.
Greater Wellington Regional Council is currently (December 2015) burying metal markers
below plough depth at the four corners and using a metal-detector to enable their relocation.

The fixed 20 x 20 m plot used at each sample point for M2 is at the centre of sample points
used for M3 (“Avian representation’) and M7 (‘Distribution and abundance of weeds and
animal pests’), collected within a much larger area (220 % 220 m), using a design that radiates
out from the edges of the central vegetation plot (Figure 2-4). Standardised field sampling
protocols are used for both the vegetation and animal surveys (DOC 2012).
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Figure 2-3 Layout of the animal-survey sampling units in relation to the vegetation plot at each sampling
location, along with an outline of the 20 x 20 m vegetation plot, subdivided into 16 contiguous 5 x 5 m subplots,
and each of the 24 (0.75 m?) seedling plots within it.

Each 20 x 20 m plot used for M2 is established on a formalised layout (Figure 2-3). The
assigned sample point’s grid location (NZMG and NZTM) is designated for corner ‘P’ in the
plot layout. 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 regional council 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 some non-forested ecosystems, larger pegs can be
used to designate the corners of the 20 x 20 m plot than those used currently as standard in
forests.

Record metadata (including GPS location, altitude, aspect, etc.) for each 20 x 20 m plot,
using standard methods. This will provide essential information that can be incorporated into
analyses of status and trend assessments of the vegetation measures. Other metadata are
important for relocating the plot for future remeasurements. Record bearings along each 20-m
perimeter of the plot as well as absolute measured distances (to the nearest 0.1 m), to assist in
future remeasurement of the plot. Take photographs of the plot from each corner (A, D, M
and P), looking both inward towards the centre of the plot and outward along the transects
used to assess birds and pest mammals (Figure 2-3).

Record a full inventory of vascular plant species, including epiphytes, within each 20 x 20 m
plot. Use standard methods to evaluate cover of all vascular plant species, in cover classes in
fixed height tiers within each 20 % 20 m plot (protocols are described fully in Hurst & Allen
2007b). Accurate identification of all species in the field is important: since this indicator
evaluates indigenous dominance, it is important to be able to identify all species accurately,
which can then be assigned native vs. non-native status (following
http://nzflora.landcareresearch.co.nz/). For those species that cannot be determined accurately
in the field, each identified taxon should be collected with an identifier on the specimen
collected that can be linked readily to the field data sheet, which can be updated after the
specimen is determined (Hurst & Allen 2007b; DOC 2012).

Measure all woody stems on each plot. This is needed to determine their dominance and, by
tagging individuals, to determine trends in theirr growth and population dynamics. Tag all
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woody stems >2.5 cm in diameter at 1.35 m (dbh), including tree ferns and palms, within the
20 x 20 m plot using a pre-printed metal tag with a unique number (affixed using an
aluminium tag, nailed 1 cm below the point of measurement), identify each stem to species,
and measure the diameter to the nearest mm. This applies to all woody stems, from those
within forests to single stems in a plot that is otherwise grassland. Each stem of multi-
stemmed individuals of sufficient size should be tagged and connections between all
connected stems should be noted. Each stem’s location should be assigned to one of 16
contiguous 5 x 5 m subplots (Figure 2-3). For tree ferns and palms, measure height to the
nearest 0.1 m from the ground to the point of emergence of fronds (Hurst & Allen 2007b). If
permanent tagging is not possible, each stem >2.5 cm dbh should be identified to species, its
diameter measured, and the 5 x 5 m subplot in which it occurs should be noted. Temporary
markers (flagging tape or chalk) can be used to identify stems that have been measured;
flagging tape should be removed once all tree measurements have been finished and the plot
has been checked.

Tally saplings (i.e. woody plants (excluding lianas) and tree ferns >1.35 m tall but <2.5 cm
dbh) within the 20 x 20 m plot. Saplings are not tagged. The tally of saplings is by species
within individual 5 X 5 m subplots (Figure 2-3), summed for the entire plots. It is important to
adopt a procedure to ensure that saplings are not missed (e.g. using chalk to mark stems once
they have been counted). Stems of the same plant that fork at or above ground level are
counted as a single stem (stems that may be joined below ground level, but the connection is
difficult to ascertain, are counted as separate stems).

Establish 24 seedling plots (0.75 m” each) on a regular grid within the 20 x 20 m plot (Figure
2-3). In each subplot the presence of species is recorded in fixed tiers (tiers: <0.15 m; 0.16—
0.45 m; 0.46—0.75 m; 0.76—1.05 m; 1.06—-1.35 m). Woody species should be counted in each
tier for reporting the size structures of woody seedlings. These subplots provide height
frequency data, hence they provide additional information for reporting the change in canopy
structure for vegetation types not dominated by woody species, allowing interpretation of
canopy dominance in non-woody vegetation at whole-plot (400 m?) and subplot scales.

2.5.2  Practical considerations for field implementation

Field training and staff scheduling are critical to the successful implementation of M2.

2.5.3 Training

A field-team coordinator, with strong project management skills, will be required to run the
field programme. Specialist field teams, with relevant methodological skills (especially in
plant identification), will need to be briefed on the logistical and operating protocols, as well
as the field survey protocols. In addition to field safety training, field teams will need to gain
technical experience handling the relevant equipment, recording relevant time-budget and
operational data (to inform logistic planning and budgeting in the future) and guidelines on
how to prioritise their field effort when time-constraints occur (e.g. poor weather).
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2.5.4 Scheduling

Before implementing the field programme, a scoping exercise is necessary to determine the
availability of the field skills and personnel required to implement the survey methods at the
regional scale; training schemes will needed to address shortages (e.g. DOC’s pilot study
identified shortages in bird, non-vascular and grass species identification skills). Six months
before the field season, a work plan should be developed to ensure cost-effective co-
ordination of field teams; this should include an assessment of access issues, the feasibility of
implementing surveys at each location, and field gear requirements, as well as operational
and field safety planning. One month prior to the field season, relevant training workshops
should be run, with field teams then assisting with the final stages of field preparations.
During the field season, the field coordinator will need to oversee the daily logistic
requirements of the team, regularly review their schedules and ensure that data management
protocols are being maintained. Data checking, management and reporting processes should
be completed as soon as possible after completing the field season. Audit protocols should be
implemented, so that 10% of plots are audited throughout the field season. DOC now has an
Audit Field Protocol which is available on request; note that DOC’s audit methods differ
from those of the LUCAS programme. Each regional council should coordinate with DOC
and other regional councils to share skills, and skilled staff and contractors, if possible.

2.5.5 Data management and access requirements

An important consideration for regional councils is to determine how field data should be
collected and managed (e.g. form design, datasheet recording, checking and storage, labelling
and processing samples, computerisation, analysis). It is critical to ensure compatitibility of
data standards and management with DOC’s Tier One programme and the LUCAS
programme, since these will obviate the need for regional councils to collect data from
sample points on public conservation land, and forests and shrublands on private land,
respectively. Any changes to sampling protocols, datasheets and databases must be clearly
documented and rules must be established for managing such changes; this should include an
assessment of the impact of such changes on the parameters being reported for each measure.

Enter and archive all vegetation data for M2 in the National Vegetation Survey Databank
(NVS; https://nvs.landcareresearch.co.nz/). This facility is run by Landcare Research and is
specifically designed to store vegetation survey data in the format used in this measure, and
all vegetation data collected DOC’s Tier One programme and the LUCAS programme
(indigenous forests and shrublands) are in NVS. Data can be uploaded through the NVS
Express platform (detailed protocols can be found in Vickers et al. 2012a). This will save
regional councils costs associated with creating and maintaining new databases and data
storage facilities. Some regional councils are already familiar with the NVS Express system,
so using NVS Express builds upon current knowledge. This facility already has refined
protocols for data management including data validation (Vickers et al. 2012a). Storing
copies of field data sheets in the fire-proof vaults associated with NVS at Landcare Research,
Lincoln is strongly recommended. Field data sheets contain pertinent information that is
especially useful for the remeasurement of plots. Archiving copies of field data sheets in the
NVS vaults is insurance against their loss elsewhere.

A particular advantage of entering vegetation data from M2 using NVS Express is that it
contains an analysis module (NVS-Analysis; Vickers et al. 2012b) that has been specifically
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designed to be used by conservation practitioners. This includes summary statistics and
analyses. NVS-Analysis has been adapted to summarise vegetation data for DOC’s national-
scale reporting, which is directly useful for computing statistics for M2. There may be a cost
associated with further developments to meet specific needs of regional councils: for more
information contact NVS directly through the website. Additional statistics included in NVS-
Analysis can be used by regional councils to gain further descriptions of their sites, including
analyses of individual species.

NVS Website: http:/nvs.landcareresearch.co.nz/index.aspx

2.5.6 Reporting format

Use a similar format to that of Horizons Regional Council for their State of the Environment
reports (Roygard et al. 2013), DOC (e.g. Bellingham et al. 2015), or MfE (MfE and Statistics
New Zealand 2015) for reporting M2. These reports could include other indicators linked
with M2 (e.g. M3 and M16). The report should include comparisons at both a national and
regional level. Reporting for M2 could include a figure which shows change over time (e.g.
Figure 2-4, for inter-annual differences).
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Figure 2-4 The number of plots that have >50% native species in each tier where species occur for all species
(woody and non-woody combined), woody species only and non-woody species only.

Additional statistics that could be reported on include (but are not limited to) 1) DOC
reporting statistics (Figure 2-5); 2) change in mean stem diameter for canopy dominants
(taken from diameter measures); 3) change in mean number of stems for canopy dominants
(taken from diameter measures) and 4) change in mean number of new recruits for canopy
dominants (taken from seedling and sapling counts). Definitions of canopy dominants would
need to be standardised across regional councils.
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Figure 2-5 Example from MacLeod et al. (2012) showing size-class distribution of kamahi for two periods in
beech forest and non-beech forests. Fitted solid lines are general linear models of stems counts within 20 equal-
sized classes. Fitted dashed lines are standard errors around fitted lines.
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Appendix 2-1 — Assessment of measures questionnaire

M2: Vegetation structure and composition - Assessment of Measures Questionaire =

Please answer all questions where possible_ If additional space is needed you can use the extra comments box at bottom of survey OR please email additional responses fo
thomsonf@landcareresearch.co.nz

Any additional documentation (e.g. copy of annual report etc)can be emailed to thomsonf@landcareresearch.co.nz

Thank you for your feedback!

1. What is your name and what Regional Council are you from?

2. What methods do you currently use to itor ch in vegetation structure and composition within your region?

3. What data do you currently collect in regards to monitoring vegetation structure and composition?

4. What data (that you currently don't collect) would be useful to collect for monitoring vegetation structure and composition?

5. What do you think is the mini 1 data that should be coll
Regional councils.

ted for monitoring vegetation structure and composition? i.e. what should be compulsory for all

6. How do you report changes in vegetati tucture and position within your region e.g. Annual reports

7.How do you currently store data? =

8. What do you think is a good reporting frequency for reporting on vegetation structure and composition?
r Every year

r Every 2 years

r Every 5 years

’7 Every 10 years

r Other (please specify)

9. Overall, are you sati: i i or neither sati nor di
vegetation structure and composition?

with the current way your Regional Council monitors and reports on the condition of

() Satisfied

() Dissatisfied
() Neither satisfied nor dissatisfied

If dissatisfied what should be included or excluded

10. Do you have any additional comments?

Figure A2-1 Assessment of measures questionnaire.
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Appendix 2-2 — Feedback from regional councils

Details of the feedback from regional councils for each report. ‘Yes’ indicates that a council
gave feedback regarding the report. Regional councils that were contacted were those whose
contact details were provided on the key contacts list. Reports 3, 4 and 5 were sent as a group
for the final report.

Report 1 Report 2 Report 3 Report 4 Report 5
Environment Southland Yes
Waikato Regional Council Yes
Marlborough District Council Yes
Greater Wellington Regional Council
Horizons Regional Council Yes
Otago Regional Council Yes
Northland Regional Council Yes
Taranaki Regional Council Yes Yes
Auckland Council
Bay of Plenty Regional Council Yes Yes Yes
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3  Indicator M3: Avian representation
Author: Catriona MaclLeod, Landcare Research
3.1 Introduction

This report focuses on M3 (‘Avian Representation’), one of three measures used to inform
the ‘Biodiversity Condition’ indicator within the framework. Recommendations for the bird
monitoring design are based on review of current New Zealand bird monitoring schemes in
relation to best-practice guidelines in the international literature. This work was carried out
by Landcare Research for the Regional Council Biodiversity Working Group between July
2011 and December 2013.

To achieve successful conservation outcomes, a combination of biodiversity monitoring,
diagnostic research, the testing and proving of management solutions, and their successful
incorporation into population- or community-wide management schemes is required (Yoccoz
et al. 2001; Wilson et al. 2010; Lindenmayer et al. 2012). The value of biodiversity
monitoring has been clearly demonstrated in recent years, for documenting ecosystem change
(Both & Visser 2001; DeVictor et al. 2010; Anderson et al. 2011), engaging public awareness
in environmental issues, and providing the necessary evidential basis for conservation
legislation (Butchart et al. 2010).

Although birds comprise only a small fraction of animal species, they are often selected for
monitoring studies (Pereira &Cooper 2006) and to build headline indicators of biodiversity
(Schmeller et al. 2012). Four main drivers for this have been identified (Furness &
Greenwood 1993; Newton 1998):

. Compared with other taxa, birds are relatively easy to observe and identify, as most
species are diurnal and well-known taxonomically.

. Individual nests can be monitored to measure reproductive success, and individual birds
can often be fitted with a tracking device or permanently marked (using a tag or leg
band), allowing data on their movements, behaviour and life-histories to be obtained
relatively easily (Bairlein et al. 2012).

. As many species are high in the food chain, birds are considered good indicators for
measuring the status of other taxa and also ecosystem health (i.e. how active the
ecosystem is and how well it maintains its organisation and autonomy over time, and its
resilience to stress; Constanza et al. 1992).

. Birds represent an iconic component of biodiversity with which policymakers and the
general public alike connect.

With many ongoing monitoring programmes in place and many volunteers willing to
contribute, birds are often selected as target taxa for global and regional monitoring schemes
(Pereira &Cooper 2006). However, as a result, there has been a proliferation of methods and
approaches in recent decades (and accompanying debates among the proponents of different
approaches). This frequently makes it difficult for conservation managers (or other end-users
conducting bird population monitoring) to know how best to proceed for their own specific
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needs. A review of 144 established bird monitoring schemes in Europe (Schmeller et al.
2012), for example, identified the following design issues as priorities for improvement:

. Ensuring unbiased spatial coverage

. Sampling effort optimisation

. Replicated sampling to account for variation in detection probability
. More efficient statistical use of the data.

3.2 Scoping and analysis

3.2.1 Indicator definition

The Indicator M3 (‘Avian Representation’) aims to quantify the presence of suitable bird
species across trophic levels; it is one of three measures used to assess the status of the
‘Biodiversity Condition’ indicator (Lee & Allen 2011).1

We recommend that all species detected are recorded, rather than just one particular subset of
species. This approach will allow flexibility and provide baseline data for future
measurement of shifts in bird assemblages that were not anticipated at the outset, e.g. the
possibility of some currently rare bird species becoming common in the future. For nocturnal
species of interest (e.g. kiwi Apteryx spp. and morepork Ninox novaeseelandiae), we
recommend that a separate (but complementary) system is developed.

The sampling scheme is appropriate for diurnal bird species at terrestrial sampling locations
within a region. This scheme is designed for reporting primarily at the regional or national
level. Some habitats currently administered by regional councils (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.

3.2.2 Indicator statistic

Indicator statistics for Avian Representation could potentially be measured at the population,
species or community level. We recommend that regional councils focus on the following
three indicator statistics:

. Species richness (the number of species present)
. Occupancy (the proportion of locations occupied by a given species)
. Population density (the number of individuals of a given species within a hectare).

These can be measured either as static (e.g. population size or occupancy) or dynamic
variables (e.g. population trend or extinction rate; Box 1).

All indicator statistics should include some measure of the precision of the estimate (e.g. the
mean species occupancy or richness with 95% confidence intervals), to allow the reader to
determine what confidence can be placed in those estimates and the strength of the inferences
that can be drawn from them.
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Box 1 Indicator statistics can be measured at population, species or community levels, and as static or dynamic variables

State variables can be the mean or variance estimates.

Population or species level:

1. Distribution: Specifying where birds do and do not occur, typically
displayed as maps(Bibby et al. 2000) Sampling effort should be
uniform (or measured and reported) otherwise the resulting maps will
show the distribution of observer efforts as much as the distribution of
birds.

2. Occupancy: Estimates the proportion of sites occupied by a given
species (MacKenzie et al. 2002). Potentially more cost-effective to
measure than abundance (Noon et al. 2012).

3. Abundance: Can be relative or absolute, with strongest inferences
usually drawn from the latter Buckland et al 2008).

Community-level variables can be calculated for all species or subsets of
species (e.g. different taxonomic groups or guilds). These are useful for
assessing the structure and function of communities and the impacts of
management on a variety of species or functional groups of species:

4. Richness: Measures the number of species in the community of
interest. It is the simplest way to describe community and regional
diversity (Gotelli & Colwell 2001).

5. Evenness: The equitability of the proportional abundances of the
species in the community of interest (Tuomisto 2012). This can provide
useful insights into the mechanisms that structure a community and
the extent that it is disturbed (Studeny et al. 2011).

6. Diversity: Consists of two components, richness and evenness. Most
are weighted sums of relative abundances of species, but also could be
value-weighted according to ecosystem or economic values or
taxonomic distinctiveness to inform management (Yoccoz et al. 2001).

Dynamic variables measure system function (rather than just state), so typically quantify rate
parameters (Boulinier et al. 1998). Dynamic variables can be used to explain state and are
relevant for both community- and species-level traits:

1.

2

Colonisation and extinction rates: Measure vital rates of site occupancy dynamics for a given
population or species level (MacKenzie et al. 2003). At the community level, temporal
changes in species composition are measured as turnover rates (Magurran et al. 2010).

Trends and rates of change: Can be absolute or relative, but measuring the percentage
change (since an arbitrary baseline year) can provide a more robust way to assess
biodiversity trends (Magurran et al. 2010).

Turning points and changing variance: Turning points identify the timing of significant
changes in population or community trajectories (Fewster et al. 2000). Measures of
increased variability in biomass and other community attributes can be indicators of change
in community composition from one state to the next (Magurran et al. 2010).

Note when measuring trends, it is important to consider these aspects:

The ecology of the study species (e.g. is it a naturally cycling species?) (Thomas & Martin
1996) and community (e.g. what is the underlying level of temporal turnover in that
community?) (Magurran et al. 2010).

Sampling fluctuations can lead to an alert being triggered when the true reduction (if any) in
the population is not of a magnitude to warrant it (Magurran et al. 2010), but smoothing
splines can be used to remove short-term fluctuations in population trends (Fewster et al.
2000) and take into account the precision of the change measure within the alerts process
(Magurran et al. 2010).

Small changes in the way that the data are selected for analysis can affect the overall
magnitude of trends (e.g. any resulting bias due to adding a constant to count data before
log transformation is expected to decrease within increasing abundance).

The method of trend estimation can affect the magnitude, direction and statistical
significance of population trends assigned to species, thus assessing patterns of population
change (rather than focusing on the magnitude of calculated trends and variance) may be
more important or useful (Thomas & Martin 1996; Buckland et al. 2005).
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3.2.3 Reference points for measuring change

Three types of reference points can be used to assess the state of biodiversity across a region
and any spatio-temporal trends (Box 2) (Buckland et al. 2008):

. Baseline measures provide the starting points (at some time or state) against which
change can be assessed

. Thresholds set some stage at which an alert is raised (e.g. a species has become
threatened)

. Targets are set against agreed measurable endpoints and a specified timeline

Biodiversity measures can also be assessed against reference points, either in a static manner
(i.e. distance from thresholds or targets) or a dynamic one (i.e. rates of change towards or
away from thresholds or targets; Box 2).

Box 2 Setting monitoring goals: approaches, reference points and timelines

1. Static approaches include measures of ‘population status’ (e.g. population size and occupancy) against
threshold measures and, at a community level, proportions of species that meet specified management
targets, for example:

e Classify species according to thresholds specified under the IUCN Red List classification system
(IUCN 2008).

2. Dynamic approaches include the tallying of such numbers or proportions of species within various
categories and monitoring changes in the status of these assemblages over time (Magurran et al. 2010). It
is important to specify what levels of trend and within what confidence intervals the system aims to
detect.

e The IUCN system, for example, raises an ‘amber’ alert about a population if it declines by 25%
over 25 years and a ‘red’ alert if it declines by >50% over 25 years (IUCN 2008).

e The NeoTropical Migratory Bird Conservation Program, for example, defined an effective
monitoring system as one that has 90% chance of detecting a 50% decline in a species’
abundance over 25 years (Thomas & Martin 1996).

3. Assessments with respect to previously identified thresholds can also combine both static and dynamic
variables, such as in ‘alerts’ approaches where sets of quantitative population criteria are used to place
species on a ‘red’, ‘amber’ or ‘green’ alert.

e The UK bird ‘alert’ listing criteria, for example, assess global conservation status, historical
population decline, recent population decline (numbers and geographical range), European
conservation status, rarity, localised distribution, and international importance of populations
(Eaton et al. 2009).

3.2.4 Reporting frequencies

We anticipate regional councils adopting a sampling design based on a rotating-panel design,
with a unique subset of randomly-selected locations (or ‘panels’) sampled in each year of the
S-year cycle (Table 3-1). If this design is adopted, trends in the biodiversity measures can be
estimated, on an annual basis between ‘panels’ of locations from the second year, and within
locations after the first 5-year cycle. It is important, however, that sampling locations in year
two and beyond are selected randomly and not according to strata (such as land cover or
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environmental gradient), or else inference about trend will be confounded by the different
strata measured each year.

Table 3-1 Schematic specifications (Urquhart et al. 1998) for the proposed rotating-panel design, where a panel
consists of a unique subset of randomly-selected sampling locations is sampled each year of the 5-year cycle

Panel Sampling year

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

v A W N

Complementary systems will be required to facilitate monitoring of managed species and
places. Such systems would include monitoring of rare and threatened species or
communities (Williams et al 2007; Rodriguez et al. 2011; Holdaway et al. 2012), or those
with confined distributions, as well as the effects of conservation management efforts at
specific locations. Thus, the regional-level sampling proposed here is not intended to address
these issues. Addressing specific management-effectiveness questions (e.g. testing the
effectiveness of possum control management within the region) may require intensive
sampling regimes (e.g. as implemented on DOC Tier 2 monitoring sites).

A trade-off between detail and scope or coverage is a practical limitation faced by all
monitoring programmes. DOC uses a nested hierarchy (Box 3) to collect information with
different levels of scope and coverage.
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Box 3 Hierarchical nested monitoring adopted by the DOC Biodiversity Monitoring and Reporting System.

A Broad scope Narrow coverage

Tier 3
Reference Sites
(e.g. Little Barrier Island)

Tier 2
Local management issues
(e.g. Managed Ecosystems and
Threatened Species)

Narrow scope Broad coverage

Tier 1
National context
(e.g. Ecosystems and Species)

\4

Physical and biological indicators measured
in all tiers with different scope and coverage

. Tier 1. The lowest level represented is monitoring that has broad spatial and temporal applicability (e.g.
National Ecosystems and Species). This level provides geographic and interpretive context for data
collected for Managed Ecosystems or Managed Threatened Species (Tier 2 and Tier 3).

. Tier 2. The middle tier indicates enhanced investigation effort that is limited in spatial and temporal
extent but focused on management-driven impacts and outputs (Managed Ecosystems or Managed
Threatened Species).

° Tier 3. Monitoring conducted intensively at a few sites (e.g. Waitutu, Eglinton, Craigieburn). These sites
are useful for understanding interactions and allowing the development of predictive models. These
intensive monitoring areas may become reference sites or benchmarks against which other sites may be
compared. Intensive investigations aid in interpreting Tier 1 and Tier 2 data.

3.2.5 Reporting hierarchies

Information can be presented for all species, different subsets of species or individual species.
Bird species can be grouped according to their origin (native or introduced) or functional
traits or trophic levels (e.g. insectivores vs seed-eating species).

3.2.6 Spatial and temporal analysis

In the short term, it will be feasible to report on Avian Representation status at regional and
national levels. Where sampling effort is sufficient, it will also be feasible to report on Avian
Representation status within the predominant environments and land-use types at regional
and national scales. After the first set of remeasurements, the system will report on the status
of biodiversity measures relative to baseline measures from the initial survey at regional and
national scales, as well as within predominant environments and land-use types. In the longer
term, the system will report on trends in the biodiversity measures and evaluate these trends
against agreed standards or limits.

3.2.7 Relationships between indicators and present patterns

We recommend integrating sampling protocols for the Avian Representation measure with
those of the closely aligned M16 (Changes in abundance of animals susceptible to introduced
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herbivores and carnivores). Other measures could be used to interpret any spatial and
temporal changes in the avian representation metrics. Measures of Habitat Loss and Land
under Indigenous Vegetation could be used, for example, to test for evidence of land-use-
change impacts (e.g. agricultural intensification and loss of indigenous vegetation) on bird
populations. Similarly, the Biodiversity Protection measures could be used to assess whether
areas subject to protection policies provide enhanced biodiversity outcomes relative to areas
without protection. Such analyses could thus inform management and policy at regional and
national scales.

3.2.8 Assessment of existing methodologies

Bird monitoring can take either surveillance or question-driven approaches, being motivated
either by curiosity or by scientific questions and/or management issues (Yoccoz et al 2001;
Field et al 2007; Lindenmayer & Likens 2010; Jones et al 2011; Jones et al 2013).
Monitoring can be aimed either at the birds themselves or at bigger picture environmental
goals (i.e. using birds as indicators) (Furness & Greenwood 1993; Newton 1998; Pereira &
Cooper 2006). Different users tend to ask different questions of monitoring depending on
their needs or interests (Figure 3-1), influencing the approaches (what is measured) and
methods (how it is measured) chosen.

W Why?
ho? hy? Approach
Assess status
Monitor for
Government impacts or
bodies declines
Assess
management
Conservation
NGOs
Design
monitoring or
management
Academic HIE:
researchers Curiosity
Hypothesis
testing

Figure 3-1 Purposes for monitoring and the approaches used.
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The Avian Representation measure requires standardised field sampling and classification of
birds into relevant guilds. A number of bird monitoring schemes are currently applied in New
Zealand (Table 3-2), each using different monitoring designs and field sampling methods.
There is currently no standard classification of feeding guilds for birds in New Zealand, with

independent studies using their own interpretation of the literature to classify species (Hoare
et al. 2012; MacLeod et al. 2012).

Footnotes to Table 3-2 (over page)

! Department of Conservation Biodiversity Monitoring and Reporting System; Lee et al. 2005; Allen et al.
2009b; MacLeod et al. 2012e; Macleod et al 2012a

2 Agricultural Research Group on Sustainability; MaclLeod et al. 2012c
} Spurr 2012

*Bull et al. 1985; Robertson et al. 2007

> Scofield et al. 2005

® sullivan 2012
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Table 3-2 Summary of bird monitoring initiatives in New Zealand (GOV = government, ACA = academic, IND = industry, NGO = non-government)

Approach DOC BMRS" ARGOS® Garden Bird mc2m<w NZ bird atlases” eBird’ NatureWatch®
Governance GOV ACA, IND NGO, ACA NGO NGO NGO, ACA
Objective Assess status Assess status Assess trend Assess status Curiosity Curiosity
Monitor for impacts Monitor for impacts Raise awareness Assess status
Assess management Assess management
Early-warning system
Structured surveillance?  Yes Yes Semi Semi No No

Species variables

Statistics quantified

Reference points

Spatial scope

Temporal scope

Repeated measures
Bird count technique

Repeated counts
Detection probabilities
Record sampling effort
Field personnel
Database development

Analysis controls for
sampling effort variation

Precision
Reporting

Species richness
Species occupancy
Species abundance

State (and trend)

Baselines from initial
survey

Public conservation
lands at a national scale

Rotating-panel design
over a 5-year cycle

Yes

Modified 5-min Bird
Count, incorporating
distance sampling
Yes

Yes

Yes

Professional
Ongoing

Yes

Yes
Annual

Species richness
Species occupancy
Species abundance

State (and trend)

Baselines from initial
survey

Farmland within three
sectors

c. 2-3 year intervals

Yes

Distance sampling
transects & point
counts

Yes

Yes

Yes
Professional/student
Established

Yes

Yes
c. 2-3 years

Species occupancy
Species abundance

Trend (and state)

Baselines from initial
survey

Urban at national
scale

Annual

Some

Timed counts,
maximum number
observed

No

No

Yes

Citizen science
Ongoing

No

Yes
Annual

Inventories of
species of interest
Species distribution

State (and trend)

Baselines from initial
survey

National scale

c. 20-year intervals

Possibly

Roving records of
species lists

Some

No

Yes

Citizen science
Established

No

No
20-year intervals

Inventories of
species of interest

Usually state,
occasionally trend

Not specified

Locations of interest
to personnel

Variable

Not specified
Ad hoc observations

Possibly

No

Typically no
Citizen science
Established
Typically no

No
No

Inventories of species
of interest

Usually state,
occasionally trend

Not specified

Locations of interest
to personnel

Variable

Not specified
Ad hoc observations

Possibly

No

Typically no
Citizen science
Established

Typically no (but see
Sullivan 2012)

No
No

Landcare Research

Page 47



Standardised terrestrial biodiversity indicators for use by regional councils

3.3 Current approaches employed by regional councils

. Regional-scale monitoring efforts: Currently limited to two regions: Auckland (but
focusing on a subset of the landscape — remnants of woody vegetation); and Greater
Wellington (a pilot study testing feasibility of using 8 x 8 km grid to sample pastoral
landscapes, recognising that information on other dominant habitats is available from
DOC).

. Site-focused surveys: Most current bird monitoring efforts are focused on measuring the
impact of management such as pest control or restoration activities (e.g. Greater
Wellington Regional Council; Hawke’s Bay Regional Council; Environment Waikato")
(Fitzgerald & Innes 2013). There is potential to establish coordinated monitoring
among these monitoring locations akin to a Tier 2 monitoring system (Box 3). The key
challenge here is variation in management approaches and different scales of
monitoring vs management.

. Bird count methods employed: The five-minute bird count is the primary method used,
with fieldwork carried out by private contractors (e.g. Hawke’s Bay) or in combination
with in-house skills (e.g. Greater Wellington; Environment Canterbury) or community
groups (e.g. Environment Canterbury).

. Analytical capability available: This varies among regional councils, with some better
resourced than others. This is a specialist skill-set perhaps best provided by a third
party; this is also better from an audit perspective (akin to the DOC/KPMG
audit/auditor general review process).

. Regular reporting: There is currently only limited reporting — the primary focus being
state of the environment reporting (e.g. Auckland Council). Reporting for other
purposes could include community engagement projects (e.g. Hawke’s Bay).

3.3.1 Monitoring objectives and sampling designs

Bird monitoring schemes currently underway in New Zealand are governed by a range of
different parties (Table 3-2), including government agencies (DOC’s Biodiversity Monitoring
and Reporting System, DOC BMRS), academic research institutes (e.g. the Agricultural
Research Group on Sustainability, ARGOS, which works closely with industry) and non-
government organisations (primarily the Ornithological Society of New Zealand) or
partnerships between multiple parties (e.g. the New Zealand Garden Bird Survey). Although
the monitoring goals are not always explicitly stated, most schemes appear to aim to assess
the status of bird populations and communities, with few being specifically designed to assess
and monitor management impacts. The schemes range from highly structured surveillance
designs (DOC BMRS and ARGOS) to semi-structured ones (Garden Bird Survey) to those
using unstructured surveillance approaches (e.g. eBird, NatureWatch NZ).

¥ Hamilton Halo project: http://www.waikatoregion.govt.nz/Environment/Natural-
resources/Biodiversity/Hamilton-Halo/
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For the regional council Terrestrial Biodiversity Monitoring Framework the key will be to
select a scale, design and intensity of monitoring that are appropriate for its purpose, as this
will influence the extent and strength of inferences that can be drawn from the monitoring
data (Yoccoz et al. 2001). Strongest inferences are typically made when the measured
variables have low bias (minor systematic under- or over-estimation) and high precision (a
low level of uncertainty) (Thompson 2002; Buckland et al. 2008; Snéll et al. 2011). Having
established an initial design (MacKenzie & Royle 2005; Vofisek et al. 2008), the sampling
strategy should be re-evaluated given the available resources (Appendix 3-1), to ensure that it
will be feasible to implement in the field and will provide adequate representation and
precision to address study objectives (Gregory 2000; Field et al. 2005). If not, the objectives
and design either need to be revised or the required resources secured (Magurran et al. 2010).

3.3.2 Species metrics and monitoring reference points

Different monitoring approaches will provide different species metrics (Figure 3-2). In
general, atlases provide useful preliminary information about bird distributions or species
inventories within a region, but to detect trends and direct management and policy, more
detailed and regular surveys will be required (Bibby 1999). While smaller-scale (but more
intensive) monitoring may be better suited for accurate and precise abundance measures for
single species, less intensive monitoring at larger spatial scales may be better suited for
community measures such as species richness, and monitoring to gain information on
population trends generally needs long time-series of data to separate trend from random
variance.

Most New Zealand schemes currently focus on measuring status and change relative to
baselines derived from the initial surveys. Some aim to measure trend but currently do not
have sufficient information to do so (except possibly the Garden Bird Survey).
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Figure 3-2 Survey design and the development of knowledge on trends and numbers of birds. Different survey
approaches work differently according to the pattern of numbers and distribution of the species. Adapted from
Bibby (1999).

3.3.3 Spatial and temporal scope

The spatial and temporal scope of the different bird monitoring initiatives in New Zealand
vary extensively (Figure 3-3), with only the bird atlases aiming to provide information at a
national scale. Some focus on particular land uses (conservation, agricultural or urban
landscapes), while others concentrate on specific locations of interest to the observer. The
frequency and timing of sampling events also vary widely among the schemes. These
differences in spatial and temporal scope make it difficult to directly compare and collate
information collected from these different schemes (MacLeod et al. 2013)." In addition to
considering the spatial scope of monitoring underway under other schemes, assessing the
power of those schemes to realistically detect changes in bird community composition is also
important (Figure 3-3).

“I Assessing the feasibility of drawing from multiple data sources for reporting on biodiversity status and trend
information is the focus of a new MBIE-funded project, ‘Trustworthy biodiversity measures — using birds as a
proof-of-concept’ (MacLeod et al. 2013).
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Figure 3-3 Comparing bird monitoring schemes currently implemented in New Zealand to highlight
differences in their spatial zones of inference and potential power to detect change in avian community
composition.

Schemes using structured surveillance approaches implement standardised sampling
protocols at specified sampling locations and those locations are repeatedly sampled at
regular intervals at a similar time of year (e.g. DOC BMRS and ARGOS). Using repeated
measures from the same sampling locations over time can increase the power of a given
monitoring design to detect changes in trends, relative to a design that measures a new set of
locations at each sampling event (Monks & MacLeod 2013).

. DOC BMRS: Benefits of alignment with this scheme would include providing a
representative sample across the region, with DOC covering the costs of monitoring for
c. 32% locations at the national scale, although some regions will benefit more from
this partnership than others (Appendix 3-2)

. NZ Sustainability Dashboard: This sustainability assessment and reporting tool
(Manbhire et al. 2012) is currently being developed™ for multiple primary industry
sectors within New Zealand. It combines internationally-recognised frameworks and
their key generic sustainability performance indicators (KPIs), with complementary
KPIs developed specifically for New Zealand and the participating sectors (Hunt et al.
2013). The environmental monitoring framework design is closely aligned to the DOC
and regional council biodiversity monitoring and reporting systems (MacLeod &
Moller 2013). This provides an opportunity for regional councils to contribu