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Abstract

The New Zealand Department of Conservation (DOC) has recently developed an Inventory

and Monitoring Framework to measure progress towards biodiversity targets. It adopts the use
of a hierarchical and integrated indicator framework and encapsulates three targeted national
outcomes: indigenous dominance, species occupancy, and environmental representation.
Indicator 5.1, ‘Composition’, within the species occupancy outcome includes elements that can
collectively be thought of as an indicator of trends in widespread native taxa. We used a process
based on expert elicitation to identify and select a suite of native taxa to contribute to reporting
under Indicator 5.1. Using eight selection criteria reflecting biological and geographic attributes,
a panel of 18 experts selected 106 taxa as a minimum set to adequately represent the full range
of taxonomic groups, pressures and habitat types found in New Zealand. We recommend phased
implementation of monitoring programmes for selected taxa, with priority given to taxa that both
exhibit population responses to specific (as opposed to multiple) pressures and are relatively

achievable to monitor.

Keywords: biodiversity, environmental reporting, expert elicitation, freshwater, marine,

monitoring, terrestrial.
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Introduction

International conservation goals, such as those described in the Convention on Biological
Diversity Agreement (Secretariat of the Convention on Biological Diversity 2005), set the

context for national biodiversity inventory and monitoring programmes. The United Nations
Environment Programme World Conservation Monitoring Centre (UNEP-WCMC) advocates

the use of an indicator framework to measure progress toward biodiversity targets (UNEP-
WCMC 2009). Specifically, the suggested approach involves using a small set of broad headline
indicators underscored by more specific sub-indicators/measures in order to communicate trends
in greater detail (UNEP-WCMC 2009).

A wide range of indicator concepts, from ecosystem health indicators to composition and
population trend indicators are applied to measuring biodiversity (Caro & O’'Doherty 1999; Hoare
et al. 2010). Measuring a carefully selected subset of biodiversity indicators enables broad trends
in environmental conditions and progress toward biodiversity goals to be established. It can also
increase awareness of environmental issues and be applied to environmental policy decisions
(Hammond et al. 1995). Conservation agencies require an effective measurement and reporting
system in order to adequately account for progress toward biodiversity goals (Lee et al. 2005).

Until recently, application of indicator concepts to national reporting in New Zealand has not
followed the recommended practice. Long-term monitoring data have not traditionally been
collected with an integrated indicator framework in mind (Parliamentary Commissioner for
the Environment 2010), so reporting agencies construct indicators opportunistically based on
data availability (M{E 2007; Statistics New Zealand 2009). For example, although current State
of the Environment reporting in New Zealand attempts to use a suite of indicators to measure
the condition of, and trends in, the environment (M{E 2007), quantitative species reporting has,
to date, has been limited to trends in a handful of threatened species, selected a postori, for
which trend data exist (Hoare et al. 2010). Hoare et al. (2010) and Walpole et al. (2009) advocate
for objective selection of, and data collection for, a range of indicator species that encompass
representation of (1) taxonomic diversity, (2) ecosystem types, (3) key environmental pressures
and (4) threat status.

The New Zealand Department of Conservation’s (DOC’s) recently developed Inventory and
Monitoring Framework for monitoring biodiversity and reporting on its status and trend
follows this model (Lee et al. 2005; Allen et al. 20094, b). Selection of indicators to achieve a
comprehensive picture of New Zealand’s biodiversity and the threats that it faces relies on
representation of the different levels of biodiversity and their amalgamation for high-level
reporting (Lee et al. 2005). While managers, policy analysts, and researchers have agonised over
selecting indicators for decades, national and international pressures for their use only increase
(UNEP-WCMC 2009; Walpole et al. 2009).

The Inventory and Monitoring Framework includes a hierarchical and integrated indicator
framework for performance assessment (Lee et al. 2005; Allen et al. 200943, b). It encapsulates
three targeted national outcomes: (1) indigenous dominance, (2) species occupancy, and

(3) environmental representation which together comprise nine objectives, 24 indicators and

61 measures derived from quantitative data layers (Lee et al. 2005). These elements, indicators
and measures will provide information about national trends in ecological integrity. For example,
the species occupancy element includes objectives pertaining to (1) preventing declines and
extinction and (2) maintaining ecosystem composition. Three of the four elements within
Indicator 5.1, ‘Compositior’, (Demography of widespread animal species’, ‘Representation of
plant functional types’ and ‘Representation of animal guilds’; Lee et al. 2005) can collectively be

thought of as an indicator of trends in widespread native taxa.

Common, widespread species are critical to the structure, biomass and function of most
ecosystems (Gaston & Fuller 2008; Elliott et al. 2010). As such, establishing trends in widespread
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2.1

native taxa is an important component of the suite of biodiversity indicators identified in the
Inventory and Monitoring Framework. Each species selected and monitored under this objective
is intended to act as a ‘population indicator species’ (a species whose trends can be used as an

index of trends in other species; Hoare et al. 2010).

Long-term datasets perform a critical role in evaluating changes in biodiversity, as a result of
both natural change and anthropogenic activities (Magurran et al. 2010; Silvertown et al. 2010).
Long-term monitoring of widespread taxa can provide both an early warning of emerging threats
and a baseline for measuring the effectiveness of conservation management (Gregory et al. 2005;
O’Brien et al. 2011). For example, monitoring of common farmland birds in Europe over two
decades demonstrated dramatic declines associated with agricultural intensification and was
used to instigate policy changes in farming practices (Gregory et al. 2005).

In this report we: (1) describe the process by which we identified and selected a representative
range of native taxa to contribute to reporting under Indicator 5.1 in the national Inventory and
Monitoring Framework (Lee et al. 2005), (2) provide a list of taxa and groups that together would
form a comprehensive suite of widespread indicators, and (3) describe additional work required
to make widespread indicators selected for implementation most useful for reporting and policy

decisions.

Methods

Overview of selection process

Expert elicitation is a technique used to synthesise the opinions of ‘experts’, defined here as
researchers and/or managers with >10 years experience working on a particular taxonomic group.
It is increasingly being used in the conservation sector to guide decision making, particularly in
data-poor scenarios (Donlan et al. 2010).

We used a national experts’ workshop to identify a broad suite of potential widespread® indicator
taxa (or groups of ecologically equivalent taxa) to provide coverage of terrestrial, freshwater and
marine taxonomic groups, key pressures contributing to biodiversity declines, broad habitat
types and functional roles. The experts then scored each potential indicator taxon against

eight key selection criteria that captured both biological and geographic criteria based on
principles agreed on in the species indicator literature (Table 1; Stork & Samways 1995; Caro &
O’Doherty 1999; Hutcheson et al. 1999; Hilty & Merenlender 2000). We selected a shortlist of the
highest scoring taxa within each combination of taxonomic group, pressure and habitat type

(for definitions, see sections 2.5 and 2.6), and checked that the selected taxa covered a range of

functional roles within ecosystems.

In addition to information about key selection criteria for each potential indicator taxon, we
compiled information? about: (1) the range of pressures a taxon was affected by, (2) its geographic
distribution, (3) its threat status (based on Townsend et al. 2008), (4) the existence of historical
monitoring data, (5) the existence of managed populations (and their locations and types of

management) and (6) whether the taxon is recognised as having cultural uses. We also asked

We define ‘widespread’ relative to pressures and ecosystems. That is, a species that occurs (or occurred) widely throughout an
ecosystem type and is affected by a particular pressure throughout its range is eligible for inclusion, even though it might not
be widespread across the country. For example, Otago skinks, Oligosoma otagense, were considered as an indicator of predation
in tussock grasslands, because they were formerly widespread in the schist rocks that are prevalent in the Central Otago area
(Houghton, C; Linkhorn, R. 2002: Population decline in the skinks Oligosoma otagense and O. grande at Macraes Flat, Otago.
Department of Conservation, Wellington. 26 p,).

These data are available on request from the first author.
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experts to identify knowledge gaps that limited the selection of widespread indicator taxa,

primarily about the existence of suitable monitoring techniques and causal links between

population trends and pressures. All data were collated in a Microsoft Excel spreadsheet. This

additional information will provide context for designing sampling schemes and for reporting

and interpreting trends.

Candidate pool of taxa considered as potential indicators

We developed a candidate list of bird, fish, herpetofauna (reptile and amphibian), mammal,

invertebrate and vascular plant taxa. For bird, freshwater fish, reptile, amphibian, bat and marine

mammal taxa, experts considered the full New Zealand lists in the first instance. However, data

were only collated for those taxa that were considered widespread, including threatened species

that still had widespread distributions. Some localised taxa were combined with ecological

equivalents to form taxonomic subgroups if, together, they were considered useful indicators

of widespread pressures. The vascular plant list is considerably longer and the full range of

marine fish and invertebrate taxa present in New Zealand has yet to be documented. Therefore,

for these groups, experts identified a pool of candidate taxa based on their knowledge of taxa

with relatively well-known biology. Taxonomic groups for which basic biological knowledge is

poor (e.g. bryophytes) were not considered as indicators because they did not meet the selection

criteria (Table 1).

Table 1.

Criteria used in the selection of widespread native taxa to act as indicators as part

of New Zealand’s national indicator framework. Criteria were developed with reference to the
principles recommended by Stork & Samways (1995), Caro & O’Doherty (1999), Hutcheson et al.

(1999) and Allen et al. (2009b).

ATTRIBUTE

EXPLANATION

Biological

Well-known biology

Relatively high abundance

Easy to locate, identify and monitor in the field

Clearly measurable

Geographical

Resident within the ecosystem of interest prior
to environmental change

Sensitive to environmental change within the
period of measurement

Occurs on a scale relevant to the threat
process

Widespread

Understanding the factors influencing a population indicator is important
for understanding its relationship with a particular threat process and its
potential ability to indicate trends in other populations.

High abundance is useful for achieving a statistically robust, cost-
effective sample.

Species that can be monitored relatively easily and reliably give
confidence in data and are likely to be more cost-effective than
alternatives.

It is important to be able to repeatedly collect relevant demographic
data for the indicator species (e.g. abundance, size, growth, structure or
frequency) in order to evaluate population trends.

Resident species are subject to sustained environmental pressure and
will usually make the best indicators. However, migratory species may
be useful in specific situations.

A species should be sensitive, though not hypersensitive, to
environmental change and respond rapidly and predictably to it. This
enables a population to act as an early warning of disturbance and
inform decisions about mitigation of a threat.

The scale on which a species occurs (mobility, home range size) should
be considered relative to the threat process.

The chosen indicator species should be widespread (as opposed to
localised) within a broad habitat type in order to indicate processes
operating throughout the area.
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2.4

2.5

2.6

Summarised traits information was used to inform initial selection of taxa as potential indicators,
where available. For example, plants identified as being palatable to possums and ungulates
(Allen et al. 2009b; Mason et al. 2010), based on dietary studies (Nugent et al. 1997; Forsyth et

al. 2002), were used in the identification of a candidate list of potential plant indicator taxa.
Similarly, life history traits that are associated with vulnerability to predation (Whitaker 1978;
O’Donnell et al. 1996; Towns et al. 2003; Hoare et al. 2007) were considered in the identification of

a list of potential reptile and bird indicators.

Composition of the expert group

The national workshop to identify and evaluate taxa as indicators of trends in widespread

species comprised 18 DOC staff3 with a national overview for at least one taxonomic group being
considered. Workshop participants were invited by the authors for their specialist knowledge of
birds and bats (n = 5 participants), freshwater fish and invertebrates (n = 2), herpetofauna (n = 3),
marine fish, invertebrates and mammals (n = 2), terrestrial invertebrates (n = 3) and vascular plants
(n = 3). Several members of the group had expertise across different areas and were frequently
consulted by more than one group when scoring taxa (see below).

Scoring of candidate taxa

Experts scored each taxon for each of the eight attributes described in Table 1. Each attribute was
scored between zero (the taxon scored extremely poorly in relation to the attribute) and three

(it scored highly). For example, a taxon with very well known biology scored three, and one with
no knowledge scored zero). Scoring was done by consensus within the group considered to have
expertise for that taxon. Scores were summed for each taxon (maximum = 24) and the scores were
used to compare the relative performance of taxa as potential indicators.

Habitat types

In the data collection phase, taxa were categorised according to whether they primarily occurred
in one of 11 broad habitat types. Habitat types considered were: alpine, coastal, forest, shrubland
or tussock grassland (terrestrial); estuaries, lakes, rivers or wetlands (freshwater); and coastal

(to 30 m deep) or deep water (> 30 m deep) marine. Broad habitat types were used (as opposed
to finer resolution habitat classification) to guide experts to consider taxa that inhabit a range of

ecosystems and ensure representation (see Hoare et al. 2010).

Pressures

Taxa were classified according to their vulnerability to one of five of the major pressures that

are contributing to declines in biodiversity in New Zealand*: competition, predation, herbivory,
human impacts and habitat modification. Competition, particularly between native vascular
plants and introduced weed species (e.g. de Lange et al. 2010), but also between exotic and native
animals (e.g. Bonnett & MclIntosh 2004), has changed the indigenous dominance and community

3 Participants at the workshop were DOC staff because DOC has both primary responsibility for national biodiversity
monitoring and reporting in New Zealand and expert knowledge that covers the range of taxonomic groups (and their
geographic spread) being considered as indicators of trends in widespread native taxa.

4 A primary pressure was identified for each potential indicator for categorisation purposes, even though multiple pressures may
affect any one taxon. Taxa with a strong response to an individual pressure were given preference to those with a response
more likely to be related to multiple pressures where several taxa scored equally well within a taxonomic group, pressure and
habitat type category.
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composition throughout New Zealand. Predation by introduced mammalian predators is one
of the major causes of decline of species in forests, freshwater and coastal ecosystems in New
Zealand since the arrival of humans (Atkinson 1989; Dowding & Murphy 2001; Allibone et al.
2010; Innes et al. 2010) and affects most major animal groups (Ramsay 1978; Sherley et al. 1998;
Pryde et al. 2005; Hoare et al. 2007; Allibone et al. 2010; Innes et al. 2010). Similarly, introduced
mammalian browsers have had a profound impact on native vegetation, reducing foliar cover,
contributing to canopy dieback and regeneration failure, and threatening some particularly
palatable species (Nugent et al. 1997; Forsyth et al. 2002; Allen & Lee 2006; Mason et al. 2010).
Habitat modification, including the clearance and fragmentation of indigenous cover, fire

and conversion of forests to plantations, is a major threat particularly for species inhabiting
threatened environments (McGlone 1989; Eikaas et al. 2005; Walker et al. 2006; Ausseil et al.
2010). Human impacts cover a range of other human activities including pollution, barriers to
migrations, disturbance (e.g. recreation) and harvesting (e.g. Hickey & Clements 1998; Dopson
et al. 1999; Walls 1999; Joy & Death 2001; Thompson 2010).

A range of other pressures were considered but not included in our selection, largely because

their influences are local or associated with small populations (e.g. hybridisation and disease;

Tompkins 2007; Ortiz-Catedral et al. 2009), or the relationship between the perceived pressure
and species trends is not well understood (e.g. Halloy & Mark 2003).

Final selection of potential indicator species

In narrowing down our selection of indicators, we gave priority to achieving representation

of taxonomic group, environment, pressures and functional role, in accordance with
recommendations of the United Nations Environment Programme (UNEP-WCMC 2009). In this
way, individual indicators can be grouped for analysis to enable the identification of trends and

priorities for action at meaningful scales.

We chose the highest scoring taxa in each representation category (i.e. combination of taxonomic
group, environment, pressure) to provide a short-list of preferred taxa. Functional role was used
as a post hoc check to ensure that all functional roles (primary producer, primary consumer,
mid-trophic consumer, top predator and pollinator and seed disperser) were represented. As a
result, several taxa were added to the final selection to achieve representation, even though they
did not score as highly as some other taxa (which were excluded on the basis that that particular

ecosystem, threat and taxonomic group was already sufficiently represented).
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Results

A panel of 18 experts at a national workshop identified 251 taxa (usually at species level, but
some subspecies were identified) and 50 groups of ecologically equivalent taxa as being worthy
of consideration as widespread native indicator taxa. Of these, and based on the eight selection
criteria described above, 80 taxa and 26 groups of ecological equivalents were identified as a
minimum set of taxa to adequately represent the full range of taxonomic groups, pressures,
habitats and functional roles (see Table 2; note that some taxa or groups are represented in more

than one habitat or environment type).

Of the 106 taxa or groups of ecologically equivalent taxa identified as a minimum set of indicators,
35 occur in the freshwater environment, 18 in the marine environment and 56 in the terrestrial
environment (Table 2). Taxonomic groups represented are: bats (2 taxa), birds (26 taxa or groups),
freshwater fish (4 taxa), freshwater invertebrates (1 taxon), herpetofauna (12 taxa or groups), marine
fish (4 taxa), marine invertebrates (9 taxa), marine mammals (2 taxa), vascular plants (38 taxa;

of which 24 were terrestrial and 14 aquatic) and terrestrial invertebrates (8 taxa or groups; Table 2).
The following broad ecosystem types are represented: alpine (6 taxa or groups), coastal terrestrial
coastal marine (13 taxa or groups), deepwater (5 taxa or groups), estuaries (12 taxa or groups), forest
(26 taxa or groups), freshwater (17 taxa or groups), rivers/gravels (8 taxa or groups), shrubland

(10 taxa or groups), tussock grasslands (4 taxa or groups; Table 2). Functional roles of taxa or
groups selected include: ecosystem engineers (13 taxa or groups), mid-trophic species (37 taxa or
groups), pollinator and/or seed disperser (12 taxa or groups), primary consumer (7 taxa or groups),
primary producer (30 taxa or groups) and top predator (7 taxa or groups).

Discussion

The ability to evaluate the responses of individual species to anthropogenic disturbance and
report on the effectiveness of conservation policy is a key issue for ecologists and conservation
managers. The approach we have developed has provided an objective basis for the selection

of widespread native taxa representative of the major taxonomic groups for each of the key five
pressures (predation, herbivory, competition, human impact, and human modification) influencing
the viability of biodiversity within terrestrial, freshwater and marine environments in New Zealand.
Implementing long-term monitoring at a national scale would enable trend reporting (e.g. State

of the Environment reporting) for a representative range of taxa. However, we emphasise that
establishing the relationships between selected indicator taxa and the broader suite of species for
which they can act as indicators is necessary in order to maximise utility of the data.

The value of including widespread species as indicators in a
national biodiversity monitoring system

Elliott et al. (2010) highlight the growing concern about the status of common widespread species
and the need for nationwide bird monitoring programmes in New Zealand. Initial declines in
common species may be difficult to detect, but can equate to large losses of individuals and
ecosystem integrity. In their work, analysis of a 30-year point-count monitoring dataset of forest
birds in an unmanaged temperate forest in New Zealand revealed a significant change in the

bird community structure in which five common native species (bellbird, Anthornis melanura;
rifleman, Acanthisitta chloris; grey warbler, Gerygone igata; tomtit, Petroica macrocephala and
tQi1, Prosthemadera novaeseelandiae) declined in abundance.
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In the past, because of the lack of long-term monitoring of widespread native taxa in New Zealand,
declines in formerly widespread taxa (e.g. kidka, Nestor meridionalis; mdhua, Mohoua ochrocephala
and long-tailed bats, Chalinolobus tuberculatus) have gone undetected to the point that they were
endangered before the need for management intervention was identified (Gaze 1985; O’'Donnell

& Rasch 1991; O’Donnell 2000). For example, up until the 1990s, long-tailed bats were considered
‘common and widespread’ (Daniel & Williams 1984; Daniel 1990). However, when surveys of a range
of sites where long-tailed bats had been present in the 1970s and 1980s were conducted, O’Donnell
(2000) either failed to find long-tailed bats or recorded bats in low numbers, despite considerable
survey effort. Long-tailed bats are now considered Nationally Endangered under New Zealand
Threat Classification criteria (O’Donnell et al. 2010) and in need of management intervention to
protect remaining key populations (O’Donnell 2010; O’Donnell et al. 2010).

Similarly, more intensive monitoring of single species has repeatedly demonstrated that new

or previously unanticipated threats are found periodically, and that they would go undetected
without longer-term monitoring programmes. For example, the impact of rats on the viability

of mohua (Dilks et al. 2003) or the influences of competition with wasps (Vespula vulgaris) and
brushtail possums (Trichosurus vulpecula) on food availability for kaka (Wilson et al. 1998).
Although there has been some perception that common birds may have reached equilibrium
with the new threats introduced to New Zealand by humans (King 1984), it has been shown
repeatedly that commonness is not a good indicator of the resistance of species to further change
(Siriwardena et al. 1998; Elliott et al. 2010). Without early warning of significant population
declines in potentially vulnerable taxa, investment in the recovery of threatened and at risk

species becomes increasingly expensive.

Alternative approaches to selection of indicators

We used an expert-driven process for the selection of widespread species to report on trends

in composition. Expert opinion on the relative magnitude of anthropogenic threats to native
taxa are used elsewhere for conservation planning and reporting on status of threatened
species because they provide a measure of consensus on the magnitude of those threats among
researchers and conservation managers (e.g. Gregory et al. 2005; Joseph et al. 2008; Townsend
et al. 2008; De Lange et al. 2009; Joseph et al. 2009; Miskelly et al. 2009; Donlan et al. 2010;
Hitchmough et al. 2010).

An alternative approach would have been to use quantitative measures under each selection
criterion to score taxa for indicator suitability rather than an expert-driven approach (e.g. Tulloch
et al. 2011). However, we considered that sufficient data were not available across all taxa to allow
this approach. Similarly, a number of studies have demonstrated the value of including ecological
trait information as an indicator of shared responses to environmental changes (Mason et al.
2010; Williams et al. 2010). For example, Mason et al. (2010) demonstrated that exclusion of
ungulate herbivores from New Zealand forest ecosystems has caused a qualitatively consistent
shift in functional composition towards foliar traits relating to palatability at a national scale

and across a range of environments. In this study, with the exception of birds, herpetofauna and
a selected number of plant species, there was insufficient knowledge or access to traits data
across the complete range of native taxa and how specific anthropogenic threats interact with
their biology to use a quantitative approach. In our process, ecological traits represent only one
component guiding selection; the expert group also needed to assess the appropriateness of

the taxonomic units against other criteria such as well known biology, ease of monitoring and
geographic distribution (Table 1).

A range of other criteria were considered for inclusion in our selection process, but were
discounted for various reasons. Existence of historical monitoring data is sometimes considered
as important for choosing indicator species. We deliberately did not use this as a selection

criterion to avoid repeating historical biases in focal species (Gregory et al. 2005; Hoare et al.
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2010). However, we identified the existence of historical data for species identified as potential
indicators so that they could be used in the design of sampling schemes and as baseline
information for selected taxa. This approach is generally accepted in the development of
indicators (Everard & Noble 2010).

Cost effectiveness and cultural utility of indicators are key concerns in the development of
long-term monitoring programmes, especially considering the need for them to be sustained
through funding and priority shifts (Caughlan & Oakley 2001; Lindenmayer & Likens 2010).
Although these are not criteria we used explicitly in the identification of widespread indicator
taxa (because they diminish credibility in selection of taxa to meet biological objectives; Landres
et al. 1988), they are considerations that will be explicitly included in the implementation phase
of the programme. Furthermore, we acknowledge that the ‘ease of monitoring’ criterion that we
used includes a cost-based element (Table 1), and that the Inventory and Montioring Framework
includes indicators specifically focussed on community involvement and iwi partnerships
(Indicators 9.1 and 9.2; Lee et al. 2005).

Short generation time, as a proxy for rapid response to environmental change, is identified as

an important attribute of population and health indicator species (Caro & O’Doherty 1999).
However, we excluded this criterion per se because measuring key demographic parameters (as
opposed to relative abundance) of long-lived species can be used to indicate threats. For example,
demographic structure of tuatara, Sphenodon punctatus, a long-lived (Nelson et al. 2002; Mitchell
et al. 2010) reptile in New Zealand, is a sensitive indicator of predation pressure by rodents,
because recruitment rates are extremely low in the presence of rodents (Towns et al. 2007).
Similarly, male-biased sex ratios in kaka, Nestor meridionalis, a forest parrot in New Zealand, can
be used to indicate predation pressure on nesting females (Greene & Fraser 1998). We feel that
the intent of the short generation time criterion is captured by the ‘sensitive to environmental

change within the period of measurement’ criterion (Table 1).

Outstanding issues

For many taxonomic groups and habitat types, the potential candidate list to select indicators
from was relatively small. Several reasons for this exist: (1) basic biological data are unknown

for many taxa, (2) no reliable monitoring techniques exist for some taxa, (3) in many cases there
is a poor understanding of the relationships between pressures and species’ trends (because no
research has been conducted into these relationships), and finally (4) trends in some taxonomic
groups may be better captured by community-biodiversity indices (e.g. Macroinvertebrate
Community Index for stream invertebrates; Stark 1993) within the ‘maintaining ecosystem
processes’ objective of the Inventory and Monitoring Framework (Outcome Objective 1; Lee et al.
2005).

There were a number of gaps in representation across environment types and pressures. For
example, basic biological data and reliable monitoring techniques for many invertebrate and
herpetofauna species do not exist; thus we were unable to select them in the indicator suite.
Similarly, few taxa met the selection criteria in the marine environment and for habitat types

in which previous work has been limited in scope (e.g. alpine habitats). Current research
programmes led by DOC’s Science and Capability Group are targeting some of these knowledge
gaps and will feed into improving selection of indicators in the future. The potential bias toward
inclusion of species that respond to well-understood pressures (e.g. Donlan et al. 2010)

is acknowledged and accepted in this process.
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Future directions

The next stage of the project involves designing detailed monitoring programmes for
implementing the indicators programme for widespread taxa and a phased implementation
plan. Our recommendation is to start implementation with a ranked list of taxa within each
environment type (terrestrial, freshwater and marine) on the basis of specificity to key pressures
(in order to maximise interpretability for national reporting) and achievability (including
cost-effectiveness) of establishing a monitoring programme to capture trend information. For
each indicator selected, a detailed monitoring programme involving the key attributes to be
measured (e.g. field method, sampling design, analytical method and additional data needed
for interpretation of trends) needs to be designed. Concurrent design of a reporting system will
ensure that information obtained for selected indicators is intuitive and relevant to the public.
Extracting value from data collection efforts will require organisational commitment, adequate

resources and organisational stability.

Ultimately, time will be the main test of the adequacy of the approach we have adopted. Key
questions include: (1) is the suite of indicators chosen adequate? and (2) is there sufficient
confidence in the relationships between trends in an indicator species and both the pressure

it is expected to respond to and trends in related species subject to the same pressure? A
complementary research programme is required to establish monitoring methods to enable
proper representation across taxonomic groups and environments and to establish links between
key pressures and population trends (and/or demographic parameters) for selected taxa.

Acknowledgements

We wish to thank Louise Chilvers, Warren Chinn, Rogan Colbourne, Peter de Lange, Eric
Edwards, Emily Funnell, Dave Kelly, Phil Knightbridge, Richard Maloney, Ann McCrone, Don
Newman, Rod Hitchmough, Hugh Robertson, Nick Singers, Ian Stringer, Graeme Taylor,

Mike Thorsen and Dave West for their contributions to the indicator selection. We thank Rob
McGowan for making a significant contribution to evaluating the cultural utility of potential
indicator taxa. We are grateful to Amy Hawcroft for her feedback which improved this report and
Lynette Clelland for technical editing. This report is a joint output between Science Investigation
3940 and the development of the Natural Heritage Management System’s Inventory and

Monitoring Framework.

Monks et al—Selection of potential indicator species



References

Allen, R.B; Bellingham, P.J; Forsyth, D.M,; MacLeod, C.J; Wright, E.F. 2009a: Implementing an inventory and monitoring
programme for the Department of Conservation’s Natural Heritage Management System. Landcare Research
contract report: LCO809/154. Prepared for Department of Conservation, Wellington. 33 p.

Allen, R.B;; Lee, W.G. 2006: Biological invasions in New Zealand. Springer, New York. 457 p.

Allen, R.B; Wright, E.F; MacLeod, C.J; Bellingham, P.J; Forsyth, D.M,; Mason, NW.H,; Gormley, A.M,; Marburg, A.E,
MacKenzie, D.I; McKay, M. 2009b: Designing an inventory and monitoring programme for the Department of
Conservation’s Natural Heritage Management System. Landcare Research contract report: LC0809/153. Prepared
for Department of Conservation, Wellington. 229 p.

Allibone, R; David, B; Hitchmough, R;; Jellyman, D,; Ling, N,; Ravenscroft, P; Waters, J. 2010: Conservation status of
New Zealand freshwater fish, 2009. New Zealand Journal of Marine and Freshwater Research 44: 271-287.

Atkinson, LA E. 1989: Introduced animals and extinctions. Pp. 54-75 in Western, D,; Pearl, M.C. (Ed.): Conservation for the
Twenty-first Century. Oxford University Press, New York.

Ausseil, A-G.E; Chadderton, W.L; Gerbeaux, P,; Stephens, R.T; Leathwick, JR. 2010: Applying systematic conservation
planning principles to palustrine and inland saline wetlands of New Zealand. Freshwater Biology 56: 142-161.

Bonnett, M.L; Mclntosh, A.R. 2004: The influence of juvenile brown trout (Salmo trutta) on habitat use of inanga
(Galaxias maculatus) in a stream simulator. Journal of the Royal Society of New Zealand 34: 357-367.

Caro, T.M,; O’'Doherty, G. 1999: On the use of surrogate species in conservation biology. Conservation Biology 13: 805-814.
Caughlan, L; Oakley, K.L. 2001: Cost considerations for long-term ecological monitoring. Ecological Indicators 1: 123-134.

Daniel, M.J. 1990: Order Chiroptera. Pp. 114-137 in King, C.M. (Ed.): The handbook of New Zealand mammals. Oxford
University Press, Auckland.

Daniel, M.J; Williams, G.R. 1984: A survey of the distribution, seasonal activity and roost sites of New Zealand bats.
New Zealand Journal of Ecology 7: 9-25.

de Lange, P; Norton, D.A,; Courtney, S.P; Heenan, P.B; Barkla, JW; Cameron, E.K; Hitchmough, R.A; Townsend, A.J.
2009: Threatened and uncommon plants of New Zealand (2008 revision). New Zealand Journal of Botany 47:
61-96.

de Lange, P.J; Heenan, P.B; Norton, D.A,; Rolfe, J; Sawyer, J. 2010: Threatened plants of New Zealand. Canterbury
University Press, Christchurch. 471 p.

Dilks, P; Willans, M; Pryde, M,; Fraser, 1. 2003: Large scale stoat control to protect mohua (Mohoua ochrocephala) and
kaka (Nestor meridionalis) in the Eglinton Valley, Fiordland, New Zealand. New Zealand Journal of Ecology 27: 1-9.

Donlan, C.J; Wingfield, D.K; Crowder, L.B; Wilcox, C. 2010: Using expert opinion surveys to rank threats to endangered
species: a case study with sea turtles. Conservation Biology 24: 1586-1595.

Dopson, S.R; de Lange, P.J,; Ogle, C.C.; Rance, B.D; Courtney, S.P; Molloy, J. 1999: The Conservation requirements of

New Zealand’s nationally threatened vascular plants. Department of Conservation, Wellington. 194 p.

Dowding, J.E; Murphy, E.C. 2001: The impact of predation by introduced mammals on endemic shorebirds in New Zealand:

a conservation perspective. Biological Conservation 99: 47-64.

Eikaas, H.S; McIntosh, A.R,; Kliskey, A.D. 2005: Catchment- and site-scale influences of forest cover and longitudinal
forest position on the distribution of a diadromous fish. Freshwater Biology 50: 527-538.

Elliott, G.P; Wilson, P.R; Taylor, RH,; Beggs, J.R. 2010: Declines in common, widespread native birds in a mature
temperate forest. Biological Conservation 143: 2119-2126.

Everard, M,; Noble, D.G. 2010: The development of bird indicators for British fresh waters and wetlands. Aquatic
Conservation: Marine and Freshwater Ecosystems 20: S117-S124.

Forsyth, D.M,; Coomes, D.A; Nugent, G; Hall, G.M.J. 2002: Diet and diet preferences of introduced ungulates (Order:
Artiodactyla) in New Zealand. New Zealand Journal of Zoology 29: 323-343.

Gaston, K.J,; Fuller, R.A. 2008: Commonness, population depletion and conservation biology. Trends in Ecology and
Evolution 23: 14-19.

Gaze, P. 1985: Distribution of mohua (Mohoua ochrocephala) in New Zealand. Notornis 32: 261-269.

DOC Research and Development Series 338 15



16

Greene, T.C,; Fraser, JR. 1998: Sex ratio of North Island kaka (Nestor meridionalis septentrionalis), Waihaha Ecological
Area, Pureora Forest Park. New Zealand Journal of Ecology 22: 11-16.

Gregory, RD; van Strien, A.; Vorisek, P; Meyling, AW.G,; Noble, D.G,; Foppen, R.P.B; Gibbons, DW. 2005: Developing
indicators for European birds. Philosophical Transactions of the Royal Society of London B Biological Sciences 360:
269-288.

Halloy, S.R.P; Mark, A.F. 2003: Climate-change effects on alpine plant biodiversity: a New Zealand perspective on
quantifying the threat. Arctic, Antarctic and Alpine Research 35: 248-254.

Hammond, A,; Adriaanse, A.; Rodenburg, E; Bryant, D; Woodward, R. 1995: Environmental Indicators: A Systematic
Approach to Measuring and Reporting on Environmental Policy Performance in the Context of Sustainable
Development. World Resources Institute, Washington, D.C. 43 p.

Hickey, CW,; Clements, W.H. 1998: Effects of heavy metals on benthic macroinvertebrate communities in New Zealand
streams. Environmental Toxicology and Chemistry 17: 2338-2346.

Hilty, J; Merenlender, A. 2000: Faunal indicator taxa selection for monitoring ecosystem health. Biological Conservation 92:
185-197.
Hitchmough, R.A,; Hoare, J.M,; Jamieson, H; Newman, D, Tocher, M.D,; Anderson, P.J; Lettink, M; Whitaker, A.H. 2010:

Conservation status of New Zealand reptiles, 2009. New Zealand Journal of Zoology 37: 203-226.

Hoare, JM,; Adams, L.K; Bull, L.S; Towns, D.R. 2007: Attempting to manage complex predator-prey interactions fails
to avert imminent extinction of a threatened New Zealand skink population. Journal of Wildlife Management 71:
1576-1584.

Hoare, JM,; O’Donnell, C.F.J; Wright, E.F. 2010: Selection of indicator species for State of the Environment reporting: a
case study from New Zealand. Pacific Conservation Biology 16: 76-82.

Houghton, C; Linkhorn, R. 2002: Population decline in the skinks Oligosoma otagense and O. grande at Macraes Flat,
Otago. Department of Conservation, Wellington. 26 p.

Hutcheson, J,; Walsh, P,; Given, D. 1999: Potential value of indicator species for conservation and management of

New Zealand terrestrial communities. Department of Conservation, Wellington. 90 p.

Innes, J; Kelly, D,; Overton, J.M,; Gillies, C. 2010: Predation and other factors currently limiting New Zealand forest birds.
New Zealand Journal of Ecology 34: 86-114.

Joseph, L.N,; Maloney, R.F; O’Connor, S.M,; Cromarty, P; Jansen, P,; Stephens, T, Possingham, H.P. 2008: Improving
methods for allocating resources among threatened species: the case for a new national approach in New Zealand.
Pacific Conservation Biology 14: 154-158.

Joseph, L.N,; Maloney, R.F,; Possingham, H.P. 2009: Optimal allocation of resources among threatened species: a project
prioritization protocol. Conservation Biology 23: 328-338.

Joy, M.K;; Death, R.G. 2001: Control of freshwater fish and crayfish community structure in Taranaki, New Zealand: dams,
diadromy or habitat structure? Freshwater Biology 46: 417-429.

King, C.M. 1984: Immigrant killers. Introduced predators and the conservation of birds in New Zealand. Oxford
University Press, Auckland. 274 p.

Landres, P.B; Verner, J; Thomas, JW. 1988: Ecological uses of vertebrate indicator species: a critique. Conservation
Biology 2: 316-328.

Lee, W; McGlone, M,; Wright, E. 2005: Biodiversity inventory and monitoring: a review of national and international
systems and a proposed framework for future biodiversity monitoring by the Department of Conservation.
Landcare Research, Wellington. 213 p.

Lindenmayer, D.B; Likens, G.E. 2010: Effective ecological monitoring. CSIRO Publishing, Collingwood. 170 p.

Magurran, A.E,; Baillie, S.R; Buckland, S.T; Dick, J.M,; Elston, D.A,; Scott, E.M,; Smith, R.I; Somerfield, P.J; Watt, A.D. 2010:
Long-term datasets in biodiversity research and monitoring: assessing change in ecological communities through
time. Trends in Ecology and Evolution 25: 574-582.

Mason, NW.H,; Peltzer, D.A,; Richardson, S.J,; Bellingham, P.J,; Allen, R.B. 2010: Stand development moderates effects of
ungulate exclusion on foliar traits in the forests of New Zealand. Journal of Ecology 98: 1422-1433.

McGlone, M.S. 1989: The Polynesian settlement of New Zealand in relation to environmental and biotic changes.
New Zealand Journal of Ecology 12(s): 115-129.

MIE (Ministry for the Environment) 2007: Environment New Zealand 2007. Ministry for the Environment, Wellington. 456 p.

Monks et al—Selection of potential indicator species



Miskelly, C.M,; Dowding, J.E;; Elliott, G.P; Hitchmough, R.A;; Powlesland, R.G,; Robertson, H.A,; Sagar, PM,; Scofield, R.P;
Taylor, G.A. 2009: Conservation status of New Zealand birds, 2008. Notornis 55: 117-135.

Mitchell, N.J,; Allendorf, FW;; Keall, S.N,; Daugherty, C.H,; Nelson, N.J. 2010: Demographic effects of temperature-
dependent sex determination: will tuatara survive global warming? Global Change Biology 16: 60-72.

Nelson, N.J,; Keall, S.N; Pledger, S; Daugherty, C.H. 2002: Male-biased sex ratio in a small tuatara population. Journal of
Biogeography 29: 633-640.

Nugent, G,; Fraser, KW,; Sweetapple, P.J. 1997: Comparison of red deer and possum diets and impacts in podocarp-

hardwood forest, Waihaha Catchment, Pureora Conservation Park. Department of Conservation, Wellington. 64 p.

O’Brien, J.M,; Thorne, J.H,; Rosenzweig, M.L,; Shapiro, A.M. 2011: Once-yearly sampling for the detection of trends in
biodiversity: The case of Willow Slough, California. Biological Conservation 144: 2012-2019.

O’Donnell, C.F.J.2000: Conservation status and causes of decline of the threatened New Zealand long-tailed bat
Chalinolobus tuberculatus (Chiroptera: Vespertilionidae). Mammal Review 30: 89-106.

O’Donnell, C.F.J. 2010: Chapter 15: The ecology and conservation of New Zealand bats. Pp. 460-495 in Fleming, T.H,

Racey, P. (Ed): Island Bats: evolution, ecology, and conservation. Chicago University Press, Chicago.

O’Donnell, C.F.J; Christie, J.E; Hitchmough, R.A; Lloyd, B.D; Parsons, S. 2010: The conservation status of New Zealand
bats, 2009. New Zealand Journal of Zoology 37: 297-311.

O’Donrnell, C.F.J; Dilks, P.J; Elliott, G.P. 1996: Control of a stoat (Mustela erminea) population irruption to enhance mohua
(yellowhead) (Mohoua ochrocephala) breeding success in New Zealand. New Zealand Journal of Zoology 23:
279-286.

O’Donnell, C.F.J; Rasch, G. 1991: Conservation of Kaka in New Zealand: a review of status, threats, priorities for research

and implications for management. Department of Conservation, Wellington. 13 p.

Ortiz-Catedral, L; McInnes, K; Hauber, M.E,; Brunton, D.H. 2009: First report of beak and feather disease virus (BFDV) in
wild red-fronted parakeets (Cyanoramphus novaezelandiae) in New Zealand. Emu 109: 244-247.

Parliamentary Commissioner for the Environment 2010: How clean is New Zealand? Measuring and reporting on the
health of our environment. Parliamentary Commissioner for the Environment, Welllington. 44 p.

Pryde, M.A,; O’'Donnell, C.F.J; Barker, R.J. 2005: Factors influencing survival and long-term population viability of
New Zealand long-tailed bats (Chalinolobus tuberculatus): implications for conservation. Biological Conservation 126:
175-185.

Ramsay, GW. 1978: A review of the effects of rodents on the invertebrate fauna. Pp. 89-95 in Dingwall, PR,; Atkinson,
LA.E,; Hay, C. (Ed.): The ecology and control of rodents in New Zealand nature reserves. Department of Lands and
Survey, Wellington.

Secretariat of the Convention on Biological Diversity 2005: Handbook of the Convention on Biological Diversity

including its Caragena Protocol on biosafety. Friesen, Montreal. 1493 p.

Sherley, G.H,; Stringer, LA.N,; Parrish, G.R; Flux, I. 1998: Demography of two landsnail populations (Placostylus
ambagiosus, pulmonata: Bulimulidae) in relation to predator control in the far north of New Zealand. Biological
Conservation 84: 83-88.

Silvertown, J; Tallowin, J,; Stevens, C,; Power, S.A.; Morgan, V,; Emmett, B; Hester, A; Grime, P.J; Morecroft, M,; Buxton,
R,; Poulton, P; Jinks, R; Bardgett, R. 2010: Environmental myopia: a diagnosis and a remedy. Trends in Ecology and
Evolution 25: 556-561.

Siriwardena, G.M,; Baillie, S.R; Buckland, S.T,; Fewster, R.M.; Marchant, J.H.; Wilson, J.D. 1998: Trends in the abundance of
farmbirds: a quantitative comparison of smoothed Common Birds Census indices. Journal of Applied Ecology 35:
24-43.

Stark, J.D. 1993: Performance of the macroinvertebrate community index: effects of sampling method, sample replication,

water depth, current velocity, and substratum on index values. New Zealand Journal of Marine and Freshwater
Research 27: 463-78.

Statistics New Zealand 2009: Measuring New Zealand’s progress using a sustainable development approach: 2008.
Statistics New Zealand, Wellington. 157 p.

Stork, N.E; Samways, M.J. 1995: Inventorying and monitoring. Pp. 453-43 in Heywood, V.H,; Watson, R'T. (Ed.): Global
Biodiversity Assessment. United Nations Environment Program, Cambridge University Press, Cambridge.

Thompson, D.R. 2010: Report for seabirds killed and returned from observed New Zealand fisheries 1 October 2007 to
30 September 2008. Department of Conservation, Wellington. 33 p.

DOC Research and Development Series 338 17



18

Tompkins, D.M. 2007: Population bottlenecks and avian immunity: implications for conservation. Animal Conservation 10:
11-3.

Towns, D.R;; Parrish, G.R; Tyrrell, C.L,; Ussher, GT; Cree, A; Newman, D.G; Whitaker, A.H,; Westbrooke, 1. 2007:
Responses of tuatara (Sphenodon punctatus) to removal of introduced Pacific rats from islands. Conservation
Biology 21: 1021-1031.

Towns, D.R; Parrish, G.R,; Westbrooke, I. 2003: Inferring vulnerability to introduced predators without experimental

demonstration: case study of Suter’s skink in New Zealand. Conservation Biology 17: 1-11.

Townsend, A.J; de Lange, P.J; Duffy, C.A.J; Miskelly, CM,; Molloy, J; Norton, D.A. (Ed.) 2008: New Zealand Threat
Classification System manual. Department of Conservation, Wellington. 35 p.

Tulloch, A; Possingham, H.P; Wilson, K. 2011: Wise selection of an indicator for monitoring the success of management

actions. Biological Conservation 144: 141-154.

UNEP-WCMC 2009: International Expert Workshop on the 2010 Biodiversity indicators and post-2010 indicator
development. UNEP-WCMC, Cambridge. 65 p.

Walker, S; Price, R; Rutledge, D; Stephens, R.T; Lee, W.G. 2006: Recent loss of indigenous cover in New Zealand.
New Zealand Journal of Ecology 30: 169-77.

Walls, G. 1999: Visitor Impacts on Freshwater Avifauna in New Zealand. Department of Conservation, Wellington. 69 p.

Walpole, M,; Almond, R.E.A; Besancon, C; Butchart, S.H.M,; Campbell-Lendrum, D,; Carr, G.M,; Collen, B; Collette, L;
Davidson, N.C,; Dulloo, E;; Fazel, A.M,; Galloway, J.N,; Gill, M; Goverse, T,; Hockings, M,; Leaman, D.J,; Morgan,
D.HW, Revenga, C,; Rickwood, C.J; Schutyser, F; Simons, S; Stattersfield, A.J,; Tyrrell, T.D,; Vié, J-C,; Zimsky, M.
2009: Tracking progress toward the 2010 biodiversity target and beyond. Science 325: 1503-504.

Whitaker, A.H. 1978: The effects of rodents on reptiles and amphibians. Pp. 75-88 in Atkinson, L.A.E; Dingwall, PR,; Hay,
C. (Ed): The ecology and control of rodents in New Zealand nature reserves. New Zealand Department of Lands

and Survey, Information Series 4, Wellington.

Williams, N.M,; Crone, E.E,; Roulston, T.H; Minckley, R.L,; Packer, L,; Potts, S.G. 2010: Ecological and life-history traits

predict bee species responses to environmental disturbances. Biological Conservation 143: 2280.

Wilson, P.R,; Karl, B.J; Toft, R.J,; Beggs, J.R; Taylor, R.H. 1998: The role of introduced predators and competitors in the
decline of kaka (Nestor meridionalis) populations in New Zealand. Biological Conservation 83: 175-85.

Monks et al—Selection of potential indicator species



			Abstract
		1.	Introduction
		2.	Methods
		2.1	Overview of selection process
		2.2	Candidate pool of taxa considered as potential indicators
		2.3	Composition of the expert group
		2.4	Scoring of candidate taxa
		2.5	Habitat types
		2.6	Pressures
		2.7	Final selection of potential indicator species

		3.	Results
		4.	Discussion
		4.1	The value of including widespread species as indicators in a national biodiversity monitoring system
		4.2	Alternative approaches to selection of indicators
		4.3	Outstanding issues
		4.4	Future directions

		5.	Acknowledgements
		6.	References

