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ABSTRACT

New Zealand is facing a biodiversity crisis as forest and wetland habitat loss
continue, and the quality of freshwater declines. But in recent years, a
grassroots, nationwide network of community environmental groups has been
expanding its contribution to restoring, protecting and enhancing these
terrestrial and aquatic habitats. At the same time, government agencies are
becoming increasingly reliant on voluntary community input to enhance
conservation outcomes and to manage freshwater values. Globally, volunteer
participation in environmental monitoring (citizen science) is recognised as an
important mechanism for producing robust data that contributes to research,
management and policy development, and for enhancing scientific and
environmental literacy. New Zealand, however, lags far behind international
efforts in acknowledging the value of, and uses for, the type of data that
community groups undertaking environmental restoration may generate.
Furthermore, strategies and policies around supporting community data

generation as well as use have not yet been developed at a government level.

This study sought to address this shortcoming by investigating characteristics of
New Zealand community environmental groups and their projects, partnerships
between groups and their project supporters, and the current and potential roles
of environmental monitoring by these groups (i.e., citizen science). Data to
inform this investigation was gathered using an online questionnaire sent to 540
community environmental groups across New Zealand, and 34 semi-structured
interviews with project partners (e.g., resource managers and scientists),
including nine interviews with members of four well-established (>10 vy)
community environmental groups. Qualitative data from the questionnaire and

interviews were analysed using inductive and deductive thematic analysis, and



quantitative data from the questionnaire were analysed for frequency counts,

chi-square significance and Random Forest modelling.

Most groups surveyed were in existence for 2 6 y, small (up to 20 participants),
and comprised older participants, aged 51-65 y. Groups reported focussing their
restoration efforts on a variety of ecosystem types including forests (64%),
streams (42%) and freshwater wetlands (33%), which were mostly situated on
agency-owned or administered land (68%, n=290). Over two-thirds of groups
combined environmental actions (particularly weed and pest control, and native
tree planting), with advocacy and educational activities. The vast majority (93%,
n=295) of groups relied on their project partners for support (e.g., site visits,
funding and technical support), and reported a need for ongoing support in the
future. Groups managing larger areas (> 8.1 ha), with medium to high partner
support, and working on Department of Conservation or private land were more
likely to be conducting their own monitoring. Their data were primarily used to
support funding applications (63%; n=151), inform project restoration
management, and share results with resource management agencies (both 60%;
n=151), and for educational purposes (48%; n=157). Conducting water quality
monitoring emerged as a strong area of interest for future work, though groups
reported a lack of funding and people (both 45%; n=98), as well as technical skills
(31%) as the largest challenges they faced for establishing new monitoring
programmes generally. Project partners expressed concern over data quality and

highlighted a lack of institutional systems for using community-generated data.

This study provides insights into the methods used by groups to address
environmental degradation in New Zealand and the contextual factors that
shape their project activities. Enduring partnerships are critical, and more
strategic approaches that are designed to support groups and their projects in

the long-term are required. Both restoration and citizen science activities by



groups are generally carried out independently of other groups, highlighting the
need for improved networks between groups and with key agency project
partners in order to: (1) achieve stronger conservation outcomes; (2) quantify
restoration gains, and (3) improve the efficiency and efficacy of the limited
resourcing available. At the same time, expectations of enhancing groups’
conservation and citizen science outputs must be balanced with the voluntary

nature of community groups.
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INTRODUCTION

1.1 Overview

7

‘Halt the decline in New Zealand’s indigenous biodiversity...” so begins the
description of the third goal of the New Zealand Biodiversity Strategy
(Department of Conservation & Ministry for the Environment 2000). This
document described the parlous state of the environment in this country, and
emphasised the urgent need for coordinated action to maintain and restore the
remaining indigenous biodiversity and ecosystem integrity. Lowland freshwater
resources too have suffered widespread declines in quality that are likely to

continue with further expansion of intensive dairy farming (Parliamentary

Commissioner for the Environment 2013).

In response to these challenges, the last 15 years has seen a growing number of
community environmental groups contributing a sizeable, though currently
unknown, quantum of effort to an existing suite of resource management
agency, government and science provider-led initiatives that seek to protect,
enhance and restore New Zealand’s largely endemic flora and fauna, and natural
habitats (Campbell-Hunt & Campbell-Hunt 2013; Ross 2009. In order to gauge
the effectiveness of their restoration interventions, these groups may carry out
community-based environmental monitoring (CBEM), a form of citizen science
where community members are involved in scientific research. The roles of
community groups, their environmental restoration projects and CBEM (as it
relates to citizen science) create a dynamic field of research, and comprise the
three interconnected strands of inquiry in this study. The meta-theme threaded

throughout each strand centres on the importance of public participation,



community engagement and partnerships. These three interrelated themes were
chosen as the guiding principles for the study as: (1) Public participation in
environmental restoration and biodiversity conservation is required to help halt
the ongoing decline of New Zealand’s biodiversity (Brown et al. 2015;
Department of Conservation 2014); (2) Meaningful engagement between
professionals and volunteers may enable concepts of reciprocity to be embedded
in conservation practice (Phipps 2011; Buchan 2007); and (3) Effective
partnerships can enhance environmental and social outcomes resulting from

groups’ project activities (Department of Conservation 2014; Handford 2011).

1.2 Researcher background

| have worked for 17 years in the fields of community conservation and
environmental restoration for diverse government agencies and non-
government organisations (NGOs). For the seven years prior to beginning this
study, | facilitated New Zealand-based community groups in the course of their
environmental restoration projects, and carried out experiments related to plant
species translocation to restore wetlands in the Waikato region (Peters 2007).
This provided numerous insights into the complexity of environmental
restoration, and highlighted the interdependent nature of social and ecological
factors influencing community members and their project activities. An interest
in the interface between science and the public also grew, resulting in two
studies, the first, investigating how monitoring resources designed for
community environmental groups could facilitate the collection of scientifically
robust data (Peters 2003), and the second, how Maori pastoral farmers
determined soil health on their properties (Peters 2010). The opportunity to
work directly with individuals, community groups and their project partners (e.g.,
government agencies and science providers), while also working for groups in the
capacity of a NGO project partner, was integral to the current study. These

diverse roles lent credibility, both to myself and to the study, as well as
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facilitated access to interviewees, contacts and databases of community groups,
and community events such as landcare networking days and restoration

workshops.

1.3 New Zealand: a history of loss

So peculiar is New Zealand’s ecology, that it has been described as ‘a completely
different experiment in evolution from the rest of the world’ (Flannery 2002).
The high degree of endemism resulting from around 80 million years of isolation
from other landmasses, positions New Zealand as a biodiversity hotspot (Gibbs
2006). Unusually, prior to the arrival of humans (in the early thirteenth century),
terrestrial mammals were only represented by three species of bat (Chalinolobus
tuberculata, Mystacina tuberculata, and M. robusta, now extinct) (Hogg et al.
2003; Craig et al. 2000). Instead, a highly diverse avifauna dominated forests and
other ecosystems, which, together with large-bodied, flightless invertebrates
such as wéta (Orthoptera: Anostostomatidae and Rhaphidophoridae), filled
many niches typically occupied by mammals in other countries (Duthie et al.

2006; Craig et al. 2000).

Over a period of seven centuries, human colonists intentionally introduced a
wide range of new flora and fauna species to New Zealand: to establish
alternative sources of food and fibre; to control erosion created by clearing
native vegetation; to provide economic and recreational opportunities; for
decoration, and to serve as tangible reminders of the colonists’ origins (Dawson
2010; Hogg et al. 2003; Craig et al. 2000). A large number of these introduced
species are now targeted for eradication, control or management on account of
their ability to threaten ecosystem integrity and food security (e.g., Waikato
Regional Council 2014). The Australian brushtail possum (Trichosurus vulpecula),
for example, was introduced in 1858 to establish a fur trade, yet by 1947 it was

declared a pest due to functioning as a vector for diseases, damaging crops,
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predating native birds and insects, as well as causing forest canopy collapse
through browsing pressure (Clout 2006; Cowan 2005). Unintentional arrivals of
flora and fauna species, such as rats (Rattus rattus), also continue to threaten the

long-term survival of native species (Innes 2005).

The ecological impact of weeds and pests have been compounded by major land
use changes, by fragmenting, removing or otherwise severely modifying (e.g.
through the drainage of wetlands) existing terrestrial and aquatic habitats (Craig
et al. 2000). Increases in intensive agriculture (such as dairy farming), combined
with a lack of national policies to guide resource management, have also
contributed to declines in the quality of freshwater resources (Parliamentary

Commissioner for the Environment 2013).

Compared with other nations, New Zealand has a brief but severe record of
biodiversity loss (Craig et al. 2000). To date, 56 species of endemic bird and eight
species of endemic plant are now extinct (de Lange et al. 2013; Robertson et al.
2013). Many others are classified as threatened (i.e. nationally critical to
nationally vulnerable): 12 species of native fish and a total of 289 species of
vascular plant (Goodman et al. 2014; de Lange et al. 2013; Robertson et al.
2013). Amongst these is the one of New Zealand’s icons, the Okarito brown kiwi
(Apterxyx rowi). Although more than 30% of the land area (c. 8.5 million ha) is
administered by the Department of Conservation, the protection of indigenous
species from predation and competition by exotic species, along with restoring
ecosystem integrity, is critical (Brown et al. 2015, Department of Conservation

2014).



1.4 Environmental restoration

At its most basic, environmental restoration is an intentional activity designed to
facilitate the process of recovery of a degraded or destroyed ecosystem (Society
for Ecological Restoration 2004). Restoring the environment is therefore integral
to the protection, conservation and preservation of ecosystem integrity.
Globally, the scale and pace of human-induced environmental change has
reached unprecedented levels (Sutherland et al. 2015). The pressing need to
address environmental concerns for current and future well-being has resulted in
diverse approaches to restoration that are inevitably influenced by an equally

diverse set of perspectives and rationales (Table 1.1).

Table 1.1 Range of perspectives, rationales and motivations informing restoration activities.
Range of perspectives, rationales and motivations informing restoration activities. Adapted

from Ecological restoration: Principles, values, and structure of an emerging profession (p.16), by
A. Clewel and J. Aronson, 2013, Washington, USA: Island Press. Reprinted with permission.

Additional material summarised from Clewel and Aronson 2006.

Perspective Rationale Motivation

Ecological Technocratic Intentionally rehabilitate ecological processes, possibly to

satisfy agency or institutional directives or aims.

Conservation Biotic/ Recover biodiversity from extinction; investigate or
heuristic demonstrate ecological principles underpinning

restoration.

Socio-economic Pragmatic Recover ecosystem services; offset effects of climate
change.
Cultural Idealistic Build relationships between individuals, within and

between communities, and institutions; concern and

compensation for environmental degradation.

Personal/Spiritual Idealistic Restore self through reconnecting with nature; concern and

compensation for environmental degradation.




A more acute understanding, both of ecological complexity and the socio-
economic contexts in which restoration takes place, has resulted in cross-
disciplinary and cross-sectoral approaches increasingly being used to inform
environmental restoration initiatives (Clewel & Aronson 2013). In the context of
urban sites, broad concepts such as ‘civic ecology’ have been applied to activities
within built environments that include the human dimension (Krasny & Tidball
2012). Civic ecology thus refers to environmental stewardship activities that
support ecosystem services, enhance green infrastructure (i.e. vegetation and

soils) while contributing to human well-being.

Recent acknowledgement that biodiversity conservation goals remain
unachievable without major assistance from the community (Department of
Conservation 2014), has set the scene in New Zealand for a future where
partnerships between the public and private sector are an essential component
of environmental restoration. The collaborative, partnership model is not limited
to terrestrial ecosystems, and is also being employed to engage community
stakeholders for managing and restoring freshwater resources (Waikato River

Authority, undated; Canterbury Regional Council 2013).

However, this has not always been the case as discourse on the role of the wider
community in environmental restoration, has largely excluded non-specialists
(Phipps 2011). Galbraith (2013), for example, reported that public participation
in a high-profile island restoration project, in the early years (1980s) of project
development, was regarded as controversial by governing agencies and
traditional ecologists, given the ‘scientific’ nature of the restoration. In the case
of freshwater resources, the growing emphasis on collaboration is a direct
response to the failure of approaches that did not adequately consider the
necessity of broader community input for preventing or slowing decline in water

quality (Land and Water Forum 2012). The more recent shift towards including
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community perspectives and participation has occurred alongside the growth of

capacity to do so through the emergence of community environmental groups.

1.5 Community environmental groups

The term ‘community’ is used throughout this thesis, and when used in a social
context describes a spectrum of relationships from a group of people residing in
the same locality, to a body of unified individuals (Merriam-Webster 2005). A
sense of community may arise when members of the group share particular
attitudes or have common interests (Mannarini & Fedi 2009). Community
environmental groups can thus be described as ‘communities of interest’” who
have a collective focus on restoring, enhancing and protecting flora, fauna and

landscape values (Phipps 2011).

The widespread, largely self-mobilising nature of community environmental
groups undertaking restoration projects and environmental monitoring
throughout New Zealand appears to be a distinctive phenomenon. Despite the
autonomous nature of these groups, many strongly identify as being part of the
wider community restoration community. This is evidenced by publicly accessible
databases comprising growing numbers of groups. These databases have been
compiled by the Department of Conservation (Department of Conservation,
undated), non-government organisations such as Forest & Bird (Forest & Bird,
undated), funders (Waikato Regional Council, undated), and the supported
Naturespace website (Naturespace, undated). The latter database includes over

370 individual groups as of July 2016.

Although similar grassroots initiatives have occurred, e.g., in Australia (prior to
the development of the nationwide Landcare programme;
www.landcareaustralia.org.au), the US (Krasny & Tidball 2012) and in Sweden

(Schultz et al. 2007; Barthel 2005), either a higher, more cohesive level of
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support and coordination is provided to groups (e.g., via Landcare Australia) than
has been provided in New Zealand, or groups lack informal ‘membership’ to
regional organisations such as biodiversity fora (e.g.,
http://www.waikatobiodiversity.org.nz/) or national restoration fora such as
Naturespace. Overall, community-led environmental groups undertaking similar
urban, peri-urban and rural environmental restoration projects in other countries
have been relatively poorly studied when compared with scientist/institutionally-
led community restoration partnerships where a publication may occur as a
research output. However, a compounding factor may related to terminology.
Descriptions of groups of volunteers engaged in environmental activities lack
consistency, challenging the ability to make comparisons between countries. For
example in the US, terms for similar groups include community or local
stewardship groups (Silva & Krasny 2014), while in Australia ‘Landcare’ now
forms the overarching term for environmental restoration and sustainable land

management initiatives within the agricultural sector (Ferraro 2013).

In New Zealand, the term ‘care’ groups, such as ‘landcare’ or ‘streamcare’, is
widely employed to describe community-led environmental restoration. The
need for ‘care’ through coordinated environmental action led by groups of
ordinary citizens, evolved from growing public awareness of threats to native
fauna. The impending extinction of the endemic bird, the huia (Heteralocha
acutirostris), for example, precipitated the establishment of the nation’s longest-
serving conservation organisation, the Royal Forest and Bird Society of NZ (est.
1923) (Skinner, undated), formerly known as the New Zealand Native Bird
Protection Society. Today, community environmental groups undertake a
diverse range of restoration-related projects, and are scattered throughout New
Zealand (Ross 2009). These groups are mostly grass-roots initiatives, with many
having evolved in response to a local issue, e.g., declining water quality in a

stream, lake or river; a forest remnant with increasing pest numbers; weed
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invasion, and declining numbers of native birds (e.g., Nature Space, undated). A
number of these groups’ projects are now achieving major biodiversity gains
through sustained pest and weed control, the construction of pest-proof fenced
sanctuaries, and translocations of native flora and fauna species to establish new
populations (Cromarty & Alderson 2012; Phipps 2011; Campbell-Hunt et al. 2010;

Hardie-Boys 2010).

Despite the largely autonomous nature of community environmental groups, the
enormity of the restoration task and the need for specialist advice, equipment
and funding often necessitates partnerships with resource management
agencies, NGOs and others (Ritchie 2011; Hardie-Boys 2010). For example,
agencies and science providers may assist groups with setting up and operating
monitoring programmes, given that not all group participants possess the

technical expertise to do so (Byrd 2008).

1.6 Community-based environmental monitoring and citizen science

Determining the ecological outcomes resulting from restoration interventions is
dependent on systematic, repeated formal observations that form the
foundation of science-based monitoring (Spellerberg 2005). Where this activity is
carried out by non-specialists or volunteers, several terms have been used,
including volunteer biological monitoring, community-based environmental
monitoring (CBEM) or variations thereof (e.g., Conrad & Hilchey 2011; Pfeffer &
Wagenet 2008; Danielsen et al. 2005). Monitoring may be carried out by
community groups, for example, to quantify the outcomes of pest trapping or
poisoning (Masuda et al. 2014), measure changes in water quality (Hoyer et al.
2014), or determine the condition of a forest remnant (Handford 2004). CBEM
best summarises community groups’ activities in New Zealand as community
members play a leading role in data collection, and they may also undertake

analyses and report results.



CBEM forms a key component of citizen science, where volunteers participate in
scientific research, outreach and educational activities, environmental
management and policy-making processes (Conrad & Hilchey 2011; Bonney
1996; Irwin 1995). There is growing recognition that volunteers can contribute
valuable data for educational, ecological and environmental management
purposes, and that the relationships between science and society can be
strengthened in the process of doing so (Silvertown 2009). Although citizen
science as a research method has been adopted by other sectors such as public
health (Ottinger 2010), many definitions are specific to environmental contexts
(e.g., Tweddle et al. 2012). Citizen science is therefore often used as an
overarching term for CBEM activities, or alternately, citizen science and CBEM
are regarded as complementary, overlapping or integrated concepts (Roy et al.

2012; Conrad & Hilchey 2011; Pfeffer & Wagenet 2008).

Citizen science continues to gather momentum, generating data for projects that
are increasingly ambitious in scope and that engage an even greater diversity of
community members (Silvertown 2009). The term citizen science is increasingly
used around the globe by governments (Haklay 2015), including New Zealand
recently (Ministry of Business Innovation and Employment 2013). The term also
has begun to gain traction within the resource management and NGO sectors
(Brumby et al. 2015), among the science community (Galbraith 2013; Spurr 2012;
Sullivan 2012) and general public (Christian 2014, Blundell 2015), reflecting a
distinct shift in how the role of the public in scientific enterprises is viewed and
valued. In this study, framing CBEM (as carried out by community environmental
groups) within citizen science is relatively novel. However, by emphasizing the
synergies between citizen science and CBEM, greater consideration of, and
practical support for sustaining and growing groups’ science-based monitoring

may be encouraged.
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1.7 Rationale

The broad question of how community environmental groups in New Zealand
measure the ecological success of their restoration projects inspired this study.
Despite the proliferation of these grassroots groups in New Zealand and their
increasingly important role in supporting biodiversity conservation (Brown et al.
2015; Phipps 2011; Campbell-Hunt et al. 2010), little is known about the
characteristics of groups and their projects at a national level. In addition,
information on how project partners work with these groups is somewhat
lacking despite increased demands, in particular from resource management
agencies, for groups to contribute more of their efforts to biodiversity

conservation (Department of Conservation 2014).

Very few studies have investigated science-based monitoring activities carried
out by community environmental groups. As a result, information on the
particular requirements for supporting groups’ monitoring activities within their
projects as well as within the broader context of citizen science is sparse.
Although community volunteers can collect scientifically valid data (Hoyer et al.
2014), it is not known how these efforts are viewed, for example, by resource

management agency staff and scientists.

Without addressing these gaps in our knowledge, resource management
agencies may not support groups as effectively as they could or develop policies
and plans for doing so (Brown et al. 2015). Finally, the gradual evolution of the
first National Policy Statement for Freshwater Management (New Zealand
Government 2014), may encourage the collection of water quality data by
community groups both for educational purposes and to support their expanding
role in environmental decision-making. This study may help inform how this

endeavour could best be achieved.
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1.8 Research questions

Bearing the above rationale in mind, the following questions form the basis of

chapters in this study:

Q1 What are the characteristics of community environmental groups and
their projects in New Zealand?

Q2 How do community environmental groups determine whether they have
met their project goals?

Q3 How are community-generated environmental data perceived and used?

Q4 Given the increasing focus on water quality decline in New Zealand, what
scope is there for citizen science to assist with the provision of water
quality monitoring data?

Q5 What principles underpin long-term community environmental

monitoring programmes?

1.9 Thesis structure

In line with University of Waikato thesis requirements for a thesis which includes
publications, a minimum of four chapters need to be based on material that has
been published or has been submitted for publication in a peer-reviewed journal
or for inclusion in a published book. Chapters 4, 5 and 6 have been peer
reviewed by experts in the field of community-based environmental restoration
and citizen science. Chapter 7 has been peer-reviewed by a New Zealand-based
editor. Some repetition of concepts has occurred owing to the need for each
publication to include sufficient detail in order to contextualise content. Each
chapter, however, is distinct and uses one or more of the research questions
listed above as a starting point for in-depth inquiry. Further material is brought
together to provide a theoretical framework for the research (Chapter 2), to
describe the approach to the research (Chapter 3) and to draw together the key

findings (Chapter 8) along with the contribution to new knowledge.
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1.9.1 Chapter outlines

The scope of the study is outlined in Figure 1.1. The relationship between
environmental restoration, community environmental groups and community-
based environmental monitoring and the five research questions is presented,

along with the overarching nature of citizen science.

Figure 1.1. The scope of the study showing the ecological context for community environmental
groups (i.e. restoration issues), and the relationship of these groups to the broad field of citizen

science. Community groups, social processes occurring and tools used along with community-

Impacts on Environmental, Social processes Measuring project
terrestrial & social & other (e.g., partnerships) outputs and
aquatic dimensions of outcomes
ecosystems: community Technical tools

- Invasiveflora & environmental (e.g., environmental Data use

fauna groups & their monitoring toolkits;
monitoring methods)

- Land use change projects
(e.g., deforestation;
drainage)

based environmental monitoring are each linked to one or more research questions.

Chapter 2 comprises a literature review and investigates participation and
engagement as they relate to environmental monitoring and the broad field of
citizen science. Citizen science, as both a field of inquiry and research process,
has in recent years expanded rapidly, leading to inconsistent use ofterminology
and weak theorisation. The motivation to volunteer for environmental projects is

included, followed by the range of definitions applied to citizen science.
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Typologies that attempt to define the scope and nature of citizen science are
examined, and possible outcomes relating to ways in which community members
participate in citizen science are outlined. In addition, a theoretical framework is
presented that draws together community environmental groups, their

restoration activities and the monitoring they may carry out.

Chapter 3 details the methodological considerations for this thesis. The research
paradigm, ontology and epistemology of constructivism are discussed, and a
rationale provided for this approach. The positivist paradigm is also outlined
given its relevance to conservation and environmental restoration-related
research. An overview of the mixed method research design follows, and the
gualitative and quantitative analyses carried out in the study are described.
Methods for disseminating the research are summarized. An outline of the
measures used to ensure trustworthiness is included as well as a summary of the

study scope and limitations.

Chapter 4 draws on findings from the first half of an online questionnaire
distributed to community environmental groups throughout New Zealand. The
following question is addressed:

Q1 What are the characteristics of community environmental groups and

their projects in New Zealand?

Despite the proliferation of community environmental groups in recent years, no
studies to date have investigated the diverse nature of these groups and their
activities at a national level. This chapter builds a foundation for subsequent
chapters by profiling groups, their restoration projects and their partnerships.
Chapter 4 has been published in the New Zealand Journal of Ecology, as ‘Action
on the ground: A review of community environmental groups’ restoration
objectives, activities and partnerships in New Zealand’ by Monica A. Peters,

David Hamilton and Chris Eames (Volume 29, Issue 2, pp. 179-189). As the
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principal author, | carried out all of the data collection, and prepared the drafts
and final version of the manuscript. My co-authors provided critical commentary

on the content and edited the drafts.

Chapter 5 draws on findings from the second half of the online questionnaire
distributed to community environmental groups throughout New Zealand and
addresses the following question:

Q2 How do community environmental groups determine whether they have

met their project goals?

Little is known about how community environmental groups measure change
within their restoration projects and how monitoring toolkits designed
specifically for these groups are used. This chapter also investigates contextual
factors shaping community-based environmental monitoring such as groups’
characteristics and challenges faced by groups for developing monitoring
programmes. Chapter 5 has been published in the New Zealand Journal of
Ecology as ‘The current state of community-based environmental monitoring in
New Zealand’ by Monica A. Peters, David Hamilton and Chris Eames (Volume 40,
Issue 3, online only at the time of writing). As the principal author, | carried out
all of the data collection, and prepared the drafts and final version of the
manuscript. My co-authors provided critical commentary on the content and

edited the drafts.

Chapter 6 draws on data from the second half of the online questionnaire and
from interviews carried out with community environmental groups and their
project partners. The following question is addressed:

Q3 How are community-generated environmental data perceived and used?
Community environmental groups produce data from their monitoring activities,
though how these data are used by the groups themselves and their project

partners has been poorly studied. The diverse societal outcomes experienced by
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groups in the process of their monitoring activities are also investigated. Chapter
6 has been published by the New Zealand Journal of the Royal Society as ‘The use
and value of citizen science data in New Zealand’, by Monica A. Peters, Chris
Eames and David Hamilton (Volume 45, Issue 3, pp. 151-160). As the principal
author, | carried out all of the data collection, and prepared the drafts and final
version of the manuscript. My co-authors provided critical commentary on the

content and edited the drafts.

Chapter 7 uses findings from the questionnaire data from community

environmental groups to address the following questions:

Q4 Given the increasing focus on water quality decline in New Zealand, what
scope is there for citizen science to assist with the provision of water
quality data?

Q5 What principles underpin the development of long-term volunteer
environmental monitoring programmes?

A strong culture of volunteer water quality monitoring exists in North America,

with diverse programmes educating participants, and providing data for research

and environmental decision-making. In contrast, few community members in

New Zealand participate in monitoring freshwater resources though there is

increasing interest in doing so. To progress combined community, scientist and

government resource management agency participation in freshwater citizen
science programmes, principles underpinning the development and
implementation of long-term volunteer monitoring programmes are outlined.

Chapter 7 will be published as ‘Applying citizen science to freshwater ecosystem

restoration’ in Lake Restoration: A New Zealand Perspective, (eds.) D. Hamilton,

K. Collier, C. Howard-Williams, and J. Quinn (Springer, to be published 2016). The

different format of this chapter reflects publication in a book as opposed to a

research article for a peer-reviewed journal. As the principal author, | carried out

all of the data collection, and prepared the drafts and final version of the
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manuscript. My co-authors provided critical commentary on the content and
edited the drafts. Mark Hoyer (University of Florida) contributed the feature box
on ‘Florida Lakewatch’ (p 164), while Kathleen Weathers (Cary Institute)
contributed the feature box on the ‘Lake Sunapee Protective Association’ (p

165).

Chapter 8 synthesizes key points drawn from Chapters 4-7 in relation to the
literature and theoretical framework. Recommendations for further research and
practical action are provided. The thesis concludes with the original contribution
this study has made to building new knowledge in the fields of community

environmental groups, community-led restoration and citizen science.
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COMMUNITY MEMBERS ENGAGING IN
ENVIRONMENTAL MONITORING

2.1 Overview

Discourse on public participation in scientific investigations now pervades fields
such as biological conservation and environmental restoration, management and
policy development. Citizen science is one outcome of this debate and it
describes both a field of inquiry where members of the public participate in
scientific research, and a research practice that centres on collaboration with
members of the public. In this review of the literature, particular attention is paid
to the relationship between environmental monitoring and citizen science.
Environmental monitoring carried out by community members has a lengthy
history and is now integral to many citizen science projects designed to test
hypotheses or contribute observations to environmental databases. Literature
from the last two decades forms the basis of this review, as 1995 is considered to
represent the formal conception of citizen science (Conrad & Hilchey 2011;
Bonney et al. 2009a). Where possible, peer-reviewed articles are referenced in
this chapter, but due to the recent advent and increasingly broad scope of citizen
science, material from reports, conference proceedings and websites are also

included.

The three strands of inquiry investigated in this review of the literature include
(1) why and how community members participate in environmental projects; (2)
the broadening scope and influence of citizen science, and (3) how citizen

science is defined and projects are categorised. In order to lay the foundation for
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this chapter, the first section provides an overview of motivations that drive
volunteer participation in environmental projects. Secondly, as citizen science
represents a relatively new area for research, consensus among citizen science
academics and practitioners on the scope and nature of what constitutes citizen
science has not yet been reached. Terms used in association with, or as
synonyms, for citizen science are reviewed and areas of consensus and
divergence are highlighted. Thirdly, typologies to categorize citizen science
projects that are based on differing levels of community participation are
compared and contrasted, and the implications discussed in terms of volunteer
empowerment. Lastly, a theoretical framework for this thesis as a whole is
presented that links the concepts outlined in the general introduction (Chapter
1), namely, community environmental groups, their restoration activities and the

monitoring they carry out, within the wider context of citizen science.

2.2 Environmental monitoring

Monitoring is a specific activity centering on the systematic measurement of
phenomena over time, and is fundamental to understanding the integrity,
ecology and conservation of ecosystems and their components (Lindenmayer &
Likens 2010; Spellerberg 2005). Activities may include developing an inventory of
biota within an area; measuring the status and trend of an organism or range of
ecological features, or carrying out surveillance using specialised techniques for
detecting presence (Lee et al. 2005). Monitoring has been carried out by
members of the community for centuries, for example, with amateur
ornithologists in Finland collecting data on the timing of migration from 1749
(Greenwood 2007). These long-term observations provide valuable insights into
patterns and trends, and have contributed to studies on evolution and the

effects of climate change on biota (Silvertown 2009).
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Volunteer environmental monitoring efforts are characterised by their diversity,
and range from projects led by individuals or small groups, to large-scale
programmes reliant on thousands of volunteers to collect data. Skilled amateurs,
such as American author, philosopher and naturalist Henry David Thoreau (1817-
1862), have produced detailed accounts of the arrival dates of migratory bird
species, as well as the first flowering and leaf-out dates (Miller-Rushing et al.
2012). In New Zealand, localised monitoring programmes have been developed
by community groups, in partnership with scientists, to measure change within
their environmental restoration projects (Galbraith 2013; Byrd 2008). In England,
volunteers were instrumental in setting up bird-banding schemes and developed
the first national bird atlas (Greenwood 2007). Volunteers participating in large-
scale initiatives led, for example, by not-for-profit and non-government
organisations, universities and government agencies, have collected data on
weather patterns, the population sizes and distribution of flora and fauna, and
environmental health (Chandler et al. 2012; Miller-Rushing et al. 2012;
Silvertown 2009). Volunteer numbers in these programmes can be considerable.
Tens of thousands of observers (primarily from the USA and Canada) participated
in the 110th Annual Christmas Bird Count, documenting nearly 60,000,000 birds
(Silvertown et al. 2013). Similarly large numbers of volunteers have contributed
water quality data to inform environmental management across the USA

(Firehock & West 1995).

Several factors underpin the growth of volunteer environmental monitoring
initiatives. The challenge of collecting data in the long-term and across large
areas, combined with the reduced capacity of organisations reliant on
professional staff to do so, has created an environment amenable to increased
volunteer input (Hyder et al. 2015; Lawrence 2006). At the same time, simplified
techniques, standardized indicators and Web 2.0-based technology have

facilitated community volunteers to collect environmental data, conduct
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analyses and share findings with relative ease, and have enabled large datasets
to be more effectively managed (Hoyer et al. 2014; Newman et al. 2012). Along
with increased opportunities for volunteers, societal shifts that have contributed
to volunteer availability include increased participation in higher education;
greater amounts of leisure time (particularly in industrialised nations), and higher
numbers of retirees that are both educated and able-bodied (Haklay 2015). Pan-
European and American surveys also indicate an increased level of public
awareness of environmental issues, and of the role that members of the
community may play in protecting the environment (Brulle et al. 2012; European

Commission 2008).

Environmental monitoring carried out by members of the public forms a key
component of citizen science, which is grounded in a philosophy of enabling and
enhancing public participation in scientific studies (Bonney et al. 2009a). As such,
citizen science simultaneously comprises a project or programme type, as well as
a flexible tool that can be adapted to suit projects spanning different ecosystems
as well as disciplines (Cooper et al. 2007). Initially regarded as a movement or
even a global phenomenon (Haklay 2015), citizen science is now viewed as a
paradigm (Cooper et al. 2007), and an emerging discipline (Jordan et al. 2015).
With interest growing in studying citizen science processes and outcomes, Jordan
et al. (2015) argue that the theory developed related specifically to citizen
science, for example, on modes of volunteer participation, public engagement,
learning, and socio-ecological systems, distinguishes citizen science from related
fields e.g., of conservation, and science teaching and learning. As such, citizen
science now forms the overarching framework for investigating the multiple
ways in which the public participate in scientific investigations, and increasingly,
the applications and outcomes of these investigations. The close relationship
between environmental monitoring involving volunteers and citizen science is

threaded throughout this thesis.
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2.3  Why volunteer?

Community members are increasingly donating their time and resources to
environmental projects. The basic tenet of volunteerism is willing participation,
and though volunteers are generally unpaid, some form of reimbursement (e.g.,
a basic stipend) may be provided (Bushway et al. 2011). Voluntary action for the
environment may occur on a one-time, casual basis, such as participating in a
public planting day (Buchan 2007). At the other end of the spectrum, voluntary
participation may be ongoing, and take place within a structured work
programme, for example, coordinated by a land management authority or not-
for-profit organisation (Bruce et al. 2014; Chandler et al. 2012; Jacobson et al.
2012). In well-established water quality monitoring programmes, volunteers
have been known to participate on a regular basis for two or more decades
(Maine Volunteer Lake Monitoring Programme 2012). Environmental activities
carried out by volunteers include developing inventories of species (Becker et al.
2005; Lundmark 2003); reintroducing previously extirpated species; controlling
weeds and animal pest species (Krasny et al. 2014; Reid et al. 2011; Hardie-Boys
2010); fundraising; political activism (McLean 2014), or advocacy and education
about the natural world (Galbraith 2013; Campbell-Hunt et al. 2010). Collectively,
these activities are integral to the environmental movement, and have the
potential to provide significant social and environmental benefits to local
communities by preserving; building and restoring their capacity, and by building

civic identity (Overdevest et al. 2004).

Although predictors such as the level of income and education are closely linked
to volunteering (Deutsch et al. 2009), to date, few studies have investigated the
factors that motivate community members to volunteer specifically for citizen
science projects (Raddick et al. 2010). However, insights can be drawn from the

fields of volunteerism in general (Clary & Snyder 1999); ecopsychology (Stevens
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2010); community psychology (McMillan & Chavis 1986), as well as from theories
centring on experiential learning (Kolb et al. 2000). Understanding the diverse
motivations of volunteers is necessary for designing programmes that are
sensitive to volunteers’ needs, while also assisting with volunteer recruitment
and retention (Narushima 2005; Miles et al. 1998; Clary et al. 1992). Additionally,
investigating volunteer motivation is pertinent given that providing robust
evidence of programme capacity and sustainability is central to securing on-
going support in an increasingly competitive funding environment (Bramston et

al. 2011).

Community psychology recognises two broad, fluid, motivation-related
categories, namely ‘instrumental’, where the aim is to carry out activities that
have tangible outcomes; and ‘expressive’, which encompasses the need for
belonging and sharing (Mannarini & Fedi 2009). When these categories are
applied to environmental monitoring, volunteer motivation may be driven by
practical conservation-based or socio-economic considerations (e.g., restoring
ecosystem services to sustain livelihoods). In contrast, cultural, personal, and
spiritual considerations for restoration may centre on (re)building connections to
both the environment and society, and as such, include altruistic value
orientations (Clewel and Aronson 2006, 2013). This acknowledges that people
may volunteer for the same activity (e.g., environmental restoration), though for

a range of different reasons (Clary & Snyder 1999).

An overview of the wider literature on volunteerism across the fields of
gerontology (Bushway et al. 2011; Narushima 2005), conservation,
environmental restoration and management (Krasny et al. 2014; Clewel &
Aronson 2013; Measham & Barnett 2008; Gooch 2004; Miles et al. 1998), and
social services (Yeung 2004; Omoto et al. 2000), reveals a suite of common

motivations that add depth to Mannarini and Fedi’'s (2009) categories of
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instrumental and expressive. The suite of motivations described in the following
sections are grouped as personal fulfilment; social connection; environmental

action, and environmental connection.

2.3.1 Personal fulfilment

At its most fundamental, the act of volunteering can provide an opportunity for
self-reflection, consolation and for cultivating peace of mind, while in the process
strengthening personal confidence and enhancing a sense of self-worth (Gooch
2004; Yeung 2004; Ryan et al. 2001; Miles et al. 1998). Volunteering for the
purpose of personal or spiritual enrichment, although rarely appearing as a
primary motivation, may still rate highly. Cnaan and Goldberg-Glen (1991), for
example, found in their study of social service volunteers that the motivation to
increase self-worth was second only to ‘doing something worthwhile’. For older
volunteers, the act of contributing time and skills through volunteering may form
part of the cycle of their lives. Additionally, older volunteers’ motivation may be

to leave a long-term legacy for future generations (Warburton and Gooch 2007).

The motivation to learn is a common theme in studies of volunteerism, serving
both expressive and instrumental purposes (Jacobson et al. 2012; Bruyere &
Rappe 2007; Ryan et al. 2001). For environmental volunteers, learning about
flora, fauna and the natural environment often occurs through informal
interactions between individuals, their surroundings and other project
participants (Reid et al. 2011; Gooch 2004), and through activities such as nature
walks and information nights on ecological subjects (Bramston et al. 2011). In
contrast, more formal learning opportunities include volunteer training courses
and workshops (Ashcroft et al. 2012; Jordan et al. 2011). Experiential learning is
theorised to result from transforming experience into knowledge (Kolb et al.
2000) and can play an important role in volunteer learning processes. For

example, Reid et al. (2011) demonstrated that volunteers in an environmental
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restoration project accrued an in-depth knowledge of harvesting and
germinating seeds, and native plant establishment due to active experimentation
and long-term observations of site responses to these experimental
manipulations. Studies have highlighted that the provision of learning
opportunities can encourage long-term volunteer commitment to a project (Ryan
et al. 2001), empower volunteers, and engender a sense of inclusion among new
volunteers (Gooch 2004). A functional aspect of accruing knowledge and
experience is to gain skills that enhance employability (Clary & Snyder 1999),
which may form a strong motive for younger volunteers (Jacobson et al. 2012;

Omoto et al. 2000).

2.3.2 Social connection

The instrumental and expressive aspects of social connection overlap when
socially-driven motivations are examined across studies. By providing a focal
point for activities and social interactions, volunteering can play a powerful role
in reducing social isolation, particularly among elderly and by rural residents
(Bramston et al. 2011; Bushway et al. 2011). The motivation for social connection
is expressed in other studies as the desire to have fun while participating in an
activity with friends (Bramston et al. 2011; Clary & Snyder 1999), and meeting

others with similar ideas and values (Bruyere & Rappe 2007).

The ‘sense of community’ model developed by McMillan and Chavis (1986),
comprises a ‘sense of belonging’ (through shared social norms, rules, and
interests); an ‘emotional connection’ between members (resulting in trust and
collective identity); ‘influence’ (the ability to make change); and ‘integration and
fulfilment of needs’ (where needs are met by resources received by the group),
highlighting the confluence of practical and personal, instrumental and
expressive concerns. Real life, however, is more nuanced, with categories such as

the sense of belonging and emotional connection sharing many similar
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characteristics (Mannarini & Fedi 2009). The multi-faceted nature of community-
building is highlighted in Gooch’s (2004) study of Australian catchment care
volunteers, where volunteering not only enhanced a sense of self-worth, and
helped develop personal skills, but also enabled wider social changes within the
group to occur. Although the latter was manifest as ability to participate
meaningfully in local-level environmental decision-making, individual and group-

level empowerment also resulted from this process (Gooch 2004).

The relative importance of social motivations compared with other motivations
can be different across projects. Among young adults (e.g., college students), the
primary motivation to volunteer for environmental organisations may be to
enhance social networks, more so than to achieve learning-related outcomes
(McDougle et al. 2011). Social outcomes may also be more important to highly
committed volunteers, more so than other benefits derived from volunteering

(Ryan et al. 2001).

2.3.3 Environmental action

Worldwide, human-induced transformations of the environment have resulted in
significant, largely irreversible losses of biodiversity, coupled with the severe
degradation of ecosystem services (e.g., climate regulation; the provision of
food, fibre and freshwater; and habitats for migratory species) (World Health
Organisation 2005). Ryan et al. (2001) underscore the importance of advocates
for local natural areas to help avert degradation, as these typically do not receive
the attention given to more ‘glamorous’ but distant ecosystems under threat,

such as rainforests.

The increasing awareness of environmental degradation and the need for action
blends both practical and personal considerations. In a study of volunteers from

natural resource organisations, helping the environment emerged as the
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strongest overall motivation (Bruyere & Rappe 2007). Participating in restoration
projects provides an opportunity to help the environment in a concrete manner,
with the rewards to volunteers of being able to see the outcomes of their efforts
(albeit sometimes not for a considerable length of time), and of greater worth
than ‘sending a cheque to a national environmental organization’ (Ryan et al.

2001).

Motivations underpinning the desire to help the environment can relate to
restoring ecosystem services (Clewel & Aronson 2013), but also occur as a
responsibility toward nature in the face of ongoing threats to environmental
integrity (DiEnno & Thompson 2013). Miles et al. (1998) found that the
motivation to take ‘meaningful action’, was centred around altruistic notions of
‘causing good things to happen’ and ‘being useful’, which incorporated aspects
of improving life for future generations. Similar altruistic notions were found by
Bruyere and Rappe (2007), with volunteers participating as a way of paying back

for the good things they had benefitted from over their lifetimes.

Basic motivations such as doing ‘something physical’ (Ryan et al. 2001; Miles et
al. 1998) or simply getting outside (Bruyere & Rappe 2007) highlight the
fundamental need to spend time either engaged in an activity or in an

environment that is different to that experienced daily.

2.3.4 Environmental connection

Viewed from a social perspective, ecosystem services also include non-material
benefits such as aesthetic values, spiritual nourishment, intellectual
development, and recreation (World Health Organisation 2005). In this respect,
the motivation to volunteer for environmental causes may result from biophilia,
which according to naturalist E.O. Wilson, is an ‘innately emotional affiliation

with all living organisms’ (Wilson 1984). A deeper, ecopsychological view is that
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human beings are intimately connected to the environment, which shapes
notions of personal identity, health and well-being (Stevens 2010). The
motivation to protect the environment is therefore not solely based on rational
decision-making, but also in deep-seated emotions, that according to DiEnno and
Thompson (2013), include feelings of guilt for not being more proactive,

indignation at harm caused by others and a general affinity to nature.

Studies as diverse as reseeding oyster beds in New York (Krasny et al. 2014) and
environmental care groups in Australia (Gooch 2003) demonstrate the
importance of connection to place as a motivating factor for environmental
volunteerism. The desire to return the landscape back to a state observed by
participants in past times or to even earlier states is a powerful motivator that
can drive the agenda of a volunteer program (Gooch 2003). The connection to
the environment may also be expressed as a fascination with nature, with the
related motivation simply to seek out and enjoy the wonders of nature (Miles et

al. 1998).

2.3.5 Factors influencing volunteer motivation

In general, the factors influencing volunteer motivation are complex,
interdependent and cannot easily be condensed into a unidimensional model
(Mannarini & Fedi 2009). Furthermore, what prompts a volunteer to join a
project may differ from that of continuing participation in the long-term. While
the initial motivation may be to fulfil a personal need, practical considerations
such as how well a project is organised and effectiveness of leadership may
determine ongoing volunteer commitment (Bruyere & Rappe 2007; Ryan et al.

2001).

In a study of water quality volunteers in Alabama (USA), strong relationships

were found between the variables of income, education and geographical
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location (Deutsch et al. 2009). In contrast, findings from three environmental
stewardship programmes in Michigan (USA), found no relationship between
participants’ ages, the distance to the site, time availability or the specific activity
and the commitment, frequency or duration of volunteers’ participation (Ryan et
al. 2001). Individual factors such as age and ethnicity may exert strong
influences, with elderly volunteers motivated to ‘pay back’ to society (Narushima
2005), while cultural and religious notions of volunteerism may emphasize duty,
rather than altruism or personal gain (Office for the Community and Voluntary

Sector 2007; Yeung 2004).

Although few studies to date have investigated volunteer motivation in citizen
science projects, the four basic categories discussed in this section form a
common thread through projects ranging from conservation action (e.g. tagging
wildlife), environmental monitoring, management, and environmental
restoration to others within the social service sector. A full investigation of the
motivations of community environmental groups in New Zealand voluntarily
undertaking environmental restoration lies beyond the scope of this study.
However, the four categories provide a psychological foundation for the groups
this thesis centres on, as they undertake their restoration projects and monitor

the environmental changes that occur (i.e., carry out citizen science).

2.4 Citizen science

Citizen science has emerged as a powerful means of democratising science by
enabling diverse members of the community to participate in scientific
investigations (Ely 2008). The term ‘citizen science’ was first used in 1989 to
describe the collection of rain samples by volunteers in order to raise awareness
of acid-rain in North America (Kerson 1989). In 1995, citizen science was used
almost simultaneously in the United States and in England to refer to public

involvement in science and science communication projects (Bonney 1996), and,
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more widely, to describe public engagement in science discourse and policy-
making processes (Irwin 1995). Conrad and Hilchey (2011) have recognised this
quasi-parallel evolution of citizen science terminology as contributing to the

range of ways in which citizen science is currently conceptualised.

2.4.1 The scope of citizen science

The history of citizen science is being re-examined and extended, with Charles
Darwin (1809-1882), for example, now being regarded as a ‘citizen scientist’.
Although Darwin existed in an era when the term ‘scientist’ had not yet been
used, he was a highly regarded naturalist in his own right. The rationale for
reframing Darwin as a citizen scientist is due to his role on the Beagle as a self-
funded volunteer (in today’s parlance), collecting environmental data in support
of science (Silvertown 2009). In its broadest interpretation, citizen science may
simply be scientific investigations where community volunteers collect genuine
data that are analysed (either by, or in partnership with scientists/other
professionals), and disseminated (Jordan et al. 2012). Such a broad definition has
allowed a diversity of approaches and disciplines to be drawn into the discourse
on citizen science, while at the same time, challenging boundary-setting for what
constitutes citizen science. This is of particular importance for countries such as
New Zealand, where the term ‘citizen science’ has only recently entered the
vocabulary in the environmental management, community conservation and
science sectors (e.g., Brumby et al. 2015; Spurr 2012). Understanding the current
scope of citizen science enables New Zealand-based research, projects and
programmes that involve volunteers collecting scientific data to be
contextualized within the international citizen science movement. At the same
time, there exists an opportunity to define citizen science in New Zealand in ways
that are culturally acceptable and that connect to scientific and societal
aspirations. In the course of doing so, the profile of activities underway in New

Zealand can be raised, and programmes and projects developed that meet local
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needs, foster international collaboration (as already occurs with the E-bird
database, http://ebird.org/content/ebird/), and contribute to citizen science

scholarship.

2.4.2 Active vs. passive participation

Volunteers participate both actively and passively in citizen science projects and
it is the nature of passive engagement that is debated among citizen science
scholars (Haklay 2015; Roy et al. 2012; Parsons et al. 2011; Wiggins & Crowston
2011). According to Wiggins and Crowston (2011), active participation by
volunteers is a distinguishing feature of citizen science, and ranges from the
voluntary collection of specimens and observations for a single event in time,
e.g., a BioBlitz (Lundmark 2003), to the other extreme, i.e. long-term monitoring
sustained for decades by the same volunteer(s) (Maine Volunteer Lake

Monitoring Programme 2012).

Others, however, extend citizen science to include passive projects, highlighting
that participation is still voluntary, and that projects would not be feasible
without volunteer input (Haklay 2015; Roy et al. 2012; Parsons et al. 2011). As
such, volunteers are still perceived as participating, albeit in a less active capacity
when compared with more active forms of citizen science involvement (Haklay

2013).

The following forms of passive participation are all described as citizen science
(Haklay 2015; Misra et al. 2014; Raddick et al. 2010), namely, by donating
computing power; providing space for equipment, and carrying around sensors.
Resource intensive projects such as SETI@home (Search for Extra Terrestrial
Intelligence), for example, rely on unused computing power. Volunteers
download a programme to automatically analyse radio telescope data

(http://setiathome.ssl.berkeley.edu/). In other projects, volunteers provide
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space (e.g.,, in their garden) for automatic sensing equipment
(http://www.flightradar24.com/about), or drive around with sensors that

automatically collect road condition data (http://www.streetbump.org/).

Haklay (2013) draws a distinction between being a participant and being a
research subject, although the boundaries between these are blurred. Scassa
and Chung (2015), argue that being a research subject and providing data in the
form of written descriptions by participants, or DNA, bodily fluid or tissue
samples, should be considered as citizen science. Their rationale lies in the
potential for intellectual property rights issues around sharing personal data. The
provision of bacterial swabs (as occurs in the Belly Button Biodiversity project,
http://navels.yourwildlife.org/bbb-project/) is promoted as citizen science (Hulcr
et al. 2012), highlighting the need for a finer-scale appraisal of project features
such as purpose and research methods used to establish boundaries for what

constitutes citizen science.

2.5 Terminology

Literature which focuses on voluntary participation in scientific projects
(commencing from first usage of the term citizen science in 1989; Bonney 1996),
includes a broad array of terms used either in conjunction with citizen science
(such as Community Based Environmental Monitoring; CBEM), or
interchangeably with citizen science (such as crowdsourcing). These increasingly
varied applications of citizen science have led to confusion and inconsistent use
of the term (Roy et al. 2012; Ely 2008; Clark & Illman 2001). Furthermore, the
meanings of ‘citizen’, ‘citizen scientists’ and even ‘scientist’ are not value-free
and have been called into question (Ely 2008; Wilderman 2007). The term
‘citizen’, for example, refers to both an inhabitant of a town or city as well as a
‘native or naturalized person who owes allegiance to a government and is

entitled to protection from it’ (Merriam-Webster 2005). Wilderman (2007) points
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out the political connotations of ‘citizen’, as not all citizen science project
participants may technically be citizens of the country in which the project takes
place. Instead ‘amateur’ and ‘community’ are proposed as alternatives (Haklay
2015; Lawrence 2006). Defining professional scientists is generally
straightforward (e.g., those specifically employed to carry out science-based
activities or conduct investigations), however, citizen science participants may
not describe or even identify themselves as ‘scientists’ despite the scientific
nature of the work they carry out, preferring terms such as ‘birdwatcher’ or

‘volunteer weather observer’ (Haklay 2015).

Establishing a suite of standardized terms forms an essential foundation in any
field of science (Salafsky et al. 2007). Terms that are both general but relevant to
the local context are of particular importance in countries such as New Zealand,
where increasing emphasis is being placed on community engagement in science
and environmental decision-making (Ministry of Business Innovation and
Employment et al. 2014; Ministry for the Environment 2013). Rather than
producing an exhaustive list of synonyms, the purpose of this section is to
provide an overview of current and trending terminology. By doing so,
discrepancies in the use of particular terms are revealed, the close relationship
between citizen science and monitoring reiterated, and the likely future direction
of citizen science outlined. Synonyms for citizen science can be grouped into
clusters according to four main characteristics, which (1) emphasize participation
by non-professionals; (2) recognise other forms of knowledge; (3) highlight
participatory processes, and (4) use locality as a defining feature. For the
purposes of this review, these clusters are descriptive and overlapping rather

than based on empirical testing.
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2.5.1 Participation by non-professionals

Citizen scientists, though often educated to tertiary level, may not have a science
background (Haklay 2015). Science skill levels in the citizen science project vary,
with participants variously classed as neophytes (interested, but no formal
background in the field studied), interested, or expert amateurs (Coleman et al.
2009). These individuals contribute their time, effort, and resources on a
voluntary basis to collect and/or process data for scientific research projects,
either in collaboration with professional scientists, or independently (Silvertown
2009). Participants may include school children (Mueller & Tippins 2012); low
socio-economic or minority groups (Bone et al. 2012); tribespeople (Ansell &
Koenig 2010); non-literate groups (Haklay 2015), or special interest groups such
as recreational divers (Goffredo et al. 2010); holidaymakers (Chandler et al.
2012); foresters (Ballard & Belsky 2010) and birdwatchers (Cooper et al. 2014).
Participants may also comprise inhabitants of localities such as urban areas
(Krasny & Tidball 2009; Cooper et al. 2007); national parks (Ansell & Koenig 2010;
Becker et al. 2005); watersheds (Conrad 2006; Whitelaw et al. 2003), or be
located in areas affected by an event such as an oil spill (McCormick 2012) or air
pollution (Ottinger 2010). These non-professionals are typically involved with
data collection, though may participate in parts of the scientific processing or

other aspects of the project.

2.5.1.1 Volunteer/community-based environmental monitoring

The non-professional, non-scientist status of citizen science participants is
evident in terms such as volunteer (biological) monitoring (Engel & Voshell
2002), and community-based (ecological/environmental) monitoring (Conrad &
Hilchey 2011; Conrad 2006). These terms generally describe individual members
of a community or community groups carrying out monitoring in collaboration
with researchers, local institutions, government agencies and industry (Whitelaw

et al. 2003). In the freshwater domain, for example, water quality-centred
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projects are commonly referred to as volunteer monitoring programmes (Maine
Volunteer Lake Monitoring Programme 2012), where volunteers supply data to a

governing body such as a university, government agency or NGO.

2.5.1.2 Crowdsourcing

Crowdsourcing (also referred to as crowd-sourcing or crowd-sourced science),
implies open participation to all members of the public who have access to the
methods by which the data are collected. Crowdsourcing has become
synonymous with large scale passive or active projects in citizen science that rely
on Web 2.0 technology for harnessing data collected by geographically-dispersed
participants (Lauriault & Mooney 2014). The expanding role of technology in
citizen science has encouraged crowdsourcing by facilitating data entry, data

analysis and sharing (Newman et al. 2012).

2.5.1.3 Community/civic science

Citizen science is variously regarded as a form of, or synonym for,
community/civic science (Ahern et al. 2014; Bates et al. 2013; Haklay 2013;
Tweddle et al. 2012). However, Carr (2004) argues that community science
suggests a wider scope of social inclusion and stronger multi-disciplinary
characteristics than citizen science, though activities such as mapping,
monitoring, modelling and scientific discovery are common to both. This critique
is understandable given the prevalence of citizen science projects utilizing
individual, often geographically-dispersed, volunteers operating independently

of one another as data collectors for scientist-led projects (Ely 2008).

Where citizen science has become the overarching term for volunteer
monitoring, community science can in turn function as an overarching term for
citizen science, in the same way public participation in scientific research (PPSR)

was originally put forward by Bonney et al. (2009a). In the broadest sense,
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community science may include consultation as well as research between
scientists and community members (Shirk et al 2012). A distinguishing feature of
this approach is that community members may be empowered to take
leadership and control of scientific investigations and use the science for
problem solving (Cooper et al. 2007). This is similar to Haklay’s (2015) ‘Extreme
Citizen Science’ model, where citizens, often in projects situated in non-
industrialised countries, set the research agenda. The concept and use of the
term ‘civic science’ is also inconsistent and has been used to describe both
practical scientific investigations and science communication efforts that are

underpinned by a social agenda (Clark & lllman 2001).

2.5.2 Recognising other forms of knowledge

Western science forms the dominant research method for citizen science,
though several authors argue that other forms of knowledge variously referred
to as: traditional ecological knowledge (TEK; Mueller & Tippins 2012); indigenous
knowledge (IK; Leach & Fairhead 2002), or lay, local and traditional knowledge
(LLTK; University of the West of England 2013), can also be regarded as citizen
science. Caution has been expressed in overemphasizing the difference between
TEK and western science (Agrawal 1995), as key indicators may overlap (Berkes
et al. 2007), and shared activities may include data collection, analysis and the
co-production of knowledge (University of the West of England 2013). Ballard
and Belsky (2010), for example, showed that local people drawing on their
knowledge of place can help shape the research design by locating study sites
and determining appropriate variables to measure. Although there are synergies
between TEK and citizen science, the former may also be used to challenge
conventional science (Leach & Fairhead 2002; Irwin 1995), underscoring the
context-dependent nature of TEK when applied outside western science

frameworks. The nature of the relationship between TEK and citizen science will
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continue to be debated, and this is likely to increase as citizen science is more

strongly theorised.

In New Zealand, matauranga maori is loosely summarised as indigenous cultural
knowledge (Townsend et al. 2004), which when in the context of environmental
policy and planning documents provides a very narrow interpretation. A richer
understanding of matauranga maori that captures the integrated nature of the
concept, may in turn see citizen science viewed as a component of matauranga

maori rather than vice versa.

2.5.3 A focus on participatory processes

Participatory (action) research, participatory (biological) monitoring and
participatory mapping have only recently been considered as citizen science
terms (Singh et al. 2014; Haklay 2013; Roy et al. 2012; Bell et al. 2008; Lawrence
2006). Participatory research models can potentially offer volunteers greater
opportunities to become involved with forming research questions, project
design, data collection and interpretation (Bonney et al. 2009a). Cooper et al.
(2007), however, delineate citizen science activities from participatory action
research; the former typically taking place at larger scales, led by scientists and
with research and educational priorities; the latter more localised, where the
interest is generated by participants and an iterative approach is taken to
adaptive management processes that are not present in citizen science projects.
The difference in research processes highlights the development sector roots of
participatory research (see Pretty 1995), and the newer application to citizen
science, as the field expands and adopts new approaches to meet needs beyond

preliminary data, such as for species conservation purposes.
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2.5.4 The influence of locality

The professionalization of science over the last two centuries has occurred in
tandem with increased specialisation, which has required more complex
equipment and training than was previously available to amateurs (Greenwood
2007). This cemented institutions as centres of knowledge, and began the
creation of a knowledge hierarchy distancing professionals from non-
professionals (Vetter 2011). Emphasising both the location and practitioners
lying outside formal institutions, as ‘street science’ does, highlights the
alternative nature of citizen science when compared to science carried out by
professionals within professional settings (Mueller & Tippins 2012). A feature of
locally-based monitoring (Danielsen et al. 2008) is the use of local residents to
study local issues such as water quality decline or pest incursions, as these issues
may be too localised for investigation by professional scientists (Miller-Rushing
et al. 2012). However, the distinction drawn between locally-based monitoring
and citizen science is that the latter typically engages others to lead the project
from outside the local community, sometimes from a considerable physical

distance (Singh et al. 2014; Danielsen et al. 2008).

From the initial development in the environmental sector, the scope of citizen
science has rapidly expanded to include projects in the fields of astronomy
(Mendez et al. 2010) and public health (Khatib et al. 2011; Ottinger 2010).
However, the most pertinent definition for Chapters 4-7 of this thesis was
proposed by the United Kingdom Environmental Observation Framework, where
citizen science refers to volunteers collecting data relating to biodiversity and the
environment which contributes to enhancing knowledge of the natural world

(Tweddle et al. 2012).
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2.6 Typologies of citizen science

Having discussed the range of terms associated with, or as synonyms for citizen
science, an examination of citizen science types follows. The citizen science
typologies presented in this section were used as a tool for analysis in the study
rather than for data collection purposes. Ultimately, applying typologies
developed for citizen science to community environmental groups in New
Zealand may assist with developing a model for hybrid forms of restoration and
conservation that maximise outcomes for the groups themselves, their project

partners (e.g., resource management agencies), and the environment.

The potential for volunteers to participate in one or more steps of citizen science
project development and implementation activities has underpinned typology
development both directly (Bonney et al. 2009b; Danielsen et al. 2008), and
indirectly by reconceptualising volunteer participation into broader areas such as
project activity type, intellectual property, and policy development (Haklay 2015;
Scassa & Chung 2015; Haklay 2013; Wiggins & Crowston 2011). Typologies make
explicit the relationships between community and professional scientists/project
coordinators, and recognise the interplay between project organisational
structure and leadership, as well as the differing skills and expertise required
during each phase of the research process (Roy et al. 2012; Wiggins & Crowston
2011; Danielsen et al. 2008). This section outlines key typologies that seek to
characterise citizen science project types, and provides an overview of alignment
and variability of each. These typologies are then applied to a cross-section of
citizen science and monitoring-related projects to highlight the diversity of
project organisational models, as well as various ways they may be classified

when different typologies are applied.
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The first typologies to characterise citizen science were based on the level of
volunteer participation (Bonney et al. 2009a). As such, they follow a similar
structure to the ladder of citizen participation firstly proposed by Arnstein
(1969), and further refined by Pretty (1995). Although ‘participate’ can simply be
defined as to be involved with, or to take part in (Merriam-Webster 2005), the
term ‘participatory’ has become highly contested (Goodwin 1998), symbolising a
range of social and political ideals (Lawrence 2006). By opening participation
potentially to all members of society, challenges to traditional top-down power
structures have followed. Chevalier and Buckles (2013), for example, describe
the ultimate goal of participation as precipitating social change that leads to
improved individual and community wellbeing. The conceptualisation of
participation as a ladder as both Arnstein (1969) and Pretty (1995) did,
structured the debate around the nature of interactions between non-
professionals/community members and professionals, as well as the expected
outcomes of these interactions. The basic premise is that movement from
no/low citizen participation to high citizen participation in activities such as
decision-making changes the power relations between citizens and decision-
makers. For example, the lower the level of citizen participation, the fewer the
opportunities for empowerment exist, as communities are effectively excluded
from the decision-making process. In contrast, high community member
participation is synonymous with greater control of outcomes and therefore
signifies a shift in power relations from decision-makers to communities (Pretty

1995; Arnstein 1969).

The ladder of participation serves a valuable purpose by exposing the power
relations that can occur between professionals and non-professionals. In this
respect, there is a strong link with citizen science project design. In the
contributory (Bonney et al. 2009a) and contractual models (Shirk et al. 2012), the

role of volunteers is mostly to provide data to professionally-led research,
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whereas at the community-led end of the spectrum, volunteers may participate
in all parts of the research process. The ladder has been critiqued by citizen
science scholars for failing to recognise that different models of participation can
operate simultaneously within a program, and to the benefit of all participants
(Shirk et al. 2012; Lawrence 2006). This awareness of the need for greater
reciprocity, particularly within contributory programmes relations is now
embedded as best practice within citizen science project design frameworks
(Pandya 2012; Tweddle et al. 2012). Further discussion on these levels of

participation within citizen science occurs later in this section.

Subsequent citizen science typologies reflect the growing complexity of projects
driven, for example, by advances in technology (Haklay 2015; Haklay 2013; Roy
et al. 2012; Wiggins & Crowston 2011), the implications of participating in citizen
science projects with respect to intellectual property rights (Scassa & Chung
2015), and how citizen science projects can contribute to policy at scales from
neighbourhood to continental (Haklay 2015). Both quantitative and qualitative
methods have been employed in studies to cluster similar project types together.
By examining 234 (mostly scientist-led) projects, Roy et al. (2012) found the
number of participants and the level of (non-financial) investment by project
coordinators (e.g., developing project resource material) and volunteers (level of

input required) formed the key predictors of project type.

A similar, though more detailed study by Wiggins and Crowston (2011) using 80
different variables (e.g., project goals, research discipline and geographic scale),
distinguished five separate project types, namely:

1. ‘Action’ projects: volunteers design and mostly implement projects with

scientists in order to address local environmental concerns and issues.
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2. ‘Conservation’ projects: mostly regional in scale and use long-term
monitoring for environmental management, public awareness-raising and
stewardship promotion.

3. ‘Investigation’ projects: range in scale from regional to international and
have scientific research objectives that may include educational
components.

4. ‘Virtual’ projects: participation is typically through online platforms.

5. ‘Education’ projects: primary objectives comprise education and

outreach, with scientific rigour possibly of lesser importance.

The typology developed by Scassa and Chung (2015), highlights the need for
informing volunteers of their intellectual property rights. Where citizen science
projects include problem solving and data manipulation, copyright and patent
issues may arise, while for projects requiring personal/medical information (e.g.,
samples of blood or tissue), intellectual property rights may apply depending on
project design, methodology and sample use (e.g., Glasner 2000). The typology
also acknowledges trade-offs between data privacy and increasing the value of

data by making it more widely available (Scassa & Chung 2015).

A policy-oriented typology was developed by Haklay (2015), in response to the
need for engaging the public in environmental decision-making, harnessing data
for decision-making as well as maintaining a level of transparency for citizen
science practitioners in the policy-development process. Policy domains are
defined by increasing levels of geographical scale, with suitably designed citizen
science projects corresponding to each level. Scientist-led biological surveys
carried out by volunteers, such as the OPAL (Open Laboratories) Soil and
Earthworm Survey can support environmental monitoring policy at a country

scale (Bone et al. 2012). Similarly, public health and ecology policy can be

43



supported by regional or country-wide surveys of disease vectors such as

mosquitos (Kampen et al. 2015).

These typologies illustrate how citizen science challenges traditional approaches
to how science is carried out, and by whom, to produce new knowledge (Haklay
2013). Citizens may be passive collectors of data (e.g., by using sensors), or
participate fully in research design, data collection, analysis, interpretation and
application. Typologies can guide the development of new projects by focussing
attention on individual organisational models, or combinations thereof, that
support desired project outcomes for the environment, project participants and
stakeholders such as funders (University of the West of England 2013; Tweddle

et al. 2012).

With the increasing diversity of citizen science projects, the boundaries between
typology categories are mostly indicative rather than rigidly defined (Bonney et
al. 2009b), and overlap depending on the variables used to define each category.
In addition, different types of participation may occur within a single project, for
example, where one group of volunteers has limited involvement while another
group participates in many different aspects of the project (Tweddle et al. 2012).
This approach results in projects appearing in more than one category. Applying
these typologies to different project organisational models reveals the current
scope of citizen science activities and the way in which each is conceptualised by

different authors (Table 2.1).
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Table 2.1 Participation-based typologies of citizen science by selected authors according to roles of community members and scientist including project

examples.
Participation Approximate synonyms Roles Project examples Project type' Project scale
HIGH - Autonomous local Research agenda set by community. Lake Rotokare Scenic Reserve Trust Action Local

Community led monitoring (Danielsen etal.  Community carries out data collection, (http://www.rotokare.org.nz/)
2008) analysis, interpretation and

application of results for management.

Extreme citizen science Lake Sunapee Protective Association Action Local
(Haklay 2013) Scientists can be facilitators and (http://www.lakesunapee.org/)
experts.
Collegial (Shirk et al. 2012) Traditional Ecological Knowledge Action Local
(Shebitz 2005)

Community (Conrad and
Hilchey 2011)

Transformative (Goodwin
1998)

Bottom-up, grassroots
(Conrad and Hilchey 2011)

1 Wiggins and Crowston 2011
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MEDIUM - Collaborative monitoring Research agenda jointly set, or only by  Participatory mapping (Haklay 2013) Action Local
Hybrid science/ (Danielsen et al. 2008) scientists. Community collect data and
community led Participatory science may participate in interpretation/ Friends of Organ Pipes National Park Action Local
(Haklay 2013) analysis, reporting, and management (Reid et al. 2011)
decision-making. Scientists provide
Co-created advice and training, and lead the
(Bonney et al. 2009a) project, or facilitate local people to
Collaborative lead the project.
(Bonney et al. 2009a)
LOW - Contributory Research agenda set by scientists. BioBlitz (Lundmark 2003) Investigation Local
Scientist-led (Bonney et al. 2009a) Community collects data. Scientists
develop project design, analyse and
Contractual P proj & y Wai Care Educational; Local /
interpret results; may conduct . .
(Shirk et al. 2012) P y (https://www.waicare.org.nz/Home.as Regional
research at request of community ox)
Instrumental SETI@home Virtual;
(Goodwin 1998) (http://setiathome.ssl.berkeley.edu/)
Top-down Project BudBurst Investigation  National /
(Conrad and Hilchey 2011) (http://budburst.org/) Continental
Audubon Christmas Bird Count Investigation  National /
(http://www.audubon.org/conservatio Continental

n/science/christmas-bird-count)
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2.6.1 High community participation

In projects with a high level of participation by community members, varying
degrees of collaboration and partnership occur. In ‘autonomous local
monitoring’, for example, the entire research process including the application of
results for management purposes, is carried out by community members with no
direct involvement of external agencies. This suggests that little or no support for
the research is received from professional scientists (Danielsen et al. 2008). In
contrast, scientists may act both as facilitators and experts if required, following
the ‘Extreme’ citizen science model, a locally situated, grass-roots practice
designed to build participants’ knowledge. However, as with autonomous local
monitoring, the potential exists for full volunteer control and participation in all
aspects of the investigation (Haklay 2013). A feature of these projects is that
community members set the research agenda, and that projects are carried out
at a local scale to address local issues. For this reason, this approach may also be
described as ‘grassroots’ or ‘bottom-up’ (Conrad & Hilchey 2011), and may be
‘transformative’ on account of the potential for participant empowerment
(Goodwin 1998). It can be argued that TEK is most similar to this community-led
model, given the autonomous organisational structure, and local design and
implementation carried out to suit local community needs (Leach & Fairhead
2002). According to the project types developed by Wiggins and Crowston
(2011), a high level of community participation often results in practical action,

as these projects typically take place on a local scale.

2.6.2 Medium community participation

In both ‘co-created” and ‘collaborative’ projects, opportunities exist for
volunteers to be engaged in different aspects of the research process (Bonney et
al. 2009). In collaborative monitoring, community members collect data and may

participate in management decision-making, while externally-located
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professional scientists, i.e., often located a considerable distance away from the
study site, develop the project design and conduct analyses. Alternately, data
may be locally interpreted and other parts of the research process carried out by
local people, with the scientists’ role being to provide advice and training
(Danielsen et al. 2008). In both models, scientists either directly lead the project
or facilitate local people to lead the project. In ‘participatory science’ projects,
volunteers analyse data and interpret results (Haklay 2013). These may also be
described as action-oriented projects, as they are often local in scale and are

developed with input from scientists (Wiggins & Crowston 2011).

2.6.3 Low community participation

Scientist-led approaches, where the role of volunteers is largely ‘contributory’,
form the most widely reported citizen science and community based
environmental monitoring (CBEM) model, due to strong institutional
involvement and the need for publishing outcomes for scientific research (Roy et
al. 2012). To date, millions of volunteers have participated in diverse
contributory projects (Bonney et al. 2014), requiring varying levels of
commitment and expertise (Hobbs & White 2012). In these projects, externally-
located professional scientists develop project design, and analyse and interpret
results, while community members collect data, hence being described as
‘top—down’ (Mueller & Tippins 2012; Conrad & Hilchey 2011). Most examples of
this model derive from Europe or North America, owing to the high level of
infrastructure available to support the project (e.g., equipment required for
recording observations), and accessible professional support (Danielsen et al.
2008). These types of contributory projects are often large-scale, and employ
Web 2.0 technology as the primary means of communication between
geographically-dispersed participants, scientists and project coordinators (e.g.,
Worthington et al. 2012), though Roy et al. (2012) found that a large number of

projects operate at a local scale, particularly in the United Kingdom.
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Further inclusions in the low participation-based continuum are ‘contractual’
projects, where professional scientists conduct research at the behest of the
community (Shirk et al. 2012), and ‘virtual’ projects relying on ‘distributed
intelligence’ (Haklay 2015; Wiggins & Crowston 2011). In these projects, the
cognitive ability of trained participants is utilised, for example, to classify
phenomena such as galaxies (Haklay 2015). According to Wiggins and Crowston
(2011), the greatest diversity of project type falls into this category, namely,
educational, virtual, conservation and investigation. This is primarily on account
of the larger geographic scales achievable with institutionally-led projects and
the ability to leverage substantial numbers of participants. However, projects in
this category may also be local in scale, such as a BioBlitz, where the public
participates in developing an inventory of flora, fauna and fungi within in a

limited time frame and geographic area (Lundmark 2003).

2.7 Inclusivity, empowerment and control

Although the function of typologies is to reveal basic patterns, an investigation of
the literature shows considerable complexity when typologies are examined
against factors such as the nature of volunteers participating in citizen science

projects, and whether or not empowerment is indeed an outcome.

Discourse on inclusivity pervades much of the citizen science literature (Bone et
al. 2012; McCormick 2012; Ely 2008; Becker et al. 2005), however, participants in
most projects appear to be white, educated, and possess discretionary wealth
and time, although male to female ratios vary from project to project (Haklay
2015; Hobbs & White 2012; Deutsch et al. 2009). The desire to expand the
diversity of participants in citizen science has resulted in the application of more
socio-economically and culturally-sensitive approaches to volunteer recruitment

and retention. The Open Laboratory programme, for example, successfully
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engaged deprived and other difficult-to-reach members of the community for

inclusion in a biological survey project (Bone et al. 2012).

The future of citizen science will see increased use of technology with devices
such as smartphones, sensors and tablets networked with interoperable
databases (Crain et al. 2014; Newman et al. 2012). Web-based, game-style
citizen science products may encourage younger, more culturally-diverse
volunteers to participate (Newman et al. 2012), but could also create a ‘digital
divide’ that segregates members of the public who have limited, or no access to

technology (Haklay 2015).

Considerable debate has ensued when empowerment is assumed to result from
greater community input and control, with empowerment referring to increased
influence and capacity at a personal, group, or community level (Fawcett et al.
1995). However, community empowerment can occur in ‘top down’ settings, as
learning can still take place that may significantly alter individual outlook and
values, in particular where project coordinators’ motivation centres on forming
partnerships and sharing control of environmental management (Lawrence
2006). In contrast, Danielson et al. (2008) argue convincingly that top-down
approaches, where project coordinators are externally located, do not translate
into effective local management. The examples used in their work are mostly
situated in non-industrialised countries, where the close link between local

people and local decision-making becomes most apparent.

Participant empowerment can occur through medium-level participation where
partnerships between volunteers and professionals are mutually negotiated,
inclusive and transparent (Gooch 2004), confirming that the quality of
participation can override other factors (Shirk et al. 2012), and that mutual

respect is central to effective engagement (Haklay 2015). Galbraith (2013)
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demonstrates that greater empowerment for community members can
eventuate when moving from a bottom-up, autonomous operational model to a
partnership model. Other projects, however, highlight that bottom-up settings
may also serve to protect local interests, leaving the power relations unchanged
(Lawrence 2006).The achievement or non-achievement of empowerment at
different levels of participation attests to the internal complexity both within
communities themselves and within institutional settings. In addition, the
contrasting nature of outcomes from projects using the same citizen science
structural model, highlight the context-dependent nature of citizen science
projects. Although the typologies are a useful structure for characterising project
types and examining factors such as participation, caution should be exercised

when inferring outcomes from the different top down to bottom up models.

Many scholars have pointed to the need for culture change within institutions,
and by individuals, in relation to the greater need for social equity and for
increased data to manage declining ecosystem integrity and biodiversity losses
(Haklay 2015; Craig et al. 2013; Danielsen et al. 2007; Berkes 2004; Robertson &
Hull 2003). With a greater emphasis on participatory and collaborative
approaches, Haklay (2013) argues that the new role of scientists is as a ‘mediator
of knowledge and not as the sole authority of scientific truth’. In the same way,
the deficit model of communicating science to the public has been discredited as
overly simplistic (Miller 2001), as more effective ways of increasing public

understanding centre on two-way public engagement (Ahteensuu 2011).

Uriate et al. (2007) underscore the need to create a scientific culture that
welcomes public engagement in science, pointing to narrow definitions of
academic success that limit incentives for, and acknowledgement of, the value of
collaborative research with non-professionals. Instead, research success should

include new metrics where engagement in outreach and educational activities is
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valued alongside data production and co-authorship (Goring et al. 2014). The
multiple social, educational, environmental and scientific outcomes that can
result from citizen science highlight the need for robust science that is integrated

with a people-centred philosophy of meaningful engagement (Haklay 2015).

2.8 Theoretical framework

The context for this thesis centres on New Zealand-based community
environmental groups carrying out environmental restoration projects. A
particular area of focus of this thesis is groups’ environmental monitoring
activities, and contextualising these activities within citizen science. The meta-
themes for this study (as outlined in Chapter 1, the general introduction to this
thesis) comprise importance of public participation, meaningful engagement,
and partnerships. The theoretical framework outlined below draws on the
contextual information provided in the general introduction and rationale for
this study (Chapter 1) and the literature review presented in this chapter. The
following theoretical points, each linked to the thesis research questions guided
the data collection processes (Chapter 3), and the analysis of findings that forms
the basis of Chapters 4-7 of this thesis. References for key publications that

informed the development of each theoretical point are included.

Research Question 1: What are the characteristics of community environmental
groups and their projects in New Zealand?
e Community environmental groups’ restoration activities contribute to
agency-led conservation efforts throughout New Zealand (Hardie-Boys
2010; Buchan 2007);
e Community environmental groups’ largely voluntary efforts are targeted

towards environmental restoration (Phipps 2011; Cursey 2010);
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e Community environmental groups and their projects are heterogeneous,
although they tend to centre on groups of older people focussed on

environmental restoration (Cowie 2010; Hardie-Boys 2010).

Research question 2: How do community environmental groups determine
whether they have met their project objectives?
e Community groups measure change within their projects using both non-
science and science-based methods (Cursey 2010; Byrd 2008);
e Community groups’ environmental monitoring is a form of citizen science

(Conrad & Hilchey 2011).

Research Question 3: How are community-generated environmental data
perceived and used?

e OQutputs and outcomes of groups’ science-based activities are poorly
understood but appear to be primarily used by the groups’ themselves
(Ritchie 2011; Hardie-Boys 2010);

e Data resulting from groups’ science-based activities can contribute to
increasing our understanding of regional and national environmental

states and trends (Hoyer et al. 2014; Coates 2013).

Research Question 4: Given the increasing focus on water quality decline in New

Zealand, what scope is there for citizen science to assist with the provision of
water quality monitoring data?

e Increased engagement in biodiversity conservation and freshwater

management is being called for from community environmental groups

by resource management agencies in New Zealand (Ministry for the

Environment 2013; Department of Conservation 2012).
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Research Question 5: What principles underpin long-term community
environmental monitoring programmes?

e Motivated volunteers, support provided through strong partnerships, the

collection of robust and purposeful data that are integrated into long-

term resource management programmes, are all required for partnering

on ecosystem restoration (Hoyer et al. 2014; Hardie-Boys 2010).

Community environmental groups are becomingly increasingly visible in New
Zealand, as greater attention being placed on their restoration activities by
agencies and researchers (e.g., Phipps 2011; Hardie-Boys 2010). In addition, Web
2.0 tools (including online databases and social media platforms) provide new
methods of raising awareness of groups and their projects (e.g,
http://www.naturespace.org.nz/). Providing an overview of motivations for
environmental volunteerism provides a foundation from which to investigate
group activities. The major knowledge gaps this study addresses, centre on the
characteristics of New Zealand community groups and their projects and
activities related to their restoration projects. How environmental change is
measured within groups’ projects is investigated through the lens of the rapidly
expanding citizen science movement. The methods used to investigate the

research questions for this thesis are presented in the following chapter.
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METHODOLOGY

3.1 Introduction

This chapter describes the methodological approaches used to investigate
community groups and their environmental restoration projects. To begin with,
the positivist paradigm is briefly outlined, as it is commonly used in ecological
research undertaken for conservation and environmental restoration purposes.
The constructivist paradigm is then described, as constructivism is the lens
through which this study was conducted. A discussion on the mixed method
approach to data collection follows. The qualitative and quantitative data
analyses are detailed as they relate to a questionnaire and semi-structured
interviews carried out with members of community environmental groups.
Measures used to ensure trustworthiness are outlined, as are ethical
considerations used to guide the study. This chapter concludes with a brief

discussion on the scope and limitations of the study, and a chapter summary.

3.2 Methodology

The methodology for any research study must cohere with a paradigm or
worldview that explains the fundamental assumptions about reality and
knowledge that underpin the study. A paradigm comprises a distinct set of
practices that guide a researcher through the process of developing and
conducting the study, and interpreting the findings (Lincoln et al. 2005; Fossey et
al. 2002). In the current study, the primary study participants were community
environmental groups, some of whom were known to use standardised science-
based approaches to measure the outputs and outcomes of their restoration

management interventions (e.g., Byrd 2008), or changes in environmental health
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(e.g., Coates 2013). The use of the positivist paradigm predominates within
environmental restoration and biodiversity conservation research, and is
underpinned by the belief that a single truth exists which can be objectively
studied and measured (Lincoln et al. 2005). As such, positivism is based on the
principle of falsification, where the results and findings are regarded as true until
they are disproved (Merriam-Webster 2005). The use of positivist approaches, by
members of community groups, in projects to restore the environment and
improve environmental quality formed the starting point for this study.
Community members undertaking their own scientific investigations or taking
part in studies led by scientists is described as community-based environmental
monitoring (CBEM; Conrad & Hilchey 2011) or, increasingly, as citizen science

(Silvertown et al. 2013; Shirk et al. 2012).

As the focus in this study was on the group members’ and their project partners’
perceptions of their work rather than determining the actual outcomes of their
work, a positivist approach was deemed inappropriate. The use of a socially-
focussed research paradigm was necessary to understand how and why
community environmental groups engaged in science within their restoration
projects. This included the factors that influenced, for example, their choice of
tools and methods for monitoring, and how their project partners viewed the

science carried out by these groups.

A study utilising a constructivist approach enables a researcher to undertake
detailed examinations of human experience as people live and interact within
their own social worlds. The aim of this mode of inquiry is to understand the
diversity of worldviews and the influence of contextual factors (Guba & Lincoln
1994). The philosophical foundations of constructivism differ from positivism, as
the constructivist worldview is one of multiple realities, given the uniqueness of

each individual’s perspectives and experiences (Schwand 1994). A relativist
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ontology underpins constructivism, whereby the beliefs and principles of
individual participants are neither timeless nor universal. Instead, they are
applicable to a specific context (Appleton & King 2002), which is relevant for this
study as the participants (i.e., community groups and their project partners)
were investigated in relation to social factors (e.g., the nature of partnership
arrangements), as well as socially-determined environmental factors (e.g.,
biodiversity loss through pest animal and weed incursions). Epistemologically,
knowledge and reality in constructivism are developed through the personal
experience of the researcher, as well as through interactions with others and
their surroundings (Lincoln et al. 2005). In this respect, the researcher is closely
linked to the research and must therefore carefully consider how to minimise
any bias. The trustworthiness of the study design, process and outcomes are

discussed later in this chapter.

3.3 Methods

In this study, quantitative methods were used to canvas community
environmental groups in New Zealand. More than 600 of these groups are
known to exist (Ross 2009), and such methods allow for breadth of data across
large sample sizes, with statistical analysis providing a broad picture of the
sample or population. Every possible effort was made to include a broad
representation of community environmental groups working across all regions of
New Zealand, major ecosystem types and urban, peri-urban and rural locations.
Qualitative methods were primarily used to explore meaning and interpretation
of responses by study participants, including both community groups and their
project partners, at a more detailed level, to access reasons behind the
guestionnaire data. The collection, analysis and interpretation of both qualitative
and quantitative data within a single study are described as mixed methods
research (Leech & Onwuegbuzie 2009). The use of a mixed method study design

is @ pragmatic approach to research (Johnson et al. 2007), as the use of a single
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method in this study would not have met the objective of gaining both a broad
picture and an in-depth understanding of community groups, their projects,
activities and the views of their project partners. Mixed research methods
enabled the strengths and weaknesses of each method to be offset (Bryman
2006), while also ensuring that data ranging from basic text or numerical
responses to detailed narratives could be collected. The purpose of combining
guantitative and qualitative methods was to seek complementarity, in other
words to illustrate and elaborate upon findings from one method with the

findings of another.

Of the 600 community environmental groups throughout New Zealand identified
by Ross (2009), contact details for 540 were located. The two primary
instruments for data collection comprised an online questionnaire sent to these
540 groups, as well as 34 interviews with project partners. This included nine
interviews with members of four different community environmental groups.
The use of a questionnaire enabled a large, geographically-dispersed population
to be sampled with relative ease, and resulted in a wide-ranging, yet
comprehensive overview of the community conservation and restoration sector.
In contrast to the breadth possible through questionnaires, the interviews
enabled in-depth investigation to take place, albeit with a smaller number of

participants.

3.3.1 Online questionnaire

An online questionnaire was developed as a means for collecting data from
diverse community environmental groups located in each of the 16 regions of
New Zealand. This method enabled a more comprehensive overview of groups
and their activities to be created than has previously been reported (e.g., Ritchie
2011; Campbell-Hunt et al. 2010; Hardie-Boys 2010; Byrd 2008). No previous

studies were identified that had used an online tool in the context of community
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environmental groups in New Zealand. As groups included in the study were
primarily located through online databases, and therefore had email contacts, an
online questionnaire was considered the most practical tool for eliciting
responses. Online tools, such as SurveyMonkey®
(https://www.surveymonkey.net), offer numerous advantages to paper-based
surveys, being both extremely cost-effective, and time-efficient (Dillman et al.
2009). A low-cost subscription to SurveyMonkey® was obtained for the two-
month period of the data collection and this subscription was far below that of
comparable costs for stationery and postage. In addition, digital responses
captured by the software system saved considerable time that would otherwise
have been associated with manually re-entering data from handwritten,
individual questionnaires. Advantages for participants included the ability to
complete the questionnaire from any location with computer access, and
automatic functions (i.e. ‘skip to’), which removed irrelevant questions
depending on previous answers (Lauer et al. 2013). Participants were also spared
the process of manually posting their responses. For the researcher,
sophisticated back-end (e.g., database) capabilities enabled rapid analyses to

take place.

The responses may be presented both as individual files and aggregated as
frequency counts across respondents. In addition, the ability to adapt the user
interface in increasingly diverse ways to suit respondent needs is a feature of
newer online tools such as SurveyMonkey® (Lauer et al. 2013). A tracking
function enabled the researcher to see which recipients had not responded or
had only partially completed the questionnaire, and facilitated the process of
improving response rates either by contacting individuals directly or generating
an automatic reminder (e.g., every two weeks), to complete the questionnaire

within a given timeframe (Dillman et al. 2009).
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The factors that influence response rates to online questionnaires include access
to technology, as well as income and level of education (Couper 2000). Contrary
to expectations that older participants were less likely to engage with online
questionnaires, Huyser de Bernado and Curtis (2012) found that once
employment and income were accounted for, online questionnaires formed a
viable option for studies that included populations over the age of 50, and senior
citizens (65+ y). This finding highlights the potential utility of this approach for
the current study as community groups are known to have a high proportion of
participants aged 50+ y (e.g., Phipps 2011; Hardie-Boys 2010; Taylor 1997). Many
of the technical issues summarised by Cohen et al. (2011), such as researcher
and participant security, the corruption of content between devices, and
guestionnaire loading times, have largely been resolved by tools such as

Surveymonkey®.

Although many survey functions are automated, an understanding of effective
design principles is still required, including considerations of length; general
structure (e.g., number of questions per web page); indicative rate of progress
through the questionnaire; visual presentation; question format (e.g., the ratio of
open to close-ended questions); and user interactivity such as prompts for
missed responses (Lauer et al. 2013; Vicente & Reis 2010; Dillman et al. 2009;

O'Rourke 2001).

3.3.2 Semi-structured interviews

An interview is a ‘purposeful’ dialogue between the researcher and the
participant in order to generate detailed or ‘thick’ descriptions that allow the
interview data to be contextualised (Lincoln et al. 2005; Geertz 1973). In this
study, the interviews were used as a means for gaining a deeper insight into

community-group/project partner relationships, while also creating the
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opportunity for related strands of inquiry to be explored with project partners as

they arose.

The purpose of interviewing is to enter another person’s perspective, and in the
process, obtain their constructions of the present as well as their projections,
reviews or verifications of these constructions (Lincoln et al. 2005; Patton 1990).
Interviews may be structured through the use of set questions, semi-structured
where thematic content guides are used, or unstructured conversations (Patton
1990). Semi-structured interviews were considered the most appropriate for the
current study, enabling subject matter to be explored and expanded upon while
still remaining within the bounds of the research topic. In contrast to
unstructured interviews, semi-structured interviews anticipate and facilitate
analysis by virtue of a thematic guide to assist with shaping interview content

(Patton 1990).

Interviews generally elicit high response rates (Appleton 1995) compared with
questionnaires (Dillman et al. 2009), and all potential interviewees contacted for
this study agreed to be interviewed. As the facilitator, the interviewer can guide
the respondent, for example, to elaborate on responses in order to provide
richer content, or alternately, to move onto a new question when responses
suffice. The interviewer can also answer questions the interviewee may have
about the research, potentially strengthening content reliability by providing the

interviewee with clarification (Appleton 1995).

Field-oriented research often uses non-probabilistic, purposive sampling based
on criteria established by the researcher (Miles & Huberman 1994), as occurred
in the current study. Although some authors have provided indicative numbers
of interviews to carry out (e.g., Creswell 2006; Morse 1994; Bertaux 1981),

others argue that a conceptual endpoint can be reached when key themes,
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topics and issues are repeated by different interviewees, and little new
information emerges (Fossey et al. 2002; Morse 1995). Once this has occurred,
the researcher is provided with greater certainty of having both adequately
investigated the group in question, as well as having selected an appropriate
sample size (Fossey et al. 2002). Guest et al. (2006), for example, found that
almost all variation in thematic content occurred in the first 12 of the 60
interviews they conducted. However, endpoints may also be determined by
operational factors such as the heterogeneity of the group being interviewed;
the complexity of the interviews; researcher experience, and the level of
resourcing available (Guest et al. 2006; Ryan & Bernard 2003). Overall, the
relative degree of consensus and divergence in interview content required by the
researcher rests on the objectives of the data collection and the strategy for
analysis (Guest et al. 2006), highlighting the difficulty in predetermining numbers

of interviews to be carried out.

3.4 Research design

An overlap in the timing of the online survey and interviews with project
partners and selected community environmental groups, enabled multiple
feedback loops to be constructed within and between data collection
instruments, as well as between research instruments (Figure 3.1). Torrance
(2012) highlights that the triangulation of data, i.e. from different sources and
accessed over time, provides a more detailed, and informative account of what is
being researched. In the study, the questionnaire and interviews were carried
out over a 15-month period with project partners and community environmental
groups, and as such, could be examined alongside each other. Areas of
convergence confirmed consistency in the key messages, while areas of
divergence underscored differences in the experiences and world views between
respondents. The inclusion of engagement processes (e.g., ‘blog’ writing and

attending community events), enabled continuity of two-way communication.
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In this study, blog content and discussions with participants at community fora,
for example, helped shape online survey and questionnaire content. As the study
progressed, preliminary findings were shared with interviewees and a wider
group of environmental stakeholders who had expressed interest in the study.
The engagement processes used added richness to the study by enabling
ongoing opportunities for discussion, elaboration, clarification and debate to

occur.

QUESTIONNAIRE

Cor>nmunity environmental
s groups

PILOT: Questionnaire &
Interviews
INTERVIEWS
C Project partners é)
Community environmental groups <

;
-

> METHODS OF ENGAGEMENT <

Blog: monicalogues.com, twitter: monica_a_peters, sharing results at community
events, research updates in community newsletters

Figure 3.1. Primary methods used within the three-year study (including processes for
engagement). Arrows indicate the direction of information flow within and between research
methods and the processes of engagement. Broken arrow lines represent low engagement and
unbroken lines represent strong engagement.

3.4.1 Online questionnaire

The online SurveyMonkey® questionnaire (Appendix 1) was developed following
empirically tested design principles to minimise non-completion rates (see Lauer
et al. 2013; Vicente & Reis 2010; Dillman et al. 2009; O'Rourke 2001). The
questionnaire was therefore limited to 28 questions, and employed standard

fonts and colours throughout. Upper-case letters were used for key instructions,
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and prompts were set for non-responses to questions. A progress bar at the base
of each page indicated the proportion of the questionnaire completed compared

with the proportion remaining.

The questionnaire comprised mostly closed-ended questions (e.g., multiple
choice questions with fixed answers provided, matrices and Likert scales (Likert
1932). This enabled respondents to select the most appropriate answer more
rapidly than writing their own response, and facilitated the categorisation and
quantification of answers. Open-ended (free text) questions such as ‘What are
your group’s main objectives...?” were also included, with others such as ‘Please

’

list other support received..” added to selected closed questions to enable
elaboration on fixed answers. This broadened the scope of responses and
enabled further categories to be developed during data analysis that were not
included in the initial question choices provided. Presenting questions in
different ways (e.g., closed, open, multiple choice) can help to maintain
respondent interest and therefore decrease drop-out rates (Lauer et al. 2013).
Matrices enabled two questions to be asked simultaneously, namely, ‘What is
the nature of support provided?’, and ‘Which project partner provided the
support?’ thus ensuring the efficient use of respondent time. ’Skip to’ functions
enabled respondents to skip sections that were not relevant to their group or
project (Lauer et al. 2013), a further time-saving function. In addition, content

was divided into subsections to help focus the respondent on particular themes,

(O'Rourke 2001), as outlined below (questions 1-29).

Community group information (Q 1-7)

General information was requested including: the group name; status (e.g.,
formally established); aims/objectives; length of time established for; number
and age of members/volunteers. These questions were designed to build a

general profile of the groups in line with the type of information elicited from
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other smaller-scale studies of community groups (e.g., Phipps 2011; Hardie-Boys
2010). A suite of basic characteristics, such as length of time established and
group size, provided data for multi-variate analyses e.g., to develop profiles of

groups in relation to their monitoring activities (Chapter 5).

Partnerships and support (Q 8-9)

The nature of support (e.g., funding, project site visits) and the partner(s)
currently providing the support were requested. Groups were also asked to
identify further support needed from specific partners. Partnerships between
community groups and agencies, scientists, iwi (tribal groups) and others are
common (Harrison 2012; Ritchie 2011; Hardie-Boys 2010). An index outlining
levels of support was developed that was used in multi-variate analyses (Chapter
5). Information on the status quo as well as the future expectations of support by
groups may be required by government agencies and resource managers as
greater community input into conservation and environmental decision-making
is now required (Department of Conservation 2014; Ministry for the Environment

2013).

Restoration project characteristics (Q 10-16)

This section was intended to provide a description of groups’ restoration projects
and related activities by requesting the project’s region and general location
(e.g., urban); land tenure; ecosystem type and project area; and key activities
including monitoring. As well as contributing to baseline data on groups’

projects, the questions also provided data for multi-variate analyses (Chapter 5).

Monitoring; methods and toolkits; data and equipment use (Q17-29)
The final sections focussed more specifically on monitoring. Questions asked
included: challenges for establishing monitoring programmes; other (non-

science) based methods of monitoring environmental change being used; length
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of time monitoring had been carried out; monitoring priorities for groups;
methods and toolkits used; groups’ perceptions of toolkit layout and
effectiveness; monitoring data use by groups; their desire to monitor in the
future, and their use of technology in their monitoring work. The questions were
designed to gain an insight into the role of monitoring in their projects,
particularly as interest in strengthening the relationship between science and
society has increased (Ministry of Business Innovation and Employment et al.
2014; Neilson 2014). Furthermore, the growing importance of citizen science and
the need for robust data upon which to base environmental decision-making
highlight the need for a more complete understanding of how science is

understood and used within the community conservation sector.

Prior to sending the questionnaire to participants, a pilot study was carried out
with six participants selected from existing personal and professional networks.
The aim was to identify any anomalies and leading questions, and to provide
feedback on the structure, design and timing of the questionnaire (Van Teijlingen
& Hundley 2001). Pilot study participants included three community group
members/coordinators (including one professional scientist), two academic staff
members with social science expertise and one environmental contractor
employed by a community group. Feedback generated by this group was minor,
centring mostly on wording. Changes were incorporated into the final
guestionnaire design. It was anticipated that the final questionnaire would take
10-15 minutes to complete. The pilot study showed this to be a reasonably

accurate estimation.

The opportunity to participate in completing the questionnaire was publicised
through networks with national distribution, such as the New Zealand Landcare
Trust’s e-bulletin (Landcare Action; www.landcare.org.nz) and the Nature Space

community restoration practitioner’'s website (www.naturespace.co.nz).
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Regional networks such as the Waikato Biodiversity Forum e-newsletter
(www.waikatobiodiversity.org.nz) and the New Zealand Landcare Trusts’ regional
newsletters were used to complement and reinforce the national channels used.
Social media channels for information dissemination included a research blog
(www.monicalogues.com) that contained supporting information on the
guestionnaire purpose and content, with Linked In™ and Facebook™ also used to
promote wider inclusion in the questionnaire. In August 2013, an invitation to
complete the questionnaire was then emailed to 540 community environmental

groups throughout New Zealand.

As ‘community environmental group’ is a very broad concept, criteria listed in
Table 3.1 were applied that combined definitions of community groups from

Ritchie (2011) and not-for-profit organisations from Tennant et al. (2006).

Table 3.1 General criteria used in this study for defining community environmental groups

Category Description

Governance Formal (e.g., charitable trust, Incorporated society) to
informal

Funding Not-for-profit

Primary environmental Biodiversity restoration, enhancement or protection

activities

Project structure Volunteer base, though paid coordinator(s) and other staff
acceptable

Partnership(s) Strongly or weakly affiliated to existing (environmental)

organisation (e.g., resource management agencies, NGOs,

Maori tribal authority), or fully independent

67



Currently active community environmental group members and coordinators
were recruited via publically accessible databases, namely Nature Space (Nature
Space undated), the Department of Conservation (Department of Conservation
undated-a), Sanctuaries of New Zealand (Sanctuaries of New Zealand undated),
and funding providers such as the Waikato River Clean-up Trust (Waikato
Regional Council undated) and Trustpower (Trustpower 2010; keyword search:
environment). Additional non-public databases were accessed through the
author’s professional networks including organisations such as the Waikato
Biodiversity Forum, WWF-New Zealand (Habitat Protection Fund recipients) and
the NZ Landcare Trust. Groups present on these websites are located in the
North, South and Stewart Islands of New Zealand. The Chatham Islands were
excluded on account of lack of data. Efforts made to generate additional
participants and increase the representativeness of community environmental
groups from throughout New Zealand and across ecosystem types, included
networks generated from attending public events such as biodiversity fora and

community group workshops.

For emailing the questionnaire to community groups, a single email address per
group was used, addressed where known to the lead coordinator. All individual
emails containing a link to the questionnaire were personalised, as
recommended by Dillman et al. (2009), in order to improve response rates.
However, emails were not able to be personalised when sent via a third party
(e.g., to funding recipients held in internal databases), and where only generic
email addresses were available (e.g. ‘info@’). In cases where the primary contact
nominated another, more knowledgeable group participant to complete the

guestionnaire, the questionnaire was re-sent to the new email address supplied.

A feature of SurveyMonkey® is the ability to link individual questionnaires to

individual emails, thus enabling responses from each of the emailed group

68



contacts to be tracked, and reminders to be sent to non-responders. In this
study, three-point contact (Dillman et al. 2009) was undertaken where the initial
email to the primary group-contact was followed by two reminders to non-
responders, each two weeks apart. Over half of the total questionnaire
responses (56.8%; n=296) were received within the first two weeks following the
initial email of the questionnaire. A further 22% and 21% of the total responses

were received following the first and second reminders, respectively.

3.4.2 Semi-structured interviews

A guide comprising key questions was developed (Appendix 3) in order to
provide a general structure for the interviews, though still enabling subject
matter to be explored and expanded upon in a more spontaneous manner
(Patton 1990). Three pilot interviews took place with project partners, to refine
communication techniques and question themes (Baker 1999). These pilot
interviews revealed no problems with responding and were therefore included in
the overall interview dataset. In total, 34 in-depth, semi-structured interviews
took place, ranging from 30 minutes to 2 hours. Interviews were mostly face to
face, although Skype was used on two occasions when meeting with the
interviewee was impractical. Questions were open-ended, and included how
partners worked with groups; barriers and opportunities for using community-
generated data, and means for better supporting community environmental

monitoring.

Interview participants, mostly referred to as project partners in this study,
comprised representatives from resource management agencies (n=14), Non-
Government Organisations (n=5), environmental consultancies (n=1), and science
providers (n=5). Each informant was identified by their strategic position within
their respective organisations and by virtue of their ability to provide perceptive

insights into the area of study (Marshall 1996). All interviewees engaged in
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conservation and environmental restoration and worked in some capacity with
community environmental groups (Table 3.2). A snowball sampling method
(Goodman 1961) was used to identify further interviewees. The total number of
interviews enabled views from key project partners to be canvassed (i.e.,
resource management agencies and science professionals), with diverse regions
and job types represented in the process. No new interviews were carried out

when little new material appeared in responses.

Table 3.2 Criteria used for selecting community groups’ project partners for semi-structured

interviews.

Interviewee category Number Rationale for inclusion

Agency (e.g., 14 Collaborative project development; provides various
Regional Council, forms of support to community groups; possible current
Department of and future user of community data, and project land
Conservation) owner.

Science provider 5 Collaborative project development; provides scientific

support to community groups, and possible current and

future user of community data.

Non-Government 5 Collaborative project development; provides various
Organisation forms of support to community groups, and possible

current and future user of community data.

Environmental 1 Provides various forms of support to community groups,

contractor and possible current and future user of community data.

The total of 34 interviews with these project partners was considered an
appropriate number for developing insight into a subject area, and was in line
with similar studies (Gooch & Warburton 2009; Bell et al. 2008). In addition,
interviews were required to fit the schedule of the study, precluding a larger

sample.

70



Four New Zealand community environmental groups were selected for
interviewing, to provide a greater insight into group activities, challenges faced
within their environmental restoration projects and interactions with supporting
organisations/partners. A total of nine interviews with different group members
resulted so that a range of viewpoints could be obtained. Key questions included
ways in which the group worked with project partners; whether data were
provided to project partners; if yes, how these data were used; barriers for the
use of community-generated data and how community environmental
monitoring could be better supported (Appendix 3). The criteria for the groups’

selection are outlined in Table 3.3. Groups selected fitted each criterion listed.

Interviews were mostly audio-recorded with additional notes made during
and/or after interviewing in a field notebook. Transcripts were developed as
soon as practical after interviewing and comprised a mixture of summaries and
verbatim documentation depending on the style of communication and
relevance to areas of questioning. Transcripts were returned to interviewees
requesting that verification take place within two weeks to place a time limit on
the process. In cases where interviews covered more general information on
community environmental groups and their activities, notes instead of audio-
recordings were taken, although the notes were also sent back to the

interviewees for verification (again, with a two-week window for this to occur).
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Table 3.3 Criteria used for selecting the four community environmental groups for semi-
structured interviews

Criteria Details

Well-established > 10 years of operation.

Formalised Incorporated Society, Trust or similar. Robust processes in place for
structure documenting activities and achievements.

Governance Comprises a range of local/regional representatives.

Engagement Strongly engaged with local community.

Diversity Diverse ecosystems and regions represented between groups.
Successes Demonstrated successes.

Willingness to participate in study; benefits identified to being a study

Reciprocity o

participant.

Groups within existing personal and professional networks or easily
Accessibility contactable. Ability to participate in group events such as meetings and

field activities.

3.5 Qualitative data analyses

The multiple instances of data collection which characterised this study required
a method of analysis which was both iterative and reflexive in order to interpret
and make sense of the data. If, for example, the process of collection is
conceptualised as a spiral, then concepts and theories can evolve only after
meanings have been constructed and then re-constructed (Bishop 1996).
Therefore an inductive, iterative spiral of analysis was undertaken that allowed
data resulting from open-ended questionnaire responses and transcripts from
semi-structured interviews to mutually inform, contest and reinforce each other.
In lieu of testing hypotheses a priori, this Grounded Theory approach is a process
of continual comparison within and between the primary data and the wider
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literature (Glaser & Strauss 2009). Concepts and theories are then generated
from, and effectively grounded within the data, having emerged through an
iterative, cyclical process of coding. The qualitative data analysis software (NVivo
10; http://www.gsrinternational.com/products_nvivo.aspx) facilitated this
analysis by enabling text to be manually tagged and coded into one or more
categories drawn from passage content (Bazely & Jackson 2013). Category
generation was an inductive process whereby recurring keywords and/or themes
were aggregated to enable large bodies of text to be searched and interpreted in

diverse ways.

Percentage counts of qualitative questionnaire responses were developed by
aggregating instances where keywords and themes were repeated. Asking
groups, for example, to describe their restoration objectives resulted in 1091
responses which were then tagged and indexed into three main categories
inductively drawn from the data, namely, environmental, social, and economic.
However, these broad categories also appear in other studies related to
community environmental groups and their restoration activities (e.g., Phipps
2011; Hardie-Boys 2010; Buchan 2007). Additional reviewing of keywords (e.g.,
rat, pest) and themes (e.g., building relationships) in the main categories,
resulted in further partitioning into subcategories (e.g. exotic fauna and
community building, respectively). Once all objectives were tagged and indexed,
a matrix ordering responses from each group across all the categories and
subcategories was generated. Categorised objectives then were reduced from
text to binary numbers to calculate percentages of categories and subcategories
to each community group. These data were included in Chapter 4, which profiles

community environmental groups and their projects.

NVivo 10 was used to determine the frequency of specific words occurring in

open-ended responses. Results were generated as numeric frequency counts,
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but a process of visualisation of these data by means of a word cloud was used.
The purpose of the word cloud was to visually display the most common words
used by community groups to describe their project objectives (Chapter 4). This
method allowed groups’ main areas of concern to be highlighted. Word clouds
link font size to word frequency, i.e., the more frequently a word is used, the
larger it appears relative to other words. To determine the most frequently used
words while avoiding repetition, settings were chosen to find the most
commonly used 100 words; to aggregate words with a similar root (e.g.,
restoration = restore, restoration, restored, restoring); to exclude common

words (e.g., and, the), and only to include words >3 characters long.

3.6 Quantitative data analyses

Several forms of quantitative data analysis were used in this study. The simplest
was frequency counts of questionnaire responses to closed questions, for
example, where groups were asked to indicate the type of ecosystem(s) being
restored from a list provided (questionnaire question 13). Responses were
presented as percentages of total responses received. Closed questions in the
form of matrices (questions 8, 9, 21, 24 and 28) enabled frequency counts to be
made for individual points (e.g., frequency of incidences of support provided by
DOC for project site visits), as well as across categories of partners providing

support or across the type of support being provided.

3.6.1 Determining the level of partner support

In order to determine the perceived level of support received by groups from
their project partners, a general index of low, medium or high partner support
was developed. This was inferred from the reported number of project partners
per group added to the reported number of incidences of support provided by
project partners per group (question 8). Project partners comprised the

Department of Conservation, regional/district council, iwi, science providers,
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business and private contractor(s). Support comprised project site visits,
technical support, data management, on-ground works, cultural advice,
funding/sponsorship, administration, and equipment/venue loans. An open-
ended question was included asking respondents to list other support received
and its source. These data were summarised thematically (Chapter 4). The index
acknowledges that a single partner with a broad mandate for working with
community groups may therefore provide a range of support, e.g., site visits,
assistance with on-ground works, equipment loans and so forth. In contrast,
partners such as businesses are more likely to provide a narrower range of
support and, for example, would be unlikely to provide cultural advice. ‘Low,
medium and high partner support were calculated as zero to two partners and
incidences of support; three to eight partners and incidences of support; and
nine and above partners and incidences of support respectively. One group, for
example, reported technical support as being provided by four different
partners; data management by two partners; cultural advice by one partner; and
funding by three partners. The total incidences (i.e., ten), revealed this group to

have had a high level of partner support.

3.6.2 Effects of individual predictors on groups’ monitoring activities

To gain a greater insight into the characteristics of community environmental
groups, a Pearson’s chi—square test was carried out on seven group and project
variables to determine the effects of individual predictor variables on groups’
monitoring activities. These activities comprised groups currently carrying out
their own monitoring, having monitoring carried out by others (e.g., resource
management agencies), or not currently monitoring (question 16). Predictor
variables comprised groups’ reported interest in future monitoring (question 19);
the number of years the group was established (question 4); group size (question
5) and individual participants’ ages (question 6); perceived level of support from

project partners (see above); project land tenure (question 12), and the size of
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the project area (question 14). The Pearson’s chi-square test was carried out
using the Statistical Package for the Social Sciences (SPSS; version 21.0) (IBM

Corp 2012).

3.6.3 Testing interactions between predictor variables

To further test whether interactions between predictor variables might improve
predictions, the regression tree approach ‘Random Forest’ was chosen as the
modelling technique. This technique is commonly used for multinomial
classification modelling, as it copes well with categorical predictors and
efficiently models interactions between predictors (Breiman 2001). The Random
Forest model comprises ensembles of randomly generated classification and

regression trees.

Randomness is injected both at the data level, and at the model level. Firstly, the
model builds trees from a random sample of the data. Secondly, the attribute by
which each split in the tree is made is randomly selected. The purpose of this
approach is to rapidly build a consensus model across a large number of trees,
thereby decreasing error, and ultimately improving the accuracy of the

prediction.

A model was constructed using all seven variables listed in the previous section,
with the relative influence of each variable recorded within this model as the
mean Gini decrease (a measure of how often a variable is used to divide the
dataset in building regression trees). The independent effect of each variable was
then assessed by calculating the change in classification error rates (i.e., the
percentage of observations that the model assigns to the wrong class) when
each variable was removed from the full model (i.e., the model containing all
variables). Finally, models were built using all possible combinations of predictor

variables (with a minimum of two predictors). The model with the lowest
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classification error rate was recorded. For all models, 500 individual trees were
fitted. This combination of modelling approaches accounts for relatedness
between predictors. It assesses which predictors (i.e. reported interest in future
monitoring; number of years the group was established; group size and
individual participants’ ages; project partner level of support; project land
tenure, and size of the project area) have the strongest influence on groups’
monitoring activities (i.e. own monitoring carried out; no monitoring carried out;
monitoring carried out by others such as resource management agencies). It also
indicates which predictors add the most predictive power independent of the
other predictors and which combination of variables gives the most accurate

predictions of monitoring activity.

Classification error rate was assessed using cross-validation where the data were
divided into subsets of training data (used to build the model) and evaluation
data (used to assess classification error rate). For each cross-validation, one fifth
of the data were removed at random as evaluation data and the rest of the data
were used as the training set. Random Forest modelling was carried out using

the ‘randomForest’ package in R (version 3.1.3) (R Core Team 2012).

3.7 Research engagement

The meta-themes of this study as outlined in the introductory chapter include
public participation, engagement and partnerships. The philosophies that
underpin each meta-theme include inclusivity and reciprocity, and became
guiding principles for the study. Applying these principles entailed thinking more
widely about means for strengthening the relationship between the researcher
and research participants beyond initial data collection, as well as the eventual
publication of findings. To this end, a variety of approaches was used to
disseminate information about the study (e.g., study design) and its findings. The

approaches included presentations at events such as Waikato Biodiversity Forum
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meetings and Landcare Networking days, as well as at conferences and symposia
led by community groups, trusts and societies at locations throughout New
Zealand. Research updates were provided for community newsletters produced
by the NZ Landcare Trust, Waikato Biodiversity Forum and National Wetland
Trust. Social media, in particular blogs, Twitter™, Facebook™ and Linked In™
were also employed as communication channels with questionnaire recipients,

interviewees and other environmental stakeholders invited to join as followers.

3.7.1 The research blog

A blog (www.monicalogues.com) was developed within the first six months of
the study. The three core functions of the blog were to: (1) create a forum for
study participant and general public feedback on the study, (2) provide a channel
for outlining the general structure of the study, progress and key findings, and (3)
bridge disciplinary boundaries by minimising the use of discipline-specific
terminology. The eight web pages included in the blog website are summarised

in Table 3.4.

On occasion, informal ideas brought together in the process of the data analysis
evolved into blog posts and as such, were used to test ideas and further explore
the ‘fit’ between researcher positioning and the constructivist frame of reference
(Maxwell 2012). A comments section was included after each post which
resulted in occasional feedback from participants and interested parties.
Although these data were not directly used in the study, the content was

generally used to inform thinking.
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Table 3.4 Research blog (www.monicalogues.com) web pages, contents and functions.

Research blog
pages

Page contents

Page function

Blog and front
page of the

website

‘About’

‘Media’

‘The research’

‘Methodology’

‘Outcomes’

‘Community

questionnaire’

‘Contact’

A series of 57 posts each c. 400
words long, generally appearing at
fortnightly intervals. A comments

field was included after every post.

An outline of blog functions, and
disclaimer for use of comments
posted by site visitors in the study

(see Ethical considerations).

You Tube clips of presentations;
awards; articles in the popular
press, and presentations delivered
e.g., at conferences, symposia and

community events.

A summary of the original research

proposal.

A summary of the methodology.

A rationale for the study and a list

of anticipated outcomes.

An overview of the questionnaire

process and contents.

A field for viewers to make contact.

To share preliminary findings; test
ideas with blog post readers;
highlight progress and enable

feedback on blog content.

To make explicit the link between the

blog and study.

To summarise and provide web links
to the diverse means used to

communicate the study findings.

To provide an outline of the context

for the study.

To provide an overview of the key

methods employed in the study.

To provide a means for measuring the

progress of the study.

To elaborate on the rationale and

structure of the questionnaire.

To enable feedback on content or a
channel for general enquiries to be

made.

Study updates were published at 3-4 month intervals as ‘Research Snapshots’,

and mostly comprised a summary of findings, research progress and next steps

to be taken. A link to the snapshot post was emailed to c. 370 individuals from a

(private) database comprising questionnaire respondents, interviewees and

environmental stakeholders drawn from the researcher’s professional networks.

To avoid any issues arising from unsolicited emails, email recipients could opt out
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of receiving further snapshots and be removed from the database. To avoid

cross-posting, existing blog followers were not emailed the link.

3.8 Data trustworthiness

The trustworthiness of qualitative and quantitative research is dependent on the
systematic and rigorous approach taken to the three main phases of the
research, namely, design and implementation; data collection and analysis, and
the interpretation and reporting of findings (Fossey et al. 2002). As the study was
informed by constructivism, criteria for trustworthiness were primarily drawn
from the social science literature. Here, the notion of trustworthiness is
multidimensional, and includes concepts of validity, confirmability,
dependability, reliability or consistency, authenticity and credibility. These
concepts form the principles that guide the research process as well as the
criteria that determine whether the research results have addressed the
research questions (Cohen et al. 2011; Lincoln & Guba 1985). The following
points outline the strategies used in the study to enhance its trustworthiness,
with reference to the key phases of the research. A section on ethical
considerations also follows, with aspects such as the informed consent of
participants forming another strategy to ensure the trustworthiness of the study

design, process and outputs.

3.8.1 Study design and implementation

In the first phase of the study, a wide range of sources was accessed in order to
develop a database of 540 community groups. This ensured coverage of the
different regions throughout New Zealand as well as a diversity of ecosystem
types being restored by groups. This process was designed to increase the
representativeness of the sample, thereby strengthening the credibility of the
study. A questionnaire was then developed, and piloted with six people

deliberately selected to present a range of perspectives (three community group
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members/coordinators, two academic staff members with social science
expertise and one environmental contractor; see section 3.4.1 on Online
questionnaire). Feedback from each individual was incorporated into the final
design of the questionnaire. Piloting ensured that questionnaire content was
validated and any ambiguity in the questions was removed, thus strengthening

the potential reliability of responses.

As the reliability of the data also strongly depends on the skills and expertise of
the researcher (Appleton 1995), pilot interviews were carried out, transcribed
and the content reviewed by the researcher. This was carried out in order to gain
familiarity with the type of interviews required as well as the type of
interviewees that would be encountered in the study. An interview guide
(Appendix 3) was used to increase the overall consistency of interviewees’
responses, along with verbal clarification of questions and responses with

interviewees as required.

3.8.2 Data collection and analysis

The resulting sample of 296 groups (i.e., 55% response rate), suggests that the
guestionnaire responses provided a fair representation of community groups. A
randomly selected set of ten responses was checked against group information

on publicly accessible databases to test response authenticity.

The credibility of the research was enhanced through participant checking and
peer review. Participant checking of all transcripts took place as all interviews
were audio-recorded. The transcripts of these interviews were produced and
returned to interviewees for verification, with interviewees’ comments and
amendments included in the revised version. In this case the content was
checked and no interpretation was provided by the interviewee. For quantitative

guestionnaire data, academic staff from the University of Waikato and a
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statistician from Landcare Research provided assistance with the statistical
analyses in the study. Results were re-examined by the same experts for
accuracy and appropriateness of interpretation. Anonymous review (as required
for publication of Chapters 4-6 in peer-reviewed journals) supported the
appropriateness of the methods and interpretation in addressing the research
questions presented. A similar review process occurred for Chapter 7, and was
undertaken by an academic staff member at the University of Waikato (not
supervising the thesis). The inclusion of detailed descriptions of the methods
used for data collection and analysis can aid credibility and transferability of the
findings. By being able to view all steps taken, other researchers can then

determine how applicable data may be to other contexts.

To address both dependability and confirmability, a comprehensive audit trail
(Lincoln & Guba 1985) of the research was developed. This comprised a spread
sheet that documented the research process, including the activities undertaken,
when, where and with whom. For example, a schedule detailing the semi-
structured interviews included who was interviewed; confirmation of informed
consent being signed; their position within their organisation; the interview date
and location; interview length; whether it was audio recorded or whether notes
were taken; when the data transcripts were sent, and if data transcripts were
validated by interviewees within the two-week window required. A ‘notes/follow
up’ section was also included, providing information on the sound quality of the
interview, further contacts, and useful resources discussed in the interviews. The
qualitative and quantitative analyses were all clearly described and related
documentation such as the raw data and preliminary analyses were
systematically filed. Additional information related to the study appeared on the

blog site, providing further information as the study progressed.
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3.8.3 Interpretation and reporting of findings

Guba & Lincoln (1981) state that credibility can be determined by returning data
and interpretations to the source from which they were derived and receiving
feedback on the plausibility of the findings. In the current study participants
were invited (though not actively recruited or otherwise required), to voluntarily
provide feedback on study findings through the research blog, and after

presentations delivered by myself at community events and symposia.

The transferability of data forms another criterion for evaluating the rigour of
projects and refers to the degree to which study findings can be generalised to
contexts outside those studied (Cohen et al. 2011). The current study comprised
detailed, thick description of all three phases of the research (design and
implementation; data collection and analysis, and the interpretation and
reporting of findings). This provides the necessary information base from which

other researchers can determine the level of transferability of the study.

Lastly, study findings were presented in a manner appropriate to the diverse
research stakeholders, e.g., academic writing was used for peer-reviewed
journals, blog posts employed everyday language to make content clear to non-

scientific readers.

3.9 Ethical considerations

Ethical considerations are vital from the design of the study until its conclusion
(Fossey et al. 2002). The suite of approaches outlined in this section is
interconnected with the abovementioned strategies employed to secure the
trustworthiness of the study. The study group comprised adult members of the
general public, which necessitated the development of procedures designed to

minimise harm and ensure participant confidentiality (Appendices 4-6). An
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application for ethics approval was put forward to the University of Waikato
Faculty of Science and Engineering Human Research Ethics Sub-committee, and
formal approval for the study to progress was received on March 1, 2013

(Appendix 4).

For the questionnaire, an email was sent to all community environmental groups
(Appendix 2) included on the database developed for the study. This email
introduction contained a summary of information about the study including
expected data use (e.g., for journal article, popular press, symposium
presentation and blog posts); the expected time needed to complete the
guestionnaire; a link to the questionnaire; the contact details of the researcher

and one of the supervisors; and a link to opt out of the study.

All interviewees received an information sheet (Appendix 4), and were required
to sign an informed consent form (Appendix 6). The information sheet included a
basic outline of the study; expected data use (e.g., for journal article, popular
press, symposium presentation and blog posts), and considerations of participant
confidentiality. Interviewees were given the right to withdraw all of their data up
to two weeks after the interviews took place. The contact details of the
researcher and lead supervisor were included, in the event of further
information being requested or concerns being raised. A summary of this
information was included on the informed consent sheet each interviewee was

required to sign prior to the interview (Appendix 6).

The blog was an integral part of the study, and opportunities to comment on
content were provided after each post, and on each of the web pages. The
potential to use these comments in the thesis or other publications of the study
meant alerting site visitors to this possibility. The following was therefore

included (http://monicalogues.com/about/):
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‘Disclaimer: As well as being for the research, this blog is part of the research
too. Who knows what insights folk out there might post as feedback to my
evolving research? | have no idea, but those insights might shed light on
interesting themes to explore, things to read, sites to look at, people to talk to.
For this reason | might end up using this community feedback in my research. If |
do use any feedback in the form of quotes or ideas, it’ll be attributed without

personal identifiers as e.g. ‘blog feedback [date]’.

3.10 Scope and limitations

Online searches and existing online databases were integral to recruiting
potential questionnaire participants. Groups not included were most likely to be
small, informal entities, operating mostly independently of agencies such as the
Department of Conservation and Regional Councils; those not affiliated to virtual
restoration or biodiversity networks (e.g., www.naturespace.org.nz); non-
computer users, or those whose restoration objectives were small components

within larger social or economically focussed projects.

Maori-led groups were also likely to be under-represented, as constructing a
more complete picture of key study themes through an indigenous lens would
have required a significantly different approach both to the study design and
data collection. A study that successfully navigates a trans-cultural domain (the
researcher in this case not being of Maori descent or having any Maori affiliation
through marriage) must employ ‘cultural safety’ processes to guide the scientific
process, and clarify the ownership and dissemination of knowledge (Moller et al.
2009). Furthermore, trust and respect must be gained from the research
participants. With this in mind, it is obvious that an online survey from an
unknown, unaffiliated researcher would not have been an appropriate
instrument, and updating research participants via blog posts and not face to

face, would likely have been considered inadequate.
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3.11 Chapter summary

This chapter details the methodological considerations for this thesis. A
constructivist paradigm was used to underpin the research and allow exploration
of the meanings of participants’ experiences in environmental restoration. A
mixed method research design was used, with a questionnaire and semi-
structured interviews both featuring as data collection instruments. A range of
qualitative and quantitative analyses were carried out to construct a
comprehensive picture of community groups, their projects, activities and the
views of their project partners. A section on research engagement was included,
highlighting the ways in which information about the study and study findings
were shared. The inclusion of engagement processes (e.g., blog writing and
attending community events) enabled two-way communication to occur
throughout the study. Approaches to enhance trustworthiness of the data
included developing a broad representation of community environmental groups
from throughout New Zealand; piloting the online questionnaire and conducting
pilot interviews; requesting that participants verify interview transcripts; seeking
expert review of chapters, and providing rigorous documentation of the research
process. The ethical considerations of the study necessitated obtaining approval
through the appropriate channels at the University of Waikato, and then
providing information sheets and consent forms to study participants. A
disclaimer describing the possible use of data from comments to blog posts was
also developed. Lastly, the possible lack of Maori-led community environmental
groups included in the study was discussed in the final section on the scope and

limitations of the study.

The following chapters (4-7) address the research questions outlined in the
general introduction to this thesis. As Chapters 4, 5 and 6 were written as

research articles for peer reviewed journals, descriptions of methods are less
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detailed than the information presented in the current chapter. No methods are

outlined in Chapter 7, as this chapter took the form of a book chapter.
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A REVIEW OF COMMUNITY
ENVIRONMENTAL GROUPS’ RESTORATION
OBIJECTIVES, ACTIVITIES AND
PARTNERSHIPS?

4.1 Abstract

More than 600 community environmental groups across New Zealand are
engaged in restoring degraded sites, and improving and protecting habitat for
native species. In the face of ongoing biodiversity declines, resource
management agencies are increasing their reliance on these groups to enhance
conservation outcomes nationally. However, little is known about community
groups and their activities beyond local or regional studies. The aim of this study
was to develop a profile of community groups and their projects through
examining group and project characteristics, objectives, activities and the
support provided by project partners. A total of 296 community groups from all
mainland regions of New Zealand responded to an online questionnaire. Nearly
80% of these groups were established for > 6 years and 72% operated with < 20
participants (e.g., staff, members, and unpaid volunteers). For over half (54%) of
groups, participants were mostly aged 51 - 65 yr. Small group sizes, combined
with ageing participants, may threaten groups’ longevity. More than 20% of

groups’ projects covered areas > 501 ha. Ecosystems represented within groups’

2 A version of this chapter has been published as: Peters MA, Hamilton D, Eames C 2015. Action on the
ground: A review of community environmental groups’ restoration objectives, activities and partnerships in

New Zealand. New Zealand Journal of Ecology 29(2): 179-189.
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project areas included forests (64%), streams (42%) and freshwater wetlands
(33%). Over one-third (37%) of freshwater wetland restoration projects occurred
on private or Maori-owned land. Nearly 70% of groups carried out weed/pest
animal control, native tree planting and advocacy/educational activities,
highlighting the combination of social and ecological dimensions shaping most
groups’ projects. Over 90% of groups were supported by project partners (e.g.,
resource management agencies for site visits, funding and technical support),
underscoring the interdependence between groups and their partners.
Developing a more complete profile of New Zealand community groups and their
projects will assist with improving the delivery of support to groups by project
partners and developing an inclusive and cohesive sector based on meaningful
partnerships. These two factors combined will ultimately enhance groups’
environmental outcomes at the local level, while contributing to national

biodiversity conservation goals.

4.2 Introduction

There are more than 600 community environmental groups in New Zealand
(Ross 2009) with an estimated combined total of between 25 000 and 45 000
participants (Handford 2011). These groups form the backbone of the largely
volunteer effort to restore biodiversity, and to protect and enhance habitat for
native species. Under the New Zealand Biodiversity Strategy (Department of
Conservation & Ministry for the Environment 2000), resource management
agencies were tasked with supporting coordinated community actions to
conserve biodiversity. With the overarching priority of maintaining and restoring
the diversity of the country’s natural heritage, the Department of Conservation
(DOC) and regional councils now aim to enhance engagement in collaborative
conservation by strengthening relationships with community members, including
with iwi [tribal groups] (Department of Conservation 2014; Bay of Plenty

Regional Council 2011; Auckland Regional Council 2007).
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Environmental restoration can be defined as a range of activities designed to
accelerate the recovery of damaged or degraded ecosystems (Reid et al. 2011).
For the purposes of this study, the term environmental restoration is used in its
broadest sense, as many community groups frame their restoration activities as
conservation by also including biodiversity protection and enhancement (Nature
Space undated). Community groups carrying out restoration projects in New
Zealand typically comprise volunteers, some or all of whom may be subscribed
members, though full- or part-time staff may also be employed (Hardie-Boys
2010). Group participants are often over 65 years in age (Callister 2013; Cowie
2010), but changes to the age-group structure of the New Zealand population
(Bascand 2012) lend considerable uncertainty to the future make-up of
community groups. Numbers of participants per group can vary widely, from less
than 20 (Cursey 2010) to well over 100 (Hardie-Boys 2010), depending on how

participants are defined.

Descriptors such as ‘stewards of’, ‘friends of’ or ‘care’ (e.g., beachcare, bushcare
and streamcare), combined with a place name, often serve to identify groups.
These names simultaneously connect groups’ activities to a specific location
while underscoring their ethic of environmental protection. Other groups may
use ‘trust’ or ‘society’ as part of their name, reflecting their legal structure. A
defining feature of community groups is that, in most cases, group participants
lead the projects and contribute to project management decisions (Murphree

1994).

Participation and collaboration, both within the group and between project
partners, are central tenets of effective group operation (Murphree 1994). Inter-
group collaboration may also occur for example, where there are
complementary restoration objectives, in order to increase efficiencies in

resourcing and achieve greater restoration outcomes (New Zealand Landcare
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Trust 2013; Whangarei Heads Landcare Forum 2010). Partnerships with external
bodies such as resource management agencies are common (Hardie-Boys 2010;
Curtis & Van Nouhuys 1999) and these agencies generally provide groups with

goods and services such as training and technical advice (Handford 2011).

Community environmental restoration projects are shaped by the intersection of
the physical environment, social and economic factors (Clewel & Aronson 2013).
In New Zealand, groups’ projects are situated in a landscape dramatically
modified by human-induced fire, logging and land drainage (Ewers et al. 2006;
McGlone 1989). Forest cover nationally since AD 1314 +12 has been reduced to
one-quarter of its original extent (Ewers et al. 2006; Hogg et al. 2003), and
wetland extent was reduced by 90% in only 150 years (McGlone 2009). Water
quality is poor in nearly one-third of monitored lakes (Verburg et al. 2010) and is
declining across all major rivers (Ballantine & Davies-Colley 2010). Non-point-
source pollution from agriculture is degrading lowland freshwater resources

(Parliamentary Commissioner for the Environment 2013).

While the value attributed to the flora, fauna and landscape features by New
Zealanders is evidenced by descriptors such as ‘iconic’ and ‘taonga’ (Maori
language for treasured), habitat loss, fragmentation and predation by introduced
fauna remain major drivers for ongoing declines in indigenous biodiversity
(Walker et al. 2006). It is against this background that early groups such as the
Guardians of Lake Manapouri (established 1973) (Mark et al. 2001) helped
crystallise what Young (2004) described as a ‘conservation conscience’ among
the general public. This environmental awakening by wider society underpins
restoration in New Zealand by highlighting the importance of human
relationships with nature. At the same time, economic factors cannot be

decoupled from community environmental restoration. Groups’ largely voluntary
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efforts represent significant cost savings for work that would otherwise need to

be carried out by paid professionals (Hardie-Boys 2010).

The global trend in the growth of collective action for natural resource
management resulted in up to 478 000 community-led groups reportedly
emerging in the decade before 2001 (Pretty & Ward 2001). In Australia, for
example, the number of community Landcare groups addressing land and water
degradation issues has more than tripled, from 2000 in 1996 (Farley 1996), to
over 6000 in recent years (Department of Agriculture 2009). In the United States,
more than 6000 watershed groups currently carry out projects to reduce non-
point-source pollution (United States Environmental Protection Agency 2012). In
New Zealand, the number of community environmental groups has grown in
tandem with increased public awareness of the limitations of Resource
Management Act (New Zealand Government 2014a) provisions for protecting the
environment, underfunding of resource management agencies, and policies that
have not adequately protected the social, economic, and ecological values of the
New Zealand landscape (Ross 2009). A net population gain to rural areas
(Statistics New Zealand 2013), combined with an annual average development of
5800 new lifestyle blocks (peri-urban or rural smallholdings) since 1998 (Andrew
& Dymond 2013), may also have encouraged the formation of new groups

connected to local ecosystems.

Examples of community environmental groups’ contributions to the New Zealand
environment and society are diverse. Groups have reforested an offshore island
with native species (Galbraith 2013) , for example, and increased populations
and ranges of weéta species (Orthoptera: Anostostomatidae and
Rhaphidophoridae) (Watts et al. 2011). In the course of protecting brown kiwi
(Apteryx mantelli) and enhancing their habitat in Northland, groups have

developed integrated models for conservation across private and public land
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(Blue & Blunden 2010). Community-led pest control has proved effective, and
has led to innovative approaches for trapping black rats (Rattus rattus) by using
ping-pong balls in conjunction with a scent lure instead of hens’ eggs (King &
Scurr 2013). Weeds targeted by community groups, such as Japanese walnut
(Juglans ailantifolia) (Cursey 2010), also appear on councils’ regional pest animal
management plans (Waikato Regional Council 2014). Groups have also carried
out environmental education programmes to raise awareness of their project
activities and outcomes, as well as to highlight issues such as pest animal impacts
on native biota (Moehau Environment Group 2013). Knowledge sharing is
therefore an important component of groups’ contributions to society, along
with strengthening peoples’ connection to place, and ultimately, promoting a

stronger sense of community (Phipps 2011).

Currently no national-level review of community environmental groups in New
Zealand or their restoration activities exists. Reports to date provide overviews
of individual community group projects (Robertson 2012), projects occurring
across a region (Harrison 2012; Ritchie 2011; Cursey 2010; Shaw 2003), and
descriptions of community groups’ activities affiliated to specific resource
management agencies, NGOs or trusts (Dune Restoration Trust of New Zealand
2012; Hardie-Boys 2010; Buchan 2007). A national-level review of groups and
their projects will enable project partners to design systems that better support
groups, strengthen their own relationships with groups, as well as enhance
networking and collaboration opportunities among groups. The ultimate
outcome would be enhanced efficacy and efficiency of groups’ collective

restoration efforts.

The aim of this study was therefore to develop a detailed profile of community
environmental groups and their projects in New Zealand through examining

group and project characteristics, restoration objectives, group activities, and the
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support provided by project partners. To this end, answers were sought to four
main questions: 1) What are the characteristics of community environmental
groups and their projects? 2) What are groups’ objectives and what activities are
carried out? 3) What type of support is provided by which project partners? And

4) What further support is required by groups to meet their project objectives?

4.3 Methods

4.3.1 Online questionnaire

In order to reduce costs and the time associated with mailing and transcribing
handwritten data, an online questionnaire (SurveyMonkey®) was used as the
primary instrument for data collection in lieu of a paper-based mail-out
questionnaire. An invitation to complete the online questionnaire (Appendix 1)
was emailed to 540 community environmental groups throughout New Zealand

in August 2013.

The questionnaire comprised mostly closed questions for which a set of fixed
answers was provided, but also some open-ended questions requiring
descriptive responses, such as ‘What are your group’s main objectives...?” Open-
ended questions such as ‘Please list other support received...’” were added to

selected closed questions to enable elaboration on fixed answers.

A list of email addresses was aggregated from websites housing publicly
accessible databases of community environmental groups engaged in
biodiversity conservation and/or environmental restoration. Websites accessed
comprised the Department of Conservation (Department of Conservation
undated-a), The Royal Forest and Bird Protection Society of NZ (Forest & Bird
2011), Sanctuaries of New Zealand (undated), Nature Space (undated), and

funding trusts (Trustpower and the Waikato River Clean-up Trust). Access was
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also granted to internal community group databases at the NZ Landcare Trust,
WWF-New Zealand (Habitat Protection Fund recipients) and the Waikato
Biodiversity Forum. The Chatham Islands were excluded, owing to a lack of
information on community environmental groups present. Groups not included
in the aforementioned databases were most likely to be small, informal entities,
operating mostly independently (e.g., of resource management agencies); non-
computer users, or featured restoration objectives as very minor concerns within

larger social or economic projects.

A single email address per group was used, and where possible addressed to the
lead coordinator. All individual emails containing a link to the questionnaire were
personalised unless sent via a third party (e.g., to funding recipients held in
internal databases), or where only generic email addresses were available (e.g.,
info@). In cases where the primary contact nominated another, more
knowledgeable group participant to complete the questionnaire, the
guestionnaire was resent to the new email address supplied. A feature of
SurveyMonkey® is the ability to link individual questionnaires to individual
emails, thus enabling responses from each group contact emailed to be tracked,
and reminders to be sent to non-responders. In this study, three-point contact
(Dillman et al. 2009) was undertaken where the initial email to the primary group

contact was followed by two reminders to non-responders, two weeks apart.

Notice of the online questionnaire was widely publicised (through the NZ
Landcare Trust’s regional newsletters and Landcare Action e-bulletin, and the
Nature Space website and Waikato Biodiversity Forum e-newsletters), before
emailing the online questionnaire to groups’ primary contacts. In addition, a
research blog (www.monicalogues.com) was developed to share findings with
questionnaire respondents and other interested parties, as well as to provide

transparency to the research process. To maintain questionnaire respondent
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confidentiality, names identifying groups and locations were deleted from

quotes included in the following pages.

The terminology used is as follows: ‘active’ participants were defined as taking
part in at least 30% of all community environmental group activities (i.e., pest
animal trapping, committee meetings or planting), a figure judged realistic from
authors’ (MP and CE) experience with community groups. ‘Project partners’ were
defined as those who support groups to achieve their aims by providing goods
and services; either paid for or in kind. A distinction was made between DOC-
administered land and other Crown land (i.e. administered or owned by agencies
other than DOC), the rationale being that groups identify the management

agencies as in, ‘working on DOC land’ or ‘working on council land’.

4.3.2 Analyses

Results from closed questions were summarised numerically and are presented
as percentages of total responses received. Data from responses to open-ended
guestions are referred to as ‘Group [number]’ in order to maintain participant
confidentiality. Open-ended responses were analysed using qualitative data
analysis software (NVivo 10; www.gsrinternational.com/products_nvivo.aspx).
The software enables passages of text to be manually tagged and indexed into
one or more categories drawn from passage content (Bazely & Jackson 2013).
Category generation is an inductive process whereby recurring key words and/or
themes are grouped together to facilitate the interpretation of large bodies of
text. For example, when all 1091 responses for group objectives were aggregated
from questionnaire respondents (n=296; groups could list up to five objectives
each), content was tagged and indexed into the three main categories that
emerged as a result of the analyses, namely environmental, social and economic.
Additional reviewing of keywords (e.g., rat, predator, pest) and themes (e.g.,

building relationships) in the main categories resulted in further partitioning into
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subcategories (e.g., exotic fauna and community building, respectively). Once all
objectives were tagged and indexed, a matrix ordering responses from each
group (n=296) across all the categories and subcategories was generated.
Categorised objectives then were reduced from text to binary numbers to enable
percentages of categories and subcategories per community group to be

calculated.

NVivo 10 was also used to determine the frequency of specific words occurring in
open-ended responses. Results were generated as numeric frequency counts,
but in preference visualisation by means of a word cloud was used. Word clouds
link font size to word frequency; i.e. the more frequently a word is used the
larger it appears relative to other words. To determine the most frequently used
words while avoiding repetition, settings were chosen to find the top 100 words;
to aggregate words with a similar root (e.g., restoration = restore, restoration,
restored, restoring); to exclude common words (e.g., and, the), and only include

words >3 characters long.

4.4 Results

4.4.1 Questionnaire response rates

Just over half (55%, n=296) of the community environmental groups that were
emailed the questionnaire link (n=540) responded over the seven-week period of
online data collection. Over half of the total questionnaire responses (57%;
n=296) were received within the first two weeks following the initial emailing of
the questionnaire. A further 22% and 21% of responses were received following
the first and second reminders respectively. The sample sizes reported varied
from question to question as not all questions applied to all groups, and others

chose not to answer some questions.
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Numbers of community environmental groups included in the questionnaire
email address database (n=540) were compared with questionnaire respondents
(n=296). Responses were spread across all mainland regions of New Zealand
(with Stewart Island included in Southland) (Fig. 4.1). Seven groups with projects
spread over more than one region were also included in Figure 4.1. The greatest
number of responses were from the Waikato and Auckland regions, reflecting
factors such as the existence of local group databases, the level of support
provided by project partners as well as the general population base.
Northland
Auckland
Waikato
Bay of Plenty

Gisborne - Hawke's Bay

Manawatu - Wanganui

Geographical regions of New Zealand

Taranaki
Wellington
Tasman B Community environmental
groups on questionnaire mail
West Coast out list
Canterbur . .
y Questionnaire respondents
Otago
Southland

0 20 40 60 80 100 120

Number of community environmental groups

Figure 4.1. Total number of community groups involved in environmental restoration from the
questionnaire database per region compared with numbers of questionnaire respondents per

region.

4.4.2 Characteristics of community environmental groups

Two-thirds of the community environmental groups (67%) that responded
reported their status as formal entities, i.e. as trusts or incorporated societies.
Nearly 80% of groups reported being established for > 6 years including time

prior to formalisation (Table 4.1). However, groups were generally small, with
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nearly three-quarters (72%) operating with 20 or fewer active participants. When
asked what age most group participants were, over half (54%) were reportedly in
the 51-65 year age bracket, with those in the 31-50 year age bracket (26%)
being nearly double that of the post-retirement age bracket, i.e. 66 years or over
(13%). Open-ended responses highlighted the relationship between age and
activities, e.g., ‘Regular volunteers are between 40-65 years; casual volunteers

are family groups and corporate groups’ (Group 95).

Table 4.1 Number of years community groups were established both as formal and informal
entities (n=296), number of members/volunteers participating in at least 30% of community

group activities (n=296), and age of most community group members/volunteers (n=296).

Metric Category % of groups
Years established <ly 1
1-2y 5
3-5y 14
6-10y 28
11+y 52
Participation 1-5 16
6-12 32
13-20 24
21-50 16
51-100 5
101+ 6
Age <18y 3
19-30y 5
31-50y 26
51-65y 54
66+y 13
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4.4.3 Project characteristics

Forests (64%), streams (42%) and wetlands (33%) formed the three most
commonly restored ecosystems reported by community groups, noting that
groups’ restoration sites could cover more than one ecosystem type (Table 4.2).
Other ecosystems (1%) restored included a limestone bluff, shingle pit, subalpine
karst cave and lowland dryland (descriptions provided by questionnaire
respondents). Overall, two-thirds (68%) of groups’ projects took place on Crown
land (DOC and other), and just over one-quarter on privately owned land (28%).
Over one-third of groups restoring lakes (41%), freshwater wetlands (37%),
coastal areas (37%), streams (37%) and forests (35%) had projects that took

place on land in private ownership, including Maori-owned land (Table 4.2).
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Table 4.2 Land tenure of project sites (n=290), and types of ecosystem restored: by community
groups on public land (n=286) and on privately owned and Maori-owned land (n=280). Groups

were able to specify more than one ecosystem type. *Crown land excluding DOC-administered

land.

Metric Category % of groups

Land Tenure Other Crown land* 44
Private 28
DOC 24
Maori 4

Ecosystem type Forest 64
Stream 42
Freshwater wetland 33
Coast 24
River 21
Estuary 17
Lake 11
High country 4
Other 1

Private & Maori-owned land ecosystem type  Lake 41
Freshwater wetland 37
Coast 37
Stream 37
Forest 35
River 27
Estuary 23
High country 9
Other 4
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Groups’ projects were spread across small (0.8 — 4 ha) to large (101 — 500 ha)
sites, and just over one-fifth (21%) of groups reported projects covering > 501 ha
(Table 4.3). Additional open-ended responses included six projects reportedly
covering between 3000 and 6000 ha, with a further two projects reportedly
covering > 18 000 ha. Over half (54%) of groups’ projects were in a rural location
and nearly one-fifth (18%) of groups reported their projects taking place on

urban sites.

Table 4.3 Project location (n=288) and project size in hectares (n=286). Peri-urban projects

occurred within a 10 km radius of a town or city centre.

Metric Category og/:::ps

Project location Rural 54
Peri-urban 28
Urban 18

Project size (ha) <0.8 4
0.8-4 17
41-8 13
8.1-40.5 18
41-100 13
101 - 500 15
>501 21
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4.4.4 Project objectives

Groups were asked to list up to five main immediate and long-term project
aims/objectives. A total of 1091 responses were received from all groups
(n=296). Each objective was grouped thematically following qualitative analysis
into one of three categories: environmental, social and economic, each with
further subcategories (e.g., native flora, advocacy and funding) (Table 4.4).
Indicative responses to each category and subcategory are included in Table 4.4

and range from broad visions to specific activities.

As expected, almost all groups (96%) reported environmental objectives. Despite
the social and/or cultural focus of remaining groups’ objectives e.g., ‘[The]
retention of traditional practice’ (Group 140), their activities all included an
environmental component such as weed control or riparian planting. More than
two-thirds of groups (73%) reported social objectives, though considerably fewer
groups (10%) reported economic objectives. Within the main environmental

category, all groups reported specific objectives focussed on flora and/or fauna.

Exotic-flora-focused objectives were reported by 14% of groups, and native flora
by 19% of groups. Exotic-fauna-focused objectives were reported by 19% of
groups, and native fauna by 18% of groups. Nearly one-half of groups (45%)
reported education and awareness-focused objectives, with community building,
and amenity and recreation-focused objectives reported by 28% and 24% of

groups, respectively.

When main categories were combined, over two-thirds of groups (69%) reported
a combination of social and environmental objectives, e.g., ‘To have ... Creek
established as a green belt that includes multiple environs and uses, e.g. native

forest, wetland, open space and walkway’ (Group 41). Substantially fewer groups
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(10%) reported a combination of environmental and economic objectives. A
combination of all types of objectives i.e., social, environmental and economic,

was reported by 8% of groups.

Objectives describing site-led biodiversity restoration projects (determined by
the inclusion of place names or ecosystem type) were more common (53%) than
species-led projects (7%). For the latter category, key fauna targeted for
management included kiwi (Apteryx spp.) (2%), other native fauna including
kokako (Callaeas wilsoni) (1%), and native fish (1%). Weeds targeted for
management included wilding pines (Pinus spp.) and old man’s beard (Clematis
vitalba) (1%). Native species such as Kauri (Agathis australis) and mistletoe
(Tupeia antarctica) feature as other species-led projects (1%). The remaining 40%
of objectives were very general, e.g., ‘Protection of native fauna and flora’

(Group 22).
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Table 4.4 Percentage of groups (n=296) with objectives (n=1091) categorised as environmental,

social or economic, and further sub-categorised. More than one main category and subcategory

per group objective was possible. Indicative examples of objectives were draw from

questionnaire respondents.

Group objectives: % of Group objectives: % of Indicative questionnaire
Main categories groups  Subcategories groups  responses
‘Organise contractors and
Exotic flora 14 volunteers to kill wilding pines’
(Group 246)
‘Restoration of canopy trees which
once would have been prolific in
Native flora 19 our valley (Rimu, Miro, Mangeo,
Matai, Kauri, Puriri, Kahikatea)’
(Group 92)
‘To achieve and maintain a RTC of
Exotic fauna 19 less than 3% (for possums)’ (Group
Environmental
63)
objectives
. ‘Protection of native coastal bird
e.g., 'To preserve 96 Native fauna 18 .,
and protect life’ (Group 57)
indigenous flora and
‘Create a storm water cleansing
fauna’ (Group 204)
nature preserve to raise awareness
Water quality 7
of the dangers of storm water
pollution’ (Group 127)
‘...to support Hap [tribe or sub-
) tribe] and Iwi [tribal groups] to
Planning 9
develop respective environmental
plans’ (Group 113)
Other ) ) )
. ‘Remove inorganic rubbish’ (Group
environmental 6

objectives

28)
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Group objectives: % of Group objectives: % of Indicative questionnaire
Main categories groups  Subcategories groups  responses
‘Act as a conduit and liaison for
various community meetings and
Advocacy 20 ) ) )
interactions with ... other
community groups’ (Group 47)
‘Create walkways to aid predator
Social objectives Amenity and ” program and open public
recreation esplanade reserve for public’
e.g., ‘Gain (Group 97)
community support
for long-term 73 ) ‘To increase local community
. Community- . . .
project buildi 28 pride, cohesion and environmental
uilding
management’ literacy’ (Group 42)
(Group 17) ‘To protect and preserve waahi
Cultural and )
o 11 tapu (sacred sites) of the tangata
historic o
whenua (Maori)’ (Group 26)
) ‘Promoting education, awareness
Education and o
45 and appreciation of natural
awareness -
ecosystems within ...” (Group 46)
Economic objectives
e.g., ‘To create
‘Secure funding for bio-control
employment 10 Funding 2

opportunities for
e.g., the Hapa of ...’
(Group 291)

trial’ (Group 181)
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Word frequency analysis of groups’ project objectives (n=1091) provided an
overview of the values, concerns and priorities that have shaped their projects
(Figure 4.2). Though objectives with specific restoration end-points e.g.,
‘Restoration of valley to pre-human condition as far as possible’ (Group 10), were
only reported by 3% of groups; the use of ‘native’ emphasised the general
objective of returning project sites to systems dominated by indigenous flora and

fauna.
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Figure 4.2. Visualisation of the 100 most frequently used words used by community
groups (n=296) to describe their restoration objectives (n=1091). Word size reflects

frequency of use.

The word ‘plant’ reinforced the two most prominent activities, namely weed
control and planting of natives (Figure 4.2). ‘Protect’ was the fourth most
commonly used word and the term ‘community’ was almost exclusively used by
groups in a social as opposed to ecological context. ‘Education’ followed by
‘predator’ and ‘controlling’” were all within the ten most used words and
underscore the congruence between groups’ objectives (Table 4.4) and their

activities (Figure 4.2).
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4.4.5 Project activities

Weed control and planting of natives were reportedly undertaken by most
groups (86% and 85% respectively, Figure 4.3). Three-quarters of groups carried
out pest animal control (75%), with slightly fewer (71%) engaged in advocacy and
educational activities. Over one-half of groups (57%) reported writing
submissions to government agencies on environmental matters. Nearly one-half
of groups (49%, n=282) carried out their own environmental monitoring while an
additional 4% of groups used a contractor for this activity. When asked about
other activities, open-ended responses (n=57) included rubbish removal (3%),
plant propagation (2%), and attending Environment Court hearings (1%).

Changing water levels

Reintroducing native birds

Covenanting

Fencing

Riparian planting

Amenity development

Writing submissions

Advocacy / education

Pest animal control
Planting natives

Communtiy environmental group
activities

Weed control

0 20 40 60 80 100
% of Community environmental groups

Figure 4.3 Community environmental groups’ activities (n=288). Groups were able to specify more

than one activity. Changing water levels e.g., refers to weir installation to re-wet wetland areas.

4.4.6 Current community group support

A total of 93% of groups (n=295) reported receiving some form of support from
project partners. Overall, nearly one-third of the support received by community
groups was reportedly provided by councils (31%), followed by DOC (21%) in line
with the largest percentage of projects reportedly occurring on Crown land (44%)

followed by DOC-administered land (24%; Table 4.2). Though nearly 80% of
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groups were reportedly established for > 6 years (Table 4.1), support was still
received from project partners for site visits (e.g., to discuss restoration options),
technical support (e.g., assistance with species identification), on ground works
(e.g., pest animal and or weed control), cultural advice and funding (Table 4.5).
Councils reportedly supported groups by site visits (65%), technical support
(46%), on-ground works (58%), and funding (62%). DOC reportedly provided
groups with site visits (47%) and technical support (47%). Iwi were reported as

providing 41% of groups with cultural advice.

Open-ended responses (n=151) elucidated reasons for the prevalence of groups
reporting Not Applicable for individual support categories. Key themes included
(1) an adequate skills base, described by one group: ‘Our volunteers help with
admin, data collection (monitoring), species ID [identification], predator control,
advice, storage’ (Group 52), (2) under-resourcing and therefore being unable to
carry out desired activities, and (3) activities being no longer relevant, due (as

one group described), to the completion of a monitoring contract.
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Table 4.5. Current support provided to community environmental groups by project partners. Percentages of groups per category are recorded (n=271), with
groups able to specify more than one support partner per support type. In categories where >100 (>37%) groups currently received support, bracketed
numbers comprise percentages of groups (n=291) that reported needing further support in order to meet their project objectives. A “Not Applicable”

category (N/A) was also included.

Project partners supporting community environmental groups
Support types N/A DOC Councils Iwi Scientists Businesses Contractors Lc;tAa)l % (excl
Site visits 6 47 (19) 65 (18) 20 21 13 22 22
Technical support 10 47 (16) 46 (10) 5 26 3 14 17
Data management 32 14 17 1 9 4 1 7
On-ground works 9 31 58 (23) 4 4 9 24 16
Cultural advice 25 11 9 41 (22) 1 1 1 7
Funding 11 28 63 (25) 5 3 36 7 17
Administration 34 9 19 2 2 6 5 5
Equipment loans 21 24 34 3 4 10 6 10
Response % 15 21 31 8 7 8 9
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4.4.7 Further support needs

Nearly three-quarters (74%) of groups (n=291) reported a need for further
support from project partners in order to meet their project objectives (Table
4.5). Overall, one-quarter of groups (25%) reported the need for further support
from councils for funding. Support from councils was also reported as needed for
on-ground works (23%), site visits (18%), and technical support (10%). Further
assistance was reportedly required from DOC in the form of site visits (18%) and
technical support (16%). More cultural advice from iwi was reported by 22% of

groups.

When asked to describe other types of support needed to meet project
objectives, open-ended responses (n=75) showed funding as a future concern for
36% of groups. Responses predominantly described the activities funding were
required for, as well as the challenge of sourcing funding for administrative costs
such as travel, stationery, and group meetings. Currently adequate or declining
support needs were expressed by 8% of groups. Open-ended responses (n=49)
also included the need for building groups’ capacity by providing administrative
support (34%), such as staff, website development, marketing, financial
administration, and legal advice. Operational support required (22%) included
weed control, predator bait, plants, and track development, and technical
support required (8%) included geographic information system expertise,

auditors for monitoring funded works, and remote sensing equipment.

Possible future support providers were reported as community volunteers (31%),
adjoining landowners and churches (27%), charitable trusts, resource
management agencies such as regional councils and DOC (18%), foundations and
non-government organisations (14%), and schools or other education providers

(4%).
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Table 4.6 Percentages of responses from community groups (n=291) for further support needed from project partners in order to meet project objectives.

More than one support partner possible per support type. A Not Applicable (N/A) category was also included.

Project partners supporting community environmental groups

Support types N/A DOC Councils lwi Scientists Businesses Contractors Response %
(excl N/A)

Site visits 38 19 18 9 17 7 4 17
Technical support 39 16 10 2 14 3 3 11
Data management 42 8 9 1 9 4 2 8
On ground works 34 15 23 5 3 10 9 15
Cultural advice 39 6 4 22 0.7 0.3 0.3 8
Funding 25 17 25 7 7 38 6 24
Administration 44 4 7 2 0.7 7 4 6
Equipment loans 37 10 14 3 3 11 5 11
Response % 41 13 15 7 7 11 4
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4.5 Discussion

4.5.1 Community group characteristics

Community environmental groups are present in every mainland region of New
Zealand including Stewart Island. These groups carry out vital work on habitats
and species that otherwise would not be restored, protected or enhanced to the
same extent by resource management agencies, or at all, as much of community
groups’ work carried out is on a voluntary basis (Ritchie 2011). Three main
features characterise the community groups in this study, namely extended
periods of group operation (> 6 years), small group size (< 20 participants), and
the ages of most groups’ participants (51-65 vyears). Group longevity is
reinforced by Hardie-Boys’ study (2010), which reveals that half of the
community environmental groups linked to DOC (n=198) have been active for
more than a decade. This signals groups’ ability to adapt to diverse
circumstances such as changes to funding availability and fluctuating participant
numbers. Furthermore, the ability to build relationships with external groups and
organisations, negotiate project support from a range of sources over time (Allen
et al. 2002), and develop effective strategies for recruiting skilled participants
(Gooch & Warburton 2009), all underpin group longevity. Despite the established
nature of most groups in this study, needs still included additional support from
project partners (in particular agencies), greater numbers of group participants,
and funding both for on ground works and project administration. According to
Forgie et al. (2001), sourcing project funding is an ongoing task, though covering

administrative costs remains a challenge (Ritchie 2011).

The age of most groups’ participants varies between studies. In the current
study, as well as those by Taylor (1997), and Phipps (2011), participants were

mostly aged 51-65 years. Other studies show a higher percentage of retirement-
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age participants (Callister 2013; Cowie 2010). Group longevity may be
threatened by the combination of small group sizes and ageing cohorts of
participants. Demographic changes over the next 50 years may further alter
community group composition. The percentage of retirees in New Zealand is
projected to nearly double and individuals are expected to live longer (Bascand
2012). While this represents a larger pool of potential community group
participants, their availability must be offset against factors such as the steady
increase in post-retirement-age paid employment (Bascand 2012). By March
2014, for example, 27% of men and 15% of women remained in the workforce

past the age of sixty-five (Statistics New Zealand 2014).

4.5.2 Objectives and activities

Community groups in this study and others in New Zealand typically carry out an
extensive range of activities spanning pest animal and weed control, education,
advocacy and administrative tasks (Cowie 2010; Hardie-Boys 2010; Ritchie 2011;
Harrison 2012). This is reflected in groups’ objectives, nearly three-quarters of
which incorporated a social dimension despite most groups’ affiliations to
organisations with conservation and/or restoration as a primary focus (e.g.,
DOC). The synergy between groups’ social and environmental dimensions can be
explained by examining motivations for participation in community groups.
These include the ability to contribute to the community; enhanced social
interaction; opportunities for personal development; learning about the
environment; being an environmental steward, and developing an attachment to

a place (Measham & Barnett 2008).

For some groups, social objectives may be on a par with their environmental
restoration objectives, as Campbell-Hunt et al. (2010) found in a study of groups
managing fenced sanctuaries. In cases where groups’ social objectives

predominated, the study groups’ focus on on-ground restoration activities (e.g.,
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planting and pest animal control), provided the vehicle for environmental
learning, or for reviving a cultural connection to the project area. A key role for
groups was to generate and disseminate environmental information, evidenced
by the predominance of groups’ educational, advocacy-related and submission-
writing activities. While positive project publicity, for example through groups’
newsletters, assists in recruiting new members (Forgie et al. 2001), a further
outcome is knowledge-building among project partners and the wider

community (Phipps 2011).

Community environmental groups’ practical, task-oriented approach to
restoration supports both regional- and national-level conservation priorities. In
this study, groups’ focus on restoring forests, streams and wetlands
acknowledged declines in the extent, condition and quality of these ecosystems
(Verburg et al. 2010; McGlone 2009; Ewers et al. 2006). Wetland restoration
(freshwater and estuarine), carried out on private and Maori-owned land, helps
to mitigate further losses to an ecosystem that remains vulnerable given the lack
of effective national policies and poor implemenation of regulation (Myers et al.
2013). At the same time, at-risk species associated with wetlands, such as pateke
(Anas chlorotis), have also benefited greatly from community groups’ predator
control and habitat enhancement activities, leading to increases both in

population range and size (Department of Conservation 2014).

Weed and pest animal control carried out by most groups in this study is a direct
response to the extent of exotic species invasion, as well as the significant threat
pests pose to New Zealand’s threatened native species, remaining habitats and
ecosystems (Department of Conservation & Ministry for the Environment 2000).
Although the majority of groups used a multiple-species approach for project
area restoration, a small number centred on iconic, threatened or at-risk species

such as mistletoe, kiwi and kokako. These examples represent a small portion of
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species actively targeted by community groups within their projects, with DOC
acknowledging the vital role played by community groups in supporting species

recovery efforts (Department of Conservation 2011).

4.5.3 Project partner support

Almost all groups in this study relied on one or more project partners such as
councils, DOC, iwi, science providers and business. Financial and practical
support including site visits and assistance with on ground works were required,
despite most groups being established for six or more years. According to
Callister (2013), respect for groups’ local knowledge accrued over time functions
as a cornerstone for successful partnerships. The diverse skills of older group
participants however, are often unacknowledged: ‘We have witnessed examples
of older volunteers being viewed as useful mainly for manual work, with outside
consultants turned to for planning or scientific advice. This overlooks the
professional backgrounds of many older volunteers as well as their often long

practical experience in eco-restoration’ (Callister 2013).

Handford (2011) challenges partners to extend their understanding of their
function to include roles as community group mentors, facilitators and general
supporters. This broader range of partner functions is pertinent given the
proposed collaborative models for conservation put forward by DOC
(Department of Conservation 2014), enhanced community biosecurity
management roles envisaged for communities (Waikato Regional Council 2014)
and the need for greater levels of engagement between scientists and

communities (Ministry of Business Innovation and Employment et al. 2014).

4.5.4 Future support

Most groups in this study required technical, administrative and operational

support in order to build group capacity and achieve their project objectives.
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Effective partnerships are therefore critical for sustaining groups’ activities in the
long term. The need for training (e.g., pest animal and weed control, outcome
monitoring, group and volunteer management) forms a common thread through
studies of community environmental groups in New Zealand, highlighting groups’
aspirations to grow their projects while empowering their own communities
(Coates 2013; Harrison 2012; Handford 2011; Ritchie 2011; Cursey 2010; Sporle
2007). Similarly, groups in this study with socio-economic objectives viewed

training as a pathway to paid employment in local communities.

New Zealand follows worldwide trends that have seen a continual rise in the
reliance on volunteer input into the conservation and natural resource
management sector (Bramston et al. 2011; Lee & Hancock 2011). The increased
expectation from resource management agencies for greater community input
to biodiversity conservation (Department of Conservation 2014) recognises the
strong social and economic benefits that groups of volunteers can provide
(Buchan 2007). As a large number of groups in this study carried out
environmental monitoring, an expanded role for community volunteers may
involve collecting and sharing environmental data with science providers and
resource management agencies. Known as citizen science (Bonney et al. 2009),
community involvement enables data to be collected at larger scales and at
frequencies not feasible for many resource management agencies, representing
further cost savings (Carr 2004), as well as opportunities to strengthen links

between the community and scientists (Galbraith 2013).
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4.6 Recommendations and further research

Agency partners face a challenge to develop models of engagement and support
that are sensitive to the diversity of community environmental groups’
objectives, activities and projects. A simultaneous challenge for groups is to
develop new partnerships as their existing partners’ ability to provide resources
changes. For project partners, a flexible yet strategic approach would see
targeted support for groups, while seeking opportunities to align groups’
objectives with both regional and national biodiversity conservation objectives.
To achieve greater efficiencies in resourcing, agency partners could, for example,
assist groups where practical to form networks (see Whangarei Heads Landcare
Forum 2010; Sobels et al. 2001). In addition, access to larger, more secure funds
for restoration and related works (e.g., environmental education) would
encourage greater collaboration between groups and lessen competition for

limited resources.

Overall, the social dimensions of community-based restoration have been well
explored, though gaps remain in the New Zealand literature. Internationally,
environmental dimensions of community groups have been under-theorised and
patchily investigated. Areas identified for future research therefore include (1)
community environmental group governance and partnership models (2) factors
contributing to groups’ longevity and (3) groups’ environmental outcomes. Little
is also known about groups’ monitoring and evaluation activities (Sporle 2007;
Handford 2011), for example how monitoring data generated by community
groups are used. Addressing these critical gaps will ensure that groups are

adequately supported and their restoration efforts appropriately valued.
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4.7 Conclusion

There are more than 600 community environmental restoration groups
throughout New Zealand, with numbers likely to be far higher if groups currently
operating independently of agencies, organisations or web-based sites are
included. There are increasing expectations by resource management agencies
on groups to contribute more to conservation and biodiversity restoration. When
considering factors such as group longevity, the diversity of activities carried out,
participant numbers and project scale, a broad sphere of influence is suggested
both environmentally and in society, though this remains largely unquantified.
While the combination of small group numbers and ageing participants
challenges group longevity, high numbers of groups operating for six or more
years attest to their adaptability in the face of resourcing challenges. Ongoing
financial and practical support is needed to ensure that community groups
remain sufficiently resourced to carry out their mostly voluntary contribution to
biodiversity restoration, protection and enhancement. The diverse nature of the
groups and their environmental restoration objectives highlights the need for a
pluralistic approach that acknowledges this diversity as well as the social and
environmental contexts groups operate within. With citizen science entering the
national vocabulary and wider opportunities for community involvement in
scientific research evolving (Ministry of Business Innovation and Employment et
al. 2014), there is a need for better understanding of how groups measure
restoration success. An in-depth understanding of community groups and their
projects will assist with improving support delivery by project partners, and in
developing an inclusive and cohesive sector based on meaningful partnerships.
Ultimately, a strategic approach to supporting community groups will enhance
groups’ environmental outcomes at the local level while also contributing to

national goals for biodiversity conservation.
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THE CURRENT STATE OF COMMUNITY-
BASED ENVIRONMENTAL MONITORING IN
NEW ZEALAND?

5.1 Abstract

Volunteers engaged in community-based environmental monitoring (CBEM; a
form of citizen science) can track changes in species abundance and distribution,
measure ecosystem health, and provide data for local, regional and national
environmental decision-making. A total of 296 environmental restoration-
focused community groups throughout New Zealand responded to an online
guestionnaire, the objective of which was to investigate their CBEM activities as
many are known to carry out some form of monitoring. Contextual factors
shaping groups’ monitoring activities were also investigated. Over one-half of
groups reported using photopoints and 5-Minute Bird Counts (5MBC), with just
over one-third (35% n=218) able to quantify their restoration project objectives
through management outcome monitoring (e.g., 5SMBC + predator control).
Ecosystem monitoring toolkits specifically designed for community users were
not widely used (19%; n=157). Groups managing larger areas (e.g., > 8 ha), with
medium to high partner support and working on Department of Conservation
(DOC) or private land were more likely to be conducting their own monitoring.
The number of active members in the group and average age of active members

did not significantly influence monitoring activity. ‘Random Forest’ modelling

3 A version of this chapter has been published as: Peters MA, Hamilton D, Eames C, Mason, NWH, Innes, J
2016. The current state of community-based environmental monitoring in New Zealand. New Zealand

Journal of Ecology 40(3): 279-288
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showed that total project area had the strongest independent influence on
whether and how groups undertook environmental monitoring. Major challenges
for establishing new monitoring programmes were reported as a lack of funding
(45%; n=98), people (45%; n=98), and technical skills (31%). Overall, our results
show that significant gains in CBEM could be made by targeting support towards
groups managing small areas. The significant positive effects of partner support,
and constraints imposed by resourcing and technical skills on monitoring activity,
show that government agencies and science professionals could play a critical
role in growing CBEM. Prioritising these collaborative partnerships to design and
implement monitoring programmes will maximise the value of monitoring, by

meeting groups’ and potentially partners’ information needs.

5.2 Introduction

In New Zealand, community volunteers are increasingly expected to contribute
more toward achieving conservation outcomes throughout the country
(Department of Conservation 2014). Although research indicates that community
environmental groups make a sizeable contribution through weed and pest
control, as well as in revegetation (Peters et al. 2015a; Phipps 2011; Hardie-Boys
2010), those efforts cannot be quantified due to a lack of fundamental data on

their monitoring activities.

More than 600 community environmental groups carry out restoration projects
across forest, wetland, freshwater and saline ecosystems (Peters et al. 2015a;
Ross 2009). A greater public awareness of environmental declines in New
Zealand (Hughey et al. 2013), as well as more people with discretionary time and
wealth (Haklay 2015), may be contributing to increasing group and project
numbers. The majority of groups are small, self-organising initiatives, primarily
made up of volunteers, although some may employ one or more staff, and/or

contractors e.g., to assist with weed and predator control (Peters et al. 2015a3;
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Hardie-Boys 2010). Groups’ project partners typically comprise resource
management agencies (e.g., regional councils and the Department of
Conservation), and non-government organisations (NGOs) with some support
also received from science organisations, iwi (tribal groups) and businesses
(Peters et al. 2015a). Support is mostly provided in the form of funding,
assistance with on-ground works such as pest animal control, and technical

advice (Cursey 2010; Hardie-Boys 2010).

A sizeable portion of community environmental groups carry out some form of
environmental monitoring to measure environmental change within their
restoration projects (Peters et al. 2015a). Monitoring activities carried out by
volunteers (often with no formal science education) may be termed
‘participatory resource monitoring’ (Van Rijsoort & Zhang 2005), ‘volunteer
biological monitoring’ (Engel & Voshell 2002), or ‘community-based
environmental monitoring’ (CBEM as used in this study; Conrad & Hilchey 2011).
As such, CBEM can be an effective means for tracking changes in species
abundance and distribution (Singh et al. 2014), and changes in ecosystem
integrity (Hoyer et al. 2014). Monitoring carried out by volunteers forms a key
component of citizen science, which has become a popular method of

conducting large-scale, long-term ecological studies (Silvertown et al. 2013).

In New Zealand, diverse monitoring toolkits for forests, wetlands, streams, rivers
and estuaries have been designed to assist community environmental groups to
plan and implement monitoring programmes for their restoration project sites
(Denyer & Peters 2012; Handford 2004; Tipa & Teirney 2003; Biggs et al. 2002).
Toolkits that bring together recognised protocols can form a bridge between
volunteers, the science community and environmental managers, by lending

credibility and a recognisable structure to volunteers’ data (Ottinger 2010).
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There is potential for data generated through CBEM to contribute to regional and
national-level monitoring programmes as well as international biodiversity-
related agreements (Danielsen et al. 2014; Levrel et al. 2010). Substantial savings
are possible when the investment in volunteer time to collect data is calculated
against savings made in agency administration costs (Levrel et al. 2010). The
social outcomes of volunteer participation in monitoring include improved
scientific and environmental literacy, and greater community involvement in
decision-making (Singh et al. 2014; Crall et al. 2012; Brossard et al. 2005;
Trumbull et al. 2000). In addition, volunteers’ field-based activities can function
as a catalyst for enhancing stewardship, while interactions between participants
can engender a stronger sense of community and shared purpose (Lawrence
2006). Encouraging volunteers to participate in environmental monitoring
requires significant effort (Dickinson et al. 2012), therefore gaining a clearer
understanding of challenges faced by volunteers can help inform programme
design and implementation, as well as facilitate recruitment, upskilling and

retention of volunteers for projects generally.

Recent studies of community environmental groups in New Zealand provide
insights into CBEM by project type (Bellingham & McGlone 2013; Dune
Restoration Trust of New Zealand 2012; Byrd 2008) or location (Harrison 2012).
However, these study designs differ markedly, precluding the ability to achieve a
countrywide overview of CBEM, let alone develop measures of restoration
outcomes that in the future, could contribute to biodiversity conservation across
groups regionally or nationally. Furthermore, little is known about how widely
community environmental monitoring toolkits are used, and how effectively they

facilitate the collection of data that support groups’ restoration objectives.

To enhance our understanding of community groups’ monitoring activities, and

the wider potential for their monitoring programmes, this study addressed five
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questions. The first three relate to defining the current state: 1) How and why do
groups measure environmental change within their restoration projects; 2) How
useful are monitoring toolkits; and, 3) Which component(s) of groups’
restoration projects do they wish to monitor in the future? A further two
questions investigate the contextual factors shaping current CBEM activities: 4)
Are there distinct characteristics that define groups carrying out their own
monitoring compared with those not carrying out monitoring; and, 5) What are
the major challenges for developing community based environmental monitoring

programmes?

5.3 Methods

5.3.1 Online questionnaire

An invitation to complete an online questionnaire comprising both closed (fixed
answer) and open-ended (free text) questions was emailed to 540 community
environmental groups throughout New Zealand (Chatham Islands excluded). The
guestionnaire was accessible to community groups during August and

September 2013 (Appendix 1).

To develop a list of questionnaire recipients, community environmental group
email addresses were selected from the following online databases: the
Department of Conservation (Department of Conservation, undated-a),
Sanctuaries of New Zealand (undated), The Royal Forest and Bird Protection
Society of NZ (Forest & Bird 2011), Nature Space (undated), and the Waikato
River Clean-up Trust (Waikato Regional Council undated). Non-public databases
administered by the NZ Landcare Trust, WWF-NZ (Habitat Protection Fund
recipients) and Waikato Biodiversity Forum were accessed with permission by
the respective database managers. Groups not present on databases were likely

to operate mostly independently of resource management agencies, NGOs and
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others; small, informal entities; non-computer users; and/or predominantly

without restoration-related objectives.

Prior to emailing the questionnaire, the study was widely publicised through
various channels (e.g., NZ Landcare Trust newsletters and e-bulletins, the Nature
Space website and Waikato Biodiversity Forum e-newsletter). One personalised
email containing a link to the questionnaire was sent to each lead group
coordinator. Where this address was not known, emails were sent via a third
party (e.g., to funding recipients held in internal databases), or to the ‘info@’

address supplied by the group.

A research blog (www.monicalogues.com) was developed to share findings with
study participants and interested parties as well as to provide transparency to
the research process. In line with human research ethical approval criteria,
names identifying groups and locations have been deleted from quotes included

in the following pages to maintain research participant confidentiality.

5.3.2 Analyses

The questionnaire comprised mostly closed questions with a set of fixed answers
provided. Open-ended questions such as ‘Other monitoring methods used
(please describe)’ were added to selected closed questions to enable elaboration
on fixed answers. Data from closed questions were summarised by frequency
and are presented below as percentages of total responses received. Responses
to open-ended questions were analysed thematically, with the emerging themes

then grouped to enable frequency calculations.

Project partners of community groups comprised the Department of
Conservation, regional/district council, iwi, science providers, business and

private contractor(s). These partners provided diverse forms of support, namely
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project site visits, technical support, data management, on-ground works,
cultural advice, funding/sponsorship, administration, and equipment/venue
loans (Peters et al. 2015b). To develop an index of low, medium or high partner
support per group, the number of project partners reported by each group was
combined with the reported number of incidences of support provided to each
group. A single partner with a broad mandate for working with community
groups may therefore provide a range of support e.g., site visits, assistance with
on ground works, equipment loans and so forth. In contrast, partners such as
businesses are more likely to provide a narrower range of support, for example,
and may be unlikely to provide cultural advice. Low partner support was defined
as zero to two partners and incidences of support; medium partner support as
three to eight partners and incidences of support, and high partner support as

nine and above incidences of support.

A Pearson’s chi—square test was carried out on seven individual group and
project variables to examine effects on groups’ monitoring activities. These
activities comprised groups currently carrying out their own monitoring, having
monitoring carried out by others (e.g., resource management agencies), or not
currently monitoring. Predictor variables comprised groups’ reported interest in
future monitoring, the number of years the group was established, group size
and individual participants’ age, size of the project area, perceived level of
support from project partners, and project land tenure (Peters et al. 2015a). The
Pearson’s chi-square test was carried out using SPSS (Version 21.0; IBM Corp

2012).

It is possible that the predictor variables were not independent and could
interact with one another to influence the response (i.e., groups’ monitoring
activities). To account for this, we sought to model the response using multiple

predictor variables. The regression tree approach ‘Random Forest’ was chosen
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because it accounts for categorical predictors (since it comprises ‘trees’ built by
making bifurcating splits in the dataset), is commonly used for multinomial
classification modelling, and efficiently models interactions between predictors

(Breiman 2001).

The Random Forest model was constructed using all seven variables, with the
relative influence of each variable recorded within this model as the mean Gini
decrease (a measure of how often a variable is used to divide the dataset in
building regression trees). The independent effect of each variable was then
assessed by calculating the change in classification error rates when each
variable was removed from the full model (i.e., the model containing all
variables). Finally, models were built using all possible combinations of predictor
variables (with a minimum of two predictors). The model with the lowest
classification error rate was recorded. For all models, 500 individual trees were
fitted. Classification error rate was assessed using cross-validation where the
data were divided into subsets of training data (used to build the model) and
evaluation data (used to assess classification error rate). For each cross-
validation, one-fifth of the data was removed at random as evaluation data and
the rest of the data was used as the training set. Random Forest modelling was
carried out using the ‘randomForest’ package in R (Version 3.1.3; R Core Team

2012).

5.3.3 Terminology

‘Science-based monitoring’” was broadly defined in the questionnaire as the
systematic measurement of change over time using science-based methods.
While this definition left room for interpretation, it provided sufficient limits for
questionnaire participants to distinguish formal methods (such as standardised
bird counts) from informal methods (such as general impressions of birds seen or

heard) used to gauge environmental change within community groups’ projects.

128



‘Monitoring methods’ was used as an umbrella term to describe protocols such
as 5-Minute Bird Counts (5MBC) and methods such as regularly photographing
from photopoints and surveying vegetation plots. Photopoints are fixed locations
(often marked by a post) from which repeat photographs are taken over time to

visually track change (Handford 2004).

5.4 Results

Of the 540 community groups, contacted, 296 (55%) responded. Sample sizes
reported here vary from question to question as not all questions applied to all
groups, and some groups chose not to answer some questions. Responses to the
question of what best describes the group's science-based environmental
monitoring activities, from a set of answers provided, showed that nearly one-
half (49%; n=282) of the questionnaire participants reported carrying out their
own science-based environmental monitoring. A small percentage of
respondents (4%) reported employing a contractor to carry out either all, or of
part of, the group’s monitoring activities e.g., ‘Bat specific data is done by
contractor. Pests and trapping (sic) tunnels done by us’ (Group 264). Over one-
quarter of groups (27%) reported currently not monitoring, or that they had
done so in the past. The remaining groups (21%) reported monitoring being

carried out by others such as DOC and councils.

5.4.1 Monitoring methods used

When asked which monitoring methods were being used by their group or
contractor, photopoints and 5SMBC (Dawson & Bull 1975) were reportedly used
by about one-half of the respondents (Table 5.1). Vegetation plots and Residual
Trap Catch index (Warburton 1996) were reported as used by just under one-half
of the groups. In open-ended responses asking for descriptions of other
monitoring methods used (n=72), groups reported using both tracking tunnels

(36%) and chew cards/wax tags for indicating the abundance and diversity of
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pest animals (14%). General flora and fauna surveys (methods used were
unspecified) were reported by 29% of these groups. The same number of groups
(29%) reported using methods other than 5MBC, such as counting birds using a
‘visual census’ (Group 203), while others reported using variations e.g., ‘One
Minute Bird Count’ (Group 272), ‘20-minute bird counts every 6 months’ (Group
4), and, ‘One hour bird count’ (Group 41). One group reported combining
methods that drew from differing cultural viewpoints e.g., “‘We have a mixture of
matauranga maori [cultural knowledge] and western science to help us
understand our environment so that we can make better informed decisions on

the future management of our resources’ (Group 291).

Table 5.1 Monitoring methods used by community environmental groups or their contractors.

Groups could select more than one method (n=143).

Monitoring methods used by groups % of
groups

Photopoints 54
5-Minute Bird Counts 52
Vegetation plots 45
Residual Trap Catch Index 43
Stream invertebrate counts 22
Lizard counts 18
Foliar Browse Index 12
Don't know 6

Just over one-quarter of groups (26%; n=282) undertook tallies of litres of
herbicide used, number of trees planted or pest traps laid out, or hours of
volunteer labour carried out in order to track the effectiveness of their
management actions. Monitoring to quantify the outcomes of management

action was indicated by groups carrying out predator control (n=218) in
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conjunction with 5MBC (35%). For groups that carried out weed control (n=249),
management outcome monitoring was indicated by the use of photopoints (31%)
or by setting up vegetation plots (26%). When asked how long monitoring had
been carried out nearly two-thirds (62%; n=157) of groups reported carrying out
monitoring for > 6 years, either by themselves or using a contractor. Nearly one-
fifth of groups (19%) had carried out monitoring over 3-5 years, with 10% of

groups in the 1-2 year category.

5.4.2 Monitoring toolkit use

When asked which monitoring toolkit was most used by the group or group’s
contractor, just under one-fifth of respondents (19%; n=157) reported using
toolkits specifically designed for community group use. Of the available toolkits,
11 groups used the Forest Health Monitoring and Assessment Kit (Handford
2004), seven groups were using the Stream Health Monitoring and Assessment
Kit (Biggs et al. 2002), five groups the Wetland Monitoring and Assessment Kit
(Denyer & Peters 2012) and three groups the Cultural Health Index (Tipa &
Teirney 2006). Open-ended questions highlighted a range of methods used by
community groups prepared by different organisations, for example, ‘NZ Dune
Restoration Trust folder & WWF handbook’ (Group 43), and ‘DOC resources, field
sheets, best practise method’ (Group 60). Other respondents developed their
own methods based on existing material e.g., ‘Influenced by FORMAK [Forest
Health Monitoring and Assessment Kit] methodology, but don't use them
formally or frequently’ (Group 269), or ‘Cultural Health specific to [name of

group] developed by our enviro-team’ (Group 187).

When asked to rate responses on a 5-point Likert scale (Likert 1932), three-
quarters of groups (18 out of 24 group) using toolkits reported either agreeing or
strongly agreeing that overall monitoring priorities were able to be met by using

their toolkit(s). Overall, 13 groups (out of 21) reported agreeing or strongly
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agreeing that toolkit design and layout was effective, though seven groups
reported a neutral response. The same number of groups (13 groups out of 21)
reported that technical terms and concepts were adequately explained, with 5
groups reporting a neutral response. A total of 12 ( out of 21) groups reported
that data entry was straightforward using the templates provided and six groups
reported a neutral response. Most groups (n = 19 out of 24) reported either
agreeing or strongly agreeing that onsite training in toolkit methods was
necessary for collecting quality data. However, group responses for the ability of
toolkits to enable scientifically robust data to be produced were varied. Seven
groups (out of n=23) reported a neutral response, while 15 groups reported
either agreeing or strongly agreeing. Nearly three-quarters of groups (n=17 out
of 23) reported either agreeing or strongly agreeing to the need for ongoing

technical support and training to maintain data quality.

5.4.3 Future monitoring

More than two thirds (70%) of all groups (n=296) wanted to continue or expand
their monitoring programmes in the future. Of the total number of groups
(n=239) that detailed the project components they wished to monitor in the
future (Table 5.2), nearly two-thirds (62%) reported an interest in monitoring
birds, followed by native plant establishment (54%). The desire to monitor water

quality in the future was reported by 41% of groups.

When asked which other project components groups wished to monitor in the
future, open-ended responses (n=40) were diverse. An interest in invertebrate
monitoring was reported by 23% of groups and bats by 10% of groups. Proposed
qualitative studies included surveying walkway users, and investigating group
effectiveness in changing community attitudes, while basic management-related
components included visitor numbers, volunteer hours and the type of work

undertaken.
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Table5.2 Project components that community groups indicated they would like to monitor in the

future. Groups could select as many components as were relevant to them (n=239).

Components of projects for future % of
monitoring groups
Type and number of birds 62
Establishment of native plants 54
Water quality 41
Type and number of lizards 39
Type and number of fish 37
Nothing else 14
Change in water level 9
Spread of weeds 3

5.4.4 Characteristics of groups monitoring or not monitoring

The views or attributes (seven selected variables from Peters et al. 2015a) of
community groups that carry out their own monitoring, engage others (e.g.,
resource management agencies) to monitor for them, or do not currently carry
out any monitoring are shown in Figure 5.1. Future monitoring intentions, the
total project area and the level of support received by project partners each had
a strongly significant effect on monitoring activity (Table 5.2). In general, groups
planning to monitor in the future, managing project areas >8 ha or with high
levels of partner support were much more likely to conduct their own monitoring
or engage others to do so. The total length of time the group had been
established, along with project land tenure were also significant, though to a
lesser degree. Groups established for more than five years, or working on DOC,

private or Maori land were more likely to conduct their own monitoring.
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Figure 5.1. Characteristics of groups carrying out their own science-based environmental
monitoring, groups that have monitoring carried out by others, and groups that do not carry out
any monitoring measured against key group and project variables: (a) whether the group would
like to monitor in the future, (b) number of years the group has been established for, (c) level of
support provided to the groups from project partners, (d) age group of most
members/volunteers, (e) project land tenure, (f) number of active members/volunteers in group
participating in at least 30% of all activities such as pest trapping, committee meetings and
planting, and (g) total project area in hectares. DOC-administered land and other Crown land (i.e.
land administered or owned by Crown agencies other than DOC) are distinguished, since groups

regard DOC and territorial local authorities as separate project partners.

Total project area had the strongest influence in the model containing all
variables, followed by number of members and the length of time the group had
been established (Table 5.3). The full model had a classification error rate of
45%, meaning that it misclassified the monitoring response of groups 45% of the
time. Total area also had the greatest independent influence while the desire to
monitor in the future had the second greatest independent influence. No
variable had an independent effect greater than 4.2% (i.e., 4.2% increase in
classification error when removed from the full model). This suggests that some
of the variables are strongly related and may capture similar information. Only
four variables (total project area, future monitoring, years group was established
for, and number of members) had a positive independent influence on
classification accuracy (i.e., classification error increased when they were

removed from the full model). This suggests that the remaining variables (age of
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members, level of partner support, project site land tenure) do not add any
useful independent information for explaining groups’ monitoring activities. The
model giving the lowest classification error rate (39%) included the two variables

with the greatest independent influence (total area and future monitoring).

Table 5.3 Influence of individual variables within the Random Forest model containing all
predictor variables (mean decrease Gini) and change in classification error rate (i.e. % groups
misclassified) when each variable was removed from the full model (mean% decrease in error).
Variables included in the model with the lowest classification error are highlighted in bold. The
classification error rate of the full model was 45%, while the error rate of the best model was
39%.

Predictor variables Drop % Mean
changein  decrease
error Gini

Total project area 4.2 20.6

Future monitoring 2.1 8.7

Length of time group established 1.4 11.6

Number of active

members/volunteers 07 146
Age of members -0.7 10.8
Level of partner support -0.7 9.2

Project site land tenure -2.1 104

Chi-square tests between all seven group and project predictor variables (Table
5.4) revealed that several predictor variables were strongly correlated, as
expected from the Random Forest results. Partner support and total area were
significantly correlated (p<0.01), as were partner support with both the number
of active members/volunteers and length of time group established (both

p<0.05). It is therefore possible that the small independent influence of partner
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support in the Random Forest model is due to the information it provides being

captured by other variables, notably total area and future monitoring.

Table 5.4 Community groups' (n=283) environmental monitoring programs compared with group
and project variables. P-values are for Pearson Chi-square tests. Symbols are as follows: p<0.05%,
p<0.01**, p<0.001***,

Group and project variables X2 Df p-value
Would like to monitor in the future 23.397 4 <0.001***
Length of time group established 15.154 6 .019*
Number of active members/volunteers 11.889 6 .065

Age of members/volunteers 7.829 6 .251
Total project area 52.322 10 <0.001***
Level of support from project partners 33.370 4 <0.001***
Project land tenure 16.056 6 .013*

5.4.5 Monitoring challenges

When groups were asked to identify the range of challenges they faced for
developing a monitoring programme, a lack of human resources (45%; n=98) and
funds (45%) were most frequently reported. For one group, a lack of people
resulted in, ‘...a toss-up between spending the effort on monitoring and spending
it on actually dealing with a problem you are monitoring’ (Group 101). Given
these resourcing challenges, the relative value of monitoring was also
guestioned, ‘...you need to be quite clear that data you are spending effort in
accumulating is going to tell you what you need to know’ (Group 101). Nearly
one third (31%) of groups reported a lack of technical skills necessary for setting
up a monitoring programme. Just under one fifth (19%) reported monitoring as
not being the role of the group, or monitoring not being necessary for their

project as, for example, monitoring was already being carried out within their
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project area. Not knowing what to monitor was reported as a challenge by 17%
of groups, and a further 10% of groups reported not knowing who to approach

for assistance in setting up a monitoring programme.

Open-ended responses (n=28) to the same question provided additional insights
into the challenges of setting up a monitoring program such as a lack of
leadership, and the need for partnerships, ‘All that we need is someone
motivated to drive the set-up of a monitoring programme and get the relevant
agencies on board’ (Group 285). The lack of community-oriented tools and
methods, e.g., for measuring invertebrates, along with the lack of ability to
rescale methods to suit smaller project areas, were reported as further
challenges. The overall value of monitoring was called into question by one
group member, who argued that, ‘...too much time can be spent on monitoring

and not enough on killing invasive introduced species’(Group 86).

5.5 Discussion

5.5.1 Monitoring methods used

The first research question addressed in this study was how and why groups
measure environmental change within their restoration projects. The choice of
monitoring methods is likely to be influenced by factors such as groups’ scientific
literacy (i.e., understanding of science), access to technical support and number
of volunteers able and willing to carry out monitoring. Groups’ lack of technical
expertise and human resourcing were regarded as barriers for setting up new
monitoring programmes, and are discussed later. The two most commonly used
monitoring methods were photopoints and 5MBC, the former used to visually
estimate the type and extent of vegetation change (Shaw et al. 2003), and the
latter to determine the number and type of birds present in forests (Dawson &

Bull 1975). A large number of groups carry out pest animal control (Peters et al.
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2015a), as it has been well-documented that controlling ship rats (Rattus rattus),
brush-tailed possums (Trichosurus vulpecula), or stoats (Mustela erminea) can
reverse declines in populations of native birds (Spurr & Anderson 2004; Clout
2001; Brown et al. 1993). With nearly two-thirds of community environmental
groups carrying out monitoring for six or more years, data sets are potentially

available to supplement local, regional and national studies.

The results show that a sizeable minority of groups are monitoring the outcomes
of their management actions, e.g., by combining pest animal control and 5MBC.
This suggests an alignment between the restoration activities carried out,
monitoring methods used and overall restoration objectives, i.e. protecting,
restoring or enhancing native flora or fauna (Peters et al. 2015a). However, as
outcome monitoring is resource intensive (Clayton & Cowan 2010), it is not
surprising that major funders such as DOC primarily require management
outputs (e.g., volunteer hours, area treated with possum control) to be reported
(see Department of Conservation, undated-b). This is iterated by Byrd (2008),
who highlights the lack of quantitative measures used in publicly funded projects
to enhance biodiversity on private land. Although this relieves groups of detailed
analysis and reporting and is practical considering typically short-term funding
(e.g., 1-3 years) available, the design of groups’ monitoring programmes risks
being determined by funders’ requirements rather than by measuring

restoration management outcomes.

5.5.2 Monitoring toolkit use

The second research question considered the use of monitoring toolkits,
designed to make science more accessible to community groups with little, or no
formal science education. Despite the limited number of toolkit users in this
study, most users reported being able to meet their monitoring priorities and

produce robust data by using toolkits, providing evidence of the toolkits’ utility.

139



Low use, however, may result from a perception that current toolkits will not
meet groups’ monitoring needs, a lack of awareness about available toolkits, or
ongoing support (e.g., toolkit methods training and field support). Handford
(2006) suggests that resource management agencies adopt toolkits and become
points of contact for community users of them. With toolkits embedded in an
institutional structure, more coordinated support in the form of technical advice
and training could be provided. Additionally, adapting toolkit content to suit
current technology may also improve uptake by enhancing efficiency (e.g.,
entering data online), improving toolkit accessibility (e.g., making content more
widely available), providing real-time data, and facilitating data analysis both
within and between projects (e.g., by being able to visualise results immediately)

(Newman et al. 2012).

5.5.3 Future monitoring

The third research question asked which project components groups wanted to
monitor in the future. More than two-thirds of all community environmental
groups reported wanting to continue or expand their monitoring programmes.
Bird monitoring is a priority, with the importance of birds overall demonstrated
by an increased number of avian translocation proposals by community groups
independently or as community-DOC partnerships (Cromarty & Alderson 2012).
Species translocations to habitats where they are locally extinct or in low
numbers is a recognized approach to ecological restoration and groups’ desire to
increase their bird monitoring activities may contribute to filling knowledge gaps

concerning the post-release survival of translocated birds (Parker et al. 2013).

There was a sharp increase in groups numbers overall reporting a desire to

monitor water quality in the future (41%; n=296) compared with those currently

carrying out water quality monitoring (22%; n=143%). This change reflects a
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national focus on widespread declines in freshwater quality in New Zealand
(Parliamentary Commissioner for the Environment 2013), and heightened public
awareness of these issues (Hughey et al. 2013). The government has signalled
efforts to improve freshwater management through legislation that includes
processes for the community to participate in setting goals for freshwater quality
outcomes (Ministry for the Environment 2013). Community environmental
groups with a science-based understanding of water quality trends within their
local area, may play a strong role in defining community values for freshwater
(Ministry for the Environment 2013). Although a third version of the Stream
Health Monitoring and Assessment Kit was in development at the time of writing
(A. Wright-Stowe, NIWA, pers. comm.), toolkits supported by agencies and
science providers for measuring the water quality of lakes and rivers (with the
exception of the Cultural Health Index) are still required to facilitate wider

community group involvement in freshwater data collection.

5.5.4 Group characteristics

The fourth question asked if specific characteristics defined groups carrying out
their own monitoring compared with those not monitoring (i.e., where
monitoring is carried out by others such as resource management agencies, or
not at all). Determining key differences has implications for the type and level of

support provided by project partners.

Few groups established for <5 years carried out monitoring, suggesting that the
immediate demands, e.g., of weed and pest control, and revegetation (Peters et
al. 2015a) were prioritised over baseline data collection. Developing monitoring
programmes that begin with baseline monitoring are likely to require stronger
support from project partners. A partnership approach from the outset may also
create opportunities for designing monitoring programmes that meet both

groups’ and partners’ information needs. In the USA, community-generated
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water quality data is used by resource managers to determine recreational use
standards, thus creating a direct link back to community members, while science
professionals use community data in meta-studies for investigating broader
trends (Hoyer et al. 2014). Although Regional Councils and DOC already support
groups for advisory and operational activities (Peters et al. 2015a), science
professionals may play a stronger role given the direction from government to
strengthen engagement between scientists and the wider public (Ministry of

Business Innovation and Employment et al. 2014).

The statistical analysis of relationships between predictor variables drawn from
group and project characteristics showed that groups carrying out monitoring
were most likely to be those receiving a medium to high level of support from
project partners, underscoring the necessity for this input to sustain groups’
monitoring programmes. There were strong correlations between total area and
partner support demonstrating that groups operating large-scale projects are
likely to work with diverse partners and, equally, that partners are likely to
prioritise large-scale projects. This highlights the scope for greater input into
medium to smaller scale projects that collectively could yield useful data on

species distribution and population numbers (Topia & Gardiner 2014).

5.5.5 Monitoring challenges

Finally, groups were asked to identify challenges for establishing monitoring
programmes. In order for project partners to better utilise groups’ monitoring
data, e.g., to support conservation management decision-making, the lack of
funds, volunteers and technical expertise must be addressed. The
interdependent nature of these challenges highlight the difficulty groups have of
understanding complex and diverse ecosystems, and of managing the factors
that influence monitoring programme design and implementation. In a study of

community environmental stewardship groups in urban New York, Silva and
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Krasny (2013), also reported limited monitoring activities, due for example, to
the added workload of doing so, and the challenges of engaging in partnerships

with researchers.

Nearly two-thirds of groups had been monitoring for >6 vyears, clearly
demonstrating that groups view their projects as long-term undertakings and
that achieving their project objectives requires ongoing commitment. Although
groups’ data is primarily used in situ, e.g., for managing their own projects
(Peters et al. 2015a), providing more cohesive evidence that outcomes from
CBEM activities across community groups demonstrate improvements in

biodiversity may also strengthen the case for more secure, longer-term funding.

Groups typically have a small core of active participants, which requires
monitoring to be prioritised. Ageing participants may struggle with the physical
demands of monitoring, for example, operating long pest monitoring lines in
rugged terrain (Peters et al. 2015a). Although new technology such as self-setting
traps may save labour, groups may also benefit from strategic collaboration with
local groups to pool limited resources and share expertise (Whangarei Heads
Landcare Forum 2010). An alternative model is where the coordination of
monitoring efforts is provided by project partners, enabling data to be used by all
parties (Topia & Gardiner 2014; New Zealand Landcare Trust 2013). Groups’ lack
of technical skills may signal the need for improved access to training
programmes, that training programme content requires modification to better
suit groups’ information needs, or that the frequency of training opportunities
needs to be increased. While context-specific training for community members
has been shown to improve participants’ scientific literacy (Crall et al. 2012),
increasing opportunities for informal knowledge exchange, for example where

groups can share practical knowledge and experience gained through their own
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monitoring programmes, may also benefit groups (Fernandez-Gimenez & Ballard

2011).

5.6 Future research

As groups’ restoration project objectives have been previously studied (Peters et
al. 2015a), a more detailed investigation of the alighment between groups’
monitoring methods and their project objectives is warranted. Monitoring needs
to be carefully targeted, with adequate power (precision) for its purpose, while
still being cost-effective. Given the complexity of science-based monitoring for
community volunteers with little or no formal science training, opportunities for
strengthening groups’ technical skills and overall scientific literacy may need to
be explored. Further research could also explore drivers influencing community
groups’ selection of monitoring methods, for example, illuminating how and why
methods such as bird counts are modified by groups. This would enhance our
understanding of groups’ monitoring priorities as well as assist with designing
appropriate forms of support that ensure that data are robust and meet data

users’ needs.

5.7 Conclusion

This study provides a national overview of CBEM and demonstrates that a large
number of community groups have well-established, and highly varied
monitoring programmes in place to measure change within their environmental
restoration projects. The characteristics that distinguish groups undertaking
monitoring from those not monitoring have implications for the type and level of
partner support provided. Although ongoing support for groups is vital
particularly for large scale projects, encouraging groups currently not monitoring
to do so should also be considered. In this respect, toolkits form a useful means
for promoting the importance of monitoring and guiding programme

development by providing standardised methods suitable for community use.
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Investing in content design and delivery upgrades as well as training and support
for users would ensure that methods are understood and applied with rigour.
Prioritising long-term funding to enhance collaboration between groups,
scientists and environmental managers would also ensure that study design is
robust, the monitoring meets group and project partners’ needs, and that data

use may be maximised through better integration with agency data sets.
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THE USE AND VALUE OF CITIZEN SCIENCE
DATA IN NEW ZEALAND*

6.1 Abstract

There has been significant growth worldwide of citizen science projects involving
community members collecting environmental data. The following study is based
on questionnaire responses from 296 community environmental groups and
interviews with 34 project partners (e.g., resource managers and scientists), and
examines the use and value of citizen science data in New Zealand. Frequency
counts and inductive thematic analysis were used to examine the quantitative
and qualitative data respectively. Groups reported using their data to support
funding applications (63%; n=151), inform restoration management decision-
making (60%; n=151) and for educational purposes (48%; n=157). Outcomes such
as relationship-building with project partners and increasing environmental
knowledge highlighted the transformational nature of groups’ citizen science
activities. Although groups reported providing data to project partners (60%;
n=151), concerns were expressed by project partners over data quality and a lack
of institutional systems for using the data. Project partners, however, proposed
novel solutions for enhancing collaboration with groups to produce useful data,

underscoring the value they attributed to groups’ citizen science efforts.

4 A version of this chapter has been published as: Peters MA, Eames C, Hamilton D 2015. The use and value

of citizen science data in New Zealand. Journal of the Royal Society of New Zealand 45(3): 151-160
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6.2 Introduction

An increasing amount of scientific data about changes in the world around us is
being gained through citizen science (Silvertown 2009). The term citizen science
has been used to describe a broad range of ways that individuals and
communities participate in scientific studies, with environmental monitoring
forming a key activity (Bonney et al. 2009). Internationally, community
volunteers have contributed to large-scale studies in ecology and evolution
(Silvertown 2009). Danielsen et al. (2014) have suggested that there is further
potential for citizen science data to contribute to environmental monitoring for
the Convention on Biological Diversity as well as other international
environmental agreements, such as the Convention on Migratory Species and

the Convention on Wetlands of International Importance.

A major advantage of citizen science is the ability to provide data beyond the
collection capabilities of most organisations (Carr 2004), as well as from under-
researched areas such as private gardens (Spurr 2012), playing fields, allotments
and inner city areas (Open Air Laboratories 2013). Citizen science data may be
used directly by natural resource managers to identify problems, define baseline
conditions and determine management actions (Miller-Rushing et al. 2012; Savan
et al. 2003). In contrast, watchdog groups may generate data suitable for
educational purposes and volunteer empowerment, leaving the collection of
management-related data to agencies who have greater expertise and specialist

equipment (Savan et al. 2003).

Despite the wide-scale use internationally of data generated by community
volunteers, questions remain about data quality (Conrad & Hilchey 2011).
Studies using parallel testing between professionals and community volunteers

have diverged strongly on key indicators (Gillett et al. 2012; Kremen et al. 2011),
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or shown close alignment (Canfield Jr et al. 2002; Fore et al. 2001), highlighting a
suite of factors impacting on data quality. Many are context-dependent, such as
the technical difficulty of monitoring protocols, or the nature of the variable
being studied (e.g., cryptic species), while other factors are more general such as

the level of training provided to community volunteers.

Citizen science is gaining momentum in New Zealand. At a government level, a
proposal to build biodiversity management partnerships by using a citizen
science framework (Ministry of Business Innovation and Employment 2013)
simultaneously acknowledges the necessity for wider public engagement in
science, while legitimising and mainstreaming community science activities.
Furthermore, the new Science in Society Strategic Plan proposes building
stronger links between scientists and the public by developing a platform for
collaborative research projects (Ministry of Business Innovation and Employment

et al. 2014).

Current citizen science projects have been developed and led by New Zealand-
based organisations such as universities (New Zealand Marine Studies Centre
2012), science providers (Spurr 2012), and not-for-profit organisations such as
Fish and Game New Zealand (www.fishandgame.org.nz). A different form of
citizen science is carried out by a loose network of community environmental
groups engaged in projects to restore, enhance and protect habitat for native
species (Peters et al. 2015a). More than 600 of these groups are active
throughout New Zealand (Ross 2009), and at least 137 report carrying out their
own monitoring (i.e. engaging in citizen science activities) to investigate change
occurring within their projects (Peters et al. 2015). Community environmental
groups typically work with a range of government agency, non-government and
science organisation partners that may support technical aspects of

environmental restoration such as assisting with species identification. Funding
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for group administration and operation may be accessed through these partners
as well as from other sources including private businesses and funding trusts

(Peters et al. 2015a).

Typologies derived from the level of volunteer participation in citizen science
activities provide a useful starting point for understanding the diverse character
of community environmental group projects in New Zealand. Three commonly
used models (Bonney et al. 2009a) comprise:

e Contributory scientist-led projects where community members
contribute data;

e Collaborative scientist-led projects where community members
contribute to one or more of project design, data collection, analysis and
dissemination of findings;

o Co-created projects designed by scientists together with community

members, with some of the latter involved in all aspects of the project.

A further model, ‘Transformative projects’, proposed by Conrad and Hilchey
(2011), follows on from ‘Co-created projects’, and differs on account of being
community-led with varying levels of input from partners. In transformative
projects, group participants (often volunteers) take a leadership role, gather and
analyse data, and apply findings (Conrad & Hilchey 2011), with scientists

functioning as guides, advisors and mentors (Handford 2011; Ely 2008).

The notion of environmental monitoring functioning as a transformative activity
highlights the potential for enhanced project outcomes (Conrad & Hilchey 2011).
Community monitoring connected to local management and action, for example,
can lead to community empowerment (Danielsen et al. 2005), stronger
partnerships between community groups and their project stakeholders,

including scientists (Carr 2004), and re-invigorate cultural connections between
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indigenous peoples and their project areas (Townsend et al. 2004). At the same
time, participants may broaden their skills in field work and increase their
environmental knowledge (Open Air Laboratories 2013). Ely (2013) argues
persuasively that there are greater opportunities for a democratisation of
science to take place within community-based volunteer monitoring programs.
In this setting, participants may be empowered to carry out scientific studies in
contrast to contributory forms of citizen science where participation is mostly

limited to the provision of data.

While research has provided useful insights into community groups’ monitoring
activities in New Zealand (Peters et al. 2015a; Harrison 2012; Jamieson 2010;
Byrd 2008), questions still remain around the role monitoring plays within
community groups’ restoration projects, as well as the perceived value of groups’
citizen science activities both within and beyond the scope of groups’ individual
restoration projects. This study therefore asks: (1) How are groups’ monitoring
data used, (2) What outcomes result from groups’ citizen science activities and,

(3) What value do project partners place on groups’ citizen science activities?

6.3 Methods

6.3.1 Online questionnaire

In August 2013, an invitation to complete an online questionnaire was emailed
out to 540 community environmental groups throughout New Zealand (excluding
the Chatham Islands). The questionnaire comprised both closed questions (with
a range of fixed answers provided), and open-ended questions (for narrative

responses). A list of questions relating to this study is included in Appendix 1.

A list of questionnaire recipients (one email per group) was developed from

community environmental group databases publicly available on the following
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websites: NZ Department of Conservation (DOC) (Department of Conservation
undated-a), The Royal Forest and Bird Protection Society of NZ (Forest & Bird
2011), Sanctuaries of New Zealand (undated), Nature Space (undated) and the
Waikato River Clean up Trust (Waikato Regional Council undated). Non-public
community environmental group databases were accessed (with permission)
from the NZ Landcare Trust, the World Wide Fund for Nature (New Zealand) and
the Waikato Biodiversity Forum. It is important to note that these databases are
unlikely to include groups which are small, informal entities, independent of
resource management agencies and other major partners, non-computer users

or those that have few environmental restoration objectives.

Prior to emailing the questionnaire, the study was publicised widely through
newsletters, e-bulletins and websites (NZ Landcare Trust, Nature Space website
and Waikato Biodiversity Forum). All individual emails containing a link to the
questionnaire were personalised unless sent via a third party (e.g., non-public
databases), or where a generic email address was provided such as info@. A
research blog (www.monicalogues.com) was developed to track progress and
provide transparency to the research process as well as to share findings with
guestionnaire respondents and other interested parties. To maintain
guestionnaire respondent confidentiality, names identifying groups and locations

were deleted from data reported below and replaced with generic identifiers.

6.3.2 Interviews

A series of semi-structured, face to face interviews (n=34) was carried out with
key representatives from resource management agencies (referred to in the
results as A-01, A-02....; n=14), Non-Government Organisations (NGO-01, NGO-
02...; n=5), environmental consultancies (CON-01; n=1), science providers (SCI-
01, SCI-02...; n=5), and leading participants from four well-established (> 10

years) community environmental groups (CEG-01, CEG-02...; n=9). These expert
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sources of information, known as key informants (Marshall 1996), were drawn
from the lead author’s professional networks and expanded through the
snowball sampling technique (Morgan 2008), where informants recommended
other suitable interviewees. Interviews were mostly audio-recorded with
additional notes made during and/or after interviewing in a field notebook.
Interviews ranged from 30 minutes to two hours and transcripts were returned
within two weeks to interviewees for verification. A list of interview themes is

included in Appendix 3.

6.3.3 Analyses

From the responses to the questionnaire, data from closed questions were
summarised by frequency and are presented below as percentages of total
responses received. Responses to open-ended questions were analysed
thematically using codes that primarily emerged inductively from the data, and
were compared to categories drawn from the interview data as below. Data from
responses to these open-ended questions are referred to as Group [number]

when presented in conjunction with interview data.

Interview data were analysed using qualitative data analysis software NVivo 10
(www.gsrinternational.com/products_nvivo.aspx). The software enables
passages of text to be manually tagged and indexed into one or more categories
drawn from passage content (Bazely & Jackson 2013). Categories were
inductively generated, i.e., recurring key words and/or themes were grouped

together to facilitate interpretation of the text.
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6.4 Results

6.4.1 Citizen science data use

A total of 296 community environmental groups (55%) responded to the online
questionnaire (n=540). Of the groups carrying out monitoring, questionnaire
responses indicated that the primary use for the monitoring data (Table 6.1) was
reporting back to funders (63%; n=151), followed by informing restoration
planning, sharing results with resource management agencies and supporting

funding applications (all 60%).

Table 6.1 Community environmental groups' reported use of their monitoring data (n=151).

More than one answer is possible per category.

Groups’ reported use of their monitoring data Z::ps
Reporting back to funders 63
Informing restoration management planning in line with project aims/objectives 60
Providing general results to e.g. DOC, Councils, Science providers 60
Supporting funding applications 60
Measuring the effectiveness of new methods, equipment (e.g. traps) or materials 53
(e.g. herbicide or bait)

Supporting submissions on environmental matters 29
Contributing to larger research projects led by e.g., science providers, universities 19
Don't know 5

In an open-ended question asking groups to detail how their monitoring data
supplied to councils, DOC or science providers was used, more than one-third
(35%; n=55) reported that they did this for compliance or accountability reasons
e.g., ‘To see that we are following 'best practice' at all times in our predator
control; to see if the Project is successful enough for the re-introduction of native
bird species; to see if we are using funding how it was intended’ (Group 230).

Though not specified as a high monitoring priority overall (Figure 6.1), one33% of
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groups reported through the open-ended question the data they provided to
councils and other organisations as contributing to larger-research project led,
for example, by science providers and universities. A further 29% of groups
reported their data being used for advocacy purposes, such as promoting group

activities to others.

When groups were asked to award a priority (low, medium, high) for using their
monitoring data, the main priorities (Figure 6.1, n=157) were reported as using
data to guide restoration management decision-making (61%), followed by using
data for educational purposes and for supporting funding applications (48% and
48%, respectively). The lowest priority (23%) was reported as making
contributions to wider research projects such as those coordinated by science

providers.

Guide restoration management | EGEGNGNGNGNGNGNGNENENEEES
Education |
Support funding applications | EEEE
Funding accountability | G
Influence decision-making || EKGTzTNENGNGEGEGS
Contribute to wider research | NN

0 10 20 30 40 50 60 70 &80 90 100
% of groups

Monitoring priority

W High priority B Medium priority Low priority Not a priority

Figure 6.1 Low, medium, high priority or not a priority reported by community environmental

groups for monitoring aspects of their restoration projects (n=157).

6.4.2 Monitoring outcomes for community groups

Qualitative analysis of open-ended responses to the questionnaire (n=27) and
interviews (n=34) highlighted the broad social dimension inherent in the process

of community environmental monitoring. The ability to strengthen relationships
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between individuals, their communities and local landscapes, was described by
one community group member, ‘The best thing about Five Minute Bird Counts |
think is engagement... we do the bird counts together and I've really got to know
him and his family... [it’s] to do with actually caring... the elements of community
— they’re back again’ (CEG-10). One community group member also highlighted
the benefits of sharing monitoring outputs, ‘...there’s nothing like a good tracking
paper with no [pest animal] prints on it to lift everybody’s morale...” (CEG-06).
Relationships between groups and project partners were also enhanced, with
one agency staff member commenting that using community data, ‘...creates a

mutual dependency between everyone involved in the project...” (A-06).

Monitoring as a means to learn more about the environment was reported by
one community group member, as s/he explained ‘..we had no idea about the
bittern [Botaurus poiciloptilus] until... suddenly in the middle of our monitoring
they started booming....”(CEG-06). The use of monitoring toolkits that combined
matauranga maori (cultural knowledge) and western science was seen to enable
simultaneous engagement and empowerment for iwi, as one scientist described,
‘... people say we have lost a lot of [matauranga maori]... so the CHI [Cultural
Health Index] is being used to build up that knowledge base so that people are a

lot more informed when they go into any decision-making’ (SCI-02).

6.4.3 The value of groups’ citizen science activities

In the interviews (n=34), staff from agencies and science providers put forward
arguments both supporting and challenging the value of community citizen
science activities. One scientist suggested that, ‘... [community environmental
groups] are probably the best people on the ground to monitor and understand
changes to that place and also tie in any activities in those areas with their own
aspirational targets...” (SCI-02), highlighting the multiple functions of community

‘{

monitoring. Agency staff described groups’ citizen science activities as ‘..an
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opportunity to add value...” (A-06) to agency-led monitoring programs. One
agency staff member described how community data could be used when
combined with species distribution data available through other agency and
online public databases, arguing that, ‘...then I've got a good understanding of
where those species have been recorded historically ... when we write a key
native ecosystem management plan [or] restoration plan, we basically want to
understand what species are there... [and] how we should be managing [them]...’

(A-12).

Barriers for using citizen science data centred on data utility and data quality.
One agency staff member, for example, highlighted a suite of conditions that
s/he felt needed to be met before using community data, such as whether it was,
‘... meaningful, whether resource-wise it can be achieved, and makes sense in
terms of our core business, our business functions, and the agreements we’ve
made through our Long-Term Plan’ (A-02). Issues concerning data quality were
discussed both by agency staff and community group members. One agency staff
member commented that, ‘People who are distrusting... think... you need
professionals to be collecting the data before you can pay any attention to it...’
(A-06). While the challenges of setting up processes for improving community
data quality were not ‘insurmountable’ (A-02) according to one agency member,

even community group members felt that their data quality was ‘an obvious

concern’ (CEG-10).

Factors identified by agency staff contributing to poor data quality included not
defining monitoring purpose (A-02), a lack of understanding of experimental
design (A-05) and a lack of project control sites (A-05). A further factor was
claimed by an agency member to be the skill set and consistency required, “...it
takes a lot of practice and not everyone’s very good at monitoring; individual

variation can actually undermine any other value in the data you collect...” (A-05).
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However, another agency member regarded groups’ participants as potentially

‘

highly competent, noting that, ‘.. [some were] professional accountants,
professional ecologists in their day... | don’t see any reason why you can’t trust
thelir] data’ (A-06). This view was echoed by one experienced community group
member, stating “...it’s not as if we’re dipsticks out in the wops who need DOC to

tell us how to do things; we’ve gone over that hump and... gone a lot further’

(CEG-05).

6.4.4 Solutions

The lack of a wider context for supporting groups and using community data, as
one agency staff member described, ‘... is where we’ve fallen down... not [just]
providing the template but providing an entire system for [groups] to be able to
feed [their monitoring data] back and who... they feed it back to’ (A-13). This had
detrimental effects for groups, as outlined by an agency member, ‘...[stream
monitoring data was] never used for anything and never fed back to the groups,
so it was quite disheartening, so a lot of the groups... don’t see the benefit [of

monitoring]... as they do from putting plants in the ground ... “ (A-13).

A range of practical solutions for developing and implementing robust
monitoring programs was proposed by interviewees (n=34), beginning with, as
one agency staff member suggested, ‘...some serious discussion... so that we can
meet in the middle [with community groups] and find something that is going to
be worthwhile, but also that’s going to be achievable for the groups and for us to
sell to the groups...” (A-13). Progress would require suitable structures for
supporting groups, as explained by one community group member, ‘I see a real
potential...for frameworks, guidance... mentoring even — somebody who is like a
science advisor to groups...’” (CEG-10). This general idea was reiterated by an
agency staff member who suggested, ‘..having a science structure [around

groups, to] ...give [community groups] credibility around what they’re doing...’
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(A-06). In addition, more collaborative approaches to working with the
community that respected groups’ local knowledge were emphasised by an
environmental consultant, ‘..let’'s not come in as scientists that know

everything...” (CON-01).

Building capacity amongst community groups was also proposed. One agency
staff member suggested two ideas: (1) “...a satellite group of experts among the
community group...” could be trained, ‘...so maybe a community group doesn’t
have to do its own monitoring...”; (2) ‘For the amount of [monitoring] training
[required by groups], would it be worth us all [i.e. agencies] pooling in and
getting somebody to go in and do the monitoring for the groups once a year or
whenever...” (A-13). Similarly, a proposal for ‘specialist teams’ made up of
professionals with both technical and social skills was put forward by one

’

community group member, ‘... [they] would be highly trained and really good
communicators...” (CEG-10). Ultimately, the need for national leadership in
citizen science was summarised by one agency staff member as ‘...encouraging

people to... standardise to be part of a big picture... it could happen... someone

needs to take the bull by the horns and lead it..." (A-05).

6.5 Discussion

6.5.1 Data use

Community environmental groups’ priorities for carrying out monitoring were
generally aligned with how they used their data. For example, groups’ highest
monitoring priority was to guide their restoration management decision-making,
and this appeared as one of the four main uses of groups’ data. Monitoring
priorities and data uses were also well aligned with funding: both for supporting
applications and for reporting results back to funders. These results underscore

groups’ reliance on funding bodies for sustaining their projects as well as the
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need to justify expenditure on outcomes of key restoration activities such as
weed and animal pest control (Peters et al. 2015a). The use of data for
educational purposes was also regarded as a high priority. This combination of
environmental and social dimensions typifies community environmental groups’
activities in New Zealand (Peters et al. 2015a; Hardie-Boys 2010) and
underscores the dual purpose of community monitoring, namely as a social

activity embedded within a scientific enquiry (Byrd 2008).

Groups also reported providing their monitoring data to project partners (e.g.,
councils, DOC and science providers). Resource managers may use citizen science
data as background information (in the absence of other data); to assess
environmental health; to ‘raise a red flag’ (e.g., for pollution events), for special
studies (e.g., determining the effects of management) and to support evidence-
based policy making (Haklay 2015; Hoyer et al. 2014; Brown et al. 2000). Project
partners, however, described a lack of systems in place within New Zealand
agencies for integrating community data into environmental reporting. In
addition, data provided by the community may be incomplete or in formats not
readily used by environmental managers (Conrad & Hilchey 2011). An
explanation may lie with the grass roots nature of community group
development where projects have been developed in response to local
environmental issues (Ross 2009). The results demonstrate that groups’ citizen
science activities primarily serve the needs of the group first, with data supplied

to others such as agencies and science providers as a secondary consideration.

The potential exists in New Zealand for community data to contribute to larger
monitoring programs given current shortfalls in agency-led monitoring (Clayton
& Cowan 2010). For example, limited outcome monitoring being conducted on
brush-tailed possum (Trichosurus vulpecula) control operations by resource

management agencies (Clayton & Cowan 2010) could be supplemented by data
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from community groups, as large numbers of groups trap possums and other
animal pests on council-owned land (Peters et al. 2015a). Additionally, Lee and
Allen (2011) point out that community group weed or animal pest control data
combined with population studies of native species could be used to develop
meaningful indicators of community engagement in biodiversity protection.

Several interviewees expressed concerns about data quality arising, for example,
from observer error and flawed experimental design, or from a belief that
community data are inherently untrustworthy. Although community stream
water quality monitoring data have shown significant differences to
professionally collected data, differences in equipment and protocols were
revealed as the sources of error (Coates 2013). Biases regarding species
distributions have been documented in open access platforms where community
members can log their species observations (e.g., www.naturewatch.org.nz),
hence the importance of understanding data limitations (Ward 2014) and

designing studies to minimise potential biases (Ashcroft et al. 2012).

In New Zealand, critical evaluation of groups’ performance when using common
protocols such as Five Minute Bird Counts is needed to provide a wider context
for interviewees’ observations and assumptions. While the use of recognised
protocols serves to legitimise community generated data (Ottinger 2010),
applying a framework to assess groups’ methods for quality assurance and
quality control (QA/QC) could provide empirical evidence to guide future

decisions around community data use (Wiggins et al. 2011).

6.5.2 Monitoring and transformation

The results of this study show that monitoring within community-led projects can
act as a catalyst for enhancing environmental knowledge and relationship
building with other group members, local communities and project partners.

Community-led projects in the study are therefore most closely affiliated to a
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transformative model of citizen science, although Lawrence (2005) argues that
scientist-led projects may also enable participant’s perspectives and values to
become transformed despite a lesser level of engagement in project activities.
Monitoring tools such as the Cultural Health Index (Tipa & Teirney 2003) that
situate cultural indicators of ecosystem health alongside western science
methods provide fertile ground for extending the transformative reach of
community monitoring. By producing data that are both culturally relevant and
useable by resource managers, groups are able to participate more credibly in

environmental decision-making (Townsend et al. 2004).

6.5.3 The way forward

Current government initiatives are targeted at contributory and collaborative
citizen science projects (Ministry of Business Innovation and Employment et al.
2014; Ministry of Business Innovation and Employment 2013). In contrast,
support for transformative projects is left largely to individual project partners,
hence the lack of a more strategic approach across resource management
agencies to drive, for example, more effective community data use, and the
development of QA/QC frameworks suited to New Zealand community groups’
projects. Interviewees put forward solutions for progressing community
monitoring that centred on cohesive long-term support from resource
management agencies by increasing groups’ capacity for carrying out science, or
by providing monitoring services across groups. These solutions emphasised the
relationship-building between science professionals and community members
that is central to the Science in Society Strategic Plan (Ministry of Business
Innovation and Employment et al. 2014). The democratisation of science through
greater public participation in scientific studies and more accessible science
designed to meet community needs is a critical step towards creating a

scientifically literate society, as well as one that can contribute important data to
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agencies charged with environmental management (Pandya 2012; Conrad &

Hilchey 2011).

6.6 Conclusion

Monitoring by community environmental groups in New Zealand forms an
integral part of many environmental restoration projects. Community groups’
data remains a valuable though under-utilized resource with potential to
contribute to environmental reporting led by agencies and science providers. The
value of groups’ citizen science data lies with informing groups about the
management of their environmental restoration projects, educating project
stakeholders about project outcomes, building environmental knowledge and
enhancing relationships with project partners. The range of outcomes therefore
distinguishes community environmental groups’ monitoring activities as
transformative in character, though diverse social outcomes may also occur in
other types of citizen science projects. The optimism and caution expressed by
project partners for using citizen science data highlight fundamental challenges
around data quality combined with the lack of institutional or other supporting
frameworks. However, the rapid growth internationally of citizen science
demonstrates that effective methods can be developed that address data quality
concerns. As groups’ individual monitoring programs have often evolved
independently from larger agency or scientist-led research, bringing cohesion
and shared objectives for monitoring at greater spatial scales presents a
significant challenge. For community data to contribute to wider research
objectives, further leadership and ongoing support are needed by project

partners as well as from central government.
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APPLYING CITIZEN SCIENCE TO
FRESHWATER ECOSYSTEM RESTORATION?®

7.1 Abstract

Interest in citizen science is growing globally as environmental degradation
continues, information needs increase, and the value of stronger relationships
between the science community and public is recognised. How community
volunteers participate in citizen science ranges from solely collecting
environmental data to being fully engaged in project design and delivery. In New
Zealand, community groups lead diverse environmental restoration projects.
Responding to an online questionnaire, 137 groups reported carrying out their
own monitoring to measure environmental change. While many of these groups
(41%, n=239) reported an interest in monitoring water quality in the future,
there was limited reporting of freshwater monitoring (22% of groups, n=143),
and this monitoring centred mostly on stream macroinvertebrate counts. Three
case studies are presented that outline how community groups have engaged in
collecting water quality data. In contrast, a strong culture of volunteer water
qguality monitoring exists e.g., in the USA, where programmes are designed to
educate participants while also providing data for fundamental research, and for
government agency-led environmental decision-making. To encourage wider

participation of communities, professional scientists and government agencies in

5 A version of this chapter has been accepted for publication as: ‘Applying citizen science to freshwater
ecosystem restoration’ Monica A. Peters, David Hamilton and Chris Eames. In: ‘Lake Restoration:
Perspectives from New Zealand’, eds. D. Hamilton, K. Collier, C. Howard-Williams, and J. Quinn (to be
published 2016 by Springer). This chapter includes contributions in ‘Feature Boxes’ from Mark Hoyer and

Kathleen Weathers that are part of the accepted book chapter.
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citizen science, principles underpinning the development and implementation of
long-term volunteer monitoring programmes are outlined. Stronger community
participation in monitoring has the potential to improve both scientific and
environmental literacy, while building more complete data sets describing trends
in freshwater resources. Furthermore, in New Zealand an informed and engaged
public is in line with goals of local, regional and national government to increase

public involvement in freshwater through participatory decision-making.

7.2 Introduction

A major issue facing humanity in the twenty-first century is the global decline in
the quality of freshwater resources (United Nations Educational 2012).
Recognising the need to protect and maintain water body health, volunteer
water quality monitoring programmes have proliferated across the USA and
Canada over the past 40 years. Hundreds of thousands of community volunteers
now monitor streams, rivers and lakes in order to understand trends and identify
issues (Kebo & Bunch 2013; United States Environmental Protection Agency
2012). Many of these volunteer initiatives began from environmental watchdog
programs where members of the community became advocates for their local

freshwater resources (Firehock & West 1995).

These volunteer water quality monitoring programmes now form part of a wider
movement known as citizen science. Broadly defined as public participation in
scientific investigations (Bonney et al. 2009a), monitoring carried out by
community volunteers underpins an increasingly diverse range of studies across
terrestrial and aquatic ecosystems (Silvertown 2009). Data generated by
volunteers may be used to raise public awareness of environmental issues (Savan
et al. 2003); contribute to scientific research (Hoyer et al. 2014), or to inform
environmental management and policy (Haklay 2015). As participants carry out

field-based activities in citizen science projects, stewardship of the environment
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may be encouraged, and participants may also increase their knowledge of
ecology (Dickinson et al. 2012). In addition, the potential also exists for
increasing participants’ knowledge of scientific processes, i.e., scientific literacy

(Crall et al. 2012; Jordan et al. 2011; Brossard et al. 2005; Trumbull et al. 2000).

The increasing popularity of citizen science projects and volunteer monitoring
programmes can be attributed to a range of factors. With government agency
capacity to carry out environmental monitoring reduced due to declining
budgets (Kebo & Bunch 2013), trained volunteers have proved cost-effective,
particularly for collecting long-term data over large areas (Hoyer et al. 2014). As
a result, key scientific questions can be addressed that would otherwise lie
beyond the resourcing capability of professional organisations and their staff
(Carr 2004). Over time, access to simplified methods and training materials
developed for volunteers have encouraged wide participation, notably for water
quality monitoring (Firehock & West 1995). The growth of Web 2.0-based tools
has driven the expansion of citizen science, with smartphone apps and sensors
enabling rapid data collection and dissemination (Teacher et al. 2013). Haklay
(2015) also identifies increasing levels of higher education, leisure time, and
numbers of able-bodied retirees as factors, though also points out that few

project participants comprise minority groups unless specifically targeted.

7.2.1 Participating in citizen science

Citizen science projects and volunteer monitoring programmes can be
categorised according to level of participation by volunteers. In contributory or
scientist-led projects, the primary role of volunteers is to collect data (Bonney et
al. 2009a). This approach typically underpins studies where long-term data are
required across large distances, such as ‘The Great Secchi Dip-In’
(http://www.secchidipin.org/). In this programme, more than 2,000 waterbodies

(mostly across the USA and Canada) have been monitored for five or more years
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by volunteers for trends in transparency. A feature of the contributory approach
is that it builds on what community members may already enjoy doing, for
example, regular recreational users of water bodies may also collect samples for
water quality monitoring or amateur bird watchers may join in on an annual bird

count (Silvertown 2009).

Co-created or collaborative approaches enable greater volunteer participation in
key activities such as study design, data collection, analysis and reporting (Shirk
et al. 2012). An example is researchers working with local communities
neighbouring a contaminated site to co-create a project that responds to

community information needs (Ramirez-Andreotta et al. 2015).

Full participation by community volunteers in developing and leading
projects/programmes, as well as collecting and managing the data, may be
labelled as community-led, grass-roots or transformative citizen science (Conrad
& Hilchey 2011). In this approach, scientists and land managers provide technical
input, but the monitoring agenda is primarily directed by the volunteers. These
types of projects are widespread in New Zealand, among community groups
carrying out environmental restoration-centred projects across a range of

ecosystems including freshwater (Peters et al. 2015a).

7.2.2 Data quality

Despite the widespread use of volunteer data and the longevity of water quality
monitoring programmes such as Florida Lakewatch and the Lake Sunapee
Protective Association (Feature Boxes 1 and 2), the quality of data collected by
volunteers is frequently questioned. Sources of error commonly include poor
study design, inconsistent use of methods, or not using uniform/standardised
monitoring equipment. Further errors may stem from volunteers’ lack of

experience, which can lead to over or under-estimation of size and/or
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abundance, or inadvertent bias stemming from volunteers’ preconceptions

(Wiggins et al. 2011; Danielsen et al. 2005).

Quality assurance and quality control (QA/QC) planning procedures specifically
designed to assist volunteer water quality monitors in the USA, were developed
to address these issues (United States Environmental Protection Agency 1996).
At the same time, an increasing number of studies have been carried out to
determine the concordance between volunteer and professionally collected
data. Both the Florida Lakewatch programme and the Lakes of Missouri
Volunteer programme, for example, showed that results for variables measured
(total phosphorus (TP), total nitrogen (TN), chlorophyll a and Secchi disk depth),
were strongly correlated between professionals and volunteers (Hoyer et al.
2012; Obrecht et al. 1998). Further studies have shown similar levels of
concordance for measurements of the average cyanobacterial toxin microcystin
in samples (Sarnelle et al. 2010), and for determining macroinvertebrate taxon

richness (Fore et al. 2001).

Wiggins et al. (2011) pinpoint three stages at which QA/QC interventions can
take place, namely before, during and after participation by volunteers. Common
solutions include pre-monitoring participant training and certification (Hoyer et
al. 2012); the inclusion of tests during online data entry to validate data;
replication by multiple participants, and expert review of data to highlight
anomalies (Worthington et al. 2012; Wiggins et al. 2011). Effective monitoring
programmes also acknowledge limitations by using protocols that match
volunteers’ skill and equipment, with authorities then alerted when more
detailed monitoring using specialist equipment and expertise is required (Savan

et al. 2003).
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FEATURE BOX 1: Florida Lakewatch®

Florida LAKEWATCH is a successful long-term volunteer water quality-monitoring program.
LAKEWATCH (est. 1986) began when citizens from Lake Santa Fe and Lake Broward (Alachua
County, FL) contacted the University of Florida seeking answers on how to best manage their
lakes. After training these volunteers to collect water from their lakes, they began monthly
surface water sampling and measuring water clarity (Secchi depth), delivering samples back to
the University to be analyzed for nutrients (phosphorus and nitrogen, key limiting factors for
biological production), and chlorophyll (an indicator of algal biomass). These first citizens gave
university professionals an idea and an opportunity to use volunteers to address these three
original LAKEWATCH objectives: 1) How is the limnology of Florida lakes impacted by changing
geologic gradients everywhere apparent in Florida. 2) What variance is exhibited among and

within Florida lakes, and 3) Are there trends in the water quality of Florida lakes?

Professional and public interest with citizen involvement flourished to such a degree, that
continued requests for state funding were heard, and the Florida Legislature officially established
Florida LAKEWATCH in 1991 (Chapter 1004.49 F.S.). The evolution of the program lead to the

organisational model of a Land Grant University with aspects of teaching, extension and research.

University professionals coordinating graduate students (teaching) and thousands of dedicated
citizen scientists have resulted in the collection of reliable long-term water quality data for over
1100 lakes, 175 coastal sites, 120 rivers, and 5 springs. LAKEWATCH has used the results to create
information circulars (extension) to address lake management issues in an understandable
format while maintaining scientific credibility. At the same time, committed researchers
maintained a steady stream of publications in peer-reviewed journals (research) showcasing the

quality of data collected by volunteers.

Two major (of the many) hurdles to the early and continued success of LAKEWATCH are: 1)
demonstrating to professional groups that trained volunteers are capable of collecting credible
data, and 2) maintaining consistent long-term funding. Studies comparing data collected by
volunteers with those collected by professionals have ensured LAKEWATCH's accreditation to
meet various national standards. Funding is especially critical because trained and committed
core staff is needed to work alongside volunteers. Continued successes of the program make it
easier for funding agencies to move money into the program. There is a vast army of citizen
scientists waiting to get involved, and the hope is that the Florida LAKEWATCH experience assists

other groups develop successful monitoring programs (Hoyer et al. 2014).

6 Feature Box contribution by M.V. Hoyer, University of Florida, USA
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FEATURE BOX 2: Lake Sunapee Protective Association’

The Lake Sunapee Protective Association (LSPA) is one of the oldest lake associations in the
United States, with a more than 110-year history of preserving and enhancing the environmental
quality of the Lake Sunapee watershed and beyond. Located in southern New Hampshire, Lake
Sunapee is an oligotrophic lake whose watershed is 80% forested and whose shoreline is rimmed
with private cottages. LSPA relies on volunteers supported by 4.5 staff and an annual budget
derived from membership and donations to conduct watershed restoration activities and deliver

education and outreach programs to 4,000 to 5,000 people per year.

Citizen science volunteers have gathered over 20 years of water quality monitoring data, and
their critical observations have contributed to a better understanding of the ecosystem. One
example is when cyanobacteria blooms began to appear in the lake in 2004. Lakeshore residents
and monitoring volunteers were the first to notice the appearance of an unusual bloom and
different kind of algae in Lake Sunapee. They went looking for help to understand changes
underway and found serendipity on their side. The author (Weathers) was on sabbatical with
LSPA in 2004 and a student passionate about algae was looking for an internship in the area. It
was the start of what has become a major, multi-year, regional study involving many citizens and

students working with researchers from area universities and colleges (e.g., Carey et al. 2014).

The LSPA research program also involves the use of high frequency data from sensors mounted
on a buoy in the lake and collaborations with researchers as part of the Global Lake Ecological
Observatory Network (GLEON). The research has not only contributed to an improved
understanding of the surprising algae blooms in Lake Sunapee —the kind of sound science that
underpins management decisions — but also to an understanding of how these blooms may affect

nutrient-poor lakes worldwide (Cottingham et al. 2015).

7.3 New Zealand: the freshwater policy context

Examples discussed thus far have included volunteer water quality monitoring
programmes primarily from the U.S.A. This restricted geographic focus raises the
guestion of which types of programmes exist in other parts of the world. New
Zealand provides a useful case study, as water quality monitoring is likely to
evolve into a collaborative activity in the future. The drivers for this change are
legislated changes to government agency-led management of freshwater and a
greater emphasis on community participation in natural resource management

(Department of Conservation 2014; Ministry for the Environment 2013).

7 Feature Box contribution by K.C. Weathers, Cary Institute, USA
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At present, there is a pressing need for more effective freshwater management.
Although point source pollution has largely been controlled through tighter
regulation and enforcement, non-point source pollution (stemming mostly from
agriculture), continues to have a major impact on freshwater quality
(Parliamentary Commissioner for the Environment 2013). Water quality declines
have been recorded across all major rivers (Ballantine & Davies-Colley 2010), and
nearly one-third of monitored lakes are classed as eutrophic or of higher
(degraded) trophic state (Verburg et al. 2010). Public awareness of these declines
has increased such that water pollution is regarded as a critical environmental
issue (Hughey et al. 2013), especially for rivers and lakes (Horizon Research

2013).

Water quality programmes vary widely between local authorities. This is partly
due to programmes having been inherited from management structures such as
catchment boards, which pre-dated the formation in 1989 of regional councils as
territorial management authorities (Derby 2012; Office of the Auditor-General
2011). The need for guidance on freshwater management from central
government has resulted in the new National Policy Statement for Freshwater
Management (NPS-FM), the primary function of which is to maintain or improve
overall freshwater quality within a region (New Zealand Government 2014a). The
NPS-FM National Objectives Framework will enable local authorities and
communities to plan for freshwater objectives (i.e., the desired state of
freshwater relative to the current state), through a participatory process
involving members of the wider community (Ministry for the Environment 2013).
The NPS-FM recognises the environmental, social, economic and cultural values
of freshwater resources in line with the range of iwi [tribal group] and
community interests. In this respect, the policy enlarges upon existing, world-
leading approaches centering on the specific inclusion of Maori in negotiated

arrangements for resource management.
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Although the date for NPS-FM implementation by local authorities has been
established as December 2015, full implementation may be achieved through a
staged process to meet a final deadline of December 2030 (New Zealand
Government 2014b). This will allow time to define the manner in which
community members, including iwi, will be involved in setting water quality
objectives. The NPS-FM includes a suite of variables that community groups may
be encouraged to monitor in the future. These variables are similar to those
commonly measured in freshwater volunteer programmes in the USA, namely
water temperature, periphyton abundance, sediment, discharges, connectivity,
total nitrogen (TN) and total phosphorus (TP), fish, invertebrates and riparian

margin condition.

7.3.1 Lake water quality monitoring

Standardised protocols used by local authorities and science organisations for
measuring lake water quality (e.g., TN, TP, chlorophyll a and Secchi depth) have
not been widely adopted by New Zealand community environmental groups and
Non-Government Organisations. Contributing factors are diverse and are likely to
include a low population density, for example, relative to North America (World
Bank 2014), lake ownership, and a lack of accessible monitoring toolkits that
bring together basic protocols, educational support material, equipment and
necessary training. Limited funding is available for setting up and sustaining
monitoring programmes, let alone for meeting laboratory costs for specialist

analysis of TP, TN and chlorophyll a.

A further explanation may lie with who ultimately takes responsibility for water
guality monitoring. In New Zealand, this activity is carried out by local authorities
who are obliged to do so under the 1991 Resource Management Act (New
Zealand Government 2014a). These authorities are also required to provide data

to the Ministry for the Environment for national state of the environment
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reporting (Hilliard & Breese 2010). Although communities may not perceive a
need for developing their own water quality monitoring programmes, equally,
local authorities have not widely considered the potential of community
volunteers to greatly enhance their capacity to collect useful data. The lack of
water quality monitoring programmes that are reliant on volunteers to collect
data for educational, scientific and environmental management purposes
contrasts greatly with the two case studies from the USA presented in Feature

Boxes 1 and 2.

7.4 Community freshwater ecosystem restoration

More than 600 community environmental groups largely made up of
incorporated societies and trusts, are estimated to exist in New Zealand (Ross
2009). These groups represent a sizeable labour force of up to 45 000 volunteers
(Handford 2011). An online questionnaire was sent to 540 of these groups and
results showed that almost two-thirds (63% n=286) were actively engaged in
restoring, enhancing and protecting native habitat associated with freshwater
ecosystems (Peters et al. 2015a). Of this number, 32 groups (11%) carried out
lake and catchment restoration. An overview of groups’ freshwater restoration
projects reveals a broad suite of activities within water bodies, in the riparian
zone and extending into the catchment. Common activities undertaken by
volunteers include pest animal and weed control, and re-vegetating with native
species. Public education programmes and advocacy in the form of preparing
submissions on environmental matters are also common, underscoring the
diverse ways in which groups address issues around environmental degradation
(Peters et al. 2015a). Groups’ efforts are generally poorly documented in the
peer reviewed literature, however sources such as group newsletters and reports
highlight various freshwater ecosystem-related outcomes. Stream-based groups
have controlled invasive aquatic weeds (Friends of Waiwhetu Stream 2013);

improved habitat for native fish by manipulating the instream environment;
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restored riparian vegetation (Collier et al. 2008); and improved waterway health
after best practices were adopted on adjacent farms (Allen et al. 2014).
Internationally recognised protection for wetlands has been secured (Ravine
2007), and partnerships with researchers developed to investigate sediment
traps and floating wetland effectiveness (New Zealand Landcare Trust 2013).
Large-scale lake catchment projects have resulted in pest-proof fencing,
intensive pest animal control and the reintroduction of native fauna (Rotokare

Scenic Reserve Trust 2014; Campbell-Hunt & Campbell-Hunt 2013).

Questionnaire results also showed that 137 community groups carried out their
own science-based monitoring as a component of their restoration projects
(Peters et al. 2015a. Despite increased public awareness of water quality
declines, groups’ environmental monitoring activities were predominantly
focused on terrestrial ecosystems in support of objectives to control/manage
pest animals and weed species (Peters et al. 2015a). Although 41% of community
groups (n= 239) reported an interest in monitoring water quality in the future,
most groups currently only carried out stream invertebrate counts (22%) (Peters
et al. 2015b). The use of freshwater monitoring toolkits such as the Stream
Health Monitoring and Assessment Kit/SHMAK (Biggs et al. 2002), and Cultural
Health Index/CHI (Tipa & Teirney 2003) has therefore been very limited (8%;
n=157), despite these tools being developed specifically to assist community

groups and iwi (Maori tribes) to quantify water body health.

7.4.1 Lake ‘care’ groups

The following case studies provide insights into the diverse ways that volunteers
have mobilised around their local lakes. Despite the absence of volunteer toolkits
and wider programmes to support the collection, analysis and management of
volunteer data for lakes, public concern over water quality declines has

motivated some community groups and individuals to collect their own data.
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Other group efforts have centred on building a better knowledge base about
water quality declines in order to improve local authority lake management, as

well as inform policy.

CASE STUDY 1: Lakes Water Quality Society
The Rotorua Lakes comprise 11 volcanic lakes ranging in size from 79.8 km? (Lake
Rotorua) to 1.4 km? (Tikitapu/Blue Lake), and are situated in the central North

Island.

From the late 1990s, lakeside inhabitants had begun witnessing cyanobacterial
blooms occurring annually in several of the Rotorua lakes. The Lakes Water
Quality Society (LWQS; http://lakeswaterquality.co.nz/) evolved in response to
these ongoing water quality declines and the lack of remedial action taken by
local authorities. Over 12 years, the LWQS ran a series of eight Symposia,
triggering interest in the science, and disseminating scientific knowledge to
decision-makers and the wider community. The LWQS has also been extremely
effective at strategic policy change. In 2000, a Regional Water and Land Plan was
proposed by the regional resource management agency, Environment Bay of
Plenty. The Plan included Rule 11 which prohibited any additional land use
intensification that could increase nutrient discharge to five lakes (including Lake
Rotorua) with the overall objective of maintaining water quality above, or at, the
level it was in 1960. Action Plans were developed to support remedial works for
these five lakes. The LWQS successfully fought for further Action Plans to be
developed for the seven remaining lakes, with works to be initiated when their
water quality declined below a threshold level. The LWQS has also played a key
role in securing major funding from central government (a total of NZD$79.3
million), and encouraged action by local authorities resulting in improved

sewerage reticulation, in-lake engineering works, land use change from farming
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to forestry, more effective on-farm nutrient management and the precipitation

of phosphorus from some lakes and streams (summarised from McLean 2014).

CASE STUDY 2. Lake Tarawera Ratepayers Association
At 51.0 km?, Lake Tarawera forms the second largest of the Rotorua Lakes group

in the central North Island.

In 2005/6 a summer student from the University of Waikato, Hamilton, was
employed by the Lake Tarawera Ratepayers Association (LTRA) to determine
nutrient concentrations of the lake and tributary inflows as well as to measure
tributary discharges. Local resident Terry Beckett, a LTRA member and avid fly-
fisherman, recognised the value of continuing the monitoring. He has continued
the monitoring quarterly (following protocols used by the University), to now
provide a long-term (10-year), continuous dataset. The samples, collected on
behalf of LTRA, are supplied to the University of Waikato for analysis of
ammonium, soluble reactive phosphorus, nitrate, TP and TN, complementing
data from the regional council state of the environment monitoring which is
restricted solely to the lake itself. Surface water discharges also continue to be
measured by the LTRA. This comprehensive dataset has revealed the linkage of
Lake Tarawera to other lakes by outflows, and the marked differences in
composition between geothermal and cold-water spring inflows. This citizen
science work has led to a realisation that a wider view than just the immediate
lake catchment needs to be taken into consideration when investigating ways in
which anthropogenic nutrient inputs can be reduced. The dissemination of data
via newsletters has resulted in an informed and supportive community whose
annual donations support costs associated with data collection and analysis
(Terry Beckett, Pers. Comm.). Donations also help support a monitoring buoy
that forms an important source of ‘live’ information for local residents

(Environment Bay of Plenty, undated).
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CASE STUDY 3. South Wairarapa Biodiversity Group

The Oko(u)rewa/Onoke Lagoon covers 6.3 km? and is part of a heavily modified
system linked to Lake Wairarapa (78 km?) at the southern end of New Zealand’s
North Island.

‘

The vision of the South Wairarapa Biodiversity Group is ‘...a healthy coastal
lagoon within the Wairarapa Moana Complex [Lake Wairarapa] supporting
indigenous flora and fauna, for the education and enjoyment of the NZ public.
(http://swbg.weebly.com/okorewaonoke-lagoon.html). To achieve this vision,
the group is re-vegetating the lagoon margins and has conducted baseline
monitoring to develop a report of current lagoon health. In 2013 funding was
received for the group to sample invertebrates and to collect water for
laboratory analysis. A group member with a science background conducted her
own research into suitable methods to use — a challenge given the lagoon’s
variable flushing regime, fluctuating salinity, and soft, sticky substrate. As a well-
established group, strong partnerships have evolved with government agencies
and others. For example, university staff and students provided technical
assistance while sampling and carried out analyses of water quality samples. The
group is considering whether to continue monitoring, though will need to source

additional funding as well as verify the best protocols to use for this complex

system (Jane Lenting and Heather Atkinson pers. comm).

7.5 Developing long-term volunteer monitoring programmes

A common thread running through each of New Zealand case studies is the
desire for knowledge, environmental stewardship of the local area, and
engagement in activities that lead to positive environmental as well as social
outcomes. There is a big step between these individual community group
initiatives and the large-scale, long-term water quality monitoring programmes

commonly encountered in the USA such as Florida Lakewatch, and the Lake
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Sunapee Protective Association initiatives. However, the shifting focus of water
management in New Zealand from agency-only to multi-stakeholder
collaborations has created a political environment amenable to an expanded role

for community volunteers in freshwater science and monitoring.

With an abundance of well-established programmes to reflect on, in particular
across the USA, Canada and Europe, a suite of interdependent management,
science and social principles can be brought together to guide the development
of new, long-term volunteer monitoring programmes. The principles listed here
are neither intended to serve as a complete checklist, nor are they presented in
any hierarchical order. Instead they contribute to a growing dialogue on citizen
science best practice (e.g., Shirk et al. 2012). Comprehensive frameworks,
describing the practical steps for developing, implementing and evaluating
citizen science projects (that can also be applied to volunteer monitoring
programmes), have previously been produced for the UK Environmental
Observation Framework (Tweddle et al. 2012), as well as for Canadian

community monitoring networks (Conrad & Daoust 2008).

7.5.1 Defined objectives and outcomes

Citizen science objectives commonly include education and public engagement;
contributing to scientific research on ecosystems and phenomena; enhancing
community capacity for decision-making; providing data for environmental
management, or supporting policy development (Shirk et al. 2012). Defining
volunteer monitoring programme objectives as well as outcomes from the outset
has major implications for who will participate, and how they will participate.
The scope and nature of data collected will also be affected, an example being
that an educational or public engagement monitoring programme may not
prioritise data quality to the same level as a programme designed to collect data

for research or management purposes (Savan et al. 2003). Additionally, the way
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in which information is communicated and results are shared will also reflect the
project purpose, as the target audience will vary, and how data are used will be
programme specific. Further details on these key priorities are outlined in the

following sections.

7.5.2 Fit-for-purpose programme structure

Three primary approaches that characterise the structure of citizen science
programmes are described in this chapter as consultative/scientist-led, co-
created and community-led or grass-roots. Each approach has evolved in
response to factors such as differing information needs, the level of resourcing
available and the type of participants targeted for the programme (Tweddle et al.
2012). The increased complexity of data management in programmes spanning
wide temporal and spatial scales typically require a consultative approach (i.e.
led by scientists and resource-managers) (Ely 2008), Florida Lakewatch being an
example (Feature Box 1). In contrast, programmes with a more restricted
geographic focus may rely on community volunteers to provide leadership and
management roles as demonstrated by the LSPA (Feature Box 2), and by New
Zealand community environmental group initiatives. The three approaches
outlined above may be combined in order to achieve programme outcomes. For
example, the main body of volunteers participating in the programme may
collect primary data, while a core group of more engaged volunteers may
participate more fully in the research process, e.g., developing new research

questions and analysing data (Tweddle et al. 2012).

7.5.3 Robust monitoring design and appropriate protocols

Citizen science monitoring programmes are commonly designed to test
hypotheses or contribute observations to environmental databases (Miller-
Rushing et al. 2012). In both instances, long-term data sets can provide unique

insights into ecosystem function particularly if programmes are guided by
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research questions and not by ‘mindless data collection’ (Lindenmayer & Likens
2010). Posing good research questions is undoubtedly challenging, however
adapting the programme to suit emerging questions can contribute to
programme longevity (Lindenmayer & Gibbons 2012). Firehock and West (1995),
for example, highlight how stream monitoring programmes have evolved over
decades owing to increased understanding of freshwater ecosystems, changing
management needs, and the availability of new, user-friendly monitoring
equipment. Pilot studies can determine the suitability of protocols for volunteer
use, while also determining whether the quality of volunteer-generated data

meets programme objectives (Tweddle et al. 2012; Lindenmayer & Likens 2010).

7.5.4 Ethical data use and ownership

The question of who owns and has access to the data produced has implications
both for disseminating the research, as well as the how the research outputs are
used (Scassa & Chung 2015). Intellectual property rights come to the fore when
considering the ways in which volunteers can participate in programmes and
agreements (contractual or otherwise), made between volunteers and
programme coordinators. Copyright may apply to volunteers’ photographs,
videos and text-based contributions. However, programme designers that seek
intellectual, innovative or creative input from participants, such as app design or
improved methods, may need to consider the possibility of copyright

infringements as well as patents (Scassa & Chung 2015).

7.5.5 Adequate resourcing

With an abundance of volunteer monitoring programmes to learn from, the first
step is identifying successful models of funding from other projects (including
those from outside the environmental sector), most likely to suit the objectives
and structure of the new programme (Lindenmayer & Gibbons 2012). Sourcing

long-term funding for monitoring has proved challenging, due to the lack of
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importance attributed to the sustained collection of environmental data (Hoyer

et al. 2014; Lindenmayer & Gibbons 2012; Conrad & Hilchey 2011).

The cost-saving nature of citizen science compared with professional monitoring
is often emphasised (Levrel et al. 2010), although this risks not adequately
funding other aspects of the programme. Set-up costs, for example, can be
substantial when considering the monitoring equipment required, along with
programme infrastructure development (e.g., Smartphone apps, website and
database design). Volunteers also require ongoing support following initial
monitoring training, and specialist analyses necessitating skilled scientific
personnel (often using expensive analytical equipment and specialist labs), which

also contribute to costs (Tweddle et al. 2012).

Many successful programmes rely strongly on institutional support (Tweddle et
al. 2012), as well as funding from diverse sources including private donations,
memberships and government funding (Maine Volunteer Lake Monitoring
Programme 2012). Other means toward enhancing the scope of programmes
while contributing to their longevity include leveraging off existing monitoring
programmes and monitoring-related events such as ‘BioBlitzes’ (Lundmark
2003). Lindenmayer and Gibbons (2012) stress the importance of informing
programme partners and funders of programme outputs and outcomes, while
also underscoring the importance of monitoring, as well as the costs of not

monitoring.

7.5.6 Engaged participants

Citizen science would not exist, were it not for the willingness of volunteers to
donate their time, knowledge, skills and, at times, personal resources.

Volunteers may comprise members of the general public, school children,
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indigenous groups, or special interest groups such as recreational anglers (Open
Air Laboratories 2013; Ansell & Koenig 2010; Goffredo et al. 2010).

Although an ethic of inclusivity underpins much of citizen science discourse,
Haklay (2015) points out that middle-class white men continue to be over-
represented in projects. Encouraging the participation of disadvantaged
communities, as has occurred through the Open Laboratories Programme (Open
Air Laboratories 2013), requires a purposeful approach so that volunteers may
be meaningfully engaged in the programme (Haklay 2015). Meaningful
engagement relies on understanding volunteers’ motivations for participating in
the monitoring programme (e.g., widening social networks; contributing to
science or society; educational), and therefore understanding their expectations
(e.g., social engagement; purposeful collection of data; quality communication)
(Clary & Snyder 1999). Powell and Colin (2008), however, warn that few
professionals attempting to ‘engage in engagement’ are clear about specific
programme objectives and outcomes relating to engagement, and whether the
means used to facilitate engagement will achieve these ends. This underscores
the need for considering the complex nature of programme social dynamics from

the beginning.

7.5.7 Effective communication

The skills required for developing and implementing volunteer monitoring
programmes are considerable, and include scientific expertise, project
management and volunteer facilitation. The ability to communicate effectively,
as well as promote the programme is becoming increasingly important as
communication channels diversify and information is sought across different
media. Communication in the development phase of the programme is typically
targeted at establishing the programme team and at volunteer recruitment
(Tweddle et al. 2012). During programme implementation, regular

communication that acknowledges volunteers’ input, staff and partner roles as
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well as funders’ support, helps to build a sense of community and shared
purpose (Dickinson et al. 2012). Communication outputs may include informal
updates or points of interest for the wider community using tweets, blog posts,
newsletters, radio, television or other media. Formal channels include peer
reviewed journals or reports mainly designed for partners and funders. An
alternative example of the latter are citizen State of the Environment reports
that share programme outputs and outcomes with volunteers, programme staff,
resource managers, researchers and other stakeholders (Open Air Laboratories

2013; Maine Volunteer Lake Monitoring Programme 2012).

7.5.8 Ongoing evaluation

Although volunteer monitoring programmes have been conceptualised as a
series of steps with feedback loops at specific junctures (e.g., Bone et al. 2012;
Tweddle et al. 2012), the actual process of implementing volunteer monitoring
programmes is most likely to be repetitious and discursive (Pollock & Whitelaw
2005). The dynamic and multi-faceted nature of volunteer monitoring
programmes heightens the need for a considered approach to evaluation that
captures the range of social educational, scientific or environmental
management-related outcomes sought. With a defined set of outcomes to guide
the evaluation of programme effectiveness, iterative testing by users should also
be viewed as part of a wider, ongoing process of evaluation that can be adapted

in line with programme evolution (Tweddle et al. 2012).

7.6 Future prospects

Citizen science and the related activities of volunteer monitoring are
continuously evolving. Advances in Web 2.0-based technology have enabled
large-scale initiatives to flourish (e.g., Worthington et al. 2012), achieved by
simplifying data collection and management, automating quality control, and

facilitating communication between stakeholders (Newman et al. 2012). Wireless
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sensor networks and smartphones are rapidly emerging as powerful tools for
data collection. The latter function as mobile, internet-enabled computers that
provide access to geographical information systems (GIS), and contain global
positioning systems (GPS), scanners, microphones, camera and video (Teacher et
al. 2013). Over half (54%) of New Zealanders now own a smartphone; very close
to ownership in the USA (56%) (Ipsos MediaCT 2013a; Ipsos MediaCT 2013b). It is
estimated that in New Zealand, smartphone penetration could reach 90% by
2018 (Research New Zealand 2015). Although few (10%, n=205) community
environmental groups in New Zealand currently download smartphone software
applications (apps), future interest in using apps is high (57%), indicating a

willingness to trial new, and potentially more efficient methods of data capture.

Smartphone apps related to water quality monitoring are becoming increasingly
diverse. Volunteers can now log sightings of harmful algal blooms (Xiao et al.
2011), or determine the likelihood of algal bloom occurrence in shallow lake
waters (University of Wisconsin Parkside 2014). Apps such as Creekwatch allow
users to enter qualitative data on water quantity, rate of flow, and level of
pollution, as well as upload images of the waterway evaluated (California State
Water Resources Control Board 2012). More comprehensive tools currently in
development include a Global Lake Ecological Observatory Network app that will
allow users to enter diverse geo-referenced data, including quantitative values of
dissolved oxygen, water temperature, pH and Secchi depth, as well as aquatic
vegetation (http://gleon.org/node/4370). In the future, inexpensive sensors
attached to smartphones may enable measurements to be made of nitrate and
phosphate concentrations. Such analyses are mostly currently conducted by

highly trained personnel utilising specialist equipment and laboratories.

The greater volumes of data generated from wireless sensor networks and

mobile technology will necessitate better data management. Newman et al.
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(2012) create a vision of future database inter-operability, where computer-to-
computer interaction will occur automatically, generating metadata and tracking

changes to datasets, thus broadening the scope of data use and function.

7.7 Summary

Contributory citizen science projects e.g., led by resource management agencies
and scientists are well underway in New Zealand (e.g., Brumby et al. 2015; New
Zealand Marine Studies Centre 2012; Spurr 2012). At the same time, community-
led initiatives include efforts by community environmental groups monitoring
environmental change within their restoration projects (Peters et al. 2015b).
Many useful lessons can be learned from well-established international examples
of large-scale, long-term volunteer monitoring programmes that can be adapted
to suit New Zealand and other countries where similar programmes are yet to be
developed. Formulating a coordinated approach between all stakeholders and
designing the infrastructure required to support citizen science programmes —
particularly if data are to be used by agencies and researchers — are undoubtedly
challenging. Yet, as a steadily increasing number of citizen science initiatives
demonstrate, programmes with a long-term vision, effective data collection,
storage, sharing and retrieval mechanisms, a focus on participation and
collaboration, effective leadership and sufficient resourcing can result in
mutually beneficial outcomes for volunteers and their wider communities,

resource managers and researchers.
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SYNTHESIS

8.1 Overview

A history of pest and weed incursions in New Zealand, along with land use
changes have significantly degraded ecosystem integrity and threatened
indigenous biodiversity (Craig et al. 2013; Walker et al. 2006). This has set the
scene for a wide range of grassroots initiatives to restore, enhance and protect
remaining terrestrial and aquatic habitats. More than 600 community groups
have mobilised throughout New Zealand with an estimated 25 000 — 45 000
participants (Handford 2011; Ross 2009). Projects are driven by practical
environmental actions, with wider socially-oriented activities often included
(Phipps 2011; Ritchie 2011; Cowie 2010;). Their largely unpaid input to on-
ground works and project management can be significant (Phipps 2011;
Campbell-Hunt et al. 2010). Thus, the overarching question this study sought to
address was how these groups measured the ecological success of their
restoration projects. In New Zealand, existing research on community-led
biological conservation and environmental restoration has previously been
limited to regional studies (e.g., Ritchie 2011), and projects associated with
specific partners or organisations (e.g., Dune Restoration Trust of New Zealand
2012; Hardie-Boys 2010). A national-level study was undertaken to gain a
comprehensive understanding of community environmental group and project
characteristics; the nature of their partnerships, and to investigate groups’

monitoring activities (i.e. grassroots citizen science).

This chapter re-examines the five key research questions presented in Chapter 1

(General Introduction) against the theoretical framework for the thesis
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introduced in Chapter 2 (Literature Review). Study findings from Chapters 4-7
provide the basis for discussion about the importance of public participation,
meaningful engagement, and partnerships within the context of the research
questions and theoretical framework underpinning this thesis. These three
interrelated themes were chosen as the guiding principles for the study as: (1)
Public participation in environmental restoration and biodiversity conservation is
required to help halt the ongoing decline of New Zealand’s biodiversity (Brown et
al. 2015; Department of Conservation 2014); (2) Meaningful engagement
between professionals and volunteers may enable concepts of reciprocity to be
embedded in conservation practice (Phipps 2011; Buchan 2007); and (3) Effective
partnerships can enhance environmental and social outcomes resulting from

groups’ project activities (Department of Conservation 2014; Handford 2011).

The study findings comprised three peer-reviewed journal articles and one book
chapter that responded to one or more of the five research questions (Chapter
1). Briefly, the key characteristics of community environmental groups and their
restoration projects are identified, along with the type of support provided by
their project partners (Chapter 4). The nature of the monitoring activities carried
out by these groups (Chapter 5), and how their data are used and perceived by
their project partners (Chapter 6), are also identified. Chapter 7 gives key
priorities for developing long-term volunteer monitoring programmes and
comprises USA-based volunteer freshwater monitoring programmes with

community-led activities in New Zealand. .

To conclude this synthesis, a suite of key recommendations for further research
and practical action to enhance community groups’ restoration activities are
drawn from the study findings. Lastly, contributions this study has made to the
fields of community environmental group-led restoration, community-based

environmental monitoring, and citizen science are presented.
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8.2 Community environmental group and project characteristics

Research question 1. What are the characteristics of community environmental

groups and their projects in New Zealand? (Chapter 4)

To provide a broad foundation for the study, a database of 540 community
environmental groups from throughout New Zealand was developed. These
groups were then invited to respond to an online questionnaire, with a total of
296 groups participating. In addition, 34 in-depth, semi-structured interviews
were carried out with groups’ project partners to gain a deeper insight into the
relationship between groups and their project partners. A further four
community groups were interviewed to provide greater depth, for example, on
key factors influencing their restoration activities. Each of the groups interviewed
coordinated projects within different ecosystems (i.e. wetland, forest, river and
lagoon), had been established for more than 10 years, and had demonstrated

measurable environmental outcomes.

Study findings confirm that these groups aim to contribute to environmental
restoration, enhancement and protection in New Zealand through their activities
(Hardie-Boys 2010; Buchan 2007). The emphasis on environmental restoration is
aligned with the importance and value these groups attached to indigenous flora
and fauna and ecosystems such as wetlands, forests, streams, rivers and lakes
they inhabit (Cursey 2010). Projects were mostly situated on publicly-owned or
administered land, with the remaining one-third on privately or Maori-owned
land. Groups reported addressing threats posed to indigenous biota by
introduced flora and fauna, as well as land use changes (e.g., wetland drainage).
In most cases, groups not only actualised their project objectives through
environmental actions (i.e., riparian planting, pest animal and weed control), but

also through environmental education and advocacy. These socially-oriented
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activities highlighted the position of groups as nodes within their local
communities through which information on project progress as well as
conservation-related issues were disseminated (e.g.,, Moehau Environment

Group 2013).

Although quantifying the outcomes of groups’ project activities lay beyond the
scope of this study, major benefits to the environment and to groups’ local
communities could be inferred from group and project characteristics. The study
showed that community groups were distributed throughout all regions in New
Zealand, with the majority of groups reportedly in operation for more than six
years. Although groups’ projects ranged from very small areas (< 0.8 ha) to very
large areas (> 501 ha), one-fifth of projects fell into the very large category.
Groups supported both regional- and national-level conservation priorities
through their task-oriented approach to restoration. For example, some pest
control efforts were directed toward protecting native birds such as the pateke,
(Anas chlorotis; classified as ‘at risk-recovering’), and North Island brown kiwi
(Apteryx mantelli; classified as ‘nationally vulnerable’) (Department of
Conservation 2011). The majority of groups also revegetated areas with native
species after controlling weeds, some of which were listed in Regional Pest
Management Strategies (Waikato Regional Council 2014; Cursey 2010). Political
activities with longer-term, less direct outcomes included writing submissions on
environmental matters. This highlights the diversity of scales groups operated at
along with the diverse range of approaches to biodiversity conservation

employed.

This study clearly demonstrated the importance of partnerships with
professional organisations and other environmental stakeholders, for enhancing
the activities carried out by community environmental groups (Callister 2013;

Handford 2011; Ritchie 2011; Hardie-Boys 2010). Nearly all community groups
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reported being in partnerships (primarily with resource management agencies
and non-government environmental organisations), underscoring their sourcing
of external input to maximise ongoing impact. Partners provided groups with
publically accessible databases where project summaries and contact details
could be housed, e.g., Nature Space (Nature Space, undated), Department of
Conservation (Department of Conservation, undated), and The Royal Forest and
Bird Protection Society of NZ (Forest & Bird 2011). Resource management agency
partners in particular, conducted site visits, provided technical support, assisted
groups with on-ground works and made funding available. This is also reflected
in the large number of projects reported by groups as taking place on agency-

owned or administered land (Hardie-Boys 2010).

Specialist support such as cultural advice was provided by iwi [tribal groups],
underscoring the range of project land tenure types and groups’ awareness of
the need for appropriate protocols to be followed when working with Maori
(Moller et al. 2009). Nearly three-quarters of groups reported a need for further
support from project partners in order to meet their project objectives.
Expectations, however, of who would provide the support revealed a shift
towards science providers and businesses, the latter regarded as an increasingly
important potential source of funding. This is in line with enhanced agency
collaboration with businesses in order to achieve greater conservation gains

(Department of Conservation 2014).

This study shows that community environmental groups and their projects are of
diverse character (Campbell-Hunt & Campbell-Hunt 2013; Phipps 2011; Cowie
2010; Hardie-Boys 2010). With 296 groups around New Zealand responding to
the questionnaire, it was not surprising that considerable diversity was shown
between groups as well as projects. Although most groups were small (< 20

regular participants) and relatively long-lived (> 6 y), questionnaire and interview
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findings suggested that a complex, interdependent range of factors determined
group and project characteristics. These included groups’ motivations for
undertaking their restoration projects (inferred from the project objectives they
reported), the age range of participants, physical aspects of the project (e.g.
ecosystem type and geographical location) and the nature of partner support

provided.

A wide range of motivations is known to drive voluntary participation in
environmental activities (Ryan et al. 2001). Community groups’ environmental
objectives relating to the restoration of ecosystems (e.g., freshwater, wetlands),
suites of species (e.g., ‘birds’) or individual species such as mistletoe (Tupeia
antarctica), or kokako (Callaeas wilsoni) reflect major declines in habitat
condition and availability as well as threats to iconic species (Craig et al. 2013).
More than two-thirds of groups also had social objectives such as raising
environmental awareness, providing places for recreation and building
community cohesion. This suggests that community groups’ motivations may
include a mix of practical considerations (i.e., to restore ecosystem integrity),
altruism (i.e., to ‘give back’ to nature and society), and personal drivers (i.e. to
experience fulfilment though restoration-related activities). These findings are
consistent with international studies (Krasny et al. 2014; Bruyere & Rappe 2007;
Ryan et al. 2001). Detailed research on what motivates volunteers to participate
(and continue participating in the long-term) in community-led environmental

restoration projects is lacking in New Zealand.

Chapter 4 showed that volunteers of different ages participated in projects for
specific activities (e.g., public planting days), but the core group of participants
mostly fell into the pre-retirement age bracket (51-65 y). This finding contrasts
with studies of other New Zealand community environmental groups where

participants were mostly retired (Cowie 2010; Taylor 1997), though still raised
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potential issues of group succession and participants’ ability to carry out
physically-demanding tasks (e.g., managing long pest-trapping lines) in the longer

term.

The physical locations of groups’ projects were diverse. Projects were situated in
all regions of New Zealand, and within all major ecosystem types: from terrestrial
to aquatic; lowland to highland, and freshwater to saline. Projects ranged in size
from very small areas (0.8 ha) to very large areas (> 501 ha), across rural, peri-
urban and urban locations. This suggests that declines in ecological integrity are
widespread and that many different communities throughout New Zealand are

willing and able to take leadership in restoration activities.

The diverse characteristics of groups and their projects have implications for the
type and frequency of support provided by project partners, although the
longevity of most groups demonstrated their resilience to numerous challenges,
such as sourcing funding, and recruiting and retaining volunteers. Study findings
suggest that wider conservation outcomes, or at least conservation outcomes
that are easier to quantify, are likely to result from collectives of communities
collaborating with project partners. Existing examples centre on initiatives to
protect kiwi (New Zealand Landcare Trust 2013), though studies that relate
conservation outcomes to group governance models are currently lacking for

New Zealand.

193



8.3 Meeting project objectives

Research question 2: How do community environmental groups determine

whether they have met their project objectives? (Chapter 5)

In the online questionnaire, groups were asked to identify five key objectives for
their restoration projects, and which types of monitoring methods they used to
measure change in their projects. Study findings support the theory that
community groups measure change within their projects using both non-science
and science-based methods (New Zealand Landcare Trust 2013; Dune
Restoration Trust of New Zealand 2012; Harrison 2012; Byrd 2008). Groups’
methods reportedly ranged from undocumented observations (i.e. non-scientific
methods), to those routinely used by professional scientists such as photopoints,
5-Minute Bird Counts (5MBC; Dawson & Bull 1975) and vegetation plots (McNutt
2012). The diversity of these methods demonstrate a spectrum of skill levels
from minimal (for photopoints), to substantial (i.e. flora and fauna species
identification). Groups relying on non-science based methods (e.g., comparing
the present project site condition with that obtained from historical documents),
reported being mostly confident that they were meeting their project objectives.
Factors put forward by groups for not monitoring included a lack of need for
using science-based methods. While this included groups where monitoring was
also carried out by others, it underscores the importance of determining groups’
level of scientific literacy to support their restoration management decision-

making.

Of the groups carrying out monitoring, just over one-third combined pest animal
control with 5SMBC to measure the outcomes of their management actions (i.e.
outcome monitoring). Others were mostly limited to output monitoring (e.g.,

tallies of pest animal trap catches), a commonly used method by groups for
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tracking project progress (Nature Space, undated; New Zealand Landcare Trust
2013). Groups’ monitoring objectives may change in the future given the high
interest reported in monitoring water quality. This activity was reportedly carried
out by few groups, with the limited availability of toolkits designed specifically
for freshwater ecosystems forming one of the barriers to more widespread

volunteer water quality monitoring initiatives.

Chapter 5 showed that groups carrying out their own monitoring generally had
large-scale projects on privately-owned land, or land administered by the
Department of Conservation, with medium to high partner support. The
impediments to developing and implementing monitoring programmes
identified by groups included a shortfall of funds, people and/or technical skills.
These interdependent factors highlight the difficulty non-specialist community
groups have in understanding complex and diverse ecosystems, managing short-
term funding cycles and securing participants with an interest in science-based
monitoring. These impediments are mirrored within the professional science and
environmental management sectors, where long-term outcome monitoring may
not be prioritised, and consequently may be under-valued and under-funded

(Lindenmayer & Gibbons 2012; Clayton & Cowan 2010).

Study findings support the theory that groups’ community-based environmental
monitoring (CBEM) is a form of citizen science (Shirk et al. 2012; Conrad &
Hilchey 2011), as citizen science projects commonly feature volunteers collecting
data for scientific studies. Nearly half of the groups reported carrying out their
own monitoring, instead of relying on contractors or agencies to do so on their
behalf. Groups’ focus on monitoring the outputs of their restoration
management activities (e.g., numbers of pests trapped), and/or management
outcomes (e.g., changes in bird populations) is consistent with citizen science

projects that measure changes in ecosystem condition and trend (Hoyer et al.
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2014), and changes in populations and distributions of species over time (Sullivan

et al. 2014).

In order to cement groups’ CBEM activities within citizen science scholarship,
typologies were examined that categorise citizen science projects based on the
nature of volunteer participation in the scientific process, and on project
characteristics such as scale and activities undertaken (Roy et al. 2012; Wiggins &
Crowston 2011; Bonney et al. 2009). These typologies are noticeably oriented
toward projects where volunteers’ primary activity comprised data collection for
projects designed and coordinated by science institutions (contributory or
crowdsourced citizen science). Consequently, few community-led citizen science
projects feature in the peer-reviewed literature. However, Conrad and Hilchey
(2011) include a category of ‘grassroots’ citizen science that can be applied to
community environmental groups in New Zealand. This form of citizen science
describes community volunteers setting the research agenda (either by
themselves or in partnership with science professionals), collecting data, as well
as participating in other aspects of the research process (e.g., monitoring

programme design, data analysis and reporting).

The term ‘transformative’ can also be applied to community groups, as the
outcomes of their CBEM activities may include enhanced social cohesion and
improved environmental literacy (Open Air Laboratories 2013; Conrad & Hilchey
2011; Byrd 2008). The social nature of environmental monitoring (e.g., the
importance of being with, and learning from others), was touched upon by
community group interviewees and has been documented in other New Zealand-
based studies (Coates 2013; Byrd 2008). Further studies investigating outcomes
of this nature could enhance the understanding of volunteer motivation, and in

the process, reveal factors underpinning group and project resilience.
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8.4 The perception and use of community-generated data

Research Question 3: How are community-generated environmental data

perceived and used? (Chapters 5 and 6)

This study supports the theory that community-generated data can contribute to
scientific research and environmental decision-making (Hoyer et al. 2014; Coates
2013). The methods described by community environmental groups for meeting
their project objectives included both science-based and non-science-based
methods (Chapter 5). In Chapter 6, groups reported their data being used to
support applications for further funding, inform project restoration management
decision-making and being provided to resource management agencies. Studies
of public participation in scientific research show an increasingly broad range of
uses for volunteer data within ecology and environmental management (Haklay

2015; Miller-Rushing et al. 2012; Silvertown 2009).

The limited use of data beyond the scope of groups’ own projects underscored
the largely autonomous nature of groups, and their priorities for addressing the
environmental issues on their own project sites (Ritchie 2011; Hardie-Boys 2010).
Interviews with project partners (Chapter 6) showed that while most supported
the use of community generated data in the future, the type and format of the
data often did not fulfil agency requirements, hence the low or non-use of
groups’ data. Study findings showed that community groups were confident that
the data they collected (e.g., using monitoring toolkits), supported their own
project objectives, although differences in objectives between agency-led and
community group-led monitoring formed a major barrier for using groups’ data.
This was compounded by the lack of frameworks such as databases, which

enable community-generated data to be integrated into agency data sets, or to
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be used as standalone data to support agency-led environmental management

decision-making.

However, species recovery efforts (e.g., for kiwi protection) rely on a strongly
collaborative model, where groups across a region use standardised monitoring
methods to produce data for land management agencies and science
professionals (New Zealand Landcare Trust 2013; Holzapfel et al. 2008). This
suggests that shared objectives, particularly around the protection of iconic
native species, can be a powerful driver for enhancing collaboration between
multiple groups and their project partners, as well as generating data of
sufficiently high standard to meet research needs. In the future, measuring
trends in water quality may also function as a shared objective between multiple
groups across a region as is demonstrated in many examples from the USA
(Hoyer et al. 2014; Obrecht et al. 1998; Firehock & West 1995). Methods to
ensure data are of sufficient quality to meet end-user needs are a key
consideration for volunteer monitoring programmes (Wiggins et al. 2011), yet no
studies investigating data quality control and quality assurance procedures used
by community environmental groups in New Zealand have to date been carried

out.

8.5 Citizen science and water quality monitoring

Research Question 4: Given the increasing focus on water quality decline in New
Zealand, what scope is there for citizen science to assist with the provision of

water quality monitoring data? (Chapters 4 and 5)

There is increasing concern about decline of water quality in New Zealand, with
non-point-source pollution from agriculture continuing to degrade lowland
freshwater resources (Parliamentary Commissioner for the Environment 2013).

Currently, nearly one-third of monitored lakes in New Zealand have water quality
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which is classified as poor (Verburg et al. 2010), and declining biodiversity is
being recorded across both terrestrial and aquatic ecosystems (Elston et al. 2015;

Craig et al. 2013).

This study supports the theory that there is scope for increased engagement by
community environmental groups in biodiversity conservation and freshwater
management. Enabling factors include an increased need by resource
management agencies in New Zealand to work more closely with communities,
along with development of an increased range of environmental monitoring
toolkits specifically designed for community groups (Ministry for the
Environment 2013; Department of Conservation 2012; Townsend et al. 2004;
Biggs et al. 2002). Findings presented in Chapters 4 and 5 reveal a high level of
participation in environmental restoration, enhancement and protection by
community volunteers. In Chapter 5, few groups reported monitoring water
quality, though a high level of interest was reported. This growth in interest may
reflect greater knowledge of the degree and impact of water quality declines in
New Zealand (Hughey et al. 2013; Parliamentary Commissioner for the
Environment 2013), and the desire to measure outcomes relating to works

carried out, such as riparian planting (Collins et al. 2013).

A broad discourse on the nature of science in society is now evident among
Government ministries and resource management agencies, which also comprise
key sources of funding for community groups. Goals have centred on enhancing
conservation outcomes through closer engagement with the community
(Department of Conservation 2014), involving members of the public in decision-
making for freshwater resource management (Ministry for the Environment
2013), and building better relationships between scientists and members of the
community generally (Ministry of Business Innovation and Employment et al.

2014). How individual members of the public and community environmental
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groups may participate in the new National Policy Statement for Freshwater
Management (NPS-FM) (Ministry for the Environment 2013) is yet to be
determined, along with how groups may be supported for doing so, by resource
management agencies (Department of Conservation 2014). Examples of projects
from the USA and Europe show that well-developed citizen science programmes
can achieve a wide range of environmental and social outcomes that align with
these government and agency goals (Hoyer et al. 2014; Open Air Laboratories

2013).

To assist New Zealand community groups with collecting standardised data using
science-based methods, various toolkits for quantifying ecosystem changes, e.g.,
in wetlands, forests and streams, have been developed (Denyer & Peters 2012;
Tipa & Teirney 2006; Handford 2004; Biggs et al. 2002). At present there are no
such toolkits for measuring lake ecosystem change in New Zealand, in contrast to

well-established programmes in the USA (Carey et al. 2014; Hoyer et al. 2014).

Few groups in the study reported using monitoring toolkits, despite their
perceived utility for collecting data to enable increased understanding of their
project ecosystem(s) (Townsend et al. 2004). Discussion by project partners of
barriers for wider toolkit use centred on the lack of integration with partners’
own monitoring programmes, along with the need for developing support and
delivery frameworks (Handford 2006). These findings underscore the benefit of
viewing community groups’ monitoring activities within a broader conservation
context rather than as individual, localised group efforts. Ultimately, it is
important for agencies to quantify conservation outcomes relating to increased
community participation in conservation activities (Department of Conservation
2014). This creates a strong case for promoting toolkit use as well as supporting

toolkit users so that both community group and agency data needs may be met.
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8.6 Developing long-term community-based environmental monitoring

programmes

Research Question 5: What principles underpin long-term community

environmental monitoring programmes? (Chapters 2, 4-7)

The lenses through which the following section is explored comprise community-
based environmental monitoring as carried out by the community groups in this
study, and contributory/crowdsourced citizen science programmes. Large-scale,
long-term citizen science programmes are common in Europe and the USA, with
volunteers collecting data for studies on an increasingly diverse range of species
(e.g., avifauna, ocean mammals), ecosystems (e.g., lakes, forests and streams),
and various phenomena (e.g., weather patterns) (Miller-Rushing et al. 2012;

Silvertown 2009).

This study posited that requirements for long-term community environmental
monitoring programmes include motivated volunteers, support provided through
strong partnerships, and the collection of robust and purposeful data that are
integrated into research and resource management programmes (Hoyer et al.

2014; Hardie-Boys 2010).

Studies on motivations for participating in community environmental groups are
sparse (Byrd 2008), and a specific examination of this motivation was outside the
scope of this study. However, recognising volunteers’ motives forms a
cornerstone of programme development and underpins the success of ongoing
project operation (Narushima 2005; Miles et al. 1998; Clary et al. 1992). In this
study, there was likely to be a strong alighnment between the groups’
environmental, social and, occasionally, economic project objectives and the

motivations that drive project planning and implementation. These diverse
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objectives can be divided into categories similar to those found in the
environmental volunteerism and restoration literature (Chapters 1 and 2). These
categories comprise practical conservation (e.g. flood control), socio-economic
considerations (e.g., reinstating a food source), and the fulfilment of cultural,
personal, and spiritual needs (e.g., networking with like-minded others and

reconnecting with nature) (Clewel & Aronson 2013; Bramston et al. 2011).

The critical nature of partnerships was underscored in Chapter 4, as the majority
of community environmental groups reported relying on resource management
agencies, or others for assistance with project delivery (e.g., on ground works,
project administration, providing funding, baits, and pest animal traps) and
enhancing group capacity (e.g., by providing technical advice). Robust
partnerships are equally important for large-scale citizen science projects that
seek to engage volunteers and provide educational experiences alongside data
collection (Tweddle et al. 2012). For larger projects, the role of the partner may
also be as a coordinator or facilitator, while community environmental groups
coordinate their own projects and set their own objectives (Blue & Blunden

2010; Hardie-Boys 2010).

A key role identified in the study for project partners included ‘science mentors’
to help groups overcome technical issues relating to monitoring, encourage
ecological learning and ensure the collection of robust data (Handford 2011).
This highlights the importance of Including opportunities for empowering
volunteers (Gooch 2004) and supporting volunteers to share and grow their
knowledge, as this can encourage long-term commitment to a project (Ryan et

al. 2001).

To date, the most comprehensive studies on data quality have appeared in the

volunteer monitoring and citizen science literature (Bonter & Cooper 2012;
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Hoyer et al. 2012; Wiggins et al. 2011), which is extensively referenced
throughout this thesis. Studies comparing professionally collected data with that
of volunteers have identified the importance of appropriate study design,
equipment and monitoring methods that are suitable for volunteer use and for
fulfilling research needs, as well as the need for specialised training and support
(Moffett & Neale 2015; Ashcroft et al. 2012). Findings in Chapter 6 showed that
some of the community groups carrying out monitoring reported customising
scientific methods (e.g., 5SMBC) to suit their project and group needs. This led to
several project partners voicing their concerns (during research interviews)
about the validity of groups’ data. However, partners also highlighted that
appropriate use of the data as well as strong technical support could alleviate
this problem. Community groups themselves identified a need for improving
their technical skills, as well as the need for ongoing support from project

partners (Cursey 2010).

Generally, validity emerges as a significant barrier for using volunteer-generated
data (Conrad & Hilchey 2011). There are increasing numbers of studies
comparing volunteer and professionally collected data (Moffett & Neale 2015;
Hoyer et al. 2012), along with investigations of methods used in citizen science
programmes for ensuring data validity (Wiggins et al. 2011). Specific guidelines
for volunteers to strengthen their quality assurance and quality control
procedures have also been published (United States Environmental Protection

Agency 2002), but similar guidelines are currently lacking in New Zealand.

Study findings showed that groups’ data were primarily used to support funding
applications and to guide restoration management decision-making (Byrd 2008).
The limited use of groups’ data beyond the scope of groups’ own projects
(Chapter 6) is reinforced by monitoring toolkits that exist as stand-alone

modules, i.e. are not integrated with resource management agency monitoring
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programmes (Handford 2006). In contrast, crowdsourced citizen science is
typically used to address a specific research need, such as the abundance and
distribution of a particular species (Spurr 2012). With quality assurance and

quality control in place, data can then be used for its intended purpose.

Further features identified in Chapter 7 and applicable to ecosystem restoration
include the need for clearly defined restoration project objectives that result in
strongly connected outcomes. Shirk et al. (2012) suggest beginning with desired
outcomes, and then developing project objectives as part of a ‘deliberate design’

process.

Ethical data use and clarity over data ownership have recently been emphasised
in the literature, owing to the multiple ways that data can be generated and
shared e.g., through Web 2.0 technology such as smartphones (Scassa & Chung
2015). Community groups, their project partners and contractors will increasingly
need to consider who owns the data, who the data may be used by, as well as

how they may be used.

The need for a suitable project governance structure relates directly to the
objectives of the project. Crowdsourced citizen science, for example, relies on
geographically dispersed volunteers to collect data for studies (e.g., to measure
the effects of climate change on biota), where using professional participants
would not be feasible (Levrel et al. 2010). This approach typically relies on strong
collaborations between institutions and a high level of resourcing (e.g.,
Worthington et al. 2012), in contrast to community groups that are largely
internally governed, and whose project objectives mostly centre on their own
project sites (Ritchie 2011). The emergence of hybrid models where multiple
community groups work together acknowledges that individual group identity

can still remain strong, while overarching objectives such as kiwi protection, may
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be shared (New Zealand Landcare Trust 2013; Whangarei Heads Landcare Forum
2010). In these projects, partners may adopt the primary coordinator role, given
the necessary organisational structure required to support larger-scale and

longer-term collaborative initiatives.

Adequate resourcing to meet project objectives emerged as a challenge for
community groups (Chapter 4), despite most groups continuing operation
beyond the time-frames of project funding provided by resource management
agencies and government ministries (i.e., 1-3 years). The diversity of project
partners reported by groups, and the multiple partners typically required for
crowd-sourced citizen science projects attest to the need for building project

resilience by accessing a wide variety of funding sources (Tweddle et al. 2012).

Lastly, the need for effective communication of project progress and key findings
amongst project participants underscore both the social nature of monitoring
(Byrd 2008) and the need to account for funding received. Ongoing evaluation
encompassing social and environmental aspects was also identified as integral to

measuring the effectiveness of a programme or project (Tweddle et al. 2012).

8.7 Conclusions

Community environmental groups, largely made up of volunteers, are involved in
a diverse range of projects to restore, enhance and protect the environment in
New Zealand. The large numbers of groups, the size, distribution and length of
time their projects have been underway indicate that, collectively, their actions
are likely to make major contributions to conservation nationally. Groups’
project objectives primarily centre on environmental restoration, although social
and (on occasion) economic dimensions are also included. Alongside groups’
practical on-the-ground restoration efforts (e.g., pest animal and weed control),

groups may also share their knowledge and experience with the wider
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community through advocacy and educational activities. Therefore, to fully
comprehend community groups’ achievements, a holistic approach is required as
groups’ restoration activities cannot be separated from the social and economic
context in which they take place. In addition, detailed studies are needed to
understand the many internal dynamics within individual groups that influence
how personnel issues such as succession, volunteer recruitment and retention

are resolved.

Groups carry out a wide range of monitoring programmes (i.e. ‘grassroots citizen
science’) to quantify their management outputs (e.g., numbers of possums and
rats trapped), and the outcomes of their restoration management activities (e.g.,
increases in bird numbers resulting from predator control). Anecdotal methods
(such as undocumented observations) were also used, but the reliance on
scientific methods highlights the value of finding measures of project progress

that have currency with funders, and credibility with project partners.

Arguably, community-generated data could exist for the sole purpose of meeting
groups’ own needs, and in many cases appears to do so, as groups may use their
data to support funding applications and for guiding restoration management
decision-making. However, the current emphases on enhancing partnerships
between agencies and communities, and increasing public engagement in
science and environmental decision-making, provide compelling reasons for re-
examining community groups’ current monitoring activities, how their data may
be more widely used, and how this may be achieved. Particular attention will
need to be focussed on quality assurance and quality control procedures to
better understand the nature of data produced and how these data could also

meet partners’ needs.
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Volunteer-collected data is rapidly growing in importance as a means for
supporting scientific research, environmental management and evidence-based
policy, and as a process for enhancing participants’ scientific and ecological
literacy. Study findings showed that monitoring toolkits using protocols and
equipment suitable for community users can enable standardised data to be
collected. However, the need for training and technical support cannot be
underestimated, and furthermore, without toolkit integration into agency-led or
science provider-led programmes, groups’ data may have limited utility beyond

the scope of their own projects.

Groups face many challenges to maintain effective project operation and to carry
out long-term environmental monitoring. But there are many groups that
obetain goods and services from multiple project partners. Agency-led
environmental restoration, protection and enhancement initiatives would
achieve far fewer conservation gains were it not for the sustained efforts of
community environmental groups. This underscores the need for long-term
partnerships that are able to evolve in response to groups’ needs over time. If
groups can realign their project objectives to agencies’ needs, it will be possible

to develop more strategic, collaborative approaches to biodiversity conservation.

Community environmental groups’ strong ethic of stewardship over the unique
flora, fauna and landscapes of New Zealand is evidenced by the scope and nature
of their projects. There are no single answer to New Zealand’s biodiversity crisis
and the ongoing declines in environmental integrity across terrestrial and aquatic
ecosystems, however, community groups’ efforts highlight the necessity of using
diverse approaches for conservation: leadership and action by concerned
communities are required in tandem with government agencies fulfilling their

statutory obligations to protect and enhance biodiversity.
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8.8 Recommendations for further research

The following recommendations are primarily oriented toward scholars, e.g.,
from a university or crown research institute, and have a combined socio-cultural
and ecological focus. Specific expertise in ecology will be required to compare
volunteer and professionally collected data (Section 8.8.3) and to find measures
of community groups’ outcomes for biodiversity conservation (Section 8.8.4).
Research findings presented in Chapters 4-7 form the basis of these
recommendations and limitations of this study identified in Chapter 3

(Methodology) are also addressed.

8.8.1 Investigate volunteer motivation, engagement and group resilience

Studies are required on volunteers’ motivations for joining groups, developing
environmental restoration projects and for making long-term commitments to
these projects. Aspects of NZ community environmental groups to be examined
include social, cultural and environmental motivation in relation to the make-up
and functioning of these groups. Attention should also focus on participants’
ages and their expectations, as well as the nature of the ecological issues their
projects seek to address. Methods for evaluating the effectiveness of processes
for enhancing community engagement that includes volunteer recruitment and
retention is required to support current programmes and future initiatives.
Additionally, an in-depth investigation of factors that contribute to groups’
resilience may assist partners in targeting their limited resources for groups
more efficiently. This is integral to developing a more nuanced understanding of
the socio-cultural and economic factors that drive community-led conservation

in New Zealand.
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8.8.2 Examine the relationship between groups’ project governance models,

project delivery and outcomes

This study has highlighted a range of governance models from independent,
mostly autonomous projects to groups that work collaboratively with one
another across regions on diverse projects, though with shared restoration
objectives. The advantages of this approach are evident when viewed through an
ecological lens, however, examining the relationship between groups’ project
governance models, project delivery and outcomes also requires a social focus.
Understanding factors that underpin successful large-scale collaboration
between multiple groups and their project partners may ultimately lead to more
efficient use of resources and skills, and better outcomes for biodiversity
conservation. Existing models that centre on threatened species recovery (e.g.,
http://www.kiwicoast.org.nz/) could provide a foundation for a study of this

nature.

8.8.3 Determine the quality of groups’ environmental data

The scepticism that exists among some scientists and managers around the
quality of volunteer-generated data forms a major barrier to its use. Critical areas
deserving attention include the drivers influencing community groups’ selection
of monitoring methods, for example, how and why methods such as bird counts
are modified by groups, and groups’ quality assurance and quality control
processes for their monitoring programmes. In addition, further studies
comparing volunteer and professionally collected environmental data are
warranted as studies in New Zealand are currently limited to freshwater

monitoring (Moffett & Neale 2015; Coates 2013).

8.8.4 Quantify community group outcomes

The contribution made by community environmental groups to biodiversity

conservation in New Zealand is significant but currently unquantified. More
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accurate knowledge may help to apportion and target funding more effectively
for community-led conservation initiatives. Furthermore, the need to quantify
groups’ contributions is pressing given the declining state of the environment

(Ministry for the Environment and Statistics New Zealand 2015).

8.8.5 Investigate iwi-led restoration

Many iwi-led restoration projects fell outside the scope of the current study. The
conservation and restoration-centred databases accessed, for example, may
have excluded iwi-led groups which, although carrying out weed control and
replanting with native species, were doing so as part of a larger, socially-oriented
project. Investigating the socio-cultural and environmental dimensions of iwi-led
restoration will shed light on how matauranga maori [traditional knowledge]
guides decision-making. In addition, findings are likely to highlight best practice
for partnering with restoration-focussed iwi in order to maximise outcomes for
biodiversity, water quality and the communities that depend on these resources.
The structure for research of this nature exists under the current Vision

Matauranga framework (Ministry of Business Innovation and Employment 2014).

8.8.6 Definine citizen science for New Zealand

As citizen science continues to gather momentum in New Zealand, questions are
likely to be raised about what constitutes citizen science and the relationship of
matauranga maori to citizen science. There exists an opportunity to define
citizen science for the New Zealand context given the newness of the term and
the unique range of scientific activities carried out by community members and

tangata whenua [maori].

8.9 Recommendations for practical action

The following recommendations call for practical action to strengthen both

environmental and social outcomes of community-based environmental
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restoration. Diverse input is required to implement these recommendations.
Firstly, professional scientists (from crown research institutes, agencies and
universities) can contribute by enhancing groups’ technical skills (Section 8.9.1).
Secondly, to assess the potential for volunteer monitoring in New Zealand
(Section 8.9.2), collaboration is required between scientists, environmental
managers and project coordinators skilled in translating technical material to
non-scientific audiences. In addition, the identification of appropriate methods
for community group to collect robust and reliable data are required. Lastly, it
seems most appropriate that the development of a framework for growing
citizen science in New Zealand (Section 8.9.3) is led by a non-government
organisation. The broad range of stakeholders likely to be engaged in framework
development (e.g., professional scientists, environmental managers, policy
developers, community conservation and restoration practitioners) will require
considerable skilled facilitators with an ability to maintain independence given

the possibility of conflicting stakeholder needs.

8.9.1 Enhance groups’ technical skills

Groups may benefit from access to cost-effective learning opportunities to
enhance their technical skills, particularly with monitoring programme design
and implementation. Input from professional scientists would enable greater

confidence in data collected both by groups and other data end-users.

8.9.2 Assess the potential for volunteer water quality monitoring

Long-term volunteer water quality monitoring programmes, particularly in the
USA, provide successful models for engaging the community in scientific
research. Similar approaches could be trialled in New Zealand as the use of
volunteers to collect water quality data that contributes to scientific research

and management in New Zealand has not yet been widely considered.
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8.9.3 Develop a framework for growing citizen science in New Zealand

A high degree of commitment is required by central government, resource
management agencies and other environmental stakeholders to both support
and grow citizen science in New Zealand. In Europe, the USA and in Australia,
citizen science associations comprising practitioners, scholars and diverse
professional institutions have been established (e.g.,
http://citizenscienceassociation.org/). These associations present a new model
for New Zealand to evaluate that may assist with the development of a strategic
direction for citizen science nationwide, as well as formulating best practice

guidelines for designing and implementing citizen science projects.

8.10 Contribution to research

To date, both international and New Zealand-based studies of community
environmental restoration have mostly centred either on single groups (e.g.,
Krasny et al. 2014; Reid et al. 2011), groups within a region (e.g., Blue & Blunden
2010; Gooch & Warburton 2009), or groups affiliated to a particular organisation
(e.g., Hardie-Boys 2010; Buchan 2007). The findings of the study reported here
provide more comprehensive insight into the social and environmental setting of
community-led restoration across New Zealand, as well as opportunities and
barriers for enhancing community contributions to conservation across
terrestrial and aquatic domains. As such, new perspectives have been provided
on the current state of community group-led environmental restoration as well
as the scope and nature of the environmental and social activities that support
their restoration. A detailed breakdown of which partners provide groups with
what type of support is included, underscoring the interdependent relationship
between groups and their project partners. Insights into the future needs of
groups are provided to assist groups’ project partners to provide appropriate

forms of support.
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Positioning groups’ community-based environmental monitoring programmes
within the broader field of citizen science is a novel approach. This recognises
that projects in New Zealand are largely led by community members, and that
are distinct from large-scale professionally-led projects that dominate the
international citizen science literature (e.g., Sullivan et al. 2014; Bone et al. 2012;
Worthington et al. 2012). Furthermore, the nature of community environmental
restoration emerges as distinct when compared to other countries. Although, for
example, stewardship groups exist in the US (Krasny & Tidball 2012), initiatives
are dispersed and appear to lack both regional and national support networks as
occurs in New Zealand. Although grass-roots initiatives exist in Australia, over 4
000 have been brought together under ‘Landcare’ a national NGO which
provides a far greater level of coordination and support for groups than occurs in
New Zealand (Ferraro 2013). In contrast, groups in New Zealand to a large
degree have self-mobilised and are largely autonomous, despite support from

multiple partners and the existence of national group databases.

This study situates groups’ monitoring activities in the small, but growing body of
New Zealand-based citizen science scholarship (e.g., Brumby et al. 2015; Spurr
2012), and sets the scene for investigating the effectiveness of grass-roots,

bottom-up citizen science.

213



214



REFERENCES

Agrawal A 1995. Indigenous and scientific knowledge: Some critical comments.

Indigenous Knowledge and Development 3(3): 3-6.

Ahern J, Cilliers S, Niemela J 2014. The concept of ecosystem services in adaptive
urban planning and design: A framework for supporting innovation.
Landscape and Urban Planning 125: 254-259.

Ahteensuu M 2011. Assumptions of the deficit model type of thinking: Ignorance,
attitudes, and science communication in the debate on genetic
engineering in agriculture. Journal of Agricultural and Environmental
Ethics 25(3): 295-313.

Allen A, King J, Oakden J 2014. Three case studies: Companion document to the
evaluation of the Sustainable Farming Fund. Wellington, New Zealand,
Kinnect Group. 46p.

Allen W, Kilvington M, Horn C 2002. Using participatory and learning-based
approaches for environmental management to help achieve constructive
behaviour change. LC0102/057. Lincoln, New Zealand Landcare Research.
51p.

Andrew R, Dymond JR 2013. Expansion of lifestyle blocks and urban areas onto
high-class land: An update for planning and policy. Journal of the Royal
Society of New Zealand 43(3): 128-140.

Ansell S, Koenig J 2010. Using CyberTracker - Indigenous rangers demonstrate a
flexible data collection and monitoring tool and report on extensive on-

ground works. Ecological Management and Restoration 12: 13-25.

Appleton JV 1995. Analysing qualitative interview data: addressing issues of
validity and reliability. Journal of Advanced Nursing 22: 993-997.

Appleton JV, King L 2002. Journeying from the philosophical contemplation of
constructivism to the methodological pragmatics of health services
research. Journal of Advanced Nursing 40: 641-648.

Arnstein S 1969. A ladder of citizen participation. Journal of the American
Institute of Planners 35(4): 216-224.

215



Ashcroft M, Gollan J, Batley M 2012. Combining citizen science, bioclimatic
envelope models and observed habitat preferences to determine the
distribution of an inconspicuous, recently detected introduced bee
(Halictus smaragdulus Vachal Hymenoptera: Halictidae) in Australia.
Biological Invasions 14: 515-527.

Auckland Regional Council 2007. Auckland regional pest management strategy
2007-2012. Auckland, New Zealand, Auckland Regional Council. 200p.,

Baker T 1999. Doing social research. 3rd ed. Boston, USA, McGraw-Hill College.
528p.

Ballantine DJ, Davies-Colley RJ 2010. Water quality trends at NRWQN sites for
the period 1989-2007. Report no. HAM2009-026. Hamilton, New
Zealand, National Institute of Water & Atmospheric Research Ltd.,
Retrieved from www.mfe.govt.nz/publications/water/water-quality-
trends-1989-2007/final-report-water-quality-trends-NRWQN.doc

Ballard HL, Belsky JM 2010. Participatory action research and environmental
learning: Implications for resilient forests and communities.
Environmental Education Research 16(5-6): 611-627.

Bascand G 2012. Planning for the future: Structural change in New Zealand’s
population, labour force, and productivity. Proceedings of the Affording
Our Future Conference, 10-11 December 2012, Victoria University,

Wellington, New Zealand.

Bates A, Sadler J, Everett G, Grundy D, Lowe N, Davis G, Baker D, Bridge M,
Clifton J, Freestone R, Gardner D, Gibson C, Hemming R, Howarth S,
Orridge S, Shaw M, Tams T, Young H 2013. Assessing the value of the
Garden Moth Scheme citizen science dataset: How does light trap type

affect catch? Entomologia Experimentalis et Applicata 146: 386—397.

Barthel S 2005. Sustaining urban ecosystem services with local stewards
participation in Stockholm (Sweden). In: From landscape research to
landscape planning: aspects of integration, education and application.
Wageningen, The Netherlands, Bogers, RJ, pp305-321.

Bay of Plenty Regional Council 2011. Keeping pests out: Regional pest
management plan for the Bay of Plenty 2011 — 2016. Whakatane, New
Zealand, Bay of Plenty Regional Council. 56p., Retrieved from

216



http://www.boprc.govt.nz/media/121976/operativeregionalpest_manag
ementplanfor2011-2016webversion.pdf

Bazely P, Jackson K 2013. Qualitative data analysis with NVIVO. 2nd ed.
California, USA, Sage. 307p.

Becker CD, Agreda A, Astudillo E, Costantino M, Torres P 2005. Community-based
monitoring of fog capture and biodiversity at Loma Alta, Ecuador enhance
social capital and institutional cooperation. Biodiversity and Conservation
14: 2695-2707.

Bell S, Marzano M, Cent J, Kobierska H, Podjed D, Vandzinskaite D, Reinert H,
Armaitiene A, Grodzinnska-Jurczak M, Mursic R 2008. What counts?
Volunteers and their organisations in the recording and monitoring of
biodiversity. Biodiversity and Conservation 17(14): 3443-3454.

Bellingham P, McGlone MS 2013. Inventory and monitoring of terrestrial
biodiversity: Imperatives, national initiatives and their relevance and
opportunities for sanctuaries. Sanctuaries of New Zealand workshop
(Audiovisual material). Auckland, New Zealand. Retrieved from

http://www.sanctuariesnz.org/meetings/workshop2013.asp

Berkes F 2004. Rethinking community-based conservation. Conservation Biology
18(3): 621-630.

Berkes F, Berkes MK, Fast H 2007. Collaborative integrated management in
Canada's north: The role of local and traditional knowledge and

community-based monitoring. Coastal Management 35: 143-162.

Bertaux D 1981. From the life-history approach to the transformation of
sociological practice In: Bertaux D ed. London, England, Sage Publications.
Pp. 29-45.

Biggs BJF, Kilroy C, Mulcock CM, Scarsbrook MR 2002. New Zealand stream
health monitoring and assessment kit. Stream monitoring manual.
Version 2. Christchurch, New Zealand, NIWA. Retrieved from
http://www.niwa.co.nz/our-science/freshwater/tools/shmak/shmak-

manual

Bishop R 1996. Collaborative research stories: Whakawhanaungatanga.
Palmerston North, New Zealand, Dunmore Press. 274p.

217



Blue L, Blunden G 2010. (Re)making space for kiwi: Beyond 'fortress
conservation' in Northland. New Zealand Geographer 66(2): 105-123.

Blundell, S 2015. Here’s looking at ya. New Zealand Listener 254(3934): 24-29

Bone J, Archer M, Barraclough D, Eggleton P, Flight D, Head M, Jones DT, Scheib
C, Voulvoulis N 2012. Public participation in soil surveys: lessons from a
pilot study in England. Environmental Science & Technology 46: 3687-
3696.

Bonney R 1996. Citizen science: A Lab tradition. Living Bird 15(4): 7-15.

Bonney R, Ballard HL, Jordan R, McCallie E, Phillips T, Shirk J, Wilderman C 2009a.
Public participation in scientific research: Defining the field and assessing
its potential for informal science education. Washington, USA, Center for
Advancement of Informal Science Education. 58p., Retrieved from
http://caise.insci.org/uploads/docs/PPSR%20report%20FINAL.pdf

Bonney R, Cooper C, Dickinson J, Kelling S, Phillips T, Rosenberg KV, Shirk J
2009b. Citizen science: a developing tool for expanding science

knowledge and scientific literacy. Bioscience 59: 977-984.

Bonney R, Shirk JL, Phillips TB, Wiggins A, Ballard HL, Miller-Rushing A, Parrish JK
2014. Next steps for citizen science. Science 343: 1436-1437.

Bonter D, Cooper C 2012. Data validation in citizen science: a case study from
Project FeederWatch. Frontiers in Ecology and the Environment 10: 305-
309.

Bramston P, Pretty G, Zammit C 2011. Assessing environmental stewardship

motivation. Environment and Behavior 43(6): 776-788.
Breiman L 2001. Random Forests. Machine Learning 45(1): 5-32.

Brossard D, Lewenstein B, Bonney R 2005. Scientific knowledge and attitude
change: The impact of a citizen science project. International Journal of
Science Education 27(9): 1099-1121.

Brown K, Innes J, Shorten R 1993. Evidence that possums prey on and scavenge
birds' eggs, birds and mammals. Notornis 40(3): 169-177.

218



Brown M, Stephens R, Peart R, Fedder B 2015. Vanishing nature: Facing New
Zealand’s biodiversity crisis. Auckland, New Zealand, Environmental

Defense Society.

Brown S, Gilliam J, Johns-Carson J 2000. Cooperation and partnerships: Virginia's
citizen monitoring program, getting data to use. Proceedings of the Sixth
National Volunteer Monitoring Conference, Austin, Texas USA 26-29 April
2000. Pp. 52-56.

Bruce MC, Newingham BA, Harris CC, Krumpe EE 2014. Opinions toward using
volunteers in ecological restoration: A survey of federal land managers.
Restoration Ecology 22(1): 5-12.

Brulle RJ, Carmichael J, Jenkins JC 2012. Shifting public opinion on climate
change: An empirical assessment of factors influencing concern over
climate change in the US, 2002—-2010. Climatic Change 114(2): 169-188.

Brumby A, Hartley S, Salmon R 2015. Evaluation of the Great Kereru Count 2014
and recommendations for future citizen science projects. New Zealand,
Victoria  University of  Wellington.  62p., Retrieved from
http://wellington.govt.nz/~/media/about-wellington/research-and-

evaluation/natural-environment/eval-great-kereru-count-2014.pdf

Bruyere B, Rappe S 2007. lIdentifying the motivations of environmental
volunteers. Journal of Environmental Planning and Management 50(4):
503-516.

Bryman R 2006. Integrating quantitative and qualitative research: how is it done?
Qualitative Research 6(1): 97-113.

Buchan D 2007. Not just trees in the ground: The social and economic benefits of
community-led conservation projects. Wellington, New Zealand, World
Wildlife Fund for Nature. 44p.

Bushway LJ, Dickinson JL, Stedman RC, Wagenet LP, Weinstein DA 2011. Benefits,
motivations, and barriers related to environmental volunteerism for older
adults: developing a research agenda. The International Journal of Aging
and Human Development 72(3): 189-206.

219



Byrd J 2008. Kiwis counting kiwis: Biodiversity monitoring on private land in New
Zealand. Unpublished MSc thesis, Victoria University, Wellington, New
Zealand.

California State Water Resources Control Board 2012. Creekwatch.
https://itunes.apple.com/us/app/creek-watch/id398420434?mt=8
(accessed 15 December 2014).

Callister P 2013. Eco-restoration, partnership and ageing volunteers: A view from
the field. Wellington, New Zealand, Callister and Associates. 9p.,

Retrieved from www.callister.co.nz

Campbell-Hunt DM, Campbell-Hunt C 2013. Ecosanctuaries: Communities
building a future for New Zealand's threatened ecologies. Dunedin, New

Zealand, Otago University Press. 286p.

Campbell-Hunt DM, Freeman C, Dickinson KJM 2010. Community-based
entrepreneurship and wildlife sanctuaries: Case studies from New
Zealand. International Journal of Innovation and Regional Development 2:
4-21.

Canfield Jr DE, Brown CD, Bachman RW, Hoyer MV 2002. Volunteer lake
monitoring: Testing the reliability of data collected by the Florida
LAKEWATCH Program. Lake and Reservoir Management 18(1): 1-9.

Canterbury Regional Council 2013. Hurunui and Waiau River Regional Plan.
Christchurch, New Zealand. 72p.

Carey CC, Weathers KC, Ewing HA, Greer M, Cottingham KL 2014. Spatial and
temporal variability in recruitment of the cyanobacterium Gloeotrichia

echinulata in an oligotrophic lake. Freshwater Science 33: 577-592.

Carr A 2004. Why do we all need community science? Society & Natural
Resources 17: 841-849.

Chandler M, Bebber DP, Castro S, Lowman MD, Muoria P, Oguge N, Rubenstein
DI 2012. International citizen science: making the local global. Frontiers in
Ecology and the Environment 10: 328-331.

Chevalier JM, Buckles DJ 2013. Participatory Action Research: Theory and
methods for engaged inquiry. Abingdon, UK, Routledge. 469p.

220



Christian D 2014. Citizen science. New Zealand Herald (Lifestyle section)
http://www.nzherald.co.nz/lifestyle/news/article.cfm?c_id=6&objectid=1
1228167 (accessed 16 March 2015).

Clark F, lllman DL 2001. Dimensions of civic science introductory essay. Public
Understanding of Science 23(1): 5-27.

Clary EG, Snyder M 1999. The motivations to volunteer: Theoretical and practical

considerations. Current Directions in Psychological Science 8(5): 156-159.

Clary EG, Snyder M, Ridge R 1992. Volunteers' motivations: a functional strategy
for the recruitment, placement, and retention of volunteers. Nonprofit
Management & Leadership 2(4): 333-350.

Clayton R, Cowan P 2010. Management of animal and plant pests in New Zealand
— Patterns of control and monitoring by regional agencies. Wildlife
Research 37(5): 360-371.

Clewel A, Aronson J 2006. Motivations for the restoration of ecosystems.
Conservation Biology 20(2): 420-428.

Clewel A, Aronson J 2013. Ecological restoration: Principles, values, and structure

of an emerging profession. 2nd ed. Washington, USA, Island Press. 303p.

Clout M 2001. Biodiversity conservation and the management of invasive
animals in New Zealand. In: Odd Terje Sandlund PJS, Aslaug Viken ed.
Invasive species and biodiversity management. Springer Science &
Business Media. Pp. 349-361.

Clout M 2006. Keystone aliens? The multiple impacts of brushtail possums. In:
RB. Allen, WG. Lee eds. Biological invasions in New Zealand. Springer
Science & Business Media. Pp. 265-279.

Cnaan RA, Goldberg-Glen RS 1991. Measuring motivation to volunteer in human

services. The Journal of Applied Behavioral Science 27: 269-284.

Coates A 2013. Volunteer monitoring of water quality in New Zealand: Where
does the value lie? Unpublished Master's thesis, University of Canterbury,

Christchurch, New Zealand.

Cohen L, Manion L, Morrison K 2011. Research methods in education. 7th ed.
London, England, Routledge. 784p.

221



Coleman D, Georgiadou Y, Labonte J 2009. Volunteered Geographic Information:
The mature and motivation of prod-users. International Journal of Spatial
Data Infrastructures Research 4: 332-358.

Collier K, Clarkson B, Aldridge B, Hicks B 2008. Can urban streams be restored?
Linking vegetation restoration with urban stormwater mitigation. The
New Zealand Water and Wastes Association conference, retrieved from

http://www.streamcare.org.nz/Collier_2008_Stormwater_paper.pdf

Collins KE, Doscher C, Rennie HG, Ross JG 2013. The effectiveness of riparian
restoration on water quality—a case study of lowland streams in
Canterbury, New Zealand. Restoration Ecology 21(1): 40-48.

Conrad C 2006. Towards meaningful community-based ecological monitoring in
Nova Scotia: Where we are versus where we would like to be.

Environments: A Journal of Interdisciplinary Studies 34: 25-36.

Conrad C, Daoust T 2008. Community-based monitoring frameworks: Increasing
the effectiveness of environmental stewardship. Environmental
Management 41: 358-366.

Conrad C, Hilchey K 2011. A review of citizen science and community-based
environmental monitoring: issues and opportunities. Environmental
Monitoring and Assessment 176: 273-291.

Cooper C, Dickinson J, Phillips T, Bonney R 2007. Citizen science as a tool for
conservation in residential ecosystems. Ecology and Society 12(2): Article
11.

Cooper C, Shirk J, Zuckerberg B 2014. The invisible prevalence of citizen science
in global research: Migratory birds and climate change PLoS ONE 9(9):
€106508.

Cottingham KL, Ewing HA, Carey CC, Greer ML, Weathers KC 2015. Cyanobacteria
as drivers of lake nitrogen and phosphorus cycling. Ecosphere. 6(1):1.
6(1): Article 1.

Couper M 2000. Web surveys: A review of issues and approaches. The Public
Opinion Quarterly 64(4): 464-494.

222



Cowan P 2005. Brushtail possum. In: King CM ed. The Handbook of New Zealand
Mammals. 2nd ed. Auckand, New Zealand, Oxford University Press. Pp.
56-80.

Cowie C 2010. Volunteers matter: The geographies of community-based
ecological restoration groups in the Wellington Region. Unpublished
Master's thesis, Victoria University of Wellington, Wellington, New
Zealand.

Craig J, Anderson S, Clout M, Creese B, Mitchell N, Ogden J, Roberts M, Ussher G
2000. Conservation issues in New Zealand. Annual Review of Ecology and
Systematics 31: 61-78.

Craig J, Moller H, Norton D, Saunders D, Williams M 2013. Enhancing our
heritage: Conservation for 21st century New Zealanders: Ways forward
from the Tahi Group of Concerned Scientists. Pacific Conservation Biology
19(3/4): 256-269.

Crain RL, Cooper CB, Dickinson J 2014. Citizen science: A tool for integrating
studies of human and natural systems. Annual Review of Environment
and Resources 39: 641-665.

Crall AW, Jordan R, Holfelder K, Newman GJ, Graham J, Waller DM 2012. The
impacts of an invasive species citizen science training program on
participant attitudes, behavior, and science literacy. Public Understanding
of Science 22(6): 745-764.

Creswell J 2006. Qualitative inquiry and research design: Choosing among five
traditions. 2nd ed. California, USA, Sage Publications. 416p.

Cromarty P, Alderson S 2012. Translocation statistics (2002-2010), and the
revised Department of Conservation translocation process. Notornis 60:
55-62.

Cursey M 2010. Valuing community action on the ground. Hamilton, New
Zealand, Waikato Biodiversity Forum. 14p., Retrieved from

http://www.waikatobiodiversity.org.nz

Curtis A, Van Nouhuys M 1999. Landcare participation in Australia: the volunteer

perspective. Sustainable Development 7: 98-111.

223



Danielsen F, Burgess ND, Balmford A 2005. Monitoring matters: examining the
potential of locally-based approaches. Biodiversity and Conservation 14:
2507-2542.

Danielsen F, Burgess ND, Balmford A, Donald PF, Funder M, Jones JPG, Alviola P,
Balete DS, Blomley T, Brashares J, Child B, Enghoff M, Fjeldsa J, Holt S,
HiBertz H, Jensen AE, Jensen PM, Massao J, Mendoza MM, Ngaga Y,
Poulsen MK, Rueda R, Sam M, Skielboe T, Stuart-Hill G, Topp-J#Rgensen
E, Yonten D 2008. Local participation in natural resource monitoring: a

characterization of approaches. Conservation Biology 23(1): 31-42.

Danielsen F, Mendoza MM, Tagtag A, Alviola PA, Balete DS, Jensen AE, Enghoff
M, Poulsen MK 2007. Increasing conservation management action by
involving local people in natural resource monitoring. Ambio 36(7): 566-
570.

Danielsen F, Pirhofer-Walzl K, Adrian T, Kapijimpanga D, Burgess N, Jensen P,
Bonney R, Funder M, Landa A, Levermann N, Madsen J 2014. Linking
public participation in scientific research to the indicators and needs of
international environmental agreements. Conservation Letters 7(1): 12-
24.

Dawson B 2010. A history of gardening in New Zealand. Auckland, New Zealand,

Random House.

Dawson D, Bull P 1975. Counting birds in New Zealand forests. Notornis 22(2):
101-1009.

de Lange P, Rolfe J, Champion P, Courtney S, Heenan P, Barkla J, Cameron E,
Norton D, Hitchmough R 2013. Conservation status of New Zealand
indigenous vascular plants, 2012. New Zealand Threat Classification Series
3. Wellington, New Zealand. 70p., Retrieved from
http://www.doc.govt.nz/Documents/science-and-

technical/nztcs3entire.pdf

Denyer K, Peters MA 2012. WETMAK: Wetlands Monitoring and Assessment Kit.
Hamilton, New Zealand, NZ Landcare Trust. Retrieved from

http://www.landcare.org.nz/wetmak

224



Department of Agriculture, Forestry and Fisheries 2009. Landcare.
www.daff.gov.au/natural-resources/landcare (accessed 11 February
2014).

Department of Conservation 2011. Pateke survival guide. Whangarei, New
Zealand, Department of Conservation. 33p., Retrieved from
http://www.doc.govt.nz/documents/conservation/native-

animals/birds/pateke-survival-guide.pdf

Department of Conservation 2012. Statement of Intent 2012—-2017. Wellington,
Department of Conservation. Retrieved from
http://www.doc.govt.nz/documents/about-doc/statement-of-intent-
2012-2017/statement-of-intent-2012-2017.pdf

Department of Conservation 2014. Statement of Intent 2014-2018. Wellington,
New Zealand, Department of Conservation. 28p., Retrieved from
http://www.doc.govt.nz/Documents/about-
doc/role/publications/statement-of-intent-2014-2018.pdf

Department of Conservation, undated-a. Community conservation groups.
http://www.doc.govt.nz/getting-involved/volunteer/groups/  (accessed
15 March 2013).

Department of Conservation, undated-b. Community Conservation Fund
Partnerships Fund progress report. http://www.doc.govt.nz/get-
involved/run-a-project/funding/community-conservation-partnerships-

fund/resources-for-2014-projects/ (accessed 17 May 2015).

Department of Conservation, Ministry for the Environment 2000. The New
Zealand Biodiversity Strategy. Wellington, New Zealand. 144p., Retrieved
from https://www.biodiversity.govt.nz/pdfs/picture/nzbs-whole.pdf

Derby M 2012. Local and regional government.
http://www.TeAra.govt.nz/en/local-and-regional-government (accessed
29 January 2015).

Deutsch W, Lhotka L, Ruiz-Cérdova S 2009. Group dynamics and resource
availability of a long-term volunteer water-monitoring program. Society &
Natural Resources 22(7): 637-649.

225



Dickinson J, Shirk J, Bonter D, Bonney R, Crain RL, Martin J, Phillips T, Purcell K
2012. The current state of citizen science as a tool for ecological research
and public engagement. Frontiers in Ecology and the Environment 10:
291-297.

DiEnno CM, Thompson JL 2013. For the love of the land: How emotions motivate
volunteerism in ecological restoration. Emotion, Space and Society 6: 63-
72.

Dillman D, Smyth J, Christian L 2009. Internet, mail, and mixed-mode surveys:
The tailored design method. 3rd ed. New Jersey, USA, John Wiley & Sons.
512p.

Dune Restoration Trust of New Zealand 2012. Scoping report on developing a
coastal dune ecosystems database. Wellington, New Zealand, Dune

Restoration Trust of New Zealand. 8p.
Duthie C, Gibbs G, Burns K 2006. Seed dispersal by weta. Science 311: 1575

Elston E, Anderson-Lederer R, Death RG, Joy MK 2015. The plight of New
Zealand’s freshwater biodiversity. Conservation Science Statement No. 1.
Sydney, Australia, Society for Conservation Biology (Oceania). 14p.,
Retrieved from http://scboceania.org/wp-content/uploads/2015/08/The-
Plight-of-New-Zealand%E2%80%99s-Freshwater-Biodiversity.pdf

Ely E 2008. Volunteer monitoring and the democratization of science. The
Volunteer Monitor 19(1): 1-5.

Engel SR, Voshell JR 2002. Volunteer biological monitoring: Can it accurately
assess the ecological condition of streams? American Entomologist 48:
164-177.

European Commission 2008. Attitudes of European citizens towards the
environment Cologne, Germany, Gesis. 127p., Retrieved from

http://ec.europa.eu/public_opinion/archives/ebs/ebs 295 en.pdf

Ewers R, Kliskey AD, Walker S, Rutledge D, Harding JS, Didham RK 2006. Past and
future trajectories of forest loss in New Zealand. Biological Conservation
133(3): 312-325.

Farley R 1996. President’s message: Soil and Water Conservation Association of
Australia. Australian Journal of Soil and Water Conservation 9(1): 3.

226



Fawcett S, Paine-Andrews A, Francisco V, Schultz J, Kimber P, Lewis R, Williams E,
Harries K, Berkley J, Fisher J, Lopez C 1995. Using empowerment theory in
collaborative partnerships for community health and development 23,
pp. 677-91. American Journal of Community Psychology 23: 677—691.

Fernandez-Gimenez ME, Ballard HL 2011. How CBCs learn: Ecological monitoring
and adaptive management. In: Dukes F, Firehock K, Birkhoff J eds.
Community-based collaboration: Bridging socio-ecological research and
practice. Charlottsville, USA, University of Virginia Press. Pp. 45-80.

Ferraro T 2013. Multiple benefits of Landcare and natural resource management,
GHD, Sydney, Australia. p. 165. Retrieved from:
http://www.agriculture.gov.au/Style%20Library/Images/DAFF/__data/ass
ets/pdffile/0009/2386926/multiple-benefits-of-landcare-and-natural-

resource-management-report.pdf

Firehock K, West J 1995. A brief history of volunteer biological water monitoring
using macroinvertebrates. Journal of the North American Benthological
Society 14(1): 197-202.

Flannery, T 2002. The future eaters: an ecological history of the Australasian
lands and people. New York, USA. Grove Press. 423p

Fore LS, Paulsen K, O'Laughlin K 2001. Assessing the performance of volunteers
in monitoring streams. Freshwater Biology 46(1): 109-123.

Forest & Bird 2011. Branches. http://www.forestandbird.org.nz/branches
(accessed 17 March 2013).

Forgie V, Horsley P, Johnston J 2001. Facilitating community-based conservation
initiatives. Science for Conservation 169. Wellington, New Zealand,

Department of Conservation. 75p.

Fossey E, Harvey C, McDermott F, Davidson L 2002. Understanding and
evaluating qualitative research. Australian and New Zealand Journal of
Psychiatry 36: 717-732.

Friends of Waiwhetu Stream 2013. Annual Report, 26 November 2013.

Wellington, New Zealand, Friends of Waiwhetu Stream. 9p.

Galbraith M 2013. Public and ecology - the role of volunteers on Tiritiri Matangi
Island. New Zealand Journal of Ecology 37(3): 266-271.

227



Geertz C 1973. The interpretation of cultures. New York, USA, Basic Books. 471p.

Gibbs G 2006. Ghosts of Gondwana: The history of life in New Zealand. Nelson,
New Zealand, Craig Potton Publishing. 232p.

Gillett DJ, Pondella DJ, 2nd, Freiwald J, Schiff KC, Caselle JE, Shuman C, Weisberg
SB 2012. Comparing volunteer and professionally collected monitoring
data from the rocky subtidal reefs of Southern California, USA.
Environmental Monitoring and Assessment 184(5): 3239-3257.

Glaser BG, Strauss AL 2009. The discovery of Grounded Theory: Strategies for
qualitative research. New York, USA, Aldine Transaction. 271p.

Glasner P 2000. Reporting risks, problematising public participation and the
Human Genome Project. In: Allan S, Adam B, Carter C eds. Environmental
risks and the media. London, England, Routledge. Pp. 130-145.

Goffredo S, Pensa F, Neri P, Orlandi A, Gagliardi MS, Velardi A, Piccinetti C,
Zaccanti F 2010. Unite research with what citizens do for fun:
"recreational monitoring" of marine biodiversity. Ecological Applications
20:2170-2187.

Gooch M 2003. A sense of place: ecological identity as a driver for catchment

volunteering. Australian Journal on Volunteering 8(2): 23-32.

Gooch M 2004. Volunteering in catchment management groups: Empowering
the volunteer. Australian Geographer 35(2): 193-208.

Gooch M, Warburton J 2009. Building and managing resilience in community-
based NRM groups: An Australian case study. Society and Natural
Resources 22(2): 158-171.

Goodman J, Dunn N, Ravenscroft P, Allibone R, Boubee J, David B, Griffiths M,
Ling N, Hitchmough R, Rolfe J 2014. Conservation status of New Zealand
freshwater fish, 2013. New Zealand Threat Classification Series 7.
Wellington, New Zealand. 16p., Retrieved from
http://www.doc.govt.nz/Documents/science-and-

technical/nztcs7entire.pdf

Goodman L 1961. Snowball sampling. Annals of Mathematical Statistics 32(1):
148-170.

228



Goodwin P 1998. 'Hired hands’ or ‘local voice’: Understandings and experience of
local participation in conservation. Transactions of the Institute of British
Geographers 23: 481-491.

Goring SJ, Weathers KC, Dodds WK, Soranno PA, Sweet LC, Cheruvelil KS,
Kominoski JS, Riegg J, Thorn AM, Utz RM 2014. Improving the culture of
interdisciplinary collaboration in ecology by expanding measures of

success. Frontiers in Ecology and the Environment 12(1): 39-47.

Greenwood J 2007. Citizens, science and bird conservation. Journal of
Ornithology 148(Supplimentary Information): S177-5184.

Guba EG, Lincoln YS 1994. Competing paradigms in qualitative research. In:
Denzin NK, Lincoln YS eds. Handbook of Qualitative Research. California,
USA, Sage Publications. Pp. 105-117.

Guest G, Bunce A, Johnson L 2006. How many Interviews are enough? An

experiment with data saturation and variability. Field Methods 18: 59-82.

Haklay M 2013. Citizen science and volunteered geographic information (VGI):
Overview and typology of participation. In: Sui D, Elwood S, Goodchild M
eds. Crowdsourcing Geographic Knowledge. Dordrecht, Netherlands,
Springer. Pp. 105-122.

Haklay M 2015. Citizen science and policy: A European perspective. Case Study
Series, Volume 4. Washington, U.S.A, Woodrow Wilson International

Centre for Scholars. 67p.

Handford P 2004. FORMAK forest monitoring manual. Paekakariki, New Zealand,
PA Handford & Associates Ltd.

Handford P 2006. FORMAK Implementation and support guidelines. Paekakariki,
PA Handford & Associates Ltd. 7p.

Handford P 2011. Community conservation in New Zealand: Towards a shared

approach. Wellington, New Zealand, PA Handford & Associates Ltd. 23p.

Hardie-Boys N 2010. Valuing community group contributions to conservation.
Science for Conservation. Report no. 299. Wellington, Department of
Conservation. 68p. Retrieved from
http://www.doc.govt.nz/documents/science-and
technical/sfc299entire.pdf

229



Harrison M 2012. Biosecurity community group survey 2012. Auckland, New
Zealand, Biosecurity, Auckland Council. 23p.

Hilliard G, Breese T 2010. The state of environmental reporting: The best way
forward for environmental reporting in New Zealand. Lincoln Planning
Review 2(1): 28-29.

Hobbs SJ, White PCL 2012. Motivations and barriers in relation to community
participation in biodiversity recording. Journal for Nature Conservation 20
(6): 364-373.

Hogg AG, Higham TFG, Lowe DJ, Palmer JG, Reimer PJ, Newnham RM 2003. A
wiggle-match date for Polynesian settlement of New Zealand. Antiquity
77(295): 116-125.

Holzapfel S, Robertson H, McLennan J, Sporle W, Hackwell K, Impey M 2008. Kiwi
(Apteryx spp.) Recovery Plan 2008-2018. Wellington, New Zealand,

Department of Conservation. 73p.

Horizon Research 2013. Business and consumer behaviour 2013.
Prepared for the Sustainable Business Council in association with Fairfax

Media. Auckland, New Zealand, Horizon Research. 62p.

Hoyer M, Bigham D, Bachmann R, Canfield Jr. D 2014. Florida LAKEWATCH:
Citizen scientists protecting Florida’s aquatic systems. Florida Scientist
77(4): 184-197.

Hoyer MV, Wellendorf N, Frydenborg R, Bartlett D, Canfield DE, Jr. 2012. A
comparison  between professionally (Florida Department of
Environmental Protection) and volunteer (Florida LAKEWATCH) collected
trophic state chemistry data in Florida. Lake and Reservoir Management
28(4): 277-281.

Hughey K, Kerr G, Cullen R 2013. Public perceptions of New Zealand's
environment: 2010. Christchurch, New Zealand. 124p.

Hulcr J, Latimer AM, Henley JB, Rountree NR, Fierer N, Lucky A, Lowman MD,
Dunn RR 2012. A jungle in there: Bacteria in belly buttons are highly
diverse, but predictable. PloS ONE 7(11): Article: e47712.

230



Huyser de Bernardo D, Curtis A 2012. Using online and paper surveys: The
effectiveness of mixed mode methodology for populations over 50.
Research on Aging 35(2): 220 —-240.

Hyder K, Townhill B, Anderson LG, Delany J, Pinnegar JK 2015. Can citizen science
contribute to the evidence-base that underpins marine policy? Marine
Policy 59: 112-120.

IBM Corp 2012. IBM SPSS Statistics for Windows, Version 21.0. New York, USA,
IBM Corp.

Innes J 2005. Ship rat. In: King CM ed. The handbook of New Zealand mammals.
2nd ed. Melbourne, Australia, Oxford University Press. Pp. 187-203.

Ipsos MediaCT 2013a. Our mobile planet: New Zealand. California, USA, Google.
39p.

Ipsos MediaCT 2013b. Our Mobile Planet: United States of America. California,
USA, Google. 39p.

Irwin A 1995. Citizen Science: A study of people, expertise, and sustainable

development. London, England, Psychology Press. 198p.

Jacobson SK, Carlton JS, Monroe MC 2012. Motivation and satisfaction of
volunteers at a Florida natural resource agency. Journal of Park and
Recreation Administration 30: 51-67.

Jamieson SL 2010. Sand dune restoration in New Zealand: Methods, motives, and
monitoring. Unpublished Master's thesis thesis, Victoria University,

Wellington, New Zealand.

Johnson RB, Onwuegbuzie AJ, Turner LA 2007. Toward a definition of mixed
methods research. Journal of Mixed Methods Research 1(2): 112-133.

Jordan R, Crall A, Gray S, Phillips T, Mellor D 2015. Citizen science as a distinct
field of inquiry. Bioscience 65(2): 208-211.

Jordan R, Gray SA, Howe DV, Brooks WR, Ehrenfeld JG 2011. Knowledge gain and
behavioral change in citizen-science programs. Conservation Biology
25(6): 1148-1154.

231



Jordan RC, Ballard HL, Phillips TB 2012. Key issues and new approaches for
evaluating citizen-science learning outcomes. Frontiers in Ecology and the
Environment 10: 307-309.

Kampen H, Medlock JM, Vaux ACG, Koenraadt CJM, an Vliet AJH, Bartumeus F,
Oltra A, Sousa CA, Chouin S, Werner D 2015. Approaches to passive

mosquito surveillance in the EU. Parasites & Vectors 8: Article: 9.

Kebo S, Bunch M 2013. Canadian ENGOs in governance of water resources:
information needs and monitoring practices. Environmental Monitoring
and Assessment 185: 9451-9460.

Kerson R 1989. Lab for the environment. MIT Technology Review 92(1): 11-12.

Khatib F, Cooper S, Tyka MD, Xu K, Makedon |, Baker D, Foldit players 2011.
Algorithm discovery by protein folding game players. Proceedings of the
National Academy of Sciences of the United States of America 108(47):
18949-18953.

King C, Scurr D 2013. Efficacy of a community-led rat control programme at Lake

Taupo, New Zealand. Conservation Evidence 10: 85-88.

Kolb DA, Boyatzis RE, Mainemelis C 2000. Experiential learning theory: Previous
research and new directions. In: Sternberg RJ, Zhang L eds. Perspectives
on thinking, learning, and cognitive styles. New Jersey, USA, Erlbaum. Pp.
227-247.

Krasny ME, Crestol SR, Tidball KG, Stedman RC 2014. New York City's oyster
gardeners: Memories and meanings as motivations for volunteer

environmental stewardship. Landscape and Urban Planning 132: 16-25.

Krasny ME, Tidball KG 2009. Community gardens as contexts for science,
stewardship, and civic action learning. Cities and the Environment 2(1):
Article 8.

Krasny ME, Tidball KG 2012. Civic ecology: a pathway for Earth Stewardship in
cities. Frontiers in Ecology and the Environment 10(5): 267-273.

Kremen C, Ullmann KS, Thorp RW 2011. Evaluating the quality of citizen-scientist

data on pollinator communities. Conservation Biology 25: 607-617.

232



Land and Water Forum 2012. Third Report of the Land and Water Forum:
Managing water quality and allocating water. Wellington, New Zealand,
Land and Water Trust.

Lauer C, McLeod M, Blythe S 2013. Online survey design and development: A
Janus-faced approach. Written Communication 30(3): 330 —357.

Lauriault T, Mooney P 2014. Crowdsourcing: A geographic approach to public
engagement. Programmable City Working Paper 6. Maynooth, Ireland,
National University of Ireland at Maynooth. 28p.

Lawrence A 2005. Reluctant citizens? The disjuncture between participatory
biological monitoring and environmental governance. Paper presented at
the International Sociology Association Conference ‘Environment,
knowledge and democracy’. Retrieved from
http://www.eci.ox.ac.uk/research/humaneco/downloads/lawrence_mars

eille.pdf

Lawrence A 2006. ‘No personal motive?’ Volunteers, biodiversity, and the false

dichotomies of participation. Ethics, Place & Environment 9(3): 279-298.

Leach M, Fairhead J 2002. Manners of contestation: "citizen science" and
"indigenous knowledge" in West Africa and the Caribbean. International
Social Science Journal 54(3): 299-311.

Lee M, Hancock P 2011. Restoration and stewardship volunteerism. In: Human
dimensions of ecological restoration: Integrating science, nature, and
culture. Washington, USA, Island Press. Pp. 23-38.

Lee W, Allen R 2011. Recommended monitoring framework for regional councils
assessing biodiversity outcomes in terrestrial ecosystems. Dunedin, New
Zealand, Landcare Research. 37p., Retrieved from
http://www.biodiversity.govt.nz/pdfs/recommended-council-monitoring-

framework-report.pdf

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 Contract Report LC0405/122. Wellington, New
Zealand. Retrieved from

233



http://www.landcareresearch.co.nz/publications/researchpubs/biodiv_in

ventory_system_review_framework.pdf

Leech N, Onwuegbuzie A 2009. A typology of mixed methods research designs.
Quality & Quantity 43: 265-275.

Levrel H, Fontaine B, Henry P-Y, Jiguet F, Julliard R, Kerbiriou C, Couvet D 2010.
Balancing state and volunteer investment in biodiversity monitoring for
the implementation of CBD indicators: A French example. Ecological
Economics 69(7): 1580-1586.

Likert R 1932. A technique for the measurement of attitudes. Archives of
Psychology 140: 1-55.

Lincoln YS, Guba EG 1985. Naturalistic Inquiry. California, USA, Sage Publications.
416p.

Lincoln YS, Lynham SA, Guba EG 2005. Paradigmatic contradictions and emerging
confluences revisited. In: Denzin NK, Lincoln YS eds. The Sage Handbook
of Qualitative Research. California, USA, Sage. Pp. 97-128.

Lindenmayer D, Gibbons D 2012. Can we make biodiversity monitoring happen in
Australia? Moving beyond 'it's the thought that counts'. In: Lindenmayer
D, Gibbons D eds. Biodiversity monitoring in Australia. Collinwood,
Australia, CSIRO Publishing. Pp. 193-201.

Lindenmayer D, Likens G 2010. Effective ecological monitoring Collingwood,
Australia, CSIRO Publishing. 184p.

Lundmark C 2003. BioBlitz: Getting into backyard biodiversity BioScience 53(4):
329.

Maine Volunteer Lake Monitoring Programme 2012. Maine Lakes Report 2012.
Maine, USA, Maine Volunteer Lake Monitoring Programme. 93p.,

Retrieved from http://www.mainevimp.org/maine-lake-report/

Mannarini T, Fedi A 2009. Multiple senses of community: The experience and

meaning of community. Journal of Community Psychology 37(2): 211-227.

Mark AF, Turner KS, West CJ 2001. Integrating nature conservation with hydro-
electric development: Conflict resolution with Lakes Manapouri and Te

234



Anau, Fiordland National Park, New Zealand. Lake and Reservoir
Management 17(1): 1-16.

Marshall MN 1996. The key informant technique. Family Practice 13(1): 92-97.

Masuda B, McLean M, Gaze P 2014. Changes in passerine populations during
ongoing predator control at a community-based conservation project: A

case study to evaluate presence-absence surveys. Notornis 61(2): 75-83.

Maxwell JA 2012. Qualitative research design: An interactive approach. 3rd ed.
California, USA, Sage. 232p.

McCormick S 2012. After the cap: Risk assessment, citizen science and disaster

recovery Ecology and Society 17(4): Article 31.

McDougle LM, Greenspan |, Handy F 2011. Generation green: understanding the
motivations and mechanisms influencing young adults' environmental
volunteering. International Journal of Nonprofit and Voluntary Sector
Marketing 16(4): 325-341.

McGlone MS 1989. The Polynesian settlement of New Zealand in relation to
environmental and biotic changes. New Zealand Journal of Ecology 12:
115-129.

McGlone MS 2009. Postglacial history of New Zealand wetlands and implications

for their conservation. New Zealand Journal of Ecology 33(1): 1-23.

McLean | 2014. Community action and science help restore New Zealand lakes.
Solutions 5: 46-55.

McMillan DW, Chavis DM 1986. Sense of community: A definition and theory.
Journal of Community Psychology 14(1): 6-23.

McNutt K 2012. Biodiversity Inventory and Monitoring Toolbox. DOCDM -
359575 Vegetation: RECCE plots v1.0. Wellington, New Zealand,
Department of Conservation. 21p,, Retrieved from

www.doc.govt.nz/biodiversitymonitoring

Measham TG, Barnett GB 2008. Environmental volunteering: Motivations, modes

and outcomes. Australian Geographer 39(4): 537-552.

235



Mendez BJH, Day B, Gay PL, Jacoby SH, Raddick MJ, Walker CE, Pompea SM 2010.
The spectrum of citizen science projects in astronomy and space science.
324-333p.

Merriam-Webster 2005. The Merriam-Webster Dictionary. Springfield,
Massachusetts, USA, Merriam-Webster Inc. 701p.

Miles 1, Sullivan WC, Kuo FE 1998. Ecological restoration volunteers: the benefits

of participation. Urban Ecosystems 2(1): 27-41.

Miles MB, Huberman AM 1994. Qualitative data analysis. California, USA, Sage
Publications. 338p.

Miller-Rushing A, Primack R, Bonney R 2012. The history of public participation in
ecological research. Frontiers in Ecology and the Environment 10: 285-
290.

Miller S 2001. Public understanding of science at the crossroads. Public
Understanding of Science 10: 115-120.

Ministry for the Environment and Statistics New Zealand 2015. New Zealand’s
environmental reporting series: Environment Aotearoa 2015. Wellington,

New Zealand, Ministry for the Environment. 131p.

Ministry for the Environment 2013. Freshwater reform 2013 and beyond.

Wellington, New Zealand, Ministry for the Environment. 58p.

Ministry of Business Innovation and Employment 2013. New Challenge 5: New
Zealand’s biological heritage. Wellington, New Zealand, Ministry of
Business, Innovation and Employment. 3p., Retrieved from
www.msi.govt.nz/assets/MSI/Update-me/National-science-
challenges/key-documents/Addendum-NS-challenge-5-biological-
heritage.pdf

Ministry of Business Innovation and Employment 2014. Te Pinaha Hihiko Vision
Matauranga Capability Fund Investment Plan 2015 Wellington, New
Zealand, Ministry for Business, Innovation and Employment. 11p.,
Retrieved from http://www.mbie.govt.nz/info-services/science-
innovation/investment-funding/te-punaha-hihiko-vision-matauranga-
capability-fund/documents-and-images-library/VMCF-Investment-Plan-
December-2014-FINAL.pdf

236



Ministry of Business Innovation and Employment, Ministry of Education, Office of
the Prime Minister's Chief Science Advisor 2014. A Nation of Curious
Minds: A national strategic plan for science in society. Wellington, New
Zealand Government. 52p., Retrieved from
http://www.msi.govt.nz/assets/MSIl/Update-me/Science-in-society-

project/science-in-society-plan.pdf

Misra A, Gooze A, Watkins K, Asad M, Le Dantec, C 2014. Crowdsourcing and its
application to transportation data collection and management
Transportation Research Record 2414: 1-8.

Moehau Environment Group 2013. Megaphone - Coromandel Environment
News. Coromandel, Moehau Environment Group. 4p., Retrieved from
http://meg.org.nz/wp-content/uploads/2012/03/Megaphone-Summer-
2013-small.pdf

Moffett ER, Neale MW 2015. Volunteer and professional macroinvertebrate
monitoring provide concordant assessments of stream health. New
Zealand Journal of Marine and Freshwater Research (ahead of print): 1-
10.

Moller H, Lyver P, Bragg C, Newman J, Clucas R, Fletcher D, Kitson J, McKechnie S,
Scott D, Rakiura Titi Island Administering Body 2009. Guidelines for cross-
cultural Participatory Action Research partnerships: A case study of a
customary seabird harvest in New Zealand. New Zealand Journal of
Zoology 36(3): 211-241.

Morgan DL 2008. Sampling. In: Given LM ed. The SAGE encyclopedia of
gualitative research methods. Los Angeles, SAGE Publications, Inc. Pp.
799-800.

Morse J 1994. Designing funded qualitative research. In: Denzin NK, Lincoln YS
eds. Handbook for qualitative research. California, USA, Sage
Publications. Pp. 220-235.

Morse J 1995. The significance of saturation. Qualitative Health Research 5: 147-
149.

Mueller MP, Tippins D 2012. The future of citizen science. Democracy and
Education 20(1): 2

237



Murphree M 1994. The role of institutions in community-based conservation. In:
Western D, Wright M eds. Natural connections: Perspectives in
community-based conservation. Washington, USA, Island Press. Pp. 403-
427.

Myers SC, Clarkson BR, Reeves PN, Clarkson BD 2013. Wetland management in
New Zealand: Are current approaches and policies sustaining wetland
ecosystems in agricultural landscapes? Ecological Engineering 56: 107-
120.

Narushima M 2005. ‘Payback time’: community volunteering among older adults

as a transformative mechanism. Ageing and Society 25(4): 567-584.

Nature Space, undated. Groups. http://naturespace.org.nz/groups-page
(accessed 15 March 2013).

Neilson 2014. Report on public attitudes towards science and technology.
Wellington, New Zealand, Ministry of Business, Innovation and

Employment. 159p.

New Zealand Government 2014a. Resource Management Act 1991.
http://www.legislation.govt.nz/act/public/1991/0069/latest/DLM230265.
html (accessed 29 May 2014).

New Zealand Government 2014b. National Policy Statement for Freshwater

Management. Wellington, New Zealand Goverment. 36p.

New Zealand Landcare Trust 2013a. End-of-drain treatment systems. Hamilton,

New Zealand, NZ Landcare Trust. 2p.

New Zealand Landcare Trust 2013b. Kiwi Coast Project Plan. Hamilton, New
Zealand, NZ Landcare Trust. 13p.

New Zealand Marine Studies Centre 2012. Marine Metre Squared: Developing
community tools for marine monitoring.
http://www.otago.ac.nz/marinestudies/resources/download/mm2_overv
iew_Dec2012.pdf (accessed 8 September 2014)

Newman GJ, Wiggins A, Crall AW, Graham E, Newman S, Crowston K 2012. The
future of citizen science: emerging technologies and shifting paradigms.
Frontiers in Ecology and the Environment 10: 298-304.

238



O'Rourke T 2001. Techniques to improve questionnaire format. American Journal
of Health Studies 17(1): 36-39.

Obrecht D, Milanik M, Perkins B, Ready D, Jones J 1998. Evaluation of data
gnerated from lake samples collected by volunteers. Journal of Lake and
Reservoir Management 14(1): 21-27.

Office for the Community and Voluntary Sector 2007. Mahi Aroha: Maori
Perspectives on Volunteering and Cultural Obligations. Wellington, New
Zealand, Ministry of Social Development, Office for the Community and

Voluntary Sector.

Office of the Auditor-General 2011. Managing freshwater quality: Challenges for
regional councils. Wellington, New Zealand, Office of the Auditor-
General. 92p.

Omoto AM, Snyder M, Martino SC 2000. Volunteerism and the life course:
investigating age-related agendas for action. Basic and Applied Social
Psychology 22(3): 181-197.

Open Air Laboratories 2013. OPAL Community Environment Report. London,

Imperial College London. 82p.

Ottinger G 2010. Buckets of resistance: Standards and the effectiveness of citizen

science. Science Technology & Human Values 35: 244-270.

Overdevest C, Orr CH, Stepenuck K 2004. Volunteer stream monitoring and local
participation in natural resource issues. Human Ecology Review 11(2):
177-185.

Pandya RE 2012. A framework for engaging diverse communities in citizen

science in the US. Frontiers in Ecology and the Environment 10: 314-317.

Parker K, Ewen J, Seddon P, Armstrong D 2013. Post-release monitoring of bird
translocations: Why is it important and how do we do it? Notornis 60: 85-
92.

Parliamentary Commissioner for the Environment 2013. Water quality in New
Zealand: Land use and nutrient pollution. Wellington, New Zealand,

Parliamentary Commissioner for the Environment. 82p.

239



Parsons J, Lukyanenko R, Wiersma Y 2011. Easier citizen science is better. Nature
471: 37.

Patton M 1990. Qualitative interviewing. In: Qualitative Research and Evaluation
Methods. California, USA, Sage. Pp. 277-367.

Peters MA 2003. Data validity and community groups: How can resource
materials be designed so that non-specialist community groups can
undertake scientific investigations to derive scientifically valid results?
Unpublished PGDipSci thesis, University of Otago, Dunedin, New Zealand.

Peters MA 2007. Restiad wetland monitoring and management plan. Hamilton,
New Zealand. 62p.

Peters MA 2010. New Zealand Maori farmers and soil health: Indicators,
understandings and monitoring methodology. Saarbruecken, Germany,
Lambert Academic Press. 108p.

Peters MA, Hamilton D, Eames C 2015a. Action on the ground: A review of
community environmental groups’ restoration objectives, activities and
partnerships in New Zealand. New Zealand Journal of Ecology 29(2): 179-
189.

Peters MA, Eames C, Hamilton D 2015b. The use and value of citizen science data
in New Zealand. Journal of the Royal Society of New Zealand 45(3): 151-
160

Peters MA, Hamilton D, Eames C, Mason, NWH, Innes, J 2016. The current state
of community-based environmental monitoring in New Zealand. New

Zealand Journal of Ecology 40(3): online

Pfeffer MJ, Wagenet LP 2008. Volunteer environmental monitoring, knowledge
creation and citizen-scientist interaction. In: The Sage Handbook of
Environment and Society. California, USA, Sage Publications Ltd. Pp. 235-
249,

Phipps HL 2011. Preserving plurality: Valuing community-based restoration in
New Zealand. Unpublished PhD thesis, University of Auckland, Auckland,
New Zealand.

Pollock R, Whitelaw G 2005. Community-based monitoring in support of local
sustainability. Local Environment 10(3): 211-228.

240



Powell MC, Colin M 2008. Meaningful citizen engagement in science and
technology: What would it really take? Science Communication 30(1):
126-136.

Pretty J 1995. Participatory learning for sustainable agriculture. World
Development 23(8): 1247-1263.

Pretty J, Ward H 2001. Social capital and the environment. World Development
29(2): 209-227.

R Core Team 2012. R: A language and environment for statistical computing.
Vienna, Austria, R Foundation for Statistical Computing. Retrieved from

http://www.R-project.org/

Raddick M, Bracey G, Gay P, Lintott C, Murray P, Schawinski K, Szalay A,
Vandenberg J 2010. Galaxy Zoo: Exploring the motivations of citizen

science volunteers. Astronomy Education Review 9: Article 1.

Ramirez-Andreotta M, Brusseau M, Artiola J, Maier R, Gandolfi A 2015. Building a
co-created citizen science program with gardeners neighboring a
superfund site: The Gardenroots case study. International Public Health
Journal 7(1): Article 13.

Ravine D 2007. Manawatu River Estuary Ramsar Management Plan 2007 - 2012.

Foxton, New Zealand, Manawatu Estuary Trust. 64p.

Reid KA, Williams KJH, Paine MS 2011. Hybrid knowledge: Place, practice, and
knowing in a volunteer ecological restoration project. Ecology and Society
16(3): Article 19.

Research New Zealand, 2015. A report on a survey of New Zealanders’ use of
Smartphones and other mobile communication devices 2015, Wellington,
New Zealand 16p., Retrieved from
http://www.researchnz.com/pdf/Special%20Reports/Research%20New%
20Zealand%20Special%20Report%20-%20Use%200f%20Smartphones.pdf

Ritchie H 2011. From eyesore to asset: Care groups review. Report no. 24.
Hamilton, Waikato Regional Council. 30p., Retrieved from
http://www.waikatoregion.govt.nz/PageFiles/20070/TR01124From%20ey
esore%20t0%20asset%20-%20care%20groups%20review%20report.pdf

241



Robertson DP, Hull RB 2003. Public ecology: an environmental science and policy

for global society. Environmental Science & Policy 6: 399-410.

Robertson H, Dowding J, Elliott G, Hitchmough R, Miskelly C, O’Donnell C,
Powlesland R, Sagar P, Scofield R, Taylor G 2013. Conservation status of
New Zealand birds, 2012. New Zealand Threat Classification series 4.
Wellington, New Zealand. 26p., Retrieved from
http://www.doc.govt.nz/Documents/science-and-

technical/nztcsdentire.pdf

Robertson J 2012. Aorere and Rai project review 2012. Hamilton, N.Z.,, NZ
Landcare Trust. 20p.

Ross D 2009. Landcare in New Zealand. In: Catacutan D, Neely C, Johnson M,
Poussard H, Youl R eds. Landcare: Local action, global progress. Nairobi,

Kenya, World Agroforestry Centre. Pp. 41-54.

Rotokare Scenic Reserve Trust 2014. Annual Report: Biosecurity and ecological
activities July 2013 - June 2014. Taranaki, New Zealand, Rotokare Scenic

Reserve Trust. 5p.

Roy HE, Pocock MJO, Preston CO, Roy DB, Savage J, Tweddle JC, Robinson LD
2012. Understanding citizen science and environmental monitoring.
Swindon/London, England, NERC Centre for Ecology & Hydrology and

Natural History Museum. Retrieved from http://www.ukeof.org.uk

Ryan GW, Bernard HR 2003. Techniques to identify themes. Field methods 15(1):
85-109.

Ryan RL, Kaplan R, Grese RE 2001. Predicting volunteer commitment in
environmental stewardship programs. Journal of Environmental Planning
and Management 44(5): 629-658.

Salafsky N, Salzer D, Stattersfield A, Hilton-Taylor C, Neugarten R, Butchart S,
Collens B, Collens B, Cox N, Master L, O'Connor S, Wilkie D 2007. A
standard lexicon for biodiversity conservation: Unified classifications of

threats and actions. Conservation Biology 22(4): 897-911.

Sanctuaries of New Zealand, undated. Sanctuary projects.

http://www.sanctuariesnz.org/projects.asp (accessed 8 February 2013).

242



Sarnelle O, Morrison J, Kaul R, Horst G, Wandell H, Bednarz R 2010. Citizen
monitoring: Testing hypotheses about the interactive influences of
eutrophication and mussel invasion on a cyanobacterial toxin in lakes.
Water Research 4: 141-150.

Savan B, Morgan AJ, Gore C 2003. Volunteer environmental monitoring and the
role of the universities: The case of Citizens' Environment Watch.
Environmental Management 31(5): 561-568.

Scassa T, Chung H 2015. Typology of citizen science projects from an intellectual
property perspective: Invention and authorship between researchers and
participants. Policy Memo Series, Volume 5. Washington, USA, Woodrow

Wilson International Centre for Scholars. 17p.

Schultz L, Folke C, & Olsson P 2007. Enhancing ecosystem management through
social-ecological inventories: lessons from Kristianstads Vattenrike,

Sweden. Environmental Conservation, 34(02): 140-152

Schwand TA 1994. Constructivist, Interpretivist approaches to human inquiry In:
Denzin NK, Lincoln YS eds. Handbook of Qualitative Research. Thousand
Oaks, USA, Sage Pp. 118-137.

Shaw W 2003. Restoration of indigenous biodiversity in Bay of Plenty urban
centres. Proceedings of the Greening the City: Bringing Biodiversity Back
into the Urban Environment, 2003, Christchurch, New Zealand. Royal
New Zealand Institute of Horticulture. Pp. 86-92.

Shaw W, Gosling D, Canham L 2003. Vegetation monitoring on Moutohora
(Whale Island) 1990-2002 using photopoints. DOC Internal Science Series
126. Wellington, New Zealand, Department of Conservation. 43p.

Shebitz D 2005. Weaving traditional ecological knowledge into the restoration of

basketry plants. Journal of Ecological Anthropology 9(1): 51-68.

Shirk J, Ballard HL, Wilderman C, Phillips T, Wiggins A, Jordan R, McCallie E,
Minarchek M, Lewenstein BV, Krasny ME, Bonney R 2012. Public
participation in scientific research: a framework for deliberate design.
Ecology and Society 17(2): Article 29.Silva P, Krasny ME 2013. Outcomes
Monitoring within Civic Ecology Practices in the New York City Region.
New York, USA. Cornell University Civic Ecology Lab. Retrieved from:
https://civeco.files.wordpress.com/2013/09/silva-2013.pdf

243



Silvertown J 2009. A new dawn for citizen science. Trends in Ecology & Evolution
24: 467-471.

Silvertown J, Buesching CD, Jacobson SK, Rebelo T 2013. Citizen science and
nature conservation. In: Macdonald DW, Willis KJ eds. Key Topics in
Conservation Biology 2. Chichester, England, John Wiley & Sons, Ltd. Pp.
127-142.

Singh N, Danell K, Edenius L, Ericsson G 2014. Tackling the motivation to monitor:
Success and sustainability of a particpatory monitoring program. Ecology
and Society 19(4): Article 7.

Skinner M, undated. Nature's watchdog for 90 years.
http://www.forestandbird.org.nz/what-we-do/events/forest-birds-90th-
anniversary/article-natures-watchdog-90-years (accessed 2 January
2015).

Sobels J, Curtis A, Lockie S 2001. The role of landcare group networks in rural
Australia: Exploring the contribution of social capital. Journal of Rural
Studies 17(3): 265-276.

Society for Ecological Restoration 2004. The SER primer on ecological restoration.
http://www.ser.org/resources/resources-detail-view/ser-international-

primer-on-ecological-restoration (accessed 10 March 2015).

Spellerberg | 2005. Monitoring ecological change. 2nd ed. Cambridge, England,

Cambridge University Press.

Sporle W 2007. Long term sustainability of community biodiversity enhancement
projects. New Zealand, NZ Landcare Trust, BNZ Save the Kiwi and the
Biodiversity Advice Fund. 86p.

Spurr EB 2012. New Zealand Garden Bird Survey - analysis of the first four years.
New Zealand Journal of Ecology 36(3): 287-299.

Spurr EB, Anderson S 2004. Bird species diversity and abundance before and
after eradication of possums and wallabies on Rangitoto Island, Hauraki
Gulf, New Zealand. New Zealand Journal of Ecology 28(1): 143-149.

Statistics New Zealand 2013. An urban/rural profile update. (accessed 23
September 2014).

244



Statistics New Zealand 2014. NZ.Stat Get data on demand.
http://nzdotstat.stats.govt.nz/wbos/Index.aspx# (accessed 2 June 2014).

Stevens P 2010. Embedment in the environment: A new paradigm for well-
being? Perspectives in Public Health 130 (6): 265-269.

Sullivan BL, Aycrigg JL, Barry JH, Bonney RE, Bruns N, Cooper CB, Damoulas T,
Dhondt AA, Dietterich T, Farnsworth A, Fink D, Fitzpatrick JW, Fredericks
T, Gerbracht J, Gomes C, Hochachka WM, lliff MJ, Lagoze C, La Sorte FA,
Merrifield M, Morris W, Phillips TB, Reynolds M, Rodewald AD, Rosenberg
KV, Trautmann NM, Wiggins A, Winkler DW, Wong WK, Wood CL, Yu J,
Kelling S 2014. The eBird enterprise: An integrated approach to
development and application of citizen science. Biological Conservation
169: 31-40.

Sullivan J 2012. Recording birds in real time: a convenient method for frequent
bird recording. New Zealand Journal of Ecology 36(3): 416-424.

Sutherland W, Clout M, Depledge M, Dicks L, Dinsdale J, Entwistle A, Fleishman E,
Gibbons D, Keim B, Lickorish F, Monk K, Ockendon N, Peck L, Pretty J,
Rockstrom J, Spalding M, Tonneijck F, Wintle B 2015. A horizon scan of
global conservation issues for 2015. Trends in Ecology and Evolution
30(1): 17-24.

Taylor RE 1997. Citizen-led environment management: Learning from the ‘Bush
Restorers’. Unpublished Master's thesis, Lincoln University, Lincoln, New

Zealand.

Teacher A, Griffiths D, Hodgson D, Inger R 2013. Smartphones in ecology and
evolution: a guide for the app-rehensive. Ecology and Evolution 3: 5268-
5278.

Tennant M, Sanders J, O’Brien M, Castle C 2006. Defining the nonprofit sector:
New Zealand. Report no. 45. Johns Hopkins University Center for Civil
Society Studies. Retrieved from http://test-
ocvs.govt.nz.customer.modicagroup.com/documents/publications/paper

s-and-reports/defining-the-nonprofit-sector-new-zealand-6-sept-06.pdf

Tipa G, Teirney L 2003. A Cultural Health Index for streams and waterways:
Indicators for recognising and expressing Maori values. Report prepared
for the Ministry for the Environment ME475. Wellington, New Zealand,

245



Ministry for the Environment. 72p., Retrieved from

http://www.mfe.govt.nz/publications/water/cultural-health-index-jun03/

Tipa G, Teirney L 2006. A Cultural Health Index for streams and waterways: A tool
for nationwide use. Wellington, New Zealand, Ministry for the

Environment. 58p.

Topia M, Gardiner H 2014. Call count monitoring of Northland brown kiwi 2014.
Whangarei, New Zealand, Department of Conservation. 37p., Retrieved
from http://www.doc.govt.nz/Documents/conservation/native-

animals/birds/northland-brown-kiwi-call-counts-2014.pdf

Torrance H 2012. Triangulation, respondent validation, and democratic
participation in mixed methods research. Journal of Mixed Methods
Research 6(2): 111-123.

Townsend CR, Tipa G, Teirney LD, Niyogi DK 2004. Development of a tool to
facilitate participation of Maori in the management of stream and river
health. EcoHealth 1: 184-195.

Trumbull DJ, Bonney R, Bascom D, Cabral A 2000. Thinking scientifically during

participation in a citizen-science project. Science Education 84: 265-275.

Trustpower 2010. Groups: Search for volunteers.
http://www.communityconnect.co.nz/Groups/Search-For-Other-

Volunteers.aspx (accessed 3 February 2012).

Tweddle JC, Robinson LD, Pocock MJO, Roy HE 2012. Guide to citizen science:
Developing, implementing and evaluating citizen science to study
biodiversity and the environment in the U.K. London, England, Natural
History Museum and NERC Centre for Ecology & Hydrology for UK-EOF.
36p.

United Nations Educational, Scientific and Cultural Organisation, 2012. The
United Nations world water development report 4: Managing water
under uncertainty and risk. Paris, France, United Nations Educational,

Scientific and Cultural Organisation. 900p.

United States Environmental Protection Agency 1996. The volunteer monitor's

guide to quality assurance project plans. EPA 841-B-96-003. Washington,

246



USA, United States Environmental Protection Agency. 59p., Retrieved
from http://water.epa.gov/type/rsl/monitoring/qappcovr.cfm

United States Environmental Protection Agency 2002. Volunteer lake monitoring:
A methods manual. EPA440-4-91-002. Washington, USA, United States
Environmental Protection Agency. 65p., Retrieved from
http://water.epa.gov/type/watersheds/monitoring/upload/2002_08 02_
monitoring_volunteer_lake_lakevolman.pdf

United States Environmental Protection Agency 2012. Catalog of watershed
groups. http://water.epa.gov/action/adopt/network.cfm (accessed 24
January 2014).

University of the West of England 2013. Science for Environmental Policy in-
depth report: Environmental citizen science Report produced for the
European Commission DG Environment, December 2013. Bristol, England,
Science Communication Unit, UWE. 32p.

University of Wisconsin Parkside 2014. Algae Estimator.
https://play.google.com/store/apps/details?id=appinventor.ai_yelirkered
.AlgaeEstimator_WeatherAPI&hl=en (accessed 15 December 2014).

Uriarte M, Ewing HA, Eviner VT, Weathers KC 2007. Constructing a broader and

more inclusive value system in science. BioScience 57(1): 71-78.

Van Rijsoort J, Zhang JF 2005. Participatory resource monitoring as a means for
promoting social change in Yunnan, China. Biodiversity and Conservation
14: 2543-2573.

Van Teijlingen E, Hundley V 2001. The importance of pilot studies. Social
Research Update 35: 1-4.

Verburg P, Hamill M, Unwin J, Abell J 2010. Lake water quality in New Zealand
2010: Status and trends. Report no. HAM2010-107. Hamilton, New
Zealand, National Institute of Water & Atmospheric Research Ltd.,
Retrieved from www.mfe.govt.nz/publications/ser/lake-water-quality-in-
nz-2010/

Vetter J 2011. Introduction: Lay participation in the history of scientific
observation. Science in Context 24(2): 127-141.

247



Vicente P, Reis E 2010. Using questionnaire design to fight nonresponse bias in

web surveys Social Science Computer Review 28: 251-267.

Waikato Regional Council 2014. Regional Pest Management Plan: 2014-2024.

Hamilton, New Zealand, Waikato Regional Council. 264p.

Waikato Regional Council, undated. The ripple effect. http://makearipple.co.nz/
(accessed 5 March 2013).

Waikato River Authority, undated. Restoring and protecting the health and
wellbeing of the Waikato River. Vision and strategy for the Waikato River.

Hamilton, New Zealand. 12p.

Walker S, Price R, Rutledge D, Stephens RTT, Lee W 2006. Recent loss of
indigenous cover in New Zealand. New Zealand Journal of Ecology 30(2):
169-177.

Warburton B 1996. Trap-catch for monitoring possum populations. Landcare
Research Contract Report LC9596-60. Lincoln, New Zealand, Manaaki

Whenua - Landcare Research. 15p.

Warburton J Gooch M 2007. Stewardship volunteering by older Australians: The

generative response. Local Environment 12(1): 43-55.

Ward D 2014. Understanding sampling and taxonomic biases recorded by citizen

scientists. Journal of Insect Conservation 18: 753-756.

Watts C, Armstrong D, Innes J, Thornburrow D 2011. Dramatic increases in Weta
(Orthoptera) following mammal eradication on Maungatautari - evidence
from pitfalls and tracking tunnels. New Zealand Journal of Ecology 35(3):
261-272.

Whangarei Heads Landcare Forum 2010. Work plan for the restoration of the
biodiversity values of the Whangarei Heads Landcare Forum: 2010-13.

Whangarei, Whangarei Heads Landcare Forum. 20p.

Whitelaw G, Vaughan H, Craig B, Atkinson D 2003. Establishing the Canadian
community monitoring network. Environmental Monitoring and
Assessment 88: 409-418.

248



Wiggins A, Crowston K 2011. From conservation to crowdsourcing: A typology of
citizen science. Proceedings of the 44th Hawaii International Conference

on System Sciences, University of Hawai'i, Manoa, Hawaii.

Wiggins A, Newman G, Stevenson R, Crowston K 2011. Mechanisms for data
quality and validation in citizen science. Proceedings of the eScience 2011
Workshop on Computing for Citizen Science, Stockholm, Sweden 5-8
December 2011. IEEE. Pp. 14-19.

Wilderman C 2007. Models of community science: design lessons from the field.
Proceedings of the Citizen Science Toolkit Conference, June 20-23, 2007,
Ithaca, New York, U.S.A. Cornell Lab of Ornithology.

Wilson EO 1984. Biophilia. Cambridge, USA, Harvard University Press. 157p.

World Bank 2014. World Development Indicators: Size of the economy.
Washington, USA, World Bank. 5p.

World Health Organisation 2005. Ecosystems and human well-being.
Washington, USA, Island Press.

Worthington JP, Silvertown J, Cook L, Cameron R, Dodd M, Greenwood RM,
McConway K, Skelton P 2012. Evolution Megalab: A case study in citizen
science methods. Methods in Ecology and Evolution 3: 303-309.

Xiao X, Dorovskoy P, Biradar C, Bridge E 2011. A library of georeferenced photos
from the field. Earth and Space Science News 92(49): 453-454.

Yeung AB 2004. The octagon model of volunteer motivation: Results of a
phenomenological analysis. Voluntas: International Journal of Voluntary
and Nonprofit Organizations 15(1): 21-46.

Young D 2004. Our islands, our selves: A history of conservation in New Zealand.
Dunedin, New Zealand, University of Otago Press. 304p.

249



APPENDICES

Appendix One: Online questionnaire

PART ONE: Community Group and Project Information
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1.

What is the name of your community environmental group? If your group
doesn’t have a name, write the name of your restoration project(s):

Is your group formally established (e.g., Incorporated Society, Trust)?
Yes; No; Don’t know

What are your group's main aims/objectives in the immediate and long-
term? Please listup to 5

How long has your group been in existence for? (Add TOTAL years if
group existed prior to becoming a Trust or Inc. etc)

Less than 1 yr; 12 yrs; 35 yrs; 610 yrs; 11+ yrs

How many group members and/or volunteers participate in at least 30%
of all activities (e.g., trapping, committee meetings, administration,
planting)?

1-5; 6-12; 13-20; 21-50; 51-100; 101+

What age are MOST group members and/or volunteers?

18 yrs and under; 19-30 yrs; 31-50 yrs; 51-65 yrs; 66+ yrs

Does your group have any partners/ supporters (e.g., DOC, Councils, Iwi,
Businesses)

Yes; No; Don’t know

Group partners / Support

Partners and supporters help groups achieve their aims by providing good
s and services, either paid for, or in kind.

Which partners currently support your group's needs? Please click any

that apply



10.

11.

12.

13.

14.

Matrix column headings: Not applicable; DOC; Regional/District Council;
Iwi; Scientists e.g., NIWA or Landcare; Business/Corporate; Private
contractor

Matrix row headings:

PROJECT SITE VISITS (e.qg., discuss restoration options);

TECHNICAL SUPPORT (e.g., species ID);

DATA MANAGEMENT (e.g., analyses, storage);

ON GROUND WORKS (e.g., pest/weed control);

CULTURAL ADVICE;

FUNDING/SPONSORSHIP;

ADMINISTRATION;

EQUIPMENT/VENUE LOANS.

Please list OTHER SUPPORT needed and WHO may provide it:

If NOT currently supported, or FURTHER support is needed, who could
help fulfil your group's aims/objectives? Please click any that apply
Matrix column and row headings as above

Please list OTHER SUPPORT needed and WHO may provide it:

Restoration project outline

In which region(s) are your project(s) located?

Which best describes where MOST of your project(s) are located?
Urban, Periurban (within a 510km radius of a town or city centre), Rural
Who owns MOST of the land your project(s) are on?

Private, DOC, Council/LINZ or other Crown entity, Maori, Other

Which ecosystems are your group restoring?

Forest; High country; Stream; River; Freshwater wetland; Lake; Estuary;
Other

What is the TOTAL AREA covered by ALL of your group's current

restoration project(s)?
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15.

Less than 0.8 hectares (1 acre); 0.8—4 hectares (2—-10 acres); 4.1—
8 hectares (11-50 acres); 8.1-40.5 hectares (51-100 acres); 41—
100 hectares (101250 acres); 101-500 hectares (251 1240 acres);
More than 501 hectares (1240+ acres)

Unsure about ACRES or HECTARES? Please specify total area in m2 or km2

Which activities has your group (or contractor) carried out? Click any that
apply

Planting natives; Weed control; Riparian planting; Pest animal control;
Advocacy/education (e.g. school/community visits); Writing submissions;
Fencing; Reintroducing native bird species; Changing water levels

(e.g. building weirs); Covenanting (e.g. Council, QE2);

Amenity development (e.g. walkways, signage);

Other activities (please specify)

PART TWO: Environmental Monitoring
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16.

17.

Which BEST describes your group's science-based environmental
monitoring activities?

Our group doesn’t do any environmental monitoring;

Our group currently does its own environmental monitoring;

We used to do environmental monitoring, but don’t currently;
We contract out our environmental monitoring to a contractor;
Environmental monitoring is already being done by others.

(e.g., DOC, Councils)

OTHER (please describe)

If NOT currently part of your project(s), what are the main challenges for
setting up a monitoring programme? Please click any that apply
Monitoring is not necessary for our project;

Monitoring is not the role of our group;



We don’t know what we should be monitoring;
We don’t have the technical skills to set up a monitoring programme;
We don’t know who to approach to help us set up a monitoring
programme;
We don’t have enough people to carry out a monitoring programme;
We don’t have the funds to set up a monitoring programme.
Other (please describe)

. If NOT currently monitoring, how does your group know that its
aims/objectives are being met? Please click any that apply
We are unsure if we are meeting our aims/objectives;
Our group and others have observed e.q., increases in bird numbers,
decreases in weeds, native plant growth;
We add up e.qg. litres of herbicide used, trees planted, pest traps laid
out, volunteers hours
We contrast what the site looks like now with old photos/historic
documents;
Our restoration has resulted in a management response from e.g., DOC,
Council.
Other (please describe).

. Would your group like to monitor any aspect of your project(s) in the
future?
Y/N; Don’t know

. How long has your group or contractor been monitoring your restoration
project?
Not applicable; Less than 1 yr; 1-2 yrs; 3-5 yrs; 6-10 yrs; 10+ yrs

. How much of a priority are the following for monitoring your restoration
project?
Matrix column headings: Not a priority; Low priority; Medium priority;
High priority
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22.

23.

24,

Matrix row headings:

Education: Learn more about the ecosystem, share findings;
Management: Guide restoration site management;

Accountability: Monitoring required by funders;

Research: Contribute to wider research outside of project;
Decision-making: Influence decisionmaking e.g. by DOC, Councils; Funding
Support funding applications

Which methods has your group/contractor used for monitoring? Please
click any that apply

Don't know; 5-Minute Bird Counts; Foliar Browse Index; Residual Trap
Catch Index; Stream invertebrate counts; Vegetation plots; Lizard counts;
Photopoints.

Other monitoring methods used (please describe)

Which toolkit is USED MOST by your group or contractor for project
monitoring?

None; FORMAK Forest Health Monitoring and Assessment Kit; SHMAK —
Stream Health Monitoring and Assessment Kit; CHI Cultural Health Index;
WETMAK —Wetland Monitoring and Assessment Kit.

Other toolkits used by your group/contractor

To what extent do you agree/disagree with the following statements
about the toolkit used MOST OFTEN by your group?

Matrix column headings: Strongly disagree; Disagree; Neutral; Agree;
Strongly agree

Matrix row headings:

Overall, the toolkit/ methods enable monitoring priorities to be met;
Onsite toolkit methods training is necessary for collecting quality data;
Data collected using this toolkit are good quality and scientifically robust;
Testing toolkit users after training would ensure quality data are

collected;



25.

26.

27.

28.

Ongoing technical support and training is required for maintaining

data quality;

The kit layout enables information to be easily found;

Technical terms are clearly explained;

Enough diagrams, graphs etc. are used to explain concepts;

The toolkit is appropriately designed for field use;

Data entry is straightforward using the templates

provided.Any other comments on toolkit usability? (please describe)
How are the monitoring data collected by your group/contractor used?
Please click any that apply

Providing general results to e.g. DOC, Councils, Science providers;
Measuring the effectiveness of new methods, equipment (e.qg. traps) or
materials (e.g. herbicide or bait); Informing restoration management
planning in line with project aims/objectives; Reporting back to funders;
Contributing to

larger research projects (e.g. NIWA, University, Landcare Research);
Supporting submissions on environmental matters; Supporting funding
applications; Don't know

How else are your data used? (please describe)

If you provide YOUR DATA to Councils, DOC or science providers etc. what
do THEY use your data for?

What would your group like to monitor in the future? Please click any
that apply

Nothing else; Change in water level; Spread of weeds; Establishment of
native plants; Water quality; Type and number of birds; Type and number
of fish; Type and number of lizards

Other (please describe)

Which do you currently do, and which might you do in the future (after

training if required)? Please click any that apply
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29.

Matrix column headings: Not applicable; Do now; Interested for future
Matrix row headings: Enter and store data online (e.qg.,
Naturespace.org.nz);

Access online forums (e.g. project blogs, project Facebook pages);
Attend monitoring training workshops;

Use Google maps;

View monitoring training videos/DVDs;

Download Smartphone applications (Apps) e.g. for species ID;
Identify flora and fauna\ using books;

Use web ID guides (e.g. NZPCN, Landcare Research);

Use GPS (handheld unit or smartphone application);

Take photos with phone/Smartphone;

Take photos with digital camera

OTHER (please describe)

Any further comments you would like to add?

END OF THE QUESTIONNAIRE



Appendix Two: Email accompanying online questionnaire

[Email subject]: Community groups and environmental restoration: A
questionnaire

Hi [name of group contact]

My name is Monica and | am researching community groups and their
environmental restoration project(s). The questionnaire will take 10-15 minutes
and is aimed at group leaders who are knowledgeable about their group and
project(s) being carried out. As little is known about the challenges faced by
groups restoring their local environments, the information you provide will go

towards developing better support for community groups throughout NZ.

| would greatly appreciate it if you could follow the link to the questionnaire
[link]

PLEASE NOTE that this link is uniquely tied to your email address so cannot be
forwarded to someone else. If you are not the right person, please let me know

whom | should contact instead.

Filling out the questionnaire is voluntary and all data you provide are
confidential. Questionnaire results will be used for my PhD thesis, scientific
journal articles, reports and presentations. No groups or respondents will be

individually identified in any of these media.

| will regularly post research updates on my blog: www.monicalogues.com - your
comments are welcome. The site also contains more information about the

research.

Thank you in advance for your participation!

Any questions? Please don't hesitate to contact me:

257


http://www.monicalogues.com/

Yours sincerely
[Signature]
Monica Peters

[contact details included]

For any concerns or further questions about this questionnaire, please contact
my supervisor:
Dr. Chris Eames

[contact details included]

Please note: If you do not wish to receive further emails about the questionnaire,

please click the link below, and you will be automatically removed from the

mailing list [link].
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Appendix Three: Themes for guiding interviews

Themes for guiding interviews with project partners?
e How do you work with community groups?
e Are environmental data collected by community groups used by your
organisation in any way?
e What are the barriers for using community generated environmental
data?
e How can community data be integrated into existing reporting?
e How can community environmental monitoring be better supported?
Themes for guiding interviews with community environmental groups
e How do you work with your project partners?
e Do you provide environmental data to your project partners, and if so,
how are they used?
e What barriers do you think there are for using community generated
environmental data?

e How can community environmental monitoring be better supported?

8 Government resource management agency staff including regional council and Department of
Conservation; non-government organisation staff, scientists and environmental contractors
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Appendix Four: Human research ethics approval

Faculty of Science and Engineering
Human Research Ethics Sub-committee
12 Feb. 2013

Monica Peters

Department of Biological Sciences

Re: Ethics approval — ‘A framework to evaluate the effectiveness of

community environmental monitoring toolkits to meet end-user needs’

The Faculty ethics committee has now considered your above-named proposal.
It is approved subject to you addressing the points noted below. Please make
appropriate revisions and send me a final copy signed by you and your

supervisor.

1. Under 3b ‘Participant observation — case study community groups’
indicate here whether or not people will be photographed. You do
mention this later, but it is useful to note it here too. Also mention this
under the next section ‘Focus group’;

2. You mention under 4a that the CEO of Landcare has given permission for
you to access the database. However, those that are on this database
would not necessarily be happy for him to take such a step. It is
suggested he or another organizational official send out a message to
those on the database that he has been asked by you to allow such
access, and ask if they have any objections;

3. Under 4b please state explicitly if only one questionnaire will be used for

all participants;
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10.

Under 5b, do you think there could be a need to inform a given
participant’s employer?;

Under 5e it might be better to say participants have the right to withdraw
anytime before data analysis begins (same applies to 7b);

Under 5f, did you consider if some participants may not be able to access
these summaries as they do not have Internet access? If so how might
they get information about the project?;

Please indicate in the appendices how letter is to be headed for various
groups of participants;

Under appendix 5 second bullet, you need to note who owns and what
will happen to any data;

In terms of process, the initial information letters need to accompany the
consent form. After that, the instruments can be distributed -there seems
to be some confusion in this process.

There is no mention of consent and confidentiality re the taking of
pictures, this needs to be described, and included in the information

letter and consent form.
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Appendix Five: Research information sheet

PhD Research Topic: “A framework to evaluate the effectiveness of community

environmental monitoring toolkits to meet end-user needs” [working title]

Study outline

| am writing to invite you, as a member/affiliate of a community environmental
group, or as a project partner to participate in a study. A 30-60 minute interview
is the first step toward understanding how your community group operates,
what type of monitoring is carried out, and how the resulting data are, or could
be used. | will either take notes or will ask your permission to record the
interview. If recorded, | will send you a transcript so that the contents can be

verified and amendments made (if required).

Why get involved?

The information you provide will fill important knowledge gaps, as little is known
about community groups and environmental monitoring, monitoring toolkit use
or how the resulting data are used. While toolkits are useful resources and a
valuable way to make science available to the public, how effective they are in
meeting the needs of community groups and other data end-users is currently

unknown.

Results and confidentiality

Outputs from these data will comprise a chapter in a PhD thesis as well as a
journal article. Additional outputs may include reports, blog posts
(www.monicalogues.com), NGO magazine articles or presentations, for example,
at community workshops, symposia and conferences. Your feedback on blog

posts are welcome, though note that these too may be used for the study.
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To maintain confidentiality individuals will not be identified, and your name and
that of your organisation will NOT be used in any publications, presentations or
blog posts unless permission is given prior. All information gathered from you

will be securely stored.

| would appreciate your consent to be involved as outlined above. If you would
like more details about the project, or have any questions or concerns about the
project and your involvement in it, please don’t hesitate to make contact. If | am
not able to resolve any concerns you may have about the study, you can contact

my research supervisor, Professor David Hamilton.

Yours sincerely

[Signature]

Monica Peters

[contact details included]

Prof. David Hamilton, PhD Supervisor

[contact details included]
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Appendix Six: Informed consent sheet

PhD Research Topic: “A framework to evaluate the effectiveness of community

environmental monitoring toolkits to meet end-user needs” [working title]

If required, please seek permission from your employer before completing this

consent form.

| have read the attached research information sheet.

| understand that:
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My participation in the study is voluntary.

| have the right to withdraw up to 2 weeks after interviews/observations
have taken place

| will own the raw information (data), though Monica Peters will own the
interpretation and analysis of the information (data).

Information may be collected from me in the ways specified in the
accompanying letter. All information will be kept confidential and
securely stored.

Information (data) obtained from me during the research project may be
used for a PhD Thesis and related publications along with reports, articles
in the popular press, the www.monicalogues.com blog site study updates,
the WETMAK Facebook page in the case of monitoring training
workshops and for making presentations about the project. All
information (data) will be reported without use of my name or the name

of my group / organization.

| am free to decline to have my photo taken. If | allow photographs of
myself to be taken either individually or in a group, | will be re-contacted

and asked for my permission for the photograph(s) to be used. My name



will not be used to identify myself, group or organisation in the photo

unless | provide permission for this.

Monica Peters
[contact details included]
Prof. David Hamilton, PhD Supervisor

[contact details included]

| give consent to be involved in the project as outlined above

Name:

Signed:

Date:

Please return this signed form to the researcher via email, or post a
printed version to Monica Peters at the address above. Alternately, you

can give your consent by email.
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