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trends accurately and robustly and be useful for decisionmakers. Citizen science’s
potential to help address these challenges often goes unrealized, despite promises

by organizers to deliver such information.

. This paper addresses these challenges by demonstrating the powerful utility of cit-

izen science results for improving our knowledge of the state of New Zealand’s
garden birds, from the national to the local scale. For 14 species and three annual
assessments, we: (a) calculate changes in bird counts over the medium to short term
(over 10 and 5 years, respectively); (b) use an alert system to identify trends of inter-
est or concern and collate the assessments in an online interactive tool; and (c) apply

the results to address management questions.

. Seven species have declined nationally in gardens in the medium term, but the pop-

ulation trends of six of these have improved in the short term (the declines of three
have been reversed). For Otago, as a regional example, a wider range of medium-
term alerts was initially raised, and positive short-term changes were also more evi-
dent. Performance differed across Otago’s districts: positive increases were muted
in Dunedin City, while Waitaki had the highest number of increasing species and

Central Otago more species rapidly increasing.

. For 54 neighbourhoods managed by Predator Free Dunedin, as a local example, the

baseline medium-term assessment detected rapid declines in two species, moder-

ate to shallow declines in five species and increases in three species.

. Based on these findings, managers could improve benefits for biodiversity by using:

(a) trends, to direct and evaluate policy investments; (b) benchmarks, to provide

social incentives; and (c) targets, to give management purpose and direction.

. Our case study highlights how citizen science can address biodiversity information

gaps and make powerful management contributions at scale by delivering metrics
that are robust and comparable across time and space, showing decisionmakers
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user benefits.

KEYWORDS

1 | INTRODUCTION

Biodiversity loss is an ongoing global concern, which international
policy commitments have failed to address (Diaz et al., 2019). Poor
progress in meeting the Convention on Biodiversity’s Aichi Biodiversity
Targets by 2020 was, in part, linked to a lack of clear goal definition and
operational indicators (Tittensor et al., 2014). Hence, there is a need
for better indicators to describe biodiversity trends as accurately and
robustly as possible, while being useful and understandable for deci-
sionmakers (Fraixedas et al., 2020; Gregory et al., 2005).

Birds are good indicators for monitoring environmental change,
even though they comprise only a small fraction of animal species
(Pereira & Cooper, 2006). They are targeted because birds are rel-
atively easy to observe and identify, they are an iconic and popular
component of biodiversity and they are good indicators for assess-
ing other taxa and ecosystem services (Devictor et al., 2008; Furness
& Greenwood, 1993; Newton, 1998; Pereira & Cooper, 2006). With
many ongoing monitoring programmes in place and many volunteers
willing to contribute, birds are often selected as target taxa for global
and regional monitoring schemes (Pereira & Cooper, 2006). However,
despite their popularity, a recent review of bird indicators highlighted
strong spatial, seasonal and habitat biases in their composition: most
indicators are derived from census data gathered in Europe, within the
breeding season and within farmland and forest habitats (Fraixedas
et al., 2020). This shows that indicators need to be expanded to address
these shortcomings. Urban birds are a notable gap, as they are not only
useful indicators of environmental change in these landscapes (Cham-
berlain et al,, 2018; Evans et al., 2008; Strochbach et al., 2009), but also
provide well-being benefits to humans, who are increasingly becoming
concentrated in cities (Cox & Gaston, 2015; Fuller et al, 2007; Keniger
et al., 2013; Ratcliffe, et al., 2013).

Filling these information gaps cannot rely on professionals alone, as
there are too few ecologists, who are also limited in their geograph-
ical and taxonomic scope (Sutherland et al., 2015). As a result, there
are growing calls to capitalize on the positive—but often unrealized—
contributions that citizen science can offer (Bonney et al., 2014).
Many citizen science initiatives promise to use the data gathered to
inform science and environmental management, yet in practice very
few achieve these goals (Theobald et al., 2015). This is partly due to
differences in perceptions about what constitutes scientific evidence
(Cooper et al., 2014). Thus, to enable citizen science to produce reli-
able and useful information for scientists, policymakers and the pub-
lic, Bonney et al. (2014) recommend: (1) applying advances in statisti-

cal tools and computational techniques to remove barriers to compil-

how to readily access and interpret information of interest, building trust and value

and highlighting how spatially hierarchical assessments can facilitate multiple end-

alert, benchmark, biodiversity, citizen science, decision making, interactive, target, trend

ing and analysing complex citizen science datasets; (2) capitalizing on
recent technological development to increase the functionality, visibil-
ity and accessibility of citizen science for different users; and (3) expos-
ing citizen science to the same peer review as conventional science to
build trust and confidence in its value.

This paper uses a case study to demonstrate how to address these
issues. Specifically, it assesses the state of New Zealand’s garden birds
at national to local scales, based on an analysis of winter counts gath-
ered by citizen scientists participating in the New Zealand Garden Bird
Survey (NZGBS; Spurr, 2012). Focusing on 14 common species, it: (1)
calculates changes in bird counts for national, regional and local scales
over three medium-term and two short-term periods; (2) uses a stan-
dardized alert system to identify trends of interest or concern; and (3)
illustrates the powerful utility of the results to address different man-
agement questions at each scale. The results are then reviewed to con-
sider mechanisms for improving their future uptake in decision-making

by policymakers and practitioners.

2 | MATERIALS AND METHODS

2.1 | Raw data

Bird count data were gathered by citizen scientists participating in the
NZGBS, an annual nationwide event that has run for 9 days in midwin-
ter since 2007 (Spurr, 2012). Participants selected a day and recorded
in a garden, park or school for an hour the maximum number of birds
per species they saw or heard at any one time. The data were collected
via an online form (which included automated data validation rules)
or, for paper forms, by post and edited using standardized protocols
(MacLeod et al., 2019a; MacLeod, Howard, Green et al., 2019; Spurr,
2012).

Five subsets of survey records for gardens only were used as a
basis for three assessments of the state of New Zealand’s garden birds.
Medium- and short-term changes in bird counts were calculated using
standardized 10 year and 5 year timeframes. These timeframes not
only aligned with well-established protocols for internationally recog-
nized bird indicators (Baillie & Rehfisch, 2006; Woodward et al., 2020)
but also ensured the derived metrics were comparable among the
different assessments. Furthermore, an early warning of an impend-
ing improvement or deterioration in bird counts for a given species
could be detected by comparing its medium- and short-term trends.
The 2017 assessment evaluated medium-term changes in bird counts
(2007-2017: 31,679 records; MacLeod et al., 2018a, 2018b; MacLeod,
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Howard, Green et al., 2019), while the 2018 and 2019 assessments
considered both medium-term periods (2008-2018: 34,686 records;
2009-2019: 35,786 records) and short-term periods (2013-2018:
20,274 records; 2014-2019: 19,912 records; Brandt et al., 2020a,
2020b; MacLeod et al.,, 2019a, 2019b, 2019¢).

To demonstrate the potential value of our approach, our analy-
ses focussed on 14 garden birds, selected because they are common
and widespread species that occupy a diversity of foraging niches
(from aerial to ground feeders). They included five native species: bell-
bird/korimako (Anthornis melanura), fantail/piwaiwaka (Rhipidura fulig-
inosa), New Zealand pigeon/kerert (Hemiphaga novaeseelandiae), sil-
vereye/tauhou (Zosterops lateralis) and thi1/koko (Prosthemadera novae-
seelandiae). The remainder were introduced species: blackbird/manu
pango (Turdus merula), chaffinch/pahirini (Fringilla coelebs), dunnock
(Prunella modularis), goldfinch (Carduelis carduelis), greenfinch (Car-
duelis chloris), house sparrow/tiu (Passer domesticus), myna/maina
(Acridotheres tristis), song thrush (Turdus philomelos) and starling/taringi
(Sturnus vulgaris). Note that the myna is only found in the North
Island of New Zealand. Common widespread species tend to be
more statistically powerful indicators of environmental change than
rare species (Gaston, 2010; Gregory et al., 2005, 2008; Schmeller
etal., 2018).

2.2 | Trend analysis
For each species and period, a generalized linear mixed model (Bates
et al,, 2015) was fitted to test for a linear trend in bird counts while
accounting for repeated measures gathered from spatially nested gar-
dens (MacLeod et al., 2019a; MacLeod, Howard, Green et al., 2019). A
binomial response was specified for most species, with low counts con-
verted into presence-absence data. For four species (blackbird, house
sparrow, silvereye and starling), which had zero-inflated but also some
skewed high counts, a Poisson response was specified, and an over-
dispersion term was included in the model (Harrison, 2014). Survey
year and an interaction term for garden type (urban vs. rural) and bird
feeding (yes/no) were specified as fixed effects. To account for varia-
tion in bird counts and trends at each spatial level, all models included
random intercepts for four spatially nested variables and a random
slope (with respect to year) for three spatial scales; thus, effectively
also accounting for any spatial and temporal variation in survey effort.
Note that for each assessment, spatial units were derived using the
most current geopolitical boundary layers (as defined by Statistics New
Zealand), which resulted in some finer-scale variation in the spatial unit
classifications (i.e. region, urban areas and area unit layers for the 2017
assessment; region, territorial authority and urban rural layers for the
2018 and 2019 assessments; for more detail see MacLeod et al., 2019a;
MacLeod, Howard, Green et al., 2019). The error term in the model
accounted for any other sources of variance not explicitly specified in
our models (e.g., time of day; species identification; weather; Bird et al.,
2014).

To account for the unbalanced design of the NZGBS (i.e., spatial vari-

ation in the number of gardens surveyed; MacLeod & Spurr, 2019), fit-

ted trend estimates were weighted for each neighbourhood (i.e., a clus-
ter of gardens in close proximity of each other within a given location
within a city, town or rural area) in relation to the number of gardens
available for surveying (as a proportion of the national total). Weighted
trend estimates for all other spatial scales and locations were calcu-
lated as the weighted average for the respective subset of neighbour-
hoods. Parametric bootstrap (n = 1001 replicates) was used to estimate
uncertainties (or confidence intervals) in weighted trend estimates
by simulating new data from the fitted base model (Canty & Riple,
2020; Davison & Hinkley, 1997), refitting the mixed-effects model, and
recalculating the weighted estimates. The percentage change in bird
counts for each period and spatial scale was calculated for each of the
weighted bootstrap runs (e.g., Figure 1a). All analyses were undertaken
using R (R Core Team, 2020).

2.3 | Alert system

A standardized protocol (MaclLeod et al., 2019a; MacLeod, Howard,
Green et al., 2019) was then used to classify the weighted estimates of
trend direction as equivalent to rapid, moderate and shallow declines
(colour coded red, amber and light amber respectively), as well as shal-
low, moderate and rapid increases (dark green, light and dark blue
respectively), and little or no change (light green) over 10 or 5 years
(Figure 1b). The signal strength of each colour-coded alert was ranked
from insufficient or very weak to very strong; these ranks were based
on the distribution of the bootstrap estimates in relation to specified
trend threshold criteria and/or whether they overlapped zero (Fig-
ure 1c). Species with smaller variance will have stronger signals. The
resulting alert category classifications (Figure 1d) were undertaken
using purpose-built R functions.

2.4 | National to local applications
To demonstrate the utility of the species alerts, the results were used
to address management questions at three spatial scales: national,
regional and local. Supporting graphics summarising the results from
the three assessments (2017, 2018 and 2019) were collated into an
online interactive tool (MaclLeod et al., 2021). The tool was built using
R and deployed using the package Shiny (Chang et al., 2020), hosted
by RStudio (Rstudio Team, 2020). The graphics were colour coded in
relation to the six alert classes and the five strength-of-alert signal
categories. The data visualizations ranged from community-level sum-
maries through to detailed matrices for each assessment and spatial
unit specifying the species-level median and 80% confidence intervals
for the bootstrap estimates, as well as dot plots visualizing the distri-
bution of bootstrap estimates in relation to alert class and their signal
strength categories (MacLeod & Scott, 2021).

At the national scale we evaluated, across the three assessments,
medium- to short-term changes in: (1) the distribution of the 14 focal
species among the six alert classes and the five strength-of-alert sig-

nal categories; and (2) alerts raised for individual species nationally and
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FIGURE 1 Alert classification process for New Zealand’s garden bird trends, where the derived point and bootstrap estimates (black dotted
line and grey histogram, respectively, in (a) for each species, location and time period are independently overlaid on standardized alert and signal
strength thresholds (b and c, respectively) to identify their relevant alert category and colour code (d). Note if the 10%-90% quantile range for the
bootstrap estimates included zero, the strength of alert signal was downgraded for very strong or strong classes to a weak one (as denoted by *in
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c) and for moderate or weak classes to a very weak one

in ¢). (Also note that the short-term or 5-year thresholds are calculated based on the

same rate of annual change as used for the medium-term or 10-year period.)

across the regions, taking into consideration the strength of the alert
signals.

Using the Otago region as an example, we evaluated medium- to
short-term changes in 13 focal species across the whole region, using
alert information from each of the three available assessments. Then,
based on the 2018 assessment alone, we assessed the state of garden
birds across the five districts within the Otago region: Central Otago,
Clutha, Dunedin City, Queenstown-Lakes and Waitaki. In both cases
we explored spatial and temporal changes in: (1) the distribution of
species numbers among the six alert classes and the five strength-of-
alert signal categories; and (2) alerts raised for individual species, tak-
ing into consideration the strength of the alert signals.

At the local scale we focused on Predator Free Dunedin, a
community-led initiative to eradicate stoats (Mustela erminea), pos-
sums (Trichosurus vulpecula) and rats (Rattus spp.) from 31,000 ha of
urban and rural land centred on the city of Dunedin (Predator Free
Dunedin, n.d., a). It overlaps 54 neighbourhoods (MacLeod et al., 2021)

and encompasses three areas at different stages of implementation.

The Otago Peninsula Biodiversity Group was established in 2008
(almost 10,000 ha, 10 neighbourhoods); the Halo was initiated in 2011
(12,500 ha north of the city surrounding Orokonui Ecosanctuary, seven
neighbourhoods); and the City Sanctuary was initiated in 2020 (span-
ning 8,000 ha, 37 neighbourhoods). Drawing on the 2017 assessment
as a baseline, we evaluated medium-term changes in 13 focal species by
calculating the percentage of neighbourhoods within each alert class,
and evaluating the strength of those signals, across all 54 neighbour-

hoods and in each of the three areas.

3 | RESULTS

3.1 | National assessment
National declines were identified for half of the 14 garden bird species
evaluated in the 2017 medium-term assessment (Figure 2); alerts were

raised for a moderate decline in four species and for a shallow decline
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Medium- and short-term national assessments: Number of species (n = 14) per alert category
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FIGURE 2 Number of garden bird species (n = 14) per alert category for three national assessments (MacLeod et al., 20183, 2019; Brandt
etal., 2020). Alert categories with one or more species present (as specified by the numbers in boxes) are colour-coded as a visual aid (where the
colours reflect the trend alert raised (y-axis) and the depth of shading the strength of the alert signal (x-axis); Figure 1). Alerts were evaluated over
the medium term (2007-2017: 31,679 survey records gathered by the New Zealand Garden Bird Survey (Spurr, 2012); 2008-2018: 34,686
records; 2009-2019: 35,786 records) and short term (2013-2018: 20,274 records; 2014-2019: 19,912 records). Grey shading indicates alert
categories where the signal strength was classified as moderate to very strong (Figure 1)
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FIGURE 3 National alerts raised for 14 garden bird species in New Zealand over the medium and short term. Shading is proportional to the
strength of evidence for the trend (Figure 1). Trends in bird counts were evaluated over the medium term (2007-2017: 31,679 survey records
gathered by the New Zealand Garden Bird Survey (Spurr, 2012); 2008-2018: 34,686 records; 2009-2019: 35,786 records) and short term

(2013-2018: 20,274 records; 2014-2019: 19,912 records)

in the other three (albeit with a very weak signal for two). A shal-
low increase was flagged for three species (but weakly in one case),
while little or no change was observed for the remaining four species.
Subsequent national assessments (2018, 2019) signalled improve-
ments overall. In the medium term the proportion of species declining

dropped to roughly a third, five species showed little or no change, and
the remainder signalled either a shallow or a moderate increase (Fig-
ure 2). The short-term assessments indicated at least six species were
increasing, with very strong signals for moderate or rapid increases in
at least two species.
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Regional assessment for Otago: Number of species (n = 13) per alert category
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FIGURE 4 Number of garden bird species (n = 13) per alert category for three regional assessments for Otago (MacLeod et al., 20183, 2019%a;
Brandt et al., 2020a). Alert categories with one or more species present (as specified by the numbers in boxes) are colour-coded as a visual aid
(where the colours reflect the trend alert raised (y-axis) and the depth of shading the strength of the alert signal (x-axis); Figure 1). Alerts were
evaluated over the medium term (2007-2017: 4316 survey records gathered by the New Zealand Garden Bird Survey (Spurr, 2012); 2008-2018:
4927 records; 2009-2019: 2493 records) and short term (2013-2018: 5191 records; 2014-2019: 2602 records). Grey shading indicates alert
categories where the signal strength was classified as moderate to very strong (Figure 1)

Three of the four species that raised medium-term amber alerts
(>25% decline over 10 years) in the 2017 national assessment sig-
nalled improvements in their status in the latest assessment (i.e., amber
alert signals weakened or shifted to a light amber alert; Figure 3).
These improvements were associated with regional changes in species’
alert status (see maps in MacLeod et al., 2021). The number of regions
signalling an amber alert for starling dropped from nine (distributed
across the country) to five (all in the North Island) and, for song
thrush, from seven (across the country) to one (in the South Island).
For goldfinch, the strength of amber alert signals generally weakened
across the regions. Silvereye, which had a strong signal for an amber
alert in all three medium-term assessments, flagged red alerts in six
regions across the country initially but only in the two southernmost
regions in the latest assessment. Early warnings (>10% decline over
10 years) were also flagged initially for chaffinch and, with a weak sig-
nal, for blackbird and dunnock; however, the status of all three species
later improved (classified as ‘little or no change’) nationally and region-
ally (Figure 3; MacLeod et al., 2021). For all seven species identified
as declining in the 2017 medium-term assessment, a slowing, halting
or reversing of those declines was signalled in the short term for all
species (Figure 3), except dunnock, which raised an amber alert (for
2014-2019).

Overall, little or no change was observed nationally (and in most
regions) for house sparrow, myna and, possibly, bellbird, which weakly
signalled shallow increases and only flagged a decline in one region
in the latest assessment (compared to four regions initially; Figure 3;

Macleod et al., 2021). National increases were detected for three

native and one introduced species. For fantail, shallow or moderate
increases were identified in the two most recent assessments as their
performance improved across the regions. Shallow increases were
consistently signalled nationally for tdi, which also increased mod-
erately in two or more regions and rapidly in the Canterbury region.
Kerer signalled positive changes nationally and (almost) consistently
across all regions; in the latest assessment it achieved shallow or
moderate increases in the medium term and rapid increases in the
short term. Greenfinch shifted from a shallow to a moderate increase,
with some rapid increases detected at the regional level, particularly in
the short term.

3.2 | Regional assessment

For the Otago region, the 2017 medium-term assessment signalled
declines in seven of the 13 garden bird species evaluated (Figure 4),
with one species raising a red alert (silvereye) and another an amber
alert (song thrush; Figure 5). Positive changes were detected for
four species initially: three with a shallow increase (house spar-
row, tai and, with a weak signal, dunnock) and one with a moder-
ate increase (greenfinch). Medium-term improvements were detected
in the subsequent assessments, where the strength-of-alert signals
were also generally enhanced (Figure 4). While silvereye wavered
between an amber and red alert status, the number of declining species
roughly halved as the earlier shallow declines slowed to little or no

change for blackbird, chaffinch and starling, and reversed to a shal-
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Otago region's species assessments for gardens
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FIGURE 5 Regional alerts raised for 13 garden bird species in Otago over the medium and short term. Shading is proportional to the strength
of evidence for the trend (Figure 1). Three assessments evaluate trends in bird counts over the medium term (2007-2017: 4316 records;
2008-2018: 4927 survey records gathered by the New Zealand Garden Bird Survey (Spurr, 2012); 2009-2019: 2493 records), and two
assessments over the short term (2013-2018: 5191 records; 2014-2019: 2602 records)

District assessments for the Otago region in 2018: Number of species per alert category
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FIGURE 6 Number of garden bird species (medium term, n = 13; short term, n = 11) per alert category for the 2018 local assessment for five
districts (or territorial authorities) within the Otago region (MacLeod et al., 2019a). Alert categories with one or more species present (as specified
by the numbers in boxes) are colour-coded as a visual aid (where the colours reflect the trend alert raised (y-axis) and the depth of shading the
strength of the alert signal (x-axis); Figure 1). The 2018 assessment evaluates trends in bird counts over the medium term (2008-2018: Central
Otago, 341 survey records gathered by the New Zealand Garden Bird Survey (Spurr, 2012); Clutha, 306 records; Dunedin City, 3534 records;
Queenstown-Lakes, 359 records; Waitaki, 387 records); and short term (2013-2018: Central Otago, 191 records; Clutha, 158 records; Dunedin
City, 1716 records; Queenstown-Lakes, 202 records; Waitaki, 226 records). Grey shading indicates alert categories where the signal strength was

classified as moderate to very strong (Figure 1)

low increase for kerer (Figure 5). Overall, medium-term increases
were shallow. Positive changes were signalled in the short term for
eight species, including moderate increases for greenfinch and tar, and
rapid increases for fantail and kerera. Deviating from its medium-term
trend for little or no change, the dunnock raised an amber alert in the
short term.

Within Otago, alert patterns varied among the five districts based
on the 2018 assessments alone (Figure 6). All districts raised at least
two amber alerts in the medium term (for song thrush, silvereye or
goldfinch; MacLeod et al., 2021), except Waitaki District, which had the
highest number of increasing species. Central Otago was the only dis-

trict where rapid increases were signalled in the medium term for three
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Medium-term local assessment for Predator Free Dunedin areas in 2017: Percentage of neighbourhoods per alert category
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Medium-term local assessment for Predator Free Dunedin areas in 2017: Percentage of neighbourhoods per alert category
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FIGURE 7 Percentage of neighbourhoods within three Predator Free Dunedin areas classified alert category. Alert categories with one or
more percent of neighbourhoods (as specified by the numbers in boxes) are colour-coded as a visual aid (where the colours reflect the trend alert
raised (y-axis) and the depth of shading the strength of the alert signal (x-axis); Figure 1). Results are based on the 2017 local assessment of
medium-term trends (2007-2017; 2597 survey records in total; MacLeod et al., 2018a, 2018b) in bird count data gathered by the New Zealand
Garden Bird Survey (Spurr, 2012). Grey shading indicates alert categories where the signal strength was classified as moderate to very strong
(Figure 1)
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species (Figure 6)—greenfinch, tai and kereri—and in the short term
for the same species plus fantail (MacLeod et al., 2021). In Dunedin City,
positive changes in the medium term were relatively muted compared
to other districts, being limited to a shallow increase for four species
(house sparrow, tai, fantail and kerert) and for a moderate increase,
albeit with a very weak signal, in greenfinch (Figure 6; MaclLeod et al.,
2021).

3.3 | Local assessment

Within Predator Free Dunedin, seven species were identified as declin-
ing in the medium term, based on the 2017 assessment (Figure 7). Four
species were declining across the whole locality. For silvereye and song
thrush, rapid declines were flagged in at least 80% of neighbourhoods
overall and were most likely to occur on the Otago Peninsula; how-
ever, signals for silvereye’s rapid declines were weak in 43% of the
Halo neighbourhoods. For goldfinch, moderate declines were signalled
in 76% of all neighbourhoods (but most likely within the City Sanctu-
ary). For chaffinch, shallow declines were detected in all neighbour-
hoods. Shallow or moderate declines were also identified in c. 85% of all
neighbourhoods for starling and kererd, but with one neighbourhood
on the Otago Peninsula signalling a shallow increase for kererd. Shal-
low declines were detected in 29% of neighbourhoods and across all
three areas for blackbird.

Bellbird was the only species to show little or no change across
Predator Free Dunedin, with the five remaining species increasing
in most neighbourhoods (Figure 7). Shallow increases were detected
across all three areas and in most neighbourhoods for dunnock and,
albeit with a weaker signal, for fantail. Shallow increases were signalled
for t1in 70% of neighbourhoods overall, with most other neighbour-
hoods experiencing moderate increases. For greenfinch, the signals for
individual neighbourhoods were split roughly equally between shallow
and moderate increases in all areas. House sparrow was most likely to
flag amoderate or rapid increase overall, but with rapid increases being
least likely in the City Sanctuary.

4 | DISCUSSION

4.1 | Using citizen science to inform a biodiversity
information gap

Our case study, which evaluates the state of New Zealand’s garden
birds, provides new and valuable insights into medium and short term
changes in bird counts for 14 common and widespread species. Thus,
it helps to address key global gaps in the availability of bird indicators
(Fraixedas et al., 2020), by fulfilling geographic (New Zealand), spatial
(national to local), seasonal (winter) and habitat (urban and rural gar-
den landscapes) gaps. With the application of modern statistics and
objective scientific methodology, the trends presented here are more
robust that those usually drawn from more traditional survey meth-

ods (such as 5 min bird counts, which are frequently analyzed without

correcting for sources of error; Bird et al., 2014). They could thus be
used as one way of assessing the accuracy of those more traditional
approaches.

Common and widespread species can be useful indicators of the
general state of nature and how it is changing (Gaston, 2010; Gre-
gory et al., 2005, 2008; Schmeller et al., 2018). However, until rela-
tively recently, most bird monitoring efforts in New Zealand focussed
on rare and threatened species that typically live on offshore islands or
in remote locations. While monitoring of rare species is important for
informing on the status of a key component of biodiversity, they often
require more intensive survey efforts to detect changes in their status,
differ systematically in their ecology and are more likely to be subject
to beneficial management interventions. As New Zealand’s common
and widespread species were not systematically monitored in the past,
evaluations of their trends often relied on site-specific and intermittent
observations typically gathered in forest habitats on conservation land
by short-term projects undertaken by professionals (Elliott et al., 2010;
Harper, 2009; Hartley, 2012).

In 2011, New Zealand initiated the rollout of a national biodiver-
sity monitoring programme, which aims to provide objective report-
ing at the national scale (Bellingham et al., 2020) and includes a
breeding bird survey implemented by professionals (MacLeod et al.,
2012). However, the geographic coverage of this system is still cur-
rently limited, being mainly applied to public conservation land (which
only makes up about 30% of the total land area; Bellingham et al.,
2020) or areas with native land cover (e.g., Griffiths et al., 2021), as
most regional government agencies are slow or reluctant to adopt
and apply it on private land (i.e., urban and farming landscapes), likely
partly due to the high costs of monitoring. Even if the monitoring pro-
gramme was implemented nationally, it is unlikely to provide the res-
olution of information required to inform management at finer spa-
tial scales of interest (e.g., restoration initiatives by community-led
groups).

4.2 | Addressing recommendations to help realize
citizen science’s potential

Many projects struggle to meet the stringent requirements of decision-
makers who are sceptical about the quality of citizen science data, as
these can be prone to greater variability than information gathered by
professionals (Bird et al., 2014; Parrish et al., 2018). One mechanism
to improve the quality of citizen science data is to develop protocols
and procedures for improving how the data are collected (Thornbhill
et al,, 2021). The New Zealand Garden Bird Survey, the data source
for our case study, is unique among local citizen science initiatives in
being the only one to implement an annual survey monitoring multi-
ple species nationwide at a standardized time of year and using a stan-
dardized protocol. Other initiatives either provide snapshots of infor-
mation (e.g., Bull et al., 1985; Robertson et al., 2007), focus on a sin-
gle species (e.g., the Great Kerertd Count; Hartley, 2020), or gather
ad hoc records or localized surveys motivated by individuals (e.g., Sul-

livan, 2012). Through the application of a standardized protocol for
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monitoring birds, the NZGBS has thus removed one source of error that
can make detecting trends difficult.

Data quality can also be improved post collection, through standard-
ized data validation and editing protocols to remove obvious anomalies
(as employed in the NZGBS; Macleod et al., 2019a; MacLeod, Howard,
Green et al.,, 2019; Spurr, 2012) as well as through the application of
modern statistical methods to account for many types of error and bias
in citizen science data, including uneven sampling effort (Bird et al.,
2014). With the aim of delivering reliable and useful information to
policymakers and practitioners, our case study addresses three recom-
mendations for helping to realize the potential contributions of citizen
science (Bonney et al., 2014; Theobald et al., 2015). First, by applying
advanced statistical tools and computational power we have removed
previous barriers to compiling and analyzing a complex citizen science
database, increasing its inferential power. Second, by using a standard-
ized alert system (Figure 1) and an online interactive tool (MacLeod
et al., 2021) we have capitalized on recent technological developments
to increase the functionality, visibility and accessibility of citizen sci-
ence results. Third, by regularly and actively inviting participating cit-
izen scientists (MacLeod & Scott, 2021), as well as local policymakers,
practitioners, bird experts and researchers, to review our progress, we
have helped build trust and confidence in its value, a process we aim to

consolidate through an international peer review of this paper.

4.3 | Driving continuous improvement in
biodiversity outcomes

Organizers often highlight the value of citizen science data for inform-
ing management as a key motivation for people to engage, and, in doing
so, have responsibility to ensure the citizen science results are actively
used in management decisions (Parrish et al., 2018). However, despite
broad calls for better uptake of the available evidence in conserva-
tion decision making, this is often challenging to achieve in practice
(Sutherland & Wordley, 2017). This challenge arises, at least partly,
because conservation practitioners and policymakers, including those
who intend to adopt evidence, may not have the mental roadmaps
required to enact their goals (Travers et al., 2021; World Bank, 2015).
Here we highlight how our hierarchical assessments across scale can
be applied to facilitate benefits for multiple end-users, by linking the
derived biodiversity measures to trends, benchmarks or targets. Fur-
thermore, by providing resources that can be tailored for use at mul-
tiple scales, our study highlights clear pathways to help stakeholders
leverage place-based motivations for improving the impacts of citizen
science and, ultimately, conservation decision making (Newman et al.,
2017).

43.1 | Trends
Trends help signal whether we are gaining or losing ground towards
improving biodiversity outcomes. They allow the user to compare pre-

vious and current performance, and to determine if what they are doing

is making a difference (Fraixedas et al., 2020; Gregory et al., 2005).
They also help practitioners and policymakers make decisions about
whether they are investing enough, and when they can ease off an
intervention.

There are three ways in which our assessments can help. First, the
community overview for each assessment allows swift evaluation of
the number of species that are declining, increasing or showing little or
no change, and can assess the distribution of species among the alert
classes and the signal strength categories. For example, in the initial
national assessment, seven of the 14 species considered were declin-
ing, three were increasing, and four were showing little or no change
(Figure 2). Four of the declines were moderate and the remainder shal-
low, while all three increases were shallow. The alert signals were mod-
erate to very strong for 11 species, including all those experiencing
moderate declines.

Second, comparing the community overviews across multiple
assessments allows evaluation of whether the species status and the
strength-of-alert signals are generally improving or diminishing over
time. For example, the alert status of the 14 species has generally
improved in the latest medium-term national assessments, compared
to the initial one, but signal strengths were strongest overall for the
middle assessment (Figure 2). Strength-of-alert signals could also be
used to direct the NZGBS campaigns towards increasing survey effort
in specific regions and neighbourhoods with weak signal strengths,
where there may either be a low proportion of gardens surveyed or
only a few gardens present.

Third, community patterns observed in the medium term can be
verified against those in the short term, where early warnings might
also be signalled. For example, positive changes were signalled for at
least six species nationally in both short-term assessments, with two
or more species having strong signals for moderate or rapid increases
(Figure 2). The medium-term trend for improvements was thus sup-
ported at the community level, but also indicated potential for positive
trends to accelerate in the future.

Such information could direct national policy to where it is most
needed and demonstrate whether those policies were delivering
improvements. Gaining clarity on key trend signals of concern and cele-
brating the successful biodiversity outcomes could be used to motivate

increased participation in citizen science campaigns.

4.3.2 | Benchmarks

Benchmarking compares performance at different spatial scales to
help policymakers and practitioners evaluate themselves compared to
their peers. This is the most common and simplest way for people to
determine how well they are doing.

The community overviews in our interactive reports can help bench-
mark performance spatially. For example, a wider range of medium-
term alerts was initially raised for the Otago region (Figure 4), com-
pared to the matched national assessment (Figure 2), as silvereye
flagged a red alert for a rapid decline and greenfinch signalled a mod-

erate increase (Figure 5). Similarly, for the short-term assessments,



MACLEOD ET AL.

110f 14

positive changes were more evident in Otago, as more species were
classified as moderately or rapidly increasing (Figure 4). Differences
in performance were also detected across districts within Otago (Fig-
ure 6). Positive increases were most muted in Dunedin City, while Wait-
aki had the highest number of increasing species and Central Otago
more species exhibiting rapid increases.

Drilling down to our species-level information can also provide valu-
able insights. For example, the species overview for Otago gardens
shows that silvereye raised a red alert in two of the three medium-
term assessments, with weak evidence for improvements in its sta-
tus in the short term (Figure 5). Furthermore, the regional maps show
this species’ decline is most severe and persistent in the southernmost
regions of the South Island, including Otago (see MacLeod et al., 2021).
This suggests any management strategy reducing national silvereye
declines in gardens should invest most support in these areas and
investigate their underlying drivers. Within the Predator Free Dunedin
footprint, this species raised red alerts in over 70% of neighbourhoods
in each of its three management areas (Figure 7; MacLeod et al., 2021),
suggesting that if predator control is beneficial for silvereye, those ben-
efits are still to be realized. However, weak signals suggest possible
positive changes in the Halo area relative to the other two manage-
ment areas, as a higher proportion of neighbourhoods raised a moder-
ate decline or weaker signals for a rapid decline. These changes should
be closely monitored in subsequent assessments to see if they show
continued improvements.

Such information would support practice improvement (Byerly et al.,
2018; Davis et al., 2018; Farrow et al., 2017; Travers et al., 2021) as: (1)
peer pressure is a powerful motivator for change; (2) it helps decision-
makers identify where to invest the most support and help or, as a last
resort, apply regulations or sanctions; (3) it identifies leaders that other
parties can see and learn best practice from; and (4) it creates a ‘learn-
ing escalator’ by changing social norms—as the laggards lift their game,
previous leaders may work hard to regain their top spots, so slowly
everyone lifts their performance.

433 | Targets

Targets give direction and purpose for performance. They are the main
way we judge whether performance is good enough and, when well
chosen, they can accelerate continuous improvement (Mace et al.,
2010; Perrings et al., 2011).

Biodiversity targets could readily be informed by our species
overviews and detailed metrics (MaclLeod et al., 2021). To illustrate
with a hypothetical example, consider a management target that aimed
to achieve national increases in the medium term (10 years) for all
five native species. Our three assessments (2017, 2018 and 2019)
show that two species consistently failed to meet this target: silver-
eye declined, and bellbird showed little or no change overall (Fig-
ure 3). However, if the aim was to achieve national increases in the
medium term for at least three native species and positive change in
the short term for two native species, then this target would have

been met. Increases were strongly signalled for three native species in

the medium and short terms, with fantail exhibiting shallow increases
in the two latest assessments, tli consistently maintaining a shal-
low increase, and kerert having shallow to moderate increases in the
medium term but rapid increases in the short term. Positive changes
were also weakly indicated for bellbird, with shallow increases in the
latest medium- and short-term assessments. While silvereye persis-
tently raised an amber alert nationally in the medium term, its short-
term trend is for little or no change, which should be closely monitored
to see if it materializes in the medium term.

Species alerts for fine spatial scales could also be used to help inform
targets at coarse scales. To illustrate, consider a hypothetical manage-
ment target for the four species signalling moderate declines nation-
ally in the 2017 medium-term assessment (silvereye, song thrush, star-
ling and goldfinch), aiming to reduce within 2 years the number of
regions within each species’ most severe decline alert category by at
least half. This hypothetical target would have been achieved for two
out of the four species: silvereye (dropping from six regions to two
with a rapid decline) and song thrush (dropping from eight regions to
one with a moderate decline; MaclLeod et al., 2021). Positive changes
were also signalled for starling, albeit at a slower rate, as the number of
regions with moderate declines for this species was reduced from nine
to five (with very weak signals in three regions). For these three species,
these alerts also became more localized, while goldfinch showed little
change.

Such information could accelerate continuous improvement
through: (1) setting goals for change; (2) pointing to critical thresholds
or tipping points that decisionmakers need to get past or avoid to
safeguard biodiversity; (3) identifying trigger points where decision-
makers predetermine that they will intervene to avoid danger; and (4)
highlighting distance to target so that decisionmakers can adjust their
investments to achieve their goals in time (Mace et al., 2010; Perrings
etal,2011).

5 | CONCLUSIONS

Our case study has highlighted how citizen science can help address
biodiversity information gaps and make powerful contributions to

management at multiple scales. It achieved this in four steps:

1. By applying advances in statistical techniques to noisy data, it deliv-
ered metrics for 14 common garden bird species that are robust and
comparable across time and space. Thus, it directly recognizes and
accounts for issues of error and bias associated with variation in
survey effort over space and time often present in citizen science
and other monitoring data, using hierarchical analyses (Bird et al.,
2014; Fraixedas et al., 2020). It also supports others to leverage
place-based motivations for improving the impacts of citizen sci-
ence and, ultimately, conservation decision making (Newman et al.,
2017).

2. By using an alert system and collating the hierarchical assess-
ments into an online interactive tool, it showed how decisionmak-

ers can readily access and interpret information of interest to them.
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Furthermore, it explicitly tackles the challenge of communicating
uncertainty in these alert classifications (Fraixedas et al., 2020) and
detecting early warning signals to better inform and enable proac-
tive conservation responses (Schmeller et al., 2018).

3. By inviting peer review of our approach and resources, it sought
to build trust and value. This process involved not only ensuring
the resources were useful and meaningful to the citizen scientists
themselves (MacLeod & Scott, 2021), but also responding to calls
for citizen science results to be subjected to the same peer review
protocols that are applied to professional science (Bonney et al.,
2014; Theobald et al., 2015).

4. By linking biodiversity measures to trends, benchmarks or targets,
it highlighted how these hierarchical assessments can be applied to
facilitate continuous biodiversity improvements and multiple end-
user benefits. In effect, it has set out a range of mental models
to help decisionmakers better envisage how these citizen science
results meet their specific biodiversity reporting and management
needs (Travers et al., 2021; World Bank, 2015).

Thus, this case study has helped the New Zealand Garden Bird Sur-
vey to start to fulfil its responsibility to meet one of its goals: assist
local authorities with planning and management of their biodiversity
responsibilities (Spurr, 2012). This process is already yielding positive
results. For example, working with a local conservation collective to
develop the interactive State of New Zealand’s Garden Birds resource
(MacLeod et al.,2021) has catalyzed a discussion about how the emerg-
ing results for their location can be used to help demonstrate the bio-
diversity outcomes of their management actions. Specifically, this col-
lective seeks to motivate more people within the community to engage
with and support their initiative by integrating local species’ alert maps
into their own online interactive dashboard (Predator Free Dunedin,
n.d., b).

However, as changing behaviour is complex, provision of these
resources and mental models alone is unlikely to be sufficient to
achieve uptake of citizen science results and deliver the desired conser-
vation impacts on the ground. Hence, the next challenge will be care-
fully crafting marketing strategies that are attentive to diverse inter-
ests and issues to reach and engage target audiences (Smith et al,,
2020; Wright et al., 2015). This will need to include thinking strategi-
cally about how to frame key messages to emphasize the things that

matter to the target audiences (Kusmanoff et al., 2020).
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