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Summary
New Zealand relies heavily on its agricultural industry, and with 60% of land area utilised
for production, over 40% of the countries export earnings come from the land. Dominated
by Zespri International Ltd., kiwifruit production is New Zealand’s largest horticultural
export. Concerns over the impact of production on environmental and consumer health led
to the introduction of ‘Kiwigreen’, an Integrated Management (IM) scheme that aims to
reduce the amount of sprays being applied to the orchard. The industry took little time to
take up the Kiwigreen policy and now all non-organic growers are part of the Kiwigreen
system. While in theory the industry is now more environmentally friendly, little research
has been conducted to confirm this. Additionally, little research has been done to compare
the environmental impacts of IM orchards compared to organic orchards, which are
assumed to be more environmentally benign.
This study is part of the Agriculture Research Group on Sustainability (ARGOS) which was
started in 2003 with the aim of investigating the environmental, social, and economic
sustainability of production landscapes in New Zealand. The kiwifruit component is
dedicated to helping growers produce fruit in a healthy orchard environment. By
researching the environmental, social, and economic aspects of the industry, it is hoped that
a greater understanding of the way these factors influence each other and the industry as a
whole can be found.

The aim of this research is to look at birds in their role as important environmental
indicators, and the factors affecting their survival. Birds are widely considered to be good
indicators of environmental health, as they are often directly influenced by land use through
predation, habitat quality, and food supply. To this end, this study looked at the density
estimates of common orchard bird species, and at the possibility of using the fantail as an
indicator of orchard environmental health, in relation to orchard management type (IM
green (Hayward), IM gold (hort16A), and organic green (Hayward)) and season. In
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addition, this study looked at the attitude of growers towards birds and their potential as an
indicator of environmental health being directed towards consumers.

Density of common bird species
ARGOS study orchards are arranged in clusters, each containing an IM green orchard, IM
gold orchard, and an organic green orchard. Distance sampling was conducted on three
clusters (nine orchards in total) in the Bay of Plenty region. Sampling was repeated over
seven circuits, with three in the summer (bird breeding/fruit growing) months, one in the
autumn (orchard fruit picking), and two in the winter (orchard pruning) months. Transect
lines were walked along the length of the orchard, fifty metres apart. Birds were counted
and detection distances, behaviour and habitat data, and several field parameters were
recorded. Organic and gold orchards had significantly higher species richness compared to
green orchards, but there were no differences between orchards for overall species
abundance. Densities for key bird species, blackbirds (Turdus merula), song thrushes
(Turdus philomelos), house sparrows (Passer domesticus), silvereyes (Zosterops lateralis),
and fantails (Rhipidura fuliginosa) were estimated using DISTANCE™ 6.0, release 2.
Detection functions were found for both summer and winter seasons, and these were used to
estimate densities for season, and for circuit. Blackbirds had the highest total counts,
followed by sparrows, silvereyes, and song thrushes. However, density estimates for
silvereyes were up to three times higher than blackbirds, with estimates of up to 59/ha on
gold orchards. All five species showed some seasonal variation in estimated densities,
suggesting previous studies looking at bird populations in the breeding/summer season only
cannot infer that results reflect year-long trends. Green orchards appear to support higher
numbers of sparrows. Organic orchards appear to support higher numbers of song thrushes
in the winter, and higher numbers of fantails in the summer. Findings were comparable to
available estimates in previous studies, with differences in conspicuousness and effects of
behaviour and habitat variables accounting for differences between seasons and orchard
type. This study has highlighted the importance of seasonal variation when investigating
the impacts of land management practices.
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Fantails as an indicator species
Fantail encounters and feeding effort were recorded on six clusters (eighteen orchards).
Circuits and transect lines followed the same method as in Chapter one. Behavioural time
budgets and feeding rate were used to determine feeding effort, and encounters were used to
estimate relative abundance. Fantails were found to be in higher numbers on organic
orchards through the breeding season, and had strong seasonal changes, with higher
numbers present in all orchards in the winter months. Feeding effort, in both proportion of
time spent feeding and attempted captures per second, was significantly higher in the winter
months, but no difference between orchard types was found. The effect of orchard spray
regimes may account for lower numbers in IM orchards compared to organic orchards,
affecting prey availability. Population numbers may be affected by local migrations, the
effects of flocking in the winter months, meta-population fluxes, and/or changes in feed
resources. Based on this study, it is concluded that further research is needed to determine
whether the fantail can be used as a reliable indicator of orchard health, as populations of
fantails are not high enough, nor are factors affecting abundance well enough understood.

Opinions of kiwifruit growers
The development of an eco-label for New Zealand kiwifruit, for demonstrating an aspect of
the eco-friendly nature of production, is expected to have a market benefit for exported fruit.
Twenty seven ARGOS growers were interviewed to gain a perspective on their opinions
regarding the introduction of an eco-label for exported fruit; their perceptions on bird
populations; and their management actions towards birds on their orchards, as well as
mammalian predation. Growers were positive about the introduction of an ‘eco-friendly’
label but were wary about the consumer’s potential response towards a specific ‘birdfriendly’ label. Growers had limited knowledge of specific bird population numbers, and the
majority neither encouraged nor discouraged birds on their property, but did remove empty
nests from the vines. Some actively encouraged native species, and others actively removed
‘pest’ species such as sparrows and pukekos. Control of mammalian pests was common,
including the removal of rabbits, rats, and possums.
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Results found here were compared to selected results of the 2008 National Farm Survey,
conducted by ARGOS. This survey not only canvassed opinions from ARGOS growers, but
also a random sample of kiwifruit growers from the wider industry. This wider selection of
growers indicated low support for the introduction of an eco-label. This growers survey,
together with results from a 2008 National Farm Survey suggest that ARGOS growers are
more aware of environmental issues and more supportive of a proposed eco-label, compared
to the random sample of growers who indicated environmental initiatives were not a
priority. The attitude of consumers towards environmental issues surrounding kiwifruit
production needs to be gauged in order to give growers an incentive to improve their
orchards for bird populations.

Future studies
This study was a part of the wider research pool of the ARGOS project, complementing
previous and ongoing research on kiwifruit orchards as well as in the dairy, sheep/beef, and
highcountry sectors within the ARGOS framework. The results found in this study
highlighted a number of future research areas that would further complement this study
including:
•

The effect of the size of neighbouring bush patches, as well as the distance between
patches and orchard habitats, on bird distribution patterns on the orchard.

•

The influence of other habitats within the orchard property (e.g. shelterbelts,
gardens, and other crops) on bird distribution patterns.

•

Multi-year seasonal fluxes of fantail numbers, and whether strong seasonal patterns
of summer/winter abundance is a typical pattern.

•

Local migration patterns of fantails on and off the orchard.

•

Survival rates of fantails over-winter, and breeding success of fantails within the
orchard environment.

•

Investigation into the use of additional or alternative bird indicator species on
kiwifruit orchards, for example non-native insectivorous birds, or other native birds
such as the tui.
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•

The reaction of consumers to an eco-label for exported kiwifruit, in particular, the
reaction of international consumers to a bird-friendly label on New Zealand
kiwifruit.
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Author’s note
The chapters of this thesis are written as three stand-alone papers that will be submitted for
publication in refereed journals, once examiners comments have been received and
incorporated. As a result, there is a certain amount of repetition that is unavoidable between
chapters, particularly in the introductions and methods, where different aspects of the same
field study are discussed.
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ABSTRACT
Growing concern over the loss of biodiversity as a result of agricultural intensification has
led to an interest in the effects of farming practices on bird populations. Kiwifruit is New
Zealand’s largest horticultural export industry and concerns over the environmental and
human health effects of sprays led to the introduction of an Integrated Management (IM)
system which controls spray applications. All fruit production is now produced under either
the IM system or is certified organic. This study aimed to identify the major bird species
found on kiwifruit orchards in the Bay of Plenty, and to determine the density estimates of
five key species in relation to season and whether the fruit is produced under IM or organic
systems. Three clusters, each containing one IM green (Hayward) orchard, one organic
green (Hayward) orchard, and one IM gold (Hort16A) orchard, were surveyed over the
summer (October – January) and autumn/winter (April and July) months in 2008/2009.
Organic orchards had significantly higher species richness compared to green orchards, but
there were no differences between orchards for overall species densities. Distance sampling
was used to generate density estimates for blackbirds (Turdus merula), song thrushes
(Turdus philomelos), house sparrows (Passer domesticus), silvereyes (Zosterops lateralis),
and fantails (Rhipidura fuliginosa). Silvereyes had considerably higher density estimates,
with densities more than five times higher in the winter months. All species indicated some
seasonal variations, with all but blackbirds showing higher densities in the winter. Orchard
management effect was more variable with higher densities of fantails on organic orchards,
higher densities of sparrows on green orchards, and higher densities of silvereyes on gold
orchards. Findings were comparable to estimates available from previous studies, although
numbers were considerably higher in the orchard environment compared to other farming
systems previously studied. This study has highlighted the importance of seasonal variation
when investigating the impacts of land management practices.

Keywords: distance sampling, density estimates, Integrated Management, kiwifruit,
seasonal variation, bird species richness.
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INTRODUCTION
Little is known about the impact of different land-uses within production landscapes on
biodiversity in New Zealand, and in particular on the composition of bird communities
(Macleod et al., 2008). Worldwide, research into the way humans interact with and
influence different landscapes is burgeoning, but is still relatively new (Redman, 1999;
Lepczyk et al., 2004). Conservation efforts in New Zealand have largely focussed on lands
within the public conservation estate (Norton & Miller, 2000) despite production land
making up almost 60% of New Zealand’s land cover (Moller, et al., 2005; MacLeod et al.,
2008). However, awareness of the lack of knowledge about the processes and health of this
substantial portion of New Zealand's ecosystem is now increasing.
Farming products bring in more than 40% of New Zealand’s export income (PCE, 2004).
Given the importance of agriculture to New Zealand, coupled with increasing
intensification, the sustainability of production lands is a growing concern in New Zealand
(PCE, 2004; Moller, et al., 2008). We are becoming more aware of the effects farming
systems have on the environment, and there is a growing concern about the loss of
biodiversity and natural resources as a result of human activities (MAF, 1993). Increased
application of pesticides and specialisation of farmland use has been shown to lead to a
decrease in biodiversity, on UK and European production lands (Benton et al., 2002; Butler
et al., 2007).

Agricultural intensification has caused prolonged decline in farmland birds in Britain and
Europe (Gregory et al., 2004), leading to local extinctions of many once common species
(Baillie et al., 2009). International consumers, particularly in Europe, have a growing
awareness of the effect of agricultural activities on bird populations, so it is important for
New Zealand farmers to learn whether similar declines are happening here. The use of birds
as indicators and flagship species to signal wider ecosystem health is becoming popular and
may guide a quest for more sustainable management no matter what type of farming system
is applied. This study aims to contribute baseline studies of bird abundance in kiwifruit

Population densities of birds in kiwifruit

4

orchards of the Bay of Plenty as the start of a long-term monitoring programme. Another
approach to more sustainable outcomes is to alter farm practice according to broadly
recognized market accreditation (eco-verification) schemes (Campbell et al., 2006, 2009;
Rosin et al., 2008). International research has shown that organic farmland can support
higher biodiversity than conventional counterparts (Chamberlain et al., 1999; McKenzie &
Whittingham, 2009). Lack of pesticides and presence of more non-crop habitats cause at
least some of these differences (McKenzie & Whittingham, 2009). Nevertheless claims that
organic agriculture triggers better environmental outcomes are hotly contested (Campbell et
al., 2009) and rigorous data to evaluate counterclaims within New Zealand farms are scarce.
While research exists indicating organic agriculture supports an increase in bird populations,
most of this research only compares organic farming to conventional and does not take into
account Integrated Pest Management (IM) farming, an emerging trend involving
implementing pest control only when needed and aiming to use more environmentally
friendly control methods (Wharfe & Manhire 2004; Campbell et al., 1997, 2009; Rosin et
al., 2008).

Kiwifruit production in New Zealand
As the country’s largest horticultural export, kiwifruit production in New Zealand accounts
for 21% of global production and approximately 33% of the international trade in kiwifruit
(Walker, 2007). In kiwifruit growing regions (including the Bay of Plenty, Northland, and
Marlborough) the kiwifruit vines are a dominating landscape feature, and therefore the
activity on orchards in these regions is expected to have a strong influence on bird
populations. The implementation of ‘Kiwigreen’, an IM scheme, in 1992 marked the end of
conventionally grown kiwifruit in New Zealand (Suckling et al., 2003; Wharfe & Manhire,
2004). The reduced number of sprays going onto the vines, along with the use of more
environmentally benign sprays, aimed to reduce environmental impact, and increase
consumer acceptability by bringing spray residues to virtually nil (Steven 1999b; Suckling
et al., 2003; Wharfe & Manhire, 2004). The widely-held view that organic farming is better
for the environment, crop quality, and ultimately human health (Kirchmann &
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Thorvaldsson, 2000) leads to a higher premium for organic produce (Steven, 1999a). By
reducing consumer concern surrounding the application of sprays, and marketing the
benefits of Kiwigreen produce over international competition, there is potential to tap into
the consumer niche market previously dominated by organics.
This study was part of the Agriculture Research Group on Sustainability (ARGOS), which
was established in 2003 to investigate the social, economic and ecological sustainability of
production landscapes in New Zealand. The kiwifruit component is dedicated to helping
growers produce fruit in a healthy orchard environment. One research theme investigated by
ARGOS is to determine the environmental differences between organic and integrated
management regimes on kiwifruit orchards.

Birds in kiwifruit orchards
Birds are considered good indicators of wider ecosystem health, and therefore have
potential to be employed as indicators of good farming practice to increase market access
(Blackwell et al., 2005). That research investigated the difference in bird community
diversity and abundance between the different kiwifruit management systems. Organic
Hayward orchards supported higher bird numbers compared to IM green Hayward and IM
gold Hort16A orchards, with a higher proportion of native birds also found on organic
orchards. Results from that study suggest a difference in bird communities as a result of
orchard management and activities, and thus lead to the conclusion that birds might lend
themselves to becoming indicators of overall orchard health.

The ‘invertebrate food supply hypothesis’ proposes that the use of pesticides and loss of
microhabitats in intensifying agricultural systems leads to a decline in invertebrate density
and diversity (Blackburn & Arthur, 2001), which ultimately leads to a decline in
populations of insectivorous and generalist bird species (Blackburn & Arthur, 2001). Thus,
it is predicted that birds that are primarily insectivorous will be less abundant on IM
orchards where spraying occurs, compared to organic orchards, particularly in the summer
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months when spraying is at its peak. Previous research on insect diversity on Bay of Plenty
kiwifruit orchards found an increased number of species on organic orchards (Jacqui Todd,
unpublished research), further supporting the predicted differences in invertebrate food
supply between organic and IM orchards. It is predicted that abundance of omnivorous
species will not be affected by sprays and will therefore show similar densities across the
three orchard types.

This research aimed to determine the difference in bird community diversity and abundance
in relation to orchard management scheme (organic, IM green, and IM gold) and season.
While previous research has investigated the potential differences in bird populations
between organic green, IM green, and IM gold (Blackwell et al., 2005; Rate et al., 2007)
orchards, those in this study utilised data collected in summer only and therefore did not
account for seasonal changes. Seasonal changes on orchards are not only important in
regard to natural changes in the environment (e.g. temperature) but also in regard to orchard
activity (e.g. fruiting, spraying, picking, pruning) which changes the habitat and resources
available to birds. Therefore, this research was carried out over both the summer and winter
seasons to account for seasonal differences.
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METHODS

Study Area
Bird populations were surveyed on nine kiwifruit orchards in the Bay of Plenty region (Fig.
1.1). Orchards were grouped in clusters of three properties, with each cluster containing a
‘Kiwigreen’ IM ‘Hayward’ (Actinidia deliciosa, “green”) orchard, a certified organic
‘Hayward’ (“organic”) orchard, and a Hort16A IM (A. chinensis, “gold”) orchard. Orchards
were clustered to minimise variation in climate, geography and soil types. Other crops
grown on the property, including avocados, citrus and tamarillos, were also included in the
survey, along with gardens surrounding dwellings. Some orchards classified as “gold”
orchards also grew Hayward “green” kiwifruit crops. Table 1.1 details the areas of land use
for each of the study orchards.
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FIGURE 1.1: Map of the Bay of Plenty Region, New Zealand indicating locations of
the orchard clusters in Katikati, Tauranga, and Te Puke used in this study.
TABLE 1.1: Summary table of orchard habitats surveyed for bird populations
Green

Organic

Gold

Habitat variable

Average
K3A

K4A

K7A

K3B

K4B

K7B

K3C

K4C

K7C

7

4.1

4.4

7.8

4.8

7.5

9.8

3.3

9.6

6.48

Total kiwifruit (ha)

4.5

2.1

3

4.6

1.8

4.5

6.4

1.97

3.5

3.60

% of Gold canopy

0

0

0

0

0

0

100%

39%

100%

0.1

0.1

0.2

0.3

0

0.8

0.2

0.2

0.2

0.23

Other crops (ha)

0

0.3

0

0

0

0

0.1

0.3

2.2

0.32

Woody vegetation (ha)

0

0

0

0

0

0.3

0

0

2.2

0.28

Total property size (ha)

House and Garden (ha)
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Spray frequency
A total of 36 orchards are involved in the ARGOS kiwifruit programme. In order for the
fruit from these to be exported, growers must submit a spray diary to the marketing
organisation, ZESPRI International Ltd. Diaries for the 2008 to 2009 period were obtained
from ZESPRI by ARGOS’s kiwifruit field research manager (Jayson Benge). Subsequently,
the average number of spray applications per month was calculated for each management
type (i.e. green, gold and organic).

Survey Design
Orchards were surveyed seven times: four times over the spring/summer breeding season
(October 2008-January 2009; flowering and fruiting of kiwifruit), once in the autumn (April
2009; picking of mature fruit), and twice in the winter (June 2009; winter pruning).
Orchards within a cluster were visited within the shortest time period possible, no more than
a day apart where weather allowed. As more than one orchard could be visited in a day, the
order the orchards were visited were mixed for each circuit, to account for time of day
effect. Bird surveys were conducted by a single observer, using distance sampling on line
transects. On each orchard, the first transect starting point was randomly selected within 25
metres of the orchard boundary entrance (typically the driveway entrance) (Fig.1.2). A
handheld global positioning system (GPS) (Garmin® eTrex®, Garmin Ltd., Kansas, USA)
was used to record GPS locations at the start and end of each transect to an accuracy of +/10 metres (accuracy in orchards was often compromised due to the presence of shelterbelts
and the dense cover of the vines). The observer then walked along the transect line,
generally following the rows of the kiwifruit blocks. Each subsequent transect was started
50 metres from the end of the previous transect, and ran in parallel (Fig.1.2). This survey
design aimed to gain complete coverage of each orchard.
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Property entrance
0-25m

50m

50m

Transect 2

Transect 3

FIGURE 1.2. Example of layout of transect lines for kiwifruit orchard bird surveys.
Transect 1 is determined by randomly selecting a point between 0 and 25 meters from
the property entrance, and progressing in a straight line in the main direction of the
vines. Subsequent transects are 50 metres apart, running in parallel.

Distance Sampling to estimate bird abundances
Distance sampling is a method developed to estimate the absolute density of a given
population based on observer counts along a transect line or point count (Buckland 1993,
2001, 2004; Buckland et al., 2009). Distance sampling takes into account the varying ability
of the observer to detect animals, in particular the decreasing probability of detection the
further away from the observer the animals are, and adjusts the estimate. By measuring the
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perpendicular distance to the animal from the observer, every detection is used to create a
histogram of detection frequency versus distance from the observer, to give a detection
function (the probability of detecting an animal given it is a certain distance from the
observer) (Cassey, 1999). This is particularly useful when comparing the same type of
species over differing habitats, or different species in the same habitat, as detectability can
be expected to vary between these situations and different detection functions can be fitted
in each case to correct for this source of bias. This study utilised line transect distance
sampling in order to estimate bird densities on kiwifruit orchards.

As the observer walked along the transect they recorded all birds seen and/or heard. Each
time a bird was detected it was identified, and direct distance (m) to the observer and angle
in relation to the observer was recorded. Distance and angle information was used to
calculate the perpendicular distance of the bird from the transect line. In addition parameters
that might affect detectability were also recorded, including the habitat the bird was in when
first sighted, behaviour of the bird when first sighted, sex, group size, whether the bird was
first heard or first seen, and whether it was to the left or right of the transect line. Distance
from the observer was measured using a range finder (Bushnell yardage Pro®, Bushnell
Performance Optics, Overland Park, Kansas). Angle was measured using a compass. A
bird’s location was recorded at point of first detection. Groups of birds were recorded as
single detections, with group size noted as additional information; distance was measured
from the center of the group. Birds were only included in the count if they were clearly
using the orchard as habitat (i.e. not if it was individuals flying high over the orchard to
somewhere outside of the property).

At the start of each transect line the current ambient temperature and average wind speed
was recorded using a Kestral 4000 portable weather meter (Neilsen-Kellerman, PA). The
relative cloud cover was also recorded (on a five-point scale where 0 stood for “no cloud
cover” and 5 stood for “full cloud cover”). A general orchard stage description (canopy
cover, fruit stage, grass length) was noted, and a photo taken. Any recent activity in the
orchard was also noted (e.g. spraying, picking, mowing, and mulching).
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Factors affecting estimated population densities
There were several factors affecting final estimated population densities that can be
considered subjective. For distance analysis assumptions to be met, animals must be
detected before they attempt to evade the observer (Mazerolle et al., 2007), therefore birds
detected need to be seen before flushing from their position, or at the moment that they
move. In the kiwifruit orchard environment it was difficult to see birds within the vines,
particularly during late summer when the vines had dense foliage. If they were not heard
before flushing, the first the observer saw of them was when they were disturbed when the
observer got within a few metres. There was also a difference in behaviour towards the
observer that also affected the results. Blackbirds tended to flush quickly as soon as the
observer was detected (resulting in less detections close to the line), however song thrushes
tended to remain still until the observer was quite close, leading to them being undetected if
the observer did not look closely enough. In addition native birds tended to be less likely to
flush and fly away from the observer compared to introduced birds. This is particularly
evident with fantails, where birds are more likely to come and follow observers in the hunt
for prey disturbed by observer movement (Higgins et al., 2006).
It was assumed that the affect of season would account for some of the natural variation of
biological factors throughout the different seasons. The effect of extreme changes in
weather conditions was controlled for by only conducting surveys in mild, dry conditions,
and not when activities such as spraying and picking were occurring. It was assumed that
every survey was affected equally by background orchard activities, such as people or pets
moving through the property. Surveys were still conducted when activities such as pruning
or mowing were happening on the orchard, but the observer avoided walking directly
through blocks that were affected by cutting transects short. The late summer surveys were
affected by the presence and sound of cicadas, which led to it being difficult to hear birds
over the noise.

Population densities of birds in kiwifruit

13

Modelling to estimate bird densities
Density estimates were calculated using the programme DISTANCE version 6.0, release 2
(Thomas et al., 2009). The programme estimates detectability, with the help of a detection
function g(x), that is fit to the distribution of distances of individual detections from the
center of the surveyed transect (Mazerolle et al., 2007). The fitting process assumes that
detection probability on the center- line is 100% (g (0)=1) and decreases with distance from
the line in a way that can be approximated by a function (Buckland 1993, 2001, 2004;
Mazerolle et al., 2007). Further parameters that influence detectability, like weather
conditions, habitat makeup and species-specific behaviour patterns, can be introduced into
the model in the form of covariates (Marques & Buckland, 2003). It is recommended that in
order to reliably estimate detection function and density, a minimum of a total of 60–80
detections from 10–20 replicate transects is needed within a study area (Buckland, 2001;
Mazerolle et al., 2007). Based on this recommendation, only species found in sufficiently
high numbers were investigated in my survey.

The top ten represented species overall were prioritised in terms of importance to growers,
and research interests. Density estimates were then found for the five prioritised species.
These included blackbird (Turdus merula) and song thrush (Turdus philomelos) as high
density insectivores, susceptible to insecticide spraying; fantail (Rhipidura fuliginosa) as the
most common native insectivore, also susceptible to spraying and of interest as a possible
indicator species (see Chapter 2); silvereye (Zosterops lateralis) as a high density nectar
feeder, suspected to be responsible for spreading seed and increasing wilding kiwifruit; and
house sparrow (Passer domesticus) as a high density granivore often regarded as a pest by
growers as they eat the budding fruit.

Separate detection functions were found for the summer and autumn/winter seasons for each
of the five species. The distance data were right truncated beyond the point where the
probability of detection in the initial model fell below 0.15 to maximise model fit
(Buckland, 2001). Akaike’s Information Criterion (AIC) was used to select the detection
function that most parsimoniously approximated the data among the available candidate
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models. A second order derivation of the criterion (AICc) is recommended for smaller
sample sizes (Burnham & Anderson, 2002) and so was deemed more reliable for these
analyses. Models with a difference in AICc values no greater than 2 when compared to the
lowest-scoring model were regarded as having high explanatory power, based on
recommendations in Burnham & Anderson (2002). Candidate models included half-normal
and hazard-rate base models for detection functions (Buckland, 1993, 2001, 2004; Gale et
al., 2009). Candidate covariates included behaviour, habitat (that bird was first sighted in),
wind speed, cloud cover, temperature, cicada presence, and whether the bird was first heard
or first seen. A maximum of any two covariates were used in fitting detection functions. The
best fitting model for the detection function of each species was used to generate density
and population estimates, together with their associated confidence intervals. A global
detection function was found for each species for the summer season and autumn/winter
season. The detection function was fitted to detections pooled across all orchards within the
season, and density estimates for individual orchard types were generated from this model
by post-stratification (Buckland, 2001, 2004).

Estimating individual circuit densities
Estimates of the densities for each of the five focal species were found for each circuit.
Density estimates are generated based on the detection probabilities found through Distance
modelling, where density is equal to the raw count multiplied by 1/detection probability
multiplied by 1/the surveyed area. Estimates were manually created from raw count data
using the season-level detection probabilities and the generated effective strip width (ESW)
from the models. Using this method allows for as accurate as possible detection functions,
whilst still preserving sufficient sample sizes.

Comparison of bird counts between orchards
Species richness (total number of species per orchard) and total densities per hectare were
found for each orchard type (green, gold, organic). Statistically significant differences
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between orchard types was compared using a paired-samples wilcoxon test using the
statistical package R.
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RESULTS

Spray frequencies
The number of insecticide and fungicide spray applications peaked in December for green
and organic orchards, and in November for gold orchards (Fig. 1.3). Hydrogen cyanamide
sprays (for enhancing budbreak and production) are only used in IM orchards and peak in
July for gold orchards and August for green orchards. Hort16A (i.e. gold) vines develop
earlier than Hayward vines (green and organic), and therefore the peak in spray applications
occurs earlier. The peak number of sprays for gold was 1.3, compared to 1.8 and 2 for green
and organic (Fig. 1.3).

Average no. of applications
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FIGURE 1.3: Average number of spray applications. Average number of budbreak,
insecticide, and fungicide sprays applied each month to green, organic, and gold kiwifruit
orchards involved in the ARGOS research programme (Data collected by ARGOS kiwifruit
field research manager, Jayson Benge).
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Bird species richness and abundance
A total of 38 different bird species were found on the orchards. These included 16
native/self introduced species and 22 introduced species (Table 1.2). Skylarks (Alauda
arvensis) were not observed on gold orchards, and quail (Lophortyx californica) and
bellbirds (Anthornis melanura) were not seen on green orchards. Spur-winged plovers
(Vanellus miles) were only seen on green orchards, and grey warblers (Gerygone igata)
were only seen on organic orchards. The ten most common species included eight
introduced species, with the most common self introduced/native bird being the silvereye
(Zosterops lateralis), followed by the fantail (Rhipidura fuliginosa) (Fig. 1.4).
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FIGURE 1.4: Total number of birds counted for the ten most common species. Counts
pooled over seven circuits (summer, autumn and winter). Data is separated for orchard type
(green, organic and gold).
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TABLE 1.2: Species presence on kiwifruit orchards in the Bay of Plenty region. Study
orchards consisted of three green orchards, three gold orchards and three organic orchards.
Common name, scientific name, and Maori name given where applicable (Heather &
Robertson, 2005). Abundance described as absent, rare (1-2 sightings per orchard type),
occasional (< 10 sightings per orchard type), frequent (10-100 sightings per orchard type),
and abundant (> 100 sightings per orchard type).
Common name
Native / self introduced silvereye
fantail
grey warbler
kingfisher
pukeko
welcome swallow
tui
harrier hawk
bellbird
spur winged plover
New Zealand pipit
New Zealand wood pigeon
shining cuckoo
white-faced heron
unknown gull species
unknown shag species
Introduced
blackbird
house sparrow
song thrush
chaffinch
goldfinch
dunnock
Indian myna
redpoll
starling
yellowhammer
eastern rosella
greenfinch
pheasant
pigeon
California quail
tufted guinea fowl
unknown duck species
skylark
Australian magpie
ring necked dove
peafowl
chicken

Species name
Zosterops lateralis
Rhipidura fuliginosa
Gerygone igata
Halcyon sancta vagans
Porphyrio porphyrio
Hirundo tahitica
Prosthemadera novaeseelandiae
Circus approximans
Anthornis melanura
Vanellus miles
Anthus novaeseelandiae
Hemiphaga novaeseelandiae
Chrysococcyx lucidus
Ardea novaehollandiae
Larus sp.
Phalacrocorax sp.
Turdus merula
Passer domesticus
Turdus philomelos
Fringilla coelebs
Carduelis carduelis
Prunella modularis
Acridotheres tristis
Carduelis flammea
Sturnus vulgaris
Emberiza citrinella
Platycercus eximius
Carduelis chloris
Phasianus colchicus
Columba livia
Callipepla californica
Numida meleagris
Anas spp.
Alauda arvensis
Gymnorhina tibicen
Streptopelia roseogrisea
Pavo cristatus
Gallus gallus

Maori name
Tauhou
Piwakawaka
Riroriro
Kotare
Pukeko

Green
abundant
frequent
frequent
frequent
frequent
frequent
Tui
occasional
Kahu
occasional
Korimako
absent
occasional
Pihoihoi
rare
Kereru
rare
Pipiwharauroa rare
absent
rare
rare
abundant
abundant
abundant
frequent
frequent
frequent
frequent
frequent
frequent
frequent
occasional
occasional
occasional
occasional
absent
absent
occasional
occasional
rare
rare
absent
absent

Organic
abundant
frequent
frequent
frequent
frequent
occasional
frequent
occasional
occasional
absent
occasional
occasional
occasional
absent
absent
rare
abundant
abundant
abundant
abundant
abundant
frequent
frequent
frequent
frequent
frequent
frequent
frequent
frequent
occasional
occasional
occasional
rare
rare
occasional
rare
absent
rare

Gold
abundant
frequent
frequent
frequent
frequent
occasional
frequent
occasional
rare
absent
rare
occasional
occasional
rare
rare
absent
abundant
abundant
abundant
abundant
abundant
frequent
frequent
frequent
frequent
frequent
frequent
frequent
frequent
frequent
occasional
rare
absent
absent
rare
occasional
rare
rare

Total
abundant
frequent
frequent
frequent
frequent
frequent
frequent
frequent
occasional
occasional
occasional
occasional
occasional
rare
rare
rare
abundant
abundant
abundant
abundant
abundant
frequent
frequent
frequent
frequent
frequent
frequent
frequent
frequent
frequent
occasional
occasional
occasional
occasional
occasional
occasional
rare
rare

The total number of species per orchard (species richness) ranged from nine to 23 species
per orchard (Fig. 1.5). A Kruskal-Wallis test indicated a significant difference between
orchard types (Kruskal-Wallis chi-squared = 8.85, d.f. = 2, p = 0.01). A paired samples
wilcoxon test showed there was a significant difference between green and organic orchards
(V = 34.5, d.f. = 2, p = 0.008), and a significant difference between gold and green orchards
(V = 160, d.f. = 2, p = 0.04) (Fig. 1.5). There was no significant difference between organic
and gold orchards (V = 110.5, d.f. = 2, p = 0.11 . Total bird abundance per hectare for all
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bird encounters was calculated for each orchard management type. Total abundance ranged
from 6.5 birds per hectare in one gold orchard, through to 76.2 in one green orchard, with
median values of 13.83 in green orchards, 17.12 in organic orchards, and 14.77 in gold
orchards. There was no significant difference between the different orchard management
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types (Kruskal-Wallis chi-squared = 0.11, d.f. = 2, p = 0.945) (Fig. 1.7).

gold

green

organic

orchard management type

FIGURE 1.5: Bird species richness between different orchard types (gold, green,
organic). For each orchard type the median value is represented by the horizontal line within
the box. The upper and lower margins of the box represent the upper and lower quartiles
respectively. The upper and lower whiskers indicate the largest and smallest observations
respectively. The asterisks represent outliers that fall beyond the whiskers.
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FIGURE 1.6: Total bird abundance per hectare for all bird species between different
orchard types (gold, green, organic). For each orchard type the median value is represented
by the horizontal line within the box. The upper and lower margins of the box represent the
upper and lower quartiles respectively. The upper and lower whiskers indicate the largest
and smallest observations respectively. The asterisks represent outliers that fall beyond the
whiskers.

Distance model selection and associated densities
Density estimates were produced for the blackbird, thrush, fantail, silvereyes and house
sparrows for both winter and summer seasons.

See Appendix 1 for details of model

selection and modeled detection functions for each species. Covariates that affected
detection probability varied between species and seasons (Appendix 1, Table A1). Wind
speed was important only in the summer for house sparrows, silvereyes and song thrushes;
whilst canopy cover was important for house sparrows in the winter. Whether the bird was
heard or seen was also important for fantails in winter and silvereyes in the summer. Habitat
use was important for blackbirds, and both song thrushes and house sparrows in winter.
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Silvereyes had the highest variation in estimated densities with an average 4.49/ha (95% CI
3.58-5.65) in the summer and an average 35.74/ha (95% CI 27.79-45.96) in the winter.
Winter silvereye estimates were particularly high in gold orchards with an estimated
59.39/ha (95% CI 43.80-80.52). House sparrows also showed an increase in numbers
between summer (5.51; 95% CI 4.56-6.65) and winter (10.37; 95% CI 7.99-13.44), along
with song thrushes and fantails (Table 1.3). Conversely, total density estimates for
blackbirds appear to be higher in the summer months compared to winter.

Estimates for the different orchard types varied widely (Table 1.3). Estimated densities for
individual circuits indicate that autumn counts differed from winter counts (Figs. 1.7 –
1.11); however separate detection functions could not be fitted to autumn counts due to the
small sample size. Densities were higher for silvereyes overall in the gold orchards, with a
stronger spike in numbers seen in gold orchards in the winter (Fig. 1.7). There was also a
spike in numbers in green orchards, however, while there was an increase on organic
orchards, the difference was much weaker. House sparrows had higher densities in green
orchards in both seasons (Table 1.3), but this pattern was much more pronounced in the
winter months (Fig. 1.8). Blackbirds show a less distinct pattern with changes over the
seasons, however there appears to slightly higher densities in the winter on green orchards
(Fig. 1.9). Pooled summer and autumn density estimates suggest a higher number of song
thrushes on organic orchards in winter (Table 1.3), and while circuit-level estimates show
this pattern, it is not as strong as suggested by the pooled estimates (Fig. 1.10). During the
summer months there appears to be more fantails on organic orchards compared to green
orchards While the density estimate of 0.3/ha in organic orchards is higher than the gold
orchards (0.17/ha), the confidence intervals suggest that there may be no real difference
between organic and gold orchards. In the winter months, both organic and gold orchards
have higher densities than the green orchards (Table 1.3; Fig. 1.11).
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TABLE 1.3: Population estimates for selected bird species. Estimates generated from
summer and winter detection probabilities for the three orchard types (green, organic and
gold), in the Bay of Plenty, New Zealand. Values in parenthesis are 95% confidence
intervals.
Population estimates per hectare
Species

Season

silvereye

Total

Green

Gold

Organic

summer 4.49 (3.6-5.7)

2.24 (1.5-3.5)

5.99 (4.5-7.9)

5.06 (3.5-7.4)

winter

23.62 (15.4-36.4)

59.39 (43.8-80.5)

23.34 (17.1-31.9)

35.74 (27.8-45.9)

house
sparrow

summer 5.51 (4.6-6.7)

7.96 (5.9-10.7)

4.05 (3.1-5.3)

4.69 (3.3-6.6)

winter

14.52 (9.9-21.2)

8.72 (5.2-14.5)

7.73 (5.3-11.2)

blackbird

summer 7.35 (6.8-7.9)

6.64 (5.7-7.8)

7.38 (6.6-8.2)

8.07 (7.0-9.2)

7.97 (5.9-10.7)

4.05 (3.1-5.3)

4.68 (3.3-6.6)

summer 3.70 (3.2-4.3)

3.51 (2.7-4.6)

3.79 (3.1-4.7)

3.78 (2.9-4.8)

5.57 (4.7-6.6)

4.68 (3.4-6.4)

4.60 (3.4-6.2)

7.56 (5.9-9.5)

summer 0.19 (0.1-0.3)

0.09 (0.04-0.2)

0.17 (0.09-0.3)

0.3 (0.2-0.5)

winter

0.61 (0.3-1.3)

1.83 (1.1-2.9)

1.66 (0.9-2.8)

winter
song
thrush

winter
fantail

10.37 (7.9-13.4)

5.51 (4.6-6.7)

1.36 (0.9-1.9)
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FIGURE 1.7: Estimated densities for silvereyes. Density estimates generated for

each of the seven circuits (circuits 1-4 in summer, circuit 5 in autumn, and
circuits 6 and 7 in winter) for each orchard management type (green, organic,
gold).
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FIGURE 1.8: Estimated densities for house sparrows. Density estimates generated

for each of the seven circuits (circuits 1-4 in summer, circuit 5 in autumn, and
circuits 6 and 7 in winter) for each orchard management type (green, organic,
gold).
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FIGURE 1.9: Estimated densities for blackbirds. Density estimates generated for

each of the seven circuits (circuits 1-4 in summer, circuit 5 in autumn, and
circuits 6 and 7 in winter) for each orchard management type (green, organic,
gold).
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FIGURE 1.10: Estimated densities for song thrushes. Density estimates generated

for each of the seven circuits (circuits 1-4 in summer, circuit 5 in autumn, and
circuits 6 and 7 in winter) for each orchard management type (green, organic,
gold).
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FIGURE 1.11: Estimated densities for fantails. Density estimates generated for

each of the seven circuits (circuits 1-4 in summer, circuit 5 in autumn, and
circuits 6 and 7 in winter) for each orchard management type (green, organic,
gold).
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DISCUSSION

Species richness and population composition
This study has found strong differences in species richness and individual species densities
in relation to both orchard management and season. The effect of orchard management is
evident in the differences in species richness between green and organic, and green and gold
orchards. This is in line with not only international studies comparing organic and nonorganic orchards (Hole et al., 2005), but also with previous research on kiwifruit orchards in
New Zealand (Blackwell et al., 2005). The lack of difference between orchard management
types for total bird abundance suggests that, while green orchards support around the same
number of birds, organic and gold orchards are able to support a greater number of different
species.

Species density estimates
The bird species found in the highest densities on these study orchards (blackbird, sparrow,
silvereye etc.) are consistent with previous research findings on ARGOS orchards
(Blackwell et al., 2005; Rate et al., 2007), of which the surveyed orchards form a subset. In
contrast to these findings, however, magpies did not feature as strongly in this study.
Species with comparable density data from other production landscapes include blackbirds,
song thrushes, and house sparrows. Findings in MacLeod et al. (2009), where birds in arable
and sheep/beef farm lands were investigated, found mean density estimates considerably
lower than estimated in this study. Blackbirds were estimated at 52.72/km², compared to
comparable overall summer estimates of 700.35/ km² in this study; song thrushes at
27.04/km² compared to 370/ km²; and house sparrows at 224/ km² compared to 551/ km².
These consistently higher estimates could be primarily due to habitat differences where
arable and sheep/beef farmland is sparse of trees (MacLeod et al., 2009), compared to a
kiwifruit orchard where in the summer months is covered in dense foliage, providing more
nesting areas and potentially more food sources. Additionally, the orchards in this study
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were all located in the Bay of Plenty region in the North Island which at a higher latitude,
and is subsequently warmer with than the arable and sheep/beef farms that were located in
the South Island.

The higher densities of introduced species found on kiwifruit orchards is typical of
production land in New Zealand (Blackburn et al., 2001; Cassey, 2001; MacLeod et al.,
2009), with native species generally found in consistently lower densities. The obvious
exception to this are the high density estimates for silvereyes. Despite having blackbirds and
house sparrows being recorded with higher total counts, density estimates adjusted with
distance sampling methods indicate that silvereyes are in fact the most abundant species on
kiwifruit orchards. This is in reflected in bird counts throughout New Zealand where
silvereyes are found to be the most common species in forest habitats (Freeman, 1999).

Effects of season and orchard management
The assumption that organic orchards supports higher biodiversity than conventional
counterparts(Chamberlain et al., 1999; McKenzie & Whittingham, 2009) is somewhat
supported in this study, given the higher species richness found on organic orchards, along
with the higher number of fantails in the summer months. The possible effects of orchard
spray regimes are evident in the estimated densities found for insectivores in this study. If
insecticide sprays are having an effect, the higher number of spray applications in the
summer months would reduce the food availability for insectivore species, thus reducing
their numbers. Therefore, summer density estimates for blackbirds, song thrushes and
fantails in this study should be lower than in winter. While true for fantails and song
thrushes, this is not the case for blackbirds. Given that organic sprays are considered more
benign, it would also be expected that organic orchards would support higher numbers of
insectivores in the summer months when sprays are their highest. This is the case for
fantails, but is not so distinguishable for blackbirds and song thrushes. Fantails are obligate
insectivores, whereas blackbirds and song thrushes are essentially omnivores, able to feed
on a wide variety of food items, including worms, fruit, seeds, and invertebrates (Heather et
al., 2005; Higgins et al., 2006). Therefore, fantails may be more susceptible to the reduced
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number of insect prey in orchards, whilst blackbirds and song thrushes can take advantage
of other food sources. While recent density estimates for fantails are scarce, the estimates
found in this study are similar to estimates found on island (0.59/ha (Turbott, 1940) and
forest (0.07/ha (Gibb, 1961)) habitats. Detailed information on the factors affecting fantail
distributions are discussed in Chapter 2. The density estimates found in this study support
the theory that insectivores are affected by spray applications, but if they are able to
supplement their feed intake with other food sources, they are not as strongly affected as
predicted.

The higher densities of silvereyes on gold orchards may follow the rate of gold kiwifruit
vine growth in comparison to green vine growth. Gold fruit matures earlier, with higher
production rates (Patterson et al., 2003). This results in not only higher numbers of fruit on
the vines, but also rejected fruit being left on the vine for longer, as it is picked earlier. This
ultimately results in higher numbers of fruit being left on the vines after picking which then
goes on to ripen and provide a large food source for nectar feeders such as silvereyes
(Heather et al., 2005). The pooled density estimates for winter were over five times higher
than in the summer, and even higher in the gold orchards, strongly suggesting that
nectivorous birds such as silvereyes heavily utilise the ripening fruit within kiwifruit
orchards in the winter months, and utilise other nectar sources in the summer.
While blackbirds were found to have the highest total counts, density estimates suggest they
are not the most abundant species. Blackbirds are considered one of the most widespread
species in New Zealand (Williams, 2006). High counts may be the result of blackbird
conspicuousness in comparison to other species. They were typically seen on the ground
and were vocal when disturbed and so were less likely to be missed by an observer
compared to quieter species. The typically mown understorey of kiwifruit vines makes any
bird occupying ground habitat much more conspicuous than those within the vine
vegetation. While comparable in size and feeding requirements, song thrushes are less likely
to flush when disturbed, and therefore may be missed more often by the observer. This may
explain why song thrushes had much lower total counts, and had lower density estimates.
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Density estimates were comparable to past estimates in forested areas in New Zealand (2.54.7/ha (Gibb, 1961; Higgins et al., 2006)), however, seasonal variation in densities have not
been reported. Changes in conspicuousness and behaviour for both blackbirds and song
thrushes (i.e. territory defence, and moults) may well contribute to detections varying
between the seasons within the orchard environment (Heather et al., 2005).

House sparrows are considered a major bird pest in New Zealand agriculture (Heather et al.,
2005) and this extends to kiwifruit orchards where they live in high numbers feeding on
young buds and fruit (Higgins et al., 2006; Rate et al., 2007). While it is typically gold
growers who complain of sparrows as pests (Rate et al., 2007) density estimates suggest that
sparrow numbers are higher in green orchards. Comparable density estimates for New
Zealand are limited, however estimates for Australian populations range from 8.7/ha (Jones
& Weineke, 2000) to 35.1/ha in suburban environs (Jones, 1981).

Seasonal variations were seen for all five focal species in this study. Therefore, previous
studies on the abundance of bird species in kiwifruit orchards (Blackwell et al., 2005; Rate
et al., 2007) that investigated abundances in a single season over multiple years should only
be considered indicative of populations in summer only. While further analysis into the
importance of season for other species was not analysed here, this could reveal other
seasonal trends. Further investigation of other species was limited as increased numbers of
observations are needed to make these reliable.

Conclusions
This research has highlighted the need to consider seasonal variations in long-term
monitoring of bird populations. It also indicates that activities on orchards have a strong
influence on the day to day variation in bird communities, irrespective of organic or IM
status. While the ripening fruit brings in silvereyes, and pruning activities attract fantails,
the spraying of insecticides and the daily activity within the orchard may be directly and
indirectly affecting bird activity.
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Factors beyond the scope of this study would reveal a better understanding of why bird
populations vary between individual orchards. The effects of surrounding habitat and the
activities on neighboring landscapes is almost certainly playing a role that cannot be
accounted for within the scope of this study. The importance of surrounding habitats is well
known (Devictor & Jiguet, 2007; Dunford & Freemark, 2005), and therefore needs further
consideration. Further study into the affect of neighbouring bush patches is necessary to
understand the potential source-sink effects of these habitats, as well as further investigation
into the influence other habitats within the orchard (e.g. shelterbelts, gardens, and other
crops) have on the orchard as a whole.
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Chapter 2:
Fantail (Rhipidura fugilinosa) abundance and feeding behaviour as
potential indicators of sustainable kiwifruit production.
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ABSTRACT
The use of biological indicators to determine the environmental health of production land is
becoming more widespread overseas and may help secure market access and add value to
New Zealand agricultural products. The potential for the fantail (Rhipidura fugilinosa) to be
used as an indicator of the health of kiwifruit orchards in New Zealand was investigated by
assessing year-round abundance, time budgets and feeding rates on six clusters of orchards
in the Bay of Plenty region in 2009. Each cluster contained one of three ‘orchard types’: an
IPM ‘Hayward’ (Actinidia deliciosa, “green”) orchard, a certified organic ‘Hayward’
(“organic”) orchard, and an IM Hort 16A (A. chinensis, “gold”) orchard. Around six times
more fantails were found in the orchards in the winter months than in the summer. Organic
orchards had more fantails during the breeding season (October to January), but there was
no evidence that numbers differed between orchard types in the winter. Feeding effort, both
in terms of proportion of time spent feeding and attempted captures in a feeding bout, was
significantly higher in the winter months, but no difference between orchard types were
found. The effect of orchard spray regimes, affecting prey availability, may account for
lower numbers in IM orchards compared to organic orchards, and lower numbers in times
when spray applications are high. Population numbers may be affected by local migrations,
the effects of flocking in the winter months, meta-population fluxes, and/or changes in feed
resources. Based on this study, populations of fantails are not high enough, nor are factors
affecting abundance well enough understood for the fantail to be currently used as a reliable
indicator. Further investigation into local migration patterns of individual fantails,
landscape-level factors, as well as survival and breeding success is needed before the fantail
could be considered to be a reliable indicator of orchard health.

Keywords: abundance, fantail, feeding rates, Integrated Management, kiwifruit, organics,
Rhipidura fugilinosa.
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INTRODUCTION

Although production lands make up nearly 60% of New Zealand’s land cover ( Moller et
al., 2005; MacLeod et al., 2008), little is known about the effect of land-use on biodiversity.
This is because conservation efforts are largely focussed on the public conservation estate.
As it is impossible to directly monitor all species and biological factors within a given land
area, the careful selection of one or more focal ‘indicator species’ allows managers to
determine the effect of land-use by monitoring only selected indicators (Bockstaller et al.,
2008; MacLeod & Moller, 2006; MacLeod et al., 2008; Moller et al., 2005; Norton &
Miller; 2000; PCE, 2004). Internationally the use of biological indicators on production
land to determine environmental health is recognized and widespread (Avery & Moorcroft,
2003; Blackburn & Arthur, 2001; Girardin et al., 1999; Makowski et al., 2009; Ricketts &
Imhoff, 2003). To be effective, an indicator of environmental health should be widespread,
easily and reliably measured, be known to be affected by management actions, and
recognised by both producers and consumers (Maegli et al., 2007). To this end biological
indicators typically include soil qualities (e.g. nitrogen (Bockstaller et al., 2008) and soil
microbes (Gardi et al., 2008; Richards et al., 2007)), plant species richness (Hyvonen &
Huusela-Veistola, 2008; Kleijn et al., 2009) invertebrate assemblages (Thomson et al.,
2007), and bird diversity and densities (Maegli et al., 2007; Makowski et al., 2009; Pain et
al., 1997).

New Zealand’s reliance on agricultural exports is evident in the economic value of farming
alone, with farming exports earning more than 40 percent of New Zealand’s export income
(PCE, 2004). One of New Zealand’s largest exports, kiwifruit (Actinidia spp.), earned $870
million in exports in 2008 (Aitken & Hewett, 2008). With the increasing consumer interest
in sustainable food production, it is becoming progressively more popular and necessary to
develop ways to ensure that the environmental health of production land is not adversely
affected by agricultural intensification. New Zealand is particularly affected by human
activities on the land. Of the 30% of land reserved as conservation land, most of this is not

Fantails as potential indicators

41

in the fertile lowlands, and the areas that are are fragmented, small, and extensively
modified (Craig et al., 2000). Therefore, the sustainable use of productive lowland areas,
and the subsequent protection of biodiversity falls to private landowners. Studies comparing
conventional and organic farming systems in Europe have found that organic farming has
positive effects on biodiversity, including birds, earthworms, and soil micro-organisms
(Hole et al., 2005; Wyss & Pfiffner, 2008). However, these studies are mainly focussed on
arable farmland, rather than horticultural or grazing land (Hole et al., 2005).

The implementation of an Integrated Management (IM) scheme, in 1992 marked the end of
conventionally grown kiwifruit in New Zealand (Suckling et al., 2003; Wharfe & Manhire,
2004). IM was introduced in response to European requirements to minimise residue levels
by setting maximum acceptable threshold residue levels, and the desire to reassure
consumers about concerns over food safety (Richards, 2005). IM management practices
reduced the number of sprays going onto the vines, encouraged the use of more
environmentally benign sprays, and increased the presence of beneficial pest predators.
Thus, IM aimed not only to improve the environmental impact, but also to increase
consumer acceptability by bringing spray residues to virtually nil (Suckling et al., 2003;
Wharfe & Manhire, 2004). The organic market has experienced a rapid increase, with
markets in the UK increasing 30-50% every year (Hole et al., 2005). This increase of
organic agriculture is seen to be a potential solution to the decline in biodiversity due to
agricultural intensification (Hole et al., 2005). In New Zealand, approximately 1% of all
farming enterprises are certified organic, and within the kiwifruit sector this figure is around
4%( Aitken & Hewett, 2008). Although it is assumed that organic agriculture is more
benign in its effect on the environment, and the introduction of IM was intended to lessen
the impact of conventionally grown fruit on the environment, little research has been
conducted in New Zealand to validate these assumptions. While there are no longer
conventional orchards in New Zealand, and therefore we cannot compare the IM orchards to
what would be seen in conventional orchards, we can compare the environmental impacts of
IM orchards to organic ones to identify areas that could be improved. It is important to
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understand the way the different production systems affect the environment within the
orchard so that management decisions that benefit the environment can be made.

Fantails (Rhipidura fugilinosa) are being considered as a potential indicator species for New
Zealand kiwifruit orchards. There are several reasons why fantails could be an ideal
indicator of the general health of an orchard. Fantails were found to frequently occur on all
orchard management systems, and are valued by growers (Rate et al., 2007). Fantails, which
are primarily insectivores (McLean, 1989) are directly affected by the insect populations
within their habitat. The detrimental impact of insecticides on the abundance of
insectivorous birds is well documented (Hole et al., 2005; Wilson et al., 1999). If insects are
reduced in numbers due to spray regimes on the orchard, it is expected that the lack of prey
will result in fantails leaving the orchard environment in search of better food resources.
Additionally, nests, chicks, and adults are known to be susceptible to predation by
introduced mammalian predators (Boulton et al., 2008; Moores, 1983; Mudge, 2002).
Therefore, management practices that affect these factors (insecticide spraying and mammal
trapping regimes) could be linked directly to fantail population numbers and survival. In
consequence, the fantail has been identified as a potential indicator species, given its
assumed direct link to the general activities within the orchard.

The aim of this research is to investigate whether the fantail can be used as a reliable
indicator of the ecosystems response to orchard management. In order to investigate this it
is necessary to determine methods of assessing the fantails response to variable habitats, and
whether it is possible to get sensitive measures of these responses in order for the fantail to
be a reliable indicator. To determine this, the variation in fantail abundance and feeding
effort between organic and non-organic (IM) orchards was tested. It is hypothesised that in
accordance with existing research on the increased numbers of invertebrate prey on organic
orchards (Hole et al., 2005) there will be more favourable conditions for fantails on organic
orchards compared to the IM orchards. Therefore, the number of fantails present on organic
orchards will be greater. Due to the potential use of more potent pesticide sprays on IM
orchards, invertebrate food sources could be expected to be lower and therefore the fantails
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found on IM orchards would have to work harder to find food compared to their organic
counterparts and consequently their foraging effort will be greater. This prediction is
supported by previous insect surveys where if was found that organic orchards supported
higher insect diversity compared to the IM orchards (Jacqui Todd, unpublished data).
Kiwifruit orchards follow a strict seasonal pattern for flowering and fruiting, and seasonal
activities (e.g. picking, pruning, and chemical spraying) on the orchard mean that the
orchard environment changes considerably with the changes in season. Habitat ranging from
leafy vines covered in ripening fruit in the summer/autumn through to pruned, leafless vines
in the winter could greatly influence the abundance and feeding effort of fantails, and so the
effect of season was also investigated. It was hypothesised that the encounter rate of
individual fantails would change with the seasonal activities, with higher abundances when
insect abundances are high (Keane & Morrison, 1999; Oppeal & Beaven, 2004). It is
expected that foraging effort will also vary with the seasons, with fantails needing to work
harder to find food in the winter, and thus showing a higher foraging effort.
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METHODS

Study area
Fantails were surveyed on 18 kiwifruit orchards in the Bay of Plenty region (Fig. 2.1).
Orchards are arranged in clusters of three properties, with each cluster containing a
Kiwigreen IM ‘Hayward’ (Actinidia deliciosa, “green”) orchard, a certified organic
‘Hayward’ (“organic”) orchard, and a Kiwigreen IM ‘Hort 16A’ (A. chinensis, “gold”)
orchard. Orchards are clustered to minimise variation in climate, geography and soil types,
with the average distance between orchards of 0.67km (range of 0.4-0.9km). Orchards
typically consist of ‘blocks’ of kiwifruit vines surrounded in shelterbelts to minimise wind
disturbance. Artificial wind cloth may also be present within and above the vines (Fig. 2.2).
Other crops grown on the property, including avocados, citrus and tamarillos, were also
included in the survey, along with gardens surrounding dwellings. Some orchards classified
as gold orchards also grew Hayward green kiwifruit crops. See table 2.1 for summary of
orchard sizes and canopy area.
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FIGURE 2.1: Cluster locations. Map of the Bay of Plenty region, New Zealand indicating
locations of orchard clusters in the ARGOS programme. Circled clusters are the ones used
in this study.
(a)

(b)
windcloth

FIGURE 2.2: Images showing a typical kiwifruit block, with (a) natural shelterbelts and
(b) with a supplementary man-made windcloth to the left.
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TABLE 2.1: Summary table of orchard properties. Average orchard size for each
orchard type derived from six clusters (total of 18 orchards) ± standard deviation.
Green

Organic

Gold

All orchard
types combined

5.9 ± 2.64

9.63 ± 7.69

6.34 ± 2.74

7.29 ± 4.96

3.5 ± 1.41

4.22 ± 2.74

3.58 ± 1.84

3.77 ± 1.97

N/A

N/A

69% ± 0.34

0.23 ± 0.13

0.67 ± 0.32

0.25 ± 0.09

0.38 ± 0.18

Other crops (ha)

0.38 ± 0.53

1.77 ± 0.01

0.38 ± 0.78

2.01 ± 1.14

Woody
vegetation (ha)

0.07 ± 0.02

3.72 ± 3.46

2.25 ± 0.0 1

0.85 ± 0.44

Total property
size (ha)
Total kiwifruit
canopy (ha)
% of Gold
canopy
House and
Garden (ha)

Survey design
A core group of three clusters (nine orchards) were surveyed seven times; four times over
the spring/summer breeding season (October 2008-January 2009; flowering and fruiting of
kiwifruit), once in the autumn (April 2009; picking of mature fruit), and twice in the winter
(June 2009; winter pruning). The additional three clusters were surveyed once in the
summer (one cluster in October 2008, two clusters in January 2009) and twice in the winter
(June 2009). Orchards within a cluster were all visited within the shortest time period
possible, no more than a day apart where weather allowed. As more than one orchard could
be visited in a day, the order the orchards were visited were mixed for each circuit, to
account for time of day effect.

Fantail encounter rates
Orchards were systematically searched by walking along transects approximately 50 metres
apart. A random start point was selected within 25 metres of the orchard boundary entrance.
The observer then walked along the transect line, generally following the rows of the
kiwifruit blocks. Each subsequent transect was started 50 metres from the end of the
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previous transect, and ran in parallel. This survey design aimed to gain complete coverage
of each orchard. Locations and number of individual fantails was noted. Each time a fantail
was encountered its location and number of individuals was noted. As orchards vary in size
(table 1) fantail encounters were calculated as number per hectare per visit.

Behaviour time budgets
Every fantail encountered was followed to record behaviour time budgets and feeding rates.
Behaviour time budgets were always recorded first, and if the individual was still able to be
followed, the feeding rates were then recorded as follows.
An individual’s behaviour was noted every ten seconds, for a total of 40 counts, or until the
fantail left the property. The primary aim of these focal observations was to assess the
amount of time individuals spent foraging versus other behaviours. Behaviours included in
time budgets included: ‘feed chick’ (parent bird actively feeding prey to a nestling or
fledgling); ‘singing’ (male territorial calls); ‘preening’ (perched and preening feathers);
‘perched’ (stationary on vegetation, an object, or on the ground); ‘interacting’ (physically
interacting with another bird (fantail or other species) other than offspring); ‘hopping’
(active movement along a branch or on the ground, as opposed to being ‘perched’); flying
(flying between trees etc. without actively feeding); and ‘feeding’ (actively searching for
and capturing prey items either in the air (hawking and flushing (McLean, 1989)) or from a
substrate. Habitat, general location, time, cloud cover, temperature, and wind speed were
also recorded. One time budget (n≤40 counts) per individual encounter was recorded to
avoid pseudo-replication. However, if birds were in a flock, it was difficult to be sure that
time budgets were from different individuals. The proportion of the observation period that
an individual spent feeding was calculated.
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Feeding rates
More detailed information about fantail feeding effort was then recorded by timing
individual foraging bouts and counting the number of foraging attempts and confirmed
catches within each foraging bout. Foraging bouts were recorded from the time the fantail
first left its perch to when it stopped feeding for longer than five seconds. A foraging
attempt was recorded when the fantail manoeuvred in the air towards prey in typical pursuit
behaviour (rather than flying in a continuous direction), or picked prey directly off a
substrate (e.g. leaf litter, grass, or windcloth). A confirmed catch was counted when the
observer could see an insect being caught; however it was very difficult to see this with the
naked eye, so these data can only be indicative of relative rather than absolute feeding rates.

Data analysis
For each orchard, the median number of individuals encountered per survey per hectare for
each given time period (early/late summer, autumn, winter) was estimated. Not all orchards
were surveyed in every seasonal block, so encounters per season per orchard were
calculated to avoid repeated measures. Encounter rates did not follow a normal distribution
and so non-parametric tests (within the statistical package R) were used to test the statistical
significance of differences between orchard type and season. As each behaviour observation
cannot be considered independent of each other, they were also analysed using nonparametric tests. Kruskal-Wallis was used to compare the proportion of time spent feeding
in relation to other behaviours, and to compare feeding rates between the three orchard
systems (green, gold and organic), and between seasons.

Spray frequency
A total of 36 orchards are involved in the ARGOS kiwifruit programme. In order for the
fruit from these to be exported, growers must submit a spray diary to the marketing
organisation, ZESPRI International Ltd. Diaries for the 2008 to 2009 period were obtained
from ZESPRI by ARGOS’s kiwifruit field research manager (Jayson Benge). Subsequently,
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the average number of spray applications per month was calculated for each management
type (i.e. green, gold and organic).
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RESULTS

Fantail encounters rates
Fantails were found to be in significantly higher numbers in the winter months compared to
the summer months (V = 43.5, d.f.=1, p < 0.001), with a median of 0.1 birds per hectare in
the summer, and 0.6 birds per hectare in the winter. Group sizes in the summer/breeding
months were either one or two adult birds, with or without their offspring (either in the nest
or fledglings being fed by adults). However, in the winter when birds were found in flocks
and not holding strong breeding territories, group size ranged from two up to seventeen
birds in a single flock. Within the summer/breeding season, there were significantly more
fantail encounters in organic orchards (median of 0.38 per hectare), compared to green
orchards (zero per hectare) (Kruskal-Wallis chi-squared = 8.99, d.f.= 2, p = 0.01) (Fig. 2.3);
while there appears to be a difference between the green and gold orchards (median of 0.10
per hectare) this was not significant. Within the winter season, there were no significant
detectable differences between the orchard types (Kruskal-Wallis chi-squared = 0.37, d.f. =
2, p = 0.83) (Fig. 2.3), however green orchards appeared to have slightly higher median
values (0.85 per hectare) compared to the gold (0.57 per hectare) and organic (0.49 per
hectare). Once data was pooled over all seasons, there was no overall difference between
orchard types as the higher numbers of fantails overall in the winter months swamped the
orchard-level differences seen in summer when overall numbers were low.

Fantail numbers are shown in relation to average number of spray applications per orchard
type in Fig. 2.4. Hydrogen cyanamide (Hicane), a budbreak spray is applied in July and
August on IM (green and gold) orchards, and insecticide and fungicide sprays are applied
between September and April on all orchards. Overall peaks in spray applications vary
between the orchard types with organic and green orchards peaking at an average of 2.0 and
1.8 sprays respectively in December. Spray applications peak slightly earlier on gold at an
average of 1.3 sprays in November. Hort16A (i.e. gold) vines develop earlier than Hayward
vines (green and organic), and therefore the peak in spray applications occurs earlier. The

Fantails as potential indicators

51

fantail breeding season can range from September to February (Heather & Robertson,
2005), and this is also when insecticide spray applications are more frequent. The overall
numbers of fantails are at their highest in the winter months, when spray applications are
less frequent. However, in the summer months overall fantail numbers are low, coinciding
with higher numbers of orchard spray applications. Additionally, the Hicane spray applied
during the winter (July-August) is targeted at increasing budbreak on the vines, not to
control insect pests and therefore does not directly kill invertebrates. While overall fantail
numbers followed similar seasonal patterns on all three orchard types, the organic orchards
had higher numbers in the summer months, particularly in December (Fig. 2.4).

2.0
summer
encounters per hectare

winter
1.5

1.0

0.5

0.0
green

organic

gold

orchard type

FIGURE 2.3: Fantail encounters on kiwifruit orchards for summer/breeding season
and winter. Boxplots comparing the different orchard types (green, organic, gold) for and
season (summer and winter). The median value is represented by the horizontal line within
the box. The upper and lower margins of the box represent the upper and lower quartiles
respectively. The upper and lower whiskers indicate the maximum and minimum values
respectively.
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FIGURE 2.4: Average number of spray applications compared to average number of
fantails. Budbreak, insecticide, and fungicide sprays applied each month to green, gold, and
organic orchards in the ARGOS programme, compared to the average number of fantails
per hectare found in each month over the 2008-2009 year. The yellow shading indicates the
approximate fantail breeding season (Heather& Robertson, 2005), while the blue shading
indicates when fantails are not breeding and tend to be found in flocks.
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Behaviour time budgets
The average proportion of time spent in each behaviour is shown in Fig. 2.5. Due to the low
number of encounters on green and gold orchards in the summer, behaviour data for this
time period is tentative. While it appears that fantails on the gold orchards spent no time
interacting or preening, this is likely a result of low sample size rather than actual behaviour
anomalies. Singing (territorial) was only seen in the summer months. Time spent perched
remains the same throughout the orchards and seasons (between 25 and 36% of total time);
however, time spent flying appears to be higher in the summer with fantails spending
between 17 and 26% of their time flying in the summer compared to 12 to 15% in the
winter. Flying was regarded as any time spent in the air not actively feeding, and so in the
summer, movement between feeding locations and nests/fledglings was frequent. There was
no evidence of a difference in the proportion of time spent feeding between the different
orchard types (green, gold, organic) (Kruskal-Wallis chi-squared = 1.15, d.f. = 2, p = 0.56).
Feeding was in higher proportions in the winter (41-45% of total time), compared to in the
summer (24-27% of total time). This seasonal difference was significant with fantails in
winter spending significantly more time feeding compared to fantails in summer (V = 21,
d.f. = 2, p = 0.0019) (Fig. 2.5 and 2.6).
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FIGURE 2.5: Averaged behaviour time budgets for fantails in summer and winter
seasons for individuals found in each orchard type. Orchard management includes green
(n=20), organic (n=46), and gold (n=19).
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FIGURE 2.6: Time fantails spent feeding comparing (a) summer and winter, and (b)
orchard management. Boxplot comparing summer (n=21) and winter (n=56), and orchard
management type (green (n=20), organic (n=46), and gold (n=19)).
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Feeding rates
Fantails appear to have a higher attempted rate of feeding in the winter compared to the
summer. A median of 0.23 captures every second in the summer compared to 0.48 captures
every second in the winter was statistically significant (V = 78, d.f. = 2, p < 0.001). The
maximum number of attempted captures was also much higher in the winter (1.32 per
second) compared to the summer (0.65 per second) (Fig. 2.7). There was no evidence of a
significant difference between feeding rates on different orchard types; however there may
be a difference between gold and green orchards in the summer that has not been found in
this study (Fig. 2.8a; Kruskal-Wallis chi-squared =5.37, d.f.=2, p = 0.067). There was no
difference between orchard types in the winter (Fig. 2.8b; Kruskal-Wallis chi-squared =

1.0
0.8
0.6
0.4
0.2
0.0

attempted captures per second

1.2

0.30, d.f. = 2, p = 0.86). .

summer

winter

Season

FIGURE 2.7: Fantails attempted captures per second comparing summer and winter.
Boxplot comparing summer (n=60) and winter (n=48).
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FIGURE 2.8: Fantails attempted captures per second comparing orchard type for (a)
summer and (b) winter. Boxplot comparing orchard management type in summer (green
(n=11), organic (n=44), and gold (n=6); and in winter (green (n=25), organic (n=19), gold
(n=5).
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DISCUSSION

What is driving fantail population trends?
This research has demonstrated how variable the numbers of fantails on individual
properties can be, and that seasonal variation in population numbers occurs. Assuming this
year is representative of a typical year in terms of weather, orchard activities, prey
availability and breeding success, the significantly lower numbers in the summer/breeding
season over all orchard types suggests something is driving a change in population numbers.
Population numbers may be affected by local migrations, the effects of flocking in the
winter months, metapopulation fluxes, changes in feed resources, or a combination of all
four. As this study was conducted over only one year, further yearly replication is needed to
assess whether the results found in this study are truly representative.

Fantail movements observed in this study indicate that individual birds often inhabit areas
outside of an individual orchards boundary. Therefore birds that may utilise an orchard
could be missed during a survey since surveys cover only a relatively small time period.
Birds with territories primarily on neighboring land, and only use the study orchard for a
small part of their day could be overlooked during the sampling period. Therefore, data
provided in this study may well be underestimating true density numbers, and should be
seen as a minimum absolute density for numbers per hectare.

It is difficult to know whether seasonal variation seen in orchards is representative of
population changes over all. One explanation for the strong seasonal differences seen in this
study could be an active migration of individuals between orchard habitats and alternative
habitat. Previous findings suggest fantails prefer nesting in protected vegetation (e.g. bush
habitats not subject to frequent habitat disturbance) (Heather et al., 2005), where they are
able to successfully hunt for prey for their offspring. Therefore it is possible that fantails
choose to hold territories in the bush during the breeding season, and when the breeding
season ends and food sources become low through the winter months (Steer & Burns, 2008)

Fantails as potential indicators

58

they migrate to orchard habitats where the activities of the orchard provide ample food over
winter. Alternatively, fantails may be choosing to live in the orchard environment, and
activities within that environment push some if not all into alternative habitats. Fantails are
well known to undertake at least local migrations throughout the seasons. Recorded changes
in population densities has led to a general consensus that individuals often move from
forested breeding areas to open, settled coastal areas in the winter (Gibb, 2000a; Higgins et
al., 2006), and are considered only seasonal visitors in some places (Kikkawa, 1964; Gibb,
2000b) It is thought these localised movements are mainly attributed to food availability
(Higgins et al., 2006), and cold/extreme weather avoidance (Freeman, 1999). While banding
and re-sighting programmes have concluded that individuals at least return to the same area
year to year (Powlesland, 1982), no specific seasonal tracking of fantails has occurred, so
movement patterns and reasons remain speculative.

The strong change in fantail numbers between summer and winter seen on the orchard
properties in this study may not reflect population numbers in the surrounding landscapes. It
is not possible to determine from data collected here whether numbers in the
metapopulation also decrease in the summer/increase in the winter, or whether this is a
characteristic of orchard landscapes. It is recognised that fantail populations experience
strong fluctuations as a result of severe weather, and high productivity results in numbers
bouncing back rapidly (Heather & Robertson, 2005). Therefore, strong changes in numbers
would not be considered unusual. Nevertheless, without understanding the population fluxes
within the wider population we cannot be sure that changes seen on orchards is simply a
result of flocking behaviour giving the impression of greater numbers, or actual changes in
recruitment. The lower numbers of fantails in the summer breeding months could simply be
driven by the effect of pairs holding breeding territories, and thus giving the impression
there are fewer individuals even though they may be just more widely spread. While known
territory sizes are reported as less than a hectare in bush habitats (Blackburn, 1965; Higgins
et al., 2006; Mclean, 1980), personal observations of breeding pairs showed that one pair is
capable of holding a territory that covers the entire orchard area, often straddling
neighbouring orchards as well. This would therefore result in some pairs being forced out of
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their wintering grounds during the breeding season and giving the impression of lower
numbers, despite the conditions remaining favourable. Without the banding and tracking of
individuals we can only assume where fantails are deciding to inhabit. It is probable that it
is a combination of orchard activities, territorial defence, weather patterns, and food
resources that result in migrations into and away from orchard habitats. The next step in
determining whether individual fantails are opportunistic in where they choose to feed and
breed throughout the seasons, or follow a pattern of movement between the bush and
orchard habitat would be to band a number of individuals and track their movements over
the seasons.
The lower numbers of fantails over the summer/breeding season may also be related to
orchard insecticide spray regimes. The average number of insecticide sprays for all orchard
types increases over the spring-summer period when fantails are breeding, coinciding with
the general trend in decreasing numbers of fantails. The link between insecticide spray and
declining bird populations is well documented (Hole et al., 2005; Wilson et al., 1999). The
use of insecticide is generally non-selective, therefore all insects are affected by chemical
spraying, ultimately reducing any insectivores primary prey source. Furthermore, the
significantly higher number of fantails in organic orchards compared to the IM orchards
suggests an orchard level driver is determining fantail population numbers. Given that one
of the key differences between IM and organic orchards is in the use of insecticide sprays
(Steven, 1999); it seems entirely possible that fantails are driven away due the lack of a food
source on the IM orchards.

Behaviour and feeding rates
The lower numbers of fantails over the summer months, combined with the nature of the
sampling (requiring the fantail to remain visible for around ten minutes to collect all
behavioural and feeding data) meant that the sample size remained too small to gain reliable
results for all orchard types for this data set. Gathering prey capture rate data in this study
proved inherently difficult and subjective. While gathering behaviour data was
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comparatively more simple, this still remains a subjective process, and is challenging to
complete with accuracy with a single observer and multiple birds. Having a second observer
writing observations as the first observer continually watches the individual bird improved
the accuracy. However, the difference between observers was not compared in this study.
The findings that feeding effort, both in terms of proportion of time spent feeding and
capture rates, was significantly higher in the winter, agrees with the seasonal hypothesis.
During the winter fantails would need to feed more in order to keep up with energy
requirements through the winter months. The colder weather would result in a lower food
supply overall meaning that fantails would need to work harder to find food. In addition, in
the summer breeding months, breeding pairs dedicate much of their time to breeding
activities including nest building, brooding and feeding of offspring, leaving less time to
feed.

Studies comparing organic and conventional farming internationally (e.g. Britain, Europe
and North America) highlight the greater abundance of invertebrate food sources as the
main reason for higher bird biodiversity in organic farming systems (Hole et al., 2005). The
lack of difference for feeding effort between the three orchard types suggests there is less
difference in feed availability between the orchards. However, we do not know if this is in
response to prey availability or simply that fantails employ the same amount of effort no
matter the prey availability. Feeding behaviour and habitat uses is known to change in
relation to invertebrate food supply (Keane & Morrison, 1999; Oppeal & Beaven, 2004).
The next step in these types of observations would be to determine the capture success in
relation to effort, although the difficulty in viewing whether a prey item has been captured
could make this a challenge. Further study into the ultimate survival and reproductive
success of these fantails would indicate whether feeding effort is relative to survival
success.
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Could the fantail be used as an indicator species?
Birds are widely used as indicator species to determine the environmental impacts of human
activities (Pain et al., 1997). Previous studies have revealed links between birds, soil quality
(Gilroy et al., 2008) and invertebrates (Blackburn & Arthur, 2001), leading to the idea that
inferences can be made of the health of the soil and invertebrate populations from the health
of the local bird populations. While studies often link total richness or diversity to
agricultural intensity (Beecher et al., 2002; Blackburn & Arthur, 2001; Genghini et al.,
2006; Kleijn et al., 2009; Schrag et al., 2009), the choice of monitoring just one or two key
species means that industry and individual land owners would be able to monitor properties
without extensive training. While the ultimate aim is to develop a suite of environmental
indicators, in conjunction with economic and social indicators, the focus of finding a
suitable bird indicator comes from a need to find an indicator that is both recognised and
appreciated by orchardists and consumers alike. Interviews with growers revealed birds
were seen as indicators of good environmental health, with a general pride found in the
range of native and exotic species on their orchards (Hunt et al., 2005). Previous surveys on
bird populations on kiwifruit orchards (Blackwell et al., 2005; Rate et al., 2007) have found
higher abundance and proportion of native species present on organic orchards.

An ideal indicator species needs to be widespread, easily recognised, easily and reliably
measured, and be affected by management actions (Maegli et al., 2007). As a number of
previous studies (Blackburn, 1965; Mclean, 1980; McLean, 1984; McLean & Jenkins, 1980;
Powlesland, 1982) have discussed, fantails adapt well to the changing habitat which has
resulted from the clearing of land for human use. They are described as widely distributed
on the mainland (Heather & Robertson, 2005). The fantail is recognised as a forest-edge and
open-country species (Berry, 2001; Howe, 1984), therefore, the orchard environment,
particularly those with remnant bush patches, provide ideal habitat for fantails. Being an
insectivore, the fantail does not require specific vegetation for its survival, being seen in a
wide variety of native and introduced tree species, including pine plantations(Falla et al.,
1993) and gorse (Williams & Karl, 2002). This adaptability means that regardless of what
an individual grower decides to plant on their orchard (in terms of other crops and tree
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species) it would not affect the success of breeding fantails as long as the management
practices (e.g. control of prey and predator species and availability of nesting habitat) are
favourable.

Fantails are easily recognised, and are valued by growers (Rate et al., 2007). Given that they
are easily recognised and not easily mistaken for another similar species they are relatively
easy to monitor. Collecting data on population abundance is relatively straightforward,
requiring a single sweep of an orchard to count numbers present. Growers often have a good
idea of the numbers present on their orchard through general observations (personal obs.)
and so formalising this procedure would not be difficult. Whether fantails are directly
affected by management actions remains difficult to assess. Further study into the
movement patterns of fantails over the seasons, as well as the survival and reproductive
success of birds found on kiwifruit orchards would help indicate whether fantail populations
are affected by orchard management. Due to the large number of private properties
potentially being home to one individual bird, this programme would require a larger
participation of landowners than is currently involved in the ARGOS programme. An
understanding of landscape-level constraints, particularly the effects of predation, is needed
to determine whether those orchards with low or no fantail presence can change their
management practices to encourage higher numbers. If numbers are constrained by factors
outside of the landowners control, fantails would not be a reliable indicator. However, given
that organic orchards do support higher numbers than their IM counterpart in the breeding
season suggests that there is more the industry can do to encourage population numbers.
Increasing numbers of non-pest insect species would provide a more reliable food source.
Growers could be encouraged to plant trees in areas not utilised for production (e.g. around
streams) which would not only provide nesting habitat but aid in insect numbers. Insects are
also found in high numbers in long grass habitats (Morris & Thompson, 1998) so
encouraging growth of habitat away from the vines would also boost food availability. The
IM programme already controls insecticide sprays, and continued research into ways to
reduce numbers of applications and the effect on non-target species, would also encourage
higher numbers of beneficial insect species.
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This study has highlighted key areas in need of further investigation before we can reliably
use the fantail as an indicator species. The fluctuating numbers of fantails on orchards
indicates that fantail numbers are not reliably high enough to guarantee they will continue to
be present in 20 or 100 years time. Population numbers appear to fluctuate on a regular
basis with While fantails are a common species in New Zealand if they are to be used as an
indicator species, it is necessary to know that their numbers are not at risk of declining on
orchards. As seen across Europe, species that became widespread following the expansion
of agricultural habitats subsequently declined through the continued intensification of
agriculture (Gaston & Fuller, 2007). In this study, the fantails apparent tendency to leave the
orchard for breeding or food availability indicates that if habitat quality outside of orchards
(e.g. bush patches) improves, some may choose to not leave their breeding habitat for the
winter. It has been shown that bird populations respond positively towards conversion from
conventional farming to IM and organic farming (Genghini et al., 2006; Vickery et al.,
2004). However, we do not have baseline data to compare the current IM and organic
orchard systems that have replaced conventional methods since their introduction of
Kiwigreen. Some IM growers, when interviewed about bird populations on their orchard,
believed that the numbers of fantails on their orchards had increased since the introduction
of IM Kiwigreen (Rate et al., 2007). So while subjective, there is an assumption that by
decreasing chemical spraying, there has been at least some improvement in habitat quality.

Findings from this study still support the initiative to use the fantail as an indicator species,
however further understanding on the behaviour and breeding success is still needed. The
result that fantails occur in higher numbers on organic orchards in the breeding season
suggests that there is an orchard management effect. Moreover, the finding that outside of
the breeding season, numbers are not affected by orchard type suggests that there are
favourable conditions on IM orchards for at least some of the year. They could also be
providing a important food source in the winter months that is ultimately helping the meta
population in the long run. We do not yet know enough about the pattern of invertebrate
prey availability and fantail movement patterns to presume fantail populations are directly
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affected by orchard type, or whether there is little a grower could do to encourage more
birds onto their property.
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Chapter 3:
Attitudes and opinions of kiwifruit growers towards birds,
mammalian pests, and the development of an eco-friendly label for
exported fruit
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ABSTRACT
The development of an eco-label for New Zealand kiwifruit, for demonstrating an aspect of
the eco-friendly nature of production, is expected to have a market benefit for exported fruit.
The Agriculture Research Group on Sustainability (ARGOS) is investigating the potential
development of a eco-friendly label with specific reference to birds. The sentiments of 27
growers participating in the ARGOS programme towards such an initiative was gauged.
ARGOS growers were positive about the introduction of an ‘eco-friendly’ label but were
wary about the consumer’s potential response towards a specific ‘bird-friendly’ label. In
contrast, a wider group of orchardists interviewed in a 2008 National Farm Survey were
negative towards the proposal of introducing an accredited ‘bird tick’ scheme, together with
indicating that environmental initiatives were not a priority.

In relation to existing knowledge and actions towards birds on their orchard, growers had
limited knowledge of specific bird population numbers, and the majority neither encouraged
nor discouraged birds on their property, but did remove empty nests from the vines. Some
actively encouraged native species, and others actively removed ‘pest’ species such as
sparrows and pukekos. Control of mammalian pests was common, including the removal of
rabbits, rats, and possums. Further research into the type of label, and importantly the
reaction of consumers towards specific eco-labels is required if the industry as a whole is to
support such environmental initiatives. However this research has shown a generally
positive attitude of ARGOS participants towards an eco-label from the growers end of
production.

Keywords: eco-labels, EurepGAP, Integrated Management, kiwifruit, Kiwigreen, opinion
survey, organics.
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INTRODUCTION
Ecolabels, designed to communicate some form of verification to environmental standards,
are recognised as one of the top sources of information for consumers when making
purchasing decisions (Sahota et al., 2009). International consumers are becoming more
concerned with the environmental effects associated with the way their food is produced,
demanding ‘healthy’ and ‘green’ foods (McKenna & Campbell, 2003; Sahota et al., 2009).
The Euro-Retailer Produce for Good Agricultural Practice (EurepGAP, now GlobalGap), a
retailer-driven auditing system designed to assure food safety and sustainable farming
practices for European consumers, is considered the gold standard of European auditing
systems (Campbell, 2005; Campbell et al., 2006). As an alternative to organic certification,
EurepGAP controls agricultural practices over the entire food supply chain, regulating food
safety, animal welfare, environmental protection, and worker welfare (Rosin et al., 2008).
Since the EurepGAP system regulates entry into markets, rather than branding, there is no
label associated with EurepGAP compliance (Campbell et al., 2006), and therefore it leaves
products open to include ecolabelling in order to target the individual consumer.

The New Zealand Kiwifruit Industry relies on producing a consistently high-quality,
residue-free product to maintain a strong hold on the international market. Virtually all of
New Zealand’s kiwifruit is exported by ZESPRI International Ltd. Previously the New
Zealand Kiwifruit Marketing Board (NZKMB), it was one of the first non- European
members of EurepGAP (Campbell, 2005), setting a standard for environmental
sustainability. As a result, not only did the export value of the crop double through the
guarantee of market access, but all fruit crops were grown using organic or Integrated
Management systems (IM) (Campbell, 2005). All non-organic ZESPRI growers now
manage their crops under the established ‘Kiwigreen’ system, which is based on Integrated
Management principles, to reduce and control spray applications and thus reduce spray
residues on fruit (Wharfe & Manhire, 2004). This system, set up in 1992, exceeded the
requirements of EurepGAP (Wharfe & Manhire, 2004) and opened up the market for New
Zealand-grown fruit. ZESPRI® kiwifruit is now marketed as being grown in a sustainable
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and ethical way, with every aspect of production and supply being transparent and traceable,
in order to distinguish it from kiwifruit grown in other countries. However, while the
marketing aims to assure eco-friendly production, the labelling on the individual fruit only
indicates the brand ZESPRI and does not indicate the products effect on any specific aspect
of the environment.

The decline of bird populations in relation to agricultural intensification is well documented
in the major consumer regions of Europe (Donald et al., 2001; Swagemakers et al., 2009;
Young et al., 2005), the UK (Benton et al., 2002; Dallimer et al., 2009; Krebs et al., 1999;
Newton, 2004; Vickery et al., 2004), North America (Coppedge et al., 2001; Rodewald &
Yahner, 2001), and Asia (Amano, 2009). However, in New Zealand, despite the loss of
native biodiversity due to land conversion into agricultural landscapes (Moller et al., 2008;
Pawson & Brooking, 2002), some bird species introduced here from the UK have average
densities 22 times higher than in their native land (MacLeod et al., 2009). If consumers are
made aware of both the decline of farmland birds in their own country, and the efforts of
growers in New Zealand to reduce the impacts of production on local bird populations
(including the species they value in their home country), this may well further enhance
market access, and value of New Zealand kiwifruit overseas.

The introduction of

Kiwigreen has already established a willingness by industry and growers to change their
management in order to be more eco-friendly. With the appropriate education and
incentives this could also lead to a willingness to be more proactive towards being bird.
With the UK stark decline in farmland birds in recent years (Gregory et al., 2004), schemes
such as LEAF (Linking Environment and Farming) have been introduced to enhance bird
populations on their property (Maegli et al., 2007). EurepGAP (now GlobalGap) requires
evidence of environmentally sustainable practices, but it does not specify a need to enhance
resident bird populations. This leaves a potential gap in the market to appeal directly to
individual consumers who are concerned about specific environmental aspects of the
production of their food.
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While there is some evidence that there is increased richness and abundance of birds on
organic land, compared to conventional farm land (Beecher et al., 2002), there has so far
been

little research on this in New Zealand. The Agriculture Research Group On

Sustainability (ARGOS) began in 2003 and is investigating the environmental, economic
and social characteristics of primary production land in New Zealand. Since kiwifruit is
New Zealand’s largest horticultural export industry (Aitken & Hewett, 2008), one major
research theme for ARGOS is evaluating market access issues and determining the impacts
on the New Zealand kiwifruit industry (Benge, 2008). The push from consumers for food
production to be environmentally sustainable has led to the idea developing an additional
label for exported kiwifruit that communicates a specific aspect of the environment. Given
that birds are relatively easily recognised and identified the current proposal is to develop a
specific bird-friendly label, with a particular inclination towards using the fantail
(Piwakawaka, Rhipidura fuliginosa) as the focal species. By making an eco- label available
to non-organic fruit as well as organic, all New Zealand fruit could be distinguished from
international competition.

If a specific eco-label or bird-friendly label was to be introduced it would be vital to have
both grower and industry support. The development of a label would require a certain
knowledge base within the growers so they could be involved in property assessment, and
understand the effect their management has on the environment. For a specific bird-friendly
label, basic knowledge of bird populations and the factors affecting said populations (e.g.
mammalian predators and food supply) is necessary for a successful introduction. In
addition, in the event of an introduction, it would be important for all growers to have a
desire to implement the appropriate conditions on their land to comply with the labels
compliance regulations.

This research aims to establish whether kiwifruit growers firstly support the idea of an
additional eco-friendly label and what they think such a label should entail, and secondly
whether they support the idea of a specific bird-friendly label. This research also aims to
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ascertain growers’ existing knowledge and perceptions of bird populations and their attitude
towards birds and the mammal populations that affect their survival.
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METHODS
Within the ARGOS programme, 12 clusters of three kiwifruit orchards (36 orchards in total)
in New Zealand are being studied. Ten clusters are in the Bay of Plenty with one in Kerikeri
and another in Motueka. Each cluster contains an Integrated Management (IM) Hayward
(Actinidia deliciosa, ‘green’) orchard, an Organic Hayward (‘organic’) orchard, and an IM
Hort16A (A. chinensis, ‘gold’) orchard. The orchards in each cluster are close together to
minimise differences in background factors like soil type and climate.

The orchard owner(s), or orchard manager (often the same individual) for 27 of the Bay of
Plenty properties were interviewed by the ARGOS kiwifruit field research manager using a
semi-structured interview in 2009. All growers have been EurepGAP (now GlobalGap)
compliant since 2003 (Rosin et al., 2008; ZESPRI, 2003).The interview centred around the
growers’ perceptions of changes in bird abundance on their orchards since the introduction
of Kiwigreen, with specific reference to fantails (Rhipidura fuliginosa); their management
actions regarding encouraging or discouraging birds and mammalian predators on their
orchard; and their opinions on the development of a form of eco-label on exported fruit,
what the label would communicate, and whether they supported the introduction of a
specific bird-friendly label (see Appendix 2 for interview outline).
For questions with an adequate number of responses, statistically significant differences
between orchard management types (e.g. green vs. gold. vs. organic growers) were tested
for using a Chi-square test with a simulated p–value (2000 replicates) using the statistical
package R.

National farm survey
In addition to the ARGOS data, some results from a 2008 National Farm Survey
(Fairweather et al., 2009) deployed by ARGOS are discussed here. A postal questionnaire
was used to gauge the sentiments of agricultural producers to a range of farm management
and sustainability factors.
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A questionnaire was sent in the winter of 2008 to the 36 growers involved in the ARGOS
research programme. In addition, the questionnaire was also sent to a random sample of
producers in the horticulture sector, of which 19 kiwifruit growers (18 IM and one organic)
responded, to provide a comparison to growers in the ARGOS programme. Within the
questionnaire growers were asked to consider the importance of environmental factors,
including the level of biodiversity, the number of birds on their property, and the number of
native birds on their property. Growers were specifically asked about the diversity and
abundance of birds on their orchard and their attitude towards encouraging birds, whether
they believe birds cause damage, whether they believe birds provide an important service
(e.g. pollination, pest control), and whether they would want to participate in the
introduction of a “bird tick” as a certification of their orchard as being bird-friendly.
Growers were asked to respond using a seven-point Likert scale e.g., 1 = very strongly
disagree or very unimportant, 7 = very strongly agree or very important.
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RESULTS

Development of an eco-label
Growers were first asked if they saw a potential benefit from using a label on exported fruit
which demonstrates some aspect of the environment in kiwifruit production, and were then
asked to elaborate on what such a label could be and what it would indicate. Of all the
growers, 93% said that yes, they did see a benefit in an environmental label (Table 3.1).
Only the green growers responded otherwise with 22% replying ‘don’t know’. While all
organic growers saw a benefit in an environmental label, 60% mentioned that they already
had one in the form of the organics Biogrow1 label.

TABLE 3.1: Do you see a benefit from having a label for export kiwifruit which tells
consumers something about the environment in orchards?
Yes
No
Don't know
Total

Percentage
Green Green Organic
78
100
0
0
22
0
100
100

Gold
100
0
0
100

Total
93
0
7
100

Number of responses
Green Green Organic
7
10
0
0
2
0
9
10

Gold
8
0
0
8

Total
25
0
2
27

Typical responses regarding the benefit of a label described the need to satisfy consumers
that their food was produced sustainably, and that people were becoming more
“environmentally aware” and would choose these products over others e.g.

"Satisfy consumers that we are producing a product that is environmentally and
sustainably positive." (green grower)

"Gives consumer confidence that food is safe and sustainably produced." (gold
grower)

1

BioGro is the main organic certification agency for the NZ kiwifruit industry (www.bio-gro.co.nz)

Opinions of kiwifruit growers

82

Ideas for what could go on such a label tended to revolve around “something green”,
“simple”, “associated with New Zealand” and “something people will recognise
internationally”. Two growers suggested the use of a fantail on a label.

When asked their thoughts on a label that specifically referred to birds, growers were less
enthusiastic, with only 27% thinking a bird label would be a good idea, and 42%
disagreeing (Table 3.2). There was no significant difference between growers from different
orchard management types (Chi-squared = 7.33, d.f. = 6, p-value = 0.31).
TABLE 3.2: Do you see a benefit from having a specific bird label?

Yes
No
Don't know
Maybe
Total

Percentage
Green Green Organic
33
22
22
67
0
11
44
0
100
100

Gold
25
38
13
25
100

Total
27
42
8
23
100

Number of responses
Green Green Organic
3
2
2
6
0
1
4
0
9
9

Gold
2
3
1
2
8

Total
7
11
2
6
26

Growers thought it was too specific and that the consumers would not know what it meant
e.g.

"Don't know if it would make a difference. Might help if label showed production
was

not affecting birds." (green grower)

"Association between birds and kiwifruit would be relatively unimportant…general
environment more important." (gold grower)

"The odd person might care….the minority. Can't do any harm but can't see the
benefit." (organic grower)
Some growers saw a potential for controversy over promoting birds on orchards when some
growers see them as a nuisance.
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Changes in bird abundance
In conjunction with other research investigating the possibility of using the fantail
(Rhipidura fuliginosa) as an indicator of environmental health, growers were asked to think
about the numbers of birds they have noticed on their orchard over the last five, ten, and
fifteen (pre ‘Kiwigreen’) years. They were then asked to think more specifically about
fantail numbers. Overall this was a difficult question for many growers to answer as it was
not something they focused on or measured directly. Of the responses obtained (15 of the 27
interviewees), no growers had noticed a decline in overall bird populations, 26% of growers
had noticed an increase in numbers, and 30% thought numbers had remained the same
(Table 3.3). Two organic growers had noticed an increase in sparrows and pukekos.

TABLE 3.3: Have there been any changes in the numbers of birds in the last five
years?
Percentage
Green Green Organic
Increased
14
44
Stayed the same
14
33
Declined
0
0
Don't know
71
22
Total
100
100

Gold
14
43
0
43
100

Total
26
30
0
43
100

Number of responses
Green Green Organic
1
4
1
3
0
0
5
2
7
9

Gold
1
3
0
3
7

Total
6
7
0
10
23

For fantails specifically, 32% of growers had noticed a decline in numbers, 12% an
increase, and 24% thought numbers had stayed the same (Table 3.4). There was no
difference between the different growers as to their perception in the change in fantail
numbers over the years (X-squared = 1.22, d.f. = 6, p-value = 0.97). Three growers (gold
and organic growers) had noticed there were less now compared to more than 15 years ago,
and two growers noted that there appeared to be a crash in numbers over the last couple of
years. Seasonal changes in fantail numbers were also noted with a couple of growers noting
that fantails are more numerous in the winter.

Opinions of kiwifruit growers

84

TABLE 3.4: Have there been any changes in the numbers of fantails in the last five
years?
Percentage
Green Green Organic
Increased
11
11
Stayed the same
22
33
Declined
33
33
Don't know
33
22
Total
100
100

Gold
14
14
29
43
100

Total
12
24
32
32
100

Number of responses
Green Green Organic
1
1
2
3
3
3
3
2
9
9

Gold
1
1
2
3
7

Total
3
6
8
8
25

Managing birds
In order to determine what impact growers intentionally have on bird populations on their
orchards, they were asked whether they actively encourage and/or discourage birds on their
orchard, and whether they remove nests from the vines. Overall, growers tended to neither
encourage nor discourage birds on their land. Thirty percent of growers actively encourage
birds (Table 3.5), mainly through the planting of native trees, along with installing bird
boxes and leaving the grass to go to seed. Green and organic growers were less likely to
discourage birds (22% and 20% respectively), with 63% of gold growers actively
discouraging birds (Table 3.6). Methods included shooting pukekos, rosellas, and magpies,
and the use of chemical deterrents (e.g. Mesurol) to discourage sparrows and finches. There
was no significant difference between growers from different orchard management types for
whether they encouraged birds (X-squared = 0.14, d.f. = 6, p-value = 1), or discouraged
birds (X-squared = 4.36, d.f. = 6, p-value = 0.14).

TABLE 3.5: Do you actively encourage birds?

Yes
No
Total

Percentage
Green Green Organic
33
30
67
70
100
100

Gold
25
75
100

Total
30
70
100

Number of responses
Green Green Organic
3
3
6
7
9
10

Gold
2
6
8

Total
8
19
27

Number of responses
Green Green Organic
2
2
7
8
9
10

Gold
5
3
8

Total
9
18
27

TABLE 3.6: Do you actively discourage birds?

Yes
No
Total

Percentage
Green Green Organic
22
20
78
80
100
100

Gold
63
38
100

Total
33
67
100
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Seventy percent of all growers said they sometimes remove nests, and 13% of gold growers
said they always removed nests (Table 3.7). Generally only empty nests were removed as
they stained the fruit and were seen to bring in insects. Personal observations on a selection
of these orchards revealed some nests on the ground that had been removed that were in use
(presence of eggs). There was no significant difference between growers from different
orchard management types (X-squared = 7.33, d.f. = 6, p-value = 0.31).

TABLE 3.7: Do you remove nests?
Always
Sometimes
Never
Total

Percentage
Green Green Organic
0
0
67
70
33
30
100
100

Gold
13
75
13
100

Total
4
70
26
100

Number of responses
Green Green Organic
0
0
6
7
3
3
9
10

Gold
1
6
1
8

Total
1
19
7
27

Mammalian pest control
Finally, growers were asked about their present mammalian pest control regimes, and
whether they would be prepared to implement pest control if they thought a bird-friendly
label was a good idea. Sixty three percent of all growers carried out some form of pest
control (Table 3.8). There was no significant difference between growers from different
orchard management types (X-squared = 0.09, d.f. = 6, p-value = 1).

TABLE 3.8: Do you carry out any mammalian pest control?
Yes
No
Total

Percentage
Green Green Organic
67
60
33
40
100
100

Gold
63
38
100

Total
63
37
100

Number of responses
Green Green Organic
6
6
3
4
9
10

Gold
5
3
8

Total
17
10
27

Those that did not carry out pest control thought that they did not have a problem with
mammalian pests. Poisoning rats, and shooting possums, rabbits, and wild cats were the
main forms of pest control. Reasons for wanting to control pests included rabbits digging
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holes, possums damaging shelterbelts and eating the fruit/vines, rats being a threat to birds
and a pest in buildings, and as a hobby. All growers who thought that a bird-friendly label
was a good idea also thought it was still a good idea if it required the implementation of
predator control.

National farm survey
Attitudes towards the importance of birds to kiwifruit growers are outlined in Table 3.9.
Randomly selected participants outside of the ARGOS programme strongly disagreed to
participating in a scheme using bird symbols to market production as environmentally
friendly (Benge et al., 2009). While ARGOS growers were more supportive, they were still
not positive about the proposal. Significant differences were found between ARGOS panels
with gold placing less importance on the number of birds than green and less importance on
the level of biodiversity than organic (Benge et al., 2009).

TABLE 3.9: National Farm Survey results: Importance of native birds (1 = very
strongly disagree; 7 = very strongly agree). Results reproduced from the ARGOS
National Farm Survey (Benge et al., 2007; Fairweather et al., 2009).
ARGOS
Green
Sector
Gold Green
Average
organic
average
It is not my responsibility as a landowner to
encourage birds on my orchard
Orchards that have more birds are also more
likely to cope with drought and climate stresses
I would not like more birds on my orchard
I would be interested in participating in a
market accreditation scheme in the form of a
“bird tick” that certifies my production as bird
friendly
Some birds cause damage to my orchard
operation
Birds provide important services on my orchard
(pollination, pest control, or nutrient cycling)

3.5

2.8

2.3

2.8

3.6

2.3

3.4

3.7

3.1

2.8

3.3

3.2

3.5

3.3

3.3

2.7

3.7

4.1

3.5

2.2

3.8

2.4

4.3

3.6

4.5

3.5

4.6

4.3

4.1

3.7
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DISCUSSION

Development of an eco-label
Growers were generally supportive of the potential introduction of some form of eco-label
for exported fruit. However, the idea of developing a more specific bird-friendly label was
not well supported. Magpies (Gymnorhina tibicen), sparrows (Passer domesticus), rosellas
(Platycercus eximius), pukekos (Porphyrio melanotus) and blackbirds (Turdus merula) are
commonly seen as pests (Rate et al., 2007). Particularly on gold orchards, birds are known
to damage crops, with sparrows and rosellas often being blamed for destroying buds and
damaging ripening fruit (Rate et al., 2007). Conversely, growers commonly express a
general appreciation for some birdlife, and in particular, put value on natives such as the tui
(Prosthemadera novaeseelandiae), bellbird (Anthornis melanura) and fantail (Rhipidura
fuliginosa) for their aesthetic value and as proof of a healthy environment (Blackwell et al.,
2005; Rate et al., 2007). Therefore, while not convinced that a specific bird-friendly label
would be beneficial, the support of a general eco-friendly label combined with a recognition
of the value of some bird species on their orchard, suggests that with evidence of consumer
support, growers may see a value in a more specific label.

A concern emerging from ARGOS growers was whether consumers would recognise the
meaning of a bird-friendly label. While there is a wide spread understanding of the
importance of birds in agricultural systems in the major consumer areas of the UK and
Europe (Benton et al., 2002; Herzon & Mikk, 2007; Newton, 2004), research in the New
Zealand context is limited (MacLeod et al., 2008) and therefore is perhaps less well
appreciated by the general population. Growers are understandably wary of introducing a
label that consumers would not recognise, or would not react to in terms of their purchasing
behaviour. Before growers would back a specific label, they would need to be assured that
consumers would respond to the knowledge that their fruit was bird friendly. While two
growers suggested the use of a fantail as a label for exported fruit, both of these growers
were concurrently involved with research on fantails on their orchard and therefore may not
have thought of using the fantail before their involvement in the research.
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While the decline of farmland birds in the UK and Europe is well recognised, it is debatable
whether a New Zealand native bird as the focus of such a label (e.g. a ‘fantail tick’) would
be recognised by international consumers. The value growers hold towards New Zealand
native species suggests that it would be appropriate to use a native species as a basis for a
bird-friendly label. Alternatively, a species that is both recognised as threatened in their
native range by consumers and is flourishing in New Zealand could be more valuable and
informative, e.g. the skylark (Alauda arvensis) (MacLeod et al., 2009). Current research is
aimed at determining the value of the fantail as an indicator of environmental health on
kiwifruit orchards (Chapter 1 & 2) and sheep/beef farms in New Zealand (Sarah Meadows,
pers. comm.). The value of the fantail, as a desirable species in New Zealand and as an
insectivore, whose food source is directly influenced by orchard activities (e.g. spray
regimes), has positioned it as the leading potential species for an environmental label. The
flycatcher family, of which the fantail is a member, is found throughout Europe, Asia,
Africa and the Pacific (Falla et al., 1993; Maegli et al., 2007). Consumers would recognise
the value of a ‘flycatcher’ species, as there are examples of such birds on the decline in
these areas For example, the spotted flycatcher (Muscicapa striata) in the UK (Peach et al.,
1998) and the willow flycatcher in North America (Sogge et al., 2003) are declining due to
habitat degradation.

Changes in bird abundance
While previous studies have shown that growers are aware of what bird species are present
on their land (Hunt et al., 2005; Rate et al., 2007), these results show that they tend not to
put focus on numbers unless perhaps they directly impact the orchard or grower (i.e. pest
species). An introduction of an eco-label would require a general awareness and
understanding of the environmental factors affecting the certification of an orchard in an
accreditation scheme. If a bird-friendly label was to be introduced growers would need to be
aware of bird populations and whether their actions are affecting them. Given the fantail is a
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charismatic species that when present is easily seen and noticed, this is the bird that growers
would be most likely to take notice of and subsequently monitor.

As assessments of fantail numbers are likely to be highly subjective, it is difficult to
determine whether these perceived changes in fantail numbers are reflective of true
population trends. However, growers noticing greater numbers of fantails during the winter
concurs with surveys on the same ARGOS kiwifruit orchards showing that fantails are more
abundant overall during the winter, outside of the breeding season (see Chapter 2).

Managing birds
A number of bird species, notably blackbird, song thrush (Turdus philomelos) and finches
often choose to nest in the vines, and any implementation of a ‘bird friendly’ certification
would likely require growers to encourage birds on the orchard, and refrain from removing
active nests. By asking whether growers currently remove nests from the vines, and their
reasons for doing so we can determine whether it is reasonable to require growers to leave
active nests without it negatively affecting orchard production. Given that in general
growers said they only removed nests when they were empty suggests that this is a
reasonable request. However, the presence of nests on the ground that appear to have been
active and were removed from the vines implies that growers may remove nests without
checking them first, or possibly only regard nests as active if there are chicks present. While
the growers themselves may not actively remove these nests, it may well be employees (e.g.
seasonal pickers and pruners) that are removing them (often unintentionally as they prune),
suggesting that any introduction of bird friendly certification would require industry-wide
education and auditing.

Mammalian pest control
Given that mammalian predators (e.g. rats, stoats and possums) are the major cause of nest
failure and predation of both adults and chicks (Boulton et al., 2008; Courchamp et al.,
2003; Moores, 1983), the control of these predators would be essential to increase the bird

Opinions of kiwifruit growers

90

populations on orchards. With at least 60% of growers already carrying out some form of
pest control, and with all growers who supported the introduction of a bird-friendly label
being prepared to implement pest control, growers appear to be prepared to carry out their
own pest control. However, the pest control currently being carried out on some orchards is
shooting rabbits, not controlling predators such as rats and possums. Those that are
controlling rats are unlikely to be controlling them within the vines, and are more likely to
be controlling them around buildings. Therefore it is likely that existing pest control
programmes on orchards would have to be greatly increased to include predator control
within the vines for it to have any positive affect on bird populations.

Comparisons with ARGOS growers and the wider industry
The randomly selected participants outside of the ARGOS programme strongly disagreed to
participating in a scheme using bird symbols to market production as environmentally
friendly. This finding supports the idea of a disconnection in values between the market and
the producers. It was concluded that if consumers do value such factors then producers will
need to be convinced of this (Benge et al., 2009). The disparity between the interview
results here and the National Farm Survey results maybe due to the ARGOS growers
becoming more sympathetic to such issues over time from being involved in this research.
Alternatively, they may have been more sensitive to begin with (which is possibly reflected
in their willingness to be involved). Given that environmental initiatives are still not a
priority for many growers (as found in the National Farm Survey) the introduction of
initiatives like eco-labels needs to be considered carefully. Gradual exposure of the wider
industry to the importance of environmental stewardship could help with the future
implementation of initiatives like eco-labels. The general support of ARGOS growers
towards some form of eco-label suggests that if growers are made more aware of the
potential benefits of improving their orchards environmental health they may become more
supportive of further environmental efforts. The ARGOS growers are likely to be more
aware of environmental concerns and the potential benefits of enhancing biodiversity, and
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subsequently advertising that fact to consumers, due to their increased exposure to current
research.

Conclusion
While ARGOS growers expressed overall support for the development of an eco-label, they
were wary of the reaction of consumers towards a specific ‘bird-friendly’ label, and whether
consumers would understand what it meant. This sentiment towards a bird-friendly label is
also supported by a wider population of interviewed growers who were shown to be
negative about such initiatives. This suggests that the value of such labels needs to be
strongly demonstrated to growers to gain their support.
ARGOS growers have previously demonstrated a wide knowledge of the environment
within their orchard (Hunt et al., 2005), and this research has shown that they are aware of
bird species if they are important i.e. a pest species or are particularly valued on the orchard.
They have also demonstrated a willingness to control pests on the orchard, and many
already do. This suggests that if growers are given an incentive to encourage certain species
onto the orchard, and control others, they are prepared to make changes that could increase
the marketability of their fruit.

An eco-label could act to distinguish New Zealand kiwifruit from international competitors
and would need to be applicable to both organic and Kiwigreen management systems.
However, it would also need to be clearly distinguishable from the ZESPRI® brand, with a
separate meaning and benefit, with verified, informative labelling (Sahota, et al., 2009).
Therefore, would all orchards be able to claim the label? If, like Kiwigreen, the label
becomes an industry-wide scheme, with all fruit bearing the label that assures the
environmental health of the orchard the fruit has originated from, what benefit would there
be to the individual grower? With EurepGAP compliance the individual grower does not see
any direct monetary benefits (Rosin et al., 2008). An additional labelling compliance
scheme would need to bring in a monetary advantage to the individual grower, as well as

Opinions of kiwifruit growers

92

the ZESPRI® brand in order to have value and gain support. With the entire New Zealand
kiwifruit industry already operating under either the Integrated Management system (95%
of production) or certified organic (the remaining 5% of production) (Campbell et al.,
2006), the industry has already proven itself to be organised, willing, and successful at
implementing schemes that benefit growers’ market access.
In order to determine a label that would be recognised by consumers, and understood by
growers, further study into consumer preference is needed. We need to understand what a
typical consumer reaction to a bird label would be before continuing. Beyond that, the
decision on what species to use would need further consideration. Not only would the
chosen species, native or otherwise, need to be recognised by both growers and consumers,
it would need to be shown that the chosen species is not negatively affected by orchard
practices.
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TABLE A1: Model selection for each species, including the detection function, series
expansion, truncation distance and number of selected intervals for the best-fit model. A
maximum of two covariates were selected. Separate models were selected for summer and
winter seasons.

Species

Season

silvereye

summer

winter

house
sparrow
blackbird

function

expansion

Hazard-rate

cosine

Half-normal

hermitepolynomial

Truncation (m)

Intervals

Covariates

32

8

20

9

none

wind and
heard/seen

Hazard-rate

cosine

34

11

wind

winter

Hazard-rate

cosine

30

10

canopy

Hazard-rate

cosine

32

9

Hazard-rate

cosine

30

10

habitat

Half-normal

cosine

32

8

wind

Hazard-rate

cosine

30

10

habitat

Half-normal

cosine

60

8

none

Hazard-rate

cosine

40

9

heard/seen

summer

summer

thrush
winter
fantail

Series

summer

winter
song

Detection

wind and
habitat

summer

winter

Appendix 1

101

FIGURE A1: Estimated detection function for silvereyes in summer, pooling over
values of continuous covariates habitat and behaviour.

FIGURE A2: Estimated detection function for silvereyes in winter, pooling over values
of continuous covariates habitat and behaviour.
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FIGURE A3: Estimated detection function for house sparrows in summer, pooling
over values of continuous covariates habitat and behaviour.

FIGURE A4: Estimated detection function for house sparrows in winter, pooling over
values of continuous covariates habitat and behaviour.

Appendix 1

103

FIGURE A5: Estimated detection function for blackbirds in summer, pooling over
values of continuous covariates wind and habitat.

FIGURE A6: Estimated detection function for blackbirds in winter, pooling over
values of continuous covariates habitat and behaviour.
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FIGURE A7: Estimated detection function for song thrush in summer, pooling over
values of continuous covariate wind.

FIGURE A8: Estimated detection function for song thrush in winter, pooling over
values of continuous covariate habitat.
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FIGURE A9: Estimated detection function for fantails in summer, pooling over values
of continuous covariate heard/seen.

FIGURE A10: Estimated detection function for fantails in winter, pooling over values
of continuous covariate heard/seen.
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APPENDIX 2

Orchardist questionnaire for kiwifruit growers
Asked verbally by Jayson Benge, ARGOS kiwifruit field research manager

1. Labelling to show environmental performance
Do you see a potential benefit from using a label on exported kiwifruit which demonstrates
some aspect of the environment in orchards?

YES/NO
If NO, why not?

If YES:
What do you think the benefit of such a label would be?

What do you think might go on such a label?

What would it indicate?
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What are your thoughts on a label showing the impacts of kiwifruit production on birds?

2. Changes in bird abundance
a) Thinking of all birds, compared to now, how many did you have on the orchard:
About the same / more /less /don’t know
5 years ago (~2004)
10 years ago (~ 1999)
15 years ago (~1994 – before
kiwigreen)
b) Thinking specifically of fantails, compared to now, how many fantails did you have on
the orchard:
About the same / more /less /don’t know
5 years ago (~2004)
10 years ago (~ 1999)
15 years ago (~1994 – before
kiwigreen)

c) What changes, if any, have you noticed in the numbers of birds across seasons? E.g. more
of a particular species in a particular season.

3. Managing birds
a) Do you remove nests from the vines?

ALWAYS / SOMETIMES / NEVER
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If you remove nests, why?

b) Do you do anything else to encourage birds on your orchard?

YES / NO

If yes, what species do you target?

If yes, what action do you take?

C) Do you do anything else to discourage birds on your orchard?

YES / NO

If yes, what species do you target?

If yes, what action do you take?

4. Mammalian control
Do you carry out any control for mammalian pests on your orchard? YES/NO

If no, why not?

If yes, which pests do you target?
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Why do you target these pests?

Ask next question only if the answer to question 1 was yes.
If you thought bird friendly labelling was a good idea, would you still want it if it required
mammal pest control?
YES/NO

1

