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higher numbers of predators closer to the bush area. The spatial capture-recapture model 

estimated a low kiwi density, which may be due to detection limitations and small 

sample sizes. It may be necessary to increase the sample size in future studies to reflect 

the most realistic results. Overall, the findings suggest that habitat characteristics such 

as canopy cover, soil conditions and surrounding vegetation influence their behaviour 

and that horticultural landscapes can support kiwi if managed properly. Additionally, 

my findings show that kiwi use modified landscapes and can inform orchardists on how 

to make horticultural settings more kiwi-friendly through improved habitat and pest 

management. Future research should increase the number of orchards used and include 

more diverse horticultural settings to test the replicability of these findings and their 

extent. Research could also assess the effectiveness of different orchard management 

practices on their behaviour. These efforts will support better conservation strategies 

and promote eco-friendly orchard management in New Zealand. 
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1.1 Ecosystem services 

1.1.1 Definition 

Ecosystem services are the benefits that humans gain from natural ecosystems. These 

services are typically categorised into four main types (De Groot et al., 2002; Fisher et 

al., 2009). Provisioning services, comprising the supply of food, water, and raw 

materials. Regulating services, including the control of climate, floods, disease, waste, 

and water quality. Cultural services contain recreational, aesthetic, and spiritual 

benefits. Finally, supporting services include soil formation, photosynthesis, and 

nutrient cycling. Ecosystem services are crucial for human survival and well-being, as 

they support the functioning of ecological processes that sustain life on earth (Daily, 

1997; Haines-Young, 2010). However, human activities often disrupt these essential 

services, leading to a decline in ecosystem health and a reduction in nature's benefits. 

For instance, pesticides are widely used in pastoral and horticulture to improve crop 

quality and yields and reduce management costs. While effective in maintaining crop 

quality, these chemical pesticides can have negative effects on natural ecosystems 

(Sánchez-Bayo, 2019). The widespread use of neonicotinoid pesticides has been linked 

to declines in pollinator populations, such as bees, which reduces pollination services 

essential for both wild ecosystems and agricultural productivity (Potts et al., 2016). 

Therefore, it is critical to understand and value ecosystem services. By developing 

sustainable management practices that balance human needs with the protection of 

biodiversity and natural resources, we can ensure the long-term health of both 

ecosystems and human populations. One approach to achieving sustainable management 

practices is by intercropping companion plants that mutually benefit each other. Putting 

these plant species together can lower management costs and potentially increase 

income for the additional plant species (Lithourgidis, 2011). Additionally, using 
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biocontrol with non-chemical pest management methods can further reduce the 

environmental impact of agriculture (Gurr, 2003; Heimpel, 2017). Birds are a prominent 

example of natural enemies of pests and make significant contributions to biological 

control in agricultural ecosystems. For instance, Mols and Visser (2007) found that 

Great tits (Parus major) can reduce caterpillar density in apple orchards by up to 50%, 

leading to increased fruit yield and decreased need for chemical pesticides. However, 

neither this study nor that of Karp (2014) directly compares the effectiveness of bird 

control with chemical insecticide control. Nonetheless, the findings highlight the dual 

benefit of enhancing bird populations: promoting crop productivity while reducing 

environmental impact. 

1.1.2 Examples of Ecosystem Services in Agriculture 

In agriculture, the ecosystem services provided by biological organisms play a crucial 

role in enhancing productivity and sustainability. For instance, pollination by bees and 

other insects is essential for the production of many fruits and vegetables, significantly 

increasing agricultural yields (Ricketts et al., 2008; Klein et al., 2007). In biological pest 

control, natural predators or parasites can be used to manage pest density. In today's 

society, the use of pesticides is very common (Aktar et al., 2009). Using biological pest 

control can reduce the need for chemical pesticides in these areas, potentially increasing 

crop yields and value, lowering pesticide costs in management, and resulting in 

healthier products and maintaining the surrounding ecosystems better (Sharma et al., 

2019). This creates a win-win situation, benefiting both economically and in terms of 

environmental conservation. Moreover, many species can provide essential ecosystem 

services, including insects and mammals such as bats (Boyles et al., 2011; Maas et al., 

2013). However, in this thesis, I will focus on the ecosystem services provided by birds 

in horticulture. Birds can offer ecosystem services such as pest control, seed dispersal, 
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density, not only through direct predation but also by stimulating defensive behaviours 

in pests (Kollross et al., 2023). The fear of predation can cause pests to alter their 

behaviour, morphology, physiology, or development to avoid being eaten (Evan, 1990). 

These changes may involve increased energy costs, such as enhancing mating success 

or altering migratory behaviour. However, these changes can also increase the pests' 

vulnerability to their predators. The energy invested in these behavioural adaptations 

can indirectly affect pest populations and densities (Philpott et al., 2009; Preisser et 

al.,2005). These are the impacts and effects brought by birds. Moreover, pest 

populations and densities are major factors causing yield reduction, so bird predation 

can play a crucial role in protecting farmland and orchards.  

Several studies have pointed out that birds can significantly reduce pest populations in 

economically important crops like apples, coffee, and grapes (Barbaro et al., 2017; Karp 

et al., 2013; Mols and Visser, 2002). In Mols and Visser (2002) study, great tits were 

found to be more effective than pesticides at controlling caterpillars in apple orchards 

(Malus domestica). Their presence greatly reduced leaf damage and plant death. 

Removing caterpillars early led to less crop damage. That means delayed removal 

caused more harm, lowering crop yields and wasting early farming efforts. The 

researchers recommended placing nest boxes in orchards to provide more breeding sites 

for great tits. This should help young birds maturing faster and to reduce the economic 

losses caused by caterpillars. This pest control method is cheaper and more effective 

than using pesticides, which caterpillars can develop resistance to over time. Overall, 

the presence of great tits increased crop yields by 60%, showing the advantages of using 

birds for sustainable pest management. Allowing and encouraging this ecosystem 

service by great tits is not only less expensive in the short term, but avoids issues with 

pesticide resistance, thus reducing the need for pesticide development and pesticide 
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accumulation in the environment. Likewise, Karp et al. (2013) found that native birds 

were more effective than pesticides in reducing the infestation of coffee plants by coffee 

berry borer beetles (Hypothenemus hampei). The presence of birds lowered infestations 

by 50% and allowed a reduction in pesticides used. This ecosystem service economic 

benefit to the farmers was equivalent to an average annual income in Costa Rica. In the 

study, the authors recommend the development of forests in or around coffee 

plantations to encourage birds to visit the orchards. Furthermore, studies have shown 

that the presence of surrounding forests can significantly benefit coffee production by 

enhancing the pollination services of local insects. Several studies have shown that 

areas close to natural forests can increase the abundance and diversity of pollinators, 

thereby improving fruit yields in coffee plantations (Aristizábal et al., 2025; Caudill et 

al, 2017; González-Chaves et al., 2020). In another example, Wearing (1992) found that 

where present, silvereyes (Zosterops lateralis L.) in New Zealand, destroyed about 53% 

of the overwintering codling moth larvae (Cydia pomonella L.) a pest of apples. 

Whereas in areas without silvereyes, the larvae mortality rate was just 5% (Preisser et 

al., 2005).   

Ecological engineers are organisms that directly or indirectly control the availability of 

resources by causing changes in the physical state of biological or non-living materials 

(Jones et al., 1997). In New Zealand, the North Island brown kiwi, approximately the 

size of a domestic chicken, could play a significant role in pest control, soil fertilisation, 

seed dispersal, and soil structure improvement. Research has shown that brown kiwi 

regularly forage in pasture environments (Cunningham & Castro, 2011; Dixon, 2015; 

Watt, 1971). Their diet primarily consists of invertebrates, including earthworms, 

beetles, snails, and insects, which they detect and consume by probing the soil with their 

long beaks. This foraging behaviour is unlikely to cause damage to crops, as their 
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Table 1.1 Studies of the North  Island brown kiwi Diet 

 







 

16 
 

territories, thereby affecting population dynamics. While direct evidence of this 

phenomenon in other kiwi spp. is limited, studies on other bird species indicate that 

anthropogenic noise can disrupt communication, leading to challenges in mate attraction 

and territory defence. 

Cofield et al. (2011) provided evidence for an auditory fovea in brown kiwi, an 

adaptation that enhances their ability to detect specific sound frequencies. This 

increased auditory sensitivity would enable kiwi to navigate and communicate more 

efficiently in low-light, ground-dwelling environments, by compensating for their 

reduced reliance on vision (Martin et al.). The kiwi's specialised hearing system may 

play a crucial role in increasing the efficiency of vocalisations and helping to maintain 

social and territorial structures (Miles, 1992). This adaptation, along with their vocal 

behaviour, highlights the importance of auditory mechanisms in kiwi survival and 

reproductive success. 

In addition, kiwi calls are often used in conservation efforts as a non-invasive way to 

monitor populations. Call surveys are an effective method of estimating kiwi 

populations and assessing the success of predator control programs (Dent, 2013; 

Robertson, 2004). By recording and analysing kiwi calls, researchers can track 

population trends and gain valuable insights into kiwi behaviour in different habitats 

(Robertson, 2004; Undin & Castro, 2022). Understanding the vocalisations and auditory 

adaptations of the North Island brown kiwi is essential for developing effective 

conservation strategies and ensuring the species' long-term survival. Research indicates 

that kiwi possess specialised auditory systems, including a basilar papilla with a higher 

proportion of short hair cells, suggesting an adaptation for high-frequency hearing. This 

specialisation may aid in detecting conspecific calls and environmental sounds, 
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a meaningful impact on pest populations. Despite this, their potential role in promoting 

ecological balance and sustainability within these systems is worth exploring further. 

Integrating the brown kiwi into agricultural and horticultural systems offers 

opportunities for conservation efforts. Land managers and conservationists can develop 

strategies to support kiwi populations while encouraging sustainable land use practices. 

These efforts are essential for addressing the challenges posed by habitat loss and 

introduced predators while maintaining productive and resilient agricultural systems. 

1.6 Study Sites 

1.6.1 Kerikeri 

Kerikeri is in the Northland region of New Zealand within the Bay of Islands, 

experiencing abundant rainfall and a mild climate with annual temperatures typically 

ranging between 12°C and 22°C (Conning & Miller, 1999). These climatic conditions 

favour the cultivation of diverse fruit crops, making Kerikeri one of New Zealand's 

most productive horticultural regions. The area is particularly renowned for its 

production of citrus fruits, kiwifruit, tamarillo, and avocado, which significantly 

contribute to the local horticultural economy. This productive agricultural landscape, 

combined with patches of native forests and regenerating bush, offers unique 

opportunities to explore the interaction between wildlife, such as the North Island 

brown kiwi, and horticultural land use. 

Efforts to protect kiwi populations in Kerikeri include government-initiated pest control 

programs, supported by local community initiatives and private landowner participation. 

These programs involve regular trapping of invasive predators, such as stoats and 

possums, to enhance the survival of both kiwi chicks and adult birds. Such initiatives 

are essential for maintaining the ecological integrity of the region while bolstering kiwi 
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populations (Northland Regional Council, n.d.). The Northland Regional Council 

emphasises the importance of integrated pest control efforts to protect biodiversity, 

including kiwi habitats, within the Kerikeri Ecological District. 

Understanding how kiwi populations interact with this agricultural landscape is critical 

for crafting conservation strategies that ensure the long-term survival of kiwi 

populations while simultaneously supporting sustainable agricultural practices. These 

strategies are vital for addressing habitat loss and mitigating the impacts of introduced 

predators, ensuring that agricultural systems in the region remain productive and 

resilient. 

This study was conducted at four sites in Kerikeri: The Landing Vineyard, Craigmore 

Orchard, Puriri Park Orchard, and Kainui Orchard (Figure 1.1). These sites were 

selected based on various factors, including reports of the North Island brown kiwi 

presence and existing collaborations with orchard owners (Department of Conservation 

[DOC], 1999; Northland Regional Council, n.d.). Moreover, each orchard has its own 

unique management practices and crop types, providing the opportunity to carefully 

select the horticultural environment best suited for this study. 
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orchard was chosen based on information that kiwi calls were heard in the surrounding 

bush areas. It was therefore considered likely that this vineyard might serve as a suitable 

foraging area for kiwi. For this project, 8-hectares were used.  

 

Fig. 1.2 Camera trap & Pitfall trap location in each study site. A. The Landing; B. 
Craigmore; C: Kainui; D. Puriri Park.   

Yellow dots represent pitfall trap station locations used for invertebrate sampling. 
Blue dots indicate camera trap locations used for monitoring the North Island 
brown kiwi activity and the other species in the study sites. 

1.7 Invertebrates in Vineyards and Kiwifruit Orchards 

Invertebrates play a critical role in the ecosystems of vineyards and kiwifruit orchards. 

These organisms serve as both beneficial species and pests, influencing soil health, pest 

control, and overall ecological balance. Understanding the composition of invertebrate 

communities is essential for developing effective pest management strategies and 

promoting sustainable pastoral and horticultural practices (Table 1.2). 
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2002). Research has shown that organic kiwifruit orchards typically support higher 

biodiversity compared to conventional or Integrated Pest Management (IPM) systems, 

particularly among predatory and parasitic species (Steven et al., 2007). IPM systems 

are a strategic approach to pest control that focuses on using a variety of sustainable 

methods to reduce the use of chemical pesticides. Its main goal is to prevent economic 

losses while protecting human health and the environment. The system integrates 

biological, mechanical and chemical control technologies and is applied through a 

careful monitoring and decision-making process. It emphasises the importance of 

understanding pest life cycles and interactions within the ecosystem to implement the 

most effective management strategies (Dara, 2019; Suckling et al., 2003). For example, 

biological control may involve the introduction of natural predators or parasites, while 

mechanical control may include traps or barriers. Under IPM, chemical methods are 

only used as a last resort when other strategies prove insufficient to address pest 

problems. IPM is widely recognised as an effective and environmentally friendly pest 

control method suitable for agriculture, forestry, and urban areas. This multi-faceted 

approach combines biological, cultural, and physical controls to manage pests, reducing 

the reliance on harmful pesticides that can contribute to pest resistance and 

environmental degradation when overused. By integrating natural pest control 

strategies, such as promoting beneficial invertebrates, IPM helps control pest 

populations naturally and minimises the long-term economic and ecological costs 

associated with traditional pesticide-heavy methods (Dhawan & Peshin, 2009). 

Additionally, these practices can create a more ecologically balanced orchard 

environment that not only supports sustainable pest management but also improves 

habitat conditions for the North Island brown kiwi.  
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and orchard management. If the kiwi foraging behaviour can help regulate pest 

populations, this could provide a natural, sustainable solution to pest control. 

Investigating the potential role of the brown kiwi as a biological control agent may open 

up new opportunities for integrating conservation efforts with agricultural productivity. 
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1.7.1 Pests in New Zealand in Vineyards and Kiwifruit Orchards 

In New Zealand's vineyards and kiwifruit orchards, a variety of pests, including 

mammals, birds, and invertebrates, pose significant threats to crop quality and yield. It 

is important to understand the different types of pests and their impact on maintaining 

agricultural productivity, including the most effective methods for controlling them. 

This section will focus on the pests in these environments, especially invertebrates 

because they are one of the main pests of vineyards and kiwifruit orchards and are in the 

diet of the North Island brown kiwi. Certain invertebrate species can cause severe 

damage to crop quality. 

Common pests in horticultural settings include leafrollers (Epiphyas postvittana), 

mealybugs (Pseudococcidae), scale insects (Diaspididae), grapevine moths 

(Phalaenoides glycinae), and aphids (Aphidoidea) (Table 1.3). Leafrollers, mealybugs, 

and scale insects are particularly prevalent in kiwifruit orchards. Leafrollers primarily 

damage young leaves, flowers, and fruit, resulting in substantial economic losses 

(Steven et al., 2007). Sap-sucking pests, such as mealybugs and scale insects, weaken 

plants by inhibiting their growth, leading to further economic damage (Charles et al., 

2014). Aphids are commonly found in vineyards and kiwifruit orchards, where they 

extract plant sap, weaken the plants, and slow their growth. Additionally, they spread 

plant viruses, which further compromise plant health and productivity. Moreover, they 

excrete a sugary substance called honeydew, which accumulates on the plant surface, 

attracting fungi that blacken leaves and fruit. This reduces photosynthesis and decreases 

the product's market value (Fereres & Moreno, 2009). Decreases in market value due to 

pest infestations are not unique to New Zealand and can be observed in other countries. 

For instance, pests such as the Mediterranean fruit fly cause significant crop damage 

and lead to export restrictions, resulting in an estimated over $2 billion annually in  
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Table 1.2 Invertebrate studies in vineyards and kiwifruit orchards
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losses for fruit producers (Sciarretta et al., 2018). Similarly, in India, insect pests such 

as those affecting wheat, barley, and pulses contribute to losses ranging from 10% to 

more than 25% of total production (Sharma et al., 2017). These examples highlight the 

global economic impact of pest infestations on agricultural productivity and market 

accessibility. 

Some bird species can threaten vineyards and kiwifruit orchards by damaging fruit and 

reducing yield. For example, silvereyes peck at the fruit, particularly in vineyards, 

leading to losses (Tracey et al., 2007). This behaviour can have localised impacts on 

crop productivity, highlighting the challenges of managing bird activity in agricultural 

settings. Introduced bird species like blackbirds (Turdus merula), song thrush (Turdus 

philomelos), sparrows (Passer domesticus), and starlings (Sturnus vulgaris) are 

especially common in vineyards, where they feed on ripe grapes (Gray, 1991; Kross et 

al., 2012; Nelson, 1990). New Zealand's "Predator-Free 2050" initiative aims to 

eradicate invasive mammal predators, which in turn will contribute to the growth of 

native and non-native bird populations, potentially increasing the frequency of these 

interactions. Maintaining a balance between bird populations and agricultural and 

horticultural environments is essential for promoting ecological stability and sustainable 

crop production. Maintaining a balance involves managing bird populations to enhance 

their positive effects while reducing harmful effects. Bird species, both native and 

introduced, play critical roles in these ecosystems, acting as both pest controllers and 

potential crop predators (Porter, 1992). For example, the use of natural predators, such 

as New Zealand falcons, has been successful in reducing crop damage from invasive 

birds in vineyards. These predators help control problem birds by preying on them, 

thereby reducing the number of birds destroying crops (Kross et al. 2012). In addition, 

IPM strategies (including habitat modification and bird deterrent systems) are often 
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Table 1.3 Pest Invertebrate studies in vineyards and kiwifruit orchards 
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kiwi in each orchard and adjacent forest areas. In Chapter 4, I will provide an 

interpretation of the combined results from Chapters 2 and 3, supported by data from 

diet analysis, camera traps, and acoustic recorders. Additionally, this chapter will 

include information about other vertebrates using the orchards, offering a broader 

context for understanding the orchard ecosystems.  
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2.1 Introduction 

The North Island brown kiwi is a nocturnal, flightless bird native to New Zealand, 

known for its reliance on invertebrates as a primary food source (Bull, 1959; Gurr, 

1952; Watt, 1971). Research on kiwi foraging ecology has traditionally focused on their 

feeding habits in forested environments (Colbourne & Powlesland, 1988; Reid et al., 

1982), and their ability to exploit modified landscapes, such as orchards and vineyards, 

remains poorly understood. Given the increasing anthropogenic modifications to kiwi 

habitats, understanding their dietary adaptations in horticultural environments is critical 

for assessing their ecological role and conservation needs. 

Studies analysing kiwi diet have frequently highlighted the significance of invertebrates, 

with Coleoptera (beetles), Orthoptera (grasshoppers), and other soil-dwelling 

invertebrates forming key components of their diet (Colbourne et al., 1990; Watt, 1971). 

Reid et al. (1982) conducted a large-scale analysis of gizzard contents from 50 North 

Island brown kiwi, confirming their preference for invertebrates associated with soil and 

leaf litter. More recently, Dixon (2016) emphasised the importance of moisture-rich 

soils in sustaining high invertebrate densities, which directly influence kiwi foraging 

success. This supports earlier observations by Kleinpaste and Colbourne (1983), who 

found that kiwi actively forage in microhabitats with high soil invertebrate availability, 

such as decomposing wood and organic-rich forest floors. Colbourne et al. (1990) 

further demonstrated that the abundance of invertebrates in kiwi foraging areas directly 

affects their feeding efficiency. 

The shift from native forests to human-modified landscapes, such as orchards and 

vineyards, introduces new variables that may alter kiwi diet composition. While past 

studies suggest that forested environments are preferred habitats for kiwi, evidence from 
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2.2 Methods 

2.2.1 Pitfall traps 

The North Island brown kiwi is a nocturnal, ground-dwelling insectivore, so I focused 

on sampling ground invertebrates using pitfall traps. These traps, which are dug into the 

soil, capture invertebrates as they move across the ground and fall into the trap. The 

invertebrates are preserved in a solution, such as Propylene glycol, for later 

identification in the laboratory. This method was chosen for its cost-effectiveness, 

simplicity, and ability to collect samples continuously. Moreover, it can provide 

sufficient sample sizes for statistical analysis (Koivula et al., 2003). The technique has 

been used successfully in other studies of kiwi diets (Shapiro, 2005; Dixon, 2015). 

The equipment used for setting up the pitfall traps included plastic sleeves cut from 10-

centimetre-long pipes and recyclable 266ml plastic cups. To install each trap, a hole was 

dug in the soil, and the hollow plastic sleeve was placed so that its top was flush with 

the ground. A plastic cup filled with approximately 4 cm of propylene glycol was 

inserted into the sleeve, ensuring that the cup's rim was level with the ground (Horne & 

Edward, 1997). The propylene glycol preserved the collected invertebrates, keeping 

them recognisable for identification and preventing them from escaping the trap. To 

protect the traps from external interference, metal covers were installed above them. 

These covers prevented debris from falling into the traps and safeguarded the collected 

invertebrates from potential predators. Designed to allow invertebrates to pass beneath 

without impacting trap efficiency, the covers also shielded the propylene glycol from 

dilution by rainwater, which could otherwise lead to inaccurate sampling. Additionally, 

to counteract the risk of the traps floating due to water accumulation in the outer sleeve 

during heavy rainfall, 4 oz sinkers were placed inside each plastic cup to maintain their 

stability. This setup ensured the traps remained effective in all weather conditions, 
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keys, though some groups were further classified to morphospecies or species level if 

necessary. For groups suspected of containing agricultural pests, efforts were made to 

identify them to the species level to assess their potential impact. If additional expertise 

was required for accurate classification, samples were sent to specialists. The identified 

invertebrates were then stored in a 70% ethanol solution for future reference and further 

analysis. This approach ensured that the data collected could inform both ecological 

studies and pest management strategies. 

Each site represents a specific horticultural environment (Table 2.1). The Landing is 

characterised as a vineyard, while Craigmore and Puriri Park are kiwifruit orchards. 

Notably, Kainui Orchard differs from the other sites as it contains both a kiwifruit 

orchard and a vineyard, offering a mixed horticultural landscape. This distinction 

provides an opportunity to compare invertebrate dynamics across different crop types 

within the same site. The GPS coordinates for each station were recorded to ensure 

precise placement and enable reproducibility of sampling efforts. Stations within each 

site are labelled for clarity and consistency, ensuring comprehensive coverage of the 

respective horticultural zones. This table serves as a key reference for understanding the 

spatial organisation of the pitfall traps across varying horticultural settings. 
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Table 2.1. The GPS location (decimal degrees format) of pitfall trap stations at the 
four study sites included in this thesis. S = South; E = East. 
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(Coleoptera), to family level, by using an identification guide (Naumann et al., 1991). 

Invertebrates were conservatively counted based on their most recognisable body parts 

(e.g., beetle heads, cicada nymph forelegs, spider chelicerae). When multiple parts of 

the same type were present in one sample, the number of individuals was estimated 

using the largest complete count of a single part type. For example, if five beetle heads 

and eight beetle mandibles were found, the count was recorded as five individuals. 

Finally, both the frequency of invertebrate occurrence and the number of individuals per 

sample were considered in the analysis to ensure robust and reliable results. This 

approach aligns with recommendations from prior studies emphasising the importance 

of combining frequency and abundance data to better understand dietary patterns in 

ecological studies (Dickman & Huang, 1988; Rosenberg & Cooper, 1990). Such 

methods enhance the ability to capture variability in invertebrate availability and dietary 

selectivity, which are crucial for interpreting ecological interactions accurately. Only the 

presence or absence of annelid chaetae was recorded, as Wroot (1985) noted that these 

structures are not reliable for estimating annelid numbers. 

2.2.3 Data analyses 

To analyse invertebrate communities and their relationship with kiwi presence across 

study sites, multiple analytical approaches were employed. The primary analyses 

included calculating capture rates from pitfall trap data, performing Non-metric 

Multidimensional Scaling (NMDS) to examine differences in invertebrate composition, 

and assessing the frequency of occurrence of invertebrate groups found in kiwi faeces. 

Pitfall Trap Data and Capture Rate Calculation 
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To assess kiwi diet composition and its potential role in pest management, invertebrate 

remains from kiwi faecal samples were analysed. The Frequency of Occurrence (FOO) 

for each invertebrate group was calculated as: 

 

This metric provided insights into which invertebrate taxa were most frequently 

consumed by kiwi. By comparing faecal-derived invertebrate compositions with pitfall 

trap data, the study evaluated whether kiwi selectively foraged on specific invertebrate 

groups and whether their diet varied across sites and seasons. 

2.3 Results  

2.3.1 Pitfall traps  

Table 2.2. provides a detailed classification of invertebrate groups identified during the 

study, serving as a reference for the subsequent results. It categorises the invertebrates 

into distinct taxonomic groups, including Coleoptera (beetles), Diptera (flies and crane 

flies), and Hemiptera (true bugs). Additional groups such as Orthoptera (crickets and 

weta), Acari (ticks and mites), and Arachnida (spiders, harvestmen, and 

pseudoscorpions) are also included. The table further specifies groups like Blattodea 

(cockroaches), Chilopoda + Diplopoda (millipedes and centipedes), Hymenoptera (ants, 

wasps, and ichneumonid wasps), and others such as Isopoda (slaters) and Amphipoda 

(hoppers). These classifications will guide the interpretation and organisation of the 

results, aligning the recorded data with the predefined taxonomic categories. 

  



 

48 
 

Table 2.2 Invertebrate Species Composition  

 

Hymenoptera (mostly ants) recorded the highest capture rate, followed by Dermaptera 

and Clitellata. Tricladida showed lower capture rates (Figure 2.1). At The Landing 

(Figure 2.2), Hymenoptera showed the highest capture rate, significantly exceeding 

other invertebrate groups followed by Orthoptera. At Craigmore, Dermaptera dominated 

the captures, recording the highest rate, followed by Clitellata and Arachnida. In Puriri 

Park, Orthoptera also had the highest capture rate, followed by Coleoptera and 

Gastropoda. In Kainui Orchard, Orthoptera was again the most frequently captured 

group, with Amphipoda and Clitellata ranking second and third. These findings indicate 

that while Orthoptera was a dominant group in most sites, variations in the composition 

of secondary groups, such as Hymenoptera, Coleoptera, and Dermaptera, suggest 
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potential habitat differences influencing invertebrate communities.

 

Figure 2.1 Pitfall trap Invertebrate Group Total Capture rate  
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Figure 2.2. Pitfall trap Invertebrate Group Capture rate in each study site  
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2.3.1.1 Captures per location  

Craigmore recorded the highest capture rate of invertebrates. The Landing had the 

second-highest capture rate, while Puriri Park had the lowest capture rate (Figure 2.3). 

Figure 2.3 Results of Pitfall Invertebrate Capture Rate at Each Study Site. 

Table 2.3 summarises the invertebrate species composition recorded in pitfall traps at 

the four study sites: The Landing, Craigmore, Puriri Park, and Kainui Orchard. Across 

all sites, certain families such as Elateridae, Formicidae, Gryllidae, Porcellionidae, and 

Scarabaeidae were consistently observed. Families like Staphylinidae and Tipulidae 

were also present in all locations, while other families such as Carabidae, 

Curculionidae, and Rhaphidophoridae were site-specific. Additionally, Ichneumonidae, 

Apocrita, and Trigonidiidae were observed in some sites but not all. Families like 

Culicidae, Lygaeidae, and Scolopendridae were recorded with lower representation 

across the sites. The data show variations in invertebrate family composition among the 

four locations. 
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Table 2.3. Pitfall trap invertebrate Species Family Composition in each study site  

 

2.3.1.2 Captures per season 

Figure 2.4 shows that in autumn, Craigmore recorded the highest capture rate, with the 

Landing showing a similar capture rate. Puriri Park recorded the lowest capture rate. In 

Winter, Craigmore again had the highest capture rate, and Puriri Park had the lowest. 

The second highest capture rate was recorded at Kainui Orchard, not at the Landing. 

Overall, the capture rates in Autumn were significantly higher than those recorded in 

Winter, indicating a seasonal variation in invertebrate activity. 
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Figure 2.4 Pitfall trap capture rate in each study site between Autumn and Winter. 
Error bars are not shown for the Kainui orchard in autumn because only one data 
point was available for that location and season. 

2.3.1.3 Comparison of Invertebrate Groups between the Study Sites 

Non-metric Multidimensional Scaling (NMDS) analysis was performed to evaluate 

differences in invertebrate community composition across the study sites. The NMDS 

ordination plot (Figure 2.5) displays distinct clustering of invertebrate groups associated 

with each site, suggesting site-specific variations in community structure. The stress 

value for the NMDS analysis was 0.2019, indicating a reasonably good fit of the 

ordination model. 

PERMANOVA results confirmed statistically significant differences in invertebrate 

composition between sites (F = 2.4723, p = 0.001), suggesting that site characteristics 

strongly influence invertebrate community structure. The proportion of variance 

explained by site differences was R² = 0.20942, indicating that approximately 21% of 

the variation in invertebrate composition can be attributed to site-specific factors. 
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Further analysis of centroids in the NMDS ordination revealed that invertebrate 

communities from Craigmore (C) and Puriri Park (P) were more distinct, whereas those 

from Kainui Orchard (K) and The Landing (L) showed moderate overlap. These 

findings indicate that habitat conditions at each site likely contribute to the observed 

differences in invertebrate assemblages. 

The results suggest that environmental factors such as soil composition, vegetation 

cover, and resource availability may play a role in shaping invertebrate community 

structure. These findings provide a basis for further investigation into the ecological 

drivers influencing species composition across different horticultural and natural 

habitats. 

Figure 2.5 Non-metric Multidimensional Scaling (NMDS) Ordination Showing 
Differences in Invertebrate Groups Composition Across Study Sites. L = Landing; 
C=Craigmore; P = Puriri Park; K=Kainui Orchard  
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Non-metric multidimensional scaling (NMDS) analysis was performed to visualise 

differences in invertebrate community composition across seasons. The NMDS 

ordination plot (Figure 2.6) displayed a clear clustering of samples from different 

seasons, indicating distinct invertebrate assemblages in Autumn (A) and Winter (W). 

The stress value for the NMDS ordination was 0.4249, suggesting a moderate fit 

between the ordination and the original data. A PERMANOVA test (adonis2) was 

conducted to assess statistical differences in invertebrate composition between seasons. 

The results revealed a significant effect of season on community composition (F = 

10.297, p = 0.001, R² = 0.2552), indicating that 25.52% of the variation in invertebrate 

assemblages was explained by seasonal differences. These findings demonstrate a 

strong seasonal influence on invertebrate distribution, with clear compositional shifts 

between Autumn and Winter. 
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Figure 2.7.  Relative abundance (percent) of each invertebrate group within kiwi 
faecal samples.  

The line graph (Figure 2.8) depicts the monthly frequency of occurrence for various 

invertebrate groups across three months: March, June, and August. A significant peak is 

observed in June, where Coleoptera exhibits the highest frequency compared to all other 

groups. Most other invertebrate groups, such as Diptera, Hymenoptera, 

Chilopoda+Diplopoda, and Blattodea, maintain relatively low and stable frequencies 

throughout the months, with minor variations. In March and August, the frequencies of 

all invertebrate groups, including Orthoptera, Arachnida, and Gastropoda, are 

noticeably lower compared to June. This pattern highlights the temporal variation in 

invertebrate group frequencies over the observed period. 
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Figure 2.8 Monthly Invertebrate groups from kiwi faeces Frequency of 
Occurrence 
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particular habitat and their role as part of the diet of kiwi. The consistent presence of 

these species in faeces suggests that they contribute significantly to the diet of kiwi, and 

their availability in the environment may be an important factor for kiwi foraging 

behaviour. 

In Craigmore (Table 2.6), scarab beetles, snails, and scarab beetle larvae were found in 

all sampling methods, indicating their prevalence in this environment. Hoppers and 

cicadas were predominantly recorded in kiwi faeces, suggesting they form a part of the 

kiwi diet in this area. Other species such as mites, ground beetles, and millipedes were 

also consistently found in faeces samples, demonstrating their presence in the habitat 

and potential role in the diet of kiwi. These findings underline the diverse composition 

of invertebrates in Craigmore, with certain species appearing consistently across 

different sampling methods. 

Puriri Park (Table 2.7) had consistent findings of crickets, scarab beetles, and slugs in 

both pitfall traps and as common pests. This suggests these species are well-distributed 

and have established themselves within the environment. Species such as spiders, rove 

beetles, and earthworms were found in both pitfall traps and kiwi faeces, highlighting 

their availability in the environment and their importance as a food source for kiwi. 

Darkling beetles and cicadas were also detected in faeces samples from Puriri Park, 

indicating their role in the diet of kiwi in this specific environment. The presence of 

these species in multiple sampling methods points to their significance in the overall 

ecosystem of Puriri Park. 

 Kainui Orchard (Table 2.8) showed the presence of scarab beetles, snails, and spiders 

across multiple sampling methods, indicating these species are widespread within this 

environment. Cockroaches and earthworms were frequently observed in both pitfall 
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traps and faeces samples, suggesting they are both common and accessible to kiwi as a 

food source. Centipedes, millipedes, and slugs were recorded as orchard pests, showing 

their potential impact on the horticultural environment. The repeated presence of these 

species across different sampling methods highlights their adaptability and role in the 

orchard ecosystem. 

These results provide a detailed summary of the invertebrate species composition across 

different horticultural environments, highlighting the widespread occurrence of certain 

species and the unique distribution patterns observed at each site. The consistent 

presence of key species across multiple environments underscores their adaptability and 

ecological importance. Each environment displayed a unique composition of 

invertebrates, yet several species were common across all sites, reflecting their ability to 

thrive in diverse conditions. This comprehensive overview of species composition helps 

to understand the complexity and dynamics of invertebrate communities within these 

horticultural landscapes, emphasizing both the commonalities and unique features of 

each site. 
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Table 2.5 Kiwi faeces, Pitfall trap, common pest invertebrate Species Composition 
- the Landing
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Table 2.8 Kiwi faeces, Pitfall trap, common pest invertebrate Species Composition 
- Kainui orchard
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Coleoptera represented the largest group, making up the highest proportion of an 

invertebrate type found in faeces and pitfall samples. Orthoptera followed as the second 

most common group, with smaller proportions attributed to Lepidoptera and 

Gastropoda. These results highlight the relative abundance of different pest invertebrate 

groups present in the samples.  

 

Figure 2.9 Proportion of pest invertebrate groups identified in kiwi faeces and 
pitfall trap samples 

2.4 Discussion 

2.4.1 Pitfall traps  

The pitfall trap and kiwi faeces results in this study provide key insights into the 

diversity and distribution of invertebrate communities across the four study sites. By 

examining the differences between sites and seasons, this research offers a valuable 

perspective on the habitat factors that shape invertebrate populations and, indirectly, 

how they may provide ecosystem services. The findings also open the door for a deeper 
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understanding of the North Island brown kiwi's potential contributions to pest control 

and ecosystem balance in horticultural landscapes. However, given the limitations of the 

data, these remain speculative. 

2.4.1.1 Captures per location & per season 

The study revealed notable seasonal variations in invertebrate capture rates, with 

significantly higher captures in Autumn compared to Winter across all sites. This 

disparity is likely due to increased invertebrate activity during the warmer months when 

conditions are more favourable for reproduction, movement, and foraging. Warmer 

temperatures and abundant food resources during Autumn may have allowed 

invertebrate populations to thrive, leading to higher activity levels and following capture 

rates (Junker & Cross, 2014). In contrast, Winter's cooler temperatures and reduced 

vegetation growth may have driven invertebrates to burrow into soil or deeper 

vegetation layers, resulting in lower surface activity and reduced trap effectiveness. 

These findings align with established research on seasonal invertebrate dynamics in 

temperate ecosystems, where colder periods are often associated with lower activity 

levels (Surdo et al., 2024). Site-specific differences further highlight the influence of 

habitat features on invertebrate community composition and capture rates. Craigmore 

consistently recorded the highest capture rates among all sites. Its open environment 

with minimal canopy cover and drier soil conditions might have facilitated greater 

movement of ground-dwelling invertebrates, making them more likely to fall into pitfall 

traps (Siewers et al., 2014; Litavský & Prokop, 2023). The relatively dry soil and lack 

of dense vegetation could have also encouraged certain taxa, such as ants 

(Hymenoptera), to dominate the landscape, as these species thrive in open and arid 

conditions (Miguelena & Baker, 2019; Menke et al., 2011). However, while Craigmore 

exhibited high capture rates, it is important to recognise that these results may not 
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directly correlate with overall biodiversity or ecosystem health. Open environments may 

favour specific groups of invertebrates while excluding others, leading to an uneven 

representation of species diversity. 

In contrast, The Landing demonstrated high capture rates for Hymenoptera, particularly 

ants, which was influenced by its moist soil conditions and close to temporary water 

bodies. The wetter environment likely created favourable conditions for ants to forage 

and establish colonies (Tschinkel & King, 2017). Additionally, the nesting behaviour of 

ants on the underside of pitfall trap covers likely inflated their capture rates. Ants 

building nests under the metal covers often fell into the traps, highlighting their 

adaptability and resourcefulness in utilising microhabitats. While this phenomenon 

provides insight into ant behaviour, it also introduces potential biases in interpreting 

their abundance and dominance from pitfall trap data. 

Puriri Park, characterised by its extensive shrub cover, shaded environment, and 

consistently damp soil conditions, recorded the lowest capture rates. Shaded and moist 

microhabitats may favour species that are less active on the ground or those that 

primarily inhabit canopy layers, making them less likely to be captured by pitfall traps. 

This underscores the limitations of pitfall trapping in habitats with dense vegetation and 

high moisture levels, where other sampling methods may be more effective in capturing 

a broader range of invertebrates. 

Kainui Orchard, with its moderate vegetation and typical orchard management 

practices, exhibited intermediate capture rates. The balanced habitat conditions at this 

site likely supported a diverse range of invertebrates, with Hymenoptera and 

Dermaptera dominating the captures. These taxa are commonly associated with 
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agricultural landscapes and may play important roles in pest control and nutrient cycling 

(Arnold, 2022; Gupta, 2020).  

Hymenoptera dominated the capture rates across all sites, emphasising their numerical 

dominance in these ecosystems. Ants, as a major subgroup of Hymenoptera, are known 

to play critical roles in ecological processes, particularly as predators of other 

invertebrates (Capinera, 2008). Their potential contributions to pest control in vineyards 

and orchards warrant further investigation. Ants are highly adaptable and capable of 

exerting significant predation pressure on pest populations, which could provide natural 

pest control benefits. While their abundance in pitfall traps suggests they are an integral 

part of the invertebrate community, additional studies are needed to quantify their 

functional contributions to pest regulation. 

Coleoptera, another significant group captured in the traps, are widely recognised for 

their ecological roles in nutrient cycling, soil aeration, and decomposition (Verma et al., 

2023). In particular, beetles contribute to the breakdown of organic matter and the 

maintenance of soil health. Their high capture rates in Craigmore and The Landing 

suggest that these sites may benefit from the ecological functions provided by 

Coleoptera. However, it is important to note that not all beetle species are beneficial. 

Some Coleoptera species, such as leaf beetles and root borers, are agricultural pests that 

can damage crops and reduce yields (Kariyanna, 2017; Patole, 2017). This dual role 

highlights the need for species-specific investigations to better understand the 

contributions of Coleoptera to ecosystem services in agricultural landscapes. 

The presence of other taxa, such as Dermaptera (earwigs) and Isopoda (slaters), also 

provides insights into the functional diversity of invertebrate communities at these sites. 

Dermaptera are known for their omnivorous diet, which includes pest species such as 
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evidence. Seasonal and site-specific variations highlight the importance of habitat 

management in supporting biodiversity and ecosystem function. As an insectivorous 

species, the North Island brown kiwi may play an active role in shaping invertebrate 

communities through predation. Its foraging behaviour includes probing and digging, 

which can affect soil aeration and nutrient cycling, while contributing to local pest 

control by consuming agricultural pest species. However, the extent of these ecological 

impacts remains uncertain. Interactions between kiwi and invertebrate communities in 

modified landscapes such as orchards and vineyards are poorly understood and require 

further investigation. 

Future research should quantify the contributions of key invertebrate groups to 

ecosystem services and assess how kiwi predation affects invertebrate communities in 

these environments. Understanding these relationships will provide valuable insights 

into whether kiwi feeding benefits ecosystem processes such as pest regulation and soil 

health maintenance. By integrating ecological research with conservation and 

agricultural practices, it is possible to enhance biodiversity and the sustainability of 

horticultural systems while supporting kiwi populations in human-modified habitats. 

2.4.1.2 Comparison of Invertebrate Groups between the Study Sites 

Differences in invertebrate composition between study sites suggest that environmental 

conditions play a key role in shaping invertebrate communities. NMDS and 

PERMANOVA analyses showed significant differences among sites, with distinct 

groupings of invertebrate taxa. These findings highlight the influence of habitat 

characteristics, microclimate, and resource availability on the structure of invertebrate 

communities in different horticultural landscapes. 
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One of the most striking differences was the association of Arachnida and Diptera at 

Craigmore, which may be related to the lower canopy cover and drier soil conditions at 

the site. Arachnids, especially spiders, are well adapted to open environments where 

they can effectively hunt prey, whereas dipterans, including flies, often live in disturbed 

habitats. In contrast, The Landing and Puriri Park were more strongly associated with 

Chilopoda, Diplopoda, and Gastropoda. These taxa are often found in moist, organic-

rich environments, suggesting that these sites may offer more stable moisture and soil 

conditions that are favourable to decomposers and scavengers. 

Interestingly, the Kainui Ochard did not show strong aggregation with any particular 

invertebrate group but rather displayed a more mixed composition. This may indicate 

that habitat structure at Kainui supports a wider range of invertebrate species, or that 

environmental conditions fluctuate more frequently, preventing the dominance of 

particular taxa. Land management practices such as irrigation, pesticide use, and crop 

selection may also affect the invertebrate community at the site. 

Seasonal variation is another important factor affecting invertebrate composition. 

NMDS ordination showed that Diptera and Coleoptera were more abundant in autumn, 

whereas Gastropoda, Chilopoda, and Diplopoda were more prominent in winter. This 

pattern shows that changes in temperature, humidity, and food availability can affect the 

distribution of invertebrates throughout the year. Higher humidity in the winter may 

create favourable conditions for decomposers, while fall temperatures may favour 

blooms of flying insects. 

These findings suggest that environmental factors unique to each site play an important 

role in shaping invertebrate communities. Differences in soil conditions, vegetation 

cover, and microclimate may account for differences in invertebrate abundance and 
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total diet. These groups were often associated with soil and leaf litter habitats, 

reinforcing the hypothesis that kiwi forage primarily in microhabitats rich in organic 

matter. The presence of gastropods and diplopods suggests that kiwi may also be fed by 

scavengers, which could affect nutrient cycling in these ecosystems. 

Seasonal variations in diet composition were evident, with coleopteran abundance 

peaking significantly in June. This pattern suggests that seasonal changes in invertebrate 

communities may influence kiwi dietary intake. As shown in the line graphs, the 

presence of all invertebrate groups was significantly lower in March and August, 

indicating that kiwi may adjust their foraging strategies based on prey availability. This 

raises an important question: how do seasonal fluctuations in invertebrate abundance 

affect kiwi feeding efficiency, particularly in modified environments where resource 

availability may differ from native forests? Another important consideration is the 

unknown class in stool analysis, which accounts for only a small fraction of the dataset. 

While these most likely represent unrecognisable degraded invertebrate remains, further 

molecular or DNA-based analyses could allow for more precise identification of these 

dietary components. 

These findings suggest that kiwi may exhibit dietary plasticity, adjusting their foraging 

behaviour according to prey availability in different seasons. However, their degree of 

dependence on specific invertebrate groups remains uncertain. Future research should 

focus on analysing kiwi foraging preferences in more detail and consider factors such as 

prey nutritional value, availability, and potential impacts on invertebrate communities. 

Understanding these interactions is critical to assessing the ecological role of kiwi in 

modified landscapes and its potential contribution to pest regulation. 
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associated with moist environments, their consumption may also reflect kiwi foraging in 

specific microhabitats within the orchard environment. 

In contrast, some invertebrate groups were recorded more frequently in traps than in 

faecal samples. This includes taxa such as Diptera (flies) and Lepidoptera (moths and 

caterpillars). Although these groups were present in the orchard environment, their low 

levels in faecal samples may indicate that they are not a major dietary component of 

kiwi. Factors such as prey mobility, nutritional value or foraging efficiency could 

explain why certain invertebrates are rare in the diet composition of kiwi despite their 

presence in the habitat. The overlap between trap collections and faecal samples 

highlights the ecological role of kiwi as opportunistic foragers that feed primarily on 

readily available invertebrates. However, the differences between the datasets suggest 

that kiwi may exhibit some degree of prey selection, perhaps influenced by seasonal 

availability, prey behaviour, or habitat structure. Further research is needed to determine 

the extent to which kiwi actively selects for specific invertebrates or whether their diet 

composition largely reflects the abundance of invertebrates in the orchard landscape. 

Overall, these findings contribute to a broader understanding of the foraging ecology of 

kiwi in modified environments. By examining the relationship between available 

invertebrates and those consumed by kiwi, this study provides valuable insights into the 

adaptive nature of kiwi feeding behaviour in orchard ecosystems. Understanding these 

interactions is critical to assessing the potential role of kiwi in pest management and its 

overall ecological impact in these horticultural landscapes. 

The findings in this chapter provide important insights into the relationships between 

invertebrate communities, the North Island brown kiwi foraging behaviour, and 

ecosystem dynamics within horticultural landscapes. By comparing trap collections with 
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kiwi faeces, the study highlighted significant overlap in invertebrate composition, 

particularly between Coleoptera and Orthoptera, reinforcing the idea that kiwis actively 

consume the most abundant prey in their environment. The results suggest that kiwi 

exhibit dietary adaptations in response to seasonal changes in invertebrate availability. 

Agricultural pest species such as beetles, crickets, and snails were present in both faeces 

and trap samples, suggesting that kiwi may play a role in pest regulation, particularly in 

orchard ecosystems where these species are common. 

Despite these promising observations, this study was limited by a relatively small 

sample size and a limited number of study sites. While the data suggest that kiwi may 

contribute to pest control in modified landscapes, further research is needed to quantify 

the extent of this impact. Future studies should consider increasing the number of study 

sites and incorporating larger sample sizes to better assess the relationship between kiwi 

density and its effects on invertebrate communities. Furthermore, monitoring kiwi 

populations over long periods of time and under different agricultural settings will 

provide a more complete understanding of their ecological roles. It is evident from the 

results of this chapter that kiwi has the potential to act as a natural pest controller, 

particularly in orchard environments where they may help regulate invertebrate 

populations. However, to fully assess their effectiveness in this role, future research 

should incorporate multi-site studies with larger sample sizes and include an assessment 

of kiwi population density. This will help determine whether the presence of kiwi 

significantly affects pest dynamics and whether conservation efforts can exploit their 

foraging behaviour as part of an integrated pest management strategy in New Zealand 

agricultural landscapes. 
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3.1 Introduction 

As human agricultural landscapes expand, habitats of the North Island brown kiwi 

increasingly overlap with modified horticultural environments such as orchards and 

vineyards (Cunningham& Castro, 2011). Understanding how these environments 

influence kiwi behaviour, particularly foraging habits, is critical to determining whether 

these habitats offer benefits or present new challenges for kiwi conservation. This is 

particularly important because, in these environments, kiwi may come into contact with 

introduced mammalian predators, such as domestic cats and dogs, which are prevalent 

in agricultural areas (McLennan et al., 1996; Pierce et al., 1997; Robertson et al., 2011). 

Investigating the extent to which this occurs is crucial for assessing the role agriculture 

may play in kiwi conservation efforts. 

The kiwi is a nocturnal bird that feeds primarily on invertebrates and is known for 

displaying highly adaptive foraging behaviour in a variety of habitats (Martin et al., 

2007). Research has shown that, in native forest environments, kiwi use their beaks to 

probe the soil, combining touch and smell to locate invertebrates (Dixon, 2015). 

However, less is known about how they adapt their behaviour in modified landscapes, 

such as orchards, which may offer different resource availability and challenges 

compared to traditional forest habitats. Furthermore, while the presence of introduced 

predators in these environments is well documented, the extent to which predator 

activity overlaps with kiwi activity remains unclear. The decline of kiwi populations has 

been strongly linked to predation, with species such as stoats (Mustela erminea), feral 

cats (Felis catus), and dogs (Canis lupus familiaris) posing significant threats to both 

juvenile and adult kiwis (McLennan et al., 1996). Examining predator distribution in 

orchard environments will provide further insight into potential risks faced by kiwi in 

these modified landscapes. 
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Previous studies have explored kiwi behaviour in fragmented and modified landscapes. 

For example, research has examined the foraging patterns of kiwi in pasture and 

plantation habitats, providing insights into their adaptability and habitat use (Dixon, 

2015; Taborsky & Taborsky, 1995; Wilson, 2014). These studies highlight the 

importance of understanding the interactions between kiwi and modified environments 

for developing effective conservation strategies. While kiwi have shown the ability to 

use non-native habitats, the suitability of orchards as foraging grounds remains 

uncertain. Differences in soil composition, prey availability, and vegetation structure 

may influence their habitat use and movement patterns. 

This chapter investigates the behaviour and habitat use of the North Island Brown Kiwi 

in orchard environments. By examining their foraging habits, movement patterns, and 

predator exposure, we can better understand the impact of agricultural expansion on 

kiwi conservation. This knowledge is essential for developing effective management 

strategies that support both kiwi populations and sustainable land use. 

To achieve this, camera traps and audio recorders were used to capture key behavioural 

patterns, providing insights into how kiwi adapt their foraging strategies in orchards 

compared to native bush environments. Specifically, I aim to answer two key questions:  

�Š Do brown kiwi use orchards for foraging, and how does their foraging 

behaviour in these environments compare with their behaviour in adjacent 

bush habitats?  

�Š Is there a correlation between the activity of kiwi predators and the kiwi 

themselves, particularly in terms of predator numbers and the overlap in 

nocturnal activity? 
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By addressing these questions and examining the habitat use and behaviour of brown 

kiwi in modified landscapes, this chapter aims to provide insights that can inform 

conservation efforts and management practices. Such knowledge is vital to ensuring the 

survival of the brown kiwi in landscapes increasingly shaped by human activity, while 

identifying opportunities to enhance the ecological compatibility of horticultural 

systems with kiwi conservation goals. 

3.2 Methods 

3.2.1 Camera Traps 

A total of 50 camera traps were deployed across four study sites: The Landing, 

Craigmore, Puriri Park, and Kainui Orchard (Table 3.1). The number of cameras per site 

was based on area, with approximately one camera per hectare to ensure adequate 

coverage. Within each hectare, cameras were placed in locations representative of the 

local habitat, typically within orchard or vineyard areas to capture relevant bird activity 

(Fan, 2023). Cameras were placed proportionally across both orchard interiors and 

surrounding forest edges, with a focus on orchard areas, as the study aimed to assess 

kiwi activity specifically within horticultural settings. Specifically, 18 cameras were 

deployed at The Landing (12 hectares), 18 at Craigmore (12 hectares), six at Puriri Park 

(6 hectares), and eight at Kainui Orchard (8 hectares). 
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Table 3.1 The GPS location (decimal degrees format) of camera traps at the four 
study sites included in this thesis. S = South; E = East.
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calling birds. This information was intended to contribute to an understanding of the 

population size and distribution within the study area. 

Craigmore was chosen as the study site for the AR4 study due to its confirmed kiwi 

presence at the start of the study. Additionally, Craigmore featured a single, isolated 

patch of native bush within a kiwifruit orchard. The isolation of this bush patch was 

hypothesised to reduce the likelihood of kiwi movement between different bush areas, 

providing an opportunity to examine the relationship between kiwi activity and orchard 

proximity. 

AR4 recorders were used to estimate the locations of the North Island brown kiwi 

within the study area. The recorders were strategically placed to ensure overlapping 

detection ranges (Table 3.2), therefore allowing capture/recapture type analyses and 

allowing location of kiwi calls and potential movement patterns. The detection range of 

each recorder is represented by a coloured circle, with overlapping areas indicating 

regions where calls were simultaneously recorded by multiple devices. The placement 

of AR4 recorders and their detection ranges are shown in the Recorder Range and 

Named Region Map (Figure 3.1), following recommendations from Castro et al. (2019) 

and Juodakis, Castro, and Marsland (2021). The AR4 recorders were strategically 

placed within the orchard surrounding the native bush to maximise coverage and 

capture variations in kiwi density as a function of distance from the bush. The 

placement of recorders at 250-meter intervals ensured overlapping detection ranges 

within the 300-meter radius recording range of each device. This setup aimed to track 

kiwi activity across the orchard area while considering the small size of the bush patch, 

which would not accommodate multiple recorders effectively. 
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Fig. 3.1. Acoustic recorder Spatial Coverage with Overlapping Detection Regions. 
The yellow line shows the area of the orchard at Craigmore Orchard. The orange 
dots are the locations of the five acoustic recorders, each identified by a letter A to 
E. Each colour represents the 300m radius of coverage for the recorder in its 
centre. Overlaps in these circles denote overlapping recording areas. Each overlap 
was labelled with the letters of the recorders that overlapped in coverage at each 
location.   

To provide a more detailed understanding of kiwi activity, all usable recordings were 

categorised based on their location, distinguishing between recordings from orchard and 

bush areas. This classification enabled a comparative analysis of kiwi activity across 

different environments within the study sites. By differentiating activity between these 

habitats, it was possible to examine habitat preferences and behavioural variations in 

response to orchard conditions versus native bush.  
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presents an overview of the camera trap results collected from four study sites: The 

Landing, Craigmore, Puriri Park, and Kainui Orchard. The Landing recorded the highest 

number of total triggers, with 6,439 individual events, of which 84.0% were classified 

as false triggers and 16.0% as animal detections. Among the animal detections, 106 

videos were confirmed to contain the North Island brown kiwi. At Craigmore, 58.3% 

were categorised as false triggers and 41.7% as animal detections. Of these, 52 videos 

were identified as containing the North Island brown kiwi. In Puriri Park, 19.2% were 

classified as false triggers and 80.8% as animal detections. This site recorded 128 

videos containing the North Island brown kiwi, the highest number among the four 

study sites. Kainui Orchard comprised 65.1% false triggers and 34.9% animal 

detections. Only 30 videos from this site featured the North Island brown kiwi. The 

duration of camera monitoring varied across sites, with Puriri Park having the most 

nights (176), followed by Craigmore (172), The Landing (146), and Kainui Orchard 

(112). 

Table 3.3 Overview of camera trap results in four study sites 

 

Camera trap monitoring across the four study sites captured a total of 30 species, 

consisting of 9 mammal species and 21 bird species, presented in Table 3.4 by orchard 

and native status. Results of species captured were analysed, providing an overview of 

mammal and bird species composition at these locations, offering insights into the 

biodiversity and ecological dynamics of these horticultural environments. 



 

95 
 

Understanding the ecological dynamics aids in biodiversity of these environments, 

aiding in biodiversity monitoring and management efforts. 

Among the mammals, cats, rabbits and rats were found at all four locations. This, and 

their consistent documentation at horticultural sites, shows their wide distribution and 

successful adaptation to these environments. Dogs were recorded at The Landing, 

Craigmore, and Puriri Park. Hares were observed at The Landing, Craigmore, and 

Kainui Orchard, while hedgehogs were present at The Landing, Craigmore, and Puriri 

Park. Stoats were found only at Craigmore, showing a more limited distribution, while 

possums were observed at all four sites, highlighting their adaptability across these 

environments. 

For bird species, blackbirds, kiwi, mynahs, pheasants, pukeko, silvereyes, and song 

thrushes were recorded at all four locations, demonstrating their widespread presence. 

California quails, New Zealand falcons, and paradise ducks were only found at The 

Landing, indicating their specific occurrence in this particular environment. Dunnocks 

were observed at both The Landing and Craigmore, while fantails were present at The 

Landing and Puriri Park. Kingfishers were recorded only at Craigmore, suggesting a 

unique presence in that specific site. Other species, including the yellowhammer and 

grey warbler, were observed only at Craigmore. Weka was also recorded only at 

Craigmore, emphasising the unique avian community at this location. 

House sparrows were found at The Landing and Puriri Park, showing a partial 

distribution across the environments. Goldfinches were observed at The Landing, 

Craigmore, and Puriri Park, indicating their adaptability to multiple environments but 

were absent from Kainui Orchard. Starlings were present at The Landing and 

Craigmore, such as the Australasian harriers, were occasionally observed at specific 
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locations. Yellowhammers were only found at Craigmore, further highlighting the 

unique bird species composition at this site. 

Table 3.4 Presence and status of native and introduced species captured across 
four study sites. i = present 

 

3.3.1.1 North Island Brown Kiwi Capture Rates in Videos by Study Sites and 
Season 

Puriri Park recorded the highest overall kiwi capture rate, with 27.42 in March and 

25.81 in August as the peak months (Table 3.5). In contrast, Kainui Orchard 

consistently showed the lowest capture rates, with the highest rate being 8.00 in June. 

Craigmore displayed moderate rates across all months, with the highest capture rate of 

5.56 recorded in February. The Landing exhibited a gradual increase from March (5.53) 

to May (25.93), followed by a decline in subsequent months. At The Landing, camera 
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traps were not deployed in February, and similarly, no cameras were set up in February 

or March at Kainui Orchard; hence these entries are marked with a dash (-). The values 

in the table represent camera capture rates for kiwi videos. 

Table 3.5. Kiwi videos capture rate (per camera per night) in each site and month.  

At The Landing, the bush area recorded the highest capture rate at 43.72, compared to a 

much lower rate of 1.66 in the orchard area. Similarly, Craigmore showed a higher 

capture rate in the bush area (9.03) than in the orchard area (0.40). In contrast, Puriri 

Park recorded a higher capture rate in the orchard area (16.64) compared to the bush 

area (6.87). At Kainui Orchard, all kiwi videos were captured in the bush area, with a 
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rate of 10.71, while no videos were recorded in the orchard area (Figure 3.4). 

 

Fig. 3.4 Variation in capture rates between orchard and bush areas across 
different sites 

When considering the overall camera capture rates across all four study sites, Puriri 

Park had the highest camera capture rate, while Craigmore had the lowest (Figure 3.5). 
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Figure 3.5 Camera trap seasonal video capture rate at the study sites. A. The 
Landing; B. Craigmore; C. Kainui; D. Puriri Park. CT = camera trap station; 
Please notice the difference in axis size between The Landing and the other sites 

 

3.3.1.2 Habitat utilisation using Heatmaps from Camera Trap Capture Rates 

At The Landing, the highest kiwi capture rates were recorded at CT2, CT7, and CT10, 

with CT2 and CT10 positioned in the bush area near the main road (Figure 3.6). In 

Craigmore, CT11 and CT6 had the highest capture rates, both located in the bush. At 

Puriri Park, CT3, situated in the orchard, recorded the highest capture rate, indicating 

notable kiwi activity in a horticultural setting. In Kainui Orchard, CT5 had the highest 
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capture rate, aligning with the bush-related trends observed at other sites.

 

Fig. 3.6 Overview of spatial variation in kiwi activity across the different study 
sites. A. The Landing; B. Craigmore; C. Kainui; D. Puriri Park. CT = camera trap 
station. Each heat map displays the capture rates using colour-coded circles, with 
larger circles representing higher capture rates.  
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3.3.1.3 Pattern of North Island Brown Kiwi  activity time at each site  

The analysis of the North Island brown kiwi video capture times across the four study 

sites highlights notable variations in activity patterns. A total of 234 kiwi videos were 

analysed, excluding repeated captures of the same individual within 30 minutes at the 

same location, following the methodology outlined by Brook et al. (2012). 

Overall, kiwi activity was consistently higher in bush areas compared to orchard areas 

across all periods (Figure 3.7). Notably, no kiwi videos were captured in the orchard 

area of Kainui Orchard, emphasising the limited activity of kiwi in this type of 

environment. This distinction between bush and orchard areas provides insights into the 

habitat preferences of the North Island brown kiwi across the study sites. 

The highest capture rate in bush areas was observed 9 hours after sunset, with a rate of 

0.95 kiwi videos/100 hours. In contrast, the orchard areas recorded their highest capture 

rate during the first hour after sunset, at 0.18 videos/100 hours. Throughout the 

monitoring period, the bush areas demonstrated significantly higher capture rates than 

the orchard areas, with values ranging from 0.23 to 0.95 in the bush and from 0 to 0.25 

in the orchards. This highlights a marked difference in kiwi activity patterns between 

the two habitat types. 
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Fig. 3.7 Overall camera capture rates of the North Island brown kiwi activity in 
orchard and bush areas over the 13 hours following sunset.  

Kiwi activity was higher in kiwifruit orchards compared to vineyards across most time 

periods. The peak capture rate in kiwifruit orchards occurred during the 9th hour after 

sunset, with a rate of 0.47, while the highest capture rate in vineyards was recorded 

during the 5th hour, at 0.41. In kiwifruit orchards, capture rates ranged from 0.03 to 0.5, 

whereas in vineyards, rates ranged from 0.1 to 0.4. This demonstrates differing patterns 

of kiwi activity between the two habitat types (Figure 3.8). 
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Fig. 3.8 Camera capture rates of the North Island brown kiwi in kiwifruit orchards 
and vineyards during the 13 hours following sunset.  

Overall, the highest capture rates were observed in summer, with a peak of 1.31 during 

the first hour after sunset (Figure 3.9). In autumn, capture rates were generally lower 

than in summer, peaking at 0.71 during the 9th hour. Winter showed the lowest activity 

levels, with a maximum capture rate of 0.15 during the 2nd hour after sunset. Across all 

seasons, kiwi activity tended to decline after the 9th hour, with minimal capture rates 

recorded during the 12th and 13th hours. These results highlight seasonal variations in 

kiwi activity patterns, as reflected in the capture rates. 
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Fig. 3.10 North Island brown kiwi behaviour type composition in total- orchard v.s 
bush 

 

Fig. 3.11 North Island brown kiwi behaviour type composition- orchard v.s bush in 
each study site 
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Fig. 3.12 Kiwi average camera capture rate for foraging vs. prey handling 
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Figure 3.13 Kiwi average camera capture rate for foraging vs. prey handling- the 
Landing 
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Figure 3.14 Kiwi average camera capture rate for foraging vs. prey handling- 
Craigmore  
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Figure 3.15 Kiwi average camera capture rate for foraging vs. prey handling- 
Puriri Park  
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Figure 3.16 Kiwi average camera capture rate for foraging vs. prey handling- 
Kainui Orchard  
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3.3.2.1 Location of North Island Brown Kiwi  Calls 

Figure 3.17 shows the distribution of duet calls and single calls detected by more than 

one recorder kiwi calls recorded within the study site. A total of 102 call locations are 

shown. The locations on the map show that brown kiwi calling activity is widespread in 

orchards and surrounding bush areas. Kiwi calls were concentrated in specific areas 

within the study site, with higher densities in the central and northern parts of the 

mapped area. Fewer calls were recorded in the southern part of the orchard and the 

surrounding areas. The mapped data also showed changes in the location of male and 

female calls, with male calls occurring more clustered. The distribution of calls shows a 

pronounced density near the bush within the study site. The spatial arrangement of calls 

indicated that kiwi vocal activity was not evenly distributed across the study site. 

 

 

Figure 3.17 Recorded kiwi call location & sex 

  














































































































































