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Abstract 
 

Bioaccumulation and toxicity of heavy metal pollutants has the potential to contaminate 

marine systems when present in high concentrations. For centuries, seabirds have been 

used by Indigenous communities to determine the health of marine systems. More recently, 

Western science has also recognized seabirds as useful indicators to monitor elevated risk 

of marine pollutants. This project aims to explore the role of seabirds as indicators of ocean 

state using a ‘tohu’ framework that reflects a kaitiakitanga-based natural resource 

management. This advocates for a natural resource co-governance model by drawing upon 

the knowledges, values and ethics of western and Māori world views. Following a kaupapa 

Māori based methodology, three customary harvest mutton-bird species (Ōi (Pterodroma 

gouldi/grey faced petrel); Tītī (Puffinus griseus/sooty shearwater; and Toanui (Ardenna 

carneipes/flesh-footed shearwater) were investigated using both qualitative and quantitative 

methods. Semi-structured interviews identified three key themes in resource management of 

these birds by Māori: harvesting practices, kaitiakitanga, and whanaungatanga. Harvest 

practices had a bottom-up governance approach creating diverse harvesting techniques that 

adapt to local environments. Kaitiakitanga identified mana whenua rights in and power-

sharing in natural resource management as a requirement for success. Whanaungatanga 

also identified relationships and collaboration as a vital component. Inductively coupled 

plasma mass spectrometry (ICP-MS) and laser ablation ICP-MS (LA-ICP-MS) were used to 

analyse a 22-elemental suite of feather ōi, tītī, and toanui feathers. These were compared 

against species, sex, age, blood heterophil-lymphocyte (H:L) ratios, feather deposition 

patterns, and life stage. Compared with tītī and toanui, ōi had the highest levels of Hg whilst 

toanui recorded the lowest concentrations of Mn and Cu of the three species. As these 

species forage and migrate to different marine areas, this may reflect marine elemental 

compositions. In adult ōi, Hg and Se were positively correlated with age. Whereas ōi chicks 

had the highest Hg feather concentrations compared to fledged chicks and adults. This may 

have implications for the consumption safety of ōi chicks. Variations in feather metal 

deposition in mid-to-upper sections of the feather rachis. Thus, clipping samples from these 

sections is sufficient for sampling which is far less invasive than removing an entire feather. 

No differences were found between ōi feather elemental composition and H:L ratios and sex. 

These novel findings inform both conservation efforts and customary harvest practices. 

Genuine cross-cultural collaboration is imperative to successfully address the health of these 

birds, marine health, and the communities consuming these birds. 
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1.1 Introduction 

 

Māori culture holds a relational ontology that assumes communication between humans and 

material subjects through a complex multimodal symbolic knowledge system, which has 

been present in Aotearoa, New Zealand for over a millennium. Within this worldview, the 

environment, similar to people, communicates messages through these relationships (Lyver 

& Moller, 2010), with all beings as speaking subjects that have their own mana (spiritual 

authority) and mauri (life force) (Hindle & Matthewman, 2017; Hoskins & Jones, 2017a). The 

manifestation of mana in the environment is referred to as tohu, which in the past guided 

Māori society. Tohu can be perceived through a variety of ways, for example, through sight, 

smell, animals that approached you, sounds, emotion, and dreams (Hindle & Matthewman, 

2017; Mark & Lyons, 2010).  

 

From the earliest times through to the present day, tohu have been observed as signs used 

to interpret and monitor changes in the environment (Jefferies & Kennedy, 2009; King et al., 

2007). Prior to colonial contact, tohu were fundamental and therefore crucial for survival and 

therefore an important part of Māori pre-colonial values systems. They take many forms and 

are interpreted based upon local context and generations of observations and associated 

predictions (Jefferies & Kennedy, 2009; T. Smith, 2008). Meteorological and astronomical 

information are ascertained through tohu rangi (signs observed in the sky). Tohu moana 

refer to signs associated with the sea which are important for fishing and travel. Signs of 

seasonal change are known as tohu nō te tau, which are vital for the management of harvest 

practices. Tohu whenua, or landmarks, often appear in discussions of whakapapa 

(genealogy). Tohu can also be separated into two categories: tohu ora and tohu mate, 

indicators providing knowledge that sustain life and those that precede death, illness, or 

disaster (Smith, 2008). Often tohu are aligned with various others when they occur 

simultaneously in nature. A well-known example is the flowering of pohutukawa 

(Metrosideros excelsa) which is a tohu that kina (sea urchin, Evechinus chloroticus) are 

ready to harvest, whilst the flowering of harakeke is a tohu they are of poor quality at that 

time (Jefferies & Kennedy, 2009; Smith, 2008). The complexity of all these forms of tohu 

allows for a multitude of meanings and management decisions to emerge, which informs 

future actions that avoid negative consequences and provide positive outcomes (Hindle & 

Matthewman, 2017; Smith, 2008).  

 

Regardless of their form, all tohu are received and interpreted through the process described 

by Durie (2004) as ‘ka kite te kanohi, ka rongo te taringa, maatau ana ki te ngākau’ (the eyes 

see, the ears hear, the mind-heart understands). From this perspective, the head is not 
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associated with cognition but rather a pathway to the body that perceives information and 

knowledge that exists in the natural world. It is the ngākau, the internal memory system 

consisting of the mind and centrally located organs, that interprets and communicates with 

tohu (Durie, 2004; T. Smith, 2008). Tohu from the external environment are received through 

the head and the ngākau is what many refer to as rongo (hear, sense). Those that have an 

expert ability to read and interpret tohu are tohunga. Their skills in engaging with metaphoric 

and symbolic representations of knowledge in the environment yields a deep level of 

attunement with the natural world (Hindle & Matthewman, 2017; Smith, 2008).  

 

The word ‘tohunga’ derives from the verb ‘tohu’ which linguistically demonstrates the 

connection between tohunga and the atua (gods and ancestors). Tohunga can also be 

derived from the two words: 'whakato’ to plant or lay out a thing; and ‘kahunga’ to take away 

or hide your personal feelings or interest in that thing. Thus, tohunga guide people with 

issues that have been laid down, but they do not decide for others (Moon, 2004). Every atua 

holds the ultimate authority, guardianship, and responsibilities for specific environmental 

domains, they are the environment personified (Hiroa, 1949; Marsden, 2003). Tohu are 

manifestations of the mana of an atua within their environmental domain. Mana tangata is 

the spiritual authority and power delegated to humans by the atua through whakapapa 

(genealogy) (Marsden, 2003; Sadler, 2014). Accordingly, tohunga are revered as people of 

great mana as they interpret tohu and act on behalf of an atua’s operations in the natural 

world (Marsden, 2003). Tohunga practices re-establish connections to the atua and 

acknowledge the presence of their mana. Traditionally they were responsible for the 

governing of harvests and protecting the mauri of the non-human subjects (Timoti et al., 

2017). Karakia (incantation) is one such practice that invokes non-human beings to enable 

their productive engagement in a task (Hoskins & Jones, 2017a; Timoti et al., 2017). 

Through this, tohunga permit judgements about the subtle yet significant variations in tohu 

that enables communities to adapt their activities to floods, storms, and other environmental 

extremes (King et al., 2007). 

 

 

1.1.1. Western Understandings and Engagement  

 

Western science often equates tohu to indicators which refer to an object or organism’s 

physical characteristics reflecting environmental conditions. This erases the spiritual, social, 

and cultural dimensions of tohu by limiting them to empirical investigation (Smith, 2008). 

Furthermore, this simplified critique creates a disconnect between theory and practice in 

favour of a definition which is fixed and rigid (Hoskins & Jones, 2017b). Similarly, the word 
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tohunga is often translated as expert, connoting Western measures and understandings of 

knowledge rather than centring Māori ones. Western science and understandings of 

knowledge, although rooted in ancient Greek philosophies, emerged during the 

‘Renaissance’ or ‘Enlightenment’ period. This saw the separation of scientific thought from 

religion and theology, and the development of compartmentalised disciplines (Iaccarino, 

2003). It also heralded the collaboration among different European cultures and the 

incorporation of knowledge from non-Western epistemologies, determining the types of 

knowledge that are included and excluded to reflect Western philosophical traditions 

(Broughton et al., 2015; Elshakry, 2015; Iaccarino, 2003). With colonisation came the global 

expansion of Western power, and by extension Western sciences (Elshakry, 2015).  

 

In New Zealand, colonial policies and governing systems have marginalised Māori ways of 

knowing in favour of Western science, for the past 100 years. Consequently, Western 

science is currently the dominant knowledge system in New Zealand which has resulted in 

most research involving Māori being about Māori but not by or with Māori (Broughton et al., 

2015; Sadler, 2007). However, in more recent times, Māori engagement with research and 

research institutions is gaining momentum. Western scientific disciplines such as 

environmental studies and ecology are showing an increasing interest in mātauranga Māori 

and Māori ways of knowing (Mercier, 2018; Sadler, 2007). Mātauranga Māori refers to Māori 

knowledge, ways of knowing, culture, values, and world view. It is a complex system that 

encompasses space, time, discipline, and place (Hikuroa, 2017; Mercier, 2018). Many 

similarities exist between mātauranga Māori and Western science, but it is important to 

acknowledge that each knowledge system is autonomous, and one should not be used to 

validate the other (Hikuroa, 2017). Research that investigates problems of relevance to both 

cultures and allows equal input from contributors at every stage of the research process, 

tend to be the most successful at engaging with both mātauranga and science. This genuine 

collaboration not only yields innovative solutions but respects the autonomy of each system 

preventing the dissociation of knowledge from its cultural context (Mercier, 2018). 

 

The work of Wilson et al. (2007) is an example of a collaborative project that drew upon both 

the Western concept of environmental indicators and Māori understandings of tohu to 

examine marine health. Their use of tohu as a system of monitoring created an avenue for 

iwi (tribe) and hapū (subtribe) knowledge, values, and practices to be communicated with 

governing agencies. Most importantly, this collaboration saw the inclusion of the goals and 

aspirations that Ngāti Konohi, the local iwi, have for the rohe moana (marine area) 

incorporated into the resource management agenda (Wilson et al., 2007). However, 

regarding the analysis and representation of their research, there is still improvement to be 
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made for genuine collaboration. Notably, the description of tohu as either “process-focused” 

or “species-focused” is a Western analysis of the concept, not reflective of the cultural 

context. Such definitions remove the social and spiritual components of tohu which are vital 

to understanding tohu. Furthermore, Wilson et al., (2007) classified tohu into “primary” and 

“secondary” which reflects the hierarchical organisation of knowledge of Western scientific 

practice. Hikuroa (2017) warns against using the tools of Western knowledge systems to 

analyse mātauranga Māori because it divorces Māori knowledge from its culture, 

communities, and worldview. This repositions tohu as a mere translation for ‘environmental 

indicator’ rather than a concept unto itself. To prevent this further colonisation of Māori 

knowledge, values and practices, the autonomy of mātauranga must be prioritised, 

otherwise it will cease to exist (Broughton et al., 2015). 

 

 

1.1.2. Tohu and Whakapapa 

 

All things have whakapapa (Ngata, 2019), which connect humans and everything else in the 

natural world through shared descent from Ranginui and Papatūānuku and their offspring, 

the atua. If tohu are the manifestations of the mana of the atua, it is through whakapapa that 

they are understood. As such, tohu cannot be discussed without reference to whakapapa. 

Whakapapa refers to a genealogical framework that structures knowledge upon a relational 

worldview. In this construct, whakapapa and knowledge are interdependent, reflecting a 

kinship-based perspective of the natural world (Roberts, 2013). However, whakapapa is 

more than a genealogy. It also forms a philosophical framework that organises and 

accumulates knowledge; creates an ethic of behaviour that ensures long-term physical and 

cultural survival; and provides insights about our positionality in the universe (Durie, 2004; 

Mikaere, 2013; Roberts, 2013). Whakapapa is also a valuable tool of analysis that tohunga 

use to critically analyse new phenomena by connecting both animate and inanimate 

phenomena to their roots to determine how they came into existence (Sadler, 2007). 

Whakapapa connects us to everything and thus guides our understandings of tohu and 

management practices. The relationships dictated in the whakapapa invoke reciprocity, 

respect, and responsibility for interactions with the natural world, inclusive of the past, 

present, and future (Lyver & Moller, 2010; Mikaere, 2013). This whakapapa relationship 

between humans and the environment is therefore inherently tapu (sacred) but also 

practical. The foundation it provides organises knowledge, mitigates ethical practice and 

maintains a perpetual connection with the natural world that ensures survival (Durie, 2004; 

Mikaere, 2013). In more modern times, the distinction between this relational approach and 

the quantitative separation of people and environment of Western scientific thought, has 
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maintained the resistance of cultural identity, history, links to ancestors, and land (Lyver et 

al., 2008; Ngata, 2019). Whether through genealogical connections or the philosophical 

framework of complex relationships, tohu are deeply embedded within whakapapa. Indeed, 

they are essential for informing of the state of the relationship between humans and 

environmental resources and hence guiding interactions (Lyver & Moller, 2010). 

 

 

1.2. Seabirds as Tohu 

 

When navigating understandings of the natural world it must be acknowledged that nothing 

can exist in isolation. Accordingly, the varying environmental domains are aligned when 

interpreting tohu (Solomon & Peach, 2021). This practice is described in the following 

whakatauākī (proverb): 

 

Tuia ki te rangi, 

Tuia ki te whenua, 

Tuia ki te moana, 

E rongo te po, E rongo te ao. 

From what is written in the heavens, 

written upon the land, 

and written in the ocean, 

the divisions of night and day are understood.  

 

Tohu are almost infinite, those in the heavens draw from the winds, stars, moon, and sun; 

tohu from the ocean include fish movement and the tides; and those present on the land 

encompass the state of plants, trees, and birds (Solomon & Peach, 2021). Inspired by this 

ontology, this thesis aims to understand the state of oceanic metal pollution using seabirds 

as tohu. Seabirds are an interesting case considering they can be perceived as tohu of both 

the ocean and the land. For Māori, seabirds have played an influential role being affiliated 

with voyaging and navigation, harvest, preparation and eating practices, and maramataka 

(the Māori lunar ecological calendar). The whakapapa connection between Māori and the 

natural elements creates a bond with birds as ancestors, spiritual guides, and tohu (Mark & 

Lyons, 2010). Many native New Zealand birds, including seabirds, are thus recognized as 

taonga (highly treasured) or chiefly species. Their importance also encompassed vital 

sources of protein, and feathers (Black, 2021; Lyver & Moller, 2010).  
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Embedded within oral traditions lies the importance of many seabird species where 

countless whakatauākī or kupu whakarite (metaphors) draw upon them as sources of 

wisdom and cultural values (Black, 2021). “He manawa tītī; the heart of a tītī” is such a 

saying that is used to describe someone of great resilience by likening them to the immense 

distances that tītī (sooty shearwater, Puffinus griseus) fly to the northern hemisphere each 

year (Black, 2021). This also refers to the use of seabirds, such as the tītī, as tohu for 

voyaging and navigation. Past and present Māori voyaging traditions saw navigational 

experts reading ocean currents, stars, and migratory birdlife to traverse the Pacific Ocean 

(Rire, 2012). Drawing upon the mana of ancestral birds, whales, sharks and others, 

navigators would deduce the location of new lands (Salmond, 2021; Walker, 2004). Other 

seabirds including the tara (sooty tern, Onychopirion fuscatus) and akeake (white tern, Gygis 

alba) were highly useful as long-distance indicators of land due to their foraging habits 

during the nesting seasons. Migratory behaviours of other seabirds such as tītī, saw millions 

of birds moving from Rarotonga to New Zealand in early October, revealing the route that 

was travelled by the Hōkūle’a voyaging canoe in 1985 (Crowe, 2018). 

 

Use and management of seabirds is also embedded within maramataka. Seasonal cycles of 

planting, harvesting, and hunting were guided by the lunar cycles, positioning of stars in the 

heavens and the biological rhythms of many species (Roberts et al., 2006). The harvesting 

of birds is closely linked to the star Tupuārangi (Atlas) in the maramataka for many iwi and 

hapū, along with many other elevated food sources. It is said that when Tupuārangi shines 

dimly in the sky, this is a tohu for an unproductive harvest due to low bird populations 

(Matamua, 2017). Interpreting these tohu was imperative for identifying poor harvest 

seasons and therefore had significant health impacts for a community. However, low food 

sources also have substantial cultural impacts. “He kainga tītī, a muttonbird’s feast” is a kupu 

whakarite that draws upon the behaviour of the tītī which only returns once a day to feed its 

chicks (Black, 2021). It refers to those that are notorious for lacking in food when hosting 

visitors. Supporting and generously hosting visitors a core value known as manaakitanga 

(Moorfield, 2021). A community’s ability to uphold this value is a direct reflection on their 

mana and failure to provide for others impacted this heavily. Interpreting tohu to maintain the 

quality and quantity of the resources harvested within tribal boundaries is therefore not only 

linked to survival but to cultural practices and spiritual wellbeing also (Bond et al., 2019). For 

many, terrestrial seabird colonies were an important part of this, and customary practices 

guided by tohu and tohunga safeguarded and optimised their populations (Crowe, 2018; 

Lyver et al., 2015). 
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1.2.1 Comparing Tohu and Indicator species 

 

Many similarities can be found between tohu and the Western ecological concept of indicator 

species. When one species is used to represent other species and or an ecosystem it is 

termed ‘the indicator species concept’ (Hoare et al., 2010). This aligns with the physical and 

ecological manifestations of tohu. Over time, the indicator species concept has become a 

common aspect in natural resource policies, environmental management, and ecological 

research due to their time- and cost-effective approach (Carignan & Villard, 2002). Since its 

first use in the early twentieth century, the concept has developed into three core concepts: 

population, health, and biodiversity indicators. These represent the various ecosystem 

characteristics a species can be indicative of (Bakker, 2008; Carignan & Villard, 2002; Hoare 

et al., 2010). 

 

For millennia, countless cultures and societies have used seabirds as indicators of the state 

of the marine environment as they possess many attributes that are indicative of 

environmental conditions (Parsons et al., 2008; Velarde et al., 2019). They are abundant and 

highly visible at sea; they respond to local and global climatic shifts; their terrestrial colonies 

are consistent in location; they are easily caught; changes in ocean physio-chemical and 

prey populations are manifested in feeding and reproductive behaviours; are sensitive to 

anthropogenic pressures such as habitat destruction, pollution, and overexploitation of 

fisheries; and long-lived species have a tendency to abandon eggs or chicks when 

provisioning proves costly (Furness & Camphuysen, 1997; Gaskin & Rayner, 2013; 

Humphries et al., 2017; Parsons et al., 2008; Velarde et al., 2019). Procellariiformes in 

particular are useful indicators in the Southern Hemisphere as species range from top 

predators to zooplanktivorous grazers representing a variety of trophic positions (Anderson 

et al., 2009). Seabirds within this order are often advocated as useful indicators for marine 

contaminants, although contaminant levels vary significantly depending on a species’ 

physiology and foraging preferences and physiology. Apex predators are typically targeted 

as their prey species are similar to some human fisheries and they are potential indicators 

for the bioaccumulation of marine contaminants such as heavy metals (Anderson et al., 

2009; Furness & Camphuysen, 1997; Gaskin & Rayner, 2013; Parsons et al., 2008).  

 

Tissue, feather and stomach contents from seabird chicks, adults and eggs can all be used 

as indicators to monitor these contaminants which is important in preventing potential risks 

to both seabird and human health (Ashkoo et al., 2020; Shoji et al., 2021). However, 

identifying the sources of heavy metal contaminants can be challenging due to the variety of 

marine food items seabirds exploit and the vast distances some species cover when 
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foraging (Elliott, 2005; Humphries et al., 2017). Identifying appropriate indicator species can 

also be difficult. Trophic position alone does not guarantee a species effectiveness as an 

indicator. Various research within the literature has found foraging location, life history, diet 

variation, individual physiology, community differences, and breeding season to all be 

important factors that impact the level of contaminant bioaccumulation in different seabird 

species (Bakker, 2008). Several methods have been proposed to identify appropriate 

indicator species. The ISA (Indicator Species Analysis) method, first proposed by Dufrêne & 

Legendre (1997), is commonly used as it accounts for both species’ frequency and 

abundance, its applicable to any taxonomic group and can accommodate research 

classifications such as the levels of an experimental factor. Unfortunately, the effectiveness 

of the ISA method is limited to simple experimental designs (Bakker, 2008). Irrespective of 

how an indicator species is selected, the number of studies using seabird monitoring 

programs is growing driven by the need to determine the health of fisheries, marine 

ecosystems, and seabird populations. These studies have made evident that exposure to 

heavy metal pollutants varies considerably among species and thus comparisons made 

between studies should be approached cautiously (Einoder, 2009; Furness & Camphuysen, 

1997; Humphries et al., 2017). 

 

 

1.2.2. Ecosystem engineers 

 

The importance of understanding seabirds as tohu is multi-faceted and reaches across 

socio-cultural agendas. Aside from being useful research species as indicators of the marine 

environment, seabirds play an important role in many coastal and island systems. Seabirds 

have significant impacts on terrestrial ecosystems, specifically their dense breeding colonies, 

and are therefore considered ‘ecosystem engineers’. In Western science this term refers to 

species that disproportionately impact ecological communities, by influencing resource 

availability and microclimates through the modification of a habitat (Pike & Mitchell, 2013). 

Acting as a link between marine and terrestrial ecosystems, seabirds are vital sources of 

marine-derived nutrients for coastal and island communities (Ellis et al., 2011; Gaskin & 

Rayner, 2013). Due to their burrowing and nesting behaviours, seabird colonies aerate 

coastal soils and increase marine system derived nutrient deposition from which 

invertebrate, vertebrate, and plant species benefit. The denser the colony, the greater the 

benefit. Seabirds are a particularly important sources of nitrogen and phosphorus, 

fundamental for plant growth, that improve the rate of terrestrial ecosystem functioning (Ellis 

et al., 2011; Greene et al., 2015; Kolb et al., 2011; Mulder et al., 2011; Pike & Mitchell, 2013; 

Shoji et al., 2021; Smith et al., 2011). In forested habitats seabirds also influence litter 
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production, distribution, and canopy openness. Burrowing species also impact litter 

composition rates and organic matter concentrations as burrows tend to be warmer and 

damper than the soil surface (Ellis et al., 2011; Gaskin & Rayner, 2013; Mulder et al., 2011). 

Birds, eggs, and chicks are also direct resources as prey and food for predators and hosts 

for ectoparasites, influencing terrestrial food webs as well (Kolb et al., 2011).  

 

Sites that host seabird colonies tend to have enhanced soil fertility and plant growth, yet the 

strength of this relationship can vary (Gaskin & Rayner, 2013). The level of impact is often 

predicted using population density; however, other characteristics are likely to influence this 

including species-specific guano quantity and quality, foraging behaviour, spatial and 

temporal movements, vegetation type, human history, precipitation, temperature, and 

topography (Mulder et al., 2011; Smith et al., 2011). Thus, understanding population 

dynamics and species-specific characteristics at the community and ecosystem level is 

important to conserve the natural ecological integrity of coastal and island ecosystems 

(Moller, 2009). 

 

 

1.2.3. Seabird conservation in Aotearoa New Zealand 

 

Aotearoa, New Zealand is a global hotspot of seabird diversity hosting approximately one 

quarter of the world’s seabird species with 10% endemic to New Zealand breeding grounds 

(Gaskin & Rayner, 2013). This reflects both the optimal habitat provided by New Zealand’s 

extensive coastlines, thousands of near-shore, off-shore, and subantarctic islands for these 

birds (Bellingham et al., 2010; Moller et al., 2000) and the productive oceans. Evermore, the 

value of seabirds as ecosystem engineers is being recognised by conservationists in New 

Zealand as a restoration tool to regenerate functional native ecosystems on island and 

coastal habitats. Predator eradication and translocation are just some techniques used to 

promote seabird populations and biodiversity (Buxton et al., 2014; Gaskin & Rayner, 2013). 

These efforts have been driven by the decline of seabird populations in New Zealand. 

Currently 23 of New Zealand’s 36 endemic seabirds are classified as ‘vulnerable’, ‘critical’, or 

‘endangered’ according to the IUCN (International Union for Conservation of Nature) criteria. 

A significant proportion of seabird population decline is associated with fisheries with an 

estimated 15000 annual fatalities caused by trawling, bottom-longline, surface-longline, and 

set-net fisheries (Gaskin & Rayner, 2013; Jefferies & Kennedy, 2009; Richard & Abraham, 

2013). Seabird populations are also vulnerable to the impacts of introduced mammalian 

predators. These predators, especially rats, have significant impacts on island ecosystem 

functioning by causing the decline or local extinction of native plant, bird, and seabird 
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populations. Consequently, eradication projects have become a popular response that tend 

to be efficient and cost-effective (Bellingham et al., 2010; Buxton et al., 2014). Although 

seabird population recovery post-eradication is slow and complex, often due to life history 

traits of different species, it is generally essential for the medium and long-term recovery of 

native island and coastal ecosystem functioning (Buxton et al., 2014). 

 

Seabird restoration projects are managed and implemented in accordance with New 

Zealand government legislation (e.g., the Conservation Act, 1987), many of which reference 

the relationship the New Zealand government has with Māori through Te Tiriti o Waitangi 

(Gaskin & Rayner, 2013). Despite this, few collaborative management projects have been 

established between the Department of Conservation (DOC) and Māori. Divergent 

philosophies, the impoverishment of Māori communities, and reluctance to share power are 

some of the many obstacles that have contributed to this (Taiepa et al., 1997). Yet a 

commonality can be found in the importance of New Zealand species to both Western and 

Māori cultures which provides an opportunity for genuinely collaborative research. Not only 

is such research a treaty-partnership obligation it has the potential to produce transformative 

research that is mutually beneficial. Moreover, the spiritual and cultural distinction of 

Indigenous practices has a key role in the conservation of species and habitats biodiversity 

worldwide (Bond et al., 2019; Lyver et al., 2008; Lyver & Moller, 2010). For many of these 

populations, insufficient scientific information is available resulting in increased efforts to 

engage with Indigenous knowledge systems to inform management responses to the global 

biodiversity crisis (Gilchrist et al., 2005; Lyver et al., 2015). Māori customary practices of 

harvested seabird species in New Zealand have safeguarded populations, using extensive 

information on their demography and natural history accumulated over generations (Gilchrist 

et al., 2005; Lyver et al., 2015) and updated annually. Clearly there is considerable incentive 

for New Zealand to adopt a cross-cultural management approach that encourages 

collaboration whilst accommodating cultural autonomy to address the complex task of 

seabird conservation and ecological restoration (Lyver et al., 2016). 

 

 

1.2.4. Study species 

 

Three species were selected for this research due to their cultural importance as harvest 

species and their potential as environmental indicator species, as high trophic marine 

predators.  

 

 



12 
 

 

1.2.4.1. Ōi (Pterodroma gouldi/grey faced petrel) 

 

Ōi (Pterodroma macroptera gouldi Hutton, 1869) or grey faced petrels are a species of 

gadfly petrels that are endemic to New Zealand (Greene et al., 2015; Wood et al., 2017). 

They are a medium-size (averaging 550 g) burrowing petrel species that are an important 

traditional harvest species for many Māori communities (Lyver et al., 2008, 2017). Their 

entire body is covered in dark grey-brown plumage with narrow wings and pointed tails. 

Feathers around the bill and throat can be a lighter grey or white. During moult, feathers will 

occasionally appear a paler brown. The bill (approximately 33-40 mm) has a large sharp 

hook for foraging and is black, similar to the eyes and legs (G. A. Taylor, 2013). Ōi have 

been known to live up to at least 41 years and are known by many names including great-

winged petrel, northern mutton bird, oi, titi, tītī, gray-faced petrel, and grey faced petrel 

(Greene et al., 2015; Moller et al., 2010; Taylor 2013). 

  

Ōi are mainly distributed on offshore islands throughout the north island of New Zealand with 

the larger colonies being concentrated on the east coast (Lyver & Moller, 2010; Whitehead 

et al., 2014). These terrestrial colonies are typically populated with nesting birds in burrows 

during the breeding season. Mainland colonies were once more common along coastlines 

but are considerably rare now due to invasive weed species, predation by introduced 

mammals and human disturbance of nesting sites (Gaskin and Rayner, 2013; Greene et al., 

2015; Whitehead et al., 2014). Ōi tend to favour nesting sites in tall coastal forests and cliffs 

with proximity to the sea. Sandy or friable substrate with tree roots is preferred for building 

burrows (Taylor, 2013). Currently ōi populations are estimated to be approximately 1 million 

individuals with 200,000 to 300,000 breeding pairs. As such, they are classified as a species 

of “Least Concern” by the International Union for the Conservation of Nature and a 

conservation status in New Zealand of “not threatened” (IUCN, 2018; Lyver & Moller, 2010; 

Taylor, 2013). In recent years, ōi populations are continuing to grow as breeding colonies 

continue to be cleared of pests (Taylor, 2013). 

  

Breeding occurs at nesting colonies around northern New Zealand with breeding occurring in 

winter (Lyver et al., 2017; Taylor 2013). Breeding pairs will lay a single white egg (68 x 48 

mm) during this period in their nesting burrows (Taylor, 2013). Eggs hatch in August or 

September with chicks fledging in the height of summer and spend 3-5 years at sea before 

returning to the nesting colony (Greene et al., 2015; Lyver et al., 2017; Taylor, 2013). Adult 

birds typically begin breeding around 8-10 years old and will breed annually with both male 

and females sharing incubation and chick-care (Lyver et al., 2017; Taylor, 2013). 
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Ōi are generalist feeders foraging predominantly across the Pacific Ocean and the Tasman 

Sea. Their diet consists mostly of squid but will opportunistically feed on small fish and krill 

over the continental shelf edge and in deeper oceanic water (Greene et al., 2015; Taylor, 

2013). The birds will mainly dive in the top 5m of the water column but occasionally reach 

depths down to 20 meters (Taylor, 2013). Dietary and tracking studies indicate ōi are deep-

water feeding specialists with approximately 80% of their diet containing diurnally migrating 

prey species scavenged or predated or at night (Rayner and Gaskin, 2013). 

 

 

1.2.4.2. Tītī (Puffinus griseus/sooty shearwater) 

 

Tītī (Puffinus griseus, Gmelin, 1789) also known as sooty shearwaters are a burrow nesting 

seabird that annually migrate between hemispheres (Newman et al., 2009). Ranging around 

650-950g, their bodies are large and covered in dark brown plumage with narrow wings that 

average 1050mm in wingspan (Sagar, 2013; Warham et al., 1982). The underbelly of the 

birds are a dull grey with silver on the underwings. They have a short narrow tail with dark 

grey bills and feet (Sagar, 2013). Tītī have loud rhythmic calls that are typically heard at 

night on breeding colonies; they will rarely call at sea (Sagar, 2013). Alternative names for 

this species include hākoakoa, hakoko, muttonbird and New Zealand muttonbird (Marchant 

& Higgins, 1990; Newman et al., 2009). 

 

Colonies are distributed around New Zealand on several offshore islands in the north and 

south to islands. Tītī will breed in the southern hemisphere during summer with regular 

short-distance foraging trips east and south-east of New Zealand (Shaffer et al., 2009; 

Wilson, 2015). Although a few colonies persist on the mainland the most significant colonies 

are located on Stewart Island and The Snares (Sagar, 2013). Colonies also exist off the 

coast of South America (Wilson, 2015). During the southern hemisphere winter, adults are 

extensively distributed across the Northern Hemisphere (Minami & Ogi, 1997; Newman et 

al., 2009). Migration paths will often trail the Tonga-Kermadec trench also referred to as the 

deep-sea subduction zone (Stephenson, 2012). Tītī populations are estimated at over 20 

million making them one of the most abundant seabird species globally, accounting for 20-

50% of all seabird numbers (Minami & Ogi, 1997; Passavy, 2011; Sagar, 2013). Invasive 

mammals and bycatch of longliners and trawling operations are the greatest threat to tītī 

populations with observed declines globally (Passavy, 2011; Sagar, 2013). Other threats 

including gill net fisheries, habitat destruction and pollutants have led to tītī being classified 

as “near-threatened” on the IUCN Red list (IUCN, 2019; Jones, 2010; Rowe, 2014). 
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Breeding mainly occurs on islands or mainland colonies around New Zealand, Chile and 

Australia (Minami and Ogi, 1997; Passavy, 2011; Sagar, 2013). Tītī annually rear chicks in 

breeding burrows on these colonies. In New Zealand, the most significant breeding sites are 

located in the Foveaux Strait with major colonies on Rakiura (Stewart Island) and 

surrounding islands (Lyver and Moller, 2010; Taiepa et al., 1997). These colonies are dense 

with burrows dug into damp soils covered by forest vegetation (Lyver and Moller, 2010). 

Adults will arrive in late September to compete for burrows and then leave for a two-week 

foraging trip before laying occurs (Warham et al., 1982).  Eggs are laid both in nests within 

the burrows and on the surface. Nests are lined with leaf litter and located in a chamber at 

the end of a burrow. The incubation period lasts approximately 53-56 days and is shared by 

both sexes (Taiepa et al., 1997; Warhamet al., 1982). Chicks will fledge after 86-106 days 

during late April to early June. Adults will leave the colony in March to early April as chicks 

are independent by this stage. The chicks will remain at the colonies for around one month 

before following the adults to the Northern Hemisphere (Minami and Ogi, 1997; Stephenson, 

2012; Taiepa et al., 1997).  

 

Foraging behaviours of tītī vary between the breeding and non-breeding season. During the 

summer breeding season, adults will conduct short foraging bouts. Occasionally remaining in 

the waters of the New Zealand close to their colony but more often taking longer trips to the 

Polar Front (Shaffer et al., 2009). After spending the breeding season tītī will feed for several 

months in the North Pacific. They predominantly target three feeding areas including 

locations near Japan, the Kamchatka Peninsula near Russia, and off the coast of America 

near Alaska and California (Wilson, 2015). Their diet largely consists of fish, squid and krill 

which are either scavenged off the surface or caught by diving (Sagar, 2013). Diving depths 

average 16 m but have been recorded at over 60 m with almost all diving activity occurring 

during daylight (Sagar, 2013; Shaffer et al., 2009). 

 

 

1.2.4.3. Toanui (Ardenna carneipes/flesh-footed shearwater) 

 

Toanui (Ardenna carneipes) or flesh-footed shearwaters are a trans-equatorial migrating 

species of seabird from the procellariiform order (Marin, 2017; Thalmann et al., 2007; Wilcox 

et al., 2021). Averaging 700g, this species is a medium-sized seabird that are sexually 

dimorphic (Baker & Wise, 2005; Thalmann et al., 2007). Toanui are covered in dark brown 

plumage with broad wings that are greyish brown underneath. Their pale bill and legs 

contrast against their dark plumage with a dark tipped beak that makes them distinguishable 
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from other shearwaters (Brooke, 2004; Marchant & Higgins, 1990). Although previously 

identified as Puffinus carneipes (Gould, 1844), toanui are one of several shearwater species 

that have been reclassified into the Ardenna genus (Penhallurick & Wink, 2004). They are 

also known as Fleshy-footed Petrels, Lord Howe Island Muttonbirds or Pale-footed 

Shearwaters (Brooke, 2004). 

 

Toanui are trans-equatorial migrants, wintering in the Northern Hemisphere and breeding in 

the Southern Hemisphere the austral summers (Lavers et al., 2019; Marin, 2017). Global 

populations are estimated at 220000 breeding pairs with approximately 80% breeding in 

Australian waters with colonies on Lord Howe Island (Thalmann et al., 2007). Toanui also 

frequent New Zealand waters, breeding on offshore islands in the North Island (Lombal et 

al., 2018). They are listed as ‘near threatened’ on the IUCN Red List and are recognised 

under the Australian Threatened Species Conservation Act 1995 (Baker & Wise, 2005; 

Lavers et al., 2019; Sarker et al., 2021). Adult survival of toanui varies significantly between 

regions and is largely impacted by habitat loss, invasive species, fishing bycatch and 

ingestion of plastic (Wilcox et al., 2021; Yap et al., 2021). There is much debate around 

observed declines in toanui populations and little is known about the longevity of this species 

(Carlile et al., 2019; Yap et al., 2021). However, recent studies from Lord Howe Island 

suggest populations have stabilized over the last decade. This has been attributed to 

management efforts mitigating previously documented threats to toanui survival (Wilcox et 

al., 2021). 

 

Like many Procellariiformes, toanui breeding colonies exhibit high fidelity (Lombal et al., 

2018). Toanui will only breed in the southern Hemisphere with colonies distributed on islands 

in northern New Zealand and southern Australia (Lavers et al., 2018; Yap et al., 2021). 

Shearwaters occupy 1m long single-tunnelled burrows at those sites, where eggs are laid in 

late November. Adults will incubate the egg until hatching occurs around late January where 

chicks are provisioned for approximately 90 days (Bond et al., 2019; Powell et al., 2007). 

Adults and fledglings will typically depart during April-May reaching their wintering grounds in 

the northern hemisphere after approximately six days (Lavers et al., 2019). Breeding 

success was measured on Lord Howe Island over two successive breeding seasons and is 

estimated at 40% and 53% (Powell et al., 2007). 

 

Little is known about the diet of toanui, however, observations and digestive tract remnants 

suggest that their diet consists of low trophic animals including small fish (e.g. Lanternfish) 

and squid (Gould et al., 1997; Lavers et al., 2014). Toanui are thought to be scavengers but 

will dive to catch small fish at up to 30m deep (Taylor, 2009). Adults will target productive 
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upwelling regions on their migration routes but will only forage in coastal waters during the 

breeding season. Consequently, chick diets vary in comparison to adults and will be fed 

meals averaging 90g every 2-3days (Lavers et al., 2019; Taylor, 2009).   

 

 

1.3. Kaitiakitanga: An Active Response to Tohu 

 

For over a thousand years, Māori lived in harmony with the environment guided by the 

responsibility promoted by our tūpuna (ancestors) to maintain the balance between humans 

and the natural world (Selby et al., 2010). Thus, the lands and waters under Indigenous care 

thrive as an economic, cultural, and spiritual foundation for all Māori people (Ngata, 2019). 

This practice is observed as kaitiakitanga that derives its meaning from the word ‘tiaki’ which 

depending on context can translate as ‘to guard’; ‘to preserve’; ‘to keep’; ‘to protect’; ‘to 

foster’; ‘to shelter’; and ‘to conserve’. The prefix ‘kai’ refers to the agent of the action 

meaning a kaitiaki is a protector, guardian, preserver, keeper, conservator, and foster-parent 

(Marsden, 2003). Traditionally, kaitiaki are spiritual agents of the gods, including ancestors, 

that protect the natural elements including the seas, flora and fauna, sky, food crops, rain, 

winds and storms, volcanic activity, and people. These resources are taonga (treasures) that 

are greatly cherished. Kaitiaki manifest in forms such as fish, animals, trees, or reptiles to 

guide human action to maintain balance with the environment (Mutu, 2010). The suffix 

‘tanga’ subtly changes the meaning to reference the broader aspects of an action. Hence 

kaitiakitanga means trusteeship, preservation, conservation, and guardianship (Kawharu, 

2000; Marsden, 2003).  

 

Despite being a modern term, the principles, and values which underlie kaitiakitanga are 

centuries old. Seeking balance with natural resources is not only necessary for Māori’s 

economic survival but is an inherent obligation to the wellbeing of future generations. It 

creates a whakapapa link between the past and the future, the spiritual and the human 

realms, and to ensure long-term survival, the environment must be protected (Selby et al., 

2010). The protocols and rituals that guide these efforts are unique to each iwi, hapū, 

whanau and community. These are often interpreted as sustainable management but 

without reference to whakapapa, kaitiakitanga cannot be understood (Kawharu, 2000). 

Whakapapa connects Māori to kaitiaki and through them ensures that the mauri (life force) of 

the environment remains healthy. As such, every hapū are kaitiaki over their tribal regions in 

which they hold mana whenua status through this whakapapa link (Mutu, 2010). 

Consequently, kaitiakitanga is an obligation and responsibility that lies with mana whenua. 
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Anyone else can only support that role (Taipari Munro pers comm. 2021). This 

understanding is echoed is the words of Apirana Mahuika of Ngāti Porou: 

 

“Nōku tēnei whenua, kei a au te kōrero. Nōku tēnei whenua, ko au te rangatira 

This is my land; this is my story to tell. This is my land, and I am the authority.”  

(Ngata, 2019) 

 

Kaitiakitanga is intertwined other key concepts including mana (authority), tapu 

(sacredness), manaaki (hospitality), and tuku (gift, transfer), encompassing a vast world of 

Māori conservation traditions and customs (Kawharu, 2000; Marsden, 2003). It is therefore 

inappropriate to merely define kaitiakitanga as ‘guardianship’ by the Crown and New 

Zealand Government. ‘Stewardship’ is another common definition that does not accurately 

reflect the philosophies of kaitiakitanga (Kawharu, 2000). Both interpretations diminish the 

complexity of kaitiakitanga and place western ideals of human superiority and ownership 

over the human-environment relationship which simply does not exist within a Māori 

worldview (Marsden, 2003). 

 

 

1.3.1. Kaitiakitanga and Tohu 

 

If whakapapa is the way in which tohu communicate, then it is through kaitiakitanga that tohu 

reaches praxis. Once the information held by tohu has been interpreted, action can then be 

taken to sustain the mauri of the environment. In other words, all resource management 

actions are guided by tohu. Without this relationship, kaitiakitanga cannot be informed or 

effective in maintaining the natural world. 

 

Take for example customary harvests. If kaitiakitanga successfully stimulates the mauri of a 

resource, it provides a bountiful harvest that becomes freely available to the people 

(Williams, 2012). As discussed in section 1.1., tohu, such as tohu nō te tau (indicators of 

seasonal change), are vital for the timing and management of harvest practices (Smith, 

2008). Indeed, tohu determine whether a harvest should proceed and whether it would be 

large or small (Lyver and Moller 2010; Lyver et al., 2008). Customary harvests demonstrate 

an intimate knowledge of migration, breeding cycles, and feeding habits; all information 

gathered from the environment through tohu and interpreted by tohunga (Williams, 2012). 

Spiritual guidance of both kaitiaki and tohu regulate human interaction with harvests to 

minimize wastage and overharvesting. The role of tohunga within this is crucial for the 

appropriate delivery of harvesting practices (Lyver and Moller 2010). 
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Another essential practice of kaitiakitanga is rāhui, a form of resource restriction that 

prevents the exploitation of specific areas, resources, or species to ensure resource 

sustainability (Lyver et al., 2008; Marsden, 2003; Wareka, 2020; Williams, 2012). As tohu 

inform on the state of the environment, they can determine when a rāhui is placed and how 

long it lasts. Typically placing a rāhui is the prerogative of tohunga due to their expertise in 

interpreting tohu. However, Rangatira (chiefs) would often be involved in this decision-

making process (Marsden, 2003). In terms of kaitiakitanga and customary harvest, rāhui can 

be placed seasonally, used to reserve resources for special events, or to allow a resource to 

regenerate after overuse (Williams, 2012). A form of seasonal rāhui is used in the harvest of 

tītī, preventing disturbance on the colonies during mating, incubation, and chick-rearing 

periods (Lyver, 2002; Williams, 2012). These practical implementations of kaitiakitanga 

practices allow the information held by tohu to have real-world impacts and vice versa, tohu 

regulate resource management efforts to achieve the most sustainable outcome for all. 

 

 

1.3.2. Ko Hinemoana Kotahi: Kaitiakitanga in the Marine Realm 

 

Māori knowledge, culture, and epistemology, although developed in Aotearoa for a thousand 

years, traces its roots to the Pacific (Mercier, 2018; Sadler, 2007). This connection is 

delineated through whakapapa to the ancestor Tangaroa who is the atua (deity) of the 

marine environmental domain. Whilst Tangaroa is renowned as the supreme being of the 

marine environment, Hinemoana (the ocean maiden) also guards this realm and is the 

ocean personified (Hanara, 2020). This whakapapa forms the foundation for ancestral 

voyaging practices that enabled the exploration and settlement of Polynesia and trading 

routes (Salmond, 2021; Taonui, 1994). The ocean’s resources also provided coastal 

communities with key food resources and ecological connectivity (Paul-Burke et al., 2020). 

In summary, the health of Hinemoana impacts Māori sources of environmental knowledge, 

voyaging traditions, and key resources. Moreover, these interactions with Hinemoana as an 

ancestor emphasises Māori kaitiaki responsibilities and are a core driver of kaitiakitanga 

practices. 

 

Marine pollution has become a persistent threat to the health of Hinemoana, or global ocean 

state. Anthropogenic waste in the ocean has become pervasive posing great risk to marine 

environmental quality, ecosystems, and the communities they support (Alava, 2019; 

Gacutan et al., 2022). Main sources of anthropogenic waste include wastewater discharges, 

rivers, atmospheric transport, and coastal run-off (Macías-Zamora, 2011; Naser, 2013). 
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Marine pollution refers to persistent, processed, or manufactured material that has is 

discarded into the marine environment. This includes plastic dissolved and particulate 

organic matter, nutrients, oil-related compounds, and heavy metal pollutants (Alava, 2019; 

Ford et al., 2022; Gacutan et al., 2022; Macías-Zamora, 2011). When heavy metals 

contaminate water bodies, can have negative impacts aquatic flora and fauna. Being 

persistent pollutants, even at low quantities, heavy metals can accumulate in organisms and 

then be transmitted from lower to higher trophic levels (Anbuselvan et al., 2018; Hameed et 

al., 2020). In high concentrations they can be very toxic and deactivate proteins, denature 

enzymes, cause tissue damage and growth suppression (Anbuselvan et al., 2018; Boening, 

1999; Chakraborty et al., 2014; Serrano et al., 2011). However, heavy metals are naturally 

occurring and whilst some are highly toxic, others play key biological roles. Natural sources 

in the marine environment includes volcanic emissions, natural forest fires, weathering of 

rocks, and windblown soil particles (Hameed et al., 2020). Yet, since the industrial 

revolution, anthropogenic inputs of heavy metals has exponential increased (Anbuselvan et 

al., 2018; Serrano et al., 2011). Thus, the monitoring of heavy metals has become for society 

as humans that rely on marine resources for food, recreation, and industry (Naser, 2013; 

Serrano et al., 2011). 

 

Patterns of heavy metal accumulation is dependent on species specific rates of absorption 

and depuration. Heavy metals are absorbed by living organisms from water, sediments, and 

soils either directly or indirectly though prey or food sources (Hameed et al., 2020). Physical, 

chemical, and environmental factors also influence the absorption of heavy metals by marine 

organisms. Some of these include factors include pH, temperature, seasonal variation as 

well as ecosystem characteristics (Hameed et al., 2020). Heavy metals can accumulate in 

ecosystems such as wetlands, mangroves, and coastal ecosystems. In these ecosystems, 

metals are either distributed in the sediment bed or dissolved in the water column 

(Chakraborty et al., 2014; Serrano et al., 2011). Many studies have found heavy metal 

concentrations to be below concentrations that could threaten human health (Naser, 2013).  

However, merely analysing metal levels in water or sediment cannot infer the toxicity of 

pollutants to marine organisms. Consequently, science has turned to bioindicators to monitor 

marine heavy metal pollution (Chakraborty et al., 2014; Hameed et al., 2020). A variety of 

species have been used as bioindicators such as algae, shellfish, and seabirds (Boening, 

1999; Chakraborty et al., 2014; Parsons et al., 2008). 

 

Marine ecosystems in Aotearoa New Zealand face similar issues of heavy metal 

contamination. Although numerous geothermal areas are natural sources of marine heavy 

metals in Aotearoa’s oceans (Propp et al., 1994; Smith, 1985; Thébault et al., 2021), levels 
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are also impacted by anthropogenic input. Intensive horticultural activity throughout Aotearoa 

are sources of heavy metals including lead (Pb), zinc (Zn), copper (Cu), mercury (Hg). Water 

transports these contaminants when bound in sediment or dissolved in water into coastal 

environments (Conrad et al., 2020). Landfills also appear to be a possible source of arsenic 

(As) (Redfern, 2006). Region-specific studies have also linked heavy metal pollutants to 

anthropogenic activity. Sediment analysis from the Firth of Thames indicate significant 

increase of Pb (lead) and Zn (zinc) pertaining to historic European mining activity and 

modern runoff from major cities (Boehnert et al., 2020). In the Tamaki Estuary, sediment 

cores showed increased concentrations of Cu (copper), Pb, Zn, and Cd (cadmium) in the top 

layer at 0-10 cm suggesting that catchment urbanization has contributed to heavy metal 

contamination (Abrahim et al., 2008). Heavy metal analysis of marine sediment from 

Wellington Harbour revealed concentrations of Pb, Zn, Cu, Cd, and Hg to be at moderately 

to extremely polluted levels (Stoffers et al., 1986). While sediment samples from Manukau 

and Waitemata Harbours indicate anthropogenic inputs of Pb, Zn, and Cu in certain parts of 

the harbours (Glasby et al., 1988). Overall, most studies agree that heavy meals are within 

acceptable concentrations but have the potential to become critical and adversely impact 

marine ecosystems (Boehnert et al., 2020; Glasby et al., 1988; Redfern, 2006; Stoffers et al., 

1986). In particular, increased input and resuspension of heavy metal sediments are of 

concern as rainfall event frequency and intensity increase with climate change (Boehnert et 

al., 2020; Conrad et al., 2020). 

 

The threat of heavy metal pollution has health implications for Hinemoana, the marine life 

she protects, and humans as consumers of marine food sources. This calls upon both Te Ao 

Māori and the world of Western science to fulfil our obligations to protect and enhance the 

mauri of the marine environmental domain. Using three species of seabirds (ōi tītī and 

toanui) as both tohu and bioindicators, this thesis aims to use their health to infer the state of 

the ocean. This also has health implications for those using these birds as a food resource. 

We also will explore the relationship between Māori communities and these birds to 

understand how their kaitiakitanga (or resource management) practices can positively 

impact bird, human, and environmental health. 
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2.1. Introduction 

 

One of the most significant components of kaitiakitanga is the sovereignty and management 

of our relationship with natural resources. Rangatiratanga (sovereignty) and kaitiakitanga are 

intimately linked, with the former enabling the practices of the latter (Marsden, 2003). 

Kaitiakitanga encompasses both social and environmental dimensions that are guided by the 

relational ideology of whakapapa. Just as whakapapa extends across time, we must also 

consider our relationships with mutton-birds through time. This history influences ōi/tītī/toanui 

colonies to this day and therefore must be understood to truly grasp the nature, practices, 

and obligations of kaitiakitanga regarding mutton-birds. Management of these birds can be 

divided into three distinct periods: 1) The pre-treaty era. Prior to the establishment of Pākehā 

(European origin) society when Māori maintained sovereignty over Aotearoa. 2) The post-

treaty era. When colonial governance and resource management practices were 

established. 3) The modern era. The unique histories of each mutton-bird colony has 

resulted in varying styles of kaitiakitanga seen throughout the country today. 

 

 

2.2. I Ngā Wā o Mua: The Pre-Treaty Era  

 

During the pre-treaty era, Māori governance was the sole form of sovereignty in Aotearoa. 

As such, kaitiakitanga was the foundation for resource management practices throughout 

the country. Information from this period is largely sourced from oral traditions including 

whakapapa and pūrākau (stories). Written record of this time consists mainly of early 

European observations and recordings of oral histories (from missionaries, sealers, whalers, 

etc.). Information gleaned from these sources provide valuable insights to the knowledge 

and management of mutton-birds.  

 

 

2.2.1. Te Pakanga o Ngā Manu (The War of the Birds) 

 

Pūrākau hold codified knowledge generated over generations using empirical techniques 

that investigate natural phenomena (Hikuroa, 2017). One example is given below in the 

pūrākau referred to as: ‘Te Pakanga o Ngā Manu (The War of the Birds)’ recorded by 

Duggan (1929) and Tregear (1904). 

 

Long ago, two kawau (shags, Phalacrocorax spp) met beside the sea. One was a 

fresh-water bird that fed on river and estuarine fish whilst the other was a salt-water 
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bird, living off the fish from the ocean. Together they flew out to sea and dove to fill 

their empty bellies with fish. However, after many dives, the fresh-water kawau had 

caught nothing and said “Your home has no food and is too salty. If this were my 

home, you could not do a single dive without finding food. Come into the 

swamplands, the fish there are far sweeter.” So, both birds flew to where the toetoe 

(Austroderia spp) danced in the wind and the eels slipped lazily in the shallows. 

There, they dove many times, successfully rising with a fish in their bills after each 

dive. When the salt-water kawau returned home, they were jealous of the fresh-water 

bird and angry, vowing a vengeance on the kawau that mocked the shining sea. So, 

the salt-water kawau gathered all the birds of the ocean to kill all the fresh-water 

birds. Having heard this, the fresh-water birds assembled all the forest- and land 

birds. Before long the seabirds appeared. They fell upon the fresh-water birds, and 

the battle commenced. Toroa (albatross, Diomedea spp), pīwakaka (fantail, 

Rhipidura fuliginosa), tākapu (gannets, Morus serrator), kāhu (New Zealand hawk, 

Circus approximans gouldi), karearea (New Zealand falcon, Falco novaeseelandiae), 

kākā (Nestor meridionalis) all fought in this great battle. During the battle, the tītī 

(mutton-bird, Procellariiformes spp) and tāiko (black petrel, Procellaria parkinsoni) 

were captured by the river-birds and held hostage. So immense were the bird armies 

that they darkened the land and ocean as they swept across the sky. They died upon 

the land, they died upon the water; blood flowed, and the feathers flew as the birds 

fought at close quarters. Eventually, the seabirds were overwhelmed and retreated to 

the ocean where they have remained since. 

 

(Duggan, 1929; Tregear, 1904) 

 

Embedded within this pūrākau describes the ecological relationship between mutton-birds 

and the marine and terrestrial environments. The unique relationship that mutton-birds have 

with both the ocean and the forest is recorded in the story when they were taken captive 

during the battle. This represents the bird’s breeding behaviour of rearing their chicks in the 

forest among the river- and land-birds whilst still foraging out at sea (Tregear, 1904). There 

is also a recognition of the immense numbers of marine birds flying onto land to nest. 
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2.2.2. Ngā Uri o Tane: The Whakapapa of Seabirds 

 

Knowledge regarding mutton-birds is also held within whakapapa. Although it should be 

noted that many whakapapa exist and accounts differ between iwi (tribal nations); the 

version herein is one of many. According to Māori oral traditions, the origin of all birds is 

traced back to Tane-nui-a-Rangi, the atua (deity) of the forest. Tane and Kahu-parauri begat 

many offspring including Punaweko, Hurumanu and other beings who are the ancestors of 

birds. Punaweko is the ancestor of forest-birds, Raka-maomao of sacred or chiefly birds, and 

Hurumanu of seabirds (Best, 1976). In contrast to phylogeny-based species classification, 

whakapapa not only portrays genealogical relationships but also cultural, environmental, and 

ecological ones. For instance, Tane-oioi and Maunga are the parental origin of three bird 

species: matata (fernbird, Bowdleria punctata); piere (New Zealand robin, Petroica australis); 

and ōi (grey-faced petrel, Pterodroma gouldi) (Kapa, 2010). This whakapapa also includes a 

range of grasses and wetland plants that are preferred habitats for these birds and 

significant sources of fibre that are used for nets when harvesting (See Figure 1). It should 

be noted that Tāne-oioi is one of the many manifestations of Tāne, making toetoe and raupo 

siblings.  

 

Here is an example of how whakapapa is used as a tool to analyse ecological relationships 

between species. Based upon this we can understand the interconnectedness between ōi, 

their habitat specific to the territories of Te Whānau-ā-Apanui, the flora and fauna they 

associate with, which informs tāngata whenua harvesting techniques.  

 
 

Figure 2.1) Ngā rau muka o toe Māori, Te Whānau-ā-Apanui whakapapa of fibre plants. Modified from 

Kapa (2010). 

*Toetoe previously recorded as Cortaderia sp. (introduced species) altered to Austroderia sp. 
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2.2.3. Oral Traditions: Kupu Whakarite 

 

Mutton-birds are also present in numerous kupu whakarite (metaphor or figurative 

sayings). He tītī huataki (a mutton-bird’s single offspring) is an example that is a reference to 

the one offspring a tītī (sooty shearwater, Puffinus griseus) has per breeding season. This is 

an expression that can refer to a single child, someone, or something unique or a 

consequence of placing ‘all of one’s eggs in one basket’ (Black, 2021). Their presence is an 

indication of the cultural values, ideas, practices, and relationship between Māori and tītī. In 

fact, species which are embedded linguistically are typically critical and valued food species 

(Wehi et al., 2018). 

 

 

2.2.4. Early European Records 

 

Records of early European observation is another valuable source of information. Although 

from an outsider perspective, many of these records still hold valuable information about 

Māori communities when they were functioning as pre-colonial societies. Throughout the 

1800s the harvesting of mutton-birds was common practice across almost all regions of the 

country. However, by the early 1900s it was already occurring less in the North Island 

(Drummond, 1918; Powell, 1947). Records indicate several names for the many species of 

mutton-bird, in some instances multiple species apply to one name (ie “tītī” can refer to grey 

faced petrels; sooty shearwater; black petrels; and Cook’s Petrels). Whereas in other 

instances one species will have multiple names, for example grey faced petrel is referred to 

variously as ōi; koakoa; tītī; hakeke; and totorore) (Drummond, 1918; Williams, 1906). Such 

variation in the naming of mutton-bird species indicates how knowledge and kaitiaki 

relationships are unique, demonstrative of a bottom-up governance style of resource 

management.   

 

Specific harvesting practices are also a result of this form of governance. One record 

(Drummond, 1918) from Puketiti describes the harvesting process of tītī (here referring to 

sooty shearwaters). Over generations, tītī were harvested using light wooden poles around 

9ft (~2.7m) along with a large net made of harakeke (flax, Phormium tenax) that was 

fastened between two 12ft (~3.6m) long poles. During the harvesting season on a dark night 

a fire would be lit to disorientate the birds as they flew by. They were then either knocked out 

of the air with the shorter 9ft poles or caught in the tītī net. Another method of harvesting, 

from the Bay of Islands, involved the use of a forked stick to pull the birds out of their 

burrows (Drummond, 1918). Variation in harvest practices and equipment between regions 
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is a demonstration of how resource management expertise develops over generations in 

relation to specific colonies rather than generalised practices that are universally used. 

 

Preserving the birds once harvested also had specific methods that were observed by early 

Europeans. First the bones were extracted, and the fat was rendered before the flesh was 

cooked. Once cool, the tītī were packed tightly into gourds, each capable of holding up to 

100 birds. The rendered fat was poured into the gourd which was then plugged tightly 

(Drummond, 1918). Other records describe a differing preservation method with the birds 

being split open, salted, and preserved in their own fat in giant kelp bags (Powell, 1947). 

Once the birds had been sufficiently preserved, they were sent to Taupo (Drummond, 1918). 

These observations suggest that the use of resources was built around survival and 

managing important food sources. They also played a vital role in maintaining trade 

relationships. Differing preservation methods also support the development of context-

specific resource management practices. 

 

Harvesting of mutton-birds also appears to be the foundation for many relationships between 

Māori communities. In the mid-1800s, Hawke’s Bay saw the arrival of Taupo communities 

from 60 miles away during the mutton-birding season. They would stay for six weeks to 

harvest and preserve tītī (Drummond, 1918). Seasonal mobility was also observed in the 

south to harvest resources as they reached their optimal productivity. Communities would 

come together to harvest resources found in each micro-environment such as eeling, fishing, 

sealing, gathering, and birding (Coutts, 1969). Products of these harvests were also utilized 

in trading with other regions. As practices corresponded with annual environmental patterns, 

harvesting out of season was prohibited, when the tapu (spiritual state) of those resources 

was elevated, ensuring their protection (Coutts, 1969). These trading and harvesting 

relationships continued well into the 1830s with mutton-bird featuring in the mainstream 

trading market. In Southland, preserved mutton-birds were traded for fourpence per bird at 

Otarewa Creek (Coutts, 1969). Although, by the 1970s the economy had shifted significantly 

with agriculture, fishing mining and logging dominant, mutton-birds remained a relied upon 

resource in the south, whilst other traditional foods became delicacies (Coutts, 1969). These 

records showed how balance is maintained with the environment and the prevention of 

resource over-exploitation through social and spiritual constructs like tapu. It also 

demonstrates that the sharing of resources is a component of kaitiakitanga which is evident 

from mutton-bird remaining a part of the trade market through the twentieth century. 

 

Knowledge is the foundation of resource governance. Without knowledge, natural resource 

management can be misguided and yield negative outcomes for communities (Smith, 2008). 
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On Herekopere (Stewart Island) the ecological knowledge demonstrated by the local 

harvesters is clear from the observations of Gutherie-Smith (1914). They describe how most 

tītī lay their eggs on November 25th. In some seasons, rain made burrows too wet for tītī to 

use because they burrow deeper than other petrel species. This resulted in the burrows 

filling with stagnant water making it impossible to rear a chick (Guthrie-Smith, 1914). 

Understanding breeding patterns and environmental influences on the colony’s reproductive 

output is key to managing the sustainable harvest of tītī, critical to ensuring the longevity of 

the resource. Indeed, Drummond (1918) notes on Puketiti muttonbirding, it was also clear 

that harvesters intimately understood the behavioural patterns of the tītī (here grey faced 

petrel). For example, tītī flocks are typically silent in flight except for a few individuals that 

make a peculiar laughing sound. Harvesters understand that these birds lead the flock and 

that their calls kept the flocks together. Flocks are divided into three main bodies: the 

advance guard; the main body (called the ‘matua’); and the rear guard (the hunuru). When 

harvesting using a net, the hunuru were not interfered with but allowed to pass intact 

(Drummond, 1918).  

 

An abundant harvest season was used as a measure of population size and indicates that a 

colony is thriving. Records of mutton-bird harvests show that despite harvesting practices 

being more common, mutton-bird populations were thriving in the early twentieth century. 

Observations of both North and South Island harvest yielding hundreds of birds from 

populations that reached the hundreds of thousands (Drummond, 1918; Guthrie-Smith, 

1914; Powell, 1947). 

 

Knowledge contained with pūrakau, whakapapa, and early European records provide insight 

into the natural resource management practices of mutton-birds in the pre-treaty era. These 

sources describe how relationships are centered in kaitiakitanga based governance and a 

sufficient style of resource management. 

 

 

 

 

2.3. I Ngā Wā o Te Tai Timu: The Post-Treaty Era 

 

As more land was secured by settler-colonial society, colonial governance of natural 

resources was established throughout the country. This form of resource management was 

largely guided by conservation values. All conservation resource management practices in 

Aotearoa, New Zealand are determined by legislation. Governance cannot be discussed in 
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Aotearoa, New Zealand without reference to ‘He Whakaputanga’ and ‘Te Tiriti o Waitangi’. In 

the early contact period, hapū were keen to trade with Europeans, yet those arriving were 

reluctant to follow tikanga law. Thus, these foundational documents were created to 

legitimize the Crown’s relationship with Maori in Aotearoa to manage their British subjects in 

Aotearoa, New Zealand (Healy et al., 2012). He Whakaputanga o te Rangatiratanga o Nu 

Tireni (He Whakaputanga) also known as the Declaration of Independence was signed in 

1835 asserting the sovereignty of the collective rangatira (chiefs) of New Zealand (Orange, 

2011). Five years later, Te Tiriti o Waitangi (Te reo Māori version of the Treaty of Waitangi) 

was signed. Both He Whakaputanga and Te Tiriti are evidence of the relationship between 

rangatira (chiefs) and the Crown, starting with King George IV in the 1820s and endures until 

this day (Healy et al., 2012).   

 

Based upon these documents, many claims have been made to address breaches of the 

treaty in regard to resource governance and management. Most notable is the Wai 262 

claim, or the ‘Indigenous Flora and Fauna and Cultural and Intellectual Property Claim’, that 

arose from concerns around the collection and use of indigenous plants for scientific 

research and/or for commercial ends. Wai 262 covers Māori relationships with the 

environment, taonga species and the conservation estate (Jones, 2012). With the Crown 

(through the Department of Conservation (DOC)) holding governance for over eight million 

hectares of land, which hosts the majority of remaining indigenous flora and fauna species. 

Claimants argued that joint-management and kaitiaki-led relationships with the environment 

should be mandated are a guaranteed right under Te Tiriti. In this context, all iwi, hapū and 

Māori communities have the right to access and manage mutton-bird colonies within their 

tribal regions to exercise their kaitiakitanga obligations. To address these claims, the 

Waitangi tribunal recommends a reform of policy and legislation to reflect Te Tiriti and co-

management of customary practices (Jones, 2012).  

 

Kaitiakitanga is formally acknowledged in legislation in the Resource Management Act 1991 

(RMA) but this has not delivered tangible outcomes with Māori lacking decision-making 

power under the act (Chenery, 2021; Jones, 2012). Although Section 8 of the RMA requires 

that the principles of the Treaty of Waitangi (Te Tiriti) be considered in relation to natural 

resource management, Māori have not been able to effectively participant in RMA processes 

(Arnoux et al., 1993; Marsden, 2003). Waitangi Tribunal recommendations state that the act 

be reformed to mandate giving effect to Māori’s rangatiratanga (sovereignty), kaitiakitanga, 

tikanga, and mātauranga in environmental management (Chenery, 2021; Jones, 2012). The 

Ministry for the Environment is currently reviewing the RMA 1991 and has proposed three 
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new pieces of legislation: The Natural and Built Environments Act, intended to be the 

primary legislation replacing the RMA; the Strategic Planning Act aims to provide a long-

term approach to land and the coastal marine area us; and the Climate Adaptation Act to 

support New Zealand’s response to climate change impacts (Ministry for the Environment, 

2021). Once implemented these acts aim to restore the environment for the wellbeing of 

future generations, give genuine recognition to the principles of Te Tiriti, and improve climate 

change adaptation.  

 

In addition to these acts, there are many other pieces of legislation that influence the 

Crown’s (DOC’s) resource management practice. In addition to the RMA (1991), the 

National Parks Act (1980), Forest and Rural Fires Act (1977), Fisheries Acts (1983 and 

1996), Conservation Act (1987), Biosecurity Act (1993), and the Crown Pastoral Land Act 

(1998), are other key pieces of legislation that guide DOC's work. DOC was formed in 1987 

with the passing of the Conservation Act that outlines DOC's roles and responsibilities 

regarding the Treaty of Waitangi, wildlife, national parks, and reserves (Department of 

Conservation, 2021). Functions of this collection of conservation legislation include: a 

hierarchy of conservation boards (i.e., the minister of Conservation and the independent 

New Zealand Conservation Authority); the prioritisation of conservation in specific areas by 

granting ‘national park’ or ‘reserve’ status; preservation of natural ecosystems and their 

indigenous flora and fauna; and the management and control of reserves and national parks 

(Department of Conservation, 2021). For marine environments, the takutai moana legislation 

has been influential in the resource management and conservation. They include Te Takutai 

Moana Act (2011) and Ngā Rohe Moana o Ngā Hapū o Ngāti Porou Act (2019) which 

legislates co-management by formally recognising iwi, hapū and whānau interests in 

Aotearoa, New Zealand’s marine and coastal areas inclusive of offshore islands where 

mutton-bird colonies reside. These acts are also enacted under the aforementioned 

conservation legislation (Te Arawhiti, 2021). 

 

Crown resource management practices are science-led, with research projects informing 

conservation efforts such as monitoring population numbers, biological characteristics, 

burrow densities and breeding success. For instance, toanui (flesh-footed shearwater, 

Ardenna carneipes) have been extensively researched by DOC with two recent 3-year 

studies conducted in 2012-2014 and 2018-2020 across various colonies throughout the 

country continues to update knowledge (Burgin & Crowe, 2021; Waugh et al., 2014). 

Colonies researched include but not are limited to: Mauimua Island (Lady Alice Island), 

Coppermine Island, Taranga Island, Ohinau, and Whatupuke Island. The same goes for ōi 
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(grey-faced petrel, Pterodroma gouldi) and tītī (sooty shearwater, Puffinus griseus) having 

extensive research conducted monitoring breeding populations. In addition, DOC draws 

upon research data from a variety of sources to guide their management practices (Waugh 

et al., 2014). This information enables DOC to prioritise conservation efforts through a 

nationally standardised conservation classification system. In accordance with this, ōi are 

classified as ‘not threatened’, tītī are considered ‘at risk’ with declining populations, and 

toanui are classified as ‘nationally vulnerable’ (Robertson et al., 2016). By developing a 

national database of classifications, tools, knowledge, and technologies generated from this 

research, and by monitoring the birds as they adapt to changes in the environment, DOC 

can practice adaptive resource management (Moller et al., 2003; Russell et al., 2017). 

 

 

2.4. E Ngā Wā Katoa Ināianei: The Modern Era  

 

Current resource governance, management practices and engagement with Māori vary 

significantly. Many mutton-bird colonies are under colonial governance; some remain under 

Māori governance whilst others employ co-governance styles. Resource managers are 

increasingly looking to engage with kaitiakitanga and mātauranga (Māori knowledge) to 

enhance resource management and improve adaptive management of mutton-bird species 

to the challenges of modern times. Species extinction, climate change, global warming, 

habitat destruction and anthropogenic-sourced pollution are all issues that impact the birds 

and management strategies must adjust accordingly. Here we examine three case studies of 

different mutton-bird colonies throughout the country. Each provides an example of a 

different governing style to reflect the many different resource management practices that 

exist in Aotearoa New Zealand today. Many of the Ngāi Tahu accounts use ‘tītī’ when 

referring to sooty shearwaters whilst the Ngāti Awa accounts use ‘tītī’ when referring to grey-

faced petrels. For the sake of clarity this section shall use ‘ōi’ when referring to grey-faced 

petrels, but it should be noted that the correct term for Ngāti Awa dialect is tītī. 

 

 

2.4.1. Māori Governance: Rakiura Tītī Islands  

 

Numerous offshore islands along the coast of Rakiura (Stewart Island), host breeding tītī 

colonies that are trans-equatorial migrants (Waitangi Tribunal, 1991a). These tītī islands are 

a significant contributor to the Ngāi Tahu (or Kai Tahu) southern economy with tītī being 

traded throughout the country. By the time European contact occurred during the late 18th 

century, tītī had been harvested from these islands for around three centuries (Ngāi Tahu 
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Claims Settlement Act, 1998; Stevens, 2006). Currently, the Rakiura Tītī Islands are 

separated into two groups, the Former Crown Islands and the Beneficial Islands. The Former 

Crown Islands are managed by the Rakiura Titi Islands Administering Body in accordance 

with the Ngāi Tahu Settlement Act (1998). The Beneficial Islands are managed by the 

Rakiura Titi Committee. All islands are of great significance as important mahinga kai (food 

gathering place) (Waitangi Tribunal, 1991a).  

 

In contrast to more northern Māori, Ngāi Tahu tended to rely on a hunter-fisher-gatherer 

lifestyle as the southern climate prevented the substantial growth of crops (Stevens, 2006). 

Thus, the importance of the tītī islands to Ngāi Tahu, specifically Rakiura Māori, as a vital 

mahinga kai cannot be overstated. Especially as resources harvested from these islands are 

not limited to tītī but are inclusive of a wide range of fish, shellfish, bird, and seal species, 

including kutai (mussels, Perna canaliculus), kōura (crayfish, Paranephrops spp.), fur seals 

(Arctocephalus forsteri), leopard seals (Hydrurga leptonyx), and kōau (shags, Phalacrocorax 

varius) (Ngāi Tahu Claims Settlement Act, 1998). The ability of Rakiura Māori to exercise 

their customary practises over the Rakiura Tītī Islands also maintains traditional koha and 

trading relationships as well as their connections to Ngāi Tahu members who no longer live 

within the tribal area (Stevens, 2006). As a result, Rakiura Māori hold considerable 

knowledge and tikanga associated with the sustainable use of these resources which 

maintains their relationship with the land (Ngāi Tahu Claims Settlement Act, 1998). Pre-

European importance of the customary harvesting of tītī has been consolidated rather than 

diminished in the post-contact era, remaining the sole domain of Ngāi Tahu. Whereas most 

iwi, including other regions of Ngāi Tahu, lost access to traditional food sources through land 

dispossession and ecological destruction. Yet Rakiura Māori have retained uninterrupted, full 

and exclusive rights to the Rakiura Tītī Islands (Stevens, 2006).  

 

Rakiura was a site of much Maori-European contact, with the Foveaux Strait being a major 

trading route for offshore whaling and sealing. Consequently, many Pākehā (Europeans) 

settled in the area and married Ngāi Tahu women. Relations were generally good through to 

the 1830s with the region remaining peaceful and prosperous (Ngāi Tahu Claims Settlement 

Act, 1998; Stevens, 2006; Waitangi Tribunal, 1991b). It was not until the 1860s that the 

Crown took an interest in Rakiura. In 1864, negotiations began around the sale and 

purchase of Rakiura from Ngāi Tahu (Stevens, 2006). While tītī was Ngai Tahu’s major 

concern in Rakiura, the Crown and European settlers were more interested in securing land 

title and the timber resources in the area (Waitangi Tribunal, 1991b). Rakiura was the last 

major land purchase in Te Waipounamu (the South Island). It was sold for £6,000 on the 
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condition that the Crown protected the rights of Rakiura Māori to access the tītī islands for 

harvesting (Stevens, 2006; Te Rūnanga o Ngāi Tahu, 1997; Waitangi Tribunal, 1991a). 

Thus, despite Rakiura being sold to the Crown, governance of the tītī colonies remained with 

Ngāi Tahu.  

 

The Special Powers and Contracts Act (1886) was the first piece of legislation to impact 

Rakiura Māori governance of the tītī islands. It authorised the Crown to make regulations 

over the management of the tītī islands for Ngāi Tahu’s exclusive use as beneficiaries. In 

1910, the Native Land Court established the rights of various members to Beneficial Islands, 

legislated as 'Rakiura Maori' under a set of harvest regulations that were gazetted in 1912 

under the Land Act (1908). It was not until 1978 that these regulations were amended and 

have remained in force since then (Stevens, 2006). Thus, all current administration of the 

Beneficial Islands are regulated by the Titi (Mutton Bird) Regulations (1978). The purpose of 

this act is to protect the mahinga kai from harm by animals and people. However, since 

settlement, the Former Crown Islands come under the Rakiura Titi Islands Management Plan 

which requires a written permit to access (Waitangi Tribunal, 1991a). 

 

Ngāi Tahu’s influence over the ‘Titi (Mutton Bird) Regulations 1978’ has allowed them to 

enforce the regulations to maintain governance over the beneficial islands and tītī colonies. 

For example, no European can take muttonbirds or their eggs unless they are married to a 

Rakiura Maori (Titi (Muttonbird) Islands Regulations, 1978). This enables Rakiura Māori to 

maintain their whakapapa (genealogical) connection to the birds. In addition, no person can 

access the islands prior to or after the birding season which extends from March to May. 

This reflects the elevated tapu status of tītī and legislatively enforces a seasonal rāhui 

(prohibition) to protect the mauri (life-force) of the tītī colonies. Furthermore, the Act contains 

numerous provisions that regulate how a person engages with the birds. This includes the 

prohibition of destroying burrows, harvesting adult birds, or taking harmful items onto the 

islands such as cats, rats, firearms, etc. (Titi (Muttonbird) Islands Regulations 1978). 

Although Ngāi Tahu have maintained their ability to govern the Tītī islands, their treaty claim 

asserted that their full unhindered governance of the Islands had been impeded. Namely 

they stated that requirements to attain written permit to access Crown islands and only 

having recommendatory powers over them has deprived Ngāi Tahu the full administration of 

the Tītī Islands (Waitangi Tribunal, 1991a). The claim was successful with the tribunal 

concluding that beneficial ownership of the Crown islands would recognise Ngāi Tahu 

rangatiratanga and reflect the present situation of Ngāi Tahu governance over the tītī islands 

(Waitangi Tribunal, 1991a). 
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Ngāi Tahu’s governing body, Te Rūnanga o Ngāi Tahu, maintains governance over the 

Former Crown Islands and associated resources in collaboration with the Crown through the 

Department of Conservation (DOC) and the Ministry of Primary Industries (MPI). DOC and 

Ngāi Tahu have developed guidelines around customary use, threatened species recovery, 

historical and cultural heritage, treaty relationship matters, public conservation lands, and 

waters (Department of Conservation, 2012). From 2010 to 2014, Te Rūnanga o Ngāi 

Tahu negotiated with commercial fisheries and MPI to request the prohibition of commercial 

harvesting of kina (sea urchin, Evechinus chloroticus) and pāua (Haliotis spp) adjacent to 31 

landing areas around the tītī islands.  MPI supported these regulations and enforced them 

under section 186 of the Fisheries Act and the Treaty of Waitangi (Fisheries Claims) 

Settlement Act 1992 (Ministry for Primary Industries, 2015). Ngāi Tahu’s relationship with the 

Crown has benefited their administration of the Rakiura Tītī Islands. Legislation has assisted 

in the enforcement of Ngāi Tahu governing practices over non-Rakiura Māori in these 

areas.  

 

A key benefit of maintaining governance over their own resources is the ability to actualize 

future aspirations. Typically, Māori governance is portrayed as a pre-colonial construct, but 

the Rakiura Tītī Islands example serves as a crucial reminder that traditional governance 

systems are not constrained to the past and that customary practices do not necessarily 

negate commercial development (Stevens, 2006). In fact, as a response to the decline of tītī 

communities caused by the destruction of introduced species’, Ngāi Tahu have taken on the 

ambitious project of ‘Predator Free Rakiura’ for the long-term health and productivity of those 

populations. Collaboration is a significant factor in these efforts with Te Rūnanga o Ngāi 

Tahu, the Rakiura Māori Lands Trust, the Rakiura Tītī Islands Administering Body, the 

Rakiura Tītī Committee, DOC, Southland District Council, Environment Southland, Real 

Journeys, and the New Zealand Deerstalkers’ Association all contributing to the project (Te 

Karaka, 2021). 

 

Ngāi Tahu also has an extensive history of collaborating with Western science that has 

resulted in a robust research portfolio regarding the tītī colonies around Rakiura. In the early 

1990s, the research project ‘Kia Mau Te Tītī Mō Ake Tonu Atu’ was conducted by the tītī 

community in collaboration with the University of Otago that identified rodent predation as a 

key threat to tītī populations. As a result, a successful pest eradication went ahead in 1997 

(Te Karaka, 2021). Various studies have also been conducted on the use of both traditional 

and western ecological knowledges to optimise the monitoring, conservation and 

management of the Rakiura Tītī Islands (Humphries et al., 2017; Jones, 2010; Kitson, 2004; 
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Lyver, 2002; Moller et al., 2009). But perhaps the most important impact of Rakiura Māori 

governance of the Tītī Islands is the continued kaitiakitanga shown by the tītī community to 

protect, resource and maintain their islands and the taonga species that reside on them (Te 

Karaka, 2021). Accordingly, Rakiura Māori kaitiakitanga of the Rakiura Tītī Islands has been 

effective in managing their resources throughout time and continues to adapt to the 

ecological challenges in the modern era.  

 

 

2.4.2. Co-Governance: Moutohorā Ōi Colonies 

 

Moutohorā (also known as Motuhora or Whale Island) is a coastal island that lies within the 

marine tribal region of Ngāti Awa. It is a small volcanic island north of Whakatane that is 

mainly covered by pohutukawa (Metrosideros excelsa) and manuka (Leptospermum 

scoparium). Moutohorā hosts large breeding colonies of ōi (grey-faced petrels) that are 

harvested by Ngāti Awa Māori (Department of Conservation, 2008; Waitangi Tribunal, 1993, 

1999). Moutohorā, including the mutton-birding grounds, is one of the many islands within 

the Bay of Plenty where, prior to 1866, Ngāti Awa asserted tino rangatiratanga (sovereignty) 

and kaitiakitanga (Te Rūnanga o Ngāti Awa, 2019; Waitangi Tribunal, 1999). For centuries 

Ngāti Awa was self-governing, economically independent and actively traded goods such as 

pigs, vegetables, timber, red ochre, and mutton-birds with other iwi (Ngāti Awa Claims 

Settlement Act, 2005; Waitangi Tribunal, 1999). During this time they developed intricate 

environmental management systems enacted through the customary use of their natural 

resources (Te Rūnanga o Ngāti Awa, 2019). These systems incorporate traditional values of 

whakapapa, mana, mauri and tapu which are central to Ngāti Awa’s relationship with the 

natural world. These define their relationship and inherit custodial responsibilities to the 

environment which are recognised under Article II of Te Tiriti o Waitangi and the Resource 

Management Act, 1991 (Te Rūnanga o Ngāti Awa, 2019). 

 

The spiritual and cultural relationship of Ngāti Awa to Moutohorā is embedded in oral 

traditions that date back to their arrival in Aotearoa. Even early European expeditions, 

including Captain Cook’s, acknowledged Ngāti Awa’s sovereignty and connection to the 

island (Ngāti Awa Claims Settlement Act, 2005). Numerous pā sites and wāhi tapu on 

Moutohorā are also evidence of Ngāti Awa’s occupation and although whether this indicates 

permanent or seasonal settlement has been debated (Ngāti Awa Claims Settlement Act, 

2005; Waitangi Tribunal, 1993), their presence is undisputed. However, the harvesting of ōi 

and other sea resources was a regular seasonal activity for Whakatane-based hapū of Ngati 

Awa with Moutohora being a plentiful source of kina, paua, and crayfish. Often, rāhui were 
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used to prevent the depletion of the ōi colonies on the island (Ngāti Awa Claims Settlement 

Act, 2005).  

 

In 1867, 245 000 acres of Ngāti Awa land was illegally confiscated citing the New Zealand 

Settlements Act 1863 for rebellion against the Crown. Yet unlike other regions there was no 

war in the district (Waitangi Tribunal, 1999). During this era, Ngāti Awa hapū suffered 

dispossession of their many taonga including their lands, food sources, wāhi tapu, 

mātauranga Māori, decision making, culture and traditions (Te Rūnanga o Ngāti Awa, 2019). 

Shortly after, Moutohorā became privately owned until 1984 when it was purchased by the 

Crown and managed by the Department of Conservation (DOC) In accordance with the 

Reserves Act 1977 (Waitangi Tribunal, 1993; Waitangi Tribunal, 1999). However, the island 

was not formally acknowledged as a wildlife reserve until 1991 when access to Moutohorā 

was prohibited without a written DOC permit (Department of Conservation, 2008; Waitangi 

Tribunal, 1993). Details of the management of the mutton-bird colonies on Moutohorā are 

outlined in the Grey-Faced Petrel (Northern Mutton-bird) Notice 1979. Permits issued under 

this notice allow ōi to be harvested between November and December in that year. This 

prohibits the killing of birds that can fly or the removal of eggs and only allows access to the 

island with the consent of the owner or administering body of the land. Other restrictions 

include the lighting of fires, destruction of burrows or harvesting using methods other than 

hand or by the traditional forked-stick method (Grey-Faced Petrel (Northern Muttonbird) 

Notice, 1979). 

 

In 2002, the Ngāti Awa Deed of Settlement was signed with the Crown which recognised the 

severe erosion of Ngāti Awa’s right to exercise kaitiakitanga and relationship with their 

ancestral lands, including Moutohorā. By 2005, this was legislated in the Ngāti Awa Claims 

Settlement Act 2005 which statutorily recognised this relationship and saw the establishment 

of a Joint Management Committee for Moutohorā (Whale) Island Wildlife Management 

Reserve (Te Rūnanga o Ngāti Awa, 2019). This is a six-member committee consisting of 

Ngāti Awa and DOC representation known as Te Tapatoru ā Toi. Since then, Te Runanga o 

Ngāti Awa has established Moutohorā as Customary Marine Title under the Marine and 

Coastal Areas Act (Takutai Moana) 2011. As such, those applying for resource consent in 

the marine and coastal area must notify them to seek their input on the application (Ngāti 

Awa Claims Settlement Act, 2005; Te Rūnanga o Ngāti Awa, 2019).  

 

At present, Moutohorā and the associated ōi colonies are jointly managed, requiring a 

written permit to access the Wildlife Management Reserve. Public access largely is 
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restricted due to two major threats - fire and the reintroduction of rodents. These have the 

potential to devastate the threatened native flora and fauna on the island (Department of 

Conservation, 2008; Ngāti Awa Claims Settlement Act, 2005). This co-management 

framework has allowed Ngāti Awa Whakatane hapū to reassert their role of kaitiakitanga and 

ensure that their ancestral natural resources are managed in a sustainable manner that 

aligns with the correct tikanga (customs) and kawa (protocols) (Te Rūnanga o Ngāti Awa, 

2019). Moreover, this collaboration allows both the Crown and Ngāti Awa an opportunity to 

redress the impacts colonisation has had on the use and development of Moutohorā and 

reconnect whānau to their traditional sites and customary practices (Te Rūnanga o Ngāti 

Awa, 2019). 

 

Since the co-management era of Moutohorā, Ngāti Awa engaged extensively with Western 

scientific research as a means to monitor and inform management of the ōi colonies there. 

Population estimates, translocation techniques, restoration success rate, pest control, 

customary harvesting, and rodent impacts on resource management are just some of the 

many research projects conducted in the interest of the Moutohorā ōi colonies (Buxton et al., 

2015; Gummer et al., 2014; Imber et al., 2000; Imber et al., 2003; Whitehead et al., 2014). 

This proves the success of the monitoring and management of the marine wildlife reserve 

that incorporates both the values of both the Crown and Ngāti Awa. Reconnection with 

ancestral lands is a compulsory condition for the prosperity and well-being of all Indigenous 

communities. Joint management (or co-management) of the ōi populations and other 

resources on Moutohorā has contributed to Ngāti Awa’s ability to actualize their future 

ambitions and aspirations for their people. 

 

 

2.4.3. Colonial Governance: Poor Knights Islands Ōi Colonies 

 

The Poor Knights Islands is the English name for the collection of islands located 22km east 

of Northland (Department of Conservation, 2015). Tawhiti Rahi and Aorangi are the two 

main islands in the group with over 24 smaller outcrops, all of which lie within the region of 

Ngātiwai (Ngātiwai Trust Board & Haddon v. Minister of Conservation, 1998). Both islands 

have steep rocky cliffs that create a unique subtidal habitat that hosts a rich diversity of 

marine flora and fauna. The Poor Knights Islands are located west of the East Auckland 

Current, and are renowned for clear waters of high temperature and salinity, in comparison 

to the mainland and other north-eastern coastal islands (Sim-Smith & Kelly, 2009). Ngātiwai 

occupied Aorangi and Tawhiti Rahi until the early 1800s, when they were declared tapu 

(prohibited) after warfare when many of the inhabitants were killed (Ngātiwai Trust Board & 



37 
 

Haddon v. Minister of Conservation, 1998). It wasn’t until the late 1960s that some divers 

observed the large number of endemic marine species at the Poor Knights. This led to the 

islands becoming New Zealand’s second marine reserve in 1981 (Department of 

Conservation, 2015). However, recreational fishing was still permitted in the area until 1998 

when the Poor Knights Marine Reserve achieved full legislated protection that continues to 

this day (Department of Conservation, 2018).  

 

Approximately 25,000 people visit the Poor Knights Marine Reserve each year. Whilst the 

Department of Conservation (DOC) permits visitors to travel, swim, and dive in the reserve, 

disturbing marine or terrestrial life is prohibited (Department of Conservation, 2015; 

Department of Conservation, 2018). This is legislated under the Marine Reserves Act 1971 

and includes the feeding or taking of any fish, shellfish, seaweeds, and sea urchins up to 1 

nautical mile out from the islands. Vessels are also prohibited from being tied to any part of 

the shoreline to protect the reserve from fire and the introduction of pests and invasive 

weeds (Department of Conservation, 2015). Initially, enforcement of the marine reserve 

restrictions did not go smoothly as the Ministry of Fisheries officers, who were responsible 

for the reserve, were limited in number and resources. In 1985, several private individuals 

were appointed to address this but by 1987, management of the Poor Knights was delegated 

to the newly established DOC (Department of Conservation, 2015). Once the islands 

became a fully protected reserve in 1998 under the Conservation Law Reform Act 1990, the 

reserve saw a significant reduction in the amount of illegal activity and an increase in 

ecotourism that is sufficiently managed by the DOC conservation officers (Department of 

Conservation, 2015).  

 

The Poor Knights are of great significance to Ngātiwai. Despite being uninhabited since the 

1800s, Ngātiwai have always asserted their Tangata Whenua status and act as kaitiaki 

(guardians) of the islands due to their historical connection there (Ngātiwai Trust Board & 

Haddon v. Minister of Conservation, 1998). DOC recognises Ngātiwai’s status as the kaitiaki 

of the Poor Knights, having occupied those and many other islands in the region. In the past, 

DOC has considered iwi rights in their resource management decision for the Poor Knights 

Marine Reserve. For example, between 1987 and 1989, DOC acknowledged the 

requirement of iwi consent to rebuild moorings in the reserve as these actions would impact 

the environment. The resulting decision was communicated with Ngātiwai and saw 

no moorings in the marine reserve from 2004 onward (Department of Conservation, 2015).  

 



38 
 

Ngātiwai’s fishing rights are preserved by Article 2 of Te Tiriti o Waitangi. However, 

successive statutes allow the regulation of these rights and prevention within Marine 

Reserves. Consequently, Ngātiwai’s traditional customary fishing rights around the Poor 

Knights Islands can only be secured at the discretion of the conservation minister under 

section 3(3) of the Marine Reserves Act (Ngātiwai Trust Board & Haddon v. Minister of 

Conservation, 1998). This has resulted in a precarious collaboration between DOC and 

Ngātiwai in the management of the Poor Knights. In 1989, the Minister of Conservation 

issued a fishing ban notice, including customary fishing rights. The Ngātiwai Trust Board 

submitted a judicial review asserting that their customary fishing were guaranteed under the 

Treaty, the Wai 141 claim (blanket claim of intent) and the Wai 262 (indigenous fauna and 

flora) claim, stating that these rights are neither commercial nor recreational. Ngātiwai 

stipulated that a co-management plan for the Poor Knights Islands between the Ngātiwai 

Trust Board and DOC Department of Conservation must be developed (Ngātiwai Trust 

Board & Haddon v. Minister of Conservation, 1998). The Court ruled in favour of Ngātiwai 

that the decision to ban all fishing was unlawful in relation to Māori customary fishing. This 

saw the Minister reconsider his decision in the matter and re-engage with Ngātiwai (Ngātiwai 

Trust Board & Haddon v. Minister of Conservation, 1998). 

 

The unique diversity of marine life around the Poor Knights has led to extensive scientific 

research studies being conducted in the reserve (Sim-Smith & Kelly, 2009). For instance, it 

hosts the only known breeding colony of rako (Buller’s shearwater or Ardenna bulleri), a 

small ōi (grey-faced petrel) colony, and over 1000 tuatara on the island that occupy the sea 

bird's burrows (Department of Conservation, 2018). Over 130 studies in the Poor Knights 

Islands since 1983 have recorded 1259 marine species (Sim-Smith & Kelly, 2009). They 

have explored the flora of Aorangi and Tawhiti Rahi; population estimates of rako; sub-tidal 

reef surveys; mammalian pest eradication; fish abundance and larval recruitment; invasive 

weeds; and the vertical reef wall communities (Bellingham et al., 2010; Carter et al., 2018; 

Coulston, 2002; de Lange & Cameron, 1999; Denny et al., 2003; Friesen et al., 2021; Schiel, 

1984; Sim-Smith & Kelly, 2009; Taylor et al., 2011). Such an extensive research project 

clearly demonstrates the significant role that Western science has played in the 

management of the Poor Knights since the islands fell under the governance of the Crown. 

 

Governance of mutton-bird colonies throughout Aotearoa New Zealand are all influenced by 

the legal documents and conservation legislation described in section 2.3. Yet the case 

studies described in this chapter, demonstrate how governance styles, history, and 

management practices vary significantly throughout Aotearoa New Zealand. They highlight 

the divergent philosophies of conservation (emphasising preservation) and kaitiakitanga 
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(focusing on future use). Social dimensions of conservation and kaitiakitanga are also in 

conflict, with kaitiakitanga-based resource management centring human-environment 

relationships and conservation excluding people from natural resources (Kawharu, 2000; 

Roberts et al., 1995). These differences are perpetuated by the lack of co-management 

models available in the natural resource management space and a lack of trust between 

Māori, scientific research, the Crown, and non-governmental conservation organizations 

(Taiepa et al., 1997).  

 

 

2.5. Conclusion 

 

Despite this, kaitiakitanga has become a key unifying factor between Maori and non-Māori 

governance of natural resources (Kawharu, 2000). All three case studies explored here 

identify two key similarities in the differing cultural management practice: knowledge and 

collaboration. Rakiura, the Poor Knights, and Moutohorā mutton-bird colonies are all 

governed by management practices that are informed and guided by knowledge 

accumulated through time and on-going observation. Collaboration was another similarity 

with each case study demonstrating collaboration between Māori and colonial governing 

bodies, as well as the scientific community, private landowners, and the public. This proves 

that even instances where collaboration is not a formal or legislated requirement, all forms of 

resource governance collaborate to improve their management practice. However, without 

legislated co-governance and/or co-management models, incentives, power sharing and 

equitable decision making between parties remains an obstacle to genuine collaboration 

(Taiepa et al., 1997). 
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3.1 Methodology 

 

Methods are a common component of research that are enthusiastically debated and 

critiqued. Under a Western paradigm, scientific research equates understanding with 

measurement, creating a knowledge system in which method integrity validates knowledge 

(Smith, 2012). Methods are easily defined as the technique conducted by a researcher to 

gather, analyse, and present information. On the other hand, methodology is a much less 

straightforward concept to define but is described by Walter & Andersen (2016) as a 

theoretical lens consisting of three components: research standpoint, theoretical framing and 

methods. In other words, the way research is approached, conceptualized, designed, 

conducted, and understood is determined by a project’s methodology.  

 

Despite the crucial influence of methodology in determining research methods, few western 

science research projects acknowledge their research methodology. Furthermore, failure to 

do so magnifies the influence of methodology which has historically prevented effective 

critique and led to harmful research practice (Walter & Andersen, 2016). The relevance of 

this acknowledgement becomes crucial when engaging with different knowledge systems 

such as mātauranga Māori and Western science. The methodological gap between the two 

can be vast, creating a need for clarity of methodological positioning in this space (Durie, 

2004). As a Master of Science produced under the University of Auckland that engages with 

Indigenous peoples and Indigenous knowledge, it is imperative that the methodology of this 

thesis is clearly stated and clarifies how knowledges and culture will be employed. 

 

Kaupapa Māori as a research methodology is regularly appearing in Māori and Indigenous 

research (Hoskins & Jones, 2017a). It is an approach to teaching, learning, and researching 

that adapts uniquely to context, yet always at the core is a connection to Māori philosophies 

and principles; the assumed validity of Māori culture, knowledge, and practices; and Māori 

identity (Durie, 2017; Smith, 2017). Despite this, the majority of Western scientific research 

neglects these conditions when engaging with Indigenous communities, instead using 

science to plunder Indigenous knowledge and characterise Indigenous peoples to suit a 

colonial agenda (Durie, 2004). In contrast, kaupapa Māori methodologies, by privileging 

Māori values, knowledge, and practices, actively resist this. Moreover, it reaffirms our right 

as Māori to develop research autonomously as stipulated in Te Tiriti o Waitangi (Cram, 

2001; Smith, 2012). However, due to the dominating belief that western scientific method is 

the only way to produce knowledge, much research in this space inappropriately claims 

kaupapa Māori research whilst continuing to center a Western methodological approach. In 

most of these cases, the research merely changes the ‘who’ by taking on a Māori researcher 
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rather than the ‘how’ and adopting kaupapa Māori methodologies (Cooper, 2017). Durie 

(2004) makes a distinction between these two forms of research describing western 

research that is inclusive of Māori researchers and/or participants as ‘Māori-centered 

research’. Whereas kaupapa Māori research incorporates analysis based on Māori 

knowledge systems. Although it is important to acknowledge the ‘who’ as Māori identity is 

the foundation of kaupapa Māori research and therefore being Māori is crucial (Durie, 2004; 

Smith, 2017). 

 

Kaupapa Māori inherently prioritises a Māori worldview thereby validating Māori 

epistemology (Paul-Burke et al., 2020) and ontology. Epistemology is the study of 

knowledge or ways of knowing. It not only includes the body of knowledge but also how 

knowledge can be understood. Epistemological theory explores what is defined as 

knowledge, which knowledges are valuable and who are perceived as acceptable 

knowledge holders (Smith, 2012; Walter & Andersen, 2016). When understood in the context 

of research methodology, it is about which voices and knowledges are prioritised and 

validated, and which are not. These decisions occur at every stage of the research process 

and therefore determine the outcome of a research project (Walter & Andersen, 2016). 

Western science has historically been hostile to Māori ways of knowing (Smith, 2012). 

Therefore, using a kaupapa Māori methodology can generate research outcomes that 

benefit Māori communities and enhance Māori knowledge systems. 

 

For Indigenous peoples, these relationships don’t merely shape reality, they are reality. 

Thus, Indigenous research is relational in its approach, perception, and execution of 

research (Walter & Anderson, 2016). Ontology considers the nature of reality, how it is 

observed, and investigated (Hathcoat et al., 2019). In the Māori world, the nature of reality is 

whakapapa, the genealogical ties that connect people with each other and the environment 

(Cram, 2019). Because everything animate and inanimate is linked by whakapapa to the 

primal parents Ranginui and Papatūānuku, they are subjects, not objects. Similarly, kaupapa 

Māori research studies the nature of subjects through their interconnection with others (Mika, 

2017). These relationships between humans and all other things invoke reciprocity, 

responsibility, and respect and must be nurtured. Although often regarded as a philosophical 

approach, this relational ontology is essentially practical. It regulates human interactions and 

therefore influences a researcher’s observations and ethical approach to their research 

subjects (Cram, 2001; Mikaere, 2013).  

 

Another key aspect of Kaupapa Māori research is to consider the cultural protocols of the 

communities it engages with. This describes the ethics or axiology of a kaupapa Māori 
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methodology (Cram, 2019). Axiology guides the values, ethics and morals that underpins 

how research gains knowledge and what knowledge is used for (Cram, 2019; Curtis, 2016). 

Smith (2012) details culturally specific values in kaupapa Māori practices that represent a 

Māori ethical code of conduct. Some of these include ‘kanohi kitea’ (to present yourself face 

to face); ‘aroha ki te tangata’ (respect for people); ‘kia tūpato’ (be cautious); ‘manaaki ki te 

tangata’ (share and host people, be generous). Consent is another component guided by 

axiology. Under a Māori ontology, consent is considered as a dynamic relationship rather 

than a static decision. Accordingly, ethics are therefore constantly negotiated, agreed and 

reciprocated between a researcher and the community (Smith, 2012). This axiological 

positioning of kaupapa Māori methodology ensures only methods which are culturally 

sensitive and pursue meaningful outcomes for Māori communities are used (Curtis, 2016; 

Paul-Burke et al., 2020).  

 

Kaupapa Māori does not preclude the use of other knowledges systems, including Western 

science. Being steeped in a Māori worldview, kaupapa Māori aligns with Māori ways of 

knowing which evaluates new phenomena with an adaptiveness and curiosity that lead to 

novel insights (Cooper, 2017). Research in this space is also collectivistic and purposed to 

benefit all research participants, not only those who are Māori. Thus, whilst kaupapa Māori 

critiques Western hegemony in the research space, it does not reject or exclude Western 

culture or knowledge (Bishop, 1999; Mahuika, 2008; Pihama et al., 2002). When research 

draws on both kaupapa Māori and other methods, there is potential to create novel 

proposals that develop a richer data gathering with Māori (Smith, 2011). This chapter 

outlines the research methods used and aims to critique their strengths and weaknesses 

relative to a kaupapa Māori research methodology. It explores how the constraints of this 

thesis has impeded best practice and considers approaches that could be used in future 

research.  

 

 

3.2 Qualitative Methods 

 

Indigenous research is dominated by qualitative methodologies as they tend to align well 

with Indigenous agendas (Walter & Andersen, 2016). Qualitative research encompasses a 

broad range of methods that investigate phenomena within the real-world context. It aims to 

produce in depth empirical data from individuals or group narratives (Adeoye-Olatunde & 

Olenik, 2021). Semi-structured interviews are a common data collection method in 

qualitative research that have become popular due to their versatility and efficacy. For 

example, interviews can be adapted for both individual interviews and focus groups. A 
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significant benefit of semi-structured interviews is they allow reciprocity. This gives the 

interviewer the autonomy to explore ideas that reveal themselves during an interview 

(Adeoye-Olatunde & Olenik, 2021; Kallio et al., 2016).  

 

Semi-structured interviews with Indigenous communities have been utilised globally across 

various academic fields; from forestry economic partnerships in Canada to health care 

barriers and hepatitis B community impacts in Australia (Davies et al., 2014; Dura et al., 

2021; Young et al., 2017). In New Zealand, this method has also been favoured for 

collecting information around Indigenous harvests of ōi and tītī. Geary et al. (2019); Lyver et 

al. (2008); Moller (2009); and Paul-Burke et al. (2020) are some examples of this. All four 

research projects utilised semi-structured interviews worked alongside kaumātua (Māori 

elders) and harvesters to identify cultural values, practices and ecological knowledge 

associated with harvest practices. A Māori axiology accepts the inability to know a subject in 

its entirety, and this interview style removes the researcher’s certainty notion of it (Mika, 

2017). Engagement with the versality of semi-structured interviews allows this uncertainty to 

be explored. Furthermore, a Māori ontology prioritises the interconnection between all things 

over the thing itself creating a complexity that is also accommodated within this research 

method (Mika, 2017). Given the success of this method in effectively engaging with Māori 

communities, worldviews, and knowledges, semi-structured interviews were the chosen 

method for qualitative data collection in this thesis. 

 

 

3.2.1 Semi-Structured Interviews 

 

All semi-structured interviews were conducted under the University of Auckland Ethics 

Approval permit reference number UAHPEC22193. Semi-structured interviews were 

conducted with 1 kaumātua (Māori elder) and 1 iwi representative. Selection of participants 

was guided by pre-existing relationships, prioritising those that have an intimate connection 

with cultural harvests. Participants were provided with a participant information sheet (PIS) 

and consent form to allow them to provide informed consent for participating in this research 

project (see appendix). Inital discussions preceding interviews involved 

whakawhanaungatanga (connection and relationship building through discussion); a 

description of the research project; and an oral history consent form to set the parameters of 

this research project. Interviews were audio recorded and transcribed. The content of each 

transcription used for this thesis were returned to the participant for approval. To prompt 

discussion within each interview, the main themes of this project were explained. These 

included ‘tohu’, ‘relationships with ōi, tītī, and/or toanui’, and ‘kaitiakitanga’. This allowed 
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participants to freely discuss their perceptions and experiences whilst follow-up questions 

maintained a natural flow of conversation.  

 

Semi-structured interviews allow the incorporation of tikanga or kaupapa Māori practices 

previously described by Smith (2012) and exercised daily within my own cultural practice. A 

somewhat obvious tikanga observed by semi-structured interviews is ‘kanohi kitea (to 

present yourself face to face). This also played an important role in initial discussions to build 

relationships that are both ‘tika’ (correct within a Māori context) and ‘pono’ (genuine). ‘Titiro, 

whakarongo... kōrero’ is another tikanga that reminds a researcher to look and listen before 

they speak. Semi-structured interviews allow the research participant to lead the discussion 

which is particularly important considering the immense knowledge and status held by the 

kaumatua and participants that were interviewed. It also pertains to yet another tikanga: 

‘Kaua e takahia te mana o te tangata’ (do not trample on the mana of a person). This also 

contributes to ‘aroha ki te tangata’ (respect for people). Each participant was gifted a koha to 

acknowledge the time and value they have contributed toward this research. Koha (gifting) is 

a tikanga that is grounded in the value ‘Manaaki ki te tangata’ (to host and be generous).  

 

Although there are many strengths to using semi-structured interviews, they are not without 

disadvantages. Semi-structured interviews are often critiqued for inconsistencies in their 

methodological approach resulting in ethically dubious data collection that is not relevant or 

necessary for the research (Kallio et al., 2016). Although western research advises the 

development of an objective and generalised interview guide, a lack of uniformity allows 

adaptation to the unique context of each Māori research project and allows for natural flow of 

discussion to build rapport. Any unnecessary information can easily be removed from the 

transcript with the participant’s consent. One requirement of the semi-structured interview 

process is the informed consent from each participant. To fulfil this, an oral traditions 

consent form (CF) along with a participant information sheet (PIS) was provided to each in 

accordance with the ethics permit. This ethical practice is a constraint of this thesis as it 

disregards the dynamic approach to consent observed in kaupapa Māori research. To 

mitigate this, communication was extended beyond these requirements, maintaining contact 

with interviewees throughout the entirety of the research project.  

 

In many cases with research that engages with Māori communities, semi-structured 

interviews target kaumātua and practitioners that are of great status and experts in their own 

right. Yet, an interview-style of data collection assumes the interviewer as the expert and 

positions the interviewees as research participants. This places participants in a passive 

‘researcher-subject’ dynamic where they have little to no influence on research development 
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and outcomes. Kaumātua are not passive subjects; and it is inappropriate to treat their 

expertise, language, and knowledge as data to be collected and connected to pre-existing 

ideals of the interviewer (Mika, 2017). A preferred approach would be to engage with these 

experts as research collaborators where discussion of the research and its potential 

outcomes are reciprocal and collaborative. Wānanga, is a research methodology that would 

incorporate this approach and is a popular research methodology in Māori research practice 

(Mahuika & Mahuika, 2020). Wānanga provide a culturally centred space that allows the 

transmission and development of Indigenous knowledges, ways of knowing, and ways of 

being. They are steeped in a culturally appropriate pedagogy that is driven by iwi-specific 

contexts and tikanga (Mahuika & Mahuika, 2020; Smith et al., 2019). If this research were to 

be repeated, wānanga would be recommended as a more suitable qualitative method in 

comparison to semi-structured interviews. 

 

 

3.3. Quantitative Methods 

 

Traditionally, quantitative methodologies have been perceived to be far less compatible with 

Indigenous research agendas in comparison to qualitative methodologies. As a predominant 

tool in the colonisation of Indigenous peoples, lack of engagement with quantitative 

methodologies in Indigenous research is not surprising (Walter & Andersen, 2016). Durie 

(2004) critiques the use of mainstream quantitative methods of analysis, using their inclusion 

to draw a line between kaupapa Māori research and Māori centred research.  

 

Yet Indigenous research continues to evolve, and despite being dominated by qualitative 

methods, there is potential for quantitative methods to enhance Indigenous research 

agendas. Like all things, there is a relationship between quantitative knowledge and 

Indigeneity. Thus, there is nothing “less Indigenous” about quantitative methodologies. 

Indeed, this perspective aligns with Māori axiology which is flexible in its inclusion of new 

phenomena and knowledges (Cooper, 2017). Although often overlooked, many forms of 

mātauranga were generated using quantitative techniques and codified using qualitative 

methods to communicate knowledge, often through oral traditions. Māori oral tradition 

include forms such as pūrākau (stories) and maramataka (ecological calendar) that 

exemplify this (Hikuroa, 2017). In recent times, maramataka and pūrākau have reclaimed 

recognition through the efforts of Māori leaders and experts such as Hikuroa (2017), 

Matamua (2017) and Tawhai (2013). Maramataka relates to a complex system of 

understanding that links astronomical observations to the many cycles of the environment. 

For Māori ancestors this knowledge was localised and interwove knowledge like astronomy, 
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species migration and reproduction, tidal movements into all facets of everyday life 

(Matamua, 2017). Pūrākau are a form of traditional narrative that is both pragmatic and 

spiritual which incorporates Māori epistemologies, ontologies and axiologies. There are 

hundreds of pūrākau, such as the story of Te-Ika-a-Māui (Maui fishing up the north island of 

Aotearoa, New Zealand), that embed maramataka into oral tradition to be handed down to 

the next generations (Hikuroa, 2017; Matamua, 2017). Hence, when quantitative methods 

reflect the evolution of Indigenous ontologies, axiologies, and epistemologies they present 

unique advantages (Walter & Andersen, 2013). Notably, it prevents the rejection of 

Indigenous research by exploiting the power and influence placed on quantitative data by 

Western science. However, engagement with these methods must be treated appropriately. 

It must be acknowledged that an Indigenous researcher using quantitative research does not 

necessarily constitute Indigenous quantitative methodological practice; it must embody an 

Indigenous standpoint (Walter & Andersen, 2013). This thesis aims to achieve this by 

critically analysing quantitative methods through a Māori Indigenous standpoint. The 

quantitative methods utilised in this thesis are described as follows and framed through my 

standpoint as an Indigenous Māori woman. 

 

 

3.3.1 Study sites 

 

Samples of ōi, tītī and toanui were collected from three sites, Ihumoana, Kauwahaia and 

Moutohorā (Figure 3.1). Ōi were primarily sampled at Ihumoana, Te Henga (-36.891044, 

174.439523) during pre-lay and rearing periods. Notably, this colony contains a population of 

known-age individuals. The second sample site, Kauwahaia (-36.886754, 174.436975), lies 

just north of Ihumoana and contains ōi, tītī and toanui colonies that were sampled from. Ōi 

samples collected prior to this project at Moutohorā (-37.854943, 176.972554) were also 

used for quantitative analysis. These samples were collected during the pre-lay period. 

 

Ihumoana (Figure 3.2) is an intertidal island located at the northern end of Te Henga 

(Bethell’s Beach) on the west coast of the North Island. It lies within the boundaries Te 

Kawerau a Maki who have mana whenua status over the area (Te Kawerau Iwi Settlement 

Trust & Tribal Authority, n.d.). Ihumoana is approximately 1.3 ha and has a resident ōi 

breeding population of 120 pairs (Greene et al., 2015). The island is a privately-owned 

predator free sanctuary managed by the Department of Conservation (DOC). Regenerating 

mixed coastal forest covers most of the area including pōhutukawa (Meterosideros excelsa), 

kawakawa (Macropiper excelsum), and karamu (Coprosma robusta). An estimated 200 

burrows are present, clustered in varying density over the island. 
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Kauwahaia (Figure 3.3) is an intertidal island located at the southern end of Kauwhaia beach 

(or O’Neill Bay) approximately 500m north of the Ihumoana study site. The island also lies 

within the boundaries of Te Kawerau a Maki and is managed for mammalian pests by DOC. 

It is 0.7 ha with vertical cliffs that hosts breeding colonies of ōi, tītī, and toanui (G. Taylor, 

pers comm. 2021). Flora coverage resembles Ihumoana with mixed native coastal forest 

canopy, however, pōhutukawa are completely absent from the island. (Taylor & Cameron, 

1990).  

 

Moutohorā (Figure 3.4) is an island located 10km north of Whakatane in the North Island. 

Ngāti Awa works alongside DOC to manage the island as mana whenua At 143 ha in size, 

Moutohorā hosts one of the largest ōi colonies estimated at 95,000 breeding pairs (Imber & 

Harrison, 2002). The island is a remnant volcanic cone covered with a broad-leaf canopy of 

regenerating pōhutukawa, māhoe (Melicytus ramiflorus) and kānuka (Kunzea ericoides) 

(Department of Conservation, 2008).  

 

 

 

 

 

 

Figure 3.1) Map of study sites in the North Island, New Zealand. Sites marked in red. 
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Figure 3.2) Ihumoana (Ihumoana Island) study site, Te Henga (Bethells Beach), Aotearoa, New Zealand 

 

 

Figure 3.3) Kauwahaia (Kauwahaia Island) study site, Awa Kauwahaia (O’Neil’s Beach), Aotearoa, New Zealand 
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3.3.2 Sampling 

 

Sampling of live ōi and tītī was conducted at the field sites outlined above. Nesting birds 

were captured for blood sampling, feather collection and vomit collection (when possible). 

Approximately 300μL of blood was extracted from the medial metatarsal vein in an 

individual’s leg. Five feathers were taken from the abdomen of each bird. A total of 319 

individuals were sampled between November 2019 and December 2021, resulting in 323 

feather samples and 68 blood samples from Ihumoana. A further 65 feather samples were 

gifted to this research from previous research projects. These included oī feathers obtained 

from Moutohorā in 2009 gifted by Phil Lyver of (Lincoln University; Manaaki Whenua 

Landcare Research); and oī, tītī and toanui feathers collected from Ihumoana and 

Kauwahaia gifted by Graeme Taylor (Department of Conservation). 

 

Ōi, tītī and toanui samples were collected from three sites (Figure 3.1 of all sites). Ōi were 

primarily sampled at Ihumoana, Te Henga (-36.891044, 174.439523) during pre-lay and 

rearing periods. Notably, this colony contains a population of known-age individuals. The 

second sample site, Kauwahaia (-36.886754, 174.436975), lies just north of Ihumoana and 

contains ōi, tītī and toanui colonies that were sampled from. Ōi samples collected prior to 

 

Figure 3.4) Moutohorā (Whale Island) study site, Bay of Plenty, Aotearoa, New Zealand 
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this project at Moutohorā Island (-37.854943, 176.972554) were also used for quantitative 

analysis. These samples were collected during the pre-lay period. 

 

As we were working under a pre-existing permit, we had no direct communication with mana 

whenua prior to sample collection regarding this specific research project. Communication 

via email was attempted by the lead research team prior to sample collection with Te 

Kawerau-a-Maki, mana whenua of the Ihumoana study site. No response was received yet 

data collection went ahead. Despite this, we continued efforts and successfully contacted 

mana whenua through personal whakapapa connections. Ideally this would have been 

achieved prior to research commencing but the timing constraints of the Masters degree 

prevented this. Similar to samples collected during this project, the samples gifted from 

Kauwahaia were done so without direct communication with mana whenua. These samples 

were collected by a member of the research team and gifted in person to the lead researcher 

for laboratory analysis. Samples gifted from Moutohorā were done so with the informed 

consent of Ngāti Awa and were collected by a member of the research team. Samples were 

not gifted in person but sent via courier due to distance and time constraints. 

 

 

3.3.3 Inductively Coupled Mass Spectrometry  

 

Inductively coupled plasma mass spectrometry (ICP-MS) is an elemental analysis technique 

that uses inductively coupled plasma to ionize samples. ICP-MS can detect isotope ratios of 

metal and non-metal elements in liquid samples at exceptionally low concentrations (Wen et 

al., 2021). Feather samples (323 total) were analysed using ICP-MS for heavy metal isotope 

concentrations across a suite of 25 elements inclusive of Al, As, Ca, Cd, Co, Cr, Cu, Fe, Hg, 

K, Mg, Mn, Na, Ni, P, Pb, S, Sc, Se, Sn, Tb, Ti, V, Y and Zn. 

 

Each sample (~0.020g) was weighed in an 80mL Teflon tube and various combinations of 

reagents were trialed until complete digestion was obtained (i.e., a final, clear solution). 

Complete digestion was achieved using 4 mL 69% HNO3 (Tracepur, Merck) and 1 mL 35% 

H2O2 (ECP Ltd). The tubes were sealed and placed in a Maxi-44 rotor and digested in an 

Ethos-Up Microwave reaction system (Milestone SRL, Italy) at 200ºC for 20 minutes. The 

digest was then diluted with 20 mL Type-1 water and a final weight was obtained. The 

solutions were quantitatively analyzed for desired elements on an Agilent 7700 ICP-MS in 

‘He’ mode to reduce polyatomic interferences. 
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Calibration standards were prepared in a matrix matched solution from 1000ppm Single 

element standards (Inorganic Ventures, USA).  A 20ppb solution of Sc, Y & Tb was used to 

monitor drift and matrix effects.  All results were recorded in µg/g and calculated to the 

original sample. The Agilent 7700 ICP-MS used to analyze feather elemental composition is 

incapable of reading concentrations below 0.0000 μg/g. Thus, elements existing below this 

concentration were recorded as a non-numeric estimate of ‘<0.0000 μg/g’. Data imputation 

replaced these readings as ‘0.00001 μg/g’ to produce numeric variables that can be included 

in data analysis. 

 

Although ICP-MS is a widely used and powerful tool for elemental analysis (Olesik, 2014; 

Wen et al., 2021), sample preparation is extensive, and samples are destroyed preventing 

their future use or the ability to return the samples to mana whenua if desired. Despite not 

receiving samples from mana whenua directly, processes of tikanga are still vital in kaupapa 

Māori research. In accordance with these, the reality is that through whakapapa these birds 

remain under the protection and management of mana whenua. As such the destruction of 

these samples could be a limiting factor in mana whenua participation due to tikanga being 

impeded. Access to the data produced through ICP-MS can be another impediment to 

culturally ethical practice because it is typically communicated using highly specialised 

technical language, formats and forums that are not easily accessible nor understood by 

Māori communities and hence not beneficial. It is important that data communication is clear 

and presented in a form and forum that suits the communities involved. Ideally, data is 

presented by the research term in person to allow for interrogation and reciprocal discussion 

about the research findings.  

 

 

3.3.4 Laser ablation inductively coupled mass spectrometry 

 

Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) is a technique 

often coupled with ICP-MS for direct elemental analysis of solid materials for trace elemental 

analysis (Limbeck et al., 2015). Similar to ICP-MS, LA-ICP-MS generates major, minor, and 

trace element information with a wide elemental coverage. A sample of 9 ōi feathers 

collected from Ihumoana in April 2021 were analysed using LA-ICP-MS. Guided by ICP-MS 

results, S, Mn, Cu, Zn, and Hg were the key metal pollutants targeted for this analysis 

determined by classification results from a 22-element stepwise quadratic discriminant 

function analysis (QDFA). 

 



53 
 

Laser ablation requires minimal sample preparation and can generate high sample output 

making it advantageous over ICP-MS for efficiency. Each feather was loaded onto a sample 

plate using double sided tape and loaded into the Agilent 7700 ICP-MS and analysed using 

the ASI Resolution 193nm laser system. Quantitative elemental analysis is limited and 

requires both internal and external calibration (Limbeck et al., 2015). Even with the 

appropriate standards for calibration, LA-ICP-MS results are still only semi-quantitative, 

constraining analysis to relative and qualitative investigation. Laser calibration was 

conducted every 30 minutes using the NIST (National Institute of Standards) glass reference 

standards 610 and 612 (Dodds et al., 2010; Walder et al., 1993). NIST 612 was used as the 

multi-element standard including the isotopes of interest ³⁴S, ⁵⁵Mn, ⁶³Cu, and ⁶⁶Zn at a 

nominal trace concentration of 50ug/g. The presence of ²⁰¹Hg could not be quantified as it is 

not present in either standard. It was measured in count per second (CPS). Sulfur was the 

internal standard used to calibrate the LA-ICP-MS signal intensity. Cysteine is both abundant 

and low in variation in feathers due to keratin matrices, making sulfur an appropriate element 

for internal standard (Adout et al., 2007; Limbeck et al., 2015).  

 

Sample analysis consisted of 20 spot ablations each lasting 45 seconds along the lower, 

mid, and upper sections of the rachis. This totaled 60 ablation spots per feather. A 30 

second delay was observed between ablations to allow for clear signal distinction between 

spots. Ablation of glass standards were conducted between each feather to accommodate 

drift in signal intensity over the run period. This consisted of 10 45 second ablation spots for 

both the 610 and 612 standards.  

 

In comparison to standard ICP-MS, LA-ICP-MS is less accurate and only yields semi-

quantitative data due to restrictions in the availability of accurate standards. However, when 

used simultaneously with ICP-MS methods results can be validated through comparison with 

more quantitative results. Regarding sample treatment, LA-ICP-MS requires minimal sample 

preparation and leaves the feathers intact with only slight scoring on the rachis. Therefore, 

LA-ICP-MS may be a preferable method for heavy metal isotope analysis when working with 

Māori communities if the return of samples is desired. 

 

 

3.3.5 Heterophil-Lymphocyte Blood Analysis 

 

Circulating immune cells in birds consist primarily of heterophils and lymphocytes which are 

sensitive to natural stressors and stress hormones (Krams et al., 2012). Consequently, 
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heterophil-to-lymphocyte ratios (H:L) have been considered a reliable indicator of prolonged 

stress in birds since the 1980s (Banbura et al., 2013; Cotter, 2015).  

 

Blood samples from 68 ōi adults were analysed for H/L ratio. Blood was extracted using 1mL 

insulin needles and a smear was made from a single drop using the two-slide smear 

method. Blood smears were then air-dried and dipped in methanol (100%). Each sample 

was stained with a Diff-Quik stain consisting of a blue fixative solution (methanol) and an 

orange solution (eosinophilic). Once dry, the slides were examined at 40x bright field 

magnification under a fluorescence microscope using a Gryphax camera attachment (see 

appendix). Heterophils and Lymphocytes were counted on each slide and calculated as a 

ratio for each sample. 

 

Although several reviews have challenged the utility and reliability of this method, these 

critiques have been limited to commercial conditions (Cotter, 2015; Lentfer et al., 2015). For 

birds in natural environments, H/L ratios are considered robust indicators of both long- and 

short-term stress and can even be indicative of anthropogenic-induced stress. The 

limitations of this method lie in its simplicity which lacks the nuanced differentiation required 

for comprehensive haematological analysis (Clark, 2015). However, sample collection is 

straightforward, only requiring a blood smear from a single drop of blood making this method 

ideal for fieldwork and not detrimental to a bird’s long term health (Banbura et al., 2013; 

Skwarska, 2019). Blood sampling is an invasive data collection method and should be 

discussed with mana whenua in regard to the treatment and well-being of the birds. 

 

 

3.4 Conclusion 

 

Upon evaluating the methodology of this thesis, I can confidently position it within kaupapa 

Māori research practice. The epistemological, ontological, and axiological influences on each 

method assumes the validity of Māori culture, knowledge, practices, and identity. Although 

engagement with kaupapa Māori research methodology in thesis is extensive, it is far from 

best practice. The constraints of this research resulted in much of the research being 

developed prior to community engagement resulting in a relationship more akin to 

consultation rather than collaboration. However, at the core of indigenous methodologies is 

the explicit intention to connect with Indigenous communities and share research knowledge 

for their benefit (Smith et al., 2019). In this case, these intentions are prevalent throughout 

the research through conception to practice.  
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4.1. Introduction 

 

Whakapapa and relationships are the karanga maha (many connections) that joins us 

together. Throughout history, whakapapa-guided alliances have been formed between hapū 

to protect hapū autonomy and support each other in times of need. In Ngāpuhi Nui Tonu, 

these alliances had strategic benefits beyond warfare, such as achieving large-scale fishing, 

harvesting, food production projects and natural resource management (Healy et al., 2012). 

Whakapapa is a relational genealogical framework that also dictates the rights and 

responsibilities of kaitiaki and kaitiakitanga practices which are central to customary 

harvesting practices. This chapter investigates the cultural, spiritual, historical, ecological, 

and scientific dimensions of mutton-bird harvesting to gain a holistic perspective of the 

management of these birds. Initially, our intentions were to investigate mutton birds harvests 

from several regions and compare this to the quantitative data collected. However, due to 

the COVID-19 lockdown restrictions, our ability to conduct interviews was severely impacted, 

restricting the locations and number of interviews we were able to conduct. Without a 

broader dataset, assuming to make claims on harvesting histories and practices from 

different regions was no longer appropriate. Using the data collected, our objective is to 

determine the common themes and values associated with mutton-birds from semi-

structured interviews with one kaumātua (elder) and one iwi representative engaged in 

environmental management on behalf of their people. 

 

 

4.2. Methods 

 

Kanohi kitea (or kanohi-ki-te-kanohi, the seen face) as a practice fosters connections and is 

popular in kaupapa Māori research (Smith, 2012). Semi-structured interviews harness this 

approach by creating face to face research relationships that can explore resource 

management practices, whakapapa connections and knowledge through discussion. As 

previously discussed in Chapter 3, participants were identified through the pre-existing 

relationships of the research team. Initial discussions prior to the formal interview occurred in 

person for both participants. Interviews were conducted online via zoom, transcribed, and 

then paraphrased for inclusion in this chapter. Thematic analysis is an analytical research 

method that identifies patterns or themes within qualitative data. This form of analysis is a 

‘bottom-up’ research tool that provides a detailed account of data by separating narrative 

materials into smaller units that can be analysed against other narratives (Vaismoradi et al., 

2013). As Māori customary harvest practices varied significantly between regions, thematic 

analysis was the method chosen to interpret the interviews.   
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4.3. Thematic Analysis 

 

Considering the highly contextual nature of Māori resource management perspectives and 

practices, thematic analysis seems the most appropriate approach for interpreting interview 

data. During the course of the interviews, three themes emerged: harvest practices, 

kaitiakitanga, and whanaungatanga; all centring whakapapa, as a genealogical framework 

and relational ontology. By analysing these themes, we can begin to understand the 

practices, principles and ethics through which Māori engage with and manage mutton-bird 

resources. 

 

 

4.3.1. Harvest Practice  

 

For many Indigenous peoples, resource harvesting practices are built upon the extensive 

behavioural and ecological knowledge of their own localities, accumulated over generations. 

Consequently, such practices conserve, and in many cases, enhance biodiversity, reflecting 

the strong connection between Indigenous peoples and biodiversity (Gadgil et al., 1993; 

Toledo, 2001). For Māori, traditional guardianship of mutton-bird species also includes 

customary harvest, which is embedded within a cultural and spiritual context (Lyver and 

Moller, 2010). Customary management of ōi (grey faced petrel, Pterodroma gouldi) has 

sustained colonies through harvesting practices and restrictions. These include the 

harvesting of pre-fledged chicks; the prohibition of damaging burrows; and the rotation of 

COVID-19 Impacts 

In August, 2021 the COVID-19 pandemic saw Aotearoa, New Zealand implement a 

lockdown that lasted 4 months in the Auckland region. With restrictions lifting shortly 

before Christmas, regular research activity was reinstated in early 2022. Our intentions 

during this period were to coinduct our semi-structured interviews in person. We were 

also in convervsations about attending a customary harvest and interviewing harvesters 

in the Bay of Plenty but due to COVID the harvest for 2021 season was cancelled. 

Unfortunately, we were only capable of conducting two interviews in the limited timeframe 

before and after the COVID lockdown. Although not ideal, the qualitative data collected 

was rich in knowledge and several themes emerged which shall be explored and 

discussed in this chapter. 
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harvests between populations. Consequently, customary harvest practices have little impact 

on population growth rates even when up to 75% of chicks are harvested (Lyver et al., 

2015). Harvest rates of tītī have also proven to be sensitive to a colony’s chick density. It 

therefore can provide an efficient method of monitoring population trends which is an 

important component of sustainable long-term harvests (Kitson, 2004). This demonstrates 

how the implementation of ecologically culturally appropriate practices is vital to natural 

resource management.   

 

Harvesting practices were a significant theme throughout the semi-structured interviews with 

each participant describing them in detail. Participant 1 described ōi harvests from their 

childhood undertaken by Ngāti Wai whānau on the Whangārei coast: 

 

In my youth I remember the mutton-bird season running from September to October. 

From my very earliest memories, harvesting would happen on the mainland as well 

as the islands out on the Taiharuru river near Pātaua and the Whangārei heads. By 

the time I was active in the harvesting, the birds had shifted off the mainland. So, 

most of my experiences with the mutton bird harvest were on the three islands near 

Taiharuru. Prior to collecting the ōi, each morning would begin with karakia which 

included a dedication to the ōi harvest. Karakia was an important thing amongst 

them, but such a practice didn’t stand out because everything they did had karakia 

attached to it. My brothers would get lowered down the side of the cliffs tied to a rope 

and lowered to where the mutton-bird holes were. The chicks looked like balls of fluff. 

To catch the birds, they would reach inside the burrow with a forked stick, try to trap 

the head and then reach in, their hand protected by a sugar sack, and break the 

neck. If they were pulled out into the light, they would more often vomit, which would 

spoil the meat.  

(Participant 1) 

 

Described here is the ‘forked-stick’ method of harvesting ōi chicks from their burrows. It 

demonstrates a comprehensive knowledge of the chick’s defensive behaviour and how that 

impacts the state of the chick. The forked-stick method has also been recorded as a long-

standing method in the Bay of Islands that is still used as one of the few legal harvesting 

techniques (Drummond, 1918; Grey-Faced Petrel (Northern Muttonbird) Notice 1979). There 

is also mention of the restricted harvesting season (being September to October) which 

correlates with their migration and breeding patterns (Greene et al., 2015; Taylor, 2013). No 

doubt this is intentional to reduce impacts on the colony’s population growth. Breaching 

these restrictions is not favourable but can occur as described by participant 1 below: 
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I remember my father would express his concern about one of my uncles going over to the 

islands too soon. It was almost like that uncle felt he had to get in there now otherwise he’s 

going to miss out. 

(Participant 1) 

 

Cultural protocols are embedded within harvest practices made evident in discussions 

around the use of karakia. Another interesting note is the use of sugar sacks to protect the 

hands of harvesters. Use of new material shows how traditional or customary practices can 

be adaptive and incorporate new knowledge, technologies, and ideas. Participant 2 

described ōi and tītī harvest from west Auckland in the region of Te Kawerau ā Maki 

undertaken by their parents’ generation: 

 

My father still remembers being lowered down the cliffs at Te Henga [on a harakeke 

rope] to gather the mutton-birds. With a kete on his back, he would flick what he 

called a bracken fern into the hole and catch the fluffy down feathers of the bird on 

the fern frond. Then he would pull it out and put the bird and the fern into his kete. 

(Participant 2) 

 

Here a different harvest practice is described using fern fronds rather than a forked stick to 

trap ōi and tītī chicks and pull them from their burrows. Another key difference was the killing 

of the birds themselves. Participant 1 emphasised the importance of killing the birds before 

they were retrieved from their burrows whilst participant 2 described the chicks being pulled 

from their burrows alive. Notable similarities between each account was the targeting of pre-

fledged chicks from mainland cliffside colonies reflecting how mutton-bird harvest practices 

can vary between regions. 

 

Participant 1 also emphasised the normality of karakia in not only management but everyday 

tasks. This is certainly an element that is missing from much modern conservation practice. 

Consequently, much of the older practices are being lost as Māori communities become 

more and more disconnected to their resources: 

 

My old people would karakia the season, but later, after they had passed on, I don’t 

know how well those practices kept, I think they died out a bit. I don’t recall my father 

doing it, although he may have, and I didn’t take any notice. But I don’t recall him 

doing karakia before they went over to get the birds from those islands.  

(Participant 1) 
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However, discussions with participant 2 demonstrated that this disconnection is not 

necessarily a barrier to revitalising cultural practices. Aspirations for culturally significant 

practices around natural resources are inherited from previous generations which is more 

than enough to reconnect with traditional practices. 

 

Mutton-bird wasn’t something that I grew up eating, I was only introduced to them 

later in life. I have more of a wairua connection to the tītī based on the stories that my 

father tells so often. For me, it’s about being able to collect taonga traditionally from 

your whenua and revive those cultural practices that were happening 60-70 years 

ago. Whether it’s with the mutton-bird or māra, so long as the generations that come 

after us can participate in those practices of gathering kai for their whānau from their 

whenua. 

(Participant 2) 

 

Revitalisation of customary harvesting practices is an ambition for many Māori communities. 

Stories passed down about these cultural practices are powerful ways in which younger 

generations can maintain a connection with their whenua, even when they have been 

physically disconnected. Te Au (2004) describes a similar experience with the tītī harvests 

on Taukihepa, one of the Rakiura mutton-bird islands: ‘Laying eyes on Taukihepa was like a 

powerful magnet pulling me into its spirit. Tears welled in my eyes, from all my father’s 

kōrero (stories), I felt I was finally home.’ 

 

Ihumoana, the main study site where ōi samples were collected for this thesis falls within Te 

Kawerau ā Maki’s tribal region. When discussing Ihumoana, Participant 2 had no knowledge 

of ōi harvests at this site: 

 

Ihumoana was mainly where they got kaimoana. My father and his uncles would 

stand at the front of Ihumoana, and count for a set of 6 waves. The sixth wave would 

go out a lot further and my father would jump in, grab the koura, throw it back up to 

his uncles and then jump out. He did it because he was the little fast one. He said the 

crayfish were only ankle deep in the rockpools although it is also dangerous. When 

dad talks about the stories, Ihumoana is more of a kaimoana gathering place. The 

cliffs at the south end of Te Henga and at the north end of Kauwahaia was where he 

speaks about the mutton-bird harvests. 

(Participant 2) 
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This may be an indicator that the colonies have relocated themselves along the Te Henga 

over the last century, after Te Kawerrau ā Maki’s occupation of Ihumoana as a fortified pā 

site (Te Kawerau ā Maki Claims Settlement Act, 2015). It is also possible that the colonies 

existed there at this time but were not harvested for various reasons such as rāhui (resource 

restrictions). Or the existence of the colony may not have been known to Te Kawerau ā 

Maki, however, the existence of a pā site in this location makes this alternative highly 

unlikely. More investigation would be required to confirm this. An interesting similarity 

between the participant’s anecdotes of their mutton-birding stories is the involvement of 

young children (6–7-year-olds) in harvesting practice. Their involvement does not appear to 

be passive with children having specific roles that contributes to the efficiency of harvest 

practices. By engaging with their whānau (extended family) and whenua (land) in this way, 

children develop an ecological literacy grounded in a deep sense of connection (Skerrett and 

Ritchie, 2020).  

 

On the harvest, when the old people would talk about how we are connected to 

everything is where I got a more intimate understanding of my relationship to the bird 

itself. Colonies were not always abundant on those islands. I recall my father 

admonishing this uncle of mine for going to the islands too soon.  

(Participant 1) 

 

This fosters an intergenerational relationship between Māori and mutton-bird species by 

passing on values, practices, and knowledge to the younger generations. With this intimacy, 

information, and energy (or tohu) can be exchanged between resources and community in 

response to resource state which can guide decisions. For mutton-bird harvest, this typically 

applies to decisions around the size of a harvest or even if it would occur at all (Kimmerer, 

2014; Lyver and Moller, 2010).  

 

Those are mutton-birds reserves now. In recent times, rodents swimming over from 

the mainland is an issue. I believe the bird’s decline was gradual. Rodents were an 

issue for those islands and the mainland colonies and not only the rats but the stoats 

and possums as well. I don’t think the possum went onto the islands, but the rodents 

did. In later years, the 80s and early 90s, some of my relations who were living out 

there would set traps around the islands for the rodents trying to preserve that 

resource.  

(Participant 1) 
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Reports of the impacts of invasive rodents is a common narrative throughout the literature. 

As far back as the early 1900s, records of mutton-bird colonies suffering from rat predation 

of eggs has been recorded (Guthrie-Smith, 1914). Tītī harvests by Ngāi Tahu have found 

invasive pests to have devastating effects on their Rakiura tītī populations. Colonies have 

slowly declined each season with rat holes being found near almost every active burrow (Te 

Karaka, 2021). Although it is acknowledged that destruction of vegetation and over-

exploitation of land resources have impacted mutton-bird populations, predation of eggs and 

chicks by rats is considered the main cause of population decline in the Bay of Plenty 

(Harrison, 1992; van der Wouden, 1994). In response, bird harvests were prohibited in 1962 

by the Māori committee responsible for regulating harvesting practices to allow the birds 

populations to increase.  

 

Restriction in terms of access to resources is a significant component of customary harvest 

practices. They ensure the long-term prosperity of a resource and maintain sustainable 

resource management practices. For Māori, the practice of rāhui is a common form of 

resource restriction that prevents the over exploitation of resources (Lyver et al., 2008; 

Marsden, 2003). Participant 1 describes how this is incorporated into their experiences of ōi 

harvests: 

 

Those birds that were harvested were the chicks, they wouldn’t take all of them and 

the old people would say which of the holes to go to and which were to be left. This 

was to allow the bird to mature and return to the island in the same way its parents 

did, for the continuation of the colony.  

(Participant 1) 

 

Here, participant 1 has described how experienced harvesters would guide harvesting 

practices around specific birds. They also discuss another form of rāhui that applies to an 

area, rather than the specific resource: 

 

Of course, they had been made tapu back in the 1800s after a war took place there 

so they would never go onto the island itself. They would just go to the burrows on 

the cliffs to collect the mutton-birds so as not to infringe upon the tapu of that place. 

One of the things that would scare the young ones is stories about the burrows 

having skulls or tuatara in them. Although I never came across one that had any of 

those things in it, I was very cautious when I went to the burrow as that memory of 

those older people's stories sticks in your mind. 

(Participant 1) 
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Oral traditions are full of cautionary tales such as this that serve as a reminder to respect 

and honour both the material and spiritual elements of the gifts that are our natural 

resources. Failure to do so can result in the rivers drying up, plants refusing to grow, and 

animals not returning to areas where practices are neglected (Kimmerer, 2014). Customary 

kererū harvests in Tūhoe have also described this phenomenon, describing the decline of 

kereru as an intervention of Tāne Mahuta (deity of the forest realm) in response to the 

absence of harvesting practices (Lyver and Moller, 2010). In Ngāi Tahu, kaitiakitanga 

considers the constant harvesting of kelp a practice that produces better kelp, similar to 

pruning a tree to produced better fruit (Williams, 2012). In the modern times, the 

Westminster legal system is the basis of law in Aotearoa New Zealand. Thus, enforcing 

tikanga law, i.e., the law of rāhui, can be very difficult for many Māori communities, hapū, 

and iwi attempting to manage their resources under the ethic of kaitiakitanga. Participant 2 

commented on the importance of this: 

 

We have many aspirations, the main one obviously is to get our people back on their 

whenua but then there’s also that systemic connection. Legislation is great in theory 

but in practical terms, nothing gets done. Te Kawerau ā Maki are trying to formalise a 

Forum with the power to protect and regenerate resources with both rāhui and legal 

mechanisms.  

(Participant 2) 

 

Others have attributed European colonisation as a major obstacle to the application of 

tikanga and the associated kaitiakitanga practices (Lyver and Moller, 2010). The Crown’s 

enforcement of laws around customary harvests, whether it be kereru, kaimoana (seafood) 

or mutton-bird, creates an environment where tikanga and kaitiakitanga management 

practices are not always acknowledged.  

 

 

4.3.2. Kaitiakitanga and kaitiaki 

 

When speaking of mutton-bird harvest with Māori, discussions inevitably end up with 

kaitiakitanga. As the ethic, value and philosophy that guides our relationships with the 

environment, and the practices we undertake to express it, having kaitiakitanga emerge as a 

theme from interviews is unavoidable. Customary harvests demonstrate an intimate 

knowledge of migration, breeding cycles, and feeding habits; all information gathered from 
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the environment through tohu and interpreted by tohunga (Williams, 2012). Spiritual 

guidance of both kaitiaki and tohu regulate human interaction with harvests to minimize 

wastage and overharvesting. The role of tohunga within this is crucial for the appropriate 

delivery of harvesting practices (Lyver and Moller 2010). Harvesting practices are therefore 

crucial to the appropriate delivery of kaitiakitanga. 

 

Kawharu (2000) discusses the social dimension of kaitiakitanga and resource management. 

An extension of this is the social obligations of kaitiakitanga which was a very prominent 

theme throughout the interviews. Participant 1 conceptualised these obligations as 

something that is determined through whakapapa:  

 

Ngāti Wai sees themselves as being people of the ocean, hence their name. For 

these coastal tribes, everything to do with the ocean concerns them. For my hapū, in 

these modern times, the continuation of kaitiakitanga is realised through our Trust as 

a parliamentary legislative body. Yet this is only important in regard to colonial law. 

The real kaitiakitanga rests with the hapū and our trustees see themselves as a 

continuation of the generations of kaitiaki going back through time. Even in terms of 

the treaty claims process, kaitiaki obligations going to the wider iwi is not seen as 

correct, as they are not mana whenua, tangata whenua, or the people of that place.   

(Participant 1) 

  

Connection to both people and place, has led to the creation of kaitiakitanga practices that 

are specific to place and thus varies between communities. These obligations are inherited 

from our tupuna (ancestors) and are handed down to our mokopuna (grandchildren/future 

generations) to sustainably manage the environment throughout time (Mutu, 2010). Kaitiaki, 

as agents of kaitiakitanga, also vary in their nature between regions. This is because the 

connection between kaitiaki and tangata is based upon whakapapa and is therefore unique 

to each hapū. Through this connection we are guided by tohu which informs our 

kaitiakitanga practices. 

 

From our perspective, we as humans are the kaitiaki. We’re the ones that have the 

tangata, the ability to carry out the karakia, rituals, and rites to guard the mauri of a 

resource to ensure that it remains in place. However, this cannot be done without the 

assistance of the spiritual guardians, the tupua, the deities, the atua.  For us, our 

spiritual guardians take many forms, they have the ability, like Maui, to change 

shape. This is why we have a tohunga, as they have the ability to communicate at 

that level. Moreover, without a connection to a resource, through whakapapa and 
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history, the work of kaitiakitanga cannot be undertaken. Therefore, it is whakapapa 

and our collaboration with the spiritual kaitiaki that validates our claim that we are 

kaitiaki. 

(Participant 1) 

 

Participant 2 describes kaitiaki through their connection to Te Henga and its spiritual, 

cultural, and historical importance to Te Kawerau ā Maki: 

 

For us, taniwha are our kaitiaki. It is interesting how most people think of scary 

monsters when we say taniwha, that is so far from how we talk about them. These 

kaitaki appear as tohu in the form that you need when you are ready to see them. 

Sometimes kaitiaki appear as a log on the lake Wainamu that’s going in a different 

direction to the current. There is another kaitiaki out there that takes the form of a 

heron, which sits on the rock that is in the middle of the Waitākere River. That it’s a 

tohu for when we are on the right path. Sometimes they look like a different wave out 

in the ocean when you’re standing on the beach thinking about a particular thing. 

When you see those tohu, you know your tupuna are with you and that is a good 

sign. Tangata are a kaitiaki through their own gifts, in whatever form they are. Some 

of our people are kaitiaki in terms of their mahi on the whenua. Others are more 

kaitiaki for the emotional side of people. Then you’ve got the other kaitiaki that are 

hard and honest that hold people to account. 

(Participant 2) 

 

It is commonly noted that if kaitiakitanga successfully stimulates the mauri of a resource, it 

will continue to provide a plentiful harvest (Williams, 2012). Acting as kaitiaki acknowledges 

a region’s mauri (spiritual essence) and history. For Te Kawerau ā Maki, conducting these 

practices at Te Henga is central to the mana and identity of their people (Te Kawerau Iwi 

Settlement Trust & Tribal Authority, 2015). Diversity of thought around kaitiakitanga and 

kaitiaki is also expressed throughout the literature. Another Te Kawerau ā Maki member, Te 

Warena Taua, describes kaitiakitanga responsibilities being associated with whakapapa and 

mana relationships which exist irrespective of the ownership or sale of land (Ngāti Whātua 

Ōrākei Trust v Attorney-General, 2021). 

 

Many misconceptions around kaitiakitanga and kaitiaki exist and these misunderstandings 

can lead to friction between kaitiakitanga-based and conservation-based resource 

governance.  Although there is a role for those without whakapapa to an area to assist in 
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kaitiakitanga, both participants acknowledged this disconnect between the differing cultural 

management approaches: 

 

Many attitudes toward kaitiakitanga make claims to the guardianship of the 

environment and natural resources across the entirety of New Zealand. This 

perspective does not stop to accommodate the local Indigenous communities which 

creates a sense of intrusion that ultimately erases the people of the land in matters 

concerning the land. In my understanding, kaitiakitanga is a responsibility that lies 

solely with mana whenua and can only belong to the people of that place. All others 

can only assume to support them in that role. Kaitiakitanga practices over resources 

extend over many generations, with each successive generation stepping forward to 

fulfil that role. 

(Participant 1) 

 

 

I think the term kaitiaki is thrown around in the mainstream but it’s a concept that 

needs to be examined a lot deeper. I don’t think that you need to be Māori to be a 

kaitiaki, however, your form of kaitiakitanga would look different compared to Māori. 

(Participant 2) 

 

 

Some describe kaitiaki as the spiritual assistants of the atua (gods), including ancestors, 

who oversee the elements of the natural world. Māori act as minders for their kaitiaki, who 

are their relations, to ensure the mauri of the natural world remains healthy and strong 

(Mutu, 2010). Other interpretations emphasise the responsibilities and weight of the 

leadership required to take on the role of a kaitiaki. One account by Te Au (2004) articulated 

this especially on his kaitiaki journey: ‘I wondered whether I wanted to be a kaitiaki, with all 

the responsibility and strife but as one leader passes on, their mantle continues in one of 

their descendants to be chosen by the extended family. My old people chose me to carry the 

burden and under Māori law that is full and final’.  

 

As both a concept and practice, kaitiaki and kaitiakitanga are extremely complex and 

dynamic which can lead to difficulties is cross-cultural communication. Attempts have been 

made to incorporate these terms into policy and practice such as the Resource Management 

Act (1991), wherein kaitiakitanga means the exercise of guardianship by the tangata whenua 

of an area in accordance with tikanga Māori in relation to natural and physical resources. But 

in practice without a proper understanding of how Māori view kaitiaki and kaitiakitanga and 
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how it is expressed and practiced within Māori communities, this has led to cultural harm, 

disregard for the historical relationship between mana whenua and their resource, and at its 

worst, an erasure of whakapapa.  

 

 

4.3.3. Whanaungatanga 

 

From a Māori understanding of the world, humans and nature are interconnected (see e.g. 

Mark and Lyons, 2010). This ideal is recorded extensively throughout the literature, 

particularly in discussion around customary harvests, natural resources, and Māori 

management practices. However, both interviews raised another dimension to this 

discussion that is much less obvious in the literature – the connection between humans. This 

also role plays an important part in Māori resource management practices. It is known as 

whanaungatanga which describes the kinship that is held between Māori people and Māori 

communities.  Kaitiakitanga is often described in the context of human and non-human 

whakapapa connections, particularly with food resources. Whereas kaitiakitanga finds its 

centrality in Māori kin-based communities because it weaves together ancestral threads of 

identity, practice, and purpose (Kawharu, 2000). These community relationships are dictated 

by whakapapa and are thus held together over past, present, and future generations 

(Mikaere, 2013).  

 

Even though kaitiakitanga is the responsibility of the mana whenua, they would never 

prevent the sharing and wider use of hapū resources, because their use isn’t just 

about food and survival. It is about an obligation to share those resources to keep 

alive the threads of whanaungatanga. 

(Participant 1) 

 

Sharing of resources between communities is a necessary practice of kaitiakitanga which is 

culturally incentivised by manaakitanga (hospitality), an incredibly important cultural value. A 

community’s status as kaitiaki for their region is defined by their ability to provide their 

resources to visitors. This act reflects their ability to maintain a prosperous resource and not 

doing so is considered shameful (Lyver and Moller, 2010). 

 

Participant 1 also described how the harvesting of resources was done so collectively, where 

many communities would come together and share both the work and spoils of each 

harvest: 
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For the harvesting of ōi, families would travel to Taiharuru, Whangārei where some of 

the old people lived, and spend the night before going out to harvest. Kuia would 

keep the campfires burning all day and part of the children’s job was to make sure 

there was enough wood for them to cook. That was where stories would be told, 

stories of fishing expeditions, of the mountains and of the ancestors from Hawaiki. So 

those community harvesting events were not just about the food. They were about 

connecting to the people living in those places and connecting to our 

whanaungatanga, through the sharing of resources.  

(Participant 1) 

 

So, these cultural harvests are not just about the practicality of collecting food to survive, or 

the transfer of skills to future generations, they also served to strengthen relationships, 

communities and share knowledges, stories, and histories. This collective resource 

management space is not limited to Māori communities as discussed by participant 2: 

 

I see it being a collaborative space with an absolute shared power that uses different 

lenses, an inclusive process. It is still about reo and tikanga and sharing those stories 

of empowerment, but ultimately, we are about looking after the people. Māori and 

Pakeha. There are many non-Māori living at Te Henga, that we have a good 

relationship with. It’s only a small vocal group that aren’t willing to work with us and 

their responses are out of fear and ignorance. 

(Participant 2) 

 

Sharing of resources and harvesting practices is not specific the mutton-bird harvests, with 

many other examples arises in the interviews: 

 

In the Mangakahia valley gathering food was such an important part of life that 

families across the valley would gather, camping together to fish for migrating eels, 

gather shellfish and of course, harvest during the mutton-bird season. Events like 

these were very big community affairs and happened every hunting season. Families 

from places like Poroti, Pipiwai and Pātaua would come together, and you would 

meet up with your cousins again. These were times of comradery and 

whanaungatanga that sustained the relationship between the coastal and inland 

peoples.  

(Participant 1) 
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These discussions are not uncommon with examples of collaborative harvest and resource 

sharing being extensive in the literature. People from Ihumatao would travel to Ōkāhu Bay to 

collect pipi (Paphies australis), and over to Māngere to get pūpū (Turbo smaragdus). They 

shared those kai (foods) as it was only right and typical to share them once gathered 

because of their whakapapa, connections with both people and the whenua (Ngati Whatua 

Orakei Trust v Attorney-General, 2021). During the 1850s in the Hawke’s Bay Māori would 

travel from Taupo and stay for about six weeks to assist in the harvesting and preservation 

of tītī. They brought with them five or six gourds that were packed with about 100 birds each 

to be taken back to Taupo (Drummond, 1918). Similarly, in Northland, there is an ethic of 

support between hapū on the east and west coasts forming inter-hapū regional alliances for 

major projects such as fishing, harvesting, and gardening. For instance, many hapū 

gathered at the Taiāmai gardens, to cooperate at the time of harvesting (Healy et al., 2012).  

For mutton-bird harvests, visitors wouldn’t just bring the tītī, they brought their korero. This 

shows the importance of how these gatherings support the long-distance flow of information 

between communities (Healy et al., 2012). 

 

 

4.4.  Conclusion 

 

Whakapapa represents a complex and intricate web of connections that links all things, 

animate and inanimate, and is the foundation upon which the Māori world exists.  

Throughout this chapter, discussions of mutton-bird harvesting have been examined in 

relation to three core themes: harvest practices, kaitiakitanga and kaitiaki, and 

whanaungatanga. Whakapapa and its many connections are at the core of all these themes. 

Through methodology, whakapapa played an important role in guiding the selection of 

research participants and forming the foundation on which the interviews were conducted. 

For customary harvests, whakapapa guides the connection between humans and mutton-

bird which provides the ethical basis that underpins harvest practices and engagement with 

the natural world. Whakapapa also determines the right of mana whenua to act as kaitiaki 

and the obligations that are associated with this role. It maintains these practices over 

generations to ensure the continued prosperity of the environment throughout time. 

Whanaungatanga has also emerged as an important theme within mutton-bird harvest. This 

kinship connection is established through whakapapa and strengthened by the collective 

harvesting practice of Māori communities. By understanding our many connections, we can 

position ourselves in relation to our environment, both social and physical. This enable 

sustainable resource management practices to transcend space and time as a legacy of 

past generations and an obligation to future ones. This provides a hopeful foundation for the 
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management of mutton-birds in Aotearoa New Zealand and an incentive for the revitalisation 

of such practices throughout the country.  
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5.1. Introduction 

 

Chapter Four explored the holistic complexities of the relationships involved in a tohu-driven 

approach. Via (LA)ICP-MS analyses of heavy metal concentrations in feathers, this chapter 

looks investigate tohu at a much more detailed level. Western science holds a unique 

perspective that yields a level of precision, descriptive power, and mechanistic investigation 

enacted through many of its quantitative methods (Kimmerer, 2013; Lyver et al., 2008). 

Harnessing the strength of this approach alongside the cultural interpretations of engaging 

with environmental resources, we can begin to examine the minute systems that exist within 

the multi-layered and multi-dimensional approach that is kaupapa Māori. Exploring both 

approaches is of great value as the birds we are researching experience these macro and 

micro-scale systems simultaneously. Moreover, quantitative analysis is of increasing 

relevance to the mātauranga as we attempt to adapt and respond to the rapid changes 

observed in the environment, ever speeding up with the added anthropogenic pressures of 

the modern world. In this chapter we pose specific questions around heavy metal 

interactions with ōi, tītī and toanui, similar to the work of Lyver et al. (2017), to  investigate 

bird state as tohu. Our objective is to gain a more intimate understanding of the relationships 

these birds have with heavy metals, the marine environment and their tohu. 

 

Although naturally sourced from the Earth’s crust, heavy metals in the marine environment 

are being concentrated to toxic levels by anthropogenic activity including but not limited to 

dredging, coastal development, intensive landuse, industrial and agricultural runoff. Heavy 

metals are non-biodegradable and can cause eco-toxicological issues if they accumulate 

within biota (Lyver et al., 2017; Shah 2021). Seabirds hold a high trophic position within 

marine ecosystems which exposes them to risk of the bioaccumulation and biomagnification 

of these metal contaminants (Lyver et al., 2017).  As such, colonial seabirds integrate 

contaminant signals across space and time have been used as indicators of ocean pollutant 

levels (Monteiro and Furness, 1995; Thompson et al.,1998; Thompson and Furness, 1989). 

On land seabirds also create hotspots of contaminants i.e., at breeding sites, that can also 

lift contaminant levels within surrounding vegetation (Shoji et al., 2021). Studies on 

procellariiformes have found that levels of Cu and Hg are correlated with species' that 

predate upon substantial amounts of cephlapods (Lyver et al., 2017; Renedo et al., 2021). 

Tītī (sooty shearwater, Puffinus griseus) Hg concetrations have also been associated with 

diet being sourced from a fish-dominated diet (Elliot, 2005). Variation in both feather and 

blood Hg concentrations can be attributed to the variety of prey species and forgaging 

locations. Tītī feed on a broad prey spectrum and consequently have more intermediate Hg 

levels. Their ability to demethylate and sequester Hg through feather molt contributes in 
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keeping concentrations from reaching toxic levels (Thebault et al., 2021). Similarly, toanui 

(flesh-footed shearwaters, Ardenna carneipes) feather Hg concentrations are elevated as 

compared to other seabirds (Bond and Lavers, 2011). Cadium (Cd) concentrations are also 

relatively high for primarliy fish eating species, however, lead (Pb) feather concentrations in 

toanui are among the lowest of seabirds (Elliot, 2005). Toanui have substantial moulting 

periods lasting several months to offload these metals (Bond and Lavers, 2011). 

 

Within Aotearoa/New Zealand, work by Lyver et al. (2017) on on heavy metal pllutants within 

ōi (grey faced petrel, Pterodroma gouldi) found relatively low feather concentrations of Cu 

(copper) compared with other procellariiform seabirds. Additionally, Zinc (Zn) concentration 

in this species is also typically representative of normal physiological levels (Lyver et al., 

2017). Mean feather mercury (Hg) concentrations for ōi in New Zealand is also significantly 

higher than several other species such as toanui (flesh-footed shearwaters, Ardenna 

carneipes) (Lyver et al., 2017). 

 

 

5.1.1. Species-specific Indicators for Ocean State 

 

These mutton-bird species can act as tohu of vast marine areas due to their foraging and 

migrational behaviours. Locations in which seabirds feed and develop their feathers 

determines the amount of heavy metals ingested and seen in feather elemental composition 

(Cooper et al., 1991). Thus, understanding their heavy metal concentrations will improve our 

understanding of heavy metals in these marine areas. In the non-breeding season (for ōi 

broadly January to March), ōi will remain at sea, roaming the subtropical and temperate 

waters  temperate waters of the central and south Pacific Ocean (G. Taylor pers.comm.). 

They have also been known to inhabit the North Tasman Sea (Figure 5.1) off the coast of 

Australia (Gaskin and Rayner, 2013; Taylor, 2013). In contrast, both toanui and tītī are trans-

equatorial migrants that migrate into the northern hemisphere during the non-breeding 

season. Tītī migrate across the Pacific Ocean to the North Pacific encompassing a broad 

swathe from Japan to Alaska (McAllan et al., 2004; Gaskin and Rayner, 2013; Shaffer et al., 

2006). Post -breeding, Toanui , will migrate to the western North Pacific Ocean in early April 

(McAllan et al., 2004; Gaskin and Rayner, 2013; Rayner et al., 2011). These migrational 

patterns are depicted in Figure 5.1 below. 
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5.1.2. Separate Life Stages as Indicators for Ocean State 

 

Element concentrations in adult feathers reflects non-breeding locations. For chicks, feather 

element concentrations represent diet offered by parents thus indicative of marine areas 

closer to terrestrial breeding colonies (Cooper et al., 1991).  Ōi can cover considerable 

distances when foraging, flying as far as the east coast of Australia while their partner 

remains at the New Zealand breeding colony (Taylor, 2013). Tītī foraging trips ranges from 

1–15 days at times reaching both subtropical Pacific waters and the Antarctic  Polar Front 

(Gaskin and Rayner, 2013; Thebault et al., 2021). Toanui will typicaly forage in in the 

Tasman Sea and Pacific Ocean during the breeding season (Gaskin and Rayner, 2013). 

Foraging areas are depicted in Figure 5.2 below. 

 

 

 

Figure 5.1) Conceptual diagram of post-breeding migration locations of ōi (Pterodroma gouldi), tītī (Puffinus 

griseus) and toanui (Ardenna carneipes) where moult and new feathers are grown during the austral winter. Thus, 

element concentrations in adult feathers are assumed to reflect locations of post breeding areas. 
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5.1.3. Implications of Elemental/Heavy Metal Burdens 

 

Heavy metal exposure, uptake, storage, and excretion varies between species (Stewart et 

al., 1999). Discerning differences in the elemental composition between ōi, tītī and toanui 

may provide insights into their breeding success, chick development, and diet as a response 

to heavy metal pollution (Furness and Camphuysen, 1997). This has implications for human 

health through customary harvest practices and species-specific resource management and 

conservation (Lyver et al., 2017; Walsh, 2018). A more comprehensive account of the 

impacts of heavy metal burdens in seabirds is needed to account for demographic (age, sex) 

and physiological (stress) processes. Age is known to be a factor that influences heavy 

metal concentrations within an organism (Hameed et al., 2020). If heavy metals (such as Hg) 

are sourced from prey species in an individual’s diet, it is expected that they will accumulate 

over the lifetime of that individual (Lyver et al., 2017). For example, age-related differences 

in Short-tailed Shearwaters found younger individuals having significantly lower Fe levels 

(Honda et al., 1990). 

 

Figure 5.2) Conceptual diagram of breeding season foraging locations of ōi (Pterodroma gouldi), tītī (Puffinus 

griseus) and toanui (Ardenna carneipes) where chick diet, moult and new fledging feathers are grown. Thus, 

element concentrations in down and fledging feathers are assumed to reflect locations of the austral summer 

foraging areas. 
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Uptake and deposition of mercury has been studied extensively in seabirds. Hg is absorbed 

through their diet, sequestered into tissues, remobilised into the blood, and depurated into 

feathers during the moult period. Therefore, feathers are often used as a relatively non-

invasive sampling method for Hg in seabirds such as ōi (Anderson et al., 2009; Lyver et al., 

2017). However, little is known about the rate of heavy metal deposition within a species 

thus it is crucial to understand whether any heterogeneity in feather heavy metal burdens 

exist. 

 

Numerous studies have discerned sex-dependent variations in metal concentrations in 

seabird species. Female glaucous gulls (Larus hyperboreus) tend to have higher tissue 

concentrations of Cu (Malinga et al., 2010) whereas American white pelicans (Pelecanus 

erythrorhyncos) have higher concentrations of Hg, Cd and Ar (arsenic) in males (Donaldson 

& Braune, 1999). Clearly these trends are species and element specific and although ōi 

exhibit many ecological similarities between sexes, a key difference a number of these 

studies have identified is the female’s ability to deposit trace elements into the egg before 

laying. In addition, heavy metal concentrations were lower in chicks compared to adults for 

elements such as Hg and Se (selenium) in red-billed gulls (Larus novaehollandiae 

scopulinus) and great-winged petrels (Pterodroma macroptera) (Furness et al., 1990; Philpot 

et al., 2019).  

 

Elemental concentrations in chick feathers reflect two sources, accumulation of through their 

diet and from metals sequestered in a chick’s egg from the mother (Burger & Gochfeld, 

1995). Several species of Southern Ocean seabirds including some Pterodroma species 

have also demonstrated that longer chick rearing periods result in higher levels of 

accumulated metals such as Hg (Blévin et al., 2013). As customary harvesting of ōi in New 

Zealand targets pre-fledged chicks, investigating the concentrations of heavy metals at this 

life stage particularly relevant to many Māori communities throughout the country (Lyver et 

al., 2017). If feather and tissues elemental concentrations are greater in these chicks 

compared to fledged or adult birds, this may pose a risk for the consumption of this species.  

 

Subsequently, the focus of this quantitative analysis was to investigate how heavy metal 

concentrations impact the biological characteristics of our study species including species, 

age, sex, stress, and life stage. Specifically, we wanted to know: 

1) Does feather elemental concentration differ among species? 

2) Does feather elemental concentration vary in known age adults? 

3) Is there a correlation between metal pollutant load and stress? 

4) Is there a pattern in heavy metal deposition in growing feathers? 
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5) Does feather elemental concentration differ between sexes? 

6) Does feather elemental concentration differ among lifestages? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2. Methods 

 

A total of 388 feather samples (2 feathers per bird) of ōi, tītī and toanui were collected in 

2019, 2020, and 2021 from three North Island sites: Ihumoana and Kauwahaia located on 

the west coast of the Auckland region. Additionally archival samples collected from 

Moutohorā located on the east coast of North Island of New Zealand were collected in 2009. 

Breast feathers were collected from the breast and supplied by DOC managers or archival 

samples held by collaborators (see appendix for dataset distribution). 

 

All seabird feathers collected and analysed in this thesis were analysed using the Agilent 

7700 Inductively Coupled Plasma Mass Spectrometry (ICP-MS) methods outlined in Chapter 

3. Feather samples for ICP-MS consisted of 2 feathers from each bird sampled. Calibration 

standards were prepared in a matrix matched solution from 1000ppm Single element 

standards (Inorganic Ventures, USA).  A 20ppb solution of Sc, Y & Tb was used to monitor 

drift and matrix effects.  

 

COVID-19 Impacts 

In August, 2021 the COVID-19 pandemic saw Aotearoa, New Zealand implement a 

lockdown that lasted 4 months in the Auckland region. With restrictions lifting shortly before 

Christmas, regular research activity was reinstated in early 2022. Our intentions during this 

period were to attend a mutton-bird harvest at Moutohorā collect feather, blood and tissue 

samples. Collect blood samples from chicks at Ihumoana. We also intended to increase 

our tītī and toanui feather samples from Kauwahaia and Rakiura (Stewart Island).  

Unfortunately, only limited data collection during this period was possible with ōi chick 

feathers being collected from Ihumoana. Data collection for this thesis began in early 2021 

and was supplemented by previously collected feather samples so the decision was made 

to continue with our analyses. This created a significant sampling bias between sample 

sites. Despite not being the ideal dataset, several patterns and questions emerged which 

shall be explored and discussed in this chapter. 
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An additional 9 feathers from the Ihumoana adult ōi (1 feather per sample) were analysed 

using LA-ICP-MS (Laser ablation inductively coupled plasma mass spectrometry). Sample 

analysis consisted of 20 spot ablations each lasting 45 seconds along the lower, mid, and 

upper sections of the feather rachis. NIST glass 610 and 612 standards were ablated 

between each feather to accommodate drift in signal intensity over the run period. Due to a 

lack of appropriate NIST standards for Hg, counts per second (CPS) of Hg were compared 

among areas of the feather. 

 

 

5.2.1. Heterophil-Lymphocyte ratios 

 

To assess adult stress levels in relation to heavy metal burden, blood samples from 68 

Ihumoana ōi adults were also analysed for heterophil-to-lymphocyte ratios (H:L). Samples 

were drawn the metatarsal vein using venepuncture, and a blood smear made on 

microscope slides. Slides were fixed in the field in 100% methanol and once back in the 

laboratory stained with a Diff-Quik stain and examined at 40x bright field magnification. 

Heterophils and Lymphocytes were counted on each slide and calculated as a ratio for each 

sample. 

 

 

5.2.2. Statistical analyses 

 

To assess the efficacy of elemental markers in discriminating amongst feathers from 

species, age, stress, sex and lifestage, a quadratic discriminant function analysis (Q-DFA) 

was performed. This analysis was selected due to differing covariance estimates amongst 

samples.  

 

The Q-DFA was performed stepwise by first adding in the individual elements with the most 

discrimnatory influence and then recording the overall classification success. This was 

repeated for all elements to identify the point at which no increase in the classification 

success was observed and thus which combination of elements would prove to be 

successful in discriminating amongst feathers from the different biological and ecological 

characteristics. Mean canonical scores were calculated for feathers from each charactersitic 

and a classification success table generated in order to gauge the success of the Q-DFA in 

assigning feathers back to their site of collection based on elements. Areas of Receiver 

Operating Characteristic (ROC) curves were calculated to provide a measure of the 

sensitivity of the Q-DFA by comparing true positive classifications against the false positive 
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classifications. Tukey HSD (honestly significant difference) one-way ANOVAs (analysis of 

variance) were used to test elemental composition of feathers between bird sex. A binomial 

GLMM (generalised linear mixed model) was used for lifestage, species, and metal 

deposition. A linear regression model for both age and stress. All analyses were carried out 

in JMP 16.0 software. 

 

 

5.3. Results 

 

To analyse heavy metal isotopes 323 feather samples, a stepwise variable analysis was built 

under a quadratic discriminant function model using ICP-MS determined isotope 

concentrations (Figure 5.3). 

Of this 22-elemental suite, only 12 elements were required to reach optimal model accuracy 

(Table 5.1).  Samples were grouped according to species, location, date collected, and life 

stage.  

 

Figure 5.3) Q-DFA quadratic classification results for ICP-MS dataset using feather heavy metal isotopes to 

discriminate species, location, and life stage. 
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Notable observations show tītī and toanui adults being the only indiscernible group (Figure 

5.4). Ōi on the other hand, were distinguishable at all three life stages, chick, fledging chicks, 

and adults from the other species. This indicates an age class difference. These Q-DFA 

model classifications are shown in Table 5.2. It should be noted that location was not further 

analysed due to COVID, there is significant sampling bias between sites including sample 

size and date collected. ICP-MS results for the full elemental suite are given in appendix. 

 

 

Table 5.1) Results of stepwise variable 

selection of discriminant function analysis 

model for comparing feather elemental 

composition of species, location, date 

collected, and life stage. 
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Table 5.2) Q-DFA output for ICP-MS concentrations of 12 elements classifying location, species, date collected, 

and life stage. 

 

 

Figure 5.4) Canonical scores classifying species, location, and life stage and date feather elemental 

composition under a 22-element quadratic discriminant model. Sample groups were codified as follows: 

For location ‘TH’ (Te Henga) represented both Ihumoana and Kauwahaia; ‘Mou’ for Moutohorā. 

Species name was then listed followed by life stage: adult (A); Down (D) and fledging (F). Note: ‘Mou’ 

were collected in 2009. 
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5.3.1. Comparing adults of each species 

 

Using only adult ōi as a classification for the ICP-MS data also yielded an accurate Q-DFA 

model and only required 6 isotopes to maintain an accuracy above 95% (Figure 5.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notably, Hg accounts for 90% discrimination between species (Table 5.3). This is also 

displayed Under this revised quadratic model, a canonical plot was built using mean CL 

ellipses to visually discriminate the adult ōi, tītī and toanui concentrations of these 6 

elements (Figure 5.6).  

 

 

 

 

 

 

 

 

 

Figure 5.5) Q-DFA quadratic classification results for ICP-MS dataset using feather 

heavy metal isotopes to discriminate adult ōi (Pterodroma gouldi), tītī (Puffinus griseus), 

and toanui (Ardenna carneipes). 
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Table 5.3) Results of stepwise variable 

selection of discriminant function 

analysis model for comparing adult ōi 

(Pterodroma gouldi), tītī (Puffinus 

griseus), and toanui (Ardenna 

carneipes). 

 

Element % Classified

²³Na 100

⁶⁰Ni 100

³⁹K 100

³¹P 100

⁷⁵As 99

⁶⁶Zn 99

⁴⁷Ti 99

¹¹¹Cd 98

²⁰⁸Pb 99

⁵⁹Co 99

⁵⁵Mn 99

⁵²Cr 100

²⁴Mg 99

²⁷Al 99

⁷⁸Se 100

³⁴S 99

¹¹⁸Sn 99

⁶³Cu 97

⁵¹V 93

⁵⁶Fe 95

⁴⁴Ca 93

²⁰¹Hg 90
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To further investigate the relationship between elements and species, the concentrations for 

six key heavy metal pollutants were analysed between adult ōi, tītī, and toanui (Figure 5.7). 

These included ⁴⁴Ca (calcium isotope); ⁵¹V (vanadium isotope); ⁵⁵Mn (manganese isotope); 

⁶³Cu (copper isotope); ¹¹⁸Sn (tin isotope); and ²⁰¹Hg (mercury isotope). 

 

 

Figure 5.6) Mean CL ellipses representing canonical scores classifying adult ōi 

(Pterodroma gouldi), tītī (Puffinus griseus), and toanui (Ardenna carneipes) using 

feather elemental composition under a 10-element quadratic discriminant model. 
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Strong evidence was observed for five key metal pollutants differing between ōi, and tītī and 

toanui (Table 5.4). ²⁰¹Hg had a higher mean concentration in ōi compared with toanui and 

tītī. Whilst ⁵⁵Mn was observed to have a lower mean concentration in ōi than both tītī and 

 

Figure 5.7) Key heavy metal isotope concentration (µg/g) of adult ōi (Pterodroma gouldi), tītī (Puffinus 

griseus), and toanui (Ardenna carneipes). Superscript identifying strong evidence for differences in 

concentrations. 
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toanui. ⁶³Cu also had strong evidence of adult ōi having lower concentrations compared with 

tītī and toanui. Similarly, the model gave strong evidence of ⁴⁴Ca and ¹¹⁸Sn concentrations 

being higher in toanui compared with tītī and toanui. Little evidence was found for 

differences in ⁵¹V concentrations between species. 

 

Overall, strong evidence was found for elemental differences between adult ōi, tītī, and 

toanui, which may provide insights into species’ exposure to heavy metals through diet and 

foraging behaviours.  

 

 

 

5.3.2. Bird age 

 

Of the feather samples acquired, 192 were from known aged birds (176 individuals). Ages 

ranged from 1-34 years with an average age of 13. These individuals were isolated from the 

ICP-MS dataset and plotted against heavy metal isotope concentration using a linear 

regression model (Figure 5.8). 

 

 

 

 

 

Table 5.4) Tukey HSD output accounting for FDR comparing mean heavy metal isotope concentration 

(µg/g) between species: ōi (Pterodroma gouldi), tītī (Puffinus griseus), and toanui (Ardenna carneipes). 
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Key metal elements for this analysis were chosen based upon the 12-element QDFA model 

conducted in section 5.3 above. No evidence of a relationship was observed between 

feather metal isotope concentration of ⁴⁴Ca, ⁵⁵Mn, ⁶³Cu, and ⁶⁶Zn. However, strong evidence 

was found for a positive relationship between ⁷⁸Se and ²⁰¹Hg concentrations and bird age 

(Table 5.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.8) Heavy metal isotope concentration (µg/g) of ōi (Pterodroma gouldi) captured in 2020 and 2021 at 

Ihumoana island, New Zealand plotted by age.  

Table 5.5) Linear regression of heavy metal isotopes in ōi (Pterodroma 

gouldi) at Ihumoana using age as the continuous variable. 

 

Element DF Adjusted R² P-Value

⁴⁴Ca 1 -0.0036 0.5781

⁵⁵Mn 1 -0.0049 0.8065

⁶³Cu 1 -0.0034 0.5570

⁶⁶Zn 1 0.0032 0.2058

⁷⁸Se 1 0.0652 0.0002

²⁰¹Hg 1 0.0344 0.0058
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5.3.3. H:L blood ratio 

 

Blood samples were collected from 68 adult ōi from the Ihumoana study site and heterophil-

lymphocyte blood ratios (H:L) were investigated as a measure of stress. These were then 

compared with the metal isotope concentrations in feathers collected from the same 

individuals (Figure 5.9). 

 

 

 

Figure 5.9) Heavy metal isotope concentration (µg/g) of ōi (Pterodroma gouldi) at Ihumoana 

plotted against H:L blood ratios.  
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Key metal elements were chosen according to the QDFA model referred to section 5.3 

above. No evidence was found to support any relationships between feather metal isotope 

concentrations and the six key metal pollutants explored here (Table 5.6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3.4. Heavy metal deposition 

 

Using LA-ICP-MS, heavy metal isotope concentrations along the length of 9 adult ōi feathers 

were measured to determine differences in heavy metal deposition. Measured in counts per 

second (CPS), mean ²⁰¹Hg was observed to be upper near the tip of the feather compared to 

the mid and upper sections closer to the calamus (Figure 5.10). This result gave strong 

evidence of differences with a p-value: <0.0001 (Table 5.7). The same trend was also 

observed with ³⁴S and ⁶⁶Zn feather concentrations (Figure 5.11). ⁶³Cu was observed to be 

slightly higher in the mid rachis section. ⁵⁵Mn concentrations were higher in the upper rachis 

sections near the tip of the feather which also supported by strong evidence.   

Table 5.6) Linear regression of heavy metal isotopes in adult ōi 

(Pterodroma gouldi) at Ihumoana using blood H:L as the 

continuous variable. 

 

 

Element DF Adjusted R² P-Value

⁴⁴Ca 1 0.0149 0.1603

⁵⁵Mn 1 -0.0032 0.3794

⁶³Cu 1 -0.0039 0.3921

⁶⁶Zn 1 -0.0098 0.5561

⁷⁸Se 1 0.0101 0.1989

²⁰¹Hg 1 0.0053 0.2477
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Figure 5.10) Mean LA-ICP-MS heavy metal isotope ²⁰¹Hg concentration (CPS) of 

lower mid and upper rachis in adult ōi (Pterodroma gouldi) feathers collected from 

Ihumoana site (n=9). 

Table 5.7) Tukey HSD output accounting for FDR comparing mean heavy metal 

isotope concentration (ppm) between upper, mid, and lower rachis sections of adult ōi 

(Pterodroma gouldi) feathers. Note Hg recorded in CPS. 
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5.3.5. Bird Sex 

 

A two-sample t-test linear regression model showed mean concentrations for ⁴⁴Ca, ⁶³Cu, and 

⁶⁶Zn did not differ significantly between sexes (Table 5.8). However, Mn, Se and Hg 

concentrations appear to be correlated with sex. This relationship is somewhat supported by 

evidence (Figure 5.12). 

 

Figure 5.11) Mean LA-ICP-MS heavy metal isotope concentration (ppm) of lower, mid, and upper feather 

rachis from adult ōi (Pterodroma gouldi). A. Superscripts indicate strong evidence for differences in 

concentrations (α = 0.05). 
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Table 5.8) Two-sample t-test output comparing mean 

heavy metal isotope concentration (µg/g) between adult 

ōi (Pterodroma gouldi) sexes. 

 

Element DF Adjusted R² P-Value

⁴⁴Ca 1 0.0027 0.2492

⁵⁵Mn 1 0.0234 0.0486

⁶³Cu 1 -0.0055 0.5690

⁶⁶Zn 1 -0.0015 0.3683

⁷⁸Se 1 0.0376 0.0171

²⁰¹Hg 1 0.0456 0.0096

 

Figure 5.12) Mean ICP-MS elemental concentration (ug/g) of male and female adult ōi (Pterodroma gouldi). 

A. Superscripts indicate strong evidence for differences in concentrations. 
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5.3.6. Life Stage 

 

Again, a stepwise Q-DFA evaluated heavy metal isotope discrimination between the 

samples, specifically from ōi feathers sampled from moulting adults, chicks and fledging 

chicks at Ihumoana. The quadratic model yielded a predictive classification accuracy 

consistently greater than 99%, or misclassification of less than 1%, even when only three 

elements, Hg, S, and K, were included (Figure 5.13). 

 

 

 

All three life stages appeared distinct when modelled under a Q-DFA model. A canonical plot 

of the model discriminated each life stage with no overlap between the 50% confidence 

ellipses (Figure 5.14). 

 

Figure 5.13) Classification results for three life stages (chick, fledging, and adult) using ōi 

(Pterodroma gouldi) feather elemental composition as stepwise variables for a quadratic DFA.  
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Hg alone accounted for 73% of model discrimination (Table 5.9). Adult ōi from Ihumoana 

appear to have the lowest mean concentration of ²⁰¹Hg, followed by chick fledging feathers, 

and chick down having the highest mean concentration (Figure 5.15). 

 

 

Figure 5.14) Mean CL ellipses representing canonical scores classifying down, fledging, and adult 

feathers representing life stage in ōi using elemental composition under a 22-element quadratic 

discriminant model. 
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Table 5.9) Results of stepwise variable 

selection of discriminant function 

analysis model for comparing feather 

elemental composition of life stage in ōi 

(Pterodroma gouldi). 
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Strong evidence was found for these observed differences in ²⁰¹Hg concentrations across ōi 

life stages using a Tukey HSD model (Table 5.9). Differences in S and K concentrations 

between ōi life stages was also strongly supported by the 3-element Q-DFA model. 

Fledgings were observed to have high S concentrations compared with adult and chick down 

feathers. Down feathers had the highest K concentrations followed by fledgings, and adult 

feathers containing the lowest concentrations.  

 

Figure 5.15) Mean ICP-MS heavy metal isotope ²⁰¹Hg concentration (g/g) of adult, down and fledging ōi 

(Pterodroma gouldi) feathers collected from Ihumoana site. Superscript identifying strong evidence for 

differences in concentrations. 
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5.4. Discussion 

 

Feather elemental composition were compared for the first time between three species of 

mutton-bird: ōi, tītī and toanui. Comparisons between oi of known ages and metal 

concentrations were also novel. In addition, heavy metal concentrations in ōi were compared 

with bird sex and heterophil lymphocyte ratios which has yet to be explored in the literature. 

Another unique investigation explored in this thesis was the patterns of metal deposition in ōi 

feathers to improve our understanding of metal deposition processes. As ōi are a long-lived 

species, life stage plays an important role in the population dynamics of this species. 

Subsequently, we also examined feather elemental concentrations across three life stages 

(adults, chicks, and fledged chicks) which is also a novel investigation. These research 

questions are discussed in greater detail below. 

 

 

5.4.1. Does Feather Elemental Concentration Differ Among species? 

 

Heavy metal exposure, uptake, storage, and excretion varies between species (Stewart et 

al., 1999). Strong evidence was found for elemental differences between adult ōi, tītī, and 

toanui, the most notable of which being Hg. Hg accounted for 90% discrimination between 

species with ōi having greater Hg concentrations compared with toanui and tītī. Ōi 

predominantly forage across the Pacific Ocean and the Tasman Sea with squid making up 

much of their diet (Greene et al., 2015; Taylor, 2013). Squid are particularly rich in Hg and as 

a significant food source for ōi which is likely the reason for the higher Hg concentrations 

observed here (Kojadinovic et al., 2011).  

 

Table 5.10) Tukey HSD output comparing mean ²⁰¹Hg concentrations (µg/g) between adult, 

down, and fledging ōi (Pterodroma gouldi) feathers. 
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Strong evidence was also observed for four other key elemental concentrations. Both Mn 

and Cu were observed to have a lower mean concentration in ōi compared with tītī and 

toanui. Whereas Ca and Sn concentrations were higher in toanui compared with tītī and ōi. 

These elemental differences between ōi, and tītī and toanui, likely reflect differences into 

species’ exposure to heavy metals through diet related to migratory locations and prey 

preferences. For example, lower Cu concentrations in tītī and toanui may reflect differences 

in foraging locations as Cu has higher depletions rates in the Southern Tasman Ocean near 

the polar front (Butler et al., 2013). Whereas prey species off the west coast of Taranaki 

(Aotearoa, New Zealand), have been observed to have considerably higher Cu 

concentrations (Lischka et al., 2020).  

 

A sampling bias exists between the ōi, tītī and toanui data as a result of limited feather 

collection during the August COVID lockdown (n=, 284; 26; and 12 for ōi, tītī and toanui 

respectively). However, model accuracy was great enough for the observed overlap in heavy 

metal concentrations between tītī and toanui to yield a reliable result. Particularly as there 

are ecological similarities between these species. For instance, both tītī and toanui 

populations moult whilst wintering in the northern hemisphere before returning to New 

Zealand to breed during the austral summer (Bond & Lavers, 2011; Hedd et al., 2012). 

Moreover, the model’s ability to discern heavy metal differences between ōi, and tītī and 

toanui with no overlap between their 95% confidence ellipses. This gives confidence in our 

results as this relationship remained strong despite the small tītī and toanui sample sizes. 

Analysing the diet of these species to determine whether they reflect these differences in 

metal pollutant loads would confirm these results. Greater tītī and toanui sample sizes is also 

recommended for future research. 

 

 

5.4.2. Is There a Correlation Between Metal Pollutant Load and Age? 

 

Age is one of many factors that influences heavy metal concentrations within an organism 

(Hameed et al., 2020). Due to the extensive conservation work conducted at the Ihumoana 

study site, the ōi colony there contains a significant number of known age birds 

prepresenting a unique opportuntiy to assessage related differences. Identifying the 

relationship between elemental concentrations and age would help determine whether ōi are 

potential candidates for heavy metal bioaccumulation and biomagnification of the marine 

food web. Se and Hg concentrations were positively correlated with age.  

 



99 
 

Other seabirds species such as  the arctic skua (Stercorarius parasiticus) and great skua 

(Catharacta skua) also demonstrate this trend in Hg concentrations with older birds having 

higher Hg concentrations compared with younger birds (Stewart et al., 1997). Se feather 

concentrations have also been observed to increase with age in African Penguins 

(Spheniscus demersus) (Squadrone et al., 2016). Yet results also showed no correlation 

between age and feather metal concentrations for Ca, Mn, Cu, Zn. This may indicate that ōi 

do not accumulate heavy metals over their lifespan making it less likely for concentrations to 

reach toxic levels. Many species are physiologically adapted to detoxifying and excreting 

heavy metals such as Cu, Hg, and Zn through feather moult (Anderson et al., 2009; Bocher 

et al., 2003; Renedo et al., 2020). However, it could also be an indication of older birds not 

sequestering metals into their feathers at a rate that matches accumulation. Thus their tissue 

metal pollutant loads may be high. Unfortunately, COVID restrictions prevented us from 

retrieveing and analsying blood samples for heavy metal accumulation. This should be 

considered for future studies.  

 

 

5.4.3. Is There a Correltation Between Metal Pollutant Load and Stress? 

 

Although heavy metals are naturally released into the marine environment, anthropogenic 

inputs have become the greatest factor contributing to heavy metal pollution (Hameed  et al., 

2020). As predators, ōi are exposed to these pollutants through prey consumption. In high 

concentrations, these have detrimental effects on seabird behaviour, reproduction, and 

physiology (Lyver et al., 2017; Renedo et al., 2020). Consequently, analysing the blood of 

individuals can reflect physiological stress and if correlated with feather metal concentration, 

feather samples may be able to act as an indicator of bird health. A linear regression model 

found no evidence that heavy metal concentrations change in response to stress. This is a 

positive outcome for bird health as a lack of correlation between heavy metal load and stress 

indicates that the Ihumoana ōi colony are not physiologically stressed by their current 

exposure to marine metal pollutants. These results possibly reflect the ability of many 

seabird species to tolerate higher heavy metal concentrations, such as Hg, because they 

naturally occur in marine environments (Bond & Lavers, 2011; Thébault et al., 2021). 

 

 

5.4.4. Is there a pattern in heavy metal deposition in growing feathers? 

 

Many birds rid themselves of excess heavy metal isotopes by depositing them into feathers 

which are then moulted. Therefore, feathers are often used as a relatively non-invasive 
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sampling method for Hg in seabirds such as ōi (Anderson et al., 2009; Lyver et al., 2017). 

However, little is known about the rate of heavy metal deposition within a species. Using a 

small amount of adult ōi feathers, we aimed to determine whether concentrations of metal 

isotopes vary across a single feather sample.  Feather pigmentation varies from calamus to 

tip (see appendix), with feather tips being significantly darker.  

 

We found that when sampling for key heavy metals except Cu, S, Zn, and Hg, it is of no 

consequence what section of the feather is used for analysis. Significant differences in these 

key metal pollutants occur mainly between the lower rachis and the mid to upper rachis. 

Higher concentrations of key metals occur in the mid to upper rachis, thus, if sampling within 

this section of a feather there appears to be no significant pattern in heavy metal 

concentrations. This is a positive outcome for minimising the impact of sampling techniques 

as it suggests that clipping the tips of ōi feathers is sufficient to attain heavy metal 

concentrations. As these are already moulting feathers, removing part of the feather is 

unlikely to have a negative effect on an individual’s health. More importantly, this provides an 

even less invasive method of sampling compared to removing an entire feather which is 

painful for the birds and can cause bleeding in some cases. 

 

 

5.5.5. Does feather elemental concentration differ between sexes? 

 

There are very few differences between male and female ōi. Both sexes are trans-equatorial 

migrants, share in the incubation and feeding or chicks and have similar foraging and 

feeding behaviours (Johnstone & Davis, 1990; Malinga et al., 2010). Numerous studies have 

discerned sex-dependent variations in metal concentrations in other seabird species. 

Female glaucous gulls (Larus hyperboreus) tend to have higher tissue concentrations of Cu 

(Malinga et al., 2010) whereas American white pelicans (Pelecanus erythrorhyncos) have 

higher concentrations of Hg, Cd and Ar (arsenic) in males (Donaldson & Braune, 1999). 

Clearly these trends are species and element specific and although ōi exhibit many 

ecological similarities between sexes, a key difference a number of these studies have 

identified is the female’s ability to deposit trace elements into the egg before laying. 

 

Yet Stewart et al. (1999), when comparing metal concentrations (specifically Cd, Cu, Hg, 

and Zn) of petrel species (including seabirds of the Procellariidae, Hydrobatidae and 

Diomedeidae genera) in New Zealand waters, found correlation with diet, phylogeny, and 
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moult cycles rather than the sex. Our results further confirm the lack of sex related 

differences found in Stewart et al. (1999).  

 

 

5.5.6. Does feather elemental concentration differ among lifestages? 

 

Customary harvesting of ōi in New Zealand targets pre-fledged chicks, making the 

concentrations of heavy metals at this life stage particularly relevant to many Māori 

communities throughout the country (Lyver et al., 2017). If feather elemental concentrations 

are greater in these chicks compared to fledged or adult birds, this may pose a risk for the 

consumption of this species.  

 

Fledged chicks had the highest S concentrations and lower Hg concentrations than adults 

and down-feathered chicks. Down feathers showed the highest concentrations of K and 

adults showed the lowest. However, Hg on its own sufficiently discriminates between 

feathers at each life stage with adult feathers having the lowest Hg concentrations and down 

feathers having the highest. At the time chicks were sampled, they had only been eating for 

a small period of weeks and had yet to moult which suggests their Hg levels are maternally 

sourced. Elemental concentrations in chick feathers reflect two sources, accumulation of 

their diet and from metals sequestered in a chick’s egg from the mother (Burger & Gochfeld, 

1995). Several species of Southern Ocean seabirds including some Pterodroma species 

have also demonstrated that longer chick rearing periods result in higher levels of 

accumulated metals, such as Hg, as seen here (Blévin et al., 2013). However, such findings 

are species specific as numerous studies have also shown heavy metal concentrations to be 

lower in chicks compared to adults for elements such as Hg and Se (selenium) (Furness et 

al., 1990; Philpot et al., 2019). This may reflect the chick’s ability to excrete metals during the 

chick-rearing period through pre-fledging moult (Blévin et al., 2013). It may also reflect the 

trophic segregation between adults and chicks caused by adults foraging for chicks from 

deep-ocean high-trophic prey whilst feeding themselves in more inshore locations 

(Bourgeois et al., 2022). 

 

Prior to COVID, our intentions were to explore this by sampling chick blood and tissues from 

harvested chicks. We hypothesised that chicks rid themselves of maternal Hg through their 

down plumage to protect themselves from toxic concentrations. This is an opportunity for 

future studies to test blood samples for this trend and comprehensively examine Hg 

concentration in ōi chicks. 
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5.6. Conclusion 

 

Biological characteristics including species and life stage appear to influence heavy metal 

concentration in mutton-birds with each displaying distinct elemental compositions. Ōi appear to have 

higher Hg concentrations and lower Mn concentrations compared with tītī and toanui. In ōi, each life 

stage had significant differences in all key metal pollutants examined with adult, chick and fledging 

heavy metal concentrations differing significantly. Hg varied significantly between life stages 

potentially reflecting differences in Hg deposition through feather moult. Some correlation was found 

between some elements and bird age which suggests that older individuals should be prioritised as 

tohu to better understand elemental shifts in the environment. Heavy metals did not correlate with 

stress suggesting that metal pollution within the marine environment is not yet causing these species 

physiologically stress. Many of these results require further investigation, specifically analysis of blood 

and tissue to determine the source of feather metal concentrations. Regarding patterns of heavy 

metal deposition, concentrations do not differ significantly if sampling from the mid to upper sections 

of a feather. This result is particularly relevant as it provides an opportunity to improve sampling 

practice by reducing the harm caused from feather removal. Future research is recommended to 

investigate the link between feather metal concentrations and tissue concentrations as this has 

implications for the physiological health of these species and their status as an Indigenous food 

resource. 
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6.1. Introduction  

 

Tohu are a fundamental component of kaitiakitanga as natural resource management and 

governance. Their inclusion is compulsory for achieving kaitiakitanga-based resource 

management practice that is informed and adaptive to social, cultural, and natural 

environments. Drawing from the knowledge gathered here, this thesis conceptualises 

kaitiakitanga as an active management response to tohu using seabirds as an example for 

marine management. Tohu are the many pathways in which we can gather and understand 

the information that is held within our environment. As a research project undertaken within a 

western scientific institution, it has taken a novel approach that is both holistic and relational 

in nature. No form of knowledge is prioritised over another, following the ideology that all 

information has a place and context in relation to all other things. In other words, all forms of 

information are valid and contribute to an holistic understanding of the natural world.  

Whakarongo ki te tohu translates to understand tohu through our many senses. Guided by 

the themes that emerged from interviews, this chapter summarises the findings in this thesis 

to explore seabirds as tohu and the tohu that surrounds them to inform resource 

management practices in Aotearoa New Zealand.  

 

The threat of heavy metal pollution has health implications for Hinemoana, the marine life 

she protects, and humans as consumers of marine food sources. This calls upon both Te Ao 

Māori and the world of Western science to fulfil our obligations to protect and enhance the 

mauri of the marine environmental domain. Using three species of seabirds (ōi (Pterodroma 

gouldi), tītī (Puffinus griseus), and toanui (Ardenna carneipes)) collectively referred to as 

mutton-birds as both tohu and bioindicators, this thesis aims to use their health to infer the 

state of the ocean. This also has health implications for those using these birds as a food 

resource. We also will explore the relationship between Māori communities and these birds 

to understand how their kaitiakitanga (or resource management) practises can positively 

impact bird, human, and environmental health. 

 

 

6.2. Harvest Practises 

 

Customary harvest practices play a crucial role in Indigenous resource management and 

have significantly contributed to global biodiversity (Lyver et al., 2015). In Aotearoa New 

Zealand, customary mutton-bird harvests for nearly a millennium as a tool of survival and 

resource management (Lyver et al., 2008). This thesis focused upon three mutton-bird 

species: ōi, tītī, and toanui that are or have been harvested by Māori communities 
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throughout the country. This thesis has found both these birds and the associated harvesting 

practises to be of vital cultural and ecological significance. For instance, ōi harvests have 

sustained colonies and do not impact population growth due to sustainable restrictions 

incorporated into harvests (Lyver et al., 2015). Harvest rates of tītī have also proven to be an 

efficient method of monitoring population trends which contributes to maintaining sustainable 

harvests over time (Kitson, 2004). Customary harvests also maintain the kinship-based 

whakapapa connection between Māori communities, the birds, and the natural world through 

shared descent from Ranginui and Papatūānuku (Roberts, 2013). 

 

Tohu are vital for guiding the timing and management of harvest practises, whether they are 

small or big, or if they will occur at all (Lyver and Moller, 2010; Lyver et al. 2008; Smith, 

2008). Harvests demonstrate a deep intergenerational understanding of migration, breeding 

cycles, and feeding habits, gathered from the environment through tohu (Williams, 2012). 

Spiritual guidance of these tohu and kaitiaki regulates human interaction with resources to 

prevent negative impacts such as overharvesting and habitat destruction (Lyver and Moller 

2010). As tohu, different mutton-bird species can provide information covering vast areas of 

the oceans. Elemental concentrations vary between species due to differences in exposure, 

uptake, storage, and excretion of heavy metals (Stewart et al., 1999). Strong evidence was 

observed for differences in the concentrations of five key elements investigated including Ca, 

Cu, Hg, Mn, and Sn. Most notable was the difference in Hg concentrations between species 

with Hg accounting for 90% of discrimination within the 22-element model. This is likely a 

reflection of differences in foraging location and prey preferences. Ōi typically forage across 

the Pacific Ocean and the Tasman Sea preying upon squid which are particularly rich in Hg 

(Greene et al., 2015; Kojadinovic et al., 2011; Taylor, 2013). To confirm this, it is 

recommended that future research analyses the diet of these species to determine whether 

they reflect species differences in feather metal concentrations. Understanding the 

relationships between metal pollutants and species can not only inform marine resource 

management but also monitor consumption safety of harvested mutton-birds for Māori 

communities.  

 

Customary harvests target pre-fledged chicks, making the differences in metal 

concentrations between this life stage particularly important information to monitor 

harvesting practices (Lyver et al., 2017). Strong evidence was found for differences in metal 

concentrations between life stages. Again, Hg alone was sufficient to discriminate between 

feather metal concentrations among life stages. Down feathers from recently hatched chicks 

had the highest Hg concentrations. Elemental concentrations in chick feathers reflect diet 

(determined by parental foraging) and from metals sequestered in a chick’s egg from the 
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mother (Burger & Gochfeld, 1995). This may also reflect the trophic segregation between 

adults and chicks (Bourgeois et al., 2022). With feather elemental concentrations being 

greater in ōi chicks compared to fledged or adult birds, this may pose a risk for consumption 

of this harvest species. To determine whether high Hg feather concentrations are correlated 

with tissue concentrations, future studies should test blood samples to examine Hg 

concentration in ōi chicks. This would inform whether harvesting pre-fledged chicks is still a 

safe food source. 

 

Harvest practices are an important tool of kaitiakitanga-based resource management (Lyver 

et al., 2008). These harvests are resource and community specific reflecting a bottom-up 

governance approach that results in diverse practices. This diversity is reflected in the 

literature and in discussions with participants. Killing of the mutton-birds was one notable 

difference identified in the interviews. One participant emphasised the importance of killing 

the chicks whilst they were still in their burrow whilst the other described retrieving them from 

their burrows alive. Retrieval methods also differed with the ‘forked-stick’ and ‘fern-frond’ 

methods of harvesting being discussed. Both methods demonstrate a comprehensive 

knowledge of chick’s defensive behaviour and use a variety of materials that are adaptive to 

new knowledge, technologies, and ideas. Diverse harvest is also found throughout the 

literature (Drummond, 1918; Grey-Faced Petrel (Northern Muttonbird) Notice 1979; Ngāti 

Awa Claims Settlement Act, 2005). Karakia was also described as an important cultural 

component of harvest practices that is not often incorporated into modern conservation 

practice.  

 

Aspirations to revive these culturally significant practices around natural resources was 

another focus of discussions around harvest practices. Both participants emphasised how 

stories passed down from older generations maintain a connection with cultural practices 

and whenua. This has created an intergenerational relationship between Māori and mutton-

birds through harvests. Through this relationship, tohu (information) can be exchanged 

between resources and community in response to resource state which can guide resource 

management decisions. Seasonal mobility of communities was also in interviews and 

throughout the literature for optimal productivity of harvests. Communities would come 

together to harvest a large variety of resources including mutton-bird as described in the 

interviews and throughout the literature (Coutts, 1969; Drummond, 1918; Healy et al., 2012; 

Ngāi Tahu Claims Settlement Act, 199). This proves resource sharing is a core component 

of kaitiakitanga-based resource management. 
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6.3. Kaitiakitanga-based Resource Management 

 

Kaitiakitanga seeks a balance with natural resources that are inherited from past generations 

for the wellbeing of future generations. This was the second theme to arise from the semi-

structured interviews conducted in this thesis. Kaitiakitanga establishes a whakapapa link 

between the past and the future, the spiritual and human realms, and it necessitates 

environmental protection in order to assure long-term survival (Selby et al., 2010). 

Underlying kaitiakitanga is the principle of rangatiratanga (sovereignty) which determines 

who has the right to govern resource management in Aotearoa New Zealand. Kaitiakitanga-

based resource management is an opportunity for cross-cultural natural resource 

governance that honours He Whakaputanga and Te Tiriti o Waitangi. Quantitative results 

can help analyse tohu to better inform kaitiakitanga practices. This keeps kaitiakitanga-

based resource management adaptive to the needs of the natural world by actively 

responding to tohu and the information that they hold. Seabirds can act as tohu for both 

marine and terrestrial environments. Further investigating them can help us interpret the 

state of the ocean areas they interact with. Marine heavy metal pollution has become an 

increasingly prominent issue with the rapid expansion of anthropogenic input (Hameed et al., 

2020). Ōi, tītī and toanui are exposed to these pollutants through prey consumption and can 

therefore help us infer the state of heavy metal pollution in the marine environment. At toxic 

concentrations, they can have detrimental effects on seabird behaviour, reproduction, and 

physiology (Lyver et al., 2017; Renedo et al., 2020).  

 

As kaitiakitanga is a long-term practice, understanding the lifespan patterns of heavy metal 

contamination in these birds can help us inform practices for the benefit of future 

generations. Age is one of many factors that influences heavy metal concentrations within an 

organism (Hameed et al., 2020). Many seabird species deposit heavy metals such as Cu, 

Hg, and Zn through feather moult (Anderson et al., 2009; Bocher et al., 2003; Renedo et al., 

2020). Identifying the relationship between elemental concentrations and age would help 

determine whether ōi are potential candidates for heavy metal bioaccumulation. As observed 

in other studies, older birds appear to have higher Hg and lower Se concentrations in their 

feathers compared to younger birds. This indicates that older individuals are sequestering 

high levels of these metals which may be associated with accumulation from their diet over 

time. However, no other feather metal concentrations were correlated with bird age. This 

may indicate that ōi do not accumulate heavy metals over their lifespan making it less likely 

for concentrations to reach toxic levels. However, it could also be an indication of older birds 

not sequestering metals into their feathers at a rate that matches accumulation. Thus their 

tissue metal pollutant loads may accumulate and be high in older birds. This eventuality 
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would have serious consequences for the health of ōi colonies. It is recommended that 

future research analyses blood and tissue samples to fully understand heavy metal 

accumulation in ōi.  

 

Seabirds are particularly sensitive to environmental change exposing them to the 

consequences of climate change (Grémillet and Boulinier, 2009). Yet our understanding of 

their physiological stress and ability to adapt to this is still limited. Analysing the heavy metal 

concentrations in the blood of mutton-bird chicks and adults can reflect physiological stress. 

Blood heterophil-lymphocyte ratios were not correlated with feather metal concentrations in 

this study. This is a positive outcome for bird health suggesting that ōi from the Ihumoana 

colony are not physiologically stressed by their current exposure to marine metal pollutants. 

Feather samples are used extensively in western science as a relatively non-invasive 

monitoring method. Seabirds rid themselves of excess heavy metal isotopes by depositing 

them into feathers which are then moulted (Anderson et al., 2009; Lyver et al., 2017). This 

informs conservation-based resource management efforts in Aotearoa New Zealand. It 

therefore has great potential to be incorporated into kaitiakitanga-based resource 

management. Heavy metal concentrations in feathers showed no difference in the mid and 

upper sections of adult ōi feathers. This suggests that clipping the tips of ōi feathers is 

sufficient to attain heavy metal concentrations which is a less invasive method of feather 

sampling. It is also less painful and more respectful when engaging with the birds without 

compromising the quality of data collection. 

 

Despite many biological similarities between male and female seabirds, sex-dependent 

variations in metal concentrations have been found in many species. Notably, a female’s 

ability to deposit trace elements into the egg before laying tends to result in lower 

concentrations in females (Malinga et al., 2010; Monteiro and Furness, 1995). However, 

age, and phylogeny are more influential characteristics on heavy metal concentrations 

(Stewart et al., 1999). That combined with deposition of metals through feather moult, 

numerous studies have also found there to be no difference in heavy metal concentrations 

between seabird sex. Like this trend in the literature, this thesis found no correlation was 

found between ōi male and female feather heavy metal concentration.  

 

Kaitiakitanga is a resource management practice that embeds a relational ontology held by 

Māori that assumes communication between humans and material subjects. It positions all 

beings in the environment as speaking subjects that have their own mana (spiritual authority) 

and mauri (life force) (Hindle & Matthewman, 2017; Hoskins & Jones, 2017a; Lyver & Moller, 

2010). Kaitiakitanga aims to stimulate this mauri within all natural resources, it will continue 
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to provide a plentiful harvest (Williams, 2012). This relational resource management forms a 

connection between people and their ancestral that creates customary practices specific to 

place and communities. Aspirations for future generations was a prominent topic in 

discussions around kaitiakitanga. Irrespective of whether participants had physical 

connections to their ancestral resources and harvesting practices or not, they discussed their 

aspirations, inherited from older generations, for the continuation of these practices into the 

future. This emphasises the whakapapa connection within kaitiakitanga that connects 

generations through time.  

 

Enforcing kaitiakitanga practices can be very difficult for Māori communities in modern times. 

One participant discussed the need to maintain a systemic connection through colonial legal 

mechanisms to formalise their governing power. Whilst the other described their hapū 

forming a Trust as a parliamentary legislative body to appease colonial law for the 

continuation of kaitiakitanga. They noted that this doesn’t influence their peoples prioritising 

of tikanga law when it comes to these customary practises. Conclusive from these interviews 

and the Rakiura Tītī Islands case studies from section 2.4.1 is the importance of resource 

governance in kaitiakitanga practices. Maintaining Māori resource governance enables these 

communities to actualize their future aspirations.  

 

Yet, engaging with colonial governance and mainstream conservation practises also 

presents its challenges. Both participants expressed their concerns for the misconceptions 

around kaitiakitanga and kaitiaki in mainstream conservation-based resource governance. It 

is often bastardised by the Crown and New Zealand Government to mean ‘stewardship’ 

(Marsden, 2003) rather than a relational resource management framework that embeds an 

entire cultural worldview. This does not exclude non-Māori from participating in kaitiakitanga 

practices. However, misuse of these terms and practices create obstacles to appropriate 

cross-cultural governance and genuine kaitiakitanga-based resource management. What is 

key is understanding one's positionality and how these changes with context depending on 

the communities that one would work with. Whether it is as a kaitiaki, tohunga, harvester, 

scientist, or member of the public, kaitiakitanga-based resource management and all of its 

associated practices are different for everyone. It is not more technology or data or more 

money that is needed, it is a change of worldview that is biocentric, and holds an ethic of 

respect and reciprocity between humans and the natural world (Kimmerer, 2014). Changing 

Aotearoa New Zealand’s ethic of resource management to a collaborative framework that 

allows the unhindered implementation of kaitiakitanga-based resource management would 

achieve this. As it stands, kaitiakitanga is tolerated within current conservation management 

structures only if it conforms to current laws and reaffirms conservation practices. However, 
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kaitiakitanga can only be genuinely implemented if Māori governance and power sharing 

exists independent of the current systems (Lyver and Moller, 2010). 

 

 

6.4. Whanaungatanga 

 

Despite discussions around kaitiakitanga focusing upon the human-non-human relational 

approach to resource management, inter-human relationships are just as important. All 

forms of natural resource management, including kaitiakitanga, are impacted by human 

relationships. Within the Māori worldview, whanaungatanga conceptualises the threads that 

connect people to one another, both literally and metaphorically through whakapapa. Put 

another way, whanaungatanga are the relationships that are established using Māori cultural 

practices, both informal and formal (Bishop et al., 2014). With these relationships we can 

build stronger collectives which improves our ability to perceive and negotiate the tohu from 

the environment. They are also a fundamental component of Māori resource management 

practises, as kaitiakitanga is rooted Māori kin-based communities and whanaungatanga 

strengthens this kinship. Formation of these relationships in resource management is not 

exclusive to Māori communities or to mutton-bird harvests. Rather it is a collaborative space 

that aspires to share culture, practises, and governing power. 

 

Perhaps the most obvious influence that whanaungatanga has over mutton-bird harvests 

and other forms of natural resource management is the sharing of resources and harvesting 

efforts. This is an essential part of kaitiakitanga, which is encouraged by the manaakitanga 

(hospitality) responsibilities of the host community. It is an extremely powerful cultural value 

(Lyver and Moller, 2010). Failure to do so, signals a community’s inability to foster 

prosperous resources as kaitiaki over their whenua (land). Collective harvesting and sharing 

of the subsequent spoils was discussed throughout semi-structured interviews around 

mutton-bird and other natural resource harvests. Throughout history, these events were 

commonplace and large community affairs that to this day sustains relationships of 

comradery that strengthens whanaungatanga between communities. Throughout the 

literature, there is an abundance of examples where communities from Northland to Rakiura 

would collaboratively harvest and share resources.  

 

A natural consequence of the gathering of communities for collaborative harvesting projects 

is the sharing of knowledge. Those visiting for the harvesting of mutton-birds would not just 

bring their resources, they brought their knowledge (Healy et al., 2012). Participants 1 spoke 

of elders imparting stories, expertise around harvesting, and strengthening their connection 
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with relatives. Prompted by the relationships built from shared resources and collaborative 

harvest, sharing of information between communities supports facilitated long-distance 

alliances. As a community-based resource management system, customary harvests 

provide great benefits including the survival of communities; maintaining natural resources; 

political importance for long-distance alliances; and promote the sharing of knowledge, 

stories, and histories.  

 

Implementing Indigenous knowledge and customary practices involves intimate relationships 

that must be recognised for the sustainable and culturally appropriate management of 

natural resources, biodiversity, and ecosystems. Promoting customary harvests and other 

community-based resource-management systems is essential to accomplish this (Gadgil et 

al., 1993). This relates back to the importance of resource governance in Aotearoa New 

Zealand. From the semi-structured interviews conducted in this thesis and the literature, it is 

clear that the governance of mutton-bird colonies and their harvests are influenced by 

Aotearoa’s foundation legal documents (He Whakaputanga and Te Tiriti) and the 

conservation legislation described in section 2.3. Case studies of the Ngāti Awa, Ngāi Tahu 

and department of conservation ōi and tītī colonies demonstrate how governance styles, 

history, and management practices vary significantly throughout Aotearoa New Zealand. 

They highlight the divergent social dimensions of conservation-based and kaitiakitanga-

based resource management which are perpetuated by the lack of collaboration and co-

management (Kawharu, 2000; Roberts et al., 1995; Taiepa et al., 1997). In modern times, 

legislation has become a necessary component for the maintenance of these customary 

harvesting practices. Iwi such as Ngāi Tahu and Ngāti Awa have consolidated their 

governance of their mutton-bird harvests through legislation such as the Titi (Mutton Bird) 

Regulations (1978) Act and the Ngāti Awa Claims Settlement Act (2005).  

 

This thesis has found that there is a necessity for collaboration and whanaungatanga to 

achieve culturally appropriate management practice and customary harvests of natural 

resources such as mutton-birds. However, without legislated co-governance and/or 

incentivised co-management models, power sharing and equitable decision making remains 

an obstacle to genuine collaboration and whanaungatanga between Māori communities and 

mainstream conservation parties (Taiepa et al., 1997). 
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6.5. He Tai Pari. A Rising Tide. 

 

He tai pari, he tai timu. A rising tide, an ebbing tide. This kīwaha (saying) can be understood 

to mean ‘like the incoming tide, one will feel [its] significance and strength’ (Black, 2021). 

Impacts of colonisation have been described as ‘he tai timu’, the outgoing tide, representing 

the loss of language, culture, and land experience by the Māori peoples; with the incoming 

tide conceptualises the revival of Te Ao Māori (the Māori world). Evermore, engagement with 

Māori through research and research institutions is gaining momentum with western 

scientific disciplines increasingly engaging with mātauranga Māori and Māori ways of 

knowing (Mercier, 2018; Sadler, 2007). Yet it is not more data that is needed but a change of 

worldview that respects and reciprocity between humans and the natural world (Kimmerer, 

2014). Currently many of these efforts do not incorporate power-sharing or resource co-

governance, or the acceptance of traditional practices. Much improvement is needed in this 

space to address the environmental challenges that Aotearoa New Zealand currently face. 

Strong evidence found in this thesis for variation in metal concentrations between and within 

mutton-bird species has implications for the potential of these species as indicators of ocean 

metal pollutant state; the health and well-being of these birds; and for the customary harvest 

practices and the consumption of mutton-bird species. A cross-cultural approach that 

incorporates differing cultural and social values through collaboration is necessary to attempt 

the task of ecological restoration (Lyver et al., 2016). 

 

Future research is recommended to investigate the link between feather metal 

concentrations and tissue concentrations as this has implications for the physiological health 

of these species and their status as an Indigenous food resource. Furthermore, following the 

recommendations of Lyver et al. (2015), this thesis calls for an adaptive cross-cultural 

resource management approach where Western and Māori methods, knowledge, and 

practices are constituted into the management of natural resources in Aotearoa New 

Zealand. 
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8. Appendix 

 

8.1. Ethics resources for research participants 
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Figure A.1) Participant information sheet 
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Figure A.2) Oral traditions consent form 
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8.2. Sampling methods 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.1) Blood smear under fluorescence microscope graphax camera at 40x bright field magnification. 
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Figure B.2) LA-ICP-MS sectioning for ablation spots along feather rachis. 
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8.3. Full data sets and ICP-MS outputs 

 

Table A.1) Data distribution categorising feather samples according to breeding location collected (site), data 

collected, species (ōi = Pterodroma gouldi, tītī = Puffinus griseus, toanui = Ardenna carneipes), and life stage 

(adult, chick, and fledging). 

Sample 

(n) Site 

Date 

(collected) 

 

Species Life stage 

1 Moutohorā Apr-09  Ōi Adult 

2 Moutohorā Apr-09  Ōi Adult 

3 Moutohorā Apr-09  Ōi Adult 

4 Moutohorā Apr-09  Ōi Adult 

5 Moutohorā Apr-09  Ōi Adult 

6 Moutohorā Apr-09  Ōi Adult 

7 Moutohorā Apr-09  Ōi Adult 

8 Moutohorā Apr-09  Ōi Adult 

9 Moutohorā Apr-09  Ōi Adult 

10 Moutohorā Apr-09  Ōi Adult 

11 Moutohorā Apr-09  Ōi Adult 

12 Moutohorā Apr-09  Ōi Adult 

13 Moutohorā Apr-09  Ōi Adult 

14 Moutohorā Apr-09  Ōi Adult 

15 Moutohorā Apr-09  Ōi Adult 

16 Moutohorā Apr-09  Ōi Adult 

17 Moutohorā Apr-09  Ōi Adult 

18 Moutohorā Apr-09  Ōi Adult 

19 Moutohorā Apr-09  Ōi Adult 

20 Moutohorā Apr-09  Ōi Adult 

21 Moutohorā Apr-09  Ōi Adult 

22 Moutohorā Apr-09  Ōi Adult 

23 Moutohorā Apr-09  Ōi Adult 

24 Moutohorā Apr-09  Ōi Adult 

25 Moutohorā Apr-09  Ōi Adult 

26 Moutohorā Apr-09  Ōi Adult 

27 Moutohorā Apr-09  Ōi Adult 

28 Moutohorā Apr-09  Ōi Adult 

29 Moutohorā Apr-09  Ōi Adult 

30 Moutohorā Apr-09  Ōi Adult 

31 Moutohorā Apr-09  Ōi Adult 

32 Moutohorā Apr-09  Ōi Adult 

33 Moutohorā Apr-09  Ōi Adult 

34 Moutohorā Apr-09  Ōi Adult 

35 Moutohorā Apr-09  Ōi Adult 

36 Moutohorā Apr-09  Ōi Adult 

37 Moutohorā Apr-09  Ōi Adult 

38 Moutohorā Apr-09  Ōi Adult 

39 Moutohorā Apr-09  Ōi Adult 

40 Moutohorā Apr-09  Ōi Adult 

41 Moutohorā Apr-09  Ōi Adult 
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42 Moutohorā Apr-09  Ōi Adult 

43 Moutohorā Apr-09  Ōi Adult 

44 Moutohorā Apr-09  Ōi Adult 

45 Moutohorā Apr-09  Ōi Adult 

46 Moutohorā Apr-09  Ōi Adult 

47 Moutohorā Apr-09  Ōi Adult 

48 Moutohorā Apr-09  Ōi Adult 

49 Moutohorā Apr-09  Ōi Adult 

50 Moutohorā Apr-09  Ōi Adult 

51 Moutohorā Apr-09  Ōi Adult 

52 Moutohorā Apr-09  Ōi Adult 

53 Moutohorā Apr-09  Ōi Adult 

54 Moutohorā Apr-09  Ōi Adult 

55 Moutohorā Apr-09  Ōi Adult 

56 Moutohorā Apr-09  Ōi Adult 

57 Moutohorā Apr-09  Ōi Adult 

58 Moutohorā Apr-09  Ōi Adult 

59 Moutohorā Apr-09  Ōi Adult 

60 Moutohorā Apr-09  Ōi Adult 

61 Moutohorā Apr-09  Ōi Adult 

62 Moutohorā Apr-09  Ōi Adult 

63 Moutohorā Apr-09  Ōi Adult 

64 Moutohorā Apr-09  Ōi Adult 

65 Moutohorā Apr-09  Ōi Adult 

66 Moutohorā Apr-09  Ōi Adult 

67 Kauwahaia Nov-19  Ōi Chick 

68 Kauwahaia Nov-19  Ōi Chick 

69 Kauwahaia Nov-19  Ōi Chick 

70 Kauwahaia Nov-19  Ōi Chick 

71 Kauwahaia Nov-19  Ōi Chick 

72 Kauwahaia Nov-19  Ōi Chick 

73 Kauwahaia Nov-19  Ōi Chick 

74 Kauwahaia Nov-19  Ōi Chick 

75 Kauwahaia Nov-19  Ōi Chick 

76 Kauwahaia Nov-19  Ōi Chick 

77 Kauwahaia Nov-19  Ōi Chick 

78 Kauwahaia Nov-19  Ōi Chick 

79 Ihumoana Nov-19  Ōi Adult 

80 Ihumoana Nov-19  Ōi Adult 

81 Ihumoana Jul-20  Ōi Adult 

82 Ihumoana Jul-20  Ōi Adult 

83 Ihumoana Jul-20  Ōi Adult 

84 Ihumoana Jul-20  Ōi Adult 

85 Ihumoana Jul-20  Ōi Adult 

86 Ihumoana Jul-20  Ōi Adult 

87 Ihumoana Jul-20  Ōi Adult 

88 Ihumoana Jul-20  Ōi Adult 

89 Ihumoana Jul-20  Ōi Adult 
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90 Ihumoana Jul-20  Ōi Adult 

91 Ihumoana Jul-20  Ōi Adult 

92 Ihumoana Jul-20  Ōi Adult 

93 Ihumoana Jul-20  Ōi Adult 

94 Ihumoana Jul-20  Ōi Adult 

95 Ihumoana Jul-20  Ōi Adult 

96 Ihumoana Jul-20  Ōi Adult 

97 Ihumoana Jul-20  Ōi Adult 

98 Ihumoana Jul-20  Ōi Adult 

99 Ihumoana Jul-20  Ōi Adult 

100 Ihumoana Jul-20  Ōi Adult 

101 Ihumoana Jul-20  Ōi Adult 

102 Ihumoana Jul-20  Ōi Adult 

103 Ihumoana Jul-20  Ōi Adult 

104 Ihumoana Jul-20  Ōi Adult 

105 Ihumoana Jul-20  Ōi Adult 

106 Ihumoana Jul-20  Ōi Adult 

107 Ihumoana Jul-20  Ōi Adult 

108 Ihumoana Jul-20  Ōi Adult 

109 Ihumoana Jul-20  Ōi Adult 

110 Ihumoana Jul-20  Ōi Adult 

111 Ihumoana Jul-20  Ōi Adult 

112 Ihumoana Jul-20  Ōi Adult 

113 Ihumoana Jul-20  Ōi Adult 

114 Ihumoana Jul-20  Ōi Adult 

115 Ihumoana Jul-20  Ōi Adult 

116 Ihumoana Jul-20  Ōi Adult 

117 Ihumoana Jul-20  Ōi Adult 

118 Ihumoana Jul-20  Ōi Adult 

119 Ihumoana Jul-20  Ōi Adult 

120 Ihumoana Jul-20  Ōi Adult 

121 Ihumoana Jul-20  Ōi Adult 

122 Ihumoana Jul-20  Ōi Adult 

123 Ihumoana Jul-20  Ōi Adult 

124 Ihumoana Jul-20  Ōi Adult 

125 Ihumoana Jul-20  Ōi Adult 

126 Ihumoana Jul-20  Ōi Adult 

127 Ihumoana Jul-20  Ōi Adult 

128 Ihumoana Jul-20  Ōi Adult 

129 Ihumoana Jul-20  Ōi Adult 

130 Ihumoana Jul-20  Ōi Adult 

131 Ihumoana Jul-20  Ōi Adult 

132 Ihumoana Jul-20  Ōi Adult 

133 Ihumoana Jul-20  Ōi Adult 

134 Ihumoana Jul-20  Ōi Adult 

135 Ihumoana Jul-20  Ōi Adult 

136 Ihumoana Jul-20  Ōi Adult 

137 Ihumoana Jul-20  Ōi Adult 
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138 Ihumoana Jul-20  Ōi Adult 

139 Ihumoana Jul-20  Ōi Adult 

140 Ihumoana Jul-20  Ōi Adult 

141 Ihumoana Jul-20  Ōi Adult 

142 Ihumoana Jul-20  Ōi Adult 

143 Ihumoana Jul-20  Ōi Adult 

144 Ihumoana Jul-20  Ōi Adult 

145 Ihumoana Jul-20  Ōi Adult 

146 Ihumoana Jul-20  Ōi Adult 

147 Ihumoana Jul-20  Ōi Adult 

148 Ihumoana Jul-20  Ōi Adult 

149 Ihumoana Jul-20  Ōi Adult 

150 Ihumoana Jul-20  Ōi Adult 

151 Ihumoana Jul-20  Ōi Adult 

152 Ihumoana Jul-20  Ōi Adult 

153 Ihumoana Jul-20  Ōi Adult 

154 Ihumoana Jul-20  Ōi Adult 

155 Ihumoana Jul-20  Ōi Adult 

156 Ihumoana Jul-20  Ōi Adult 

157 Ihumoana Jul-20  Ōi Adult 

158 Ihumoana Jul-20  Ōi Adult 

159 Ihumoana Jul-20  Ōi Adult 

160 Ihumoana Nov-20  Ōi Adult 

161 Ihumoana Nov-20  Ōi Adult 

162 Ihumoana Nov-20  Ōi Adult 

163 Ihumoana Nov-20  Ōi Adult 

164 Ihumoana Nov-20  Ōi Adult 

165 Ihumoana Nov-20  Ōi Adult 

166 Ihumoana Nov-20  Ōi Adult 

167 Ihumoana Nov-20  Ōi Adult 

168 Ihumoana Nov-20  Ōi Adult 

169 Ihumoana Nov-20  Ōi Adult 

170 Ihumoana Nov-20  Ōi Adult 

171 Ihumoana Nov-20  Ōi Adult 

172 Ihumoana Nov-20  Ōi Adult 

173 Ihumoana Nov-20  Ōi Adult 

174 Kauwahaia Dec-20  Toanui Adult 

175 Kauwahaia Dec-20  Toanui Adult 

176 Kauwahaia Dec-20  Toanui Adult 

177 Kauwahaia Dec-20  Tītī Adult 

178 Kauwahaia Dec-20  Tītī Adult 

179 Kauwahaia Dec-20  Tītī Adult 

180 Kauwahaia Dec-20  Tītī Adult 

181 Kauwahaia Dec-20  Tītī Adult 

182 Kauwahaia Dec-20  Tītī Adult 

183 Kauwahaia Dec-20  Tītī Adult 

184 Kauwahaia Dec-20  Tītī Adult 

185 Kauwahaia Dec-20  Tītī Adult 
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186 Kauwahaia Dec-20  Tītī Adult 

187 Kauwahaia Dec-20  Tītī Adult 

188 Kauwahaia Dec-20  Tītī Adult 

189 Kauwahaia Dec-20  Tītī Adult 

190 Kauwahaia Dec-20  Tītī Adult 

191 Kauwahaia Dec-20  Tītī Adult 

192 Ihumoana Dec-20  Ōi Chick 

193 Ihumoana Dec-20  Ōi Chick 

194 Ihumoana Dec-20  Ōi Chick 

195 Ihumoana Dec-20  Ōi Chick 

196 Ihumoana Dec-20  Ōi Chick 

197 Ihumoana Dec-20  Ōi Chick 

198 Ihumoana Dec-20  Ōi Chick 

199 Ihumoana Dec-20  Ōi Chick 

200 Ihumoana Dec-20  Ōi Chick 

201 Ihumoana Dec-20  Ōi Chick 

202 Ihumoana Dec-20  Ōi Chick 

203 Ihumoana Dec-20  Ōi Chick 

204 Ihumoana Dec-20  Ōi Chick 

205 Ihumoana Dec-20  Ōi Chick 

206 Ihumoana Dec-20  Ōi Chick 

207 Ihumoana Dec-20  Ōi Chick 

208 Ihumoana Dec-20  Ōi Chick 

209 Kauwahaia Jan-21  Toanui Adult 

210 Kauwahaia Jan-21  Toanui Adult 

211 Kauwahaia Jan-21  Toanui Adult 

212 Kauwahaia Jan-21  Toanui Adult 

213 Kauwahaia Jan-21  Toanui Adult 

214 Kauwahaia Jan-21  Toanui Adult 

215 Kauwahaia Jan-21  Toanui Adult 

216 Kauwahaia Jan-21  Toanui Adult 

217 Kauwahaia Jan-21  Toanui Adult 

218 Kauwahaia Jan-21  Tītī Adult 

219 Kauwahaia Jan-21  Tītī Adult 

220 Kauwahaia Jan-21  Tītī Adult 

221 Kauwahaia Jan-21  Tītī Adult 

222 Kauwahaia Jan-21  Tītī Adult 

223 Kauwahaia Jan-21  Tītī Adult 

224 Kauwahaia Jan-21  Tītī Adult 

225 Ihumoana Apr-21  Ōi Adult 

226 Ihumoana Apr-21  Ōi Adult 

227 Ihumoana Apr-21  Ōi Adult 

228 Ihumoana Apr-21  Ōi Adult 

229 Ihumoana Apr-21  Ōi Adult 

230 Ihumoana Apr-21  Ōi Adult 

231 Ihumoana Apr-21  Ōi Adult 

232 Ihumoana Apr-21  Ōi Adult 

233 Ihumoana Apr-21  Ōi Adult 
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234 Ihumoana Apr-21  Ōi Adult 

235 Ihumoana Apr-21  Ōi Adult 

236 Ihumoana Apr-21  Ōi Adult 

237 Ihumoana Apr-21  Ōi Adult 

238 Ihumoana Apr-21  Ōi Adult 

239 Ihumoana Apr-21  Ōi Adult 

240 Ihumoana Apr-21  Ōi Adult 

241 Ihumoana Apr-21  Ōi Adult 

242 Ihumoana Apr-21  Ōi Adult 

243 Ihumoana Apr-21  Ōi Adult 

244 Ihumoana Apr-21  Ōi Adult 

245 Ihumoana Apr-21  Ōi Adult 

246 Ihumoana Apr-21  Ōi Adult 

247 Ihumoana Apr-21  Ōi Adult 

248 Ihumoana Apr-21  Ōi Adult 

249 Ihumoana Apr-21  Ōi Adult 

250 Ihumoana Apr-21  Ōi Adult 

251 Ihumoana Apr-21  Ōi Adult 

252 Ihumoana Apr-21  Ōi Adult 

253 Ihumoana Apr-21  Ōi Adult 

254 Ihumoana Apr-21  Ōi Adult 

255 Ihumoana Apr-21  Ōi Adult 

256 Ihumoana Apr-21  Ōi Adult 

257 Ihumoana Apr-21  Ōi Adult 

258 Ihumoana Apr-21  Ōi Adult 

259 Ihumoana Apr-21  Ōi Adult 

260 Ihumoana Apr-21  Ōi Adult 

261 Ihumoana Apr-21  Ōi Adult 

262 Ihumoana Apr-21  Ōi Adult 

263 Ihumoana Apr-21  Ōi Adult 

264 Ihumoana Apr-21  Ōi Adult 

265 Ihumoana Apr-21  Ōi Adult 

266 Ihumoana Apr-21  Ōi Adult 

267 Ihumoana Apr-21  Ōi Adult 

268 Ihumoana Apr-21  Ōi Adult 

269 Ihumoana Apr-21  Ōi Adult 

270 Ihumoana Apr-21  Ōi Adult 

271 Ihumoana Apr-21  Ōi Adult 

272 Ihumoana Apr-21  Ōi Adult 

273 Ihumoana Apr-21  Ōi Adult 

274 Ihumoana Apr-21  Ōi Adult 

275 Ihumoana Apr-21  Ōi Adult 

276 Ihumoana Apr-21  Ōi Adult 

277 Ihumoana Apr-21  Ōi Adult 

278 Ihumoana Apr-21  Ōi Adult 

279 Ihumoana Apr-21  Ōi Adult 

280 Ihumoana Apr-21  Ōi Adult 

281 Ihumoana Apr-21  Ōi Adult 
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282 Ihumoana Apr-21  Ōi Adult 

283 Ihumoana Apr-21  Ōi Adult 

284 Ihumoana Apr-21  Ōi Adult 

285 Ihumoana Apr-21  Ōi Adult 

286 Ihumoana Apr-21  Ōi Adult 

287 Ihumoana Apr-21  Ōi Adult 

288 Ihumoana Apr-21  Ōi Adult 

289 Ihumoana Apr-21  Ōi Adult 

290 Ihumoana Apr-21  Ōi Adult 

291 Ihumoana Apr-21  Ōi Adult 

292 Ihumoana Apr-21  Ōi Adult 

293 Ihumoana Apr-21  Ōi Adult 

294 Ihumoana Apr-21  Ōi Adult 

295 Ihumoana Apr-21  Ōi Adult 

296 Ihumoana Apr-21  Ōi Adult 

297 Ihumoana Apr-21  Ōi Adult 

298 Ihumoana Apr-21  Ōi Adult 

299 Ihumoana Apr-21  Ōi Adult 

300 Ihumoana Apr-21  Ōi Adult 

301 Ihumoana Apr-21  Ōi Adult 

302 Ihumoana Apr-21  Ōi Adult 

303 Ihumoana Apr-21  Ōi Adult 

304 Ihumoana Apr-21  Ōi Adult 

305 Ihumoana Apr-21  Ōi Adult 

306 Ihumoana Apr-21  Ōi Adult 

307 Ihumoana Apr-21  Ōi Adult 

308 Ihumoana Apr-21  Ōi Adult 

309 Ihumoana Apr-21  Ōi Adult 

310 Ihumoana Apr-21  Ōi Adult 

311 Ihumoana Apr-21  Ōi Adult 

312 Ihumoana Apr-21  Ōi Adult 

313 Ihumoana Apr-21  Ōi Adult 

314 Ihumoana Apr-21  Ōi Adult 

315 Ihumoana Apr-21  Ōi Adult 

316 Ihumoana Apr-21  Ōi Adult 

317 Ihumoana Apr-21  Ōi Adult 

318 Ihumoana Apr-21  Ōi Adult 

319 Ihumoana Apr-21  Ōi Adult 

320 Ihumoana Sep-21  Ōi Down 

321 Ihumoana Sep-21  Ōi Down 

322 Ihumoana Sep-21  Ōi Down 

323 Ihumoana Sep-21  Ōi Down 

324 Ihumoana Sep-21  Ōi Down 

325 Ihumoana Sep-21  Ōi Down 

326 Ihumoana Sep-21  Ōi Down 

327 Ihumoana Sep-21  Ōi Down 

328 Ihumoana Sep-21  Ōi Down 

329 Ihumoana Sep-21  Ōi Down 
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330 Ihumoana Sep-21  Ōi Down 

331 Ihumoana Sep-21  Ōi Down 

332 Ihumoana Sep-21  Ōi Down 

333 Ihumoana Sep-21  Ōi Down 

334 Ihumoana Sep-21  Ōi Down 

335 Ihumoana Sep-21  Ōi Down 

336 Ihumoana Sep-21  Ōi Down 

337 Ihumoana Sep-21  Ōi Down 

338 Ihumoana Sep-21  Ōi Down 

339 Ihumoana Sep-21  Ōi Down 

340 Ihumoana Sep-21  Ōi Down 

341 Ihumoana Sep-21  Ōi Down 

342 Ihumoana Sep-21  Ōi Down 

343 Ihumoana Sep-21  Ōi Down 

344 Ihumoana Sep-21  Ōi Down 

345 Ihumoana Sep-21  Ōi Down 

346 Ihumoana Sep-21  Ōi Down 

347 Ihumoana Sep-21  Ōi Down 

348 Ihumoana Sep-21  Ōi Down 

349 Ihumoana Sep-21  Ōi Down 

350 Ihumoana Sep-21  Ōi Down 

351 Ihumoana Sep-21  Ōi Down 

352 Ihumoana Sep-21  Ōi Down 

353 Ihumoana Sep-21  Ōi Down 

354 Ihumoana Sep-21  Ōi Down 

355 Ihumoana Sep-21  Ōi Down 

356 Ihumoana Sep-21  Ōi Down 

357 Ihumoana Sep-21  Ōi Down 

358 Ihumoana Dec-21  Ōi Fledging 

359 Ihumoana Dec-21  Ōi Fledging 

360 Ihumoana Dec-21  Ōi Fledging 

361 Ihumoana Dec-21  Ōi Fledging 

362 Ihumoana Dec-21  Ōi Fledging 

363 Ihumoana Dec-21  Ōi Fledging 

364 Ihumoana Dec-21  Ōi Fledging 

365 Ihumoana Dec-21  Ōi Fledging 

366 Ihumoana Dec-21  Ōi Fledging 

367 Ihumoana Dec-21  Ōi Fledging 

368 Ihumoana Dec-21  Ōi Fledging 

369 Ihumoana Dec-21  Ōi Fledging 

370 Ihumoana Dec-21  Ōi Fledging 

371 Ihumoana Dec-21  Ōi Fledging 

372 Ihumoana Dec-21  Ōi Fledging 

373 Ihumoana Dec-21  Ōi Fledging 

374 Ihumoana Dec-21  Ōi Fledging 

375 Ihumoana Dec-21  Ōi Fledging 

376 Ihumoana Dec-21  Ōi Fledging 

377 Ihumoana Dec-21  Ōi Fledging 



147 
 

378 Ihumoana Dec-21  Ōi Fledging 

379 Ihumoana Dec-21  Ōi Fledging 

380 Ihumoana Dec-21  Ōi Fledging 

381 Ihumoana Dec-21  Ōi Fledging 

382 Ihumoana Dec-21  Ōi Fledging 

383 Ihumoana Dec-21  Ōi Fledging 

384 Ihumoana Dec-21  Ōi Fledging 

385 Ihumoana Dec-21  Ōi Fledging 

386 Ihumoana Dec-21  Ōi Fledging 

387 Ihumoana Dec-21  Ōi Fledging 

388 Ihumoana Dec-21  Ōi Fledging 
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Table A.2) Quantitative ICPMS output for full 22-elemental suite of feathers using the Agilent 7700 to measure isotope concentrations [ug/g]. 

Sample 
No. 

23 Na 
[ug/g] 

24 Mg 
[ug/g] 

27 Al 
[ug/g] 

31 P 
[ug/g] 

34 S 
[ug/g] 

39 K 
[ug/g] 

44 Ca 
[ug/g] 

47 Ti 
[ug/g] 

51 V 
[ug/g] 

52 Cr 
[ug/g] 

55 Mn 
[ug/g] 

56 Fe 
[ug/g] 

1 2047.66 483.25 17.55 32.12 21217.23 112.19 424.03 2.22 0.06 0.00001 0.28 12.14 

2 3629.94 824.73 166.83 94.74 29579 201.05 714.23 6.41 0.21 0.00001 1.11 77.41 

3 2281.43 466.7 153.96 66.18 23558.18 147.39 403.74 6.09 0.18 0.13 2.44 75.41 

4 3487.49 850.59 5046.17 83.21 27031.42 250.1 762.27 6.45 0.64 0.24 2.76 105.49 

5 3490.53 1217.76 14.9 35.49 30473.69 178.85 1736.5 3.1 0.09 0.18 0.29 12.27 

6 2333.7 446.21 99.3 49 30523.3 142.69 1190.14 2.98 0.06 0.26 0.7 23.27 

7 2855.05 764.58 14.28 40.78 31425.97 159.25 1664.05 1.09 0.06 0.1 0.39 10.7 

8 3459.26 1091.09 29.44 40.38 31667.27 220.34 2785.89 3.08 0.08 0.12 0.79 22.19 

9 3330.94 1069.14 27.93 44.53 31411.31 198 1435.04 2.34 0.12 0.09 0.46 16.42 

10 2970.43 924.39 16.4 42.92 30283.21 177.87 1590.93 1.51 0.1 0.16 0.49 15.9 

11 3850.31 1377.64 13.5 40.56 30321.65 218.82 2089.03 0.85 0.08 0.13 0.38 13.71 

12 3071.51 866.5 25.35 41.62 30852.63 193.46 958.45 1.8 0.07 0.16 0.77 40.13 

13 3241.27 770.31 30.64 56.25 35051.96 217.76 1676.11 2.43 0.06 0.16 0.6 25.43 

14 2855.76 850.87 47.13 47.18 34297.5 278.66 2092.15 4.1 0.09 0.6 0.89 76.86 

15 2970.95 735 16.4 56.31 31503.2 196.49 1398.45 1.18 0.05 0.18 0.4 33.73 

16 3675.62 1042.23 18.92 44.63 33062.73 227.14 2012.64 2.28 0.1 0.07 0.45 32.43 

17 2812.34 738.13 28.55 46.37 30384.47 184.51 1403.41 3.46 0.05 0.26 0.54 30.22 

18 2499.59 619.88 31.63 48.7 30835.06 170.73 1421.8 4.26 0.08 1 0.58 65.87 

19 3535.21 923.36 26.36 36.34 24622.35 182.98 1023.14 3.59 0.12 0.45 0.38 25.44 

20 2777.28 389.29 34.2 49.77 29882.36 170.41 399.7 3.17 0.07 1.01 0.59 22.83 

21 2827.7 662.49 281.84 80.66 28247.58 179.42 550.97 7.82 0.23 0.74 1.95 111.99 

22 2428.57 459.24 127.99 75.65 26939.97 190.98 454.05 5.98 0.18 0.62 1.1 76.54 

23 3096.78 930.9 31.13 43.15 28565.33 167.22 783.94 4.11 0.12 0.52 0.6 29.34 

24 2681.44 588.72 17.98 43.95 27196.5 149.25 473.98 1.02 0.08 0.27 0.24 14.47 

25 3111.13 865.29 16.31 37.37 28015.18 158.98 685.78 2.52 0.08 0.24 0.28 14.47 

26 3057.39 929.81 15.37 34.41 24503.32 177.94 713.48 1.9 0.06 0.21 0.24 11.15 

27 2931.9 753.36 236.29 103.26 26148.29 182.52 637.08 9.74 0.31 0.23 1.51 133.04 

28 2773.38 533.47 19.88 41.96 29337.26 150.48 492.41 1.73 0.06 0.47 0.3 18.3 
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29 4302.39 1323.14 16.19 42.31 30506.73 213.03 2041.25 2.36 0.11 0.49 0.42 23.63 

30 2726.32 811.26 120.5 87.63 30131.45 162.62 1552.96 7.19 0.15 0.4 0.74 89.42 

31 3757.22 1206.09 18.15 40.56 30507.04 211.73 1862.23 6.67 0.11 0.56 0.41 16.66 

32 3111.6 811.19 28.11 44.85 30912.29 186.94 1713.19 5.35 0.07 0.64 0.52 29.72 

33 2627.87 576.35 26.02 43.2 29546.95 161.58 1623.53 7.1 0.04 0.55 0.47 18.06 

34 3230.24 1101.76 158.93 63.53 28747.78 210.7 2207.26 6.27 0.25 0.24 2.49 90.1 

35 4621.88 1120.64 23.62 40.45 31656.72 233.77 1706.96 3.23 0.07 0.56 0.47 23.21 

36 4353.61 1172.1 43.78 46.41 23509.43 225.63 900.36 7.05 0.13 0.19 0.75 32.28 

37 1420.9 355.14 24.77 24.95 14709.26 90.41 315.46 3.18 0.06 0.67 0.36 26.38 

38 2145.36 567.62 23.73 29.79 20652.63 119.89 474.18 2.22 0.05 0.2 0.32 15.52 

39 3405.67 916.64 22.9 39.1 29793.86 189.06 795.56 1.81 0.1 0.11 0.38 15.94 

40 5389.4 1474.58 58.84 45.18 27912.57 411.42 987.08 4.76 0.13 0.65 1 61.29 

41 4177.9 863.1 37.18 38.23 26321.82 185.77 626.52 5.57 0.11 0.31 0.44 23.28 

42 3107.73 1082.73 22.18 55.17 32946.34 174.36 1457.47 2.15 0.1 0.27 0.4 13.87 

43 4423.95 1383.93 44.98 61.24 32750.66 288.88 3939.68 1.71 0.14 0.31 0.91 29.57 

44 3689.75 1108.08 95.43 68.74 33695.17 242.14 873.42 5.64 0.17 0.73 1.04 52.29 

45 4658.92 1493.59 42.52 56.97 33132.65 249.61 1226.87 2.54 0.2 0.27 0.52 30.42 

46 2566.26 492.65 18.81 54.15 30048.29 153.75 483.28 1.75 0.07 0.22 0.27 16.19 

47 4653.43 1400.5 26.29 47.76 31221.94 241.46 1022.84 3.02 0.1 0.2 0.32 32.61 

48 2591.7 792.06 87.59 55.48 22921.23 145.19 642.41 3.85 0.14 0.44 0.57 52.96 

49 2491.37 570.62 17.1 50.9 32800.82 140.92 492.26 1.14 0.06 0.2 0.24 11.69 

50 3317.42 1167.22 22.54 49.32 31210.92 192.75 1999.94 2.05 0.24 21.92 1.49 242.43 

51 2291.21 552.26 41.34 56.44 30801.49 172.76 1924.46 3.21 0.07 0.16 0.64 24.72 

52 3743.38 1001.9 229 93.91 32303.44 208.5 727.02 5.68 0.18 0.13 1.49 75.94 

53 3537.06 1162.39 45.16 56.23 32677.25 196.97 952.08 3.71 0.11 0.24 0.41 24.77 

54 2520.37 623.63 30.38 55.19 31785.59 140.86 495.66 4.76 0.07 0.23 0.34 19.61 

55 2453.9 869.32 35.37 56.06 26410.94 197.57 3532.04 4.59 0.08 0.41 0.87 25.88 

56 2719.34 833.52 17.53 52.38 30644.15 181.03 2396.57 2.18 0.08 0.46 0.48 13.33 

57 2788.34 502.22 16.24 58.82 34765.29 176.01 484.36 2.59 0.05 0.51 0.31 13.25 

58 3233.74 1049.61 26.27 62.95 31681.8 184.03 870.69 12.98 0.11 0.35 0.52 21.39 

59 3730.44 1118.94 31.6 50.81 29870.44 195.67 784.62 1.65 0.07 0.12 0.34 19.64 
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60 4017.66 1120.4 23.47 65.85 35165.59 230.81 896.15 3.28 0.13 0.28 0.49 17.45 

61 4108.31 1028.27 146.26 65.39 34329.88 227.87 762.35 8.69 0.17 0.21 1.18 50.28 

62 3405.22 886.75 28.22 64.34 33841.87 217.74 1910.24 4.15 0.07 0.26 0.57 23.07 

63 4353.78 1342.93 94.65 84.54 29463.02 260.32 1350.41 5.62 0.16 0.08 0.94 65.58 

64 10397.6 1964.64 100.59 82.39 45765.83 501.06 1239.83 4.29 0.15 0.33 1.02 43.34 

65 3354.11 1145.81 30.29 56.74 31828.72 183.7 1591.88 4.12 0.12 0.16 0.48 17 

66 3242 1034.07 35.95 55.72 33832.86 194.09 1763.12 2.87 0.11 0.22 0.57 22.44 

67 2628.72 616.56 160.84 48.15 28823.78 180.96 786.39 16.18 0.53 0.22 11.36 336.8 

68 1549.16 310.5 77.23 103.46 30305.81 222.7 583.48 8.6 0.25 0.25 5.22 144.04 

69 1300.32 252.47 52.3 78.69 26597.61 156.66 547.81 5.58 0.19 0.34 4.57 104.59 

70 1386.37 255.4 64.62 82.45 26486.64 127.83 546.43 6.34 0.2 0.35 3.53 122.64 

71 1375.78 235.86 49.57 79.52 25719.5 186.93 427.29 9.95 0.14 0.18 4.04 118.86 

72 1605.39 477.01 97.16 76.1 30127.62 170.5 1490.09 9.32 0.33 0.14 5.99 177.25 

73 1754.29 321.78 48.35 62.52 26929.85 186.42 724.31 4.86 0.17 0.18 4.75 85.11 

74 1359.12 256.21 25.64 69.06 24962.22 173.52 578.52 4.26 0.09 0.08 2.91 60.31 

75 1741.34 371.61 151.64 100.07 35452.48 199.55 707.29 15.33 0.45 0.34 21.68 304.82 

76 1756.29 263.19 173 161.9 25946.43 298.19 689.73 18.26 0.48 0.59 13.14 317.68 

77 1841.37 418.58 251.58 101.29 24773.19 301.8 1018.86 20.16 0.58 0.41 26.71 395.18 

78 1303.6 294.4 87.85 86.39 25571.28 209.59 619.43 9.13 0.27 0.11 6.77 200.04 

79 5040.85 1053.23 195.92 58.13 34916.21 351.72 860.55 34.05 1 0.31 6.79 280.44 

80 6409.07 1128.18 159.08 92.36 53711.69 418.38 1369.26 31.61 1.51 0.58 8.43 440.73 

81 3712.46 530.09 183.36 219.42 29598.68 380.16 1003.84 28.91 1.19 0.85 11.83 394.75 

82 4939.74 845 92.56 203.48 35229.45 673.46 1187.54 10.47 0.66 1.14 4.39 169.58 

83 4269.11 706.36 422.26 213.52 30473.19 839.51 1146.53 45.4 2.72 0.84 21.8 851.54 

84 5168.55 1009.07 379.43 184.71 33790.89 635.45 1796.61 37.39 1.95 1.51 15.05 622.38 

85 6874.57 921.86 288.13 176.77 28778.24 659.7 1732.36 27.52 1.36 1.34 13.28 405.26 

86 4050.32 656.2 114.02 191.2 34076.82 503.16 954.45 15.71 0.92 0.51 6.53 227.85 

87 3960.85 886.16 106.46 186.37 33836.81 466.53 1509.78 14.03 0.84 0.76 5.46 221.66 

88 6089.14 1234.03 151.55 312.93 36737.95 768.87 1664.16 23.95 1.6 0.64 8.45 361.86 

89 4261.38 650.79 110.49 201.4 32919.64 498.73 951.32 11.69 0.76 0.37 6.54 242.47 

90 5202.59 1035.84 192.3 359.98 28748.79 826.12 1405.99 17.22 1.12 1.1 7.81 355.99 
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91 5003.25 932.86 227.48 227.99 27268.32 794.06 1711.28 27.67 1.43 0.66 15.88 427.53 

92 2752.57 443.41 153.34 179.83 31064.53 384.62 917.05 25.33 1.08 0.4 8.27 294.53 

93 3751.19 954.86 146.35 202.29 31133.14 515.69 1167.85 21.65 1.1 0.65 6.53 269.67 

94 4437.65 905.67 178.02 269.34 33358.46 870.9 1458.78 16 1.13 2.06 6.32 254.95 

95 8150.43 1134.51 308.16 333.49 47655.98 1691.22 1951.27 34.54 1.46 1.07 6.04 367.35 

96 4068.37 742.04 108.16 278.46 36889.47 1070.77 1444.8 10.59 0.88 0.42 5.77 188.57 

97 4224.85 791.15 204.84 208.28 30062.28 499.22 1612.95 22.9 1.3 0.6 11.14 373.76 

98 5841.01 992.14 326.79 228.93 49062.75 420.72 1226.45 23.87 1.22 0.98 6.69 342.67 

99 5679.83 1352.81 227.88 248.98 47382.61 376.84 1165.72 19.73 0.92 0.61 3.15 207.23 

100 3155.4 723.8 151.4 230.82 27211.79 231.56 842.37 12.69 0.68 0.39 2.91 173.52 

101 3422.98 618.53 89.01 185.97 36881.73 225.51 618.08 8 0.43 0.26 2.03 108.73 

102 4692.63 810.78 268.3 222.1 22708.52 305.85 660.19 23.86 0.93 0.39 28.28 518.65 

103 5798.55 1197.93 93.79 146.57 26311.54 364.86 1131.14 23.49 0.52 0.56 2.94 109.97 

104 4057.38 480.4 132.71 147.84 25369.91 279.06 767.12 17.68 0.59 1.23 4.24 230.91 

105 2602.59 327.65 95.76 92.06 18730.47 201.32 569.93 21.25 0.31 0.47 4.47 157.21 

106 5274.02 633.12 276.77 187.06 30135.04 361.64 785.74 29.02 1.12 0.66 5.77 383.31 

107 2437.65 344.24 89.59 144.59 24739.38 172.39 533.05 13 0.59 0.23 1.93 147.29 

108 4017.33 909.88 79.53 169.56 32333.05 246.02 841.58 10.03 0.53 0.24 3.16 132.88 

109 8239.47 1202.2 229.89 311.08 54182.96 570.55 1067.6 21.28 1.62 0.43 3.5 284.93 

110 3466.04 469.96 119.83 143.04 27532.73 247.69 539.76 12.45 0.56 0.31 2.62 147.37 

111 2575.03 536.08 89.11 119.87 24083.82 159.36 465.23 10.51 0.4 0.19 1.35 82.95 

112 3379.51 511.43 91.84 62.24 31565.48 259.48 789.92 9.53 0.42 0.38 1.8 109.55 

113 3729.57 1077.76 149.82 105.56 31137.15 351.48 1056.95 21.52 0.84 0.4 7.97 228.87 

114 4175.47 1084.73 438.94 326.54 23576.9 509.24 938.55 54.29 2.17 0.67 10.19 684.33 

115 3593.58 783.7 86.2 53.75 29310.24 219.69 1035.37 11.86 0.46 0.21 4.26 167.24 

116 3976.91 954.42 154.91 53.97 28417.52 290.29 1027.72 25.29 0.98 0.46 7.69 276.75 

117 3547 653.3 223.9 89.38 38380.37 251.4 874.26 33.58 1.16 0.98 11.08 391.19 

118 3455.12 578.64 107.11 78.6 31762.22 230.13 616.03 15.19 0.51 0.31 2.03 151.08 

119 3351.93 600.1 63.31 63.86 28223.68 247.4 639.03 9.49 0.27 0.23 1.82 92.36 

120 5421.66 875.53 149.02 62.66 27605.03 366.06 1006.34 18.69 0.44 0.00001 4.08 137.6 

121 2661.91 406.55 94.44 48.49 25956.35 163.29 504.67 8.35 0.25 0.00001 1.78 146.46 
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122 4000.83 775.04 54.01 52.69 28849.04 255.41 714.33 5.67 0.19 0.00001 1.41 52.61 

123 5282.94 851.94 61.24 50.35 27703.98 305.36 699.15 6.67 0.23 0.00001 1.98 71.39 

124 4250.02 719.21 99.93 50.69 26939.03 284.98 666.18 9.15 0.29 0.00001 12.07 187.11 

125 3107.9 860.01 119.78 38.3 25809.99 186.58 822.74 11.58 0.43 0.00001 5.42 259.03 

126 2557.13 385.81 120.16 82.86 28366.73 214.14 729.45 14.5 0.45 0.76 3.64 139.87 

127 3422.65 630.19 129.13 63.9 28138.38 219.16 572.17 23.12 0.55 0.00001 3.37 151.2 

128 3274.83 662.65 66.81 47.57 28789.41 187.84 691.54 9.98 0.27 0.00001 1.11 69.13 

129 3772.75 808.3 119.86 52.16 28464.08 211.44 840.34 37.74 0.39 0.00001 3.28 112.21 

130 3439.87 608.57 50.53 46.44 28395.58 197.66 573.92 4.3 0.18 0.00001 3.44 62.81 

131 2769.33 605.89 55.37 161.76 23983.94 297.81 578.69 7.29 0.19 0.00001 2.83 101 

132 2813.5 535.43 29.19 50.25 27364.96 191.38 485.16 3.1 0.1 0.00001 0.76 34.84 

133 3738.12 686.05 36.83 43.51 26621.63 205.86 619.17 6.48 0.12 0.00001 1.08 69.6 

134 3893.15 1255.21 35.63 47.71 29946.42 221.51 958.68 4.53 0.22 0.00001 1.01 49.52 

135 3520.04 709.91 30.54 55.17 26233.41 183.73 572.74 2.39 0.11 0.00001 0.89 34.85 

136 3396.54 916.35 51.48 47.1 29214.35 250.42 851.32 5.44 0.2 0.00001 1.83 53.16 

137 4927.29 708.58 59.17 57.67 27826.97 316.46 603.07 5.97 0.18 0.00001 1.75 76.14 

138 3321.97 683.32 41.08 63.3 31417.31 179.46 542.79 6.89 0.12 0.00001 0.89 36.56 

139 4046.28 1062.84 89.39 60.31 34981.13 250.86 1061.5 118.5 0.39 0.00001 3.63 114.52 

140 3612.07 1020.69 24.4 38.96 26238.24 207.59 857.74 5.68 0.15 0.00001 0.86 71.92 

141 3199.05 795.6 91.14 44.75 27644.34 196.19 739.88 14.86 0.35 0.00001 2.56 109.64 

142 3591.67 663.64 88.75 53.18 29112.32 272.21 594.98 15.33 0.32 0.00001 1.7 80.23 

143 3425.71 866.73 71.88 56.41 30310 193.89 762.22 39.69 0.34 0.00001 2.59 84.96 

144 3442.98 783.31 60.11 122.98 29565.67 266.84 783.32 17.32 0.38 0.00001 3.41 108.74 

145 2935.4 919.24 38.9 47.83 26390.33 172.04 864.55 8.08 0.23 0.00001 1.71 50.4 

146 3624.21 737.14 100.24 51.56 27715.21 205.71 639.82 13.34 0.59 0.00001 2.3 160.29 

147 3062.7 779.01 74.93 58.44 28793.58 200.23 858.19 11.45 0.3 0.00001 2.79 92.36 

148 2925.57 440.39 58.14 48.59 28844.9 177.19 445.06 9.48 0.25 0.00001 2.41 85.28 

149 2946.36 499.84 69.09 51.57 24263.39 205.82 613.33 9.01 0.26 0.00001 2.49 78.56 

150 4062.11 487.6 80.57 54.47 27080 340.32 537.33 12.2 0.43 0.00001 4.84 146.9 

151 2845.9 688.94 78.92 62.43 28245.54 192.86 766.75 9.91 0.33 0.00001 2.89 115.06 

152 3069.48 386.71 80.99 58.13 23970.99 208.98 422.68 9.36 0.24 0.00001 2.08 97.06 
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153 3340.02 763.72 40.98 43.6 27488.6 199.15 697.38 6.61 0.25 0.00001 2 68.51 

154 3752.02 1088.74 78.14 45.68 26275.56 199.37 996.05 8.95 0.41 0.00001 2.2 108.36 

155 2674.22 676.96 27.15 52.28 29334.72 172.13 642.25 5.45 0.17 0.00001 1.28 45.77 

156 3828.24 631.24 91.94 45.53 25242.27 248.27 623.29 14.75 0.42 0.19 2.7 107.37 

157 2759.97 554.09 280.38 33.36 19470.71 222.47 1209.02 42.12 1.46 0.37 11.48 420.36 

158 3131.36 506.2 62.26 36.96 23116.1 194.42 468.98 7.89 0.27 0.22 1.83 98.84 

159 4284.98 672.69 85.73 44.81 27939.48 259.94 845.1 16.04 0.45 0.19 3.15 144.24 

160 4342.64 553.23 48.9 43.11 27914.15 277.92 581.54 9.64 0.45 0.09 3.28 123.75 

161 3125.58 970.2 53.96 31.2 26155.98 174.48 1341.38 7.88 0.32 0.09 2.89 100.88 

162 4392.45 672.85 69.73 40.58 28206.28 299.18 596.27 9.44 0.26 0.18 3.14 135.36 

163 1937.99 432.64 85.75 30.87 17919.32 128.22 561.71 14.28 0.51 0.11 5.15 174.93 

164 2390.34 373.6 59.7 39.64 27500.76 168.95 437.4 7.17 0.21 0.11 1.75 84.95 

165 2246.77 345.74 45.87 22.98 18674.91 144.89 439.99 5.15 0.17 0.05 1.99 91.26 

166 3061.39 708.55 55.39 32.28 26062.83 165.91 581.98 8.14 0.28 0.12 2.31 92.36 

167 3055.41 394.28 62.74 27.88 20405.48 175.83 429.79 10.3 0.26 0.13 2.06 79.25 

168 3406.74 850.41 45.97 33.32 29554.88 179.54 758.21 7.68 0.22 0.06 1.65 63.27 

169 3195.48 743.49 116.52 36.28 28061.18 181.34 667.66 35.41 2.04 0.18 10.97 381.22 

170 3230.1 777.68 73.88 33.38 28808.92 179.61 845.48 12.03 0.4 0.09 3.03 109.8 

171 3137.02 747.53 168.16 74.07 27606.89 231.89 828.99 14.68 0.48 0.23 4.63 179.75 

172 3218.8 672.22 182.03 50.54 27582.34 211.37 911.84 28.32 1.05 0.23 9.38 369.54 

173 2044.91 367.07 110.91 73.22 28583.63 241.75 832.33 17.8 0.48 0.33 3.59 157.61 

174 2506.35 569.55 117.91 57.95 23881.84 197.71 733.68 10.65 0.38 0.44 12.16 298.14 

175 3309.71 1051.8 190.09 77.62 27577.58 290.35 3442 17.35 0.55 0.28 20.88 429.89 

176 3229.11 971.84 142.23 59.09 33465.15 213.67 980.99 12.19 0.5 0.4 10.65 289.4 

177 3047.12 865.31 259 82.74 30719.48 262.68 1054.13 23.82 0.79 0.51 38.8 657.65 

178 5196.1 936.22 314.57 90.33 30226.21 432.94 1000.66 22.06 0.87 0.37 20.08 508.88 

179 3169.83 718.06 451.15 93.32 26207.44 303.35 1403.09 42.37 1.44 0.52 41.41 974.41 

180 2665.62 585.56 169.28 50.34 21439.98 190.73 1076.37 16.15 0.59 0.32 9.71 344.2 

181 2542.17 706.96 327.7 70.23 25488.06 201.44 732.32 24.88 0.88 0.45 27.5 640.68 

182 2348.3 359.91 135.28 44.91 21512.04 167.21 447.62 15.72 0.44 0.67 9.86 286.58 

183 3239.16 606.72 138.21 59.99 30900.35 209.3 637.07 14 0.53 0.2 8.61 333.91 
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184 3026.63 705.36 160.98 51.69 27383.04 219.23 994.64 14.95 0.52 0.29 16.27 319.69 

185 1752.66 411.16 164.91 39.23 19904.42 133.92 698.69 14.58 0.49 0.2 9.72 306.72 

186 5099.19 1014.7 419.6 93.37 37524.72 386.44 1728.83 38.23 1.29 0.7 35.39 858.41 

187 2957.72 662.36 350.75 72.16 27931.26 241.65 1132.83 36.85 1.34 1.02 26.78 776.12 

188 2494.12 719.21 258.72 90.29 27119.55 232.1 902.13 22.11 0.82 0.53 20.22 570.93 

189 1582.74 300.11 186.66 39.19 15660.69 127.36 633.97 16.87 0.57 0.31 16.42 392.82 

190 3442.21 547.45 317.8 66.95 31671.67 261.99 630 29.97 0.9 0.59 17.74 587.82 

191 2247.05 873.73 350.67 47.23 19828.16 185.27 797.92 27.21 0.92 0.36 17.72 652.87 

192 1681.42 245.71 70.05 91.75 31814.36 162.04 542.07 11.7 0.36 0.5 3.24 128.51 

193 1286.75 177.39 146.75 45.39 19585.7 128.46 603.31 24.13 0.81 0.29 9.62 294.97 

194 2337.97 500.73 157.34 87.94 39779.15 234.69 1647.54 29.08 0.77 0.41 9.02 295.59 

195 1654 391.83 94 92.46 28697.23 181.29 1344.29 18.25 0.68 0.17 7.11 209.92 

196 1696.53 249.55 108.88 58.66 25827.16 164.72 611.24 20.23 0.67 0.4 5.55 225.98 

197 2389.58 271.71 108.86 180.14 22962.34 322.5 928.67 19.8 0.81 0.25 37.98 252.56 

198 1803.29 296.51 179.41 77.05 28978.96 209.15 793.33 21.83 0.75 0.29 5.07 283.69 

199 1886.74 364.7 129.84 81.84 35896.38 170.26 794.6 37.99 1.78 0.32 8.23 437.57 

200 1725.17 359.25 71.84 64.75 29976.03 182.78 946.35 14.09 0.43 0.21 4.74 126.72 

201 2106.25 228.91 106.66 68.67 28215.02 216.44 740.67 20.33 0.86 0.37 7.91 278.48 

202 2368.77 343.88 96.52 74.2 36527.22 355.17 1051.16 15.53 0.48 0.15 4.94 195.09 

203 2005.62 294.11 79.92 47.45 26655.1 217.85 620.02 13.6 0.45 0.21 4.57 143.83 

204 1654.56 324.47 96.59 80.06 30332.83 157.76 900.65 14.43 0.5 0.41 6.1 185.02 

205 1491.81 307.23 66.44 64.62 24948.21 166.67 699.78 13.42 0.25 0.26 3.03 99.45 

206 916.93 193.3 45.44 34.95 16605.95 94.42 538.2 5.93 0.18 0.13 1.4 72.09 

207 1971.06 322.03 262.39 116.55 27353.2 276.8 1110.4 28.67 0.85 0.31 10.22 499.78 

208 1164.51 173.13 81.95 52.24 19903.79 138.09 551.81 12.15 0.42 0.14 5.51 153.26 

209 3856.16 760.99 441.72 101.35 28290.48 364.92 1091.91 41.01 1.38 0.51 30.19 997.83 

210 2703.5 716.63 310.29 84.19 26363.27 270.47 758.48 26.62 0.87 0.64 22.42 611.21 

211 2802.72 771.9 373.64 95.64 24609.68 333.27 1800.88 33.45 1.08 0.64 34.1 835.54 

212 2894.43 871.45 188.74 73.1 27241.81 248.58 1685.71 17.2 0.64 0.42 17.96 401.56 

213 2865.36 944.96 150.14 93.87 27347.35 293.27 3270.02 14.35 0.48 0.41 13.01 342.15 

214 2345.79 664.02 248.87 67.72 29799.54 283.71 1587.08 23.77 0.7 0.54 16.25 573.34 
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215 4467.9 1071.63 184.46 68.11 26659.73 367.18 1945.46 15.96 0.59 0.44 20.85 463.93 

216 3131.68 1108.94 186.58 70.42 30848.05 282.6 3938.74 16.72 0.59 0.29 23.26 525.74 

217 2869.23 730.84 197.95 80.75 22522.55 287.08 1407.22 16.91 0.54 0.33 22.49 513.24 

218 2920.77 773.21 218.92 60.23 24999.06 220.36 1348.95 19.56 0.68 0.47 20.87 547.87 

219 2889.54 811.81 620.19 70.98 25808.05 234.27 1109.26 45.69 1.6 1.05 32.4 1173.94 

220 2691.66 581.39 109.57 43.71 22202.24 180.64 747.58 10.79 0.39 0.24 6.64 233.24 

221 2134.35 736.4 92.84 39.88 20819.56 165.63 2138.26 8.82 0.45 0.23 7.37 208.19 

222 3681.06 790.28 220.07 63.11 27054.2 263.13 827.16 18.82 0.72 0.41 18.31 429.19 

223 2064.21 561.38 217.57 54.53 22190.34 159.86 600.49 21.32 0.78 0.44 12.96 463.78 

224 2347.6 560.35 165.96 70.47 20852.77 206.75 967.83 15.3 0.53 0.29 13.07 370.73 

228 2625.38 616.99 43.16 166.13 24961.74 378.79 806.45 7.79 0.4 0.76 2 77.99 

229 4354.53 641.73 106.26 331.58 33935.09 925.54 1318.3 49.59 0.68 1.36 1.99 152.58 

230 3309.68 947.11 62.42 197.67 30278.82 473.96 1122.57 3.4 0.41 0.42 1.52 57.22 

231 5773.68 833.4 109.01 416.93 39991.46 1371.91 1201.78 20.59 0.87 0.64 3.86 152.78 

232 4540.69 1326.25 229.99 289.82 41861.78 676.91 1635.64 15.06 1.08 0.83 3.17 209.42 

233 5371.76 1095.97 154.4 478.53 35595.42 956.69 1546.21 28.38 1.27 0.77 8.09 218.97 

234 4823.79 1258.73 169.64 248.98 32851.89 506.33 1637.68 28.64 1.5 1.02 8.28 350.75 

235 3831.92 1043.58 105.41 243.03 38057.11 498.37 1310.72 21.52 0.79 0.83 3.2 133.11 

236 6637.61 1489.5 213.09 402.21 65205.34 899.69 1937.92 29.55 1.46 2.6 9.28 328.14 

237 4065.85 992.59 68.43 227.84 38693.39 594.81 1322.05 6.42 0.68 0.47 2.34 65.12 

238 3793.75 1092.65 87.68 185.19 35994.68 418.45 1309.12 10.41 0.73 0.32 3.68 134.98 

239 3995.8 1132.29 143.77 244.07 37238.48 526.92 1433.46 20.12 1.29 0.66 7.92 284.52 

240 3814.62 1010.13 128.52 201.08 31949.84 761.94 1456.14 18.11 1.22 0.53 7.33 229.76 

241 4504.46 1011.23 96.38 299.54 37697.17 637.38 1429.69 20.14 0.85 0.49 4.6 205.89 

242 5930.34 1234.15 107.8 234.84 38910.65 598.07 1340.19 16.25 0.7 0.7 2.12 105.77 

243 5011.3 1407.04 65.6 305.38 48183.09 692.11 1612.61 9.32 0.59 0.45 1.62 107.98 

244 4202.06 1184.49 96.6 233.38 35874.89 967.4 1399.75 16.2 0.89 0.46 2.41 146.91 

245 4227.06 793.32 48.44 165.56 35393.49 1230.1 970.86 6.59 0.44 0.37 1.69 44.71 

246 11936.83 1862.2 30.72 161.05 35926.7 835.89 1094.44 1.38 0.33 0.37 0.58 27.85 

247 4690.84 1159.93 119.63 239.79 39953.51 1255.94 1482.29 17.75 0.88 2.89 5.08 137.67 

248 4924.18 966.06 89.75 322.93 49813.41 730.94 1453.34 28.1 0.87 0.74 1.72 69.18 
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249 5215.2 1226.53 79.43 241.64 35641.55 579.66 1257.34 10.96 0.59 0.59 3.02 111.12 

250 10867.97 2466.1 87.36 219.82 45472.97 843.43 2694.69 9.2 0.64 0.45 1.58 59.07 

251 3784.1 983.78 91.81 178.73 33280.14 394.09 1026.41 8.87 0.6 0.34 1.68 73.48 

252 4848.33 1166.15 188.01 264.85 39085.86 641.83 1493.96 27.5 1.4 1.62 6.58 309.38 

253 2698.24 334.14 16.57 144.38 21925.77 162.21 454.32 1.99 0.57 1.32 0.7 41.07 

254 4656.78 634.91 60.45 253.88 40612.07 346.06 899.79 5.55 0.24 0.5 1.29 52.79 

255 3466.33 638.25 43.09 103.18 20133.82 244.45 584.48 24.18 0.3 0.31 1.55 66.99 

256 2298.94 393.78 89.79 127.82 24573 151.66 421.01 9.81 0.38 0.16 5.03 176.03 

257 3250.43 420.37 22.68 92.81 20811.14 187.09 406.17 5.05 0.09 0.18 0.77 26.37 

258 4052.68 666.97 51.09 221.9 35774.85 264.39 657.46 4.97 0.2 0.38 1.39 61.53 

259 2810.68 368.48 87.3 178.73 24455.92 212.41 542.21 9.43 0.3 0.77 1.65 82.13 

260 4330.6 812.19 47.06 120.29 23480.06 259.01 717.79 5.54 0.21 0.68 1.18 47.92 

261 3251.71 674.95 178.68 146.06 27588.56 222.06 659.76 15.16 0.72 0.35 2.56 178.12 

262 2382.07 368.42 41.95 135.73 25359.56 177.44 440.75 5.77 0.35 0.44 1.11 70.36 

263 1977.62 559.41 38.34 119.92 15463.58 190.01 537.37 13.57 0.2 0.4 0.93 40.39 

264 3558.51 611.88 56.26 194.98 33857.98 257.59 769.83 33.05 0.54 1.08 1.84 123.39 

265 2412.22 585.98 45.43 111.33 23168.45 151.63 555.23 4.8 0.19 0.2 0.83 38.95 

266 3441.74 559.74 181.99 317.66 28411.94 253.09 868.35 40 0.89 0.86 7.29 300.97 

267 1233.9 173.78 67.07 84.9 13590.73 114.72 431.42 13 0.31 0.31 2.67 110.19 

268 4056.44 745.32 41.12 188.31 28814.62 244.53 629.58 11.41 0.22 0.19 1.34 46.25 

269 4638.25 949.06 67.52 189.24 39419.13 294.1 864.04 7.57 0.4 0.23 2.82 97.12 

270 4287.98 1320.89 69.76 181.07 37233.83 292.9 1298.94 16.82 0.58 0.53 1.6 101 

271 2594.28 835.49 75.62 121.43 24457.25 164.15 769.54 28.76 0.36 0.32 1.41 71.19 

272 4149.75 610.35 125.76 179.48 38706.68 252.37 682.28 11.35 0.41 0.73 2.28 109.03 

273 2440.27 486.96 153.08 135.86 24204.33 207.08 894.83 20.01 0.62 0.34 4.72 228.79 

274 1633.17 473.11 38.87 61.75 14475.22 104.64 452.3 3.94 0.21 0.12 0.5 33.69 

275 3066.2 445.14 62.46 134.52 26231.43 216.16 449.4 5.11 0.26 0.41 0.78 35.6 

276 2367.98 826.79 36.48 120.22 24556.37 155.13 760.1 3.66 0.29 0.26 0.53 29.87 

277 3313.41 868.6 56.76 111.73 23699.58 186.84 741.77 8.92 0.39 0.19 2.01 76.3 

278 2593.92 755.35 50.17 109.5 20426.75 156.75 720.01 6.58 0.32 0.18 2.26 61.35 

279 2215.4 580.45 34.09 116.89 24259.21 149.28 550.11 3.09 0.23 0.99 1.4 179.83 
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280 2834.38 824.81 41.63 125 25395.46 164.4 669.29 3.71 0.3 0.21 0.62 28.54 

281 2989.74 709.55 42.35 136.3 28892.91 266.32 639.63 3.8 0.24 0.58 0.8 40.22 

283 3014.9 910.83 27.81 57.19 32309.56 186.35 851.5 5.72 0.16 0.32 0.7 38.61 

284 3483.36 1104.1 50.34 70.47 32085.74 220.22 1042.99 8.14 0.44 0.36 3.8 99.5 

285 2784.13 659.49 69.61 54.56 28594.24 167.36 694.73 11.45 0.43 0.25 4.72 131.42 

286 3366.82 1078.18 41.67 57.1 30804.5 203.95 1064.17 5.76 0.32 0.19 1.72 68 

287 3574.75 993.21 47.65 50.14 30420.82 192.18 1010.39 7.73 0.37 0.3 3.18 92.79 

288 3976.72 1176.3 40.99 46.76 31571.37 284.07 993.2 5.51 0.27 0.45 1.15 56.49 

289 3930.02 1199.84 107.42 66.29 30045.28 230.12 1256.27 15.5 0.68 0.25 6.14 209.8 

290 3668.42 1190.81 43.14 65.36 29082.44 224.89 1162.79 7.74 0.38 0.21 4.05 81.11 

291 2857.97 746.98 65.37 69.21 25018.9 189.1 794.07 5.89 0.27 0.19 2.8 117.39 

292 2392.22 496.85 59.06 63.66 27117.19 174.2 627.91 10.67 0.54 0.26 2.83 130.87 

293 3735.24 839.75 90.54 61.28 28081.98 303.85 721.61 9.99 0.59 1.55 5.67 791.23 

294 3365.75 916 33.47 63.38 27519.65 194.96 805.04 7.45 0.4 0.18 1.2 96.44 

295 2749.68 672.22 40.11 42.47 29981.48 176.84 662.81 4.1 0.19 0.31 1 50.77 

296 2694.5 620.67 25.23 45.36 28226.56 173.85 609.12 3.96 0.15 0.29 0.78 40.13 

297 4237.95 1286.24 33.42 53.22 30559.63 246.39 1121.6 3.51 0.24 0.39 1.14 61.66 

298 3704.72 933.6 109.73 47.93 30840.06 223.33 724.15 9.56 0.57 0.51 1.42 119.01 

299 3403.03 1055.99 42.22 51.93 31560.61 221.12 976.22 4.76 0.37 0.48 1.47 64.63 

300 2989.56 680.1 60.66 57 30774.63 180.91 758.48 8.5 0.44 0.31 3.49 109.88 

301 3366.6 1075.28 40.76 47.19 27136.21 224.56 995.26 6.18 0.5 0.54 1.64 75.85 

302 2645.43 812.28 16.23 41.14 28281.14 148.07 736.37 2.22 0.19 0.19 0.44 16.1 

303 3295.41 768.19 87.38 62.73 29262.62 204.77 895.54 10.78 0.46 0.4 3.04 126.5 

304 2877.25 883.49 18.1 40.8 29467.95 161.22 859.16 7.91 0.19 0.18 0.6 27.36 

305 3674.54 1213.42 28.83 41.31 29681.37 203.65 1005.78 4.07 0.26 0.19 0.88 32.19 

306 3575.55 833.06 14.46 44.9 29266.09 212.48 738.31 1.98 0.15 0.4 0.55 30.12 

307 3483.96 954.32 66.23 48.71 28995.7 206.92 799.04 8.66 0.29 0.29 1.4 68.53 

308 3618.85 980.55 124.76 60.92 29036.42 229.01 1177.16 16.77 0.62 0.33 4.6 171.23 

309 3136.98 628.66 85.16 57.54 28094.44 182.64 657.12 11.62 0.32 0.3 1.74 129.32 

310 3227.74 813.24 34.04 83.58 30266.5 188.13 821.18 5.57 0.18 0.28 0.99 46.01 

311 2313.06 347.01 32.15 43.66 28803.87 148.51 421.12 3.89 0.13 0.15 1.51 56.57 
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312 2753.13 634.81 29.85 45.13 28965.78 195.13 621.16 5.14 0.18 0.32 0.85 46.23 

313 3230.13 948.08 31 41.55 29290.83 177.25 835.66 3.76 0.19 0.15 0.87 37.52 

314 4389.4 1193 68.92 49.69 29194.17 257.06 1113.56 10.73 0.48 0.31 3.47 125.47 

315 4030.2 1263.62 36.17 38.93 28237.38 231.34 948.09 3.99 0.21 0.46 0.84 49.11 

316 3655.9 1050.01 36.55 51.45 29928.29 178.15 837.16 8.41 0.27 0.23 1.29 68.98 

317 3173.03 865.87 37.44 45.89 27892.29 177.92 723.81 5.3 0.24 0.3 0.91 48.78 

318 3028.2 748.78 83.35 45.39 23354.45 165.95 789.03 6.21 0.32 0.00001 2.12 97.76 

319 2326.6 738.88 62.47 42.37 26958.06 134.65 720.26 8.15 0.4 0.00001 3.33 109.65 

320 2785 488.39 150.05 72.61 26684.07 214.66 675.14 67.26 0.46 0.00001 2.63 164.61 

321 3009.27 727.77 116.65 50.44 27721.46 209.82 630.82 13.39 0.29 0.02 1.86 101.44 

322 3239.12 745.86 80.84 58.58 28112.37 215.58 758.79 24.03 0.25 0.00001 2.05 86.31 

323 2752.876 1889.382 2893.462 1031.614 20614.12 1482.156 4311.91 2404.99 167.8601 14.73866 378.0037 31623.81 

324 3265.808 1355.213 1924.381 363.9642 25310.02 1038.406 3363.344 932.2854 59.926 5.380733 212.0992 11753.74 

325 3792.355 1185.916 2216.296 607.9053 20071.17 961.0325 5437.263 1180.279 81.79546 7.249101 209.4263 16090.72 

326 2606.226 1546.505 2657.418 909.9028 21141.1 1283.234 2591.559 1805.641 145.4443 12.87642 319.1507 0.00001 

327 3201.162 674.0739 358.3917 606.076 21124.32 1448.798 3122.26 165.9617 10.4966 1.2684 45.9669 2155.821 

328 2429.551 954.7147 1054.431 540.234 27172.67 948.3087 1907.565 654.8605 38.45257 3.252256 84.61241 7766.509 

329 2404.135 958.8825 1026.455 463.5816 25745.9 872.1558 2185.809 806.5565 56.18544 5.023471 119.9032 10366.55 

330 3618.709 1165.621 583.4812 736.6538 26692.15 1422.309 2727.152 146.8297 8.776301 1.052166 30.39861 2027.411 

331 5849.114 1499.976 1274.076 447.4648 25111.3 1238.432 4439.67 914.0127 58.5047 7.246003 148.8871 11254.58 

332 4605.331 1050.718 1591.696 344.3268 26313.24 485.4173 4757.092 800.356 45.90069 5.496729 106.746 9014.444 

333 8095.885 3756.855 7181.023 1618.866 54344.66 2838.377 11211.67 4236.111 293.3192 28.8812 607.3458 54718.83 

334 2782.264 824.6961 340.8974 765.9154 28044.92 1507.015 2237.926 171.6925 10.71056 1.471661 28.54441 2165.546 

335 6983.388 1303.355 538.5552 636.8481 24029.71 1918.37 4235.751 63.61438 2.969897 3.600097 32.85685 812.8803 

336 2733.998 746.9141 110.1737 617.1459 31686.69 1109.007 1669.191 19.47698 0.939303 0.787421 6.729486 251.4158 

337 16037.85 1100.786 802.4759 453.9735 25181.56 1460.408 3348.005 376.5342 20.79587 2.50521 92.03076 4227.604 

338 2813.396 964.4322 916.5512 474.0094 29210.22 906.3087 2701.898 610.2752 38.99854 3.419427 83.13312 7374.068 

339 4596.405 764.4222 679.8869 968.2447 30292.73 2341.906 1472.149 399.8147 25.11907 3.176155 57.72911 4967.665 

340 3085.35 1442.102 2356.006 642.063 23500.68 814.1713 4668.267 1689.086 120.3168 13.77148 296.0955 22440.77 

341 4206.417 947.4539 415.5037 573.6215 29884.77 1160.731 2308.046 138.6209 8.530067 1.694474 31.40615 2191.248 

342 3309.351 1458.048 2131.395 633.0532 23572.39 1125.109 3258.205 908.628 60.81377 6.372176 168.7738 12827.18 
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343 3792.126 850.3051 751.915 1318.527 29662.56 2370.951 1812.245 276.1964 17.34699 2.472949 50.51297 3526.787 

344 7101.321 2125.043 3127.754 701.678 22785.84 1309.99 4558.939 2482.084 170.0884 15.4432 403.0424 32026.7 

345 3704.276 1956.436 2403.949 562.5978 27249.33 1084.512 3741.939 982.4949 66.79803 6.956789 167.8999 12951.64 

346 4298.737 1237.009 903.0493 517.8784 26978.66 1002.337 3025.127 440.3717 25.98507 2.651605 67.38144 5384.71 

347 3817.73 772.8487 294.446 808.1851 29355.93 1534.622 1826.507 183.1307 11.85028 2.078659 32.9647 2343.806 

348 3114.815 1021.928 591.5331 545.422 28803.5 1014.155 2297.321 554.4654 35.81503 2.607155 81.3396 6773.839 

349 4817.128 1819.333 2882.256 532.3249 25630.58 824.0414 3959.495 1118.011 72.73072 6.959219 176.0563 14554.03 

350 3141.886 862.5043 729.7757 538.4525 26612.96 1022.497 2318.25 257.7663 14.25896 1.64501 49.74502 3077.524 

351 3561.59 968.983 1333.801 801.552 23139.56 1389.986 3607.809 869.2496 60.52364 6.321964 154.3962 11571.86 

352 5212.948 1877.054 2283.636 624.2264 28050.76 1237.576 4542.21 958.2119 60.66489 5.802746 132.6523 12315.05 

353 4159.669 1827.659 2459.679 589.4455 23965.87 1154.67 4523.81 1841.966 136.5334 13.33597 305.2005  
354 3563.304 1532.716 1684.611 580.6676 24401.84 946.2241 3239.135 1006.005 66.80534 6.36185 184.4256 13258.6 

355 4565.231 1398.102 1346.863 794.4194 22767.42 1230.865 4206.887 593.6288 37.1386 4.120629 110.0973 7383.909 

356 4037.056 1807.89 3497.728 840.9343 24467.59 1362.433 3992.631 1719.112 117.4674 13.01989 287.7495 22767.5 

357 2656.309 1075.286 1084.826 900.7239 28914.6 1511.502 2174.946 734.2954 47.179 3.919274 123.062 8979.802 

358 3207.166 1154.216 440.483 691.8664 29797.47 1776.868 1747.772 365.6176 24.09819 2.347247 94.12314 4548.676 

359 3079.943 976.2545 945.6821 593.6505 30481.65 1052.49 3052.139 337.6861 19.07835 2.096355 94.57088 3959.92 

360 2954.879 845.7753 631.4933 793.9629 29001.02 1816.284 1557.963 480.2455 31.40807 2.412505 71.53989 5888.654 

361 898.4637 167.0713 61.80353 145.1209 16037.26 162.2341 757.8484 11.44265 0.474665 0.341741 4.725224 136.8195 

362 2359.565 678.4995 592.9532 252.7285 40296.13 319.3666 1218.562 181.0391 9.989302 1.568026 31.95337 2176.185 

363 5278.858 783.9737 91.20793 350.2074 61412.31 600.4244 2072.14 33.16243 1.284158 2.734613 6.978976 310.8379 

364 843.2189 161.7488 39.40666 84.56386 14460.25 112.5845 456.7532 7.864542 0.420245 1.159725 1.414057 86.13196 

365 4836.582 780.7351 459.0632 453.8208 86256.4 468.1653 2014.579 73.23291 3.23908 2.034599 17.15271 854.6954 

366 2696.528 563.5781 221.0181 303.2342 53184.37 375.3235 1547.909 25.4957 0.865046 1.082912 6.920711 304.9888 

367 7406.127 682.4581 328.07 700.1699 65547.04 1209.694 2887.826 52.18577 1.678547 2.512077 29.3829 650.1918 

368 4513.007 861.0243 733.7165 463.7825 54791.35 1130.132 2701.376 281.7829 16.13909 4.1523 93.14886 3736.12 

369 5199.979 1081.061 1030.766 803.5631 64804.04 912.4664 3216.974 664.1273 41.8915 5.90273 117.1266 8768.902 

370 5802.748 891.8848 324.4251 962.0556 67735.81 889.5969 3705.566 109.7944 6.516986 4.369842 33.41802 1534.515 

371 3421.82 601.9779 85.54846 245.7517 48596.41 429.7172 1812.836 15.28178 0.56406 0.455963 10.40169 187.1208 

372 8885.9 1295.555 304.197 563.2708 111758.9 994.4393 3700.754 48.26005 1.652638 1.518854 21.08863 588.8926 

373 4178.856 721.8354 136.7352 520.9136 65672.2 650.7952 2396.947 37.83546 1.910057 0.956965 13.84781 449.7201 
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374 4458.959 717.8657 284.1081 706.472 60492.13 694.2849 2740.879 53.37932 2.290337 1.259125 36.7305 692.4346 

375 3175.474 395.9188 146.7153 506.0429 30989.5 624.0606 1621.628 23.12253 0.928381 0.8232 12.25643 323.0034 

376 2748.514 616.9925 308.9734 336.1072 50325.6 467.6455 1558.432 89.7727 4.474496 1.202756 22.47593 1144.248 

377 7528.162 722.0709 149.8419 536.1892 78118.7 867.4393 2485.587 32.93754 1.589218 1.294521 20.71663 478.3696 

378 2457.683 342.6425 162.9023 181.2564 27798.29 277.9988 815.2629 33.56764 1.465208 0.593885 14.8328 396.2877 

379 4107.989 629.1116 186.6187 272.5155 53345.07 478.0723 1573.555 26.76348 0.920784 0.878551 10.38824 331.3449 

380 7896.437 1371.296 393.8804 676.1002 124235.2 1023.045 3429.957 63.52605 2.710106 3.423913 27.97979 796.6377 

381 8660.47 3543.95 6310.012 1648.422 85047.83 2002.311 7227.789 4712.171 305.5451 25.86009 804.2799 59093.43 

382 592.3944 90.49805 33.97089 54.10573 8026.205 71.83708 300.8711 11.8871 0.468239 0.125537 2.554442 115.8416 

383 1442.476 190.9307 129.248 131.3212 17589.4 145.8146 549.9747 33.10009 1.650295 0.708848 7.445512 407.2602 

384 8465.095 1429.785 876.4649 786.6035 137398.6 708.2541 4717.48 201.2652 7.873955 4.112927 30.39546 2245.338 

385 3892.437 846.8017 711.8053 763.3334 71175.25 647.818 2649.94 149.5171 8.743098 2.216104 35.53144 1882.739 

386 792.3774 150.545 55.29017 79.93278 12304.88 119.1164 479.9085 15.89681 0.723217 0.272219 3.837892 178.4713 

387 2766.776 505.8098 342.2152 356.6146 36030.44 600.6867 1530.326 64.87797 2.809536 0.715533 11.83969 869.8146 

388 3064.791 662.7124 293.641 268.2774 42925.39 429.0982 2443.657 60.76999 3.053337 0.825204 9.875684 792.8801 

389 2682.761 568.0146 213.9994 287.6286 35953.08 494.9226 1736.164 79.46083 4.643988 0.933357 21.09234 1083.481 

390 4510.69 624.3505 375.9597 326.9606 40527.05 744.1652 2945.593 47.43391 1.644025 0.754463 19.21127 647.702 

391 2785.524 722.9622 165.432 261.9169 40336.77 421.4017 3164.472 19.53799 0.832694 0.698356 8.728354 280.2946 
 

Table A.2 continued 

Sample 
No. 

59 Co 
[ug/g] 

60 Ni 
[ug/g] 

63 Cu 
[ug/g] 

66 Zn 
[ug/g] 

75 As 
[ug/g] 

78 Se 
[ug/g] 

111 Cd 
[ug/g] 

118 Sn 
[ug/g] 

201 Hg 
[ug/g] 

208 Pb 
[ug/g] 

1 0 0.04 4.54 62.25 0.17 6.78 0.02 0.00001 27.41 0.00001 

2 0.01 0.00001 5.84 64.14 0.1 8.5 0.02 0.00001 43.97 0.02 

3 0.02 0.28 6.17 41.79 0.81 6.6 0.02 0.06 27.89 0.05 

4 0.04 0.63 8.3 54.9 1.21 7.54 0.04 0.00001 48.03 0.05 

5 0.01 0.21 12.39 56.15 0.42 6.83 0.03 0.00001 38.83 0.26 

6 0.01 0.24 11.81 116.63 0.46 9.33 0.03 0.21 21.23 0.24 

7 0.01 0.17 19.39 81.09 0.3 8.18 0.04 0.00001 48.15 0.18 

8 0.01 0.33 27.87 65.49 0.19 11.96 0.09 0.00001 44.41 0.24 
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9 0.01 0.36 13.68 63.71 0.07 8.54 0.04 0.00001 42.09 0.52 

10 0.01 0.28 15.8 59.91 0.02 8.57 0.04 0.00001 38.48 0.57 

11 0.01 0.32 15.99 59.45 0.00001 6.86 0.03 0.00001 43.7 0.53 

12 0.01 0.31 11.98 51.86 0.00001 6.57 0.03 0.00001 49.91 0.05 

13 0.01 0.16 20.08 95.3 0.00001 10.7 0.04 0.00001 33.21 0.34 

14 0.05 54.64 25.33 197.6 0.00001 9.95 0.04 0.00001 54.25 0.92 

15 0.01 1.89 15.69 98.96 0.00001 7.52 0.04 0.00001 35.46 0.42 

16 0.01 1.6 19.13 60.64 0.00001 8.41 0.04 0.00001 39.29 0.68 

17 0.03 3.42 15.14 84.93 0.00001 7.86 0.03 0.00001 39.32 0.45 

18 0.02 8.98 18.78 100.6 0.00001 10.51 0.05 0.00001 49.34 0.32 

19 0.02 1.31 6.57 40.83 0.00001 5.55 0.01 0.00001 29.32 0.06 

20 0.02 0.9 9.75 99.91 0.00001 6.76 0.1 0.00001 34.26 0.00001 

21 0.04 0.86 7.49 81.07 0.00001 7.83 0.03 0.00001 26.97 0.1 

22 0.04 0.63 7.49 65.08 0.00001 7.42 0.03 0.00001 32.16 0.14 

23 0.03 1.28 7.2 60.5 0.00001 7.46 0.02 0.00001 51.93 0.06 

24 0.02 0.24 7.57 54.38 0.00001 7.07 0.02 0.00001 31.37 0.00001 

25 0.02 0.38 7.77 54.57 0.00001 9.42 0.04 0.00001 40.27 0.02 

26 0.02 0.29 7.67 56.2 0.00001 7 0.02 0.00001 32.75 0.00001 

27 0.04 0.33 6.8 45.28 0.00001 6.52 0.04 0.00001 23.81 0.03 

28 0.02 0.67 8.59 78.71 0.00001 8.08 0.01 0.00001 40.95 0.02 

29 0.02 1.01 17.21 60.17 0.00001 9.69 0.02 0.00001 37.19 0.21 

30 0.01 0.69 15.59 76.15 0.00001 6.76 0.03 0.00001 31.08 0.18 

31 0.01 1.72 16.62 42.15 0.00001 6.71 0.03 0.00001 36.7 0.68 

32 0.01 1.24 18.92 90.05 0.00001 8.38 0.03 0.00001 30.66 0.34 

33 0.07 0.42 17.52 88.91 0.00001 6.45 0.05 0.00001 21.93 1.11 

34 0.02 0.64 19.68 58.14 0.00001 8.44 0.04 0.00001 33.91 0.25 

35 0.01 0.6 15.57 76.79 0.00001 9.44 0.02 0.00001 26.79 0.28 

36 0.02 0.41 7.63 56.91 0.00001 8.1 0.15 0.00001 24.28 0.09 

37 0.01 1.12 5.55 48.25 0.00001 5.69 0.03 0.00001 24.87 0.00001 

38 0.01 0.19 6.37 44.94 0.00001 8.57 0.01 0.00001 41.48 0.00001 

39 0.01 0.6 9.88 72.93 0.00001 10.46 0.02 0.00001 47.03 0 
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40 0.02 1.3 8.73 60.75 0.00001 8.95 0.02 0.00001 33.79 0.01 

41 0.01 0.21 7.01 43.45 0.00001 7.46 0.02 0.00001 28.04 0.00001 

42 0.02 0.39 15.42 80.8 0.86 8.05 0.04 0.07 13.04 0.18 

43 0.02 0.44 38.48 85.59 0.61 9.76 0.04 0.06 19.83 0.23 

44 0.03 0.77 8.85 71.82 0.42 9.1 0.04 0.06 47.72 0.12 

45 0.02 0.37 9.01 59.73 0.22 8.75 0.02 0.15 26.63 0.16 

46 0.01 0.25 8.75 85.77 0.17 10.15 0.02 0.02 17.64 0.03 

47 0.01 0.22 9.92 64.59 0.04 7.37 0.01 0.02 14.95 0.05 

48 0.02 0.24 6.69 50.86 0.04 7.66 0.02 0.00001 11.27 0.05 

49 0.01 0.23 10.27 73.96 0.00001 9.45 0.02 0.01 16.21 0.04 

50 0.06 1.06 20.6 60.52 0.00001 8.32 0.03 0.00001 37.06 0.09 

51 0.01 0.36 23.13 94.44 0.07 7.46 0.05 0.01 31.05 0.15 

52 0.01 0.2 9.16 66.29 0.00001 9.72 0.02 0.00001 23.15 0.04 

53 0.01 0.39 6.48 65.67 0.00001 8.65 0.02 0.00001 44.61 0.01 

54 0.01 0.21 12.55 61.87 0.00001 8.89 0.01 0.00001 18.42 0.03 

55 0.02 0.51 33.66 99.54 0.00001 7.64 0.04 0.00001 11.99 0.18 

56 0.01 0.31 25.58 68.5 0.00001 10.41 0.03 0.02 12.53 0.13 

57 0.01 0.35 11.47 92.93 0.00001 10.25 0.02 0.00001 45.73 0.01 

58 0.01 0.34 11.24 73.69 0.00001 10.02 0.06 0.00001 19.67 0.04 

59 0.01 0.16 9.82 61.86 0.00001 10.51 0.03 0.00001 22.88 0.04 

60 0.01 0.41 10.35 62.16 0.00001 11.51 0.05 0.02 45.76 0.04 

61 0.01 0.31 10.43 65.01 0.00001 9.78 0.03 0.00001 22.49 0.05 

62 0.01 0.66 20.72 80.8 0.00001 10.43 0.04 0.00001 30.64 0.1 

63 0.01 0.2 8.55 69.49 0.00001 11.85 0.02 0.00001 35.88 0.03 

64 0.01 0.75 10.67 94.98 0.00001 15.21 0.06 0.01 41.95 0.05 

65 0.01 0.27 14.96 56.78 0.00001 6.34 0.02 0.00001 11.08 0.06 

66 0.01 0.38 19.93 65.75 0.00001 10.49 0.02 0.00001 27.31 0.08 

67 0.11 0.33 16.26 103.9 0.03 8.67 0.02 0.00001 2.51 0.15 

68 0.04 0.57 6.55 105.85 0.00001 2.94 0.02 0.16 8.36 0.18 

69 0.03 0.41 5.81 83.48 0.00001 3.25 0.01 0.08 8.95 0.07 

70 0.04 0.36 6.25 86.93 0.00001 2.68 0.01 0.19 6.23 0.03 
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71 0.04 0.29 6.35 84.3 0.00001 2.56 0.01 0.15 6.72 0.2 

72 0.05 0.17 12.81 99.35 0.00001 3.48 0.04 0.19 9.19 0.17 

73 0.04 0.24 4.59 96.95 0.00001 4.18 0.04 0.15 7.33 0.08 

74 0.03 0.07 4.82 81.55 0.42 3.29 0.01 0.00001 10.35 0.06 

75 0.1 0.19 8.11 122.07 0.39 3.71 0.03 0.14 7.29 0.14 

76 0.12 0.91 5.99 90.84 0.3 2.95 0.06 0.05 8.89 0.21 

77 0.14 0.27 5.62 80.92 0.41 2.51 0.1 0.1 4.6 0.17 

78 0.05 0.07 4.57 90.06 0.09 2.86 0.01 0.00001 7.72 0.07 

79 0.1 0.61 7.39 88.15 0.00001 11.49 0.05 0.00001 38.66 0.16 

80 0.14 2.21 12.86 211.68 0.00001 19.05 0.23 0.00001 54.93 0.27 

81 0.13 0.8 10.81 109.97 0.00001 16.15 0.08 0.22 41.55 0.24 

82 0.17 0.75 13.09 127.46 0.00001 12.66 0.51 0.43 30.44 2.34 

83 0.28 0.38 13.27 126.01 0.00001 16.32 0.18 0.21 32.55 0.77 

84 0.21 0.71 16.45 109.81 0.00001 15.54 0.35 0.3 46.38 1.3 

85 0.16 0.76 13.99 108.09 0.00001 15.75 0.15 0.16 38.28 0.92 

86 0.08 0.39 14.46 98.2 0.00001 11.02 0.07 0.93 45.77 0.14 

87 0.07 0.51 50.71 126.47 0.00001 16.63 0.06 1.5 56.19 0.23 

88 0.11 0.83 26.63 118.57 0.00001 20.96 0.07 0.19 45.76 0.13 

89 0.07 0.27 10.92 117.78 0.00001 11.78 0.06 0.01 39.56 0.01 

90 0.09 0.77 17.12 102.7 0.00001 13.54 0.19 0.13 59.85 0.26 

91 0.13 0.65 22.61 91.62 0.00001 11.02 0.04 0.36 42.19 0.16 

92 0.1 0.53 13.46 83.19 0.00001 9.08 0.05 0.09 34.32 0.19 

93 0.11 0.53 10.31 77.75 0.00001 10.33 0.05 0.04 56.91 0.02 

94 0.09 0.47 19.41 102.5 0.00001 9.47 0.05 1 42.81 0.36 

95 0.13 0.76 20.82 193.07 0.00001 21.06 0.1 0.31 83.67 0.12 

96 0.07 0.49 15.84 131.16 0.00001 12.93 0.05 0.03 32.6 0.00001 

97 0.15 0.45 11.15 94.07 0.00001 13.85 0.08 0.09 40.05 0.16 

98 0.16 0.46 10.28 165.94 0.00001 25.89 0.08 0.06 60.6 0.33 

99 0.09 0.6 9.34 154.39 0.00001 25.63 0.11 0.00001 58.83 0.26 

100 0.07 0.75 6.13 95.53 0.00001 11.81 0.03 0.00001 30.19 0.00001 

101 0.03 2.77 8.79 101.85 0.00001 11.15 0.02 0.00001 49.68 0.00001 
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102 0.18 1.1 4.83 80.94 0.00001 8.82 0.01 0.00001 31.86 0.00001 

103 0.05 1.51 8.46 110.3 0.00001 10.66 0.00001 0.34 9.74 0.00001 

104 0.06 1.25 4.25 109.75 0.00001 9.44 0.00001 0.00001 9.96 0.00001 

105 0.05 1.7 4.39 107.08 0.00001 6.44 0.01 0.07 26.07 0.03 

106 0.09 0.51 2.9 112.04 0.00001 10.73 0.02 0.00001 31.49 0.00001 

107 0.03 0.48 5.57 103.94 0.00001 10.03 0.01 0.00001 27.21 0.00001 

108 0.04 0.36 8.12 57.17 0.00001 7.95 0.16 0.00001 40.54 0.00001 

109 0.08 0.46 12.64 192.45 0.00001 21.91 0.05 0.00001 85.76 0.03 

110 0.04 0.34 4.32 94.2 0.00001 13.45 0.02 0.00001 31.92 0.00001 

111 0.02 0.29 5.31 58.91 0.00001 7.25 0.02 0.00001 27.35 0.00001 

112 0.1 0.49 7.33 133.93 0.00001 12.35 0.04 0.03 28.76 0.15 

113 0.14 0.33 7.62 74.95 0.00001 9.14 0.09 0.00001 46.35 0.11 

114 0.21 0.38 6.57 49.96 0.00001 5.86 1.98 0.02 32.04 0.23 

115 0.06 0.27 7.05 82.8 0.00001 7.15 0.03 0.01 40.37 0.09 

116 0.08 0.36 6.8 77.76 0.00001 10.15 0.03 0.03 38.13 0.16 

117 0.17 2.44 10.74 116.87 0.00001 8.35 0.05 0.28 41.76 0.52 

118 0.03 0.2 8.9 98.24 0.00001 8.9 0 0.00001 47.18 0.12 

119 0.01 0.18 6.75 98.55 0.00001 9.25 0.03 0.05 43.31 0.13 

120 0.07 0.99 6.95 110.01 0.87 12.11 0.06 0.00001 42.25 0.59 

121 0.04 0.18 5.53 95.01 0.3 9.39 0.03 0.00001 36.92 0.08 

122 0.03 0.29 4.42 82.89 0.37 12.19 0.03 0.00001 39.69 0.13 

123 0.03 0.34 5.1 95.94 0.26 12.72 0.03 0.00001 25.94 0.06 

124 0.1 5.27 7.68 62.64 0.32 9.53 0.05 0.00001 39.92 0.03 

125 0.11 0.14 5.3 57.31 0.18 6.74 0.04 0.00001 28.94 0.05 

126 0.05 1.25 6.72 110.58 1.85 10.72 0.03 0.00001 36.62 1.56 

127 0.05 0.12 3.61 84.06 0.29 7.71 0.03 0.00001 34.96 0.03 

128 0.02 0.49 5.94 88.54 0.19 7 0.03 0.00001 46.03 0.88 

129 0.05 0.47 5.59 90.24 0.23 8.15 0.02 0.00001 48.17 0.17 

130 0.02 0.04 4.32 87.32 0.21 11.47 0.03 0.00001 45.79 0.13 

131 0.03 0.25 5.36 82.89 0.19 12.52 0.13 0.00001 36.16 0.06 

132 0.01 0.17 5.82 75.94 0.17 7.99 0.02 0.00001 36.12 0.05 
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133 0.02 0.23 6.08 81.72 0.13 7.88 0.03 0.00001 45.05 0.05 

134 0.02 0.3 5.52 53.09 0.11 8.59 0.01 0.00001 50.78 0.19 

135 0.02 0.27 2.7 89.62 0.14 7.41 0.04 0.00001 24.47 0.04 

136 0.03 0.33 7.66 72.43 0.13 7.67 0.02 0.00001 41.67 0.07 

137 0.03 0.23 4.6 121.93 0.13 11.71 0.04 0.00001 31.07 0.04 

138 0.03 0.00001 5.42 98.59 0.15 8.19 0.03 0.00001 59.27 0.25 

139 0.06 0.37 7.51 94.61 0.14 7.05 0.08 0.00001 43.28 0.26 

140 0.02 0.28 7.03 51.48 0.07 7.41 0.01 0.00001 52.17 0.08 

141 0.03 0.25 5.6 77.36 0.1 7.47 0.02 0.00001 44.99 0.04 

142 0.04 0.22 5.04 103.26 0.11 9.79 0.02 0.00001 42.8 0.1 

143 0.04 0.09 6.01 74.84 0.12 8.57 0.05 0.00001 35.19 0.01 

144 0.04 0.02 5.51 82.1 0.17 11.34 0.07 0.00001 46.41 0.02 

145 0.03 0.02 4.22 72.29 0.07 6.06 0.02 0.00001 33.43 0.00001 

146 0.04 0.09 5.7 74.38 0.12 7.21 0.03 0.00001 37.63 0.05 

147 0.04 0.25 6.45 88.41 0.14 11.21 0.03 0.00001 47.48 0.1 

148 0.03 0.03 6.05 83.94 0.16 6.93 0.03 0.00001 30.6 0.05 

149 0.02 0.12 5.75 74 0.23 6.33 0.02 0.00001 23.05 0.1 

150 0.05 0.06 3.79 103.16 0.18 10.01 0.03 0.00001 29.64 0.03 

151 0.03 0.00001 3.56 80.78 0.61 8.47 0.02 0.00001 25.77 0.54 

152 0.03 0.00001 2.18 98.08 0.29 10.13 0.02 0.00001 31.45 0.00001 

153 0.02 0.08 5.52 61.01 0.08 7.52 0.02 0.00001 35.36 0.00001 

154 0.03 0.15 7.14 60.23 0.2 7.08 0.03 0.00001 47.58 0.01 

155 0.01 0.08 4.37 87.12 0.1 7.15 0.03 0.00001 29.44 0.00001 

156 0.04 0.37 5.35 72.8 0.00001 10.69 0.03 0.00001 30.42 0.09 

157 0.13 0.22 6.62 53.32 0.00001 6.69 0.08 0.00001 28.87 0.13 

158 0.03 0.12 6.38 82.71 0.00001 10.21 0.02 0.00001 39.18 0.02 

159 0.04 0.34 4.96 90.28 0.00001 11.74 0.02 0.00001 49.62 0.12 

160 0.07 0.24 4.54 93.52 0.00001 10.82 0.04 0.00001 39.52 0.07 

161 0.04 0.23 9.94 56.43 0.00001 7.06 0.03 0.00001 31.86 0.09 

162 0.05 0.4 6.39 92.76 0.00001 11.75 0.03 0.00001 21.51 0.12 

163 0.06 0.15 3.87 45.85 0.00001 6.9 0.02 0.00001 23.77 0.07 
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164 0.03 0.16 6.86 85.91 0.00001 7.96 0.01 0.00001 30.64 0.08 

165 0.03 0.06 4.39 60.01 0.00001 6.38 0.01 0.00001 21.16 0.05 

166 0.03 0.22 6.18 59.91 0.00001 7.81 0.01 0.00001 40.28 0.1 

167 0.03 0.06 5.73 67.97 0.00001 8.01 0.01 0.00001 20.67 0.17 

168 0.03 0.14 6.81 79.63 0.00001 8.39 0.03 0.00001 51.54 0.09 

169 0.18 0.18 6.76 78.92 0.00001 8.51 0.07 0.00001 26.69 0.13 

170 0.04 0.18 8.39 62.59 0.00001 7.51 0.02 0.00001 31.15 0.09 

171 0.07 0.25 7.68 83.53 0.00001 9.78 0.1 0.00001 40.38 0.27 

172 0.11 0.21 6.58 75.2 0.00001 8.56 0.04 0.00001 25.94 0.11 

173 0.05 0.11 3.15 117.68 0.00001 3.29 0.02 0.00001 4.14 0.99 

174 0.11 0.4 7.33 58.77 0.00001 3.08 0.01 0.00001 5.9 0.13 

175 0.19 0.43 30.19 108.19 0.03 6.59 0.04 0.01 2.28 0.22 

176 0.11 0.52 12.13 91.01 0.73 5 0.02 0.02 4.2 0.11 

177 0.21 0.54 13.05 89.57 0.94 7.83 0.02 0.08 3.51 0.11 

178 0.19 0.6 13.88 83.88 0.65 6.48 0.08 0.00001 3.41 0.12 

179 0.31 0.42 19.1 61.15 0.48 3.63 0.05 0.00001 4.32 0.12 

180 0.11 0.36 14.8 61.73 0.33 3.94 0.02 0.00001 3.04 0.09 

181 0.22 0.38 11.53 88.99 0.25 3.71 0.02 0.00001 3.13 0.08 

182 0.1 3.97 8.7 67.89 0.06 3.17 0.02 0.00001 2.43 0.14 

183 0.09 0.21 13.94 83.63 0.14 1.59 0.04 0.00001 2.7 0.1 

184 0.1 0.39 18.23 76.87 0.00001 8.95 0.02 0.00001 2.97 0.11 

185 0.08 0.26 10.66 49.22 0.02 2.87 0.02 0.00001 1.45 0.08 

186 0.29 0.98 20.35 82.01 0.18 3.09 0.07 0.00001 5.4 0.19 

187 0.23 4.44 15.81 102.88 0.2 3.79 0.05 0.00001 2.38 0.15 

188 0.18 1.78 16.24 66.57 0.11 6.76 0.07 0.01 3.2 0.18 

189 0.11 0.51 10.11 51.66 0.08 2.73 0.02 0.00001 0.86 0.08 

190 0.19 1.08 18.29 130.37 0.12 5.61 0.04 0.00001 3.07 0.14 

191 0.21 0.69 10.66 76.01 0.00001 4.88 0.03 0.00001 2.91 0.14 

192 0.04 0.88 8.54 85.82 0.00001 1.9 0.03 0.00001 3.95 0.07 

193 0.09 0.46 5.08 66.59 0.00001 1.89 0.02 0.00001 3.11 0.09 

194 0.11 1.06 15.91 150.38 0.00001 3.26 0.08 0.00001 6.29 0.19 



157 
 

195 0.1 0.3 10.88 125.78 0.00001 3.84 0.09 0.00001 5.73 0.13 

196 0.08 0.95 6.36 101.59 0.00001 2.49 0.09 0.00001 2.85 0.12 

197 0.28 0.48 5.76 84.81 0.06 2.17 0.17 0.00001 2.19 0.11 

198 0.1 0.23 7.79 114.3 0.00001 3.04 0.03 0.00001 3.92 0.1 

199 0.15 0.85 7.44 142.2 0.00001 4.03 0.04 0.00001 5.04 0.1 

200 0.06 0.27 10.57 124.32 0.00001 2.92 0.06 0.00001 2.9 0.11 

201 0.08 0.17 8.45 96.54 0.00001 3.12 0.03 0.00001 3.05 0.07 

202 0.06 0.4 10.35 142.62 0.00001 4.07 0.05 0.00001 5.11 0.13 

203 0.05 0.85 7.04 115.84 0.00001 2.06 0.03 0.00001 2.95 0.08 

204 0.07 0.48 7.52 125.73 0.00001 3.33 0.04 0.00001 6.48 0.23 

205 0.05 0.62 6.13 108.24 0 2.48 0.03 0.00001 4.11 0.12 

206 0.03 0.1 4.63 69.34 0.00001 1.89 0.02 0.00001 2.48 0.1 

207 0.13 0.4 6.55 95.27 0.01 2.23 0.08 0.00001 4.14 0.14 

208 0.06 0.15 5.45 67.69 0.00001 1.87 0.03 0.00001 4.58 0.08 

209 0.21 0.36 9.48 92.93 0.01 4.29 0.03 0.08 1.78 0.13 

210 0.35 1.93 10.89 79.1 0.00001 4.11 0.04 0.11 4.77 0.15 

211 0.22 0.48 19.09 87.96 0.01 3.83 0.05 0.02 4.47 0.16 

212 0.15 0.51 21.28 76.19 0.00001 3.63 0.04 0.07 2.83 0.17 

213 0.13 0.82 32.52 76.61 0.00001 5.1 0.05 0.05 4.28 0.26 

214 0.14 0.46 19.66 62.27 0.00001 2.14 0.01 0.04 3.4 0.13 

215 0.19 0.45 19.19 100.29 0.00001 4.63 0.03 0.08 4.81 0.15 

216 0.15 0.49 35.96 117.14 0.00001 8.62 0.06 0.05 2.66 0.22 

217 0.15 0.39 13.96 87.55 0.00001 3.02 0.02 0.06 1.46 0.12 

218 0.17 0.4 20.42 55.28 0.18 3.11 0.03 0.1 1.83 0.13 

219 0.3 0.7 13.78 66.61 0.2 5.36 0.03 0.02 1.58 0.19 

220 0.08 0.38 13.75 73.94 0.13 3.43 0.02 0.00001 1.25 0.06 

221 0.15 0.86 24.79 64.04 0.04 2.56 0.05 0.00001 2.27 0.21 

222 0.17 0.55 15.3 71.38 0.14 1.92 0.05 0.07 2.81 0.15 

223 0.13 0.36 9.65 53.44 0.02 3.09 0.02 0.00001 0.95 0.06 

224 0.11 0.62 11.97 69.38 0.14 2.11 0.03 0.00001 2.34 0.1 

228 0.02 0.27 10.02 77.56 0.00001 9.21 0.07 0.01 59.35 0.02 
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229 0.04 0.64 25.24 106.88 0.00001 8.94 0.05 0.27 32.82 0.15 

230 0.02 0.39 47.85 74.04 0.00001 10.39 0.01 11.27 36.42 2.02 

231 0.03 0.43 14.45 136.05 0.00001 11.54 0.02 0.00001 48.78 0.00001 

232 0.06 0.43 18.06 134.6 0.00001 13.86 0.09 0.02 75.98 0.51 

233 0.06 2.25 17.39 96.79 0.00001 12.3 0.24 0.23 70.15 0.14 

234 0.11 0.46 14.96 85.73 0.00001 6.72 0.05 0.13 50.21 0.23 

235 0.04 0.59 14.07 101.48 0.00001 12.64 0.05 0.1 56.47 0.17 

236 0.11 0.79 36.47 179.12 0.00001 19.44 0.1 0.47 84.93 0.06 

237 0.02 0.44 32.84 121.27 0.00001 11.73 0.02 0.32 61.11 0 

238 0.1 0.41 11.38 94.71 0.00001 15.47 0.04 0.02 47.27 0.08 

239 0.09 0.54 15.02 80.44 0.00001 14.65 0.05 0.06 63.2 0.02 

240 0.07 0.45 20.06 69.97 0.00001 11.63 0.04 0.4 37.43 0.17 

241 0.05 0.36 17.6 121.55 0.00001 14.71 0.04 0.14 63.03 0.00001 

242 0.03 0.69 16.7 110.69 0.00001 13.89 0.03 0.02 55.57 0.04 

243 0.02 0.64 16.85 150.55 0.00001 13.9 0.03 0.00001 50.7 0.1 

244 0.04 0.51 13.08 94.19 0.00001 12.71 0.03 0.03 63.35 0.00001 

245 0.02 0.3 11.73 120.01 0.00001 10.26 0.04 0.01 45.15 0.00001 

246 0.01 0.28 13.5 85.43 0.00001 8.22 0.02 0.01 35.49 0.00001 

247 0.05 0.59 14.24 84.96 0.00001 11.72 0.03 0.00001 51.37 0.00001 

248 0.04 1.08 21.96 166.07 0.00001 13.62 0.09 0.03 82.02 0.23 

249 0.03 0.43 12.8 92.93 0.00001 10.55 0.03 0.01 47.83 0.05 

250 0.02 0.39 15.19 75.42 0.00001 12.28 0.01 0.00001 56.79 0.00001 

251 0.02 0.26 11.83 77.56 0.00001 10.79 0.02 0.00001 51.94 0.00001 

252 0.1 0.54 16.43 112.45 0.00001 15.4 0.05 0.01 53.7 0.1 

253 0.1 1.44 4.67 70.53 0.00001 8.34 0.04 0.19 16.06 0.00001 

254 0.04 1.76 9.13 156.18 0.00001 16.76 0.09 0.16 19.34 0.00001 

255 0.05 1.27 3.69 55.54 0.00001 10.45 0.08 0.06 18.5 0.18 

256 0.05 0.28 4.65 93.06 0.00001 10.29 0.02 0 51.5 0.00001 

257 0.01 0.47 2.92 83.14 0.00001 8.66 0.02 0 26.45 0.00001 

258 0.02 2.24 8.06 139.33 0.00001 19.07 0.03 0.00001 54.63 0.00001 

259 0.03 0.81 4.89 106.7 0.00001 10.61 0.05 0.00001 20.18 0.04 
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260 0.02 2.87 4.8 64.94 0.00001 8.73 0.04 0.01 33 0.07 

261 0.08 0.48 6.71 78.04 0.00001 14.41 0.06 0.00001 36.6 0.11 

262 0.08 0.59 6.9 88.48 0.00001 9.73 0.11 0.02 24.34 0.28 

263 0.04 0.81 3.92 45.75 0.00001 6.21 0.12 0.03 22.34 0.58 

264 0.05 1.38 7.79 146.33 0.00001 14.18 0.07 0.19 34.53 0.37 

265 0.01 0.4 5.24 70.42 0.00001 8.57 0.04 0 29.47 0.03 

266 0.1 1.07 4.78 113.86 0.00001 13.93 0.04 0.09 42.24 0.01 

267 0.04 0.78 3.3 70.14 0.00001 5.72 0.02 0.06 17.45 0.1 

268 0.02 0.68 7.86 96.07 0.00001 13.19 0.02 0 42.28 0.00001 

269 0.02 0.46 9.92 93.56 0.00001 10.25 0.02 0.00001 46.92 0.00001 

270 0.04 0.91 9.24 128.16 0.00001 12.28 0.02 0.08 51.03 0.09 

271 0.02 0.58 6.43 63.25 0.00001 8.98 0.02 0.00001 28.68 0.00001 

272 0.04 0.44 11.69 113.86 0.00001 9.13 0.03 0.02 42.31 0.32 

273 0.06 0.51 6.94 82.73 0.00001 6.55 0.04 0.01 52.26 0.00001 

274 0.01 0.17 3.19 43.43 0.00001 4.81 0.01 0.00001 19.05 0.00001 

275 0.02 1.03 6.68 88.23 0.00001 7.58 0.03 0.01 20.67 0.11 

276 0.01 0.26 5.62 43.22 0.00001 6.53 0.01 0.00001 40.78 0.00001 

277 0.02 0.3 5.72 45.16 0.00001 6.86 0.02 0.00001 26.43 0.00001 

278 0.01 0.23 5.83 37.69 0.00001 4.49 0.01 0.00001 17.18 0.00001 

279 0.04 0.27 5.92 62.38 0.00001 5.88 0.01 0.00001 24.92 0.00001 

280 0.01 0.22 5.85 38.17 0.00001 7.08 0.04 0.00001 30.26 0.00001 

281 0.01 0.67 8.17 65.85 0.00001 7.6 0.01 0.06 30.16 0.16 

283 0.02 0.36 7.45 86.63 0.00001 10.76 0.02 0.13 42.3 0.08 

284 0.07 0.38 7.04 71.82 0.00001 9.84 0.03 0.1 34.66 0.07 

285 0.07 0.3 6.31 70.78 0.00001 7.07 0.05 0.07 31.45 0.1 

286 0.03 0.35 8.52 81.85 0.00001 11.03 0.03 0.03 38.97 0.07 

287 0.04 0.29 7.11 68.59 0.00001 8.24 0.03 0.04 36.95 0.11 

288 0.03 0.4 9.1 52.86 0.00001 7.62 0.01 0.12 35.36 0.15 

289 0.08 0.26 6.98 68.21 0.00001 6.81 0.03 0.03 32.1 0.11 

290 0.04 0.27 7.8 47.2 0.00001 6.21 0.04 0.27 22.06 0.09 

291 0.05 0.21 6.81 44.05 0.00001 7.08 0.04 0 31.71 0.07 
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292 0.04 0.21 5.75 60.58 0.00001 7.24 0.02 0.00001 22.35 0.14 

293 0.14 0.68 9.56 51.77 0.00001 7.56 0.04 1.34 25.07 0.46 

294 0.03 0.2 6.55 63.41 0.00001 7.62 0.02 0.02 30.84 0.07 

295 0.03 0.3 8.46 81.36 0.00001 7.92 0.03 0 38.47 0.15 

296 0.02 0.2 7.65 70.39 0.00001 7.06 0.04 0.00001 34.51 0.09 

297 0.06 0.3 7.44 73.77 0.00001 9.05 0.06 0.00001 29.75 0.13 

298 0.15 0.33 9.67 48.07 0.00001 8.34 0.06 0.00001 32.78 0.19 

299 0.15 0.43 7.43 79.23 0.00001 8.76 0.08 0 41.1 0.15 

300 0.12 0.32 7.4 82.61 0.00001 8.68 0.07 0.06 41.6 0.11 

301 0.11 0.31 6.8 59.66 0.00001 8.67 0.05 0.01 31.56 0.09 

302 0.07 0.24 6.57 58.61 0.00001 6.45 0.04 0.01 51.6 0.08 

303 0.07 0.37 8.18 89.38 0.00001 7.23 0.05 0.07 50.16 0.12 

304 0.02 0.18 6.64 78.86 0.00001 10.1 0.02 0.06 36.66 0.11 

305 0.03 0.29 7.74 67.61 0.00001 8.25 0.02 0.01 33.96 0.06 

306 0.03 0.3 5.64 71.94 0.00001 6.68 0.02 0.01 35.74 0.08 

307 0.04 0.34 7.53 61.36 0.00001 7.73 0.03 0.02 45.72 0.2 

308 0.06 0.37 8.18 61.03 0.00001 6.4 0.03 0.04 48.01 0.18 

309 0.04 0.23 7 59.74 0.00001 7.28 0.02 0.04 26.01 0.13 

310 0.02 0.28 8.03 81.17 0.00001 8.58 0.04 0.02 47.46 0.21 

311 0.02 0.19 7.97 90.98 0.00001 6.38 0.03 0.02 29.79 0.08 

312 0.01 0.42 6.64 79.91 0.00001 6.89 0.01 0.06 27.39 0.2 

313 0.01 0.12 7.79 53.8 0.00001 6.13 0.01 0.00001 22.3 0.05 

314 0.02 0.25 7.31 55.81 0.00001 5.91 0.03 0.00001 33.85 0.29 

315 0.02 0.28 7.77 60.19 0.00001 5.75 0.01 0.05 22.68 0.21 

316 0.01 0.19 5.99 51.7 0.00001 7.93 0.02 0.01 55.76 0.05 

317 0.02 0.32 7.15 62.67 0.00001 7.58 0.02 0.11 30.9 0.11 

318 0.03 0.19 5.24 48.39 0.48 6.2 0.02 0.00001 29.07 0.00001 

319 0.04 0.25 5.16 64.02 0.52 8.53 0.03 0.00001 35.16 0.07 

320 0.05 0.14 5.84 88.61 0.56 8.57 0.05 0.00001 27.34 0.09 

321 0.05 0.45 7.67 74.66 1.52 8.21 0.02 0.00001 47.19 0.22 

322 0.06 0.38 6.95 81.48 0.4 7.35 0.04 0.00001 26.68 0.4 
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323 9.718386 4.613095 10.99297 103.8187 1.615657 4.972263 0.208156 0.328159 6.69 2.540149 

324 3.407684 2.023246 11.30104 97.15815 1.256107 6.125599 0.153258 0.356359 6.63 1.909198 

325 4.943071 2.675937 8.614433 81.30157 1.571596 6.707542 0.097453 0.304289 7.24 0.82032 

326 8.061054 3.838451 9.164502 105.2811 1.504545 4.43677 0.102358 0.128375 3.56 0.599843 

327 0.6423 0.5288 6.4669 74.1525 1.2975 3.8073 0.29 0.2537 5.17 0.339 

328 2.129593 1.362975 6.444499 96.39028 0.663724 4.525994 0.047977 0.184549 5.34 0.412943 

329 3.214364 1.562602 6.87918 104.5087 1.399312 4.803678 0.075379 0.27504 6.31 0.728963 

330 0.596745 0.517583 7.823433 105.8863 0.516442 4.781594 0.058564 1.263627 7.79 0.183207 

331 3.197865 1.936236 15.09502 82.50291 1.849729 8.393033 0.14524 0.912172 9.02 0.505929 

332 2.548063 1.798872 16.97498 87.37875 0.815826 9.087129 0.040122 2.085487 12.17 7.463405 

333 16.92827 9.745893 24.00537 233.1883 4.249108 12.12421 0.219953 0.65379 10.57 1.892318 

334 0.85087 0.560008 10.79037 94.10009 0.552032 5.514354 0.022328 0.305223 9.92 0.347141 

335 0.343422 2.435456 15.1625 92.5758 5.21882 7.487959 0.176423 0.274262 12.65 0.870226 

336 0.128347 0.468402 11.41711 110.0253 1.603423 4.060501 0.126842 0.409786 6.84 0.466138 

337 1.301659 1.039347 10.98972 75.59815 0.881578 7.80693 0.402577 0.799348 9.96 0.816345 

338 2.02394 1.222877 9.414511 110.0532 0.514977 5.405438 0.038368 0.261352 8.47 0.250194 

339 1.316894 0.778543 8.104194 117.0282 0.699482 5.030326 0.035925 0.305585 4.92 0.179134 

340 6.876719 3.389318 14.17375 100.9501 3.06656 6.118732 0.412974 2.232718 7.41 1.182992 

341 0.647741 0.697154 10.59981 100.6356 0.787081 5.451624 0.060968 11.36281 9.82 0.408728 

342 3.917318 2.059836 8.751501 95.11252 1.399513 4.400626 0.082499 0.158391 6.07 0.626773 

343 0.964384 0.799221 11.11988 101.0221 0.656467 4.812048 0.130705 0.151661 10.60 0.302116 

344 9.910874 4.590735 15.16442 108.532 2.157699 7.407256 0.301066 0.342928 10.70 0.88938 

345 3.87844 2.442852 12.04612 108.0897 1.005322 4.123756 0.196276 0.163735 6.01 0.484606 

346 1.470071 1.142532 10.22673 97.54919 1.134617 5.062235 0.032669 0.114303 10.06 0.343351 

347 0.841431 0.60755 7.191148 98.83701 0.383468 4.814297 0.05893 0.241177 6.10 0.392039 

348 1.982657 1.332474 7.367588 102.3703 0.412359 5.946351 0.035006 0.121206 6.27 0.191277 

349 4.121389 2.792407 15.72818 98.27999 1.01328 8.601859 0.103363 0.221867 11.92 0.548408 

350 1.104624 0.71467 9.324988 93.01522 0.647725 6.090094 0.107196 0.107392 9.14 0.238131 

351 3.56427 1.772963 7.412985 102.0976 4.004132 5.072105 0.13723 0.105156 5.60 4.215234 

352 3.419389 2.176016 15.13175 101.9245 1.059054 7.45754 0.17322 0.185628 11.77 0.511012 

353 7.634172 4.02314 12.75224 99.9903 1.631172 6.90368 0.151859 0.178479 7.77 0.643652 
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354 3.748518 2.382686 13.48682 86.75985 1.270613 7.758637 0.154115 0.141119 9.45 0.515752 

355 2.062957 1.430006 15.48072 77.72465 2.515808 6.398899 0.321171 0.129396 12.24 0.359305 

356 7.020072 3.806556 11.49968 102.8726 3.270958 5.673146 0.325759 0.249113 6.86 0.830716 

357 2.68279 1.786044 8.985962 103.3154 1.014422 5.403354 0.134026 0.120838 5.52 0.261141 

358 1.323332 0.846302 8.918965 102.5311 0.484755 5.218841 0.109868 0.077903 7.83 0.1548 

359 1.311975 0.889458 10.44314 97.09202 0.562557 6.68476 0.062973 0.294822 9.66 0.248952 

360 1.584831 0.994648 8.186644 109.3893 0.629255 5.091161 0.039088 0.076905 5.62 0.228121 

361 0.16164 0.44097 5.579466 49.74897 0.253787 1.332563 0.073515 0.434254 2.04 0.506467 

362 0.748003 0.88403 11.6296 128.4141 0.47009 4.185621 0.039036 0.440924 6.62 0.461645 

363 1.240934 1.727143 14.66905 208.2899 1.791111 6.71095 0.244085 0.65111 9.69 1.564419 

364 2.202778 0.707364 5.27819 51.18415 0.335899 1.121381 0.092669 0.200755 1.50 4.185293 

365 2.016266 1.394928 23.43558 282.1685 0.756921 7.1553 0.076986 1.461169 11.43 3.980967 

366 0.601972 0.909637 16.68555 205.6582 0.358297 6.116276 0.047272 0.588352 5.47 2.840346 

367 4.539242 1.250031 22.13326 224.4937 1.5769 6.126652 0.184136 1.18634 6.66 10.98262 

368 3.980861 1.558895 15.98379 164.1748 1.1237 6.116138 0.295944 1.001822 8.24 8.225357 

369 3.828929 2.732854 24.9693 239.1957 1.477985 6.711663 0.226802 1.391785 9.73 6.420049 

370 10.5195 1.616697 21.4124 256.9922 1.177839 7.679786 0.719445 1.37394 9.56 9.971445 

371 0.165846 0.392875 11.14524 149.9382 0.289653 5.081303 0.054273 0.663726 8.09 0.118959 

372 0.48599 1.173855 22.77095 331.9123 0.74722 12.66447 0.167293 0.915125 20.11 0.401536 

373 0.579946 0.743473 20.04606 165.6373 0.494679 6.094977 0.156873 0.501186 10.97 0.47575 

374 0.613294 1.177337 22.24525 178.4502 0.740381 5.309689 0.251651 0.885268 5.76 0.445454 

375 0.482328 0.554959 10.25713 84.85158 0.95757 2.344368 0.206614 1.004894 2.93 1.221652 

376 0.395287 0.825707 16.1269 146.0828 0.383876 4.415823 0.062967 0.54414 6.07 0.590432 

377 0.872628 0.931117 16.779 233.9471 0.529692 8.455095 0.093575 1.740744 9.96 2.665579 

378 0.328568 0.464023 7.087746 78.71854 0.323621 2.30071 0.080945 2.438671 4.06 0.618029 

379 0.147365 0.795766 12.47465 152.063 0.321167 5.403824 0.046307 2.857903 6.42 0.201398 

380 0.473898 1.347969 35.79994 335.4119 1.15624 12.03622 0.251678 0.86267 16.65 0.688331 

381 18.53576 9.942018 34.14742 376.4118 6.432123 9.711664 0.791517 1.019939 8.33 11.62409 

382 0.044218 0.102269 2.167606 25.27369 0.06198 0.769351 0.013621 0.052358 0.88 0.087701 

383 0.266233 0.485729 5.777386 57.08392 0.161431 1.413138 0.036461 0.192395 1.83 0.760977 

384 1.756717 3.134639 42.5683 435.5712 0.962836 11.7523 0.243099 1.151428 12.40 9.668879 



163 
 

385 0.764049 1.910321 25.17108 232.8371 0.961577 6.467999 0.218812 0.573643 7.32 1.335437 

386 0.107933 0.209216 3.220547 36.38467 0.093962 1.261312 0.021818 0.081383 1.81 0.627776 

387 0.25103 0.464682 10.98979 101.226 0.353061 3.458128 0.065859 0.568515 5.88 0.172917 

388 0.233288 0.58771 19.82904 125.7116 0.255808 3.956951 0.050599 0.247662 4.09 0.161625 

389 0.550564 0.485554 10.44298 104.9577 0.656645 3.753505 0.113872 0.190619 5.35 0.256163 

390 0.241751 0.551639 14.32874 132.8147 0.443612 3.107202 0.110313 0.533845 2.81 0.225944 

391 0.21018 0.718008 27.57702 116.0439 0.226656 2.759698 0.059349 0.270186 3.33 0.303657 
 

 

 



 


