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Abstract 

This thesis explores the long-term human ecodynamics of Māori peoples’ 

fisheries in northern Aotearoa, from the earliest Polynesian arrivals to the start of the 

nineteenth century. Out of recognition that fisheries are structured by complex 

interactions between people, animals, and environmental processes, I examine these 

socioenvironmental systems by integrating paleoclimate records, fisheries biology, 

archaeological landscape histories, and archaeological assemblages of fish remains. I 

propose three working hypotheses that fisheries changed over time due to (H1) 

decreasing sea surface temperatures during the Little Ice Age and (H2) human harvest 

pressures on fish stocks, and/or because (H3) Māori fishing methods and technologies 

changed. I test these hypotheses by comparing zooarchaeological data from 17 fishbone 

assemblages that I analysed for this thesis, and 66 previously published fishbone 

assemblages deposited between about 1250–1850 cal CE in the regions of Northland, 

Auckland, Waikato, and Bay of Plenty. Because archaeological data are themselves 

inherently complex products of human behaviour, post-depositional processes, and 

archaeological recovery and analysis, I systematically evaluate these archaeofisheries 

records for multiple potential sources of bias.  

Analysing these 83 assemblages – while carefully controlling for recovery and 

identification biases where appropriate – demonstrates that Māori fished at least 54 

distinct species from a wide range of coastal habitats across northern Aotearoa, with an 

emphasis on snapper (Chrysophrys auratus), and on wrasses (tribe Pseudolabrini) and 

leatherjacket (Meuschenia scaber) from rocky reefs. Māori also began fishing large 

schools of small pelagic fishes like jack mackerels (Trachurus spp.), kōheru (Decapterus 

koheru), and blue mackerel (Scomber australasicus) after 1500 cal CE, most likely with 

highly productive mass capture fishing methods. Meanwhile, snapper and rocky reef 

fisheries show strong continuities in many places throughout the Little Ice Age and 

centuries of sustained human harvests. Weaving the available lines of evidence 

together, I conclude that each of my three hypotheses are consistent with many of the 

observed changes in Māori archaeofisheries records to some extent, and that multiple, 

historically contingent factors influenced northern Māori fisheries over time. 
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1. Introduction 

Humans are inextricably intertwined with the landscapes we inhabit. Our 

cultures, behaviours, and actions are strongly influenced by our relationships with 

other people (deFrance 2009; Gumerman 1997) and with non-human entities (Boyd 

2017; Mohlenhoff and Butler 2016), and by the social, historical, and physical contexts 

of our actions (Bird et al. 2019; Gifford-Gonzalez 2014; Lightfoot et al. 1998, 2011; 

Quintus 2018). By the same token, human behaviours shape the physical world and 

affect non-human agents and processes (Huebert and Allen 2020; Perri 2020; Watling et 

al. 2018), which also constantly modify and adapt to one another, leading to complex 

interactions between wide varieties of mutually entangled actors. It can therefore be 

extremely challenging to understand any single facet of human interrelationships with 

other animals, plants, landscapes, or seascapes – let alone entire socioenvironmental 

systems – as multiple agents and factors may be responsible for transforming, or 

maintaining stability in, human-environment relationships over time (McGlade 1995, 

2003; Reitz et al. 2009). For example, phenomena such as fisheries are structured by 

numerous cultural, biological, ecological, and geophysical variables, including fishing 

and resource management practices; the environmental tolerances, life histories, and 

predation responses of target species; water temperatures, currents, and chemistry; 

and physical geography and aquatic habitat distributions, to name a few (Hilborn and 

Hilborn 2012; King 2007; Reitz et al. 2009). Although some factors may remain 

relatively constant in a carefully defined study area or time span of interest, the 

complex dynamics of human-environment relationships often can only be fully 

understood by evaluating multiple possible drivers of change and stability 

simultaneously, especially when considering long-term patterns at regional scales.  

One approach for addressing the interpretive challenges of these multicausal 

systems is to work towards a holistic understanding of socioenvironmental processes 

over time by drawing on the largest possible sample of multiple, independent lines of 

evidence from numerous different sources (Gifford-Gonzalez 1991; e.g., Anderson 

2014b; Davidson 1984; Holdaway et al. 2018; Leach and Leach 1979; Leach 2006; 

MacDiarmid et al. 2016a; Sutton et al. 2003). While this solution is often effective, it can 

also prove challenging in archaeological contexts where the materials that we study 
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represent the outcomes of multiple events, behaviours, and taphonomic processes 

(Nims and Butler 2019a). The inherently destructive nature of archaeological 

excavation and the small sample of available observations also incentivise researchers 

to include datasets that were created for various purposes over multiple decades, by 

people using different methods, in their long-term reconstructions of human-

environment relationships (Faniel et al. 2013; Jones and Gabe 2015). Archaeologists 

should always attempt to make the best possible use of existing data, but, even when 

dissimilar datasets can be cleaned to enable comparison, they may simply reflect 

differences in the data collection procedures that were used and not the processes that 

we seek to understand (Driver 2011; Fisher 2015; Nims and Butler 2019a; Wolverton 

2013). Ultimately, because archaeologists work with data that are themselves 

inherently complex and difficult to interpret, we should always carefully and explicitly 

evaluate whether our data are actually suitable for comparison before drawing 

conclusions about the complex behaviours of socioenvironmental systems. 

In this thesis, I explore the twin challenges of understanding complex socio-

environmental systems with complex archaeological data by analysing the dynamic 

relationships between Māori and marine fisheries in northern Aotearoa, from the 

earliest Polynesian arrivals in the thirteenth century CE to the start of the nineteenth 

century. Fisheries are and have always been critically important to Māori (Leach and 

Davidson 2000). Fishing produces food, reaffirms kinship bonds, and maintains 

connections between the past, the present, living humans, ancestors, and spiritual and 

environmental realms (Kawharu 2000; McCarthy et al. 2013:382–385; McCormack 

2012:186–191). Fishes represent an abundant source of dietary protein on islands 

where few alternative sources were available, and they figured heavily in expansive 

exchange networks that helped drive nearly industrial-scale fishing efforts in the 

nineteenth century (Anderson 2014b; Barber 2004; Paulin 2007; Paulin and Fenwick 

2016; Waitangi Tribunal 1988, 1992). Māori fisheries management is governed by 

spiritual and ancestral rights, relationships, and responsibilities (Bess 2000, 2001; 

Kawharu 2000; Toki 2010), and fisheries were closely guarded sources of food and 

prestige in warfare (Allen 2016). Given how closely Māori culture and political economy 

articulate with fisheries, it is no surprise that Māori are economically, socially, and 

spiritually affected by changes in the productivity and management of their fisheries 

(Bess 2000, 2001; De Alessi 2012; McCormack 2010, 2012; Toki 2010; Waitangi 
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Tribunal 1988, 1992). The recent arrival of humans makes Aotearoa an important study 

area for understanding the nature and tempo of archaeological processes, 

archaeological sequences, and of socioenvironmental transformations in landscapes 

that Māori shaped rapidly through intentional experimentation that also had 

unforeseen consequences (Anderson 2016; Holdaway et al. 2018; Prebble et al. 2019; 

Smith 2008). Archaeological fisheries research also serves to fill critical knowledge gaps 

in fisheries biology as the population dynamics of many marine fish populations are 

poorly understood (Jones 2013; Morrison et al. 2014), and archaeological data are the 

only available long-term records of fish responses to changing environmental 

conditions and sustained human harvesting (Allen 2003; e.g., Barrett 2019; Butler and 

Delacorte 2004; McKechnie et al. 2014; Nims and Butler 2019b; Plank et al. 2018; Smith 

2013; Zangrando and Martinoli 2012).  

Existing archaeological evidence from the northern North Island of Aotearoa 

suggests regional Māori fisheries may have changed substantially beginning around 

1500 CE, which could be both a reflection and a cause of other socioenvironmental 

transformations that occurred at about the same time. The frequency and prevalence of 

at least one keystone food species – snapper (Chrysophrys auratus1) – decreased across 

archaeological sites deposited after the fifteenth century on the Hauraki Gulf and the 

Coromandel Peninsula (Smith 2013), and from Aotearoa overall (Leach 2006:7). One 

possible explanation for the declines in snapper catches is that their reproduction rates 

would have decreased along with sea surface temperatures during the Little Ice Age 

(Leach 2006:207, 214–219, 229–230), a 500-year period of colder climatic conditions 

that started around 1500 CE (Cook et al. 2006; Lorrey et al. 2011; Palmer and Xiong 

2004; Schaefer et al. 2009; Winkler 2004). Sea surface temperature declines may also 

have negatively affected barracouta (Thyrsites atun) growth rates, and/or benefitted 

blue cod (Parapercis colias) populations, which appeared to show increasing 

abundances and mean body sizes in archaeological sites over time (Leach 2006:7). 

These fisheries shifts likely would have keenly affected Māori foodways, and they could 

have contributed to contemporaneous changes in Māori societies like the 

commencement of fortified pā construction, agricultural expansions, and increasing 

conflict (Anderson 2014a, 2016; McCoy and Ladefoged 2019; Schmidt 1996; Smith 

2008). However, changes in the composition of Māori fish catches could also be a 

 
1 Synonym Pagrus auratus (Trnski and Roberts 2015:1288). 
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consequence of social transformations, changing fishing practices, fluctuations in the 

availability of other food sources, human harvest impacts on snapper stocks, and/or 

numerous other cultural and ecological factors. 

Out of recognition that fisheries are irreducibly interconnected with culture, 

marine ecology, and geophysical conditions, I approach this research using human 

ecodynamics, an interdisciplinary theoretical framework that draws attention to the 

nonlinear, socioenvironmental processes that reproduce and transform cultures and 

environments over time (McGlade 1995). Human ecodynamics seeks to explain the 

dynamics of coupled social-environmental networks as the cumulative, unpredictable 

outcomes of historically contingent interactions between humans and non-human 

entities by iteratively studying the interactions between multiple kinds of models and 

diverse lines of evidence (Fitzhugh et al. 2019; Kirch 2007; Maher and Harrison 2014a; 

McGlade 2003, 2006; McGlade and Garnsey 2006). I apply this strategy by drawing on 

paleoclimate records, fish life histories, documented megafaunal extinctions and 

extirpations, and archaeological understandings of Māori history. I evaluate three 

hypotheses that marine fisheries may have been affected by (H1) long-term climate 

shifts, (H2) sustained and increasing human harvest pressures, and/or (H3) changes in 

Māori fishing strategies and technologies. I also use a simple model of human prey 

selection from behavioural ecology – a broad field of research on the relationships 

between an individual’s behaviour and their environmental contexts – to help generate 

testable predictions for how Māori fishers might have adapted to changes in fish stocks 

caused by any of these hypothesized socioenvironmental perturbations. 

My study is based on a survey of all previously published archaeofisheries data 

from northern Aotearoa and new analysis of 18 assemblages from seven previously 

excavated sites. Focusing on this discrete northern region helps ensure comparability 

between archaeological fishbone assemblages as it represents a discrete biogeographic 

fishery zone (Briggs and Bowen 2012; Roberts et al. 2015a) that experienced uniform 

changes in climatic conditions (Lorrey et al. 2007, 2008; MacDiarmid et al. 2016a) 

(Figure 1.1). Several previous archaeofisheries studies have also indicated that the 

northern North Island exhibits relatively little intra-regional variability in Māori fish 

catches that are almost always dominated by snapper, but the small numbers of 

assemblages available for comparison precluded any analysis of intra-regional patterns 

over time (Anderson 1997; Leach 2006; Leach and Boocock 1993). Therefore, this 
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research provides a valuable opportunity to evaluate whether Māori fisheries in 

northern Aotearoa were relatively uniform, or whether there was greater local variation 

in Māori fisheries across time and space than we currently recognise. 

While archaeological fishbone assemblages provide a direct line of evidence for 

human relationships with aquatic environments, I also recognize that they are products 

of numerous depositional and post-depositional processes that could obscure our 

understanding of past interactions between Māori, fish stocks, and climate. In 

particular, fish catches, fishing strategies, disposal practices, and fishbone preservation 

rates may vary across different sites, habitats, and social groups, while differences in 

archaeological recovery, sampling, and identification methods can dramatically 

influence the composition of fishbone assemblages that archaeologists report. Each of 

these data quality issues must be addressed explicitly and systematically before 

 

Figure 1.1. Map of Aotearoa’s regional climate districts (adapted from Kidson 2000: 
Figure 1) and biogeographic fisheries zones (adapted from Roberts et al. 2015a: Figure 
3). The study area of this thesis is outlined in red. This work is a derivative of “NZ 
Fisheries General Statistical Areas” by NZ Ministry of Fisheries, used under Creative 
Commons Attribution 3.0 New Zealand License. Made with Natural Earth vector data. 
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attempting to explain changes in archaeological patterns of fishing behaviour to ensure 

they actually represent the socioenvironmental realities of the past (Nims 2016; Nims 

and Butler 2019a; Wolverton et al. 2016a:15–16). To that end, I carefully review the 

formational histories of the assemblages in my survey before interpreting 

archaeological patterns of Māori fisheries. 

This thesis is organized into eight chapters. Chapter 2 is a summary of the key 

theoretical frameworks that I use throughout the thesis. I review the core concepts of 

human ecodynamics and behavioural ecology, two distinct theoretical approaches that 

can be used together to productively examine particular aspects of human-environment 

relationships at varying scales. I also explain how these two theories can be used to 

interpret zooarchaeological materials and discuss the challenges and opportunities that 

are usually involved in these applications.  

Chapter 3 provides an overview of Aotearoa’s socioenvironmental history with a 

focus on the marine environment over the last 1,000 years. I review the evidence for a 

sharp decrease in marine and atmospheric temperatures that began around 1500 CE at 

the start of the Little Ice Age and consider the potential effects of such changes on 

northern North Island fish species. I also summarise anthropogenic environmental 

transformations and estimates of Māori population growth and discuss how these 

factors could have contributed to substantial increases in the demand for fish harvests 

over time. Then, I evaluate previous archaeological research on the long-term dynamics 

of Māori fisheries and describe the taphonomic factors that may be obscuring our 

understanding of these resources. 

In Chapter 4, I present a descriptive prey choice model of northern North Island 

fisheries and use it to create testable expectations about how fishers may have 

responded to hypothesized changes in coastal fish stocks. More specifically, I use the 

relative body sizes of available fish species to predict fishers’ preferred prey, and I re-

interpret previous archaeofisheries surveys based on these prey ranks to argue that 

snapper was the most commonly encountered, high-ranked fish in northern Aotearoa. 

Based on this model, I propose three tests to evaluate my hypotheses that Māori fish 

catches changed over time due to the effects of (H1) decreasing sea surface 

temperatures or (H2) increasing harvest pressures on snapper stocks, or that (H3) 

fishing strategies shifted independently towards high-return, mass capture methods. 
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Chapter 5 summarises the methods and materials I use to test my hypotheses. I 

describe my survey of all previously published fishbone data from northern Aotearoa, 

and the fishbone assemblages that I analysed for this thesis. I also explain my methods 

of fishbone identification, snapper body size estimation, and radiocarbon recalibration, 

and provide an overview of the quantitative units I use to measure taxonomic 

abundances in this thesis. 

In Chapter 6 I evaluate the data quality of every assemblage included in this 

thesis to determine which ones are useful for addressing my research objectives given 

their condition. Then I consider whether problems of specimen interdependence or 

assemblage aggregation have affected the accuracy of relative taxonomic abundances, 

and conduct a preliminary evaluation of differential destruction and handling biases in a 

small sample of assemblages. Finally, I test for archaeological recovery, identification, 

and sample size effects on species ubiquity, relative taxonomic abundances, and 

snapper size estimates.  

Chapter 7 summarises the patterns of stability and change that I observed in the 

archaeological record of Māori fisheries. I document the results of my hypothesis tests, 

which track long-term and regional trends in the presence/absence of key climate 

indicator taxa and high-return fish species; the relative taxonomic abundances of 

snapper, large-bodied fishes, and small pelagic school fishes; and changes in snapper 

body sizes. 

Finally, Chapter 8 summarises my research on the archaeology of Māori fisheries. 

I interpret the broad patterns and local variability that I observed in archaeological 

fishbone assemblages, and present an account of the ecodynamic relationships between 

marine fisheries, marine ecology, climate conditions, and northern Māori peoples in the 

past. I discuss the remaining knowledge gaps in archaeological understandings of North 

Island fisheries, reflect on the ethical importance of conducting systematic data quality 

assessments, and provide recommendations for future zooarchaeological analysis of 

fish remains. 
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2. Theoretical Background 

Archaeological assemblages of animal remains are fundamentally structured by 

complex interactions between geophysical processes, socioecological communities, and 

political and economic systems. Zooarchaeological methods simultaneously measure all 

of these factors and their effects on patterns of human resource production, use, and 

discard, making it difficult to determine which factors are responsible for driving 

changes in human-animal relationships over time. Given these practical issues with 

(zoo)archaeological data, archaeologists writing from a wide range of theoretical 

perspectives have agreed that archaeological patterns can only be completely 

understood by considering natural and social systems holistically as an interconnected 

whole; as a complex socioenvironmental system (e.g., Bailey et al. 2000; Lambert 2015; 

McGlade 1995; Redman 2005; Redman et al. 2004; Reitz et al. 2009; Robinson 2014; 

Trosper 2003). To address all of these interrelated processes, and to consider potential 

interactions and feedback between them, I interpret the socioenvironmental history of 

Māori fisheries in terms of human ecodynamics, which refers to a theoretical 

framework and a topic of study. In this thesis I explore the complexity of Māori fisheries 

with a common human ecodynamics research strategy that poses multiple working 

hypotheses and evaluates them individually to identify a range of factors that may have 

played important roles in structuring archaeological patterns of human-environment 

relationships. Here, I briefly review human ecodynamics and the underlying concepts of 

this theory.  

I also recognize that zooarchaeological assemblages are strongly structured by 

patterns of human prey choice and resource production practices (Lyman 2008:21–26; 

Rick and Lockwood 2013:48). Accordingly, changes in fish stocks may or may not lead 

to measurable changes in human fishing practices or catches (Izzo et al. 2016; 

Zangrando and Martinoli 2012), and fishing strategies may be contingent on a wide 

variety of other variables besides changes in resource availability. Interpreting 

differences and similarities between zooarchaeological samples therefore requires an 

understanding of the factors that influenced people’s fishing behaviour in the past. To 

that end, I provide an overview of prey choice models from behavioural ecology that 

help to explicitly articulate assumptions about the socioenvironmental constraints and 
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opportunities that affect people’s decisions while they are producing resources and to 

generate testable predictions about human behaviour in specific contexts.  

2.1. Human Ecodynamics 

Human ecodynamics is a theoretical framework that McGlade (1995) introduced 

to archaeologists in the 1990s as a post-modern response to environmental 

archaeologies that uncritically reproduce nature-human dichotomies and 

fundamentally misrepresent the ways that humans construct ‘nature.’ Previous 

archaeologists and ecologists typically attempted to understand nature and the 

environment as self-regulating systems that exist independently from humans, who 

were considered as external forces that disrupt and negatively impact ecological 

relationships and geophysical processes. McGlade’s (1995:126) proposed alternative is 

to study the long-term dynamics and co-evolution of social and natural processes using 

the language of nonlinear dynamical systems theory, and to frame humans as ecological 

actors in historically contingent, socio-natural landscapes. The term human 

ecodynamics itself refers to both a topic of study – the nonlinear, socioenvironmental1 

processes that reproduce and transform cultures and environments (Bailey et al. 2000; 

Fitzhugh et al. 2019; McGlade 1995, 2006) – and an interdisciplinary research strategy 

that iteratively constructs narratives from multiple lines of evidence of 

socioenvironmental disturbance and stability (Fitzhugh et al. 2019; Kirch 2005, 2007; 

Maher and Harrison 2014b; McGlade 1995, 2003). This archaeological, ‘human 

ecodynamic’ approach has no explicit connection to earlier ecodynamics studies by 

evolutionary economists (e.g., Boulding 1978), and it has subsequently been adopted by 

archaeologists using a wide range of methods and theories (Fitzhugh et al. 2019). 

Nevertheless, nearly all human ecodynamics research is united by the premise that 

humans and the non-human world are inseparably interrelated, by the core concepts of 

nonlinear causality, multicausality, and historical contingency, and by the rejection of 

equilibrium models.  

The assertion that there are no such entities as ‘environments’ or ‘ecosystems’ 

that exist external to or separate from any human group recognizes that these concepts 

 
1 McGlade (1995, 2003) used the adjective ‘socio-natural,’ while others have used ‘socio-
ecological’ (e.g., Fitzhugh et al. 2019). I prefer the word ‘socioenvironmental’ because it does not 
reify the distinction between humans and the non-human world to the same degree as ‘socio-
natural,’ and because it is inclusive of more processes in land- and seascapes than just ecology. 
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are social and cultural constructs that constitute one historically situated way of 

perceiving and interpreting biophysical realities (McGlade 1995:126). As 

anthropologists studying political ecology (e.g., Cronon 1996; Escobar 1999; Forsyth 

2003) and other researchers have affirmed, other, less anthropocentric understandings 

of reality are also possible, valid, and accurate. For example, Williams (2010:151) 

contrasted capitalist perceptions of the environment as a static entity “waiting to be 

exploited” with a South Island, Kāi Tahu worldview that there are many places where 

plants, animals, and even lithic resources need to be cared for, cultivated, and respected 

to ensure their return (see also Kawharu 2000). This also illustrates that ‘environments’ 

are socially constructed in a material sense, and that patterns of human action and 

inaction have short- and long-term consequences for other organisms, non-living things, 

and other humans. Similarly, people and cultures are influenced by their interactions 

with non-human agents, which have material outcomes for human survival, well-being, 

and culture change. Researchers interested in human ecodynamics therefore seek to 

understand the ways that socioenvironmental processes co-constructed our past and 

present worlds and worldviews (Bailey et al. 2000; Barton et al. 2012; Fitzhugh et al. 

2016, 2019; Hambrecht 2012; McGlade 1995; McGovern 2014; Robinson 2014). 

With an awareness of the complex interactions that take place among the many 

actors and processes of the world, explanations in human ecodynamics studies often 

invoke concepts of nonlinear causality, multicausality, and historical contingency 

(Fitzhugh et al. 2019; Kohler et al. 2012; McGlade 1995, 2003; McGlade and Garnsey 

2006; McGlade and van der Leeuw 1997). Taking each of these ideas in turn, 

nonlinearity indicates that change in one part of a system does not always lead to 

proportional or continuous change in another part of the system, such that small 

changes can lead to unanticipated transformations. Multicausality simply means that 

the behaviour of a system is related to multiple variables, but when multiple, potentially 

nonlinear system components interact they can create emergent properties that are not 

observed in any individual component alone. Finally, historical contingency describes 

cases where events and conditions at any time are affected by prior conditions, creating 

unique historical trajectories that do not lead to predetermined outcomes. McGlade 

(1995, 2003) asserted that all three concepts characterize all socioenvironmental 

systems, and that as a result no single model is likely to provide a satisfactory 

explanation of social or environmental processes. Instead, he argued that archaeologists 
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should construct understandings from the dialogues between multiple kinds of models 

and datasets, establishing an early emphasis on the importance of interdisciplinarity in 

human ecodynamics research. As Fitzhugh et al. (2019) discuss, this strategy often 

requires researchers to study socioenvironmental change using variables and sub-

systems that are explicitly defined as ‘cultural’ (e.g., population size, technology, social 

organization) or ‘natural’ (e.g., sea level, ecology, geological hazards). This appears to 

undermine the proposition that humans and the environment are irreducibly 

interconnected, but these authors also argue the human ecodynamic framework’s 

emphasis on non-linear, dynamic interactions gives agency to the humans and non-

human entities that co-construct the trajectories of socioenvironmental systems 

(Fitzhugh et al. 2019:1083).  

Since the late twentieth century, numerous documented cases of nonlinearity, 

multicausality, and historical contingency in socioenvironmental systems have also led 

researchers in many fields to reject equilibrium models of social and ecological change 

(Fitzhugh et al. 2019; Forsyth 2003:64–68; McGlade 1995). For decades, ecologists 

believed that, in the absence of anthropogenic influences, ecosystems are self-regulating 

entities that proceed through linear, deterministic stages of succession towards a 

climactic state of equilibrium, but in practice these models were rarely validated. 

Drawing on nonlinear dynamical systems and complexity theory, McGlade and others 

(McGlade 1995; McGlade and Garnsey 2006; McGlade and van der Leeuw 1997) 

responded to these failures by arguing that socioenvironmental systems are inherently 

unstable, and that many potential steady states can emerge from the co-evolution and 

persistence of relationships between the dynamic processes and actors in a system. 

Processes that cause disturbance (including constant, anthropogenic modification) are 

intrinsically creative forces in socioenvironmental systems, which rarely return to their 

former steady state following perturbations (Fitzhugh et al. 2019; McGlade 1995). 

Restating these ideas in relation to the proposition that people and their environments 

are irreducibly intertwined, human-environment relationships are not linear, we are 

not an inherently destructive species, and people can manage environments to make 

them more suitable for human needs without undermining their long-term stability.  

Human ecodynamics is by no means the only theoretical approach in 

archaeology to adopt any of these concepts, perspectives, or interdisciplinary methods 

(Maher and Harrison 2014b). Large overlaps between human ecodynamics and 
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historical ecology were identified early on in influential papers by Kirch (2005, 2007). 

Historical ecology is an interdisciplinary research strategy that studies histories of 

disturbance and interaction in material landscapes, where humans and socio-political 

systems are viewed as integral components of those landscapes (Balée 2006; Crumley 

1994, 2018; Hardesty and Fowler 2001). Fitzhugh et al. (2019) documented the parallel 

and convergent development of human ecodynamics and historical ecology as 

independent intellectual traditions, arguing they both emerged from the failures of 

equilibrium models along with comparable frameworks of behavioural ecology, niche 

construction theory, and resilience theory. Behavioural ecology explores the 

relationships between adaptive, individual behaviours and their environmental 

circumstances (see below), while niche construction draws attention to the 

coevolutionary pathways that emerge when organisms modify their environments, 

altering the selective pressures acting on them and on other organisms (Huebert and 

Allen 2020; Laland and O’Brien 2010; Odling-Smee et al. 1996; Quintus and Cochrane 

2018). Resilience theory models complex, adaptive cycles in socioenvironmental 

systems that allow people and other system components to re-establish and maintain 

their relationships following disturbances (Redman 2005; Redman et al. 2004). 

Similarities and overlaps in the premises of all five theories have allowed researchers to 

productively evaluate aspects of socioenvironmental systems by combining models and 

frameworks from disparate sources (e.g., Bliege Bird 2015; Crumley 2018; Mohlenhoff 

et al. 2015; Reitz et al. 2009). Ultimately, Fitzhugh et al. (2019) contend that the 

theoretical and methodological fluidity of these frameworks are strengths that foster 

creative collaborations between experts with knowledge from a wide range of historical 

sciences, environmental sciences, and interested Indigenous communities. 

2.1.1. Applying Human Ecodynamics in Zooarchaeology 

As a unifying research strategy, human ecodynamics provides a practical 

framework for synthesizing many different kinds of cultural and environmental data 

while focusing attention on the ways that humans and non-human entities co-

constructed particular landscapes. It is typically adopted by large interdisciplinary 

teams of researchers to help unify their work under the banner of a single project (e.g., 

Butler et al. 2019; Field et al. 2010; Maher and Harrison 2014b), but it is also useful for 

drawing new insights from diverse sets of previously published data (e.g., Fitzhugh et al. 
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2016; Kirch 2007). Because they are the direct product of human-animal relationships 

and proxies of economic, ecological, and climate conditions in the past, such projects 

often call upon zooarchaeological data to learn about a wide range of target variables. 

And given that human ecodynamics does not require any unique assumptions, methods, 

or materials (Fitzhugh et al. 2019), many faunal assemblages analysed with traditional 

and/or novel laboratory methods can be considered potentially useful for studying 

these topics and a wide range of ecodynamic relationships.  

In practice, the process of interpreting zooarchaeological or any other 

information with a human ecodynamics strategy works by comparing multiple kinds of 

socioenvironmental records, and iteratively testing multiple working hypotheses 

against those data. As more data are added and more hypotheses are tested, 

zooarchaeologists can build holistic, rich understandings of the complex 

socioenvironmental transformations that people and animals weathered and created 

together, and the cumulative, knock-on effects of those transformations on socially-

constructed landscapes. For a study of Māori fisheries, important lines of evidence to 

consider might include climate records; fish life histories, environmental requirements, 

and vulnerabilities; human and archaeological landscape histories; and archaeological 

fishbone assemblages themselves.  

This interpretive process is not new in archaeology or zooarchaeology, but 

human ecodynamics helpfully provides a theoretically grounded justification for 

investigating anthropogenic and non-human drivers of socioenvironmental change 

while explicitly recognizing that cultures, ecosystems, and landscapes are not static. 

Researchers working in Aotearoa have long used numerous environmental, 

archaeological, and historical records to study regional patterns of social and 

environmental change without using a human ecodynamics approach (e.g., Anderson 

2014a; Davidson 1984; Holdaway et al. 2018; Leach 2006; Leach and Leach 1979; 

MacDiarmid et al. 2016a; Sutton et al. 2003). Indeed, archaeologists should be 

encouraged to draw on multiple lines of evidence whenever such information is 

important for addressing a given research question. Nevertheless, by underscoring the 

non-linear, multicausal, and historically contingent nature of socioenvironmental 

systems, human ecodynamics emphasizes that patterns of human-animal relationships 

could be influenced by any and every other cultural or environmental process in a 

landscape, and that the same process may lead to different outcomes at different times 
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or places. Our reconstructions of past events are therefore necessarily incomplete, and 

it is essential to iteratively add more kinds of data and continuously interrogate the 

relationships between multiple alternative explanations to deepen our understanding of 

the factors that structure and restructure socioenvironmental systems over time 

(McGlade 1995:128–130, 2003).  

Notably, human ecodynamics does not propose any specific predictions in and of 

itself. Instead, it relies on the empirical descriptions, deductive models, and qualitative 

analysis of potentially unrelated theories and research disciplines to generate 

alternative models that can be compared constructively (Fitzhugh et al. 2019; McGlade 

1995). For the purposes of understanding the dynamic relationships between Māori and 

marine fisheries, I draw on the available evidence for climate shifts and fish life histories 

to predict how oceanographic changes would have affected fish stocks, and I consider 

how changes in Māori foodways and societies may have affected fish stocks and/or 

fishing practices (Chapter 3). I also use a prey choice model from the field of 

behavioural ecology to model the ways that Māori fishers may have adapted to potential 

changes in fish stocks or the socioenvironmental contexts of fishing practices. Prey 

choice models are particularly useful in archaeological contexts because they can 

predict the changes that might be reflected in zooarchaeological assemblages as a result 

of human responses to hypothesized environmental, socioeconomic, or technological 

changes. Given the importance of these analytic tools in my interpretations of fishbone 

assemblages, and because they rely on specific assumptions about the 

socioenvironmental constraints and opportunities that affect people’s decisions, I 

briefly review behavioural ecology and prey choice models below. 

2.2. Behavioural Ecology 

Behavioural ecology is a field of evolutionary ecology that was developed by 

zoologists in the 1960s and 1970s to understand the behavioural interactions between 

individuals and their environments in an evolutionary context (Gifford-Gonzalez 

2018:532; Winterhalder 1981). In the early 1980s, behavioural ecology was applied to 

the analysis of human behaviour by biologists (Pulliam 1981), ethnographers, and 

archaeologists (Bayham 1979, 1982; Winterhalder and Smith 1981) who sometimes 

prefer to identify their body of research as human behavioural ecology. Since then it has 

been widely adopted to study a broad range of topics in archaeology, with one survey 
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counting 244 zooarchaeological/archaeobotanical publications written between 1997 

and 2017 by over 250 individual authors who used one family of models known as 

foraging theory alone (Jones and Hurley 2017).  

One useful approach is to consider behavioural ecology as a “theory-driven 

method of analysis” (Gifford-Gonzalez 2018:531, emphasis in original) that uses 

microeconomic models to deduce testable hypotheses about the choices that individuals 

will make given particular constraints, usually in the context of resource production, 

resource distribution, reproductive strategies, or territoriality. Each model rests on 

Darwinian evolutionary assumptions that (1) behaviour has economic implications that 

can affect fitness, (2) some behaviour is therefore under selective pressure, and (3) 

behavioural strategies that increase the survival and reproduction of individuals and 

groups are more likely to be transmitted (Broughton and Cannon 2010; Codding and 

Bird 2015; Prentiss 2019a). However, behavioural ecology models and their predictions 

are primarily used as heuristic devices for framing a research question and organizing 

predictions about hypothetical opportunity costs that might affect an individual’s 

decisions (Bird and O’Connell 2006; Boone and Smith 1998; Broughton and Cannon 

2010; Codding and Bird 2015; Gifford-Gonzalez 2018:548; MacArthur and Pianka 1966; 

Prentiss 2019b:11; Smith and Winterhalder 1981). In fact, the most interesting and 

informative results of behavioural ecology model testing come from cases where 

empirical data does not conform to expectations, which can highlight knowledge gaps 

and help identify the constraints and factors that actually structure decision-making 

(DiNapoli and Morrison 2017; Durham 1981; Gifford-Gonzalez 2018:545). Even when a 

model’s predictions are met, researchers must carefully consider alternative 

socioenvironmental and taphonomic processes that could account for the observed 

patterns. 

2.2.1. Prey Choice Models 

In this thesis I draw on the prey choice model from the foraging theory (also 

known as optimal foraging theory) family of behavioural ecology models, which 

evaluate how resource availability and socioenvironmental constraints affect decision 

making during resource production. Most foraging theory models are based on the 

analytic assumption that, during the act of resource production (e.g., foraging, fishing, 

hunting, waged labour), humans and other animals attempt to maximize resource 
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return rates (Bird and O’Connell 2006; Broughton et al. 2011; DiNapoli and Morrison 

2017; Prentiss 2019a; Winterhalder and Smith 2000). This maximization assumption is 

not a universal claim. However, it is often supported by empirical data even when 

foragers are not experiencing nutritional stress that would provide strong selective 

pressure to maximize foraging efficiency (Cannon and Broughton 2010:7–8), possibly 

because foraging always detracts time and resources from other activities, and it may 

expose individuals to hazards they would not otherwise face (Durham 1981; Ugan et al. 

2003; Winterhalder and Smith 2000).  

Foraging theory models are simple graphical or mathematical representations of 

relationships that are defined by four sets of assumptions about essential factors that 

may influence adaptive decision making (Bird and O’Connell 2006; Cannon and 

Broughton 2010; DiNapoli and Morrison 2017). First, a goal assumption frames the 

objective of behaviours associated with a specific task that is assumed to be fitness-

related (e.g., maximize calorie acquisition, minimize risks during foraging). Second, a 

currency assumption provides the quantifiable units that resources are measured in so 

that the opportunity costs of different choices can be compared. Third, the decision 

assumption states the behavioural alternatives available to an individual as they attempt 

to complete the task, and the cost/benefit trade-offs associated with each choice. 

Finally, constraint assumptions outline the essential features of a socioenvironmental 

context and the individual’s capabilities that either limit behavioural possibilities or 

introduce additional costs and benefits. 

Prey choice or diet breadth models of foraging theory help explore which 

resources individuals choose to pursue during a single foraging bout when resources 

are homogenously distributed and randomly encountered in a single resource patch 

(Charnov 1976; MacArthur and Pianka 1966). The specific assumptions of these models 

can be defined in a variety of ways (DiNapoli and Morrison 2017; Madsen and Schmitt 

1998), but the goal assumption typically states that individuals will attempt to 

maximize the rate of resource production during foraging activities. The currency used 

in most prey choice models is the expected caloric value of a foraged resource. Specific 

nutrients, exchange value, prestige, or any other measure of resource yield could also be 

used in place of calories, but these are used less often as such data are typically less 

accessible (Gifford-Gonzalez 2018:534). According to the decision assumption, 

individuals have a choice to pursue a resource when it is encountered, or to continue 
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foraging. Individuals are constrained by the abundances of each encountered resource 

type, and by the expected time costs associated with handling and processing items of 

each type.  

Charnov’s (1976) equation for representing the relationships between the 

variables of these prey choice model assumptions calculates the total rate of resource 

production (E/T, where E is the total resource gain and T is the total time spent foraging 

and handling resources) as a function of the probability that an individual will pursue a 

given resource type (pi):  

 𝐸

𝑇
=  

∑ 𝜆𝑖𝑒𝑖𝑝𝑖

1 + ∑ 𝜆𝑖ℎ𝑖𝑝𝑖
 

(Eq. 2.1) 

This equation also includes several constants, including individual resource values (ei), 

resource encounter rates (λi), and resource handling time costs (hi). In the solution to 

this model that maximizes resource production rates, individuals will either always 

pursue a given resource type on encounter (pi = 1), or always exclude it (pi = 0), where 

each resource type is only pursued if its expected net value (ei/hi) is greater than the 

maximum total rate of resource production (E*/T; Figure 2.1) (Charnov 1976; 

MacArthur and Pianka 1966). Furthermore, the choice to pursue an encountered 

resource is not affected by the encounter rate for that resource type, but the choice is 

affected by the abundances of all higher ranked types, where resources are ranked by 

the ratio ei/hi.  

 

Figure 2.1. Graphical solution to the prey choice model (adapted from Charnov 1976: 
Figure 1). Resource types are ranked by their net value (ei/hi; red circles). Individuals 
pursue all resources on encounter that have an expected net value that is greater than 
the maximum total resource return rate (E*/T; grey dashed line), where the total return 
rate (E/T; black line) is a function of which resources are pursued and each resource 
type’s encounter rate (not pictured). In this scenario, the maximum rate of resource 
production is achieved by pursuing resource types 1, 2, and 3. 
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Notably, prey choice and most other foraging theory models only consider 

individuals, not the behaviour of groups or of individuals acting within groups. When 

resource production is carried out by groups of individuals it may be more appropriate 

to develop social foraging theory models that consider either the relationships between  

group size and resource availability, or the ways that individuals in groups of a given 

size use the resources that are available them (Giraldeau and Caraco 2000). 

Archaeologists are generally aware of social foraging theory and many have explicitly 

used models such as ideal free distribution to explore relationships between population 

density and environmental quality (e.g., Allen 2012; Kennett et al. 2006). However, 

social foraging models of prey choice have received comparatively little attention in 

archaeology, possibly because we usually do not have access to information about 

human group sizes in archaeological contexts, and it is usually inappropriate to assume 

that group sizes remained constant over successive resource production episodes. 

Alternatively, it may be possible to create separate foraging theory models that evaluate 

gendered or age-related differences in people’s resource production practices (e.g., Bird 

and Bliege Bird 2000; Codding et al. 2010).  

One potential limitation of most foraging theory models is their simplicity. For 

example, prey choice models evaluate behavioural alternatives with a single measure of 

resource value, and they do not consider factors such as post-capture travel or 

transport costs, changes in an individual’s state (e.g., from starving to satiated), risks of 

production failure or injury, individual preferences, the availability of information, or 

choice of search strategy (e.g., stationary ambush versus mobile pursuit) and 

procurement technology (Boone 2012; Gifford-Gonzalez 2018:540–543). Any or all of 

these variables may be important for understanding resource production behaviours in 

any organism, and they can and have been added to basic foraging theory models to 

make them more complex as needed (Broughton and Cannon 2010; Stephens and Krebs 

1986). In one archaeological example, Boone (2012) developed a dynamic state variable 

model to consider the interacting effects of individual state, risk, and multiple 

nutritional currencies on the hunting and fishing decisions of native Californians 

throughout the Holocene, and predicted that individuals would preferentially target 

reliable resources over those that maximize return rates. However, other archaeologists 

who use behavioural ecology maintain that the simplicity of basic foraging theory 

models is a strength as they allow researchers to reduce complex behaviour to its 



Theoretical Background 

19 
 

essential components (Cannon and Broughton 2010; DiNapoli and Morrison 2017; 

Smith and Winterhalder 1981; Winterhalder 2002). Results from simple models can 

also be applied more generally to a wider range of contexts than ‘realistic’ models of 

very specific contexts, and they avoid problems of overfitted models that attempt to 

explain both data and ‘noise’ (DiNapoli and Morrison 2017). Dynamic modelling, and 

dynamic social foraging models in particular, are important areas for future growth in 

archaeological applications of foraging theory, but for the purposes of this thesis I use a 

simple prey choice model. 

2.2.2. Applying Prey Choice in Zooarchaeology 

Researchers generally use prey choice models in zooarchaeological contexts as 

analytic tools to test independently derived models of environmental, socioeconomic, 

and technological change with zooarchaeological assemblages, and to explain shifting 

patterns of human resource production in terms of adaptive responses to those 

hypothesized changes. This approach begins with an independent expectation of 

socioenvironmental change that has implications for resource encounter rates and 

return rates at various times in the past. Archaeologists using foraging theory have 

considered a wide range of possible drivers for change in resource availability, return 

rates, and resource production strategies. Such hypothesized drivers may include 

climate shifts, habitat availability, human predation pressure, shifts in procurement 

technology, plant and animal domestication, and changes in social organization and 

cultural values (Jones and Hurley 2017). Expected socioenvironmental changes are 

interpreted in light of foraging theory model solutions to predict how humans would 

have adapted their patterns of resource selection over time in response to those 

changes. Zooarchaeologists then compare such predictions against archaeological 

evidence to evaluate the underlying model of socioenvironmental change (Bayham 

1979, 1982:85–89; Broughton 1994a, 1994b; Cannon 2000; DiNapoli and Morrison 

2017; Winterhalder and Smith 2000). 

 Unlike ecological or ethnographic approaches to foraging theory modelling, this 

archaeological framework of foraging theory-based hypothesis testing does not 

evaluate or refine the underlying foraging theory models that researchers use to 

generate predictions (Grayson and Delpech 1998; Winterhalder 2002). Usually it is 

impossible to validate foraging theory models of resource production in archaeological 
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contexts as we cannot directly observe human behaviour in the past and we rarely have 

independent sources of information about how the availability or productivity of 

various resource types changed over time. Instead, researchers proceed under the 

assumption that selected foraging theory models are qualitatively accurate and draw on 

ethnographic case studies and ethnohistoric reports for supporting evidence to justify 

the fundamental assumptions of the models (Bayham 1979; Broughton and Cannon 

2010:7–8; Codding and Bird 2015; Grayson and Delpech 1998; Winterhalder 2002). It is 

also important that researchers consider alternative explanations of foraging decisions 

and test the underlying models of socioenvironmental change with independent lines of 

inquiry to verify the results of their foraging theory-based interpretations whenever 

possible (Broughton 2002; Gifford-Gonzalez 2018:548–549; Grayson and Cannon 1999; 

Stephens and Krebs 1986). 

Zooarchaeologists generally assess prey choice and resource production in 

assemblages of animal remains by comparing patterns of taxon presence-absence and 

relative taxonomic abundances for animals based on their individual resource return 

ranks. Applying prey choice model solutions allows researchers to make several 

qualitative interpretations about zooarchaeological assemblages using these two 

measures. First, assemblages containing only high-ranked animals indicate that high-

ranked resource types were available and abundant during most archaeologically 

represented foraging bouts. Second, the presence of low-ranked resource types indicates 

higher-ranked resources were scarce enough that total resource production rates fell 

below the low-ranked resource’s individual return rate during at least one 

archaeologically represented foraging bout. Third, assemblages that have greater 

relative abundances of high-ranked resources indicate that site inhabitants encountered 

them more frequently on average than people at other sites with lower relative 

abundances of high-ranked resources. These interpretations assume that the people 

who created the specified assemblages ranked available resources according to similar 

criteria, that they had access to similar kinds of procurement technologies, and that no 

other taphonomic factors have affected relative taxonomic abundances. Researchers 

also need to explicitly indicate how they determine resource ranks, how they measure 

relative abundances of different resources, and consider how differences in the 

spatiotemporal scales of archaeological assemblages and prey choice models could 

affect archaeological interpretations.  
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In practice, many archaeologists determine the resource rankings of available 

animals by using prey body size as a proxy for caloric returns. Archaeologists adopt this 

approach because the expected nutritional returns and handling time costs associated 

with different prey types are influenced by the specific strategies, techniques, and 

technologies people used to capture, process, and prepare prey for consumption, which 

are unknowable for most archaeological contexts. Some ethnoarchaeologists attempt to 

address this knowledge gap by taking detailed caloric and/or time use measurements of 

modern resource production practices (e.g., Bayliss-Smith 1990; Bliege Bird and Bird 

1997; Kirch and Dye 1979; Ono 2010), but it is not always clear whether such 

ethnographic analogies are relevant to other time periods or cultural contexts (Grayson 

and Cannon 1999:154; Nagaoka 2019; Whitaker 2012). More often, archaeologists 

follow the example of ecologists working on foraging theory research who use prey 

body size as a proximate measure of resource rankings (ei/hi) (Griffiths 1975) based on 

the assumption that caloric returns are correlated with resource biomass up to a certain 

point (Bayham 1979, 1982; Broughton 1994b; Broughton et al. 2011). Researchers in 

archaeology and ecology also recognize that handling costs have a non-linear 

relationship to biomass, as very small and very large animals require disproportionately 

more time to process individually, leading to decreases in resource ranks as body size 

increases (Figure 2.2). Reviews of experimental and ethnographic studies show body 

size is usually correlated with caloric return rates for sessile resources, but differences 

in prey mobility, predator avoidance responses, or defence mechanisms can affect 

handling costs and the chance of capture success, weakening or eliminating the 

correlation between body size and resource ranks (Bird et al. 2009; Bird and O’Connell 

2006; Broughton et al. 2011; Codding et al. 2010; Lupo et al. 2020; Nagaoka 2019). 

One further complication with body size-based prey rankings is the possibility 

that mass capture techniques such as netting or trapping can dramatically increase 

resource return rates and substantially alter prey ranks (Madsen and Schmitt 1998; 

Ugan 2005). In one study that anticipated many aspects of later debates, Lindström 

(1992) developed an ethnographically informed prey choice model which predicted 

that mass-captured, small-bodied fishes were by far the most productive food resource 

available to Indigenous peoples on the Truckee River, California throughout the 

Holocene. However, she also observed that high return rates of mass capture methods 

might be offset or negated by the high time costs associated with the manufacture and 
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Figure 2.2. Hypothetical relationships between the individual biomass of resource types 
and (A) energy yield, (B) handling costs, and (C) expected resource type return rates 
(i.e., rankings) for individual capture methods (adapted from Bayham 1982: Figure 3.1). 

maintenance of nets, baskets, and traps, and by processing small fish individually for 

long-term storage. When post-capture handling costs associated with preservation are 

included, large-bodied game fish captured individually by spearing or on hook-and-line 

would have provided higher return-rates than any other fish resources, and most other 

food resources overall (following the first-ranked prey type: mass-harvested 

grasshoppers) (Lindström 1992). 

Other researchers have noted that collecting multiple individual resources at 

once violates prey choice constraint assumptions that individuals must pursue 

individual prey items sequentially, and that low-ranking prey might be captured 

inadvertently even if they would not be pursued if they were encountered individually 

(Jones 2006:277; Madsen and Schmitt 1998). Madsen and Schmitt (1998) proposed 

these theoretical tensions can be resolved by treating entire collectives of resources as 

individual resource items. This idea appears to follow from Stephens and Krebs’s 

(1986:32–34) patches as prey model, a more general version of a prey choice model 

that defines resource types as either individual resource items or as any ‘patch’ of 
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resources that are collected together, although the authors only credit “Stevens [sic] & 

Krebs, 1986” implicitly for this approach (Madsen and Schmitt 1998:447). Using this 

alternative prey choice model, Madsen and Schmitt (1998) argued resource types can 

be defined and ranked by their total biomass, and that individuals should preferentially 

pursue resources with the highest biomass, assuming that total biomass is an accurate 

proxy for caloric return rates.  

A critical review of ethnographic time motion studies by Ugan (2005) suggests 

that total patch biomass only provides an accurate proxy of return rates in some 

circumstances, as mass capture strategies only improve caloric returns for small-bodied 

resources, and only when they can be processed more efficiently in large numbers. 

Because pursuit costs usually represent a minor component of post-encounter handling 

costs, and many mammals, birds, and fishes have fixed processing costs (e.g., it takes the 

same amount of time to scale and gut individual fish regardless of how many have been 

captured), mass capture methods rarely lead to large improvements in resource 

production rates. However, some invertebrates and small fishes (e.g., grasshoppers and 

herrings) that can be captured and processed en masse show dramatically higher 

returns when mass capture techniques were used (Ugan 2005). This pattern is 

consistent with ethnographic observations from tropical Oceania that net fishing for 

small fishes can be much more productive than pursuing large-bodied fishes with any 

capture strategy (e.g., Allen 1992a; Kirch and Dye 1979; Ono 2010). Mass capture may 

also be preferred over individual capture techniques when it can be used to reduce 

search costs for prey with very low encounter rates, improving total resource returns 

and reducing exposures to hazards (Ugan 2005), or when labour is divided such that 

different groups of people are responsible for capturing and handling resources (Jones 

2006). One consequence of these observations is that individual species could be 

considered as multiple resource types with very different rankings depending on how 

they were captured (Greenspan 1998; Madsen and Schmitt 1998). For example, the 

presence of a small fish species in an archaeological assemblage could represent low-

return fishing with handlines, and/or high-return net fishing for seasonal schools. 

Therefore, we should not simply assume that small-bodied prey are always indicative of 

unproductive environmental conditions with low total return rates; we should critically 

evaluate which collection strategies may be represented and look for possible 

signatures of mass harvest in the age and size frequencies of prey species (Butler 1996; 
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Greenspan 1998; Jones 2006; Morin et al. 2020; Ugan 2005). In this thesis I rank most 

coastal fish resources based on their individual body sizes, but I treat very small-bodied 

(i.e., <100 g biomass), schooling fishes as potentially high-ranked resources given the 

possibility that they may have provided very high caloric return rates if they were 

captured en masse (Section 4.1.1).  

Archaeologists also often use another common archaeological proxy, abundance 

indices, to compare the relative taxonomic abundances of animals from different 

resource ranks and infer changes in the efficiency of resource production. Bayham 

(1979, 1982) originally developed abundance indices to compare high-ranked, large-

bodied prey abundances to low-ranked, small-bodied prey in archaeological 

assemblages, and they have been widely used since to measure regional trends in prey 

choice and animal resource productivity (e.g., Butler and Campbell 2004; Jones 2009; 

Nagaoka 2002). Such abundance indices (AI) are often calculated as the ratio of a high-

ranked taxon’s abundance to the total abundance of all animal remains, or: 

 
AI =  

∑ high ranked taxon

∑ all taxa
 

(Eq. 2.2) 

In other cases, researchers use the sum of a high-ranked taxon’s abundance and a low-

ranked taxon’s abundance in the denominator to reduce ambiguity when many different 

taxa are represented. The result for either formula is a ratio between 1 and 0. Assuming 

all potential taphonomic biases have been accounted for, a value of 1 indicates the high-

ranked taxon was the only exploited species, 0 demonstrates it was not exploited at all, 

and intermediate values are taken as indications that a range of resource types were 

exploited. AI values have no additional meaning when considered individually; because 

taxonomic abundances only provide rank-order data at best (Section 5.5), an AI cannot 

indicate the magnitude of difference in the amount of different resource types that were 

used. However, differences in AI values for separate assemblages can be interpreted as 

evidence that there were relative differences in patterns of resource use, where a high 

AI value indicates site inhabitants acquired relatively more high-ranked resources than 

the inhabitants of sites with lower AIs, all else being equal. I use several different 

abundance indices in this thesis to measure trends in the relative abundances of various 

high-ranked fishes over time (Section 4.2.4). 

One final challenge of applying prey choice model solutions to interpretations of 

archaeological animal remains is the difference between the spatial and temporal scales 
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of archaeological formation processes and foraging theory models (Grayson and 

Delpech 1998). Simply put, zooarchaeological data are not the product of the individual 

foraging events in a discrete area that prey choice models consider. Many 

zooarchaeological assemblages are palimpsests representing multiple episodes of 

activity that may have involved multiple patterns and scales of landscape use over the 

course of unknown, but potentially long, time scales. This means assemblages may have 

formed under variable socioenvironmental conditions, but any variability in resource 

production may be fundamentally muted by time-averaging when it is considered at the 

assemblage scale (Grayson and Delpech 1998; Lyman 2003; Ugan and Bright 2001). 

While comparisons that show different results between assemblages likely indicate that 

real differences in resource production existed, it is unclear whether assemblages with 

similar characteristics reflect similar resource production or differences that have been 

masked by aggregation.  

Fortunately, time- and space-averaging do not affect taxon presence-absence and 

abundance indices in the same way, and it may be possible to determine whether 

apparently similar assemblages actually reflect differences in resource production by 

considering multiple kinds of zooarchaeological measures. For instance, Grayson and 

Delpech (1998) posed a scenario comparing two hypothetical assemblages: one formed 

by hunting in a habitat with few high-ranked prey for 100 years; the other formed by 

hunting abundant high-ranked prey for 99 years followed by a single ‘bad’ year hunting 

a wider range of prey including low-ranked types. Although the two assemblages do not 

reflect the same history of resource production, they would both include a comparable 

range and number of prey types, preventing us from perceiving any differences between 

the two based on taxonomic richness alone. But if we also consider abundance indices, 

the consistently low return assemblage should have a much lower relative abundance of 

high-ranked prey types than the assemblage that is high return on average. Therefore, 

expectations developed from the solutions to foraging theory models should ideally be 

tested using multiple measures to help resolve potential problems of equifinality.  

Overall, prey choice and other foraging theory models are powerful analytic tools 

for investigating patterns of human-animal relationships in archaeological contexts, but 

they also have several weaknesses that can be partially addressed by hybridizing 

foraging theory with other theoretical approaches. The principal benefit of foraging 

theory is that it provides clear predictions for how individuals may have adapted their 
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resource production practices in response to hypothesized changes in resource 

availability or other socioenvironmental constraints. Testing these predictions helps 

explore possible explanations for changes in the taxonomic composition of 

zooarchaeological assemblages, although plausible alternative explanations for 

observed patterns should also be considered even if the evidence shows strong 

agreement with predictions from foraging theory model solutions (Durham 1981; 

Stephens and Krebs 1986). This is especially important in archaeological settings where 

the assumptions underlying foraging theory models cannot be validated as we cannot 

directly observe human behaviours in the past (Grayson and Delpech 1998; 

Winterhalder 2002). Meanwhile the simplicity of foraging theory models has been cited 

as both a strength and as a weakness. On one hand, simple models are more likely to 

lead to useful insights for behaviour across a wider range of contexts than complex 

models that are overfitted to one specific time and place (DiNapoli and Morrison 2017). 

On the other, this reductionist approach may lead researchers to overlook important 

social or evolutionary factors, non-linear or multi-causal socioenvironmental processes, 

and/or the emergent phenomena of complex socioenvironmental systems (Boone 2012; 

Fitzhugh et al. 2019; McGlade 1995, 2003). These fundamental weaknesses of foraging 

theory models might explain why researchers are beginning to hybridize them, and use 

them in tandem, with other archaeological theories such as niche construction theory, 

resilience theory, and historical ecology (Jones and Hurley 2017; e.g., Mohlenhoff et al. 

2015; Reitz et al. 2009). Similarly, exploring foraging theory expectations under the 

broader framework of human ecodynamics can help address the problem of 

reductionism and satisfy the need to continually explore alternative explanations by 

considering such models as just one component of a holistic interpretive framework. 

2.3. Chapter Summary 

Fishbone assemblages are created by the dynamic interactions between fish 

stocks and human fishers, both of which are enmeshed in broader, dynamic 

socioenvironmental contexts that are continually transformed and sustained by people 

and non-human entities. To understand the archaeological history of Māori fisheries, it 

is therefore necessary to carefully consider multiple factors that could have influenced 

the historical trajectories of fish stocks and fishing practices. Human ecodynamics 

provides an ideal framework for iteratively investigating long-term environmental and 
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social processes as an interrelated whole, and I use it in this thesis to guide my study of 

the interactions between climate, fisheries biology, and Māori fishers that reproduced 

and/or transformed fisheries over time. In adopting this approach, I recognize that 

Māori, and all humans, are inextricably intertwined with their historically contingent 

land- and seascapes, and that the landscapes and fish populations of Aotearoa did not 

exist in a state of equilibrium before or after Māori arrived.  

Studies of human ecodynamics assemble explanations of socioenvironmental 

transformations and stability by comparing empirical descriptions, deductive models, 

and qualitative analysis from many, potentially unrelated theories and research 

disciplines. In the next chapter, I review available information about climate records; 

fish life histories and their environmental requirements and vulnerabilities; and 

previous archaeological studies of Māori fishing and foodways. I then use this 

information to begin defining hypotheses about the climatic, ecological, and social 

processes that may have affected fish stocks and Māori fisheries over time. However, it 

is important to recognize that fish catches rarely represent systematic or representative 

samples of biological populations, which means changes in fish stocks may not actually 

have affected Māori fisheries, or that Māori may have responded to such changes in 

unexpected ways. Interpreting changes in fisheries therefore requires an understanding 

of the factors that influence people’s decisions during resource production activities. 

In this thesis, I use a prey choice model from the field of behavioural ecology as a 

heuristic device to articulate assumptions about the factors that influence fishing 

behaviour and to develop testable predictions about how Māori fisheries may have 

responded to shifting fish populations. More specifically, I develop a model of expected 

changes in fishers’ prey choices due to climatic or anthropogenic disturbances in fish 

stocks, where individual fish body sizes are correlated with resource return rates, or 

due to shifts in fishing strategies that could have altered these relationships between 

prey rankings and body size (Chapter 4). Behavioural ecology is often used as a 

standalone theoretical approach to compare and contrast alternative hypotheses about 

the circumstances of socioenvironmental change. But insights from this hypothetico-

deductive strategy can also be productively incorporated into more holistic interpretive 

frameworks such as human ecodynamics by weaving prey choice hypothesis test results 

together with other conceptual models, historical data, and qualitative analysis into 

richer understandings of human-environment relationships.  
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3. Socioenvironmental Contexts of Aotearoa Fisheries 

This chapter provides an overview of the socioenvironmental context of Māori 

fisheries. For convenience, I have organized it into three sections on Aotearoa’s climate 

and fisheries biology, and Māori archaeological histories, but all of these components 

mutually influence one another with varying degrees of intensity. Marine climate 

conditions emerge from a range of atmospheric, geological, and fluid dynamics – such as 

insolation, atmospheric circulation, bathymetry, tectonics, boundary currents, and 

thermohaline circulation – many of which can be altered by humans and other biotic 

agents over long and short time scales. Coastal ecology is in turn strongly influenced by 

the availability of water-borne nutrients and planktonic larvae in freshwater runoff and 

ocean currents, by water temperature and salinity, and by seabed structure. Humans 

play important ecological roles in many marine habitats and, in some cases, they can be 

considered keystone species. Human fisheries are influenced by the availability and 

density of marine prey and by coastal geography and weather patterns that limit or 

increase travel options, and marine life and environments have profound influences on 

other aspects of human cultures. In short, these social and environmental systems are 

irreducibly interconnected, and any attempt to understand the archaeology of Māori 

fisheries must recognize the ways these ecodynamic relationships co-evolved with local 

marine ecosystems and climatic conditions. 

I start by describing Aotearoa’s recent climate history leading up to and 

including the entire period of Māori settlement beginning in the thirteenth century. 

Because high resolution records of marine climate history are relatively scarce for the 

last 2,000 years in the southwest Pacific, I also summarise terrestrial climate records, 

describe the correlations between marine and terrestrial conditions, and review the 

evidence for a Little Ice Age from 1500-1900 CE. Next, I describe the coastal fishes of 

northern Aotearoa and use available information about their life histories and 

environmental tolerances to make predictions about how decreases in sea surface 

temperatures associated with the Little Ice Age would have affected fish populations. I 

also consider available evidence for social and anthropogenic environmental shifts that 

could have influenced fishing practices. Finally, I provide an overview of existing 

archaeological research on Māori fisheries and review the ways that established 
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archaeofisheries patterns may be considerably biased by formational processes and the 

methodological decisions of archaeologists. 

3.1. Climate History of Aotearoa 

Aotearoa is a largely submerged microcontinent that partially obstructs the 

wind-driven circulation of several large water masses. Since the last major interglacial 

period of the Pleistocene (marine isotope stages 5-1, 130 kya to present) the mainland 

has been completely encompassed by surface flows of subtropical water derived from 

the East Australian Current (EAC) (Hayward et al. 2012). The EAC is the western 

boundary of the South Pacific subtropical gyre, carrying warm, salty, nutrient-poor 

subtropical water south along the east Australian coastline to the Tasman Sea (Figure 

3.1). At latitude 32°S a large portion of the EAC separates from the continent and flows 

east between 30-35°S to northern Aotearoa as the Tasman Front, while the remainder 

of the EAC continues south to eastern Tasmania as subtropical eddies or, in some years, 

as an extension of the EAC. The Tasman Front in turn feeds the East Auckland Current, 

which bathes the east coast of the North Island with warm, saline, subtropical water 

from Cape Reinga to Bay of Plenty, and its extension, the East Cape Current, continues 

south to the northern flanks of Chatham Rise (Stevens et al. 2019). Surface currents on 

the west coast of the North Island are complex and highly variable, with weak inshore 

flows that are driven in a mean northwest direction by wind stress and weak offshore 

flows in the opposite direction (Sutton and Bowen 2011). Further south, the Subtropical 

Front separates cooled and modified subtropical water in the Tasman Sea from cold, 

less saline, nutrient rich, subantarctic water in the South Pacific Ocean (Stevens et al. 

2019). The two distinct water masses in this current flow east from Tasmania to 

southern Aotearoa at about 43°S, and then bend around Rakiura/Stewart Island to flow 

northwards along the east coast where it is known as the Southland Current. At 

Chatham Rise, the shoaling bathymetry and the convergence of the warm East Cape 

Current and the cool Southland Current redirects these flows eastwards, where they 

form the southern boundary current that separates the South Pacific from the Southern 

Ocean.  

High-resolution palaeoceanographic and sea surface temperature (SST) 

reconstructions following the mid-Holocene are scarce in the southwest Pacific, but 

recent research suggests there have been abrupt periods of change in regional 
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Figure 3.1. Map of southwest Pacific surface currents and sources of paleoecological 
records mentioned in the text (adapted from Chiswell et al. 2015: Figure 5). 1-5: black 
coral samples analysed by Komugabe-Dixson et al. (2016); 6: snapper otoliths from Hot 
Water Beach, and 7: red cod otoliths from Omimi (Neil et al. 2011); 8: University of 
Auckland Leigh Marine Station; and 9: Southern Alp glacier moraines (Winkler 2014, 
2018). This work is a derivative of “World Terrain Base” by Esri, USGS, and NOAA, used 
under Esri Master License Agreement. 

circulation within the last 1,000 years that could have affected marine habitats 

(Komugabe-Dixson et al. 2016; Petchey and Schmid 2020). In a comparison of 

radiocarbon ages and uranium-thorium ages, Komugabe-Dixson et al. (2016) observed a 

substantial increase in the marine radiocarbon reservoir ages of black coral (Leiopathes 

sp.) samples from the southwest Tasman Sea (Figure 3.1) between 1610–1860 cal CE. 

Because subtropical waters are more ventilated and have younger reservoir ages than 

subantarctic waters, the authors argue this shift reflects a weakening of EAC and its 
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influence on this region. Observations from the Tasman Sea beginning in the 1960s 

demonstrate that EAC extension and Tasman Front strength are inversely correlated 

(Hill et al. 2011), and the Tasman Front may have been stronger during this time period, 

increasing the transport of warm, subtropical waters to northern Aotearoa (Komugabe-

Dixson et al. 2016), but this has not been confirmed. Petchey and Schmid (2020) drew 

attention to extremely negative (i.e., young) marine reservoir ages in Komugabe-Dixon 

et al.’s (2016) data between 1400–1550 cal CE and in paired terrestrial and marine 

radiocarbon dates from archaeological sites across Aotearoa between 1350-1400 cal CE. 

The causes of these decreases in reservoir ages have not been determined, but they 

could provide evidence of substantial changes in regional patterns of upwelling, surface 

flows, and/or marine productivity. Interestingly, one analysis of carbonate isotopes in 

archaeological fish otoliths from the Coromandel Peninsula and southeast South Island 

(dated to 1331–1600 cal CE and 1320–1533 cal CE, respectively, both at 95% 

probability; Figure 3.1) indicates SSTs and marine productivity were identical to 

modern conditions in each region when these fishes were alive (Neil et al. 2011). 

Unfortunately, it is difficult to compare these data with observed changes in reservoir 

ages given the large error ranges of the radiocarbon dates associated with the otoliths. 

Such fluctuations in circulation appear to have taken place in the context of 

global decreases in marine water temperatures. In a multi-proxy synthesis of 57 marine 

climate reconstructions, McGregor et al. (2015) found a robust cooling trend in median 

SST across the world’s oceans between 800-1800 CE. Within the Pacific Ocean, the 

Southern Ocean, and the Southern Hemisphere overall, the authors found that cooling 

was particularly pronounced after 1100 CE (Figure 3.2). However, it remains to be seen 

whether the southwest Pacific experienced similar changes, or whether the 

complexities of local climate systems resulted in different outcomes. 

In the absence of continuous SST proxies from the last 1,000 years in Aotearoa, 

we can turn to terrestrial climate records for insights into marine climate history as 

there are strong relationships between marine and atmospheric conditions. For 

example, interannual changes in SST from 1967–2015 CE at the University of Auckland 

Leigh Marine Station (Figure 3.1) are highly correlated with mean atmospheric 

temperatures at meteorological stations from across Aotearoa (Bowen et al. 2017). On 

millennial-scales, strong similarities between SST reconstructions and proxies of 

terrestrial conditions – including glacial records and vegetation changes – suggest the  
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Figure 3.2. 200-year mean sea surface temperature anomalies in the Pacific Ocean, 
Southern Ocean, and Southern Hemisphere based on a global synthesis of multi-proxy 
temperature reconstructions (adapted from McGregor et al. 2015: Figure 2). 

close relationship between water and air temperature also persisted for at least the last 

150 ky (Barrows et al. 2007). Such correlations are not surprising as a large proportion 

of the variance in modern SST and coastal air temperature can be explained by heat 

exchange between the air and the sea, although there are other factors that affect SST in 

the southwest Pacific (Bowen et al. 2017). Based on these observations, I assume that 

long-term trends in the local marine conditions of Aotearoa can be accurately 

approximated with terrestrial climate reconstructions. 

While high-resolution, terrestrial climate records from the Southern Hemisphere 

are also few in number (Barrows et al. 2007), analysis of 27 coral and tree-ring proxies 

from Australasia show the region experienced a sustained warm period from 1160–

1370 CE followed by a protracted cold period from about 1530–1930 CE (Figure 3.3) 

(Ahmed et al. 2013). These changes in temperature represent local manifestations of 

the globally observed but regionally variable climate shifts known collectively as the 

Medieval Climatic Anomaly and the Little Ice Age (LIA). According to Ahmed et al. 

(2013), the semi-synchronous LIA periods of continental-scale cooling that spanned 

1200–1800 CE were caused by decreases in solar irradiance and insolation, increased 

volcanic activity, and anthropogenic changes in land-cover. A separate model of global 

variation in Medieval Climatic Anomaly and LIA signatures that included three 

temperature proxies from Aotearoa predicted that local mean air temperatures 

decreased by 0.2°C to 0.8°C between 1400–1700 CE (Mann et al. 2009). Overall, these 

general trends correlate with the shifts in reconstructed ocean SSTs for the same period, 

supporting the assumption that marine and terrestrial climates experienced similar 

long-term changes on very large geographical scales. 
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Figure 3.3. 30-year mean atmospheric temperature anomalies in an Australasian 
temperature reconstruction based on 27 coral and tree-ring proxies (adapted from 
Ahmed et al. 2013: Figure 2).  

Within Aotearoa, Lorrey et al. (2008, 2011) have synthesized numerous 

paleoclimate proxies to reconstruct mean air temperature and precipitation patterns in 

six regional climate districts since the mid-Holocene that agree with Ahmed et al.’s 

(2013) observations for Australasia. Using tree-ring growth, speleothem (crystalline 

cave deposit) stable isotopes, pollen records, sedimentation rates, and erosion scars, 

these authors argue the warm-to-mild conditions that prevailed before 1500 CE were 

terminated by a deep cold event from 1500–1650 CE, and that the subsequent 

rewarming to modern conditions lasted until the late 1800s. Another review of this 

evidence and other climate proxies from across the Southern Hemisphere characterized 

the LIA as an “El Niño-like climate state” (Lorrey et al. 2014:3056), with cooler, saltier 

water in the southwest Pacific, a 0.6 ± 0.3°C decrease in median summer air 

temperature, colder winters relative to summers, and wetter weather conditions. These 

findings are supported by more recent comparisons of glacial moraine chronologies 

from the Southern Alps that show a nearly ubiquitous pattern of glacial advance ending 

around 120-250 ya (Figure 3.4) (Winkler 2014, 2018; Winkler and Matthews 2010). If 

we allow for individual variation in glacier mass-balance responses, this cluster of 

moraine ages strongly indicates Aotearoa first experienced LIA conditions beginning 

about 500 ya (Winkler 2014), which coincides with the start of the deep cold event 

observed by Lorrey et al. (2011).  

 To summarise, terrestrial climate records indicate there was a warm period 

before 1500 CE, and a marked cooling event consistent with the LIA that lasted from 

1500–1900 CE. Assuming the modern correlations between coastal and terrestrial 

conditions also existed in the past, nearshore waters were probably cooler after 

1500 CE as well. There are insufficient local climate proxies for marine conditions to 
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Figure 3.4. Southern Alps glacial moraine chronologies showing periods of maximum 
glacial advance (adapted from Winkler 2014: Figure 5, 2018: Figure 10). 

directly measure the timing or magnitude of these hypothesized changes, but oceanic 

SSTs also decreased over this period. It is possible the strength of the Tasman Front 

increased from 1610–1860 CE (which would have increased SST in northeast Aotearoa), 

or that other disruptions to local marine circulation occurred between 1350–1400 CE, 

but the weight of evidence suggests the LIA caused substantial decreases in terrestrial 

and marine temperatures. 

3.2. Nearshore Fish Stocks and the Little Ice Age 

Making reliable predictions about the effects of cooling water temperatures on 

fisheries is challenging given the limited state of knowledge regarding fish responses to 

environmental changes. Climate has been cited as the single most important factor 

driving species distributions and demography in marine systems as it affects growth, 

reproduction, and survival rates (O’Brien et al. 2013). Observations of species responses 

to a warming Tasman Sea over the last 100 years indicate that climate shifts rapidly 

affect the latitudinal distributions of fishes (Last et al. 2011), and the absence of long-

term environmental and biological data is often regarded as a major limitation for 

predictions of climate responses to modern climate change (Jones 2013; King 2007:49; 

Rouse et al. 2017). In summarizing marine climate change research, Rouse et al. (2017) 

note that increases in average SST can cause changes in species distributions and mass 

mortality, but that such relationships between climate and fish populations have not 

been demonstrated in Aotearoa. Many fish families are completely unstudied in 

Aotearoa, and the population dynamics of well-studied populations are also poorly 

understood (Jones 2013; Morrison et al. 2014).  
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In the context of this critical knowledge gap, paleontological and archaeological 

data represent the only available long-term records of fish responses to climate shifts. 

Archaeofisheries data are particularly valuable for the insight they can provide on 

interactions between fish ecology, environmental change, and sustained human 

harvesting, both internationally (e.g., Barrett 2019; Butler and Delacorte 2004; Nims 

and Butler 2019b; Zangrando and Martinoli 2012) and in Aotearoa (MacDiarmid et al. 

2016b; Smith 2013). However, as every archaeological sample reflects patterns of 

human selection (and use, deposition, diagenesis, and archaeological sampling), changes 

in fish abundance profiles do not provide direct evidence of species responses to 

climate change (Barrett 2019; Izzo et al. 2016; Zangrando and Martinoli 2012). 

Therefore, recognizing climate responses in ancient fish populations requires careful 

consideration of human responses to changes in fisheries, and prior knowledge of 

species environmental tolerances.  

One approach for predicting climate change effects on fish stocks is to use 

information about species life histories to predict a fish’s key environmental 

requirements and vulnerabilities during each stage of life, from eggs to juveniles to 

adults. If temperature or other environmental parameters create biological bottlenecks 

in reproduction, growth, or maturation, then it is possible to construct a series of 

expected demographic effects from changes in those parameters. For example, O’Brien 

et al. (2013) showed that modern genetic diversity in selected shark species can be 

explained by their habitat preferences, which affected their resilience during 

Pleistocene glaciations. Benthic (bottom-dwelling), pelagic (open-ocean), and migratory 

sharks have greater genetic diversity than coastal, temperate, non-migratory species 

because their preferred habitats experienced less severe fluctuations during glaciation, 

and/or they were able to relocate to new areas with more suitable conditions (O’Brien 

et al. 2013). In another example, Hirst and Hamer (2013) used life history information 

for four species of commercially important Australian fishes to characterize their 

vulnerability to eight environmental stressors at each life stage, indicating that fish 

larvae are particularly threatened by on-going changes in ocean temperature, currents, 

and wind/wave energy. Finally, Yatsu et al. (2008) predicted changes in North Pacific 

fisheries biomass since the 1950s by comparing generalized life history strategies of 

each species to environmental fluctuations. Species with ‘opportunistic’ (e.g., herrings) 

and ‘salmonic’ (i.e., anadramous and catadromous) life histories show immediate and 
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drastic responses to climate change, and ‘periodic’ species with long life spans, high 

fecundity, and late maturation (e.g., sablefish – Anoplopoma fimbria) experience delayed 

climate responses. Meanwhile, the biomass of ‘intermediate’ species tends to oscillate 

independently of climate, and ‘equilibrium’ strategists (e.g., dogfish sharks – Squalus 

sp.) are not affected by most climate shifts at all (Yatsu et al. 2008). 

To assess potential LIA effects on fish stocks in the past, I reviewed biological 

literature for 17 marine fish species from 11 families that are frequently observed in 

northern North Island archaeological collections according to data reported by Leach 

(2006) and Smith (2013). I also included 14 species of shark, skate, and ray that are 

potentially represented by unidentified elasmobranch specimens in some northern 

archaeological sites (Leach 2006; Smith 2013), and I added another 7 species of 

flounder and sole that could be more commonly represented than researchers 

previously thought (Campbell 2016). In total, I surveyed fisheries literature on 38 

species from 23 families and consulted standard guides on the coastal fishes of Aotearoa 

(Francis 2012; Roberts et al. 2015b) to identify their environmental tolerances across 

their entire life history and estimate the effects of cooling temperatures on geographic 

ranges, abundances, and mean body sizes. Due to word count limits I was unable to 

include narrative descriptions of individual species life histories and the implications of 

cooling temperatures for northern Aotearoa populations in this thesis, but these 

detailed accounts can be found in Supplementary Materials S1 – Coastal Fish Life 

Histories. Here, I provide general information on coastal fish life histories and 

summarise predicted LIA disturbances in northern Aotearoa fish stocks. 

3.2.1. Overview of Fish Life Histories 

The life histories of most bony-fish (class Actinopterygii) species are separated 

into four ontogenetic stages: egg, larva, juvenile, and adult. In most species, eggs are 

produced and fertilized externally through a process called spawning. Free-swimming 

larvae hatch from eggs, disperse, and develop into juveniles. The arrival of very young 

juveniles or late-stage larvae in a habitat is referred to as settlement. When juveniles 

reach sexual maturity they join adult populations in a process called recruitment.1 

 
1 ‘Recruitment’ can also refer to when fish enter a population that is vulnerable to human 
exploitation, either by growing large enough to be caught in fishing gear or by migrating to 
fishing grounds, which is important for management purposes (King 2007:212). I do not use 
this second definition in this thesis. 
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However, sharks, rays, and other cartilaginous fishes (class Chondrichthyes) are 

somewhat different as they reproduce through internal fertilization, lack a larval stage 

of development, and, in some species, give live birth to pups (juveniles) instead of laying 

eggs.  

Globally, spawning is usually restricted to spring months and is associated with 

large or small-scale migrations to specific spawning areas (King 2007:211; Morrison et 

al. 2014). Most Aotearoa reef fishes spawn in spring or summer, sometimes on a daily 

basis during spawning seasons (Jones 2013), but many local flatfishes spawn initially or 

exclusively during the winter, and sand flounders (Rhombosolea plebia) spawn year-

round (Munroe 2015). Seasonal spawning is often triggered when male and female 

gonads are activated by changes in water temperature, or by other environmental cues 

such as day length, salinity, food availability, and lunar cycles (King 2007:213–214). For 

example, snapper begin spawning in the spring when water temperatures increase to 

15°C (Parsons et al. 2014), but Australian stocks failed to spawn in 2005 during a 40-

year low in SST when coastal waters did not reach this minimum temperature 

(Wakefield et al. 2015). The placement of spawning areas may be related to 

oceanographic conditions that facilitate larval dispersal to suitable habitats, but the 

exact locations and dynamics of spawning activities are largely unknown (Morrison et 

al. 2014).  

While many fishes spawn passively by casting large quantities of eggs and milt 

into open waters and leave fertilization to chance, some species lay eggs and fertilize 

them directly in nesting sites that may be guarded or unguarded. In leatherjacket 

(Meuschenia scaber) spawning observed at Goat Island Bay, males court a female who 

digs a nest and then rapidly lays eggs while the male nudges her. Afterwards, the female 

departs and the male remains in the vicinity to fertilize the eggs and guard his territory, 

though no parental care is given to nests (Visconti et al. 2017). Different spawning 

strategies may reflect bet-hedging trade-offs between parental energy investment and 

offspring survival. High fecundity is often offset by increased parental mortality 

resulting from the high energetic costs of reproduction, so depositing fewer eggs during 

repeated spawning events over an extended lifespan may increase the chances of 

reproductive success when offspring survival is variable (King 2007:8). 

Fish eggs usually measure about 1-5 mm in diameter and hatch into transparent 

larvae that are 5 mm long with large eyes and yolk sacs (King 2007:123). Ocean 
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currents carry planktonic fish larvae towards (hopefully) suitable habitats for further 

growth and development, though currents and storms can also prevent entire year-

classes of larvae from reaching settlement (King 2007:222). After they exhaust their 

yolk-sacs, larvae begin developing fins and start making daily surface migrations to feed 

on plankton. At later stages of development, larvae may also make large-scale 

migrations. For example, Kingsford and Tricklebank (1991) observed that yelloweye 

mullet (Aldrichetta forsteri) larvae school up to 18 km offshore from northeast Aotearoa 

at lengths of 4-6 mm for several weeks before swimming back inshore to settle in 

estuaries. Larvae metamorphose into juvenile fish that resemble small adults during 

their shoreward migrations or shortly after settling in juvenile habitat areas.  

The juvenile stage of fish life history is characterized by two main challenges: 

surviving to adulthood and maintaining efficient growth rates. Juvenile habitats are 

often referred to generally as nurseries because they appear to enhance juvenile 

survival rates. However, Beck et al. (2001) argue the term nursery should only be used 

for habitat areas that meet four criteria: (1) there are higher densities of juveniles than 

in other areas, (2) juvenile growth rates are higher than in other areas, (3) juvenile 

survival rates are higher than in other areas, and (4) juveniles make seasonal or size-

specific movements out of the nursery into adult habitats. Faster growth is generally 

considered advantageous as it leads to early protection from predators that hunt 

smaller individuals, but growth incurs high energy demands and may only be possible 

when food resources are abundant (King 2007:192). Growth rates are also affected by 

other environmental factors, such as temperature, salinity, and predation pressure.  

Mortality is typically massive and highly variable during the long period between 

egg fertilization and maturity (King 2007:220). For example, one large female snapper 

measuring 50 cm long can produce between 4.5 to 6 million eggs in a single season, but 

about 83% of the fertilized eggs will die before hatching (Parsons et al. 2014). One 

laboratory experiment suggests snapper egg mortality is related to low water 

temperature as eggs held at temperatures between 15°C and 18.5°C had less than 5% 

survival rates, while eggs held above 19°C had greater than 80% successful hatch rates 

(Sim-Smith et al. 2013). Larval survival is highly dependent on the availability of 

planktonic prey once yolk-sacs are depleted. If larvae production coincides with low 

prey abundances they can experience mass starvation, or much slower growth rates 

that increase their exposure to predation by larger animals (King 2007:220–222). High 
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predation, low temperatures, and low food availability often cause up to 98% mortality 

in snapper larvae within 8 days of hatching (Parsons et al. 2014; Zeldis et al. 2005).  

Eventually, juveniles migrate out of juvenile habitats and begin recruiting into 

adult fish stocks. Recruitment often takes place at a particular time of year when 

juveniles reach a particular size or age (King 2007:219). Recruitment rates – the rate of 

adult population growth – can vary dramatically between years due to small differences 

in spawning success and pre-recruit mortality. Some commercial fisheries are based 

entirely on one or two very large year-classes of recruits that are harvested over the 

course of several years as they grow (King 2007:6). 

Patterns of maturation are highly variable across fish species, and many fisheries 

studies aim to measure the mean length or age at which spawning first takes place (King 

2007:212). Males and females may grow at different rates and mature at different sizes 

or ages, usually with females growing faster and/or maturing later. For example, most 

tarakihi (Nemadactylus macropterus) mature after four to five years when males are 

between 25 to 30 cm long, but faster growing females are between 28 to 34 cm long at 

maturity. Some fishes change sex as juveniles or after reaching maturity, with most 

hermaphroditic species displaying protogyny – female to male sex change (Jones 

2013:348; King 2007:123). All greenbone (aka butterfish; Odax pullus) are female at 

birth, and then some females change sex to males during the peak spawning season one 

to two years after reaching maturity (Francis 2012; Paul et al. 2000; Trip et al. 2011).  

Fish continue growing and changing after reaching maturity. Fisheries biologists 

generally assume that adult mortality remains relatively constant for adult fish in the 

absence of human fishing pressure (King 2007:222), but ‘natural’ mortality may 

decrease with age for long-lived fishes as older, larger fish have fewer predators (King 

2007:234). Older, larger fish can also contribute disproportionately large numbers of 

offspring during spawning. Among blue cod (Parapercis colias) in Fiordland, a 24 year-

old female produces over 60 times more eggs than a 7 year-old fish, and over 100 times 

more eggs than a 6 year-old fish (Beer 2011).  

In summary, fish populations are influenced by environmental variables at all 

stages of life history. Spawning migrations and activity are often triggered by 

environmental cues, with water temperature playing an important role for many 

species. Egg and larval survival depend on food availability, tolerable water conditions, 

and successful transport to juvenile habitats. Further development into adulthood 
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requires sufficient food and suitable environmental conditions for growth. Movements 

and migrations of adult fish can also be affected by temperature and salinity as they 

continually seek optimal, or at least tolerable, habitats for feeding, growth, and survival. 

3.2.2. Expected Little Ice Age Responses 

Although many fishes in Aotearoa have not been studied, or only have 

information available for a small area of their distribution (Jones 2013; Morrison et al. 

2014), some species do have clear relationships between water temperature and 

demography (Table 3.1; Supplementary Materials S1). Grey mullet (Mugil cephalus), 

snapper, and blue mackerel (Scomber australasicus) are vulnerable to cooler waters, 

and it is very likely that these populations declined in northern Aotearoa during the LIA. 

Spawning in all three species is highly correlated with water temperature, and grey 

mullet and snapper eggs show high mortality rates below 20°C (Whitfield et al. 2012) 

and 19°C (Sim-Smith et al. 2013) respectively. Thus, decreases in SST probably 

disrupted recruitment rates after 1500 CE, which would have resulted in population 

decline over centennial scales. The factors that control the growth patterns of grey 

mullet and blue mackerel are poorly understood, but snapper growth is highly 

dependent on temperature in the first six months and then on population density over 

the remainder of their life span (Parsons et al. 2014). If lower temperatures increased 

mortality in the first six-months, lower population densities would have decreased 

competition for food, likely causing growth rates and the adult mean body size of 

snapper to increase during this period.  

Negative responses are also possible for other species, but these predictions 

have lower confidence. Water temperature appears to affect short-tail stingray 

(Bathytoshia brevicaudata) development, with cooler water leading to delayed 

maturation (Le Port et al. 2008). Cooler temperatures could also decrease population 

sizes by reducing the number of reproductive years for each ray, and lead to increases 

in mean body size by reducing the numbers of small pups produced annually. Long-

tailed stingrays (Bathytoshia lata) and trevally (Pseudocaranx georgianus) occur over a 

wide latitudinal range, but they have larger populations in warmer waters north of East 

Cape (Francis 2012; Last and Stewart 2015) and Cook Strait (French et al. 2012; Smith-

Vaniz 2015; Smith-Vaniz and Jelks 2006), respectively, so decreases in SST may have led  
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Table 3.1. Model of expectations for Little Ice Age responses on northern Aotearoa fish 
populations, organized by the expected direction of responses. Darker cells indicate 
higher confidence predictions. Cells without colour indicate knowledge gaps. 

 
Common Name Species 

Expected Little Ice Age Responses 

Range Abundance Mean Size 

N
eg

at
iv

e 
R

es
p

o
n

se
s 

great white shark Carcharodon carcharias = Decrease* = 

short-tail stingray Bathytoshia brevicaudata = Decrease Increase 

long-tail stingray Bathytoshia lata = Decrease** = 

yelloweye mullet Aldrichetta forsteri == = Decrease 

grey mullet Mugil cephalus Retreat North? Decrease ? 

trevally Pseudocaranx georgianus = Decrease ? 

snapper Chrysophrys auratus Retreat North? Decrease Increase 

kahawai Arripis trutta == ? Decrease 

tarakihi Nemadactylus macropterus = ? Decrease 

blue mackerel Scomber australasicus = Decrease ? 

M
in

im
al

 R
es

p
o

n
se

s 

school shark Galeorhinus galeus = = = 

rig Mustelus lenticulatus = = = 

bronze whaler Carcharhinus brachyurus = = = 

blue shark Prionace glauca = = = 

hammerhead Sphyrna zygaena = = = 

sevengill shark Notorynchus cepedianus = = = 

spiny dogfish Squalus acanthias = = = 

smooth skate Dipturus innominatus = = = 

rough skate Dipturus nasutus = = = 

eagle ray Myliobatis tenuicaudatus = = = 

red gurnard Chelidonichthys kumu == == == 

horse mackerel Trachurus novaezelandiae = ? ? 

spotty Notolabrus celidotus == = ? 

banded wrasse Notolabrus fucicola == = ? 

scarlet wrasse Pseudolabrus miles == ? ? 

witch Arnoglossus scapha = = ? 

yellowbelly flounder Rhombosolea leporina == = ? 

sand flounder Rhombosolea plebia == = ? 

black flounder Rhombosolea retiaria == = ? 

leatherjacket Meuschenia scaber == == == 

P
o

si
ti

ve
 R

es
p

o
n

se
s carpet shark Cephaloscyllium isabellum = Increase = 

jack mackerel Trachurus declivis = Increase Increase 

greenbone Odax pullus Expand North Increase Increase 

blue cod Parapercis colias == Increase == 

barracouta Thyrsites atun == Increase ? 

turbot Colistium nudipinnis == Increase ? 

lemon sole Pelotretis flavilatus == Increase ? 

New Zealand sole Peltorhamphus novaezeelandiae == Increase ? 

* Caused by change in prey availability. 
** Southern end of study area only. 

 

to demographic deterioration in the north. Yelloweye mullet, kahawai (Arripis trutta), 

and tarakihi probably saw decreases in mean body size during the LIA as their growth 

rates appear to correlate with water temperature (Curtis and Shima 2005; Hughes et al. 

2017; Jordan 2001). 
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Great white sharks (Carcharodon carcharias) are also shown as possibly 

decreasing during the LIA in Table 3.1, but this shift would not be a direct result of 

climate change. Rather, this prediction reflects evidence that great whites often 

congregate around pinniped rookeries (Duffy 2015a; Francis 2012), like those on the 

North Island that were abandoned in the fifteenth century due to human predation 

pressure (Smith 2005). I therefore expect that great white sharks would have been 

more abundant in northern coastal waters when these rookeries were populated, and 

that great whites would have dispersed after pinnipeds relocated to higher latitudes. 

Other species almost certainly benefited during the LIA. Greenbone populations 

in northern Aotearoa today live at the extreme limit of their physiological tolerance for 

warm water temperatures (Trip et al. 2016). Any decrease in mean SST would have 

ameliorated conditions for greenbone, and probably led to increases in population 

density and mean body size. Similarly, barracouta (Thyrsites atun) strongly prefer 

cooler waters (Griffiths 2002, 2003; Hurst and Bagley 1989; Stewart 2015) and 

decreases in SST likely led to larger nearshore stocks.  

Carpet sharks (Cephaloscyllium isabellum), jack mackerel (Trachurus declivis), 

blue cod, and some flatfishes (order Pleuronectiformes) may have seen population 

increases as well. Carpet sharks inhabit a wide latitudinal range in Aotearoa, but they 

are most abundant in the South Island (Francis 2012; Nakaya et al. 2015). If the 

latitudinal differences in population sizes are related to temperature, decreases in SST 

could have caused northern stocks to increase during the LIA. Although many aspects of 

jack mackerel population dynamics are poorly understood throughout its range, their 

year-class strength in Aotearoa appears to increase in years with colder SST (Jones 

1990), though this may simply reflect changes in the distribution of surface schools 

rather than increases in population size (Jordan et al. 1995). In either case, jack 

mackerels may have been more abundant and accessible in coastal habitats under LIA 

conditions. Blue cod, turbot (Colistium nudipinnis), and several soles (Pelotretis 

flavilatus and Peltorhamphus novaezeelandiae) are present throughout Aotearoa but 

only abundant in the south. If population growth in these species is limited by warmer 

water temperatures, then cooling conditions could have allowed their abundances to 

increase during the LIA.  

Among the remaining species, I strongly expect that two fishes would have seen 

little or no change over the LIA due to climatic shifts. Red gurnard (Chelidonichthys 
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kumu) are abundant across a wide latitudinal range with no apparent relationships 

between temperature and demography (Struthers and Gomon 2015). Leatherjackets 

are abundant across a similar latitudinal range. Spawning is temperature sensitive and 

only appears to take place between 14°C and 16°C, but northern Aotearoa waters 

regularly reach this range in winter (Visconti et al. 2017). Even with decreasing SSTs, 

suitable spawning conditions likely occurred annually during the LIA, so the seasonality 

of leatherjacket spawning may have shifted but population declines are unlikely. 

I expect the other 19 species listed in Table 3.1 also saw no major demographic 

change during the LIA as a result of climate shifts. Many of these fishes are poorly 

studied (e.g., horse mackerel – Trachurus novaezelandiae) or there is very little 

information on their environmental tolerances despite decades of research (e.g., 

yellowbelly flounder [Rhombosolea leporina]). However, because these species have 

wide latitudinal distributions across Aotearoa and/or the globe, they are likely adapted 

to survive a variety of conditions (van der Veer et al. 1994). Furthermore, most of the 

shark and ray species can probably be characterized as equilibrium strategists that 

show little to no climate responses. For example, Yatsu et al. (2008) use spiny dogfish 

(Squalus acanthias) in the North Pacific as a type-species for the equilibrium life history 

strategy, and found no measurable effects related to climate fluctuations in those 

populations over the last 50 years. 

Overall, my review indicates several archaeologically common fishes are 

sensitive to the changes in coastal environments that almost certainly took place after 

1500 CE. Given our limited state of knowledge about the effects of climate on fish 

populations, and uncertainties about the magnitude of SST decreases, it is not possible 

to predict the magnitudes of climate responses in any fish stocks, but for several species 

the predicted directions of change are clear. Populations of snapper, grey mullet, blue 

mackerel, and possibly a few other species probably decreased during the LIA. 

Barracouta, greenbone, and potentially other temperate fishes likely became more 

abundant in the northern North Island. There may also have been other, nonlinear 

changes in marine ecosystems as food-webs responded to shifts in predator and/or 

prey abundances, but these first-order expectations provide a strong starting point for 

investigating the long-term ecodynamics of fisheries. 
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3.3. Archaeological Histories 

Fisheries are not just dependent on the availability of fish stocks. They also 

change in tandem with cultural, political, and economic developments; when fishers 

adopt new technologies, methods, and strategies; and in response to other changes in 

resource production and foodways. Archaeological narratives about Māori histories in 

Aotearoa have consistently been challenged by the fluidity of Māori social organization 

(Allen 1996, 2020; Holdaway 2004) and the development of radiocarbon hygiene 

protocols in the early 1990s and mid-2000s that redated the earliest archaeological 

evidence in Aotearoa to the thirteenth century (Anderson 1991; Higham and Jones 

2004; Wilmshurst et al. 2008, 2011). Today, archaeologists are still coming to grips with 

the implications of this short settlement chronology and the complexity of Māori 

mobility patterns for understanding the nature of socioenvironmental processes, and 

many archaeological sequences of social, political, or technological change remain 

unverified (Allen 2020; Anderson 2016; Smith 2008). Nevertheless, archaeologists have 

been able to document some general trends in Māori lifeways over the last 700-800 

years (e.g., see review by Anderson 2014c), including changes in horticultural 

production (e.g., Prebble et al. 2019), increases in intergroup conflict (e.g., McCoy and 

Ladefoged 2019), and increasing community self-sufficiency and reliance on local 

resources (e.g., Allen 2012; Campbell et al. 2019a; but see also McCoy et al. 2014). 

Here, I briefly review the available evidence for two processes of 

socioenvironmental change that may have led to increased demand for, and greater 

harvest pressure on, marine fish resources over time: (1) the loss of megafauna and (2) 

increases in human population sizes. Increasing demand for fish related to these (or 

other) reasons could have influenced Māori to adopt new food production strategies 

and technologies, while sustained and increasing fish harvests could have affected fish 

stocks over time. However, Māori fisheries are also interrelated with many other 

historical processes and they could reasonably have been affected by numerous other 

cultural and social factors that I have not reviewed here.  

Extinctions of terrestrial megafauna – especially moa (family Dinornithiformes) 

– have been a key research topic in Aotearoa archaeology since the beginning of 

archaeological study in this country (Allen and Nagaoka 2004; Anderson 1989; Barber 

1995; Nagaoka and Allen 2009). Studies of the processes that led to moa extinctions 
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suggest a combination of predation by Māori, kiore (Rattus exulans), and kurī (Canis 

familiaris) and anthropogenic landscape transformations likely contributed to 

population collapse in each of the nine moa species within a few centuries of initial 

human settlement (Allentoft et al. 2014; Anderson 1989, 2014a; Holdaway et al. 2014; 

Perry et al. 2014; Worthy 1999). Analysis of whakataukī (ancestral Māori language 

proverbs) indicates moa extinctions had particularly strong cultural impacts on Māori 

compared to extinctions of other large birds (Wehi et al. 2018) – including two adzebill 

species (Aptornis sp.), two geese (Cnemiornis sp.), and several species of ducks and 

flightless rails – even though these taxa also played important roles in Māori diets 

(Worthy 1999). 

In contrast, patterns of decline and extirpation in marine megafauna first 

received serious attention in the 1980s (Smith 1985). The highly fragmented and 

weathered state of cetacean remains has impaired archaeological understanding of the 

roles these animals played in Māori life, but analysis of pinniped remains suggests fur 

seal (Arctocephalus forsteri) populations relocated progressively further south over 

several centuries as part of a behavioural response to Māori predation (Smith 1985, 

2005). Today, adult male and subadult fur seals congregate and haul out on exposed 

rocky coasts throughout Aotearoa, while pups and adult females are only found in 

breeding ranges south of Cook Strait. However, Smith’s (1985, 2005) analysis of 100 

North and South Island archaeological assemblages identified fur seal pup and adult 

female remains in sites across both islands, demonstrating that Māori encountered 

rookeries along most of the coastline when they first arrived. In the North Island, 

zooarchaeological evidence of breeding colony exploitation is only present at sites from 

before 1400 CE, and opportunistic encounters with adult male and subadult haul outs 

largely ceased by 1500 CE (Smith 2005, see also Smith 2013).  

The losses of terrestrial and marine megafauna would have removed many 

important sources of dietary fat and protein from Māori foodways across the North 

Island and much of the South Island, which may have increased the demand for other 

animal resources. One site where this process has been documented in detail is Shag 

River Mouth, an Otago coastal dune system with highly stratified archaeological 

deposits that Māori briefly occupied over multiple episodes during the fourteenth 

century (Anderson et al. 1996). Nagaoka’s (2000, 2002) analysis of animal remains 

collected with 1/8" (3.2 mm) sieves from nine cultural layers (SM/C Dune - excavated 
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area: 8x10 m) shows the earliest site inhabitants preyed on a diverse assemblage of 

coastal and inland animals, with a strong emphasis on fur seal and moas. By the final 

two layers of cultural activity (Layers 4 and 2), moas were still the dominant bird prey 

brought to the site from the ‘inland’ resource patch, but inland animal resource use was 

much more evenly distributed across a wide range of prey types due to declining 

encounter rates with moa prey (Nagaoka 2001, 2005a). Meanwhile, kurī replaced 

pinnipeds as the dominant ‘coastal’ food animal in Layer 4, and coastal fishes such as 

blue cod, wrasses (family Labridae, tribe Pseudolabrini), and black cods (family 

Nototheniidae) took on new importance in Layers 4 and 2 as fur seal populations 

gradually decreased. Nagaoka (2002) argues the increasing scarcity of moa and fur seals 

was also responsible for the sudden dominance of offshore resources (animals only 

accessible with ocean-going water craft) in the last two occupation layers represented 

by dense accumulations of barracouta, red cod (Pseudophycis bachus), and albatrosses 

(family Diomedeidae). Overall, these results indicate the decreasing availability of 

megafauna led some southern South Island Māori to dramatically shift the focus of their 

food production strategy to target offshore fishes, while also increasing their 

consumption of kurī, coastal birds and fishes, and smaller terrestrial avifauna. 

Elsewhere, Māori may have also turned increasingly to shellfish, freshwater resources, 

or horticultural products for food as megafauna declined (Smith 2013), but marine 

fishes likely provided an attractive alternative to moa and pinnipeds in all coastal areas 

of Aotearoa. 

Even if the relative importance of marine fishes did not change as other 

resources became scarce, the magnitude of fisheries harvests might have increased over 

time with Māori population sizes. Though there are no empirical analyses available that 

directly measure past human population size, numerous informal and mathematical 

models have been developed to estimate Māori population growth over time (Pool 

1991:35–42; recent examples include Brown and Crema 2019; Smith 2011; Walter et al. 

2017). The methods underlying various models and their population estimates for any 

given time or place vary widely, and estimates of contact period population sizes that 

are essential components of these models are often problematic (Chapple 2017). 

Nevertheless, Brown and Crema’s (2019) recent analysis of summed probability 

distributions of radiocarbon dates – which can provide a proxy for relative changes in 

human population sizes – does support earlier suggestions that Māori populations 
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experienced stable, logistic population growth, albeit with considerable regional 

variation. Notably, these summed probability distributions indicate population size 

plateaued by about 1500 cal CE in the northern North Island, where relatively high 

population densities were probably sustained by optimal environmental conditions for 

horticultural production (Brown and Crema 2019). Such demographic proxies should 

always be interpreted carefully as they can potentially reflect numerous taphonomic, 

sampling, and calibration biases rather than the human demographic trends that 

archaeologists seek to understand (e.g., Brown and Ames 2019; Torfing 2015). 

However, if northern Māori population densities increased steadily over time as many 

archaeologists assume (Anderson 2014d:123–128), marine fish harvests could have 

increased substantially to feed human population growth and subsequent harvests 

likely would have remained high to maintain northern populations.  

Together, population growth and megafaunal extinction likely caused demand 

for marine fish resources to increase by about 1500 CE. To meet the needs of these 

populations, it may have been necessary to adopt new fishing strategies or technologies 

and leverage economies of scale to increase the magnitude and efficiency of resource 

production by, for example, shifting from individual capture to mass capture fishing 

methods. However, no such changes have been identified directly from artifact 

assemblages to date. Fishhooks do show evidence of change in style and material type, 

with large, one-piece bone hooks giving way to one-piece hooks made from shell and 

smaller pieces of bone, and to composite hooks with wooden shanks and shell or bone 

barbs, but no convincing functional significance has been attributed to any of these 

developments (Furey 2004:39, 45–46; Paulin 2007:24–26). A large variety of fishing 

nets and traps that Māori used to capture vast quantities of small schooling fishes have 

also been historically documented (Best 1929; Hīroa 1926; Paulin 2007; Paulin and 

Fenwick 2016), but because this equipment was largely made from perishable woods 

and fibres there are no archaeological analogues available for studying changes in mass 

capture technologies. In the absence of reliable artefactual evidence for fishing 

technology, archaeologists can turn to fishbone assemblages themselves for insight into 

potential technological or strategic shifts in fisheries based on changes in the habitat 

preferences and schooling habits of archaeological represented taxa (e.g., Allen 

1992b:420–428, 2014; Butler 1994, 2001; Leach et al. 1997a). 
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Over the course of decades and centuries, the effects of increased and sustained 

fish harvests could have reduced fish stocks in addition to terrestrial and marine 

megafauna. Modern fisheries research indicates some fishes that are behaviourally 

sensitive to human exploitation pressure, like adult snapper, actively relocate to marine 

reserves and deeper water to avoid capture (Denny et al. 2003:26). Other fishes are 

demographically vulnerable to even moderate increases in mortality, and sustained 

exploitation by humans can cause population sizes to collapse. For example, fisheries 

that target large-sized blue cod quickly remove sedentary males from the stock, 

stimulating many small-sized females to change sex, creating a male-dominated 

population structure that dramatically reduces the reproductive potential of the 

population (Beentjes and Carbines 2005; Beer 2011). Several researchers have argued 

that Māori resource management practices such as rāhui (ritual prohibitions on spaces 

and/or resources) ensured the sustainability of fisheries (Barber 2004; Paulin 2007; 

Paulin and Fenwick 2016:26), but even sustainable fisheries affect fish stocks (Hilborn 

and Hilborn 2012). And while rāhui are initiated for a variety of social, political, and 

ecological purposes (Kawharu 2000; McCormack 2011), those that were imposed to 

allow unproductive resources to replenish would necessarily have occurred in response 

to observable changes in the state of a fishery. Ultimately, the possibility of harvest 

impacts on the species that Māori fished cannot be easily dismissed, and the 

ecodynamics of Māori fisheries may reflect both anthropogenic reductions in fish stocks 

and human responses to such changes. 

3.4. Māori Archaeofisheries 

After reviewing several socioenvironmental factors that might have affected 

coastal fisheries in the past, I now consider the existing body of research on the 

archaeology of Māori fisheries for potential indications that any of these drivers of 

change did in fact influence fish catches over time. There are four large-scale, 

comparative studies of note from Aotearoa that all highlight strong regional variation 

and modest change over time in archaeological fishbone assemblages. Some of these 

trends appear consistent with LIA- or harvest-related disturbances in fish stocks, but, it 

is unclear whether these assemblages reflect socioenvironmental realities of the past or 

if they have been transformed by formational processes and archaeological methods of 

sampling, recovery, and identification. 
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In their pioneering synthesis of archaeofisheries records from throughout 

Aotearoa, Leach and Boocock (1993) aggregated 63 fishbone assemblages into five 

arbitrary regional groups that reflect very different fisheries. They found that snapper 

dominated their Northern North Island group, relatively diverse fish catches of snapper 

and wrasses in the Southern North Island, and large catches of tarakihi and blue cod at 

the Chatham Islands, while barracouta dominated both the Northern South Island and 

Southern South Island (Leach and Boocock 1993: Table 143). These regional differences 

were thought to primarily reflect latitudinal variation in fisheries biogeography. 

Snapper abundances, for example, decrease with latitude in both the archaeological 

sample and modern populations (Trnski and Roberts 2015). Leach and Boocock (1993) 

also attempted to examine fisheries change over time by aggregating taxonomic 

abundances into three periods regardless of geographic origin: ‘Archaic New Zealand 

Polynesian’ (< 1500 CE), ‘Classic Māori’ (> 1500 CE), and ‘Post-European.’ This 

comparison appears to show an early focus on barracouta fishing, followed by more 

diverse fisheries, which gave way to wrasse dominated catches (Leach and Boocock 

1993: Table 150), but the differences are caused by the strong overrepresentation of 

South Island assemblages in the ‘Archaic’ aggregate. 

Anderson (1997) expanded on Leach and Boocock’s (1993) work and identified 

similar regional patterns in archaeological fish representation. This analysis compared 

archaeological patterns in a modified version of Leach and Boocock’s (1993) database 

(“FBB,” all Chondrichthyes, freshwater fishes, Chatham Islands assemblages, and 

assemblages with < 5 MNI removed; n = 50 sites) against patterns in a separate 

database of 55 new assemblages (“FBD,” n = 55 sites). Anderson (1997) observed that 

both the FBB and FBD databases were dominated by only four taxa – red cod, snapper, 

wrasses, and barracouta – with little evidence of fishing outside of shallow inshore 

waters, and no fishes represented from habitats below 100 m depth. He also noted a 

heavy bias towards southern South Island sites in the FBB sample and more even 

regional representation in the FBD sample. Nevertheless, species representation for the 

‘northern North Island’ and ‘southern South Island’ groups was virtually identical in 

both datasets, with snapper dominating the far north and barracouta dominating in the 

far south. There were notable differences between the two datasets in the ‘southern 

North Island’ and ‘northern South Island’ groups that probably reflect different habitat 

distributions in each sample of sites, but when both regions are considered as a whole 



Nims – 2022 

50 
 

they appear to reflect diverse fish catches with a relatively even focus on wrasses, red 

cod, and barracouta (Anderson 1997). Overall, these patterns are consistent with Leach 

and Boocock’s (1993) findings that regional fish catches reflect latitudinal variation in 

fish stocks. 

Given the demonstrably regional character of Māori fisheries, Anderson (1997) 

examined temporal patterns in fisheries by comparing taxonomic abundances from 

southern South Island assemblages (9 assemblages dated to before 1500 CE; 7 

assemblages after) and northern North Island assemblages (10 assemblages dated to 

before 1500 CE; 10 assemblages after) separately. The southern South Island aggregates 

appeared to reflect a stable fishery dominated by barracouta and red cod throughout, 

while the northern North Island assemblages showed more variability. Earlier northern 

assemblages were dominated by snapper, and the later aggregation was co-dominated 

by snapper and leatherjacket. However, Anderson (1997:21) notes that nearly all 

leatherjacket in the post-1500 CE sample come from a single site at Hahei on the 

Coromandel Peninsula (Hahei leatherjacket = 133 MNI [Nichol 1986]; total late 

northern North Island leatherjacket = 137 MNI). This could indicate the later northern 

North Island fisheries showed intra-regional variation, or that this sample was not large 

enough to be representative of the fish catches at this time and place.  

Leach tackled the issues of regional and temporal variation in Māori fish catches 

once again in his 2006 book, Fishing in Pre-European New Zealand, with a much larger 

database of 126 archaeological sites. This sample included nearly all the assemblages 

from the two previous studies (Anderson 1997; Leach and Boocock 1993) and others 

that were published since 1997, though each of Leach’s (2006) substantive comparisons 

were based on a different subset of the full database. In a notable departure from 

previous research, these comparisons all focused on mean values of proportional 

taxonomic representation, addressing some of the earlier problems caused by sample 

size differences between sites, and by assumptions that spatiotemporal groups of 

assemblages can be aggregated arbitrarily. Though not without its own issues, this 

monumental work supported earlier findings that Māori fisheries exhibited strong 

regional variability and highlighted modest evidence of LIA responses in key fish stocks. 

In short, Leach (2006) presented a multitude of approaches to characterizing 

regional and temporal variability in Māori fisheries. Synchronic comparisons of 

archaeological fishbone assemblages from three biogeographic regions supported 
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earlier findings that northern and southern fisheries were focused on narrow sets of 

species, while Cook Strait fisheries incorporated a diverse range of fishes (Leach 

2006:153–156). A principal components analysis of an overlapping sample of fishbone 

assemblages found additional intra-regional patterning in fish catches that were not 

exclusively influenced by biogeography (Leach 2006:162–165). Temporal comparisons 

based on a third subset of assemblages suggested that snapper abundances decreased 

in North Island sites and that barracouta increased in South Island sites after about 

1500 CE and the onset of LIA conditions (Leach 2006:183–184). Further consideration 

of five stratified sites with assemblages from multiple time periods found multiple 

statistically significant changes in abundances of greenbone, blue cod, kahawai, 

snapper, and wrasses (Leach 2006:206–207), but only greenbone showed large changes 

in rank-order abundance, increasing from a minor taxon to a major component at two 

southern North Island sites. Similar comparisons of body size frequencies suggest 

barracouta recruitment rates may have increased during the LIA at Long Beach 

(Dunedin), and that snapper recruitment possibly decreased at Rotokura (Tasman Bay), 

while changes in the mean body size of blue cod and wrasses at Mana Island could 

reflect harvest pressures on local fish populations (Leach 2006:230). 

More recently, Smith (2013) summarised available archaeological data on Māori 

marine resource use over three time periods in two coastal study areas: the greater 

Hauraki Gulf (northeast North Island from Whangārei to Waihi Beach) and Otago-

Catlins (southeast South Island from Oamaru to Slope Point). This sample included 75 

assemblages from 48 ‘Greater Hauraki’ sites and 32 assemblages from 19 Otago-Catlins 

sites that had marine zooarchaeological data and reliable radiocarbon dates. Unlike 

earlier studies, Smith’s (2013) analysis simplified comparisons of resource use over 

time by focusing on changes in species presence in assemblages between ‘Early’ (1250–

1450 cal CE), ‘Middle’ (1450–1650 cal CE), and ‘Late’ (1650–1800 cal CE) time periods 

for each study area. In the Greater Hauraki, the frequency of fish presence declined after 

the Early period from 100% occurrence to about 75% occurrence in Middle and Late 

period assemblages. Snapper were the most frequently observed fish in all time periods 

even though their ubiquity shifted dramatically from 100% occurrence early on to 36% 

occurrence in the Middle period and then up to 64% occurrence in the Late Period. 

However, Smith (2013:16) suggests many of the fish remains recorded at the family 

level as Carangidae are probably from genus Trachurus, which would make jack 
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mackerels (Trachurus spp.) the most commonly represented fishes in the Middle period 

with 63% occurrence. Smith (2013) also noted that wrasses, kahawai, and 

leatherjackets were widespread in the Early period assemblages, but their occurrence 

declined substantially afterwards. In the Otago-Catlins study area, fish were present in 

nearly every assemblage from each time period, though the very small sample of 

assemblages from the Middle period limited the reliability of temporal comparisons. 

Focusing on the differences between Early and Late assemblages indicates that 

barracouta and red cod were the most widely represented fishes in both time periods, 

while the occurrences of blue cod, trumpeter (Latris lineata), and wrasses declined, and 

hāpuku (Polyprion oxygeneios) and ling (Genypterus blacodes) increased over time.  

In his summary, Smith (2013) argues that changes in the occurrences of 

secondary taxa in Greater Hauraki assemblages could reflect a regional shift in Māori 

settlement patterns. High occurrences of leatherjackets, blue cod, and wrasses in Early 

period assemblages appear to indicate an early focus on rocky shore habitats where 

these species are common. After the Early period these taxa occur much less frequently 

and jack mackerels rise in prominence. Changes in shellfish assemblage composition 

also reflect a major shift with the Early period dominance of rocky shore molluscs 

giving way to a focus on estuarine bivalves from the Middle period onwards (Smith 

2013).  

These regional observations generally agree with the findings from previous, 

national level assessments of fisheries change, as both Anderson (1997) and Leach 

(2006:183–184) observed decreasing snapper dominance in northern fishbone 

assemblages, and a consistent dominance of barracouta and red cod in southern 

assemblages (Table 3.2). Interestingly, some of the results from Leach’s (2006:206–

207) local scale temporal analysis also correspond with Smith’s (2013) trends despite 

vast differences in scale, sample size, and methods. The former study found multiple 

instances of statistically significant declines in the relative abundances of wrasses and 

kahawai at the Mana Island, Washpool, and Black Rocks sites in central Aotearoa, and 

the latter showed that occurrences of these taxa decreased after 1450 CE in Greater 

Hauraki and Otago-Catlins (wrasses only) sites.  

Patterns for other taxa were less similar (Table 3.2). Smith’s (2013; Smith and 

James-Lee 2009) reassessment of the chronology at Hahei led him to assign the 

assemblages from this site to the Early (pre-1450 CE) period, contributing to a pattern 
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of declining leatherjacket occurrence over time, reversing the trend observed by 

Anderson (1997) that was driven by a post-1500 CE date for Hahei. Meanwhile, Leach’s 

(2006:206–207) observations that greenbone and blue cod abundances increased 

contrasts with the scarcity of greenbone occurrences in Greater Hauraki and Otago-

Catlins sites, and with clear decreasing blue cod occurrences in both study areas (Smith 

2013). 

Results from these comparative studies provide some evidence of LIA or 

harvesting responses in Aotearoa fish populations. Decreasing snapper abundances 

(Anderson 1997; Leach 2006:183–184) and ubiquity (Smith 2013) across North Island 

archaeological sites after about 1500 CE could indicate that snapper stocks declined in 

response to either decreasing SST (Table 3.1) or increasing harvest pressures. Smith 

(2013) also observed increasing taxonomic evenness in a small sample Greater Hauraki 

sites with at least 10 MNI, which is consistent with common behavioural responses to  

Table 3.2. Summary of findings from previous comparative archaeofisheries studies. 

Study Key Observations Inferred Causes 

Leach and Boocock 1993 • Regional differences between 
north and south of each island 

• Fisheries biogeography 

 • Switch from barracouta fishing 
to diverse fisheries after 1500 CE 

• Sampling bias in available 
assemblages 

Anderson 1997 • Regional differences between 
north and south of each island 

• Fisheries biogeography 

 • Switch from snapper to snapper 
and leatherjacket in the north 
after 1500 CE 

• Stable southern fisheries 

• Sampling bias in available 
assemblages 

Leach 2006 • Regional differences between 
North Island, Cook Strait, and 
South Island with some 
intraregional variation 

• Cultural variation within 
biogeographic constraints 

 • Decreasing snapper abundances, 
increasing snapper body sizes, 
decreasing barracouta body 
sizes  

• Low snapper recruitment 
and high barracouta 
recruitment during LIA  

 • Increasing blue cod body sizes • Harvest impacts 
 • Increasing greenbone 

abundances in Cook Strait  
• Technological change 

Smith 2013 • Decreasing snapper occurrences 
and increasing jack mackerel 
after 1450 CE in Greater Hauraki 

• Changing settlement 
patterns and habitat use 
from rocky to soft shores 

 • Stable Otago-Catlins fisheries  
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decreasing encounters with preferred prey (e.g., Nagaoka 2001) like snapper. Other 

changes lend additional support to the possibility of climate induced responses, such as 

increasing South Island barracouta abundances (Anderson 1997; Leach 2006:183–184) 

that may reflect growing barracouta stocks, and Leach’s (2006) observations of 

increasing snapper body size at two sites from Cook Strait (Table 3.1). Meanwhile, 

decreasing occurrences of kahawai, wrasses, and leatherjacket (Smith 2013) cannot be 

explained by LIA effects (Table 3.1), and these changes could be indicative of changing 

fishing practices and habitat use (Smith 2013), harvest pressures, or other factors. 

Finally, increasing jack mackerel ubiquity in Greater Hauraki sites after 1450 CE might 

be explained by a number of different processes, including increases in Trachurus 

declivis abundances under LIA conditions (Table 3.1), changing habitat use (Smith 

2013), and/or decreases in encounters with preferred prey. Alternatively, increasing 

catches of this small-bodied, schooling fish could reflect a switch to mass-capture 

pelagic fishing strategies over time. All told, this body of evidence suggests Māori 

fisheries were relatively stable for most of Aotearoa’s human history despite some 

potential climate and harvest responses in fish stocks. However, none of these 

archaeofisheries studies have assessed the role of taphonomic factors in structuring the 

patterns observed in fishbone assemblages, and it is not clear whether changes in 

fisheries are driven, or masked by, differential handling, bone preservation, recovery 

and identification methods, sample size effects, or yet other factors. 

3.4.1. Potential Taphonomic Biases 

In the studies discussed above, researchers explicitly recognized that 

assemblages are “of variable quality” (Leach 2006:5) and selected assemblages for 

analysis based on the perceived reliability of identification methods (Anderson 1997; 

Leach 2006; Leach and Boocock 1993), minimum sample size requirements (Leach 

2006:156, 183), and the reliability of radiocarbon dates (James-Lee 2014; Smith and 

James-Lee 2009). Though some potential biases were discussed repeatedly – including 

geographical biases in the available assemblages and the low survivorship of 

cartilaginous fish and freshwater eel (Anguilla spp.) remains (Anderson 1997; Leach 

2006; Leach and Boocock 1993; Smith 2013) – none have been assessed systematically. 

Here I summarise the potential effects of several important taphonomic and 
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methodological biases on archaeological interpretations of comparative 

archaeofisheries studies. 

Differences in the butchery, transport, and disposal of fish bodies between 

archaeological assemblages can substantially affect archaeological interpretations by 

changing relative abundances when body parts, or whole bodies, of some of some fishes 

are systematically removed from a site (Butler and Chatters 1994; Lyman 2010; Marean 

1991; Nagaoka et al. 2008; Smith et al. 2011). While it is difficult to diagnose cases of 

differential transport, where some fishes were captured at one place and then 

exclusively deposited elsewhere, the issue of differential butchery practices can be 

addressed by looking for taxon-specific patterns of body part representation. Several 

assemblages that have been analysed by Campbell (2016) and by Harris et al. (2017) 

with suitably broad element sets show strong evidence of taxon-specific handling 

practices in Māori archaeofisheries. At the Parton Road site (Bay of Plenty), the 

vertebrae of red gurnard, snapper, and barracouta were all underrepresented relative 

to identified cranial specimens, which could indicate the trunks of some individuals 

were removed in gourds and kelp bags, or dried and for preservation, and consumed 

elsewhere. Similarly, Harris et al. (2017:Table 5) noted the ratio of cranial to postcranial 

specimens was much lower for barracouta than red cod in Layer 4 of the Kahukura site 

(Southland), and attributed this pattern to barracouta-specific butchery practices that 

selectively removed their vertebrae from the assemblage along with the dried meat. At 

Urquharts Bay, Campbell (2016:28) noted that blue mackerel were represented 

exclusively by vertebrae, and that vertebrae closest to the cranium and to the caudal fin 

were underrepresented, potentially because blue mackerel heads and fins were 

removed from the body before these fish were brought to the site. Many of these 

patterns might also be attributed to differential patterns of post-depositional 

destruction, but it is clearly important to acknowledge that fish handling and disposal 

practices may have varied across space, time, and species, which could substantially 

affect patterns of taxonomic representation in fishbone assemblages. 

Issues of differential destruction are often highlighted when discussing low 

abundances of cartilaginous fishes and freshwater eels in archaeological deposits, but 

researchers have paid less attention to differences in bone survivorship among marine 

teleosts. Concerns about differential destruction stem from recognition that some 

animal tissues are less likely to survive or remain recognizable through all the 



Nims – 2022 

56 
 

mechanical and chemical forces that archaeological deposits weather, and that the 

intensity of tissue deterioration and destruction varies between assemblages. Several 

methods for characterizing the intensity of destructive forces that acted on assemblages 

have been employed by archaeologists in other parts of the world. One strategy is to 

compare frequencies of different skeletal elements based on their intrinsic properties 

that are thought to affect element survivorship, such as mineral bone density (Butler 

and Chatters 1994; Kreutzer 1992; Lam et al. 2003; Lyman 1985; Smith et al. 2011; 

Wolverton et al. 2010) and specimen shape (Darwent and Lyman 2002; Peacock et al. 

2012; Wolverton et al. 2010). Nichol (1988:409–410) adopted a similar position when 

he noted that kurī scavenging and provisioning probably deletes large, delicate skeletal 

elements from fishbone assemblages, biasing both body part and species 

representation. Other research suggests soil chemistry and the intensity of microbial 

alteration are the only two factors that determine bone preservation, and that these 

factors should be accounted for to ensure differences between assemblages are not 

caused solely by differences in depositional environments (Jans et al. 2004; Nielsen-

Marsh et al. 2007; Smith et al. 2007). Campbell (2005a) took a different approach that 

applied bone weathering measurements from mammals to fish remains, and found clear 

differences in element survivorship profiles for different South Island fishes that 

suggested barracouta have more robust skeletons than red cod. These preliminary 

observations caution us to consider that the dominance of snapper and barracouta in 

Māori archaeofisheries could simply indicate that these fishes have more durable 

skeletons than other species.  

Fishbone assemblages are also acutely sensitive to the recovery methods that 

archaeologists use. Early studies of recovery bias in paleontological mollusc shell and 

archaeological mammal bone demonstrated that excavators routinely overlook animal 

remains with a maximum dimension of 30 mm or less when they collect faunal material 

by handpicking visible specimens from excavation units (Sparks 1961; Watson 1972). 

Archaeologists who are concerned about this ‘visual selection’ bias (Sparks 1961:72) 

often use mesh screens to mechanically sieve fine sediments away from animal remains, 

increasing their visibility and simplifying collection. The choice of mesh size also has 

strong effects on what materials are recovered, as any specimen with transverse cross-

sectional dimensions that are smaller than the size of the mesh spacing has a chance of 

falling through screens when sieved. Careful study of sieve size effects shows that using 
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3.2 mm or finer mesh is critical for accurately characterizing relative taxonomic 

abundances and body size frequencies (Allen 2014; Casteel 1972; Gordon 1993; James 

1997; Nagaoka 1994, 2005b; Partlow 2006; Thomas 1969). In northern Aotearoa, small-

bodied fishes such as mullets (Mugilidae), piper (Hyporhamphus ihi), and pilchard 

(Sardinops sagax), and fishes with small jaw bones like leatherjacket, jack mackerels, 

and goatfishes (Mullidae) are especially likely to be missed with coarse mesh recovery 

strategies (Allen 2014; Campbell and Nims 2019). Similar biases have also been 

identified in the South Island, where fine mesh sieves recover more red cod specimens 

and many more otoliths than coarse-mesh sieves (Weisler et al. 1999). Furthermore, 

using fine screens often results in assemblages with markedly more even species 

abundances, which reflect generalized fisheries as opposed to specialization on one or 

two fishes (Allen 2014:32–34; Gordon 1993; Partlow 2006). It’s therefore possible that 

previous surveys showing the dominance of single, large-bodied species in particular 

regions (Anderson 1997; Leach 2006; Leach and Boocock 1993) tell us more about 

archaeological practices than Māori fishing practices of interest.  

Similarly, zooarchaeologists’ choices of which skeletal elements to identify 

directly affects which taxa are represented in the identified assemblage, their relative 

abundances, and their patterns of body part representation. Ichthyoarchaeologists 

working across Oceania have long debated which element sets accurately characterize 

fishbone assemblages (Butler 1988, 1994; Campbell 2016; Lambrides and Weisler 

2015; Leach 1986; Leach and Davidson 1981; Nims et al. 2020; Ono 2004). In Aotearoa, 

archaeologists following protocols laid out by Leach (1986, 1997) often only identify 

five paired jaw elements – angular/articular, dentary, maxilla, premaxilla, and quadrate 

– for all fishes, and a flexible set of additional elements that are uniquely identified for 

specified taxa. However, several researchers identifying a wider range of skeletal 

elements for all fishes have demonstrated that an expanded element set that includes 

vertebrae is crucial for accurately characterizing the taxonomic richness of both 

northern and southern Aotearoa fishbone assemblages (Campbell 2016; Campbell and 

Nims 2019; Harris et al. 2017; Nims et al. 2020). Campbell, Nims, and others (Campbell 

2016; Campbell and Nims 2019; Nims et al. 2020) further argue that vertebral 

identifications are essential for accurately characterizing relative taxonomic 

abundances and evenness in North Island assemblages (for similar findings from 

elsewhere in Oceania, see Bouffandeau et al. 2018; Cannon et al. 2019; Filimoehala 
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2019; Lambrides and Weisler 2016; Ono and Addison 2013; Ono and Clark 2012). 

Because identifying large numbers of elements can substantially increase the time 

required to complete analysis (Harris et al. 2017), Nims et al. (2020) recommended 

approaching element selection intentionally as a sampling strategy, and we argued that 

it is unreasonable to expect that any given element set will be appropriate for every 

zooarchaeological analysis. Fortunately, assemblages that were analysed using different 

protocols can still be compared where it can be demonstrated that each identified 

assemblage is representative of the animal remains that archaeologists recovered (Nims 

et al. 2020). Given the demonstrated capability of differential handling and preservation 

to systematically remove the jaw bones of some fishes from the archaeological record 

(Campbell 2016), identifying elements from a wide range of body parts is likely to be 

necessary in virtually every case. Cumulatively, the results of these studies suggest the 

apparently stable, snapper- and barracouta-focused fisheries of Aotearoa could actually 

be a product of archaeologists’ inflexible use of the ‘conventional set’ of five jaw 

elements in fishbone analysis.  

Differences in sample size could also obscure our understanding of Māori 

archaeofisheries if assemblages with small sample sizes do not accurately represent all 

of the taxonomic groups that are present in a given assemblage or their relative 

abundances. When identified assemblages are not representative of deposited materials 

due to low sample sizes, comparisons between them might not be valid. For example, 

Anderson (1997:19–21) identified very large differences in the sample sizes of his Early 

and Late fishbone aggregations, and implied that his observations would likely change if 

larger samples were identified for the Late period assemblages as well. Ideally, 

archaeologists should test and control for sample size effects by using sampling-to-

redundancy protocols to ensure assemblages are representative, rarefaction to reduce 

all assemblages to a uniform sample size, or the ‘regression approach’ to identify 

statistical correlations between sample size and variables of interest (Gifford-Gonzalez 

2018:491–497; Lepofsky and Lertzman 2005; Lyman 2008:143–167; Lyman and Ames 

2007). Leach (2006) and Smith (2013) both took efforts to remove extremely small 

samples from some of their quantitative analyses, but it is unclear whether these efforts 

were sufficient or whether their comparisons were still affected by sample size-effects. 

While some taphonomic factors act randomly on fishbone assemblages, which 

might allow accurate patterns to emerge through large-scale comparisons, it is likely 
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that one or more systematic biases in deposition; preservation; and sampling, recovery, 

and identification methods could obscure our understanding of Māori fisheries. Given 

this high level of uncertainty and the large numbers of processes that contribute to the 

construction of archaeological datasets, it is imperative that we systematically evaluate 

and account for these biases so readers can make informed judgements about the 

underlying data quality of archaeological narratives (Behrensmeyer and Kidwell 1985; 

Gifford 1981; Jones and Gabe 2015; LaMotta 2012; Lyman 1994a:26; Nims and Butler 

2019a; Schiffer 1987; Wolverton et al. 2016a:19). Assessments of systematic bias are 

especially critical where the effects of one process obscure and magnify other biases, 

like when coarse recovery and identification methods suppress sample sizes, or when 

the uncritical use of limited element sets obscures and exacerbates issues of differential 

destruction and handling. Even when thorough quality assessments are conducted, it is 

not possible to remove or control for all possible biases in archaeological data as all 

archaeological assemblages are structured by taphonomic processes and 

methodological decisions. Nevertheless, we should always carefully consider which 

assemblages are comparable and which assemblages still provide accurate information 

for addressing our research questions given their condition before drawing conclusions 

about human behaviour or the nature of socioenvironmental conditions in the past. 

3.5. Chapter Summary 

In my overview of the socioenvironmental history of Aotearoa, I have highlighted 

several climatic, biological, and socioeconomic factors that could have influenced Māori 

fisheries over time. Direct, long-term evidence of local marine temperatures is lacking, 

but numerous terrestrial paleoenvironmental proxies indicate that the onset of Little Ice 

Age conditions almost certainly caused decreases in SST from about 1500–1900 CE. 

Most local fish species are well adapted to such shifts, but the reproductive biology of 

grey mullet, snapper, and blue mackerel is highly sensitive to changes in water 

temperature in particular, and they very likely experienced population declines during 

this period. Simultaneous megafaunal extinctions and increases in human populations 

likely led to increased demand for marine fish resources, which could have driven 

substantial changes in fishing practices or placed harvest pressures on fish stocks. 

Previous archaeofisheries studies provide some potential evidence of climate and/or 

harvest responses in snapper populations around the turn of the sixteenth century, and 
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little evidence of broad transformations in fisheries. However, these patterns could 

simply reflect the outcomes of taphonomic processes and the methodological choices of 

archaeologists that were not made with fishbone analysis in mind, rather than the long-

term ecodynamics of those fisheries. In light of these observations, a new, critical 

assessment Māori archaeofisheries is clearly warranted. To this end, I systematically 

evaluate available fishbone assemblages for evidence of differential handling and 

destruction, sieve size effects, identification biases, and sample size effects before 

examining regional or temporal variation in Māori fish catches (Chapter 6).  

First, it is also important to consider how these documented socioenvironmental 

shifts might actually be reflected in archaeological data. Because every 

zooarchaeological sample reflects patterns of human prey selection, it is possible that 

even substantial changes in some fisheries would not have affected Māori fish catches, 

especially if the affected fishes were not preferred species and if higher-ranked 

resources were still encountered on a regular basis (Section 2.2.2). In the next chapter, I 

develop a prey choice model from foraging theory to consider how fishers might have 

ranked each fish species in the past. Then, I use this model to explore how people’s prey 

choices could have changed if the availability of preferred fishes varied over time due to 

(H1) the Little Ice Age or (H2) human harvest effects, or (H3) if substantial, independent 

shifts in Māori fishing practices altered the handling costs and relative rankings of fish 

resources. 
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4. A Fishing Model and Expectations 

In this chapter, I present a qualitative prey choice model of northern Aotearoa 

fisheries and use it to develop expectations about how Māori fishers may have 

responded to changes in available fish resources caused by decreasing water 

temperatures during the Little Ice Age or increasing human harvest pressure. Given that 

archaeological assemblages reflect culturally mediated patterns of resource selection, 

prey choice models provide a useful analytic tool for comparing trends in 

zooarchaeological samples with independent expectations of socioenvironmental 

change. Like other foraging theory models, they consist of four components: a goal, a 

currency, a set of behavioural alternatives, and a set of socioenvironmental constraints 

(see Section 2.2.1. Prey Choice Models). The first three components are very general 

assumptions that state: individuals aim to maximize the rate of resource production; the 

value of individual resources is measured by their caloric content or some other 

variable; and individuals can choose to pursue a resource on encounter or ignore it and 

continue searching (Cannon and Broughton 2010). The constraints in a prey choice 

model describe the resource value, handling costs, and encounter rates of available 

resource types and make the model specific to a particular socioenvironmental context. 

While a resource’s value and handling costs are assumed to remain relatively constant 

in the absence of substantial changes in procurement methods, modellers allow 

encounter rates to vary through time to simulate climate change and human predation 

pressure. Therefore, the solution to a prey choice model applied to archaeological 

contexts also varies because changes in the availability of high-ranked resources can 

change the total resource production rate, implying that the maximum return rate 

would be achieved by pursuing different sets of resource types at different times or 

places. If archaeological assemblages reflect similar shifts in resource production, then 

this evidence can be interpreted as support for the underlying processes of 

socioenvironmental change that were modelled as changes in encounter rates. 

Here, I describe the set of coastal fish resources available to Māori fishers in the 

northern North Island and evaluate their relative resource rankings with a prey choice 

model. I also briefly revisit existing archaeological fishbone surveys for information 

about species occurrences that can help shape expectations about the encounter rates of 
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different taxa. Then, I consider how shifts in fish abundances related to (H1) the onset of 

LIA conditions and (H2) increasing human harvest pressure would lead to different 

solutions in my prey choice model, and use these expectations to pose tests for each of 

these hypotheses. I also consider whether (H3) changes in fishing strategies and 

technologies could have altered the handling costs and relative rankings of different fish 

resources, leading to different patterns of prey selection. 

4.1. Coastal Fishes of Northern Aotearoa 

To determine which coastal fish resources were available to Māori fishers in 

northern Aotearoa, I surveyed species accounts in The Fishes of New Zealand (Roberts et 

al. 2015b) for fishes in this region that occur above 50 m depth and grow to a maximum 

size of at least 20 cm length. My choice of a 50 m minimum depth ceiling is based on 

evidence from previous archaeofisheries studies that have found little to no evidence of 

deep sea fishing in Māori archaeology (Leach 2006: Appendix 3; Smith 2013). Similarly, 

the minimum size limit of 20 cm maximum length is based on earlier work that shows 

smaller fishes have not been archaeologically documented, and I assume that smaller 

fishes typically would have provided exceptionally low resource return rates and were 

probably rarely pursued on encounter.1 However, I also decided to include several 

species that are smaller than 20 cm and are amenable to mass harvesting, including 

slender sprat (Sprattus antipodum), sprat (Sprattus muelleri), anchovy (Engraulis 

australis), and common smelt (Retropinna retropinna). These taxa form large schools 

and were historically important foods for Māori (McDowall and Stewart 2015), who 

introduced small catadromous species such as smelt into at least one freshwater lake to 

extend their range and availability (Strickland 1993). I excluded tropical stragglers and 

other rare species that are only known from a few observations. The resulting set of 

coastal fishes includes 135 species from 68 families and 23 orders (Appendix A: Coastal 

Fishes of Aotearoa). Notably, this list only refers to fishes that I include in my prey 

choice model. There are many other small, deep water, or straggler species that are 

 
1 This decision excludes a diverse range of small intertidal fishes (e.g., triplefins 
[Tripterygiidae]) from consideration that could have realistically been pursued on encounter by 
people foraging along the shoreline for shellfish or crustaceans. Because shoreline foraging 
activities form a separate set of resource procurement strategies from line or net fishing, I 
believe it is appropriate to analytically separate these fishes from consideration. 
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present in northern waters that may also occur in archaeological assemblages, but I do 

not expect that they would be reliably encountered or preferred food resources. 

I collected a wide range of information on each coastal fish species from accounts 

in The Fishes of New Zealand (Roberts et al. 2015b), in Coastal Fishes of New Zealand 

(Francis 2012), and on FishBase.org (Froese and Pauly 2019). When it was reported, I 

recorded data on species body size metrics, depth ranges, habitat preferences, defensive 

mechanisms, and schooling behaviours that could influence the resource return ranks of 

these fishes (Table 4.1). Consulting multiple sources helped increase the availability of 

information for fishes that have been poorly studied and were consequently missing 

from one or more of these sources. While there are several disagreements in the 

taxonomic nomenclature used in each source, I was always able to confidently 

determine whether a single species was being described by different names. In this 

thesis I follow the Linnaean and common names used by Roberts et al. (2020). After 

recording information from each source separately, I synthesized size, habitat, and 

behavioural information into a smaller set of summary attributes (Table 4.1). 

Table 4.1. Attributes recorded for each coastal fish species, and summary attributes 
used for ranking. 

Recorded Attributes Summary Output Attributes 

maximum size (cm) size class 
(mass at length in five arbitrary 
intervals: <100g, 100g-1kg, 1-10kg, 10-
50kg, and >50kg) 

asymptotic size (cm) 

length at maturity (cm) 

size measurement (standard length, 
fork length, total length, disk width) 

length-weight model (a∙Lb) 

depth range (m) preferred habitat type  
(multiple, reef, soft substrate, pelagic, 
deep water, freshwater, brackish) 

common depth range (m) 

present/absent from: 

• freshwater 

• estuary water 

• hard substrate 

• reefs 

• seagrass beds/vegetated areas 

• soft substrate 

demersal or pelagic 

schooling preferences schooling? (yes/no) 
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4.1.1. Fish Body Size Rankings and Habitat Preferences 

In this prey choice model, I rank coastal fishes using their individual body sizes 

based on assumptions assuming that catching large amounts of food efficiently was an 

important goal influencing fishers’ decisions, and that larger animals provide more food 

more efficiently up to a certain point. Because there is no universal or linear 

relationship between individual body size and resource return rates, I also acknowledge 

possible exceptions to my assumptions below, and I explicitly evaluate the effect of 

mass capture fishing technologies on prey choice as well. However, I expect that the 

body size proxy is appropriate for many coastal fish species, and I proceed at least 

initially using body size rankings to interpret trends in fishbone assemblages.  

One important weakness of this approach is that many fish species grow 

continuously over their lives, which means they can be captured at a wide range of body 

sizes depending on their life-history stage, sex, and season and/or habitat of capture. 

Therefore, different individuals from the same species can provide very different 

resource returns, and each prey item should ideally be ranked based on their individual 

somatic size. For example, a juvenile, 20 cm snapper would not be ranked as highly as 

an adult snapper that is four times larger and weighs about 40 times more than the 

juvenile. Unfortunately, zooarchaeologists rarely record fish abundances by size class, 

largely because the relationships between skeletal element size and body size have only 

been modelled for a small number of elements in a few species: snapper (Leach and 

Boocock 1995), kahawai (Leach et al. 1996), three species of wrasses (Leach et al. 

1997b), blue cod (Leach et al. 1997c), barracouta (Leach et al. 2001), and red cod 

(Leach et al. 2001). In the absence of size-specific abundance estimates, I cannot 

determine how many different size classes are represented by archaeological specimens 

that have been identified to each species. Instead, I adopt the more common 

archaeological approach of assigning a single body size rank to each species despite the 

clear interpretive flaws that it entails. 

Using species-specific length-weight relationships available from FishBase.org 

(Froese and Pauly 2019), I estimated the individual biomass of each coastal fish at its 

maximum measured length or, when it was available, its asymptotic length (an estimate 

of the mean lengths a fish stock would reach if allowed to grow indefinitely). Then I 

assigned each species to the following, arbitrary size classes based on the estimated 

maximum biomass an individual might achieve: very small (<100 g), small (100 g-1 kg), 
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medium (1-10 kg), large (10-50 kg), and very large (>50 kg) (Figure 4.1; Appendix A: 

Coastal Fishes of Aotearoa). This ranking method assumes that fishers rank resources 

by the largest possible body size they might encounter, which would provide the 

maximum resource return rates. Maximum sizes are also more likely to provide 

accurate proxies of resource returns than average fish sizes in modern fish stocks, 

which may have been affected by the intensity of modern fishing pressures, and 

maximum length is the only size-related attribute that was consistently reported in 

either Roberts et al. (2015b) or on Fishbase.org. However, I assigned three species to 

smaller size classes based on their size at maturity (the size at which individuals first 

become reproductively mature on average) because they only commonly occur in 

coastal waters as juveniles, and the adults of these species only inhabit very deep 

waters below 50 m depth: hoki (Macruronus novaezelandiae), trumpeter (Latris 

lineata), and bluenose (Hyperoglyphe antarctica). 

While most coastal fishes can be ranked by considering their individual 

maximum lengths alone, the resource return rates of some schooling species are more 

difficult to interpret. All very small fishes should be low-ranked if captured individually 

because of their small body sizes, but small and very small schooling fishes may be very 

highly ranked if mass capture methods were used to collect large amounts of easily 

processed biomass at once. For example, there are clear ethnohistoric accounts of Māori 

fishing for common smelt with nets and traps, and these fisheries are still important to  

 

Figure 4.1. Number of coastal fish species larger than 20 cm maximum length from the 
northern North Island, by size class and preferred habitat type (n = 135). 
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Māori today (McDowall and Stewart 2015). Although smelt could potentially have been 

captured at sea, they were probably only targeted during seasonal runs in rivers or 

estuaries when mass capture methods may have provided extremely high resource 

return rates. Reviews of Māori oral traditions and ethnohistoric accounts with a focus 

on marine harvests have not provided any indication that potentially high-value 

anchovy, pilchard, or sprats (Sprattus spp.) were important components of Māori 

fisheries (Paulin 2007; Wehi et al. 2013; Whaanga et al. 2018). However, other closely 

related species like Pacific herring (Clupea pallasii) are important in other cultural and 

biogeographic contexts, including the northeast Pacific, where humans have relied on 

mass herring harvests for thousands of years despite the continuous availability of 

much larger-bodied fishes (Butler and Campbell 2004; McKechnie and Moss 2016; Moss 

2016). Any archaeological occurrences of such fishes in Aotearoa should therefore be 

treated carefully as they could potentially represent low-return fishing of small-bodied 

resources, or high-return, mass capture of large schools. 

Because many fishes occupy specific sections of the water column and associate 

with different kinds of seabed structure, they should not be considered as a single set of 

homogenously distributed resources. Therefore, I used information about fish depth 

ranges and habitat preferences to judgementally assign each species to one of five main 

habitat classes: rocky reef, soft substrate, pelagic, deep water,2 and freshwater (Figure 

4.1). These assignments are not rigid nor exhaustive; they merely reflect the main 

habitat type that each species is most likely to be encountered in. I also created a sixth 

category of “multiple” habitat species which includes generalist fishes that are so wide-

ranging they cannot be accurately described as belonging to any single habitat. In 

addition to the five mutually exclusive habitat classes, 56 of the fishes in this model are 

also found in the productive, brackish waters of estuaries, lagoons, tidal mangrove 

swamps, and river-fed bays and harbours (Figure 4.2). I designated these species as 

belonging to an intersectional, “brackish” habitat group that can be considered 

alongside the other habitat classes.  

Considering fish size classes by habitat preference shows that fishes from every 

size class are available in every coastal habitat type (except for freshwater habitats, 

which lack species that grow larger than 50 kg; Figure 4.1 and Figure 4.2). This 

 
2 Here, ‘deep water’ refers to coastal fishes that are rarely found in waters shallower than 20 m 
depth but commonly occur above 50 m depth. 
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Figure 4.2. Number of species found in brackish waters by size class and preferred 
habitat type (n = 56). 

distribution of size classes among the habitats indicates that large- and very large-sized 

fishes could potentially be captured from relatively shallow, inshore waters anywhere 

along the coast of the northern North Island regardless of the local habitat type 

distributions. Assuming the species in the large and very large size classes were the 

highest-ranked fishes available to Māori based on their individual body sizes, the 23 

species in these size classes should have been pursued whenever they were 

encountered (Table 4.2). Many of the fishes in this group are extremely large sharks that 

would be dangerous to capture as fully-grown adults (e.g., great white shark and 

shortfin mako [Isurus oxyrinchus]), but if they were fished at smaller sizes they could 

have provided very high resource return rates and would likely have been highly 

ranked. Historical accounts summarised by Brassey (2017, 2018), Paulin (2007), and 

Shepherd and Campbell (2021) suggest school shark and rig (medium size class, 7 kg 

max weight estimate) were the two most economically important cartilaginous fishes in 

the northern North Island, and that they were primarily fished seasonally when females 

come inshore to give birth. Although ling are not commonly found shallower than 22 m 

depth today, and basses (Polyprion spp.) are restricted to reefs below 40 m depth, these 

three fishes were historically caught from much shallower waters and closer to shore 

(Francis 2012:84; Nielsen and Møller 2015). Some high-return fishes may have seen 

seasonal peaks in fishing intensity (e.g., freshwater eels; Marshall 1987), but others 

could potentially have been captured year-round. Thus, the rate-maximizing solution to 
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this prey choice model is to preferentially target any large-bodied fishes that are 

available from inshore, shallow-water habitat types adjacent to a given fishing site. I 

also expect that fishers would have fished for accessible taxa in successively smaller size 

classes unless the addition of fishes from the next largest size class would cause a 

decrease in overall resource production rates.  

On the other hand, I expect the deep water habitat type (>20 m depth) would 

have been treated differently than other habitat types. Assuming that fish in deeper 

waters are more costly to pursue than fish in shallow water, deep water habitats would 

Table 4.2. Coastal fish species in the large and very large size classes, which have an 
estimated maximum body mass (“Max. Mass”) greater than 10 kg. Italicized, lower case 
habitat associations are of secondary importance (R = rocky reefs; S = soft substrates; P 
= pelagic; F = freshwater; b = brackish waters). 

Family Species Common Name 
Max. 

Mass (kg) 
Habitat Size Class 

Lamnidae Carcharodon 
carcharias 

great white 
shark 

1000 P, b very large 

Lamnidae Isurus oxyrinchus shortfin mako 254 P very large 
Lamnidae Lamna nasus porbeagle 319 P very large 
Triakidae Galeorhinus galeus school shark 15 S large 
Carcharhinidae Carcharhinus 

brachyurus 
bronze whaler 274 R, S, b very large 

Carcharhinidae Galeocerdo cuvier tiger shark 459 P very large 
Carcharhinidae Prionace glauca blue shark 205 P very large 
Sphyrnidae Sphyrna zygaena smooth 

hammerhead  
118 S very large 

Hexanchidae Notorynchus 
cepedianus 

broadsnout 
sevengill 

138 S very large 

Torpedinidae Tetronarce fairchildi electric ray 22 S large 
Rajidae Dipturus innominatus smooth skate 32 S large 
Dasyatidae Bathytoshia 

brevicaudata 
shorttail 
stingray 

91 R, S, b very large 

Dasyatidae Bathytoshia lata longtail stingray 57 S very large 
Anguillidae Anguilla dieffenbachii longfin eel 16 F large 

Muraenidae Enchelycore ramosa mosaic moray 11 R large 
Congridae Conger verreauxi southern conger 13 R large 
Ophidiidae Genypterus blacodes ling 18 S large 
Polyprionidae Polyprion americanus bass 35 R large 
Polyprionidae Polyprion oxygeneios hapuku 26 R large 
Carangidae Seriola dumerili amberjack 56 P very large 
Carangidae Seriola lalandi kingfish 28 P large 
Pentacerotidae Paristiopterus labiosus giant boarfish 15 S large 

Latridae Latridopsis ciliaris blue moki 11 S large 
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likely only be targeted if the overall productivity of all other nearby habitat types was 

extremely low. Unfortunately, it is difficult to assess patterns of deep water fishing 

because many fishes that are not deep water obligates are also commonly found below 

20 m depth. In fact, only nine of the coastal northern North Island fishes in this model 

are not found below 20 m depth. Because any of the remaining 126 fishes could 

conceivably be captured with deep water fishing methods, it may be difficult to identify 

cases where deep water fishing took place, unless deep water obligates are well-

represented in archaeological assemblages.  

4.1.2. Model Training with Prior Archaeofisheries Surveys 

To gain initial insights into the encounter rates of the highest ranked fishes, I 

briefly reconsider patterns of taxonomic representation in previous surveys of northern 

Aotearoa fishbone assemblages using my resource return rankings. Two general 

patterns were apparent across multiple studies: relatively few fish species have been 

documented in archaeological sites, and snapper is the only fish that dominates fish 

catches in most parts of the northern North Island (Anderson 1997; Leach 2006; Leach 

and Boocock 1993; Smith 2013). As I have already discussed, there are multiple sources 

of bias that may have affected patterns of taxonomic representation and relative 

abundances in the fishbone assemblages documented by these surveys that may 

systematically underrepresent cartilaginous and small-bodied fishes (Section 3.4.1). 

Nevertheless, hagfish, sharks, skates, and rays all have some hard tissue that could 

potentially survive destructive processes and provide an indicator of species presence, 

even if their relative taxonomic abundances are not comparable to those of bony fishes. 

Hagfish (Eptatretus cirrhatus) have numerous horn-like teeth composed of keratin 

protein that are very small but also resistant to digestion and decomposition. Leach 

(1997:49) provides illustrations for the semi-ossified mouthparts of lamprey (Geotria 

australis). Sharks, skates, and rays have teeth composed of enamel and dentine, and 

stingrays (Bathytoshia spp.) and eagle rays (Myliobatis tenuicaudatus) possess 

distinctive barbs that are made of dentine-based minerals. Elasmobranchs also 

demonstrate highly variable patterns of in vivo vertebral calcification that can lead to 

archaeological preservation of vertebrae from captured sharks, skates, and rays (Dean 

and Summers 2006; Shepherd and Campbell 2021; Szpak 2011). While hagfish and 

lamprey mouthparts may be easily lost when coarse recovery methods are used, 
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elasmobranchs should be represented by at least some specimens if they were captured.  

Therefore, the near absence of cartilaginous and very large bodied-bony fishes from 

northern coastal fishbone assemblages suggests none of the high-ranked species were 

routinely encountered by Māori fishers.  

In their national surveys of fishbone assemblages, Leach and Boocock (1993: 

Table 143) and Anderson (1997: Table 7) found that four of the nine highest ranked, 

bony fishes were present in at least one assemblage each. Hāpuku, kingfish, and blue 

moki (Latridopsis ciliaris) were all reported in northern North Island assemblages, and 

either of the two freshwater eel species could potentially be represented by specimens 

that were identified to genus Anguilla. Leach and Boocock (1993) recorded few shark, 

skate, and ray specimens, while Anderson (1997:3) specifically excluded elasmobranchs 

from his comparisons. Leach’s (2006: Figure 6.8) subsequent study compared the mean 

abundances of 10 fish families and suggests that none of the highest-ranked species 

were common or abundant in northern North Island sites. Medium-sized snapper and 

small-sized leatherjacket were the only two well-represented species in northern North 

Island assemblages in all three of these surveys (Anderson 1997; Leach 2006:164; 

Leach and Boocock 1993), indicating that higher-ranked taxa may not have been 

commonly captured at all.  

Smith (2013: Table 7) showed that the same three bony fish species (hāpuku, 

kingfish, and blue moki are the only high-ranked fishes that have been documented 

across 52 assemblages from the greater Hauraki Gulf. Freshwater eels have been 

reported from only five assemblages, and hāpuku and kingfish were identified in one 

assemblage each. Elasmobranch remains were similarly scarce. Smith (2013) identified 

six assemblages containing shark remains that were tentatively assigned to 

Carcharhiniformes, four assemblages with eagle ray remains, and one assemblage with 

specimens that were only identified to subclass Elasmobranchii. He reported that blue 

shark (Prionace glauca) and a spiny dogfish shark (Squalus sp.3) were present in one 

assemblage each, though these attributions should be treated cautiously as it is unclear 

 
3 Smith 2013: Table 7 records this species as “northern dogfish” (“Squalus blainvillei”), which is 
likely based on older taxonomic designations. Today, the accepted species name for S. blainvillei 
is S. blainville, which is restricted to the Atlantic and Mediterranean coasts of Africa and Europe, 
and the Black Sea (Froese and Pauly 2019). If the specimens do come from a member of Squalus, 
they probably belong to either S. acanthias (common in surface waters, but rare in the northern 
North Island) or S. griffini (rarely seen above 50 m depth, but common offshore around the 
northern North Island) (Duffy and Last 2015; Francis 2012). 
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how the analyst(s) made species level determinations for these specimens. Ultimately, 

the elasmobranch specimens from any of these sites might represent many species, or 

just one or two preferred cartilaginous fishes. Results from Smith’s survey also show 

that several fishes that I classified as small- and medium-sized species are much more 

widely represented than any of the larger fish taxa (Figure 4.3; Table 4.3). Snapper, 

kahawai, and barracouta are the largest species that commonly occur in greater Hauraki 

Gulf archaeological sites, with snapper present in 42 out of 52 assemblages, kahawai 

present in 20 assemblages, and barracouta present in 15 assemblages. Other smaller-

sized taxa that are well-represented include red gurnard (12 assemblages) and 

leatherjacket (13 assemblages), while specimens identified to family Labridae (16 

assemblages) could potentially represent at least three species of wrasse in tribe 

Pseudolabrini that fall into the small size category (Notolabrus celidotus, Notolabrus 

fucicola, and Pseudolabrus miles). Finally, jack mackerels were also commonly recorded 

in Hauraki Gulf assemblages, with 13 assemblages containing specimens identified as 

Trachurus sp., seven assemblages containing horse mackerel (T. novaezelandiae), and 

four assemblages reporting jack mackerel (T. declivis). Because it is unclear how the 

analyst(s) responsible for these identifications made species level determinations for 

such morphologically similar fishes, or how they were differentiated from closely  

 

 

Figure 4.3. Number of coastal fish species present and commonly represented by size 
class in 52 Greater Hauraki Gulf fishbone assemblages surveyed by Smith (2013: Table 
7).  
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Table 4.3. Coastal fish species commonly represented in greater Hauraki Gulf fishbone 
assemblages surveyed by Smith (2013). “Max. Mass” = estimated mass for the taxon’s 
maximum length. (R = rocky reefs; S = soft substrates; P = pelagic; F = freshwater; b = 
brackish waters). 

Family Species 
Common 

Name 
Max. 

Mass (kg) 
Habitat 

Size 
Class 

School 
Size 

Triglidae Chelidonichthys 
kumu 

red gurnard 1.3 S medium  

Carangidae Decapterus koheru kōheru 0.7 P small large 
Carangidae Trachurus declivis jack mackerel 1.2 P medium large 
Carangidae Trachurus 

novaezelandiae 
horse mackerel 0.8 P small large 

Sparidae Chrysophrys auratus snapper 4.7 R, S, P, 
b 

medium large 

Arripidae Arripis trutta kahawai 3.7 R, P, b medium large 
Labridae Notolabrus celidotus spotty 0.1 R small small 
Labridae Notolabrus fucicola banded wrasse 0.9 R small  
Labridae Pseudolabrus miles scarlet wrasse 0.6 R small  
Gempylidae Thyrsites atun barracouta 9.3 P, b medium large 
Monacanthidae Meuschenia scaber leatherjacket 0.6 R small small 

 

related kōheru (Decapterus koheru), any of these three species could be represented at 

any given site with these specimens. 

Given my assumption that larger fishes were highly ranked and always taken on 

encounter, these patterns may indicate that snapper, kahawai, and barracouta were the 

highest-ranked fishes that Māori regularly encountered in the northern North Island. 

The absence of large, very large, and other medium-sized fishes suggests they were 

rarely encountered (Figure 4.3), but it is also possible that they are absent due to 

taphonomic and methodological biases, or because these species were too large to 

capture without risking damage to valuable fishing equipment. Alternatively, it is 

possible that large and very large fish species had disproportionately high handling 

costs which diminished their overall return rates (see discussion of the body size proxy 

in Section 2.2.2; Figure 2.2). The wide representation of several slightly smaller taxa 

(red gurnard, jack mackerels, wrasses, and leatherjacket) and infrequent occurrences of 

other medium- and small-bodied species demonstrates that other species were also 

fished, potentially because of low encounter rates with snapper and other larger fishes 

during some fishing bouts. However, it is also possible that coarse archaeological 

recovery methods or other size-selective biases have removed the remains of small 
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fishes from these assemblages – especially mullets, piper, pilchard, jack mackerels, and 

goatfishes (Allen 2014; Campbell and Nims 2019) – and that archaeological species 

occurrences do not provide an accurate measure of smaller-bodied fish catches. 

Despite the ambiguous causes of low richness in smaller body size classes, these 

archaeofisheries surveys suggest that snapper was the highest-ranking fish resource 

that was most commonly available to Māori in the northern North Island, and I infer 

that snapper encounter rates were the primary factor determining whether or not 

Māori fished for lower-ranked resources. While kahawai and barracouta were also 

captured relatively frequently, it appears they may not have been as reliable as snapper. 

Other very large fishes were either not encountered frequently enough at any stage of 

development to offset any decreases in the availability of snapper, and/or that Māori 

fishing gear did not select for such large fishes. Overall, this implies that any predicted 

trends in Māori archaeofisheries can be framed in terms of how snapper stocks were 

affected by various socioenvironmental pressures.  

4.2. Expectations and Hypothesis Tests 

Based on my review of environmental and archaeological changes over time in 

Aotearoa, it is possible that snapper stocks could have been affected by (H1) the onset of 

Little Ice Age conditions and/or by (H2) sustained and increasing harvest pressure from 

Māori. If snapper were negatively affected by either of these factors, Māori fishers might 

have responded in qualitatively similar ways, making it difficult to determine whether 

decreasing snapper abundances reflect climate-induced changes in prey choice or 

harvest-induced changes. Fortunately, comparing snapper body size frequencies and 

occurrences of other climate-sensitive fishes in archaeological assemblages should help 

differentiate the outcomes of these two potential sources of disturbance as climate 

effects and harvest pressures would probably lead to different outcomes. It is also 

possible that (H3) Māori may have adopted new fishing strategies and technologies that 

could have altered the return rates of various species, especially if mass capture 

methods were developed to target large schools of small- or very small-bodied fishes. 

Such changes would likely be recorded archaeologically as a major shift in the 

taxonomic composition of fishbone assemblages towards smaller species of school 

fishes. Therefore, I also evaluate whether long-term trends in fish catches and snapper 
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body sizes reflect shifting fishing strategies that violate the assumptions of my prey 

choice model. 

4.2.1. Hypothesis 1 – Little Ice Age Disturbances 

Multiple lines of paleoenvironmental evidence suggest Aotearoa experienced a 

decrease in mean atmospheric temperature between 1500–1900 CE during the LIA 

(Ahmed et al. 2013; Lorrey et al. 2014, 2011). South Pacific sea surface temperatures 

also decreased (McGregor et al. 2015), and it is very likely that coastal waters in 

Aotearoa cooled during this period as well, which could have rapidly affected the 

distributions and abundances of several coastal fish species. My review of potential LIA 

impacts on archaeologically common, northern Aotearoa fish species indicates that 

snapper would be particularly vulnerable to decreasing coastal water temperatures 

(Table 3.1). Colder mean summer temperatures reduce the duration of the snapper 

spawning season, and colder mean annual temperatures usually reduce larval survival 

rates. Such changes could have caused large reductions in snapper stock sizes over time, 

with magnified effects on populations to the south. Although they appear much less 

frequently than snapper in archaeological sites, grey mullet and trevally stocks may 

have decreased during the Little Ice Age as well, which also could have affected the 

resource return rates of fisheries. 

If climate-related decreases in snapper, trevally, and grey mullet catches were 

severe enough that overall return rates from fishing also fell after 1500 CE, the solution 

to my prey choice model suggests Māori would have attempted to compensate by 

fishing other stocks of medium-sized species that were not affected by, or that 

benefitted from, decreases in sea surface temperatures. The scarcity of larger fishes 

from archaeological assemblages indicates encounter rates for these fishes were 

already low before the LIA, or that they were not as highly-ranked as their body sizes 

would suggest, and resource return rates could not be increased by catching larger 

quantities of large-bodied taxa. On the other hand, many medium-sized taxa that appear 

resilient to decreasing temperatures were not widely exploited, and catches of these 

taxa may have increased over time. Barracouta and greenbone catches are particularly 

likely to have increased on average during the LIA as northern North Island stocks of 

these warm-sensitive species may have grown larger under colder conditions, leading 

to higher encounter rates (Table 3.1). Blue cod and several flatfishes also may have 
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become more abundant, while populations of rig, eagle ray, red gurnard, and other 

flatfishes would have remained relatively constant. If overall return rates were still low 

even after including additional medium-sized fishes, I expect Māori would have turned 

to successively smaller-bodied fishes as well. However, the sensitivity of blue mackerel 

to cold conditions suggests encounter rates with this fish would have decreased over 

time (Table 3.1).  

Assuming that climatic pressures on snapper spawning and larval survival 

caused decreases in snapper stock sizes, I expect snapper mean body size would have 

increased after 1500 CE (Table 3.1). Because snapper growth rates appear to be 

controlled by the availability of food during their early life history (Parsons et al. 2014), 

decreasing population density would likely lead to faster growth through competitive 

release. Increased larval mortality would also change snapper demographics, increasing 

the relative abundance of older, larger snapper relative to small juveniles. Additionally, 

Aotearoa snapper live to much greater maximum ages than snapper in Australia, where 

water temperatures are much warmer (Francis 2012; Hamer and Jenkins 2004; Jackson 

et al. 2014). If these differences are related to water temperature, snapper may have 

lived longer during the LIA, leading to further increases in the numbers very large, old 

snapper in coastal waters after 1500 CE. Even if only one of these shifts in body size 

took place, I would expect larger snapper to became relatively more common, and the 

mean size of snapper in archaeological assemblages to increase as a result.  

4.2.2. Hypothesis 2 – Harvest Pressure Effects 

Marine fish resources have always formed an important component of coastal 

Māori diets. Although the full history of Māori population dynamics is poorly 

understood, population density appears to have increased substantially in the northern 

North Island from 1500 CE (Anderson 2014a), which would likely have put increasing 

pressure on all food resource bases over time, including fisheries. Additionally, Māori 

would have lost access to several very large-bodied food sources in the northern North 

Island following terrestrial megafauna extinctions and the extirpations of marine 

megafauna by 1500 CE, which could have created further demand for marine fishes and 

other food resources. Over the course of decades and centuries, encounter rates with 

exploited species could have declined as sustained or increasing use of fish resources 

led to long-term resource depression (sensu Charnov et al. 1976), particularly at local 
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levels. Even if exploitation rates were not high enough to deplete fish resources through 

exploitation depression, the availability of target species could have declined through 

microhabitat depression as fishes relocated to areas that were not fished by Māori, and 

through behavioural depression as fish became more wary of humans.  

If harvest pressures affected exploited fish stocks, the solution to my prey choice 

model suggests fishers would have responded to decreasing return rates by continuing 

to fish preferred species as they were encountered, and turning increasingly to 

secondary species to compensate for decreases in encounters with larger-bodied fishes. 

Unlike the expected outcomes of climate change impacts, the direct effects of harvest 

pressures likely would have led to decreasing catches of all medium- and larger-bodied 

fishes, and not just grey mullet, trevally, and snapper, as all high-ranked species would 

have become harder to find. Again, it is not possible to predict which of the smaller-

bodied fishes would be targeted to compensate for decreases in the availability of 

snapper and other high-ranked fishes because their encounter rates in the past are not 

known. Frequent occurrences of jack mackerels, wrasses, and leatherjackets in 

archaeological assemblages (Table 4.3) may indicate they were the most abundant 

small-bodied fishes and the best possible alternatives to higher-ranked fishes, but other 

species could be missing from these patterns due to size-selective biases (Allen 2014; 

Campbell and Nims 2019).  

If harvest pressures negatively affected the availability of snapper, I expect the 

mean body size of snapper in Māori fish catches would have decreased over time, which 

is the opposite direction of change I predicted for climate-induced effects on snapper 

body sizes. Many fishing methods used by Māori, including netting, angling, and 

trapping, selectively capture individuals within particular size ranges, removing them 

from the population and leaving fewer surviving fish to grow larger. Sustained 

exploitation ultimately reduces the total number of large fish in the population and 

reduces mean body sizes, even if the fishery is sustainable (Hilborn and Hilborn 

2012:111). Exploitation also places selective pressures on fish stocks that reduce 

growth rates and size-at-maturity, leading to further decreases in mean body size (King 

2007:8). Modern studies report that large, old snapper are more likely than younger 

individuals to respond rapidly to changes in fishing pressure by relocating to deeper 

waters or protected areas where they are safe from exploitation (Denny et al. 2003:26). 

Therefore, I expect that the effects of behavioural and microhabitat resource depression 
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would be more exaggerated for larger snapper, further reducing the mean body size of 

the snapper that Māori encountered on short- and long-time scales.  

4.2.3. Hypothesis 3 – Shifting Fishing Strategies 

In addition to climatic or anthropogenic shifts in fish stocks that may have 

influenced prey choice over time, Māori fishing practices could also have transformed 

independently from these structural drivers of change if fishers chose to adopt new 

strategies and technologies at any time. Between the eighteenth and early twentieth 

centuries, Europeans and Māori documented a wide variety of fishing techniques and 

technologies that Māori used to capture fish (1) individually, (2) with various mass 

capture methods (including multiple kinds of nets, baskets, and traps), and (3) in 

communal fish drives that produced vast quantities of schooling fishes (Best 1929; 

Hīroa 1926; Paulin 2007; Paulin and Fenwick 2016). However, the available 

archaeological evidence does not provide reliable information about the relative 

importance of different fishing strategies at various times due to the perishable nature 

of the materials used to construct mass capture equipment. Bone and shell hooks have 

been used since Māori first arrived in Aotearoa (Furey 2004), and some stone net 

weights or pumice net floats are occasionally identified in archaeological contexts, but 

hooks, nets, traps, and spears can all be used for individual or mass capture depending 

on their size, number, and application. In the absence of robust artefactual data, trends 

in the composition of archaeological fish catches themselves may provide the best 

source of information about the ranges of fishing strategies and technologies that could 

have been used in the past (e.g., Allen 1992b:420–428, 2014; Butler 1994, 2001; Leach 

et al. 1997a). 

While fishing practices and technologies could have changed in any number of 

ways since the thirteenth century, Māori might have begun to adopt more mass capture 

fishing strategies beginning around 1500 CE to meet increasing demand for marine fish 

resources. It is likely that Māori were initially able to acquire sufficient fish resources 

using individual capture methods, but more efficient approaches may have been 

desirable to help feed substantially larger populations later in time. Instead, I suggest 

larger groups of fishers worked cooperatively more often to increase the efficiency of 

resource production by fishing large, inshore schools of small-bodied fishes. Small fish 

species would provide relatively low resource returns based on their individual body 
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sizes, but if they were captured and processed en masse they could have provided 

extremely high return rates and become one of the highest-ranked fish resources (Allen 

1992a; Lindström 1992; Ugan 2005).  

Many small-bodied coastal species in northern Aotearoa form large schools that 

would be amenable to mass capture fishing methods, but jack mackerels and kōheru are 

the only fishes from this group that are well represented in previous surveys of 

northern North Island archaeological assemblages (Table 4.3). Campbell and Nims 

(2019) and Allen (2014) also emphasized that several small, schooling fishes from the 

small and very small size classes, including pilchard, mullets, piper, and jack 

mackerels/kōheru, are probably underrepresented in northern North Island 

assemblages due to size-selective recovery biases. All of these fishes are associated with 

pelagic habitats (areas of open water) rather than the seabed or rocky reefs, which 

could potentially be more difficult to fish with mass capture methods without damaging 

or fouling large nets. It will also be important to consider whether other small schooling 

fishes may have been captured en masse, but these patterns suggest small, pelagic fishes 

could have been very productive resources that provide important indications of mass 

capture fisheries. 

Changes in fishing technology and strategies might also be reflected in snapper 

body sizes. Most fishing gear is highly size-selective and either captures fish within a 

target size-range or all fish above a target size-range. Individual capture methods such 

as angling, trapping, and spearing usually catch a narrow range of species and sizes, 

while mass capture trawl and seine nets usually capture a wide variety of fish species 

and all fishes above a certain size (Allen 1992a; Colley 1987; Plank et al. 2018) unless 

fishers deliberately target size-specific subpopulations of fish stocks (Greenspan 1998). 

Snapper were probably not always captured with the same fishing gear that was used to 

pursue schools of small pelagic fishes, but if mass capture methods were used to 

capture snapper or other species more frequently as well, I expect the range and 

variability of snapper size-distributions would have increased over time. 

4.2.4. Hypothesis Tests 

 To evaluate whether Māori archaeofisheries changed over time in response to 

disturbances from (H1) climate change or (H2) harvest pressure, or (H3) because of 

broad changes in fishing strategies, I propose three hypothesis tests based on the 



A Fishing Model and Expectations 

79 
 

predicted changes in fisheries. First, I use patterns of species presence/absence to 

evaluate whether snapper were represented more, or less, frequently over time (Table 

4.4). Decreases in the ubiquity of snapper would lend support to either the climate 

change or harvest pressure hypothesis, while increases in the ubiquity of snapper 

would suggest they were encountered more frequently later in time and both 

hypotheses would be undermined.  

Similarly, I examine changes in the archaeological representation of all fishes 

that may be sensitive to climate shifts to explore whether these species provide any 

evidence that the LIA affected fish stocks. If barracouta, greenbone, blue cod, turbot, 

and/or sole are more commonly represented in assemblages from after 1500 CE, this 

could indicate that stocks of these cold-tolerant fishes increased in the northern North 

Island as sea surface temperatures decreased. If cold-sensitive grey mullet, trevally, or 

blue mackerel became less common around the same time, this would also support the 

hypothesis that climate pressures affected Māori fisheries. However, increases in the 

representation of blue mackerel in the small size class would not necessarily undermine 

the climate change hypothesis, as I expect decreases in snapper encounter rates would 

lead to increased exploitation of any available lower-ranked fishes. Therefore, blue 

mackerel could become more common in archaeological assemblages independently of 

any changes in their population levels. 

I also use trends in the ubiquity of other medium- and larger-sized species to 

evaluate my assumption that snapper was the only commonly captured, highly ranked 

species in northern Aotearoa. If multiple high-ranked species also show decreasing 

occurrences, then it is possible that all larger-bodied fishes were affected by harvest 

pressure. Alternatively, such decreases could indicate that the largest-bodied, highest 

return resources were encountered more frequently later in time, and fishing for 

medium-bodied species would have caused overall resource return rates to decline.  

It is especially important to consider whether any large cartilaginous fishes were 

widely fished at the same sites where bony fishes were captured given the enormous 

historical significance of sharks and rays in Māori foodways and oral literature (Brassey 

2017, 2018; Paulin 2007; Paulin and Fenwick 2016:37, 57; Wehi et al. 2013; Whaanga et 

al. 2018). Unfortunately, cartilaginous fish remains are vulnerable to post-depositional 

destruction, which means comparisons between cartilaginous and bony fish relative 

abundances are fundamentally flawed. This creates problems for foraging theory-based  
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Table 4.4. Model of expected changes in archaeofisheries records related to (H1) Little 
Ice Age disturbances, (H2) disturbances from human harvest pressures, and (H3) 
shifting fishing strategies towards greater use of mass capture methods. 

  H1 Little Ice Age H2 Harvest Pressure H3 Shifting Strategies 

Timing of 
Change 

Beginning at or soon 
after 1500 CE 

Beginning shortly before 
or by 1500 CE 

Beginning shortly before 
or by 1500 CE 

Taxonomic 
Ubiquity 

• Decrease: snapper, 
trevally, grey mullet, 
blue mackerel 

• Increase: barracouta, 
greenbone, blue cod, 
turbot, soles, and 
smaller fishes 

• Decrease: all medium 
and larger sized fishes 

• Increase: smaller fishes 

• Greater local variation? 

• Increase: small, 
schooling, pelagic fishes 

• Greater local variation? 

Relative 
Taxonomic 
Abundances 

Decreasing snapper 
abundance index (SAI) 

Decreasing SAI and size 
class abundance index 
(SCI) for high-ranked 
fishes 

Increasing small pelagic 
abundance index (SPI) 

Snapper 
Body size 

Increasing mean size Decreasing mean size Increasing range and 
variability 

 

analysis of Māori archaeofisheries as decisions to pursue lower-ranked fishes are 

expected to be based in part on encounter rates with all higher-ranked fishes, which 

cannot be accurately estimated for chondrichthyans with zooarchaeological evidence. 

As a result, if any very large, cartilaginous fishes are widely represented, it may be 

difficult to test my hypotheses as intended. But if cartilaginous fishes are generally 

absent from fishbone assemblages, I can assume that these species were not usually 

fished at the sites under consideration. 

Increases in the ubiquity of small pelagic fishes could reflect either low-return 

individual capture in response to decreasing encounters with larger, preferred species, 

or high-return mass capture as fishing strategies and technologies changed. Therefore, 

increases in ubiquity alone cannot be used as evidence to support the shifting fishing 

strategies hypothesis, and relative abundance data is required to interpret which 

scenario is more likely. On the other hand, decreases in the ubiquity of small pelagic 

schooling fishes would undermine the hypothesis that Māori practiced mass capture 

fishing of small schooling fishes, at least in pelagic habitats. 

The second test I use to evaluate my hypotheses involves three comparisons of 

relative taxonomic abundances (Table 4.4). I use a snapper abundance index (SAI), 

which measures the relative taxonomic abundance of snapper in an archaeological 

assemblage: 
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SAI =  

∑ snapper 

∑ identified fish
 

(Eq. 4.1) 

Decreases in the snapper index would lend support to either the climate or the harvest 

pressure hypothesis, but if the SAI shows a steady increase then both hypotheses would 

be undermined. I also evaluate overall trends in the average return rates of fisheries by 

comparing the relative abundances of fishes from different body size classes, which I 

estimate by calculating size class abundance indices (SCI): 

 
SCI𝑛 =  

∑ fish in size class 𝑛

∑ identified fish
 

(Eq. 4.2) 

In other words, each SCI is calculated as the sum of all taxonomic abundances for fishes 

in a given size class divided by the total abundance of identified fish remains in an 

assemblage. Decreases in the indices for the highest ranked fishes with maximum 

estimated weights greater than 1kg (SCIVL, SCIL, and SCIM) over time would lend support 

to the harvest pressure hypothesis, but this pattern could also support the climate 

change hypothesis if snapper is the only highly ranked fish contributing to these three 

indices. If these three SCIs increase over time, the harvest pressure hypothesis would be 

undermined, and the climate change hypothesis would also be undermined if this trend 

is driven solely by increases in snapper abundances. The third index I introduce is the 

small pelagic index (SPI), which is equal to the sum of taxonomic abundances for all 

small pelagic school fishes divided by the total abundance of identified fish remains in 

an assemblage, or: 

 
SPI =  

∑ small pelagic school fishes

∑ identified fish
 

(Eq. 4.3) 

I use the SPI to track changes in the relative abundance of small schooling fishes from 

pelagic habitats that would have been amenable to mass capture and processing. When 

the index is at or close to 0, I suggest that small-bodied fishes were probably not 

captured en masse, and that they can be considered as individual captures of low-

ranked pelagic species. In assemblages where the index approaches 1, it is very likely 

that these small fishes reflect high-return mass capture resources. Increases in the SPI, 

and increasing numbers of assemblages with high SPI values, would support the 

hypothesis that Māori practiced mass capture fishing strategies more frequently over 

time. Decreasing or sustained low SPI values would undermine the hypothesis that 

small, pelagic fishes were mass captured. Because neither result would provide 

evidence in support or against the possibility that other fishes may have been captured 
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en masse, it will also be important to consider whether high abundances of other small 

schooling fishes from other habitat types could reflect high return mass capture fishing 

as well. 

Finally, I test for trends in snapper body size to determine whether climate or 

harvest pressures affected snapper populations, or whether snapper fishing practices 

changed over time. Increases in the mean size of snapper from archaeological 

assemblages would support the climate change hypothesis. If the mean size of snapper 

decreased, then the harvest pressure hypothesis would be supported. Changes in the 

range and variability of snapper body sizes could support the hypothesis that mass 

capture fishing methods were used more frequently over time. However, if mean 

snapper body sizes remained constant, or if body sizes varied randomly over time, then 

all three hypotheses would be undermined. 

4.3. Chapter Summary 

My review of coastal northern North Island fishes identified 135 species that 

would have been available to Māori fishers. Modelling these resources with a prey 

choice model indicates there are 23 species that would have been very highly ranked, 

assuming that individual body size is a good proxy for resource return rates, but very 

few of them have been positively identified in archaeological contexts and none are 

frequently observed. Previous archaeofisheries surveys indicate snapper, kahawai, and 

barracouta were the highest-ranked resources that were commonly fished, where 

snapper were present in nearly every assemblage from the greater Hauraki Gulf. Only a 

few slightly smaller fishes were also widely represented, including red gurnard, jack 

mackerels, wrasses, and leatherjacket, but it is unclear whether other small fish are 

missing from these assemblages because they weren’t fished, or because they were 

removed by size-selective recovery and identification methods. 

Based on solutions to this prey choice model and my review of Aotearoa’s 

socioenvironmental history, I proposed three hypotheses to predict and explain 

possible long-term trends in Māori fisheries. I hypothesized that snapper and other 

high-ranked fish stocks could have been disrupted around 1500 CE by (H1) decreases in 

sea surface temperature during the LIA and/or (H2) sustained and increasing human 

harvest pressure, which both could have decreased return rates enough that Māori 

would have fished for a wider range of smaller species. I also hypothesized that (H3) 
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Māori practiced more high return, mass capture fishing of small, pelagic school species 

in the northern North Island beginning around 1500 CE to meet increasing demand for 

marine fish resources. I proposed to test these expectations by iteratively examining 

patterns in taxonomic ubiquity, the relative abundances of snapper, larger-bodied 

fishes, and small pelagic fishes, and snapper body size frequencies.  

In the next chapter, I describe the methods I used to collect and analyse fishbone 

data from Māori archaeological sites for this analysis. Given the large number of 

taphonomic processes and archaeological recovery and identification biases that could 

potentially affect patterns of taxonomic representation, not every dataset is necessarily 

useful for addressing these research objectives given their condition. Therefore, I also 

follow this background chapter with a systematic data quality assessment to evaluate 

which assemblages are comparable and suitable for studying the metrics I use in my 

hypothesis tests before interpreting any trends or drawing any conclusions about Māori 

fisheries.  
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5. Materials and Methods 

I draw on two sources of archaeological data to test my hypotheses in this thesis: 

a survey of all previously published fishbone assemblages from northern Aotearoa, and 

my own analysis of 17 assemblages from seven previously excavated sites. Assemblages 

from both sources were selected because they met minimum sample size criteria and 

have associated radiocarbon dates, while the materials I analysed were also recovered 

by sieving with a minimum mesh size of 4 mm or finer. Here, I describe how I collected 

and synthesized data from existing archaeofisheries records for comparison with each 

other and with the results of my fishbone analysis. I also present my zooarchaeological 

identification methods for the newly analysed assemblages, and the quantitative 

methods I use to compare taxonomic and size-frequency data in this thesis. Finally, I 

describe the protocols I used to recalibrate the radiocarbon dates and estimate the ages 

of fishbone assemblages. 

5.1. Northern Aotearoa Fishbone Data Survey  

For this thesis, I surveyed all previously published fishbone data from northern 

Aotearoa archaeological assemblages that were reported before the end of 2019. I only 

included assemblages from this survey in my fishbone database if they met both of the 

following criteria: (1) the assemblage contained a minimum sample of 50 NISP or 30 

MNI (see Section 5.5. Quantitative Methods for definitions of these measures), and (2) 

the assemblage was stratigraphically associated with radiocarbon dated materials. The 

sample size requirement was intended to filter out small assemblages that are affected 

by extreme sample-size biases. Jones and Gabe’s (2015) study of legacy 

zooarchaeological collections from New Mexico, U.S.A. suggests that excluding such 

assemblages from consideration also helps remove those datasets that are most likely to 

have inadequate documentation of their depositional contexts, archaeological recovery 

methods, and analytic protocols. I decided to exclude assemblages that lack radiocarbon 

chronologies because I am specifically interested in the temporal dynamics of Māori 

fisheries, and radiocarbon dating is the only reliable method for evaluating the age of 

Māori archaeological assemblages that predate the early 1800s. 
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To identify assemblages for inclusion, I surveyed the Heritage New Zealand 

Pouhere Taonga (HNZPT) Archaeological Reports Digital Library, published academic 

literature, and unpublished student theses for site details, excavation histories, fishbone 

data, and radiocarbon dates. Initially, I used the DocFetcher desktop search application 

to review a local copy of the HNZPT’s pdf database for site reports from the regions of 

Northland, Auckland, Waikato, and Bay of Plenty. I used the document preview window 

in DocFether to visually scan all results for the search terms “fishbone” (79 documents), 

“fish NISP” (270 documents), and “fish MNI” (234 documents) and select documents 

that met my search criteria. In December 2019, after HNZPT made the Archaeological 

Reports Digital Library accessible online, I searched the database again for new reports 

and any documents that may have been missing from my local copy of the database 

using the search terms (“fish” OR “fishbone”) AND (“NISP” OR “MNI”), which returned 

approximately 230 documents. I downloaded any documents that were not already 

included in my database and visually scanned them to determine if they met my search 

criteria. I performed similar searches in Google Scholar, the University of Auckland 

Library Catalogue, and the ProQuest Dissertations and Theses Database for additional 

resources not included in the HNZPT database. Finally, I checked all of the sites included 

in James-Lee’s (2014), Leach’s (2006), and Smith’s (2013) surveys of fishbone 

assemblages for any datasets I might have missed.  

My survey identified 66 fishbone assemblages from 44 sites that met both the 

sample size and the radiocarbon requirements (Table 5.1). I recorded data from all 

selected assemblages in a Microsoft Access 2016 database. My database includes seven 

data tables with 58 fields for collecting the data I use to address my research question 

and data quality checks (Table 5.2) which covers information about each reference, site, 

assemblage, and radiocarbon date, and taxonomic identifications, element frequencies, 

and body size estimates for each assemblage (Table 5.2; Figure 5.1). For each site, I 

recorded fishbone data using the finest provenience groupings available from the 

published information, but I summarised and analysed taxonomic, element, and body 

size frequencies using the stratigraphic assemblages as defined by site excavators. Due 

to word count limits I was unable to include narrative descriptions of each assemblage’s 

history of excavation and analysis, or the interpretive decisions that I made when 

recording data, but these accounts can be found in Supplementary Materials S2 – Site 

Narrative Descriptions and Chronologies. 
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Table 5.1. Data available from northern North Island archaeological sites with the total 
number of fishbone assemblages (“No. Assem.”) analysed in this thesis. Subsequent 
columns indicate the number of assemblages from each site that reported element 
frequencies (“Elm. Freq.”), snapper fork length estimates (“FL Est.”), the collection 
methods used during excavation (“Coll. Meth.”), and the zooarchaeological identification 
methods used (“ID Meth.”) 

Site Name NZAA# Region 
No. 

Assem. 
Elm. 
Freq. 

FL 
Est. 

Coll. 
Meth. 

ID 
Meth.  

Ahuahu EA36 T10/1118 Waikato 1 - - 1 1 

Arthur Black's Midden T10/164 Waikato 3 - 2 3 3 

Bream Tail R08/132 Northland 1 - - 1 - 

Cross Creek T10/399 Waikato 3 - 1 3 - 

Davidson Undefended Site R10/38 Auckland 1 - - 1 1 

Hahei T11/242 Waikato 3 - 2 3 3 

Harataonga East T08/4 Auckland 2 - - 2 1 

Harataonga West T08/5 Auckland 2 - - 2 2 

Hot Water Beach T11/115 Waikato 2 - - 2 2 

Houhora N03/59 Northland 1 - 1 1 1 

Kioreroa Q07/58 Northland 1 - - 1 1 

Kohika V15/80 BoP 1 - 1 1 1 

Kokohuia O06/317 Northland 2 - 2 2 2 

Maketu North V14/188 BoP 2 1 - 1 2 

Mangawhai Sandspit R08/30 Northland 2 - - 2 2 

Martins Bay R09/2023 Auckland 1 - - 1 1 

Maungarei R11/12 Auckland 2 - 1 2 2 

NRD R11/859 Auckland 2 - 2 2 2 

OM 219 - Auckland 1 - - 1 1 

Omaio X15/46 BoP 1 - - 1 - 

Orokarakara R10/771 Auckland 1 - - - 1 

Ororopupu R10/26 Auckland 1 - 1 1 1 

Papamoa Supacenta Area H U14/2889 BoP 1 1 - 1 1 

R09/887 R09/887 Auckland 1 - 1 1 1 

Sarah's Gully Midden T10/171 Waikato 1 - - 1 1 

Sarah's Gully Pā T10/168 Waikato 1 - - - 1 

Sarah's Gully Settlement T10/167 Waikato 2 - - - 2 

Sunde R10/25 Auckland 2 - 2 2 2 

Tairua T11/62 Waikato 1 - - - 1 

Taurere R11/96 Auckland 1 - - - - 

Tauroa Point N05/302 Northland 3 3 - 3 3 

Te Ahua Pā Q11/61 Auckland 1 1 1 1 - 

Te Mataku T10/359 Waikato 1 - - 1 1 

Tōtara Palms T12/372 Waikato 1 - - 1 1 

Tūtahi R11/1694 Auckland 1 1 1 1 1 

Twilight Beach M02/162 Northland 1 - 1 1 - 

U14/363 U14/363 BoP 1 1 - 1 1 
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Table 5.1. Continued. 

Site Name NZAA# Region 
No. 

Assem. 

14C 
Dates 

Elm. 
Freq. 

FL 
Est. 

Coll. 
Meth. 

ID 
Meth.  

U14/1717 U14/1717 BoP 1 4 - - 1 1 

U14/2841 U14/2841 BoP 1 4 1 - 1 1 

U14/2907 U14/2907 BoP 3 5 - - 3 2 

U14/2912 U14/2912 BoP 2 5 - - 2 2 

Urquharts Bay Q07/751 Northland 2 2 - - 2 2 

V14/40 V14/40 BoP 1 1 1 - 1 1 

V14/193 V14/193 BoP 1 1 - - - 1  
 Total 66 222 10 19 58 56 

 

There were another three assemblages that met my requirements which I chose 

to exclude from analysis. Two of these were previously published assemblages that I  

reanalysed for this thesis (see Section 5.2.2. Sandy Bay Rockshelter and Section 5.2.6.  

Cabana), and I removed both of the original assemblages from consideration to avoid 

double-counting specimens. I excluded a third assemblage from Waipoua (O06/290) 

because the site was destroyed by bulldozing before it was archaeologically sampled 

(Nichol 1988:48), and the stratigraphic relationships of the fish remains and a single 

radiocarbon dated shell sample are unknown. 

I made many interpretive decisions during data recording and synthesis to 

ensure that assemblages were comparable. Most of these site and assemblage specific 

choices are recorded in Supplementary Materials S2, but there were also some decisions 

I applied systematically to the entire database. First, I updated old taxonomic 

designations and standardized species and family names across all assemblages. 

Second, where taxonomic abundances were reported at the family level, I recorded 

monotypic families at the species level. For example, family Arripidae is represented by 

only one species in northern Aotearoa, so I changed all specimens identified to 

Arripidae as Arripis trutta. Third, where taxonomic attributions appeared to be overly 

specific for taxa that are closely related and very difficult to differentiate using skeletal 

morphology alone, I used higher taxonomic levels to record them. I changed all 

identifications of dogfish sharks, stingrays, freshwater eels, conger eels, scorpionfishes, 

basses, sweeps, foxfishes, flounders to the genus level (respectively: Squalus sp., 

Bathytoshia sp., Anguilla sp., Conger sp., Scorpaena sp., Polyprion sp., Scorpis sp., 

Bodianus sp., and Rhombosolea sp.). I also used the non-taxonomic grouping 
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Table 5.2. Fishbone assemblage database tables and recorded variables. 

Field Name Data Type Field Name Data Type 

References Radiocarbon Dates 

refID primary key dateID primary key 

reportID HNZ report identifier siteID linked variable 

authority associated HNZ authority assemID linked variable 

citation bibliographic citation refID linked variable 

type type of publication labno laboratory ID number 

Sites ‰𝛿13C 13C fraction 

siteID primary key 13C SE 13C fraction standard deviation 

sitename site name %14C 14C fraction relative to modern 

NZAA NZAA site number SE 14C fraction standard deviation 

Imperial Imperial site number conventional uncalibrated CRA 

region regional location SD CRA standard deviation 

geography geographic landform setting
  

context depositional context of dated 
material 

fishgear recovered fishing artifacts material description of dated material 

sitenarrative excavation history record 
narrative 

references used and 
interpretive decisions 

NZTMeast site coordinate easting comments other notes or issues 

NZTMnorth site coordinate northing Assemblages 

record 
narrative 

references used and 
interpretive decisions 

assemID primary key 

comments other notes or issues siteID linked variable 

Taxonomic IDs assemblage assemblage name 

assemID linked variable context description of depositional 
context 

taxID primary key recovery minimum sieve size used 

context provenience recovery 
narrative 

description of recovery 
methods 

taxon reported taxonomic attribution analyst name of person responsible for 
IDs 

NISP total NISP labmethods narrative of ID methods 

MNE total MNE samplingstrat notes on subsampling 

MNI total MNI volumeL deposit volume (L) 

newtaxon standardised taxonomic 
attribution 

record 
narrative 

references used and 
interpretive decisions 

comment other notes or issues comments other notes or issues 

Body size Estimates Element IDs 

assemID linked variable assemID linked variable 

sizeID primary key elemID primary key 

taxon taxonomic attribution context provenience 

FLcm estimated fork-length (cm) element anatomical element 

% frequency proportion of total side left, right, unpaired 

n total number of specimens taxon reported taxonomic attribution 

comment other notes or issues NISP total NISP 

  MNE total MNE 

  comment other notes or issues 
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Figure 5.1. Schematic of fishbone assemblage database tables, linked variables, and 
relationships.  

Trachurus/Decapterus to record all putative jack mackerel and horse mackerel 

identifications as these species could be easily confused with each other, or with kōheru 

specimens. Throughout this thesis, I refer to these species collectively as jack 

mackerels/kōheru. The bones of spotty (Notolabrus celidotus), banded wrasse 

(Notolabrus fucicola), scarlet wrasse (Pseudolabrus miles), and potentially other wrasses 

are also famously difficult to differentiate (Leach 2006:15; Leach and Anderson 1979), 

so I grouped all such specimens together under tribe Pseudolabrini. Other researchers 

have grouped all wrasses together at the family level, Labridae, but the taxonomy of 

many morphologically distinct species have subsequently been reorganized such that 

greenbone and foxfishes are also now members of Labridae under tribe Hypsigenyini 

(Gomon et al. 2015; Roberts et al. 2020). Earlier uses of the term Labridae clearly 

referred to members of Pseudolabrini, and I use this term instead to prevent confusion. 

In some instances, shark teeth and vertebrae were identified to the species level, but I 

grouped them all together under superorder Selachii. Fourth, many cartilaginous fish 

remains were reported variously as elasmobranchs or Chondrichthyes, but I grouped all 

such specimens together under subclass Elasmobranchii based on the assumption that 

all distinctive chimaerid dental plates would have been identified to finer taxonomic 

levels if they were present. Finally, I attempted to record all fish scales and carangid 

scutes separately from skeletal specimens so I could easily remove them from 

quantitative comparisons. 
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5.2. Analysed Fishbone Assemblages 

Previously excavated fishbone assemblages were generally selected for new 

analysis based on their high densities of fish remains and the existence of associated 

radiocarbon dates. I also attempted to focus my attention on collections that were 

sieved with 4 mm or finer mesh, or bulk sampled. Because only a small number of 

previously excavated fishbone assemblages have been retained by excavators and are 

available for study, my choice of assemblages for analysis was limited and strongly 

influenced by access to collections. Following my analysis of the assemblages from each 

site, I summarised the site information and fishbone data in my Access fishbone 

database and recalibrated their radiocarbon chronologies using the same methods 

described above for previously reported assemblages. Here, I provide a brief 

background description of each site that produced the fishbone assemblages I analysed 

(Figure 5.2).  

 

Figure 5.2. Map of northern North Island archaeological assemblages I analysed for this 
thesis. This work is a derivative of “NZ Coastlines and Islands Polygons (Topo 1:50k)” 
by Land Information New Zealand, used under CC BY 4.0 International License. 
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5.2.1. Tauranga Bay (P04/639), Whangaroa, Northland 

The Tauranga Bay site consists of several areas with stratified deposits of shell, 

bone, and charcoal in dune sands on the foreshore of Tauranga Bay Beach, Whangaroa 

(Campbell et al. n.d.). Four contiguous excavation areas of various sizes (Areas A-D; aka 

“Southern Area”) contained numerous fish, bird, and pinniped remains, a possible 

cooking feature, adzes, obsidian and chert flakes, and a variety of fishing gear made 

from moa bone, shell, and ivory (Figure 5.3). In Excavation Area E – a 50 x 50 cm unit 

about 100 m west of the Southern Area – excavators identified five successive layers of 

shell-bearing deposits that they interpreted as multiple seasonal occupations. The shell 

varied in density and contained high concentrations of charcoal, and fire cracked rock, a 

possible cooking feature, and sparse artefactual material. All excavated material was 

wet sieved with 2 mm mesh on site.  

 

Figure 5.3. North stratigraphic profile of Area C (“Southern Area”) at Tauranga Bay 
(courtesy of Mat Campbell). 

5.2.2. Sandy Bay Rockshelter (R09/25), Kawau Island, Auckland 

Sandy Bay Rockshelter is an area of stratified deposits with lenses of shell 

deposits and other cultural materials at the mouth of a sea cave on the north shore of 

Kawau Island that have subsequently been severely eroded by wave action (Brassey 
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2010). Because the site was never investigated systematically, the nature and 

chronology of human activities at the site have not been established. Auckland Regional 

Council archaeologists carried out a small test excavation in 2000 to assess whether any 

archaeological materials remained at the back of Sandy Bay Rockshelter. They found a 5 

cm thick deposit of mixed flotsam, roof fall, sand, and shell laying over a 20 cm layer of 

apparently undisturbed charcoal-stained sand with rock fragments, charcoal, shell, and 

animal bone (Brassey 2010). No stratigraphic profiles, site plans, or photographs of the 

excavations were recorded from these investigations. The presence of one possible 

sandstone file, several fire-cracked rocks, and some burnt shell and bone demonstrate 

that at least some of the remaining material at this site is anthropogenic (Brassey 

2010:256–257; McPherson n.d.:4). One radiocarbon date from a cockle shell 

(Austrovenus stutchburyi) suggests this material was deposited by Māori well before the 

nineteenth century, but a possum (Trichosurus vulpecula) bone identified from the same 

layer indicates that at least some of the deposits originated from the mid-nineteenth 

century or later when possums were first introduced to Kawau Island (Brassey 

2010:261–262). Material from the charcoal-stained deposit was sieved on site (Brassey 

2010). Although the mesh-size that was used is not recorded, the size of the fish 

specimens from this assemblage are consistent with the use of 3.2 mm sieves (personal 

observation).  

5.2.3. Tiritiri Matangi Wharf (R10/279), Tiritiri Matangi Island, Auckland 

The Tiritiri Matangi Wharf site is one of several areas of archaeological deposits 

on the southwest end of Tiritiri Matangi Island on a terrace immediately above a small, 

rocky beach at Wharf Bay with stratified deposits of shell, animal bone, oven features, 

and postholes. Details of the Tiritiri Matangi Wharf site have not been published, but 

some of the archaeological activity at this site was described in a Department of 

Conservation Heritage Assessment for Tiritiri Matangi Island (Dodd 2008) and I gained 

additional information through personal communications with Robert Brassey 

(Auckland Council Heritage Unit) who helped with the excavations.  

According to Dodd (2008:6, 37), excavators identified evidence of shellfishing, 

fishing, sealing, birding, adze manufacture, and multiple cooking features in the earliest 

site deposits (Layer 7/7a; Figure 5.4). A single shark vertebra from a very large 

individual was found at the base of this layer with several flakes of obsidian embedded 
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in it (Figure 5.5), providing fascinating evidence of the relationship between Māori and 

marine predators at this time and place. Skeletal remains from at least one moa species 

and king shag (Phalacrocorax carunculatus; now extirpated from the North Island) 

suggest the site was initially used during an early period of Māori settlement in 

Aotearoa, while the presence of some pumice lapilli could indicate these deposits 

accumulated during a period of volcanic activity between about 1400–1450 CE at 

nearby Rangitoto Island (Robert Brassey, personal communication, 11 December 2019; 

Dodd 2008:6). Cooking features and animal remains in the subsequent Layers 5 and 3 

provide evidence of additional episodes of food procurement and preparation. Dodd 

(2008:7) notes there were postholes and stone walls in Layer 5 that were the remains of 

“substantial whare or other buildings,” but there is currently no available archaeological 

report to support this determination. Brassey (personal communication, 23 December 

2019) indicated that materials from Layer 7/7a and from oven features in Layers 3 and 

5 were sieved with 5 mm mesh. Other materials from these layers and from other 

deposits were recovered by hand picking.  

 

Figure 5.4. Stratigraphic profiles from Tiritiri Matangi Wharf (courtesy of Robert 
Brassey). 
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Figure 5.5. Shark vertebra (8cm diameter) from Tiritiri Matangi Wharf  Layer 7/7a with 
embedded obsidian flakes, in situ (courtesy of Robert Brassey). 

5.2.4. Long Bay (R10/1374), Long Bay, Auckland 

The Long Bay Restaurant Site (hereafter referred to as Long Bay) is a stratified 

series of shell-bearing deposits in a beach dune system on the coast of Te Oneroa o Kahu 

(also known as Long Bay) that has unusually large numbers of Māori burials compared 

to other sites with analysed fishbone assemblages. The earliest deposits (Phase 1, 4, and 

5) all contained tuatua (Paphies subtriangulata) shell with vertebrate remains, shell 

fishhook points, obsidian flakes, charcoal concentrations, and multiple cooking related 

features (Figure 5.6; Figure 5.7). Phase 1 deposits also contained dog coprolites, fire 

cracked rock, and several rows of postholes; Phase 4 had chert flakes, a moa bone 

fishhook, stone abraders, and a broken adze; and Phase 5 produced chert, a bone bird 

spear point, and a trolling lure shank. The tuatua shell in Phase 7 was generally sparser, 

but it produced a similarly wide range of material culture, several postholes, and some 

human remains. Phase 10 lensed into Phase 7 in places, but in general it was sparser 

with only some shell, fire cracked rock, shell hook points, and some human remains. The 

last phase of cultural activity (Phase 12) was very sparse with small amounts of shell, 

vertebrate bone, obsidian, charcoal and fire cracked rock, and two cooking features.  
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Figure 5.6. Map of cultural deposits at Long Bay by cultural phase showing excavation 
units that were sampled for faunal analysis (updated from Campbell et al. 2019b: Figure 
6.1). 
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Figure 5.7. Stratigraphic profiles of the Long Bay Restaurant foundation showing the 
stratigraphic relationships of analysed material: south wall (top), east wall (centre), and 
south face of Row 12 at the north wall (bottom) (Campbell et al. 2019a: Figure 2). 

The excavators sieved all sediments with either 3 mm or 6 mm screens on site 

(Campbell et al. 2019b:13–14). In total, 5 m3 of sieved samples and bulk samples were 

returned to the CFG Heritage Consultants laboratory for analysis. Campbell selected two 

excavation units for each layer and analysed 100% of the samples from those squares, 

and a minimum of one sample from each archaeological feature (Campbell et al. 

2019b:73). Selected bulk samples were wet sieved through 3 mm mesh in the lab.  

Later, an additional 37 sample bags were selected for my fishbone analysis with 

the goal of increasing the sample size of Phase 7 or Phase 12, but very little material was 

available from either phase. Ultimately, I analysed 10 samples from Phase 1, one sample 

from Phase 4, 22 samples from Phase 5, and four samples from Phase 7 for this thesis, 

and added my results to Campbell’s fishbone analysis after excluding all samples that 

were not sieved with 3 mm mesh (Campbell et al. 2019a).   

5.2.5. Hot Water Beach (T11/115), Hot Water Beach, Waikato 

The Hot Water Beach site is an extensive area of archaeological deposits located 

on sandy beach flats where Taiwawe Stream enters the Pacific Ocean on the 

Coromandel Peninsula. In summarizing the initial excavations from 1969 by the 
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Auckland Museum (Leahy 1974) and subsequent tests from the early 2000s, Gumbley 

(2018:12) indicates the site contained evidence of separate activity areas for food 

preparation, fishhook and stone tool manufacture, and potential structures. Animal 

remains collected by the Auckland Museum demonstrate that Māori also brought 

shellfish, seals, and fish here (Leahy 1974), and data from an unpublished analysis of 

the fishbone assemblage reported by Leach and Boocock (1993: Table 27 and 28) 

contained large amounts of snapper and rocky reef fishes. 

W Gumbley Limited Archaeologists conducted additional excavations in April 

and June 2017 to assess and mitigate archaeological impacts from the expansion of 

infrastructure for beach users (Gumbley et al. 2018). Examination of the stratigraphic 

profiles identified two cultural deposits that extend across the excavated areas: a dense 

shell-bearing deposit, and an overlying deposit of black, charcoal-stained sand with 

inclusions of shell (Figure 5.8; Figure 5.9) (Gumbley et al. 2018:27). However, no 

artifacts were associated with the overlying black sand, so it is possible that the dense 

‘midden’ layer is the only direct evidence of site use and occupation (Gumbley et al. 

2018:48). The main shell deposits contained chert and obsidian flakes and further 

evidence of adze and fishhook manufacture (Gumbley et al. 2018). Horrocks’s (in 

Gumbley et al. 2018:44) microfossil analysis shows that multiple food plants were 

present at the site, including kūmara (Ipomea batatas), taro (Colocasia esculenta), tutu 

(Coriaria spp.), pūhā (Sonchus spp.), and marsh cress (ponui, Rorripa palustris). W 

Gumbley Limited Archaeologists collected bulk samples of the lower, undisturbed shell 

midden in three areas of the site (160 L total sample size): the east wall of an excavation 

for a large concrete tank (Sample Area A), the north end of an excavation for a pump 

station (Sample Area B), and the southwest end of a trench excavation for a retaining 

wall (Sample Area C; Figure 5.8). Later, these samples were wet sieved through 2 mm 

screens (Warren Gumbley, personal communication, 4 October 2019). I only analysed 

material from the 2017 excavations of this site. 
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Figure 5.8. Map of bulk samples A, B, and C (dotted areas) collected from 2017 Hot 
Water Beach excavation areas (outlined in green) (Gumbley et al. 2018: Figure 9). 

 

 

Figure 5.9. Stratigraphic profile of the Hot Water Beach storage tank excavation area 
showing the location of Sample Area A at the north end (Gumbley et al. 2018: Figure 
20). 



Materials and Methods 

99 
 

5.2.6. Cabana (T12/3), Whangamatā, Waikato 

The Cabana site (also known as the Cabana Lodge site) has extensive activity 

areas between the foreshore and the adjacent dune system at the mouth of 

Whangamatā Harbour with evidence of fishing, cooking, adze manufacture, and fish 

hook production during an early period of Māori settlement in Aotearoa (Gumbley 

2014; Gumbley and Laumea 2019). Deposits from the adjacent Whangamatā Wharf site 

(T12/2) excavated by Allo (1972) indicate seals were also eaten in the immediate 

vicinity (James-Lee and Gumbley 2012).  

W Gumbley Limited Archaeologists conducted excavations in 2007 and 2016 

that revealed two main layers of cultural material across the entire excavation: Layer 3, 

an initial occupation horizon with extensive cooking features, and Layer 2, a subsequent 

shell-bearing deposit (Figure 5.10; Figure 5.11). These two seasons of excavation 

yielded large numbers of chert and obsidian flakes; further evidence of adze and 

fishhook manufacture; and a wide variety of fishing gear, including sinkers, pumice 

floats, lures, and hooks (Gumbley 2014; Gumbley and Laumea 2019). There were 

numerous earth ovens, and many rows of postholes that suggest small shelters, drying 

racks, and fences were constructed across the site, but there is no evidence of any 

formal dwellings (Gumbley and Laumea 2019:133). Some areas of Layer 3 that were 

mixed into underlying, natural soils appear to indicate the site was also used for crop 

cultivation after the initial occupation period, while the presence of kūmara and taro 

microfossils in dog coprolites from both layers and storage pits suggest these cultivars 

may have been stored on site. Other microfossils suggest a wide variety of additional 

plants were used for food and medicine as well (Horrocks 2014, 2019).  

In 2007, all excavated material was sieved through 5 mm mesh on site except in 

Area F Trench 4 – a series of six 1 m x 1 m squares where excavators collected the entire 

Layer 2 deposit from each quadrant of each square as bulk samples (Gumbley 2014:17). 

The Area F Trench 4 bulk samples were subsequently analysed by Tiffany James-Lee 

(2014) for her PhD research (see also James-Lee and Gumbley 2012). James-Lee 

(2014:98) writes that she treated material from the northeast quadrant of Area F 

Trench 4 Square 1 (Figure 5.10; aka FzT4S1NE) differently from the rest of the samples 

from Trench 4 and conducted “fine-grained analysis” to assess fragmentation rates. 

“This sample was treated as a ‘bulk sample’,” (James-Lee 2014:110), meaning it was not 

washed or sieved prior to sorting to retain all small specimens, and all bone specimens 



Nims – 2022 

100 
 

 

Figure 5.10. Map of excavation areas at Cabana sampled in 2007 (blue outlines) and 
2016 (black outlines) (adapted from Gumbley and Laumea 2019: Figure 5). 
 

 

Figure 5.11. Stratigraphic profile of Area F Trench 4 at Cabana (Gumbley 2014: Figure 
19). Square 1 (aka FzT4S1) corresponds with the profile section between 5 m and 6 m 
on the x-axis. 
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were counted. Some of the other Area F Trench 4 samples and 5 mm sieve samples 

collected from the field were washed and analysed (James-Lee 2014:96), and 

presumably wet-sieved. 

In 2016, bulk samples were collected from some features in Trenches G, I, and J, 

floated to collect charcoal, and then sieved through 4 mm mesh. Meanwhile bulk 

samples from Layer 2 of Trench K were wet-sieved through 2 mm mesh (Gumbley and 

Laumea 2019:16).  

The Auckland Museum and Warren Gumbley loaned me all fishbone from, 

respectively, the 2007 and 2016 excavations for my PhD research. While cataloguing the 

loaned 2007 samples I found that only bags from the northeast quadrant of Area F 

Trench 4 Square 1 contained any small fishbone consistent with collection by fine mesh 

sieving. Based on these observations, I inferred that all other bulk samples from Area F 

Trench 4 were sieved with coarse mesh at the University of Otago, and that no finer 

material from the bulk samples was retained. Therefore, I chose to only analyse 

fishbone from the northeast quadrant of Area F Trench 4 Square 1 and I excluded the 

other 2007 samples from consideration (Table 5.3). Similarly, I only analysed fish 

remains from the 2016 season that were collected as bulk samples and sieved with 

4 mm or 2 mm mesh. 

Table 5.3. Provenience of analysed bulk samples from 2007 and 2016 excavations at 
Cabana Lodge. Volume of the Area F sample is an estimate based on the dimensions of 
the quadrant (50 cm x 50 cm) and the thickness of Layer 2 on the NW side of Figure 
5.11 (ca. 30 cm). 

Area Layer Feature Context Description Volume (L) 

Area F 2 - Trench 4 Square 1 NE quadrant ca. 75 

Trench G 3 F137 charcoal concentration 20 

Trench I 3 F244 fireplace, upper layer unknown 

 unknown - trench extension 80 

Trench J 2 F112 fireplace, upper fill 40 

  F112 fireplace, lower fill 60 

  F116 large fireplace 60 

  F191 fireplace, charcoal sample 10 

Trench K 2 - east face 20 
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5.2.7. Koutunui (U13/49), Athenree, Bay of Plenty 

Pā U13/49 (hereafter referred to as Koutunui) in Athenree, western Bay of 

Plenty is one of six pā in a multi-site complex of defensive features at Koutunui Rd on 

the edge of a plateau overlooking the mouth of the Waiau River at the north end of 

Tauranga Harbour. Previous archaeological investigations of the area indicate it was 

initially used for shellfishing and cultivation, followed by a period of rapid pā 

construction (McFadgen 1982; Phillips and Allen 1996). New excavations at Koutunui in 

2017 uncovered several defensive ditch and bank features and some more recent 

storage pits (Figure 5.12) (Phillips 2017). Phillips collected bulk samples from shell fill-

deposits in one of the storage pit features (Sample 1) and from the bottom of two 

defensive ditch and bank features (Samples 2 and 3; Figure 5.12). Some fish remains  

 

Figure 5.12. Map of Koutunui showing excavation areas and the provenience of bulk 
midden samples (Phillips 2017: Figure 3). A 60 L bulk sample was also collected from 
the same location as Sample 2 and analysed for this thesis. 
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collected in Samples 1 and 2 were analysed by Sheryl Cawte (Faunal Solutions; 2017). 

Phillips (2017:16) also collected a 60 L bulk sample of sandy shell midden from the 

same trench fill-deposit as Sample 2 for my PhD analysis. This shell-bearing deposit was 

located in a defensive ditch and subsequently covered by fill from the bank (Figure 

5.13). My analysis focused exclusively on fish remains from this 60 L bulk sample. 

 

Figure 5.13. Stratigraphic section of Trench 2 at Koutunui showing the stratigraphic 
context of the analysed material (Phillips 2017: Figure 5). 

5.3. Fishbone Identification Methods 

While I attempted to use consistent analytic procedures across the seven sites I 

analysed, I used slightly different methods for the Long Bay analysis to maintain 

consistency with Campbell’s (2019a) previous work. Here, I outline my general 

identification protocols, and then detail the protocols for Long Bay separately. 

I re-sieved every bag of fish remains through nested 6.4 mm and 3.2 mm mesh, 

and then maintained separation between sieve-size fractions in all subsequent 

identification, recording, and quantification processes. If the assemblage was recovered 

and/or processed with sieves finer than 3.2 mm, I also re-sieved with a nested 2 mm 

screen. These re-sieving procedures proved critical for ensuring the comparability of 

assemblages recovered with dissimilar sieve sizes, as sieve-size fractions can easily be 

subtracted from summary data to provide like-with-like comparisons with other 

collections that were collected with coarser mesh, and for examining patterns of screen-

size biases (Partlow 2006). This also allowed me to check whether all samples actually 

contained fine-sieved materials and helped increase comparability by removing any 
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smaller specimens that should not have been recovered by the finest mesh that 

excavators used. 

After re-sieving, I sorted fish specimens from each screen-size fraction of each 

bag by element, and then sided and identified them to taxon using the University of 

Auckland zooarchaeological reference collection. When I was not able to identify 

specimens that appeared to be diagnostic, I consulted Campbell’s reference collection at 

CFG Heritage and the Te Papa Archaeozoology Laboratory reference collections. Any 

specimens that were not ultimately identified to taxon were recorded as “fish, 

indeterminate.” Initially, I identified 15 cranial elements, four appendicular elements, 

and vertebrae for all taxa that they are anatomically represented in (Table 5.4; Figure 

5.14). Later, I decided to exclude the basioccipital, ceratohyal, epihyal, palatine, 

preopercle, and supracleithrum from analysis because these elements occurred 

relatively infrequently and tests showed they did not provide any new information 

about taxonomic representation. I also uniquely identified an additional eight elements 

only for specified taxa to increase the chances of identifying those fishes, or, in the case 

of snapper frontals and carangid supraoccipitals, to document rates of carnivore 

modification on these robust bones.  

I subdivided vertebrae into three anatomical categories: atlas (first vertebra), 

abdominal vertebrae (post-atlas vertebrae lacking a haemal arch), and caudal vertebrae 

 

Figure 5.14. Skeletal elements selected for identification. A – lateral facial bones, 
pectoral girdle, and pelvic girdle (modified from Gregory 1933: Figure 7). B –
 neurocranium (modified from Starks 1901: Figure 63). C – trunk and tail (modified 
from Starks 1901: Figure 65). Element names marked with an asterisk were only 
identified for specific taxa. 
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(all vertebrae with a haemal arch; Figure 5.14). If vertebrae were fragmented enough 

that the presence or absence of a haemal arch could not be assessed, and for fishes that 

do not have fused vertebral processes (i.e., sharks and rays), I recorded the specimens 

as “vertebra, indeterminate.” I also did not identify the final three or four caudal 

vertebrae for any fishes as these elements are often much smaller and less distinctive 

than other vertebrae.  

When specimens were fragmented beyond recognition, or belonged to elements 

that were not selected for identification, I recorded them as element “unidentified.” All 

unidentified elements and all specimens that were identified to element but not taxon 

were recorded as taxon “fish, indeterminate.” All bone, tooth, scutes, and scales were 

counted. While counting “unidentified” material, I briefly re-examined every specimen 

to ensure I had not overlooked identifiable specimens. 

To help control for problems of specimen interdependence (where multiple 

fragmented specimens were originally part of a single whole element), I selected a 

unique, non-repeating morphological portion of each identified element (Figure 5.15) 

and recorded whether at least 50% of the portion was present. This allowed me to 

calculate the number of distinct elements (NDE) represented for each taxon by simply 

summarising the total number of specimens that have a portion present (Morin et al. 

2017a, 2019). Other researchers sometimes control for these problems by estimating 

minimum numbers of elements (MNE) instead, which are usually counted as the 

number of specimens that have overlapping morphological features and must have 

come from different individuals (e.g., Leach 1997:9). However, I chose to count NDE 

instead so that I would not have to compare specimens from different screen-size 

fractions or different excavation contexts for overlapping morphological features to 

calculate MNE. 

The only bone modification that I systematically documented was burning. I 

recorded all specimens that were partially or uniformly burnt to a black colour, or 

calcined to a white, grey, or bluish colour, as burned. All other specimens were recorded 

as not burned. However, I also noted the presence of any cut marks, chop marks, rodent 

gnawing, any possible cases of skeletal pathology, and any surface pits and gouges that 

appeared consistent with carnivore tooth marks. 
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Table 5.4. Skeletal elements selected for analysis by site. Elements were analysed for all 
taxa unless otherwise specified. “KTN” = Koutunui; “LB” = Long Bay; “TB” = Tauranga 
Bay; “CAB” = Cabana; “HWB” = Hot Water Beach; “SBR” = Sandy Bay Rockshelter; 
“TMW” = Tiritiri Matangi Wharf. 

Body Part/Element KTN LB TB CAB HWB SBR TMW 

cranial elements        

lateral facial bones        

angular/articular x x x x x x x 

ceratohyal x x      

dental plates Myliobatidae 

dentary x x x x x x x 

epihyal x x      

hyomandibula x x x x x x x 

lachrymal  C. kumu      

maxilla x x x x x x x 

opercle x x x x x x x 

palatine x x      

premaxilla x x x x x x x 

preopercle x x      

quadrate x x x x x x x 

teeth Selachii x Selachii 

neurocranium        

basioccipital x       

frontal C. auratus S. sagax C. auratus 

otolith x x x x x x x 

parasphenoid x x x x x x x 

prootic  S. sagax      

pterotic  S. sagax      

supraoccipital Carangidae  Carangidae 

vomer x x x x x x x 

pharyngeal jaws        

pharyngeal plates Labridae 

postcranial elements        

pectoral girdle        

cleithrum x x x x x x x 

posttemporal x x x x x x x 

scapula  x      

supracleithrum x x      

pelvic girdle        

basipterygium x  x x x x x 

trunk        

dorsal spine Meuschenia scaber 

scutes Carangidae 

vertebrae x x x x x x x 

tail        

hypural  x      

sting barb Myliobatiformes 

 



Materials and Methods 

107 
 

 

Figure 5.15. Element landmarks (features in pink circles) used to estimate number of 
distinct elements (NDE). Illustrations from Chrysophrys auratus reference skeleton 
AU3339. R = right side; L = left side; UP = unpaired; “ant” = anterior view; “lat” = lateral 
view; “med” = medial view; “post” = posterior view. 

I recorded all my observations on paper tags and curated them in the specimen 

bags to provide documentation of my analysis. After I completed identifications for an 

assemblage, I entered data from the paper tags into a spreadsheet with Microsoft Excel 

2016. For all previously analysed materials, I recorded the original anatomical and 

taxonomic attributions made by other researchers along with my own identifications 

for the same specimens. I also used the data entry process as an opportunity to review 

my identifications and confirm element and taxonomic attributions. If I encountered any 

problems with any recorded attributes, I documented the changes in my lab notebook, 

revised the label, and only entered the new information in the assemblage spreadsheet. 
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After data entry was completed, I reviewed the entered data for recording errors and 

inconsistencies in attribute codes. Again, I documented any errors in my lab notebook 

before making any corrections and consulted the original specimens where necessary to 

verify confusing or unusual information.  

5.3.1. Long Bay Fishbone Identification Protocols 

Slightly more than half of the fishbone from Long Bay was analysed by Campbell 

before I began my analysis. To maintain consistency with the previous work, I adopted 

Campbell’s protocols for fishbone identification. Nested screens were not used, and 

none of these specimens were re-sieved prior to analysis. Notably, we each analysed 

these materials with different reference collections. Campbell analysed selected 

samples at CFG Heritage offices with the CFG comparative collection and the University 

of Auckland reference collection, but I primarily referenced the University of Auckland 

reference collection for my analysis. 

For this assemblage, we identified 19 skeletal elements to taxon (Campbell et al. 

2019b:83), and an additional seven elements were uniquely identified for particular 

taxa (Table 5.4; Figure 5.14). This element set includes many of the same elements I 

identified for other site assemblages, but there are also several differences. Notably, the 

lachrymal was only identified for red gurnard, and the cranial elements prootic and 

pterotic were only recorded for pilchard as “otic series” along with the frontal. Otoliths 

and the otic series were not identified to side. Taxonomic identifications were 

attempted for all vertebral specimens, which were subdivided into four anatomical 

categories: atlas (first vertebra), thoracic vertebrae (synonymous with my abdominal 

vertebrae category; Figure 5.14), caudal vertebrae, and the hypural (the small, upturned 

vertebra articulating with the last true caudal vertebra). Burning was recorded using a 

different set of criteria as well. Specimens with a uniform dark brown colour on their 

surface and/or interior were classified as “scorched,” blackened specimens were 

classified as “burnt,” and greyish to white specimens as “calcined.” Only identified 

specimens were counted; scales, scutes, and unidentified bone were not tallied. We 

estimated MNE in each bag by recording the maximum number of specimens that have 

overlapping morphological landmarks. 
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5.4. Snapper Body Size Estimates 

To estimate the body sizes of snapper from the dimensions of their skeletal 

remains, I used Leach and Boocock’s (1995) regression models for the articular, 

dentary, maxilla, otolith, premaxilla, and quadrate. These models are based on a sample 

of 107 snapper collected from the Hauraki Gulf in 1986 with a size range between 13.3 

cm fork length (FL) and 58.6 cm FL, plus an additional three snapper (source unknown) 

that increased the range to a maximum of 94.0 cm FL (Leach and Boocock 1995:4). The 

authors attempted to measure 10 linear dimensions for each side of six paired elements 

from each individual in their reference set (Figure 5.16), though some of the bones were 

fragmented and could not be measured for every dimension. Then, they used least-

squares analysis to calculate five separate regression models (linear, exponential, 

logarithmic, power, and cubic functions) of the relationship between fork-length and 

each bone dimension, treating left and right sides of each element separately, resulting 

in a total of 100 separate regression models. Leach and Boocock (1995:8) chose to 

remove the y-intercept from all of their regression models so that the fitted curves pass 

through the origin (when the bone measurement is 0 cm, the fork length is also 0 cm,  

and vice versa). Finally, they selected a regression model for each dimension for each 

side of each element (Table 5.5) by visually comparing graphs of the fitted lines with the 

data points and choosing the model with the closest match. Where more than one model 

appeared to provide a good fit, they selected the model with the lowest standard error 

of the estimated fork length (Leach and Boocock 1995:7).  

I measured all snapper specimens from Cabana, Hot Water Beach, Long Bay, 

Sandy Bay Rockshelter, and Tauranga Bay that had at least one of Leach and Boocock’s 

(1995) dimensions intact (Figure 5.16) using Sylvac S_Cal PRO callipers. I recorded 

measurements for every intact dimension from each specimen and assigned each 

measurement an ascending catalogue number that is unique across all measured 

assemblages. I took each measurement three times and then recorded the average. If I 

noticed substantial differences between any of the three attempts for one measure, I 

discarded those values and started over for that specimen. I entered each measurement 

as a separate row in a spreadsheet using Microsoft Excel 2016 such that specimens with 

multiple measurements are potentially represented in more than one row, and I 

recorded the average value of each measurement on the back of the paper identification 
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tag. Then I used R statistical software (R Core Team 2019; Wickham 2017) to estimate 

snapper fork-lengths using Leach and Boocock’s (1995) regression models (Table 5.5). 

For individual specimens with multiple measurements, I only estimated fork-length 

using the measurement with the lowest standard error to ensure that specimens were 

not counted more than once. 

No snapper were present in the Koutunui assemblage, so no snapper body size 

reconstructions are available for this site. I chose not to measure the snapper from 

Tiritiri Matangi Wharf because these materials were sampled with 5 mm screens, and I 

was concerned that they would be strongly influenced by screen-size affects. There 

were also fewer than 30 specimens with intact dimensions in any individual layer from 

this site, so they would likely be biased by their small sample-sizes, and I did not want 

to aggregate materials across multiple chronological zones.  

 

 

Figure 5.16. Dimensions used for snapper body size regression analysis (after Leach and 
Boocock 1995: Figure 1).  
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Table 5.5. Leach and Boocock’s (1995: Table 3) regression models for estimating 
snapper fork length from various dimensions of skeletal elements (Figure 5.16).  

Independent 
Variable (mm) 

Osteological 
Landmarks 

Function 
Type 

Regression 
Model 

S.E. of 
Estimate (mm) 

left articular 1 E-F power 13.914(x)0.974 13 

right articular 1 E-F power 13.801(x)0.977 12 

left dentary 1 A-D power 13.876(x)0.963 13 

right dentary 1 A-D power 14.092(x)0.959 12 

left dentary 2 A-C power 21.220(x)0.935 11 

right dentary 2 A-C power 21.132(x)0.933 11 

left dentary 3 A-B linear 41.181(x) 17 

right dentary 3 A-B linear 41.062(x) 13 

left maxilla 1 K-I power 12.701(x)0.952 11 

right maxilla 1 K-I linear 10.614(x) 12 

left maxilla 2 L-J linear 27.452(x) 15 

right maxilla 2 L-J power 27.406(x)1.004 14 

left otolith 1 P-Q exponential 69.693 ∙ e0.125(x) 17 

right otolith 1 P-Q exponential 65.999 ∙ e0.131(x) 18 

left premaxilla 1 O-M power 14.404(x)0.945 14 

right premaxilla 1 O-M power 14.405(x)0.945 14 

left premaxilla 2 O-N linear 31.499(x) 14 

right premaxilla 2 O-N linear 31.589(x) 14 

left quadrate 1 G-H linear 19.567(x) 11 

right quadrate 1 G-H linear 19.435(x) 9 

5.5. Quantitative Methods 

Choosing an appropriate method for quantifying and comparing abundances of 

animal remains is a perennial problem in zooarchaeological research. There are many 

available counting units with attendant strengths and weaknesses. Because no single 

measurement is useful for addressing every possible zooarchaeological question, it is 

important to weigh the trade-offs associated with each one and select counting units 

that are appropriate for addressing specific research goals (Gifford-Gonzalez 2018:197–

198; Lyman 2008:26, 2018). As one of my goals was to track trends in relative 

taxonomic abundances, I review two of the most commonly used measures of 

taxonomic abundance – the number of identified specimens (NISP) and the estimated 

minimum number of individuals (MNI) – and describe my approach to comparing 

abundances of fish remains.  
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5.5.1. Number of Identified Specimens 

NISP is a simple tally of all the specimens that were attributed a taxonomic 

identification during zooarchaeological analysis. This measurement is different from the 

total number of specimens (NSP), which is a tally of all identified and unidentified 

animal remains in an assemblage. NISP is the primary counting unit of 

zooarchaeological and paleontological analysis that provides the basis for all other 

abundance measurements, and it has long been used to compare frequencies of 

different taxa and their skeletal parts within and between assemblages of animal 

remains (Lyman 2008:27). When NISP is used to measure taxonomic abundance, it can 

be written as: 

 NISP𝑖 = ∑ NISP𝑖𝑗 (Eq. 5.1) 

for a given taxon i and each element j. The greatest advantage of using NISP to measure 

taxonomic abundances is that it is an empirical property of the assemblage (a primary 

measurement). In other words, NISP reflects the number of specimens that were 

actually recovered and identified from archaeological deposits, and it can be verified, as 

two researchers counting the same specimens should always produce the same results.  

However, NISP does have several widely recognized weaknesses (Gifford-

Gonzalez 2018; Grayson 1984; Lyman 2008). First, because some animal species simply 

have more bones and teeth than others, the total number of specimens identified to an 

animal taxon is a function of the number of hard-tissue elements that are anatomically 

present, and the set of elements that is selected for analysis, in each taxon. Second, 

multiple taphonomic processes can artificially inflate NISP counts (e.g., fragmentation 

can break individual bones into multiple recognizable specimens) or deflate NISP (e.g., 

through taxon-specific patterns of butchery, body part transport, or destruction; or 

archaeological recovery biases). Third, actualistic experiments by Morin et al. (2017b) 

reveal that NISP counts are also strongly influenced by differences in the numbers of 

specimens that researchers can identify, especially for highly fragmented assemblages. 

Thus, NISP may be reproducible in the sense that two observers counting the same 

specimens will produce the same results, but the process of determining which 

specimens are identifiable is not always reproducible. Finally, because it is very likely 

that several bones in any assemblage were originally part of the same animal (i.e., 

statistically interdependent), NISP counts may not provide an accurate measure of the 
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relative taxonomic abundances of animals that were deposited in archaeological 

assemblages. 

The first two of these weaknesses can be addressed analytically. Anatomical 

differences in element frequencies for different taxa can be controlled for by dividing 

each element’s NISP counts by the number of times that it occurs in a given taxon’s 

skeleton (Grayson and Frey 2004:31). This modified NISP tally – called normed NISP 

(NNISP) – is used to directly compare taxonomic abundances if the element frequencies 

are known for each taxon under consideration, and can be expressed mathematically as: 

 
NNISP𝑖 = ∑

NISP𝑖𝑗

𝑛𝑖𝑗
 

(Eq. 5.2) 

where nij is the count of element j in taxon i's skeleton. Alternatively, researchers can 

control for this problem by only comparing the NISP of elements that occur in equal 

numbers across all taxa under consideration (Allen 2017; Lyman 2008:30). Moreover, 

even if taxa have different numbers of skeletal parts, such differences would not affect 

comparisons of relative taxonomic abundances between separate archaeological 

assemblages (Grayson 1984:25; Lyman 2008:31).  

Taphonomic effects on specimen counts cannot be controlled for in 

archaeological assemblages as many aspects of an assemblage’s taphonomic history are 

unknown. Fortunately, taphonomic processes may leave material traces that can be 

used to evaluate whether or not there are biases in an assemblage that might affect 

comparisons of taxonomic abundances within or between assemblages (Lyman 

2008:33–34). Depending on the number and intensity of biases that are identified in a 

set of assemblages, researchers can demonstrate that inter-assemblage comparisons 

are warranted, or that specimen counts may not provide an accurate measure of their 

target variable (Nims and Butler 2019a). In the latter case, it is important to reconsider 

whether the selected dataset is appropriate for addressing the given research question 

before using it to test any hypotheses.  

Similarly, the problem of inter-analyst disagreement raised by Morin et al.’s 

(2017b) experiments is not universal, and the reproducibility of zooarchaeological 

results can be assessed for individual assemblages to characterize the data quality of 

NISP measurements (e.g., Fisher 2015; Gobalet 2001; Nims and Butler 2017, 2019a). 

Morin et al. (2017b) assessed the accuracy of NISP abundances by comparing the 

identifications made by three zooarchaeologists for a single experimentally generated 
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assemblage of about 16,000 red deer (Cervus elaphus) and 47 cow (Bos taurus) skeletal 

fragments. Red deer long bones were particularly fragmented, with 261 elements 

broken into 5,329 specimens through marrow cracking experiments, and 240 elements 

comminuted into more than 10,500 specimens through bone grease extraction 

experiments. They found that analysts produced comparable and accurate NISP results 

for relatively intact elements and for non-long bones in any state of completeness, but 

that NISP counts of long bone fragments were less reproducible and less accurate 

measures of abundances in absolute and relative terms. However, as Lyman (2019) 

pointed out, these NISP results still accurately estimated rank-order taxonomic and 

element abundances. Both Morin et al. (2017b) and Fisher (2015) note that researchers 

may use different methods to calculate the NISP of fragmented specimens that can have 

serious consequences for zooarchaeological interpretation and inter-assemblage 

comparisons.  

It is not clear how Morin et al.’s (2017b) critique would apply to the analysis of 

fish remains, but Gobalet’s (2001) comparison of fishbone identifications from four 

researchers who looked at the same coastal Californian archaeological assemblage 

suggests fish NISP counts can be reproducible, even if the taxonomic assignments 

themselves are not always robust. In another study, Butler and I conducted a blind 

reanalysis of samples from a large northeast Pacific fishbone assemblage and found that 

our NISP results were highly reproducible despite the considerable potential for 

inconsistencies in identification procedures (Nims and Butler 2017). My reanalysis of 

vertebral specimens from several other northeast Pacific collections identified by 

various ichthyoarchaeologists shows that identifications (or the reported absences) of 

rare fish taxa can be consistently accurate, but the abundances of relatively common 

taxa may be less consistent (Nims and Butler 2019a: Table 7). All told, these studies 

suggest NISP counts are reproducible in some situations, but not in others, and that 

researchers should consider this as a possible bias that could artificially inflate or 

deflate NISP counts alongside other taphonomic processes. 

The final problem of specimen interdependence is much more intractable. 

Interdependence is often cited as a problem for NISP because it means that NISP is not 

compatible with most statistical tests, which assume the occurrence of each 

observational unit is fully independent of all other observations. More importantly, it 

also fundamentally undermines the validity of NISP as a measure of taxonomic 
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abundance. Zooarchaeologists make quantitative comparisons of taxonomic 

abundances to assess whether some animal bodies were used and deposited more 

frequently than others. However, NISP tallies could misrepresent taxonomic 

abundances if one taxon is represented a single individual, while another taxon with 

similar or lower NISP counts is represented by specimens from multiple individuals. 

Sometimes researchers attempt to circumvent this issue by assuming that every 

specimen comes from a different individual, or that every specimen has an equally 

random chance of coming from a unique individual, but there is no practical method for 

validating either assumption (Grayson 1984:26; Lyman 2008:37–38).  

Although it is not possible to directly assess rates of interdependence and 

evaluate the validity of NISP abundances as a ratio scale measurement of taxonomic 

abundances, Grayson (1984:96–110) outlines two methods for empirically evaluating 

the possibility that NISP is an accurate measure of rank-order abundance. First, he 

argues that specimen interdependence has a low probability of impacting rank-order 

abundances when there is a large absolute difference in the number of specimens 

represented for consecutively ranked taxa (Grayson 1984:99). If two closely ranked 

taxa are only separated by a few specimens, then there is a good chance that taxonomic 

differences in the numbers of individuals represented by those specimens would affect 

the accuracy of NISP abundance rankings. As the magnitude of difference in NISP 

increases, it becomes much less likely that the taxon with fewer specimens is actually 

represented by more individuals than the taxon with the higher specimen count. 

Therefore, NISP counts for abundant, well-separated taxa should provide an accurate 

measure of rank-order abundance, while poorly represented taxa (and assemblages 

with small sample sizes) should only be considered in terms of taxonomic 

presence/absence.1 

Second, Grayson (1984:106) suggests researchers should compare multiple 

quantitative measurements of taxonomic abundance. If rank-order abundances 

measured with NISP and other units are comparable (either exactly the same or 

 
1 One unfortunate consequence of this approach is that any assemblages with relatively even 
patterns of taxonomic representation cannot be considered accurate estimates of relative 
abundances. When taxa are well separated they are almost always presumed to be accurate, but 
when all taxa have similar relative abundances then it is unclear whether they are truly equally 
well represented, or if problems of specimen interdependence are interfering with 
zooarchaeological interpretations. Thus, assemblages with uneven taxonomic abundances may 
be considered inherently “more accurate” in zooarchaeological interpretations by default. 
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statistically correlated) then the results for each measure can be considered valid 

measures of relative taxonomic abundances. Notably, rank-order abundances are only 

likely to remain stable across multiple measurement units when taxa are well-separated 

by large differences in NISP (Lyman 2008:75). If rank-order abundances from two 

measures are not in agreement, researchers could conduct detailed taphonomic analysis 

to determine which measurement is more likely to provide an accurate understanding 

of taxonomic abundances, or the results could be interpreted qualitatively in terms of 

taxon presence/absence (Grayson 1984:107; Lyman 2008:77).  

Because researchers may reasonably object to the use of specimen counts when 

rates of specimen interdependence are unknown, it is best to test the reproducibility of 

NISP results by comparing them with alternative abundance measurements that are 

free from problems of interdependence. Fortunately, one widely used statistic – MNI – 

can be calculated in a way that reduces the chances of counting specimens from 

individual animals more than once. This does not mean that NISP can be easily 

dismissed, as MNI estimates are fundamentally based on NISP data, and, as I discuss 

below, they are subject to additional weaknesses. Therefore, NISP and MNI should be 

viewed as complementary measurements that can help validate each other’s results, or 

call the validity of relative taxonomic abundances in an assemblage into question 

(Grayson 1984:49–68; Lyman 2008:77–78). 

5.5.2. Minimum Number of Individuals 

MNI has been defined, calculated, and referred to in many different ways over 

the last century (16 definitions are recorded by Lyman 2008:40), but today it is 

generally recognized as the estimated minimum number of individual animals that 

could possibly be represented by a given set of specimens identified to a given taxon 

(e.g., Leach 1997:9, 2006:16). Various versions of this measure have long been used in 

paleontology and in zooarchaeology as a measurement of taxonomic abundance that is 

not influenced by taxonomic differences in element frequencies, and not always affected 

by specimen interdependence (Gifford-Gonzalez 2018:188; Lyman 2018). MNI avoids 

these problems by only counting the most abundant, non-repeating skeletal part 

represented for each taxon in an aggregation of specimens, such that no specimens that 

might come from the same individual are included in the measure of taxonomic 

abundance. In its most simple form, the definition of MNI can be written as: 



Materials and Methods 

117 
 

 MNI𝑖 =  𝑚𝑎𝑥(NISP𝑖𝑗) (Eq. 5.3) 

for a given taxon i and every element j.2 When repeating elements such as vertebrae are  

counted, MNI can be estimated using normed NISP counts, or: 

 MNI𝑖 =  𝑚𝑎𝑥(NNISP𝑖𝑗) (Eq. 5.4) 

This procedure assumes that every specimen of an element that occurs more than once 

in a skeleton came from the same individual, unless there are more specimens present 

than there are elements in a single individual’s skeleton (Leach 1997:12). 

Many researchers also account for the possibility that multiple fragmented 

specimens were originally part of a single whole element by estimating the minimum 

number of elements (MNE) that could possibly be represented by a given set of 

specimens identified to a given element and taxon (Leach 1997:9). There are multiple 

ways of calculating MNE (Gifford-Gonzalez 2018:190–196; Lyman 2008:218–222), but 

this measurement can help ensure that fragments of the same element are not counted 

twice, effectively removing another possible source of specimen interdependence. 

When MNE is used, the formula for calculating MNI can be rewritten as: 

 MNI𝑖 =  𝑚𝑎𝑥(MNE𝑖𝑗) (Eq. 5.5) 

although normed MNE values may also be required if repeating elements are identified. 

Even though it can overcome problems of specimen interdependence in some 

cases, MNI is still subject to several widely recognized weaknesses of its own that may 

impact its accuracy as a measure of taxonomic abundance (Gifford-Gonzalez 2018; 

Grayson 1984; Lyman 2008). First, because there are many methods available for 

calculating MNI, and it is not always clear which approach was used in any given 

instance, MNI results produced by different researchers and for different projects may 

not be comparable. Second, MNI values are strongly affected by archaeologists’ 

strategies for defining ‘aggregations’ of specimens (i.e., by feature, unit, stratum, site), 

where strategies that subdivide animal remains into larger numbers of independent 

groupings artificially inflate MNI and alter rank-order abundances. Furthermore, if the 

aggregates that are used to calculate MNI are not carefully defined, archaeologists can 

create problems of interdependence when specimens from a single individual might 

 
2 Other methods of calculating MNI draw on information from less abundant skeletal parts to 
increase minimum estimates of represented individuals, but these approaches are not usually 
adopted in Aotearoa New Zealand fishbone analysis. Leach (1986:154–155) also recommended 
against adjusting MNI values in Pacific fishbone analysis, which might have discouraged 
experiments with alternative MNI calculations in Aotearoa New Zealand. 
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have been deposited in multiple contexts that are counted separately. Third, MNI 

estimates are derived from NISP counts (either directly, or indirectly through MNE 

estimates based on NISP) and rank-order taxonomic abundances of these two measures 

are usually correlated, but MNI can greatly overemphasize the importance of taxa that 

are only represented by a small number of specimens.  

The problem of comparability between MNI results is similar to the issue of 

reproducibility in NISP. Experimental studies suggest that multiple analysts can 

produce equivalent MNI estimates if they are examining the same set of animal remains 

and following the same instructions for estimating minimum numbers (Domínguez-

Rodrigo 2012; Morin et al. 2017b). However, it is reasonable to expect that using 

different methods for estimating MNI would produce different results within any given 

assemblage (Casteel 1977; Leach and Boocock 1993:11; Lyman 1994b, 2008:46). Leach 

(1986:155) illustrated this problem by showing a 58% difference between wallaby 

(Macropus agilis) abundances when MNI was estimated with two different methods. 

Similarly, Lambacher et al. (2016) observed up to a 31% difference between three 

methods for calculating MNI abundances of human skeletons in a commingled burial 

site. Giovas (2009) compared two different approaches for calculating shellfish MNI in a 

coastal Caribbean archaeological assemblage and found that rank-order abundances 

measured with each method varied unpredictably despite some statistical similarities in 

both sets of results. Because different methods for producing MNI do not always result 

in equivalent taxonomic abundances, researchers should try to avoid comparing MNI 

estimates that were calculated in different ways. This is easier said than done, as 

zooarchaeologists do not always explicitly define their quantitative units or explain how 

they were derived, and they rarely publish the raw data necessary for deriving MNI 

estimates with different methods or for determining how MNI may have been calculated 

originally.  

It is equally important to consider how assemblages were aggregated for the 

purposes of MNI calculations. By definition, MNI is a measure of taxonomic abundance 

in a specified aggregate of animal remains, which means that MNI simultaneously 

measures taxonomic abundances and the archaeologist’s aggregation strategy (Grayson 

1984:34–49; Lyman 2008:57–69). Grayson (1973:433–434) provided terminology for 

differentiating between “minimum distinction method[s]” (MNImin) that estimate MNI 

for all specimens present at a site (i.e., (Eq. 5.3, (Eq. 5.4, and (Eq. 5.5)), and “maximum 
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distinction method[s]” (MNImax) that represent the sum of multiple MNI estimates 

calculated for separate sets of specimens from different contexts, or: 

 MNImax(𝑖) = ∑ 𝑚𝑎𝑥(NISP𝑖𝑗)𝑘 (Eq. 5.6) 

for a given taxon i and every element j and aggregate k. ‘Aggregates’ can be defined 

using a variety of criteria, such as association with distinct features or stratigraphic 

contexts, arbitrary excavation units, buckets, or levels, or any combination of any spatial 

and stratigraphic association.  

In practice, calculating MNImax almost universally produces larger MNI estimates 

than MNImin and can alter proportional and rank-order taxonomic abundances in 

unpredictable ways (Grayson 1973, 1984:28; Lyman 2008:57–59). In other words, 

MNImin is often less than the sum of its parts, and it is never greater than MNImax. Such 

“aggregation effects” (Grayson 1984) occur when the most abundant element 

represented for a taxon at a site (i.e., used to calculate MNImin) is not the most abundant 

element in every aggregate. 

Table 5.6 presents a simplified example of these issues. The most abundant 

element for Fish A in the hypothetical assemblage is the right dentary (9 NISP in Unit 1 

and 1 NISP in Unit 2). If MNI is estimated by treating the entire site as a single aggregate 

the result is 10 MNImin. But if MNI is estimated by aggregating specimens from each 

excavation context separately, Fish A has 9 MNI in Unit 1 from right dentaries, and 8 

MNI in Unit 2 from right cleithra, producing a total of 17 MNImax for the site. In this 

example MNImax is 70% greater than MNImin for Fish A because this taxon’s elements are 

unevenly distributed in these aggregates. In contrast, minimum estimates based on 

MNImin and MNImax are similar or the same for taxa that have even element distributions 

in each aggregate (e.g., Fish B). Meanwhile, total NISP counts are always the same for 

any taxon in any assemblage regardless of how the specimens are aggregated.  

Unfortunately, it is not possible to determine whether MNImin or MNImax provides 

a more accurate measure of taxonomic abundance without a priori knowledge of the 

actual number of individuals that are represented in an assemblage and a high 

resolution understanding of the formation processes that deposited those remains. It is 

therefore unclear from the NISP counts and MNI estimates in Table 5.6 alone whether 

Fish A and Fish B are represented in equal amounts, or whether Fish A is more 

abundant. Given the uncertainty introduced by these potential aggregation effects,  
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Table 5.6 A hypothetical assemblage of fish remains with one taxon that has an uneven 
element distribution across two aggregates (Fish A), and one taxon that is evenly 
distributed (Fish B). 

Context Taxon Element (side) NISP 

Unit 1 Fish A dentary (right) 9 

 Fish A cleithrum (right) 1 

 Fish B hyomandibula (right) 5 

Unit 2 Fish A dentary (right) 1 

 Fish A cleithrum (right) 8 

 Fish B hyomandibula (right) 5 

    

Taxon total NISP MNImin MNImax 

Fish A 19 10 17 

Fish B 10 10 10 

 

Grayson (1984) recommends two options for evaluating the validity of MNI results as a 

measure of taxonomic abundance in any given assemblage. First, he suggests that 

researchers empirically assess their assemblages for the presence of aggregation effects 

by comparing multiple MNI estimates based a variety of aggregation strategies (Grayson 

1984:32–34). If taxonomic rank-order abundances for MNImin and MNImax are 

statistically correlated, then we can conclude that MNI is not affected by aggregation for 

that assemblage. However, this approach for checking the reliability of MNI is not 

possible without access to raw zooarchaeological data (which are rarely published) and 

a close understanding of the assemblage’s formation and excavation histories.  

 Second, Grayson (1984:98) argues that aggregation effects have a low 

probability of impacting rank-order abundances when there is a large absolute 

difference in MNI estimates for consecutively ranked taxa. As with NISP’s 

interdependence issues, if two closely ranked taxa are only separated by a few MNI 

there is a good chance that aggregation effects could affect their respective rankings. 

But as the magnitude of difference in MNI increases, it becomes much less likely that the 

taxon with a smaller minimum estimate is actually represented by more individuals 

than the taxon with a higher minimum estimate, or that changes in aggregation strategy 

would cause a change in their MNI rankings. Therefore, MNI estimates for abundant, 

well-separated taxa should provide an accurate measure of rank-order abundance, 

while poorly represented taxa (and assemblages with a small total MNI) should only be 

considered qualitatively in terms of taxon presence/absence. 
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One other critical issue with aggregation strategies to take note of is the 

possibility that MNImax may suffer from the same problems of specimen 

interdependence as NISP if aggregates are not carefully defined. When archaeologists 

estimate MNImin, they estimate taxonomic abundances using the single most abundant 

element represented for a taxon across an entire site, ensuring that remains from a 

single individual cannot be counted more than once at that site. Estimates of MNImax, on 

the other hand, count the most abundant element represented within each context and 

assume that specimens from a single individual are not present in more than one 

context, but there are many cases where this assumption is unjustifiable (Gifford-

Gonzalez 2018:400–401; Grayson 1984:66–67; Lyman 2008:57–58). In the example of 

Table 5.6, the MNImax estimate for Fish A counts right dentaries from one unit, and right 

cleithra from a second unit. If this faunal material came from a continuous cultural 

deposit in adjacent excavation squares (Unit 1 and Unit 2), then it is reasonable to 

expect that some of these dentaries and cleithra came from the same individuals, and 

that several animals are being counted twice.3 Even if excavation units are relatively 

distant from another, specimens recovered in separate contexts are not necessarily 

from different individuals as various body parts from a single animal may be 

systematically deposited in widely separated locations as a result of cultural processes 

(e.g., butchery, sharing and exchange, and differential discard) or non-anthropogenic 

processes (e.g., alluvial transport or scavenging). Gifford-Gonzalez (2018:401) also 

cautions that, in some instances, the skeletal remains of a single individual could be 

recovered from multiple, apparently intact stratigraphic boundaries, and argues that 

 
3 Leach (1997:14–15) documented an aggregation strategy for calculating MNImax that treats 
each stratigraphic layer in each 1 m x 1 m excavation unit as distinct aggregates. He defended 
this approach in part by presenting results from a computer simulation that showed two bones 
from one individual have a high probability of landing in the same excavation square if they are 
dropped less than 44 cm from one another. Even if specimens from the same individual are 
separated by more than 44 cm on average, he argued, “the left dentary of a second fish is now 
much more likely to end up on the same square as the right dentary of the first” (Leach 
1997:15), leading to an accurate minimum estimation of 2 MNImax. 

I question the assumption that paired bones will be recovered within 44 cm of each 
other on average. People use and discard animal remains in varied and sometimes 
unpredictable ways. Zooarchaeologists should aim to empirically reconstruct disposal practices 
instead of assuming we know what they were a priori. And, if specimens were not deposited in 
the same aggregate, specimens from a single individual are still being counted twice with 
MNImax whether or not other individuals are present. Thus, interdependence is still at play, and 
its effects should not be discounted. In Leach’s example, the odds are at best 50:50 that 
opposite-sided elements from two different individuals will be recovered together (MNImax = 2) 
versus recovering same-sided elements from different individuals together (MNImax = 4). 
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archaeologists should not assume the specimens in different contexts are from separate 

animals. Instead we should always seek to demonstrate that samples of animal remains 

are independent of one another if we calculate MNImax, or risk sacrificing MNI’s main 

advantage over other abundance measures.  

Clearly, developing an aggregation strategy for calculating MNI is not a simple 

procedure, and because it can be difficult to determine whether MNImin or MNImax 

provides a more accurate measure of taxonomic abundance, it is important to explicitly 

describe and justify one’s choices. Lyman (2008:67–69) suggests that archaeologists 

should select their aggregation strategies based on careful consideration of their 

research question and the nature of their samples. If the goal is to understand patterns 

of animal use within a single site, then MNI may be calculated separately for individual 

features or feature types (e.g., house floors vs. firescoops vs. middens). But if the goal is 

to study long-term change across a region, then a coarser strategy that calculates MNI 

for all specimens from the same temporal unit across an entire site may be sufficient. Of 

course, this assumes that specimens were recovered with provenience data that are no 

coarser than the desired level of aggregation (i.e., it is not possible to aggregate by 

excavation unit if such information was not reported). Archaeologists should also 

consider whether independent lines of taphonomic or stratigraphic evidence suggest 

their aggregates of specimens are necessarily independent of one another, or whether 

their aggregation strategy could count individuals more than once. 

The final weakness associated with MNI is that this measure typically 

overemphasizes the relative abundances of poorly represented taxa and under-

emphasizes abundances of well-represented taxa. Theoretically the relationship 

between NISP and MNI could fall anywhere between an upper limit of 1:1 NISP:MNI, 

where taxa have a single, non-repeating skeletal part and every new specimen 

contributes to MNI, and a lower limit of n:1, where every specimen identified to a taxon 

comes from a different anatomical element (Figure 5.17) (Grayson 1978).  

In practice, the relationship between NISP and MNI abundances for taxa in 

archaeological assemblages usually happens to take the form of a concave-down power 

curve (Figure 5.17), where the difference between a taxon’s NISP and MNI values are 

much greater for taxa with larger NISP samples (Grayson 1984:55; Lyman 2008:49–53). 

This curvilinear relationship reflects the diminishing probability of identifying 

additional specimens of the most abundant element for taxa with multiple skeletal parts 
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as NISP increases (Grayson 1984:61–62). Thus, MNI estimates routinely flatten and 

obscure the differences in the abundances of taxa with different NISP samples, which is 

effectively the opposite of NISP’s problem of interdependence (Lyman 2008:47). Where 

NISP may overestimate taxonomic abundances if multiple specimens come from a single 

individual, MNI may underestimate taxonomic abundances if specimens that are not 

counted as the most abundant element are not interdependent and they actually do 

come from different individuals. Fortunately, the same solutions for the problem of 

interdependence in NISP can also be applied to MNI’s potential overestimation of 

interdependence: MNI probably provides an accurate estimate of rank-order abundance 

when (1) taxa have large absolute differences in MNI estimates, and (2) MNI rank-order 

abundances are correlated with other measures of abundance such as NISP. 

 

Figure 5.17. Theoretical upper (NISP:MNI = 1:1) and lower limits (NISP:MNI = n:1) on 
the relationship between NISP and MNI (dashed lines), and the relationship that is 
usually observed archaeologically (solid line: MNI = a(NISP)b where 0<a<1 and 0<b<1) 
(modified from Lyman 2008: Fig 2.3 and Fig 2.4). 

5.5.3. Taxonomic Abundances 

There are fundamental issues with using either NISP or MNI to measure the 

taxonomic abundances of animal remains recovered from archaeological contexts. Many 

of these problems can be addressed analytically, but several of them are unavoidable: 

NISP counts may overestimate abundances if specimens are interdependent; MNI 

estimates are strongly influenced by archaeological aggregation strategies and they may 

underestimate abundances if specimens are not interdependent. In recognition of this 
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dilemma, I use both NISP and MNI in this thesis to quantify rank-order taxonomic 

abundances and carry out my hypothesis tests wherever possible.  

More specifically, I use uncorrected NISP counts (Eq. 5.1) because my hypothesis 

tests evaluate changes in relative taxonomic abundances, which are not affected by 

taxonomic differences in the number of elements that are represented in each fish’s 

skeleton. However, I calculate MNI using NNISP (Eq. 5.4) to avoid the problem of 

interdependence when a taxon’s most abundant element is a vertebral element or 

another repeating element. I calculated the NNISP of abdominal and caudal vertebrae 

based on the frequencies of each vertebra type in the reference skeletons of fishes from 

the University of Auckland zooarchaeological collection (Table 5.7). When taxa had 

more than one individual represented in the collection, I used the average number of 

their vertebrae to calculate NNISP. Whenever possible, I aggregated archaeological 

specimens at the temporal assemblage level so that all specimens recovered from all 

contexts associated with the same chronological period at a given site are treated as 

potentially interdependent regardless of their provenience. Because I do not aggregate 

at the site level when more than one chronological period has been defined, my 

approach is a conservative form of the MNImax aggregation strategy (Eq. 5.6). When MNI 

has been calculated by another author and the raw data necessary for recalculating MNI 

are unavailable, I use the original estimates but note that the author’s calculations and 

aggregation methods may differ from mine.  

Before beginning analysis, I also performed a preliminary data quality check to 

determine whether NISP and MNI taxonomic rank-order abundances are correlated 

(Section 6.1. Interdependence, Aggregation, and Relative Abundance). When both 

measures resulted in the same rank-order abundances in an assemblage, I concluded 

that the patterns are robust and that they are not the product of specimen 

interdependence or aggregation effects (Grayson 1984:106; Lyman 2008:77). However, 

where there are differences between the results based on the two units, more detailed 

considerations of taphonomic histories and aggregation methods are required to 

determine if either NISP or MNI measures are accurate for that assemblage before the 

data can contribute to quantitative comparisons. 
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Table 5.7. Numbers of abdominal (“Abdom.”) and caudal vertebrae used to estimate 
normed NISP counts for MNI estimates. “Terminal Caudal” refers to vertebrae at the 
extreme caudal end of the vertebral column that were excluded from analysis because 
they could not reliably be identified to species or genus. 

Family Species CatNo 
Num. of 
Abdom. 

Num. of 
Caudal 

Terminal 
Caudal 

Anguillidae Anguilla dieffenbachii AU3247 40 52 12 

Anguillidae Anguilla australis AU3246 44 47 14 

Clupeidae Sardinops sagax 2011-01 16 28 3 

Moridae Pseudophycis bachus AU3465 16 27 5 

Mugilidae Aldrichetta forsteri AU3610 8 12 2 

Mugilidae Mugil cephalus AU3611 8 13 1 

Mugilidae Mugil cephalus 09-05 8 12 2 

Hemiramphidae Hyporhamphus ihi AU3672 36 15 3 

Zeidae Zeus faber AU4241 7 17 6 

Sebastidae Helicolenus percoides AU3510 5 13 5 

Scorpaenidae Scorpaena cardinalis AU3461 5 14 4 

Triglidae Chelidonichthys kumu 2011-02 10 19 3 

Triglidae Chelidonichthys kumu AU3907 10 19 3 

Serranidae Caprodon longimanus AU3633 8 11 5 

Carangidae Pseudocaranx georgianus 15-05 7 14 2 

Carangidae Seriola lalandi AU3332 8 11 4 

Carangidae Trachurus sp. 2006-14 7 12 2 

Carangidae Trachurus declivis AU4524 7 13 2 

Carangidae Trachurus declivis AU4527 6 13 2 

Carangidae Trachurus novaezelandiae AU4526 7 12 2 

Sparidae Chrysophrys auratus AU3339 5 14 3 

Sparidae Chrysophrys auratus 2009-08 6 14 2 

Sparidae Chrysophrys auratus AU3160 5 12 3 

Mullidae Upeneichthys porosus AU3421 5 13 4 

Girellidae Girella tricuspidata AU3642 10 10 4 

Scorpididae Scorpis lineolata AU3602 7 11 4 

Scorpididae Scorpis violaceus AU4460 8 11 4 

Arripidae Arripis trutta AU3206 10 11 2 

Arripidae Arripis trutta AU3353 7 14 2 

Arripidae Arripis trutta AU3220 7 14 2 

Latridae Latridopsis ciliaris AU4359 9 17 7 

Cheilodactylidae Nemadactylus macropterus AU3903 8 18 7 

Labridae Odax pullus AU4272 25 15 4 

Labridae Coris sandeyeri AU4518 8 13 2 

Labridae Notolabrus celidotus AU4354 5 15 3 

Labridae Notolabrus fucicola AU4248 7 13 3 

Labridae Pseudolabrus miles AU3665 8 13 2 

Pinguipedidae Parapercis colias AU3629 8 15 4 

Uranoscopidae Genyagnus monopterygius AU3660 10 15 3 
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Table 5.7. Continued 

Family Species CatNo 
Num. of 
Abdom. 

Num. of 
Caudal 

Terminal 
Caudal 

Gempylidae Rexea solandri AU3626 10 22 2 

Gempylidae Thyrsites atun AU3266 10 21 3 

Scombridae Scomber australasicus AU3207 8 19 2 

Centrolophidae Seriolella brama AU4498 6 15 2 

Bothidae Arnoglossus scapha AU3597 4 35 4 

Rhombosoleidae Colistium nudipinnis AU3477 8 16 5 

Rhombosoleidae Peltorhamphus 
novaezeelandiae 

AU3680 8 20 11 

Rhombosoleidae Rhombosolea leporina AU4249 9 16 5 

Monacanthidae Meuschenia scaber AU3662 5 12 1 

Monacanthidae Meuschenia scaber AU3236 5 12 1 

Cheilodactylidae Cheilodactylus spectabilis AU3158 12 15 6 

Rhombosoleidae Rhombosolea plebia AU3507 9 17 5 

 

5.5.4. Statistical Methods 

I use four statistical tests to compare archaeofisheries data in this thesis, and I 

accompany each test with a measure of practical significance (also called effect size). 

While statistical significance is used to evaluate whether a correlation or a difference 

between cases is not caused by chance, practical significance evaluates whether the 

observed correlation or difference has meaningful implications. Several North American 

archaeologists and biological anthropologists have recently begun to place greater 

importance on practical significance than statistical significance because, they argue, it 

provides a more informative and robust basis for comparison when interpreting 

archaeological data (Smith 2018; Wolverton et al. 2016b). Therefore, where these two 

kinds of significance disagree (i.e., results are shown to be statistically significant but 

have no practical significance, or vice versa), I always give more weight to the measure 

of practical significance in my interpretations. All statistical and quantitative 

comparisons were performed with R statistical software (R Core Team 2019; Wickham 

2017). 

First, I use Spearman’s rank-order correlation coefficient (rs) to evaluate the 

hypothesis that two ordinal scale variables (e.g., NISP and MNI) are correlated in a set of 

independent cases (e.g., taxa) by evaluating whether the correlation coefficient is 

significant at the specified level of confidence (α = 0.05 throughout this thesis). If rs is 
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statistically significant, there is enough evidence to reject the null hypothesis that the 

two variables are not correlated. I use this non-parametric measure because, as Grayson 

(1984: Chap. 3) and Lyman (2008:71–79) have shown, NISP and MNI are both at best 

ordinal-scale measurements of taxonomic abundance. Therefore, even if ratios and 

relative abundances are calculated (e.g., abundance indices), only their rank-order 

values are meaningful (Lyman 2008:78–79). I evaluate the practical significance of 

rank-order correlations using Spearman’s coefficient of determination (rs2), which 

measures the percentage of variability in the target variable that co-varies with the 

independent variable. Following Wolverton et al. (2016b), I consider rs2 values greater 

than 50% to be strong correlations, around 30% to be moderate, and less than 10% to 

be weak. 

Second, I use the Wilcoxon-Mann-Whitney U statistic to evaluate the hypothesis 

that there are differences in an ordinal scale variable (e.g., relative snapper abundance) 

in two independent populations (e.g., pre-LIA and post-LIA fishbone assemblages). The 

two-sample Wilcoxon-Mann-Whitney test4 is a non-parametric version of the 

independent samples t-test, and in some cases it can determine whether the medians of 

two populations are significantly different (Wolverton et al. 2016b). If U is statistically 

significant, there is enough evidence to reject the null hypothesis that the two 

populations are the same. I evaluate the practical significance of the U statistic using the 

common language effect size, which represents how often each observation in one 

population is greater than the observations in another population (McGraw and Wong 

1992). This proportion of favourable pairs (f) can be calculated as: 

 
𝑓 =

𝑈

𝑛1𝑛2
 

(Eq. 5.7) 

where n1 and n2 are the number of observations in each population. For a practical 

example of how this statistic should be interpreted, consider two groups of 10 separate 

fishbone assemblages with different relative abundances of snapper specimens. There 

are 100 possible pairs of relative snapper abundances from the two groups 

assemblages, and if the common language effect size (f) for these samples is 90% then 

assemblages in Group 1 have relatively more snapper than the assemblages in Group 2 

 
4 This test is also known by a wide variety of other names, including the Mann-Whitney U test 
and the Wilcoxon rank sum test, which are calculated with the same methods. It is also easily 
confused with the Wilcoxon signed-rank test, which is a nonparametric version of the paired-
samples t-test. 
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in 90 of the 100 comparisons. An f value of 100% indicates all observations in one 

population are greater than the observations from another population, 50% indicates 

there are equal numbers of favourable pairs in both populations and there is no 

meaningful difference between them, and 0% indicates all observation are smaller in 

the first population. I consider f values of about 25% or 75% indicative of strong 

differences between two groups, 33% or 67% to be moderate differences, and values 

around 40% or 60% to be weak differences. 

Finally, I use the Chi-Square test of independence and Fisher’s exact test to 

determine whether there is a statistically significant association between two 

categorical variables in a population (e.g., species presence/absence, and archaeological 

recovery method). If the Chi-Square statistic (χ2) is statistically significant, there is 

enough evidence to reject the null hypothesis that the m x n matrix formed by the 

sample of observed cases was produced by chance alone and there is no association 

between the target variables. Fisher’s exact test directly calculates the probability (p-

value) that such a matrix formed by chance alone, and, unlike the Chi-Square test, it is 

valid even when there are less than five observed cases in any given cell of the m x n 

matrix. The practical significance of both statistical tests can be measured using the 

odds ratio (OR), which represents the odds that a favourable result will be observed in 

one group compared to the odds of a favourable result in a control group. For example, 

if specimens of a small-bodied fish appear in 60% of assemblages that were recovered 

with fine sieves (3.2 mm or finer), but they appear in only 10% of assemblages 

recovered with coarser methods, the odds ratio shows they are about 13 times more 

likely to be identified when fine sieves are used (odds with fine sieves = 1.5 vs. odds 

with coarse sieves = 0.11). Following Chen et al. (2010), odds ratios of 6.71 indicate 

there is a strong effect, odd ratios around 3.47 indicate a moderate effect, and ratios of 

1.68 indicate weak effects. 

5.6. Geographical and Functional Assemblage Contexts 

The combined sample of 83 archaeological fishbone assemblages from my 

survey of previously reported data (n = 66 assemblages) and my new analysis (of 17 

assemblages), represents a wide array of archaeological contexts from across the entire 

span of my northern North Island study area (Figure 5.18). Unfortunately, these sites 

are not evenly distributed between or within regions due to archaeological sampling 
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patterns. Sites with analysed fishbone assemblages are relatively dense on east coast of 

Auckland (Figure 5.18A), the east coast of the Coromandel Peninsula in Waikato (Figure 

5.18B and immediately south of the inset), and along the shores of western Bay of 

Plenty in the vicinity of Mount Maunganui and Papamoa Beach (Figure 5.18C). Analysed 

fishbone assemblages are much sparser along the rest of the coastline, and no 

assemblages have been reported from anywhere more than 1 km from the shore. 

Notably, nearly all analysed fish assemblages come from the east coast of the North 

Island, and only five sites come from the west coast: Twilight Beach, Tauroa Point, 

Kokohuia, Te Ahua Pā, and NRD. 

In addition to this spatial variation, this sample of assemblages also represents a 

wide variety of environmental and behavioural contexts that might be associated with 

different kinds of fishing and disposal practices. Nearly half of the archaeological sites 

(and 62% of fishbone assemblages) are located on, or in, dune systems at open sandy 

 

Figure 5.18. Map of 50 northern North Island archaeological sites with fishbone 
assemblages analysed in this thesis. Refer to numbers in Table 5.8 for site names and 
details. This work is a derivative of “NZ Coastlines and Islands Polygons (Topo 1:50k)” 
by Land Information New Zealand, used under CC BY 4.0 International License. 
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beaches (Table 5.8). An additional seven sites each are located on headlands with rocky 

shores, protected harbour or river inlets, and the shores of enclosed bays and harbours, 

which cumulatively account for 33% of assemblages. The remaining three sites (and 

only four assemblages) are located in Auckland City about 1 km inland from any coastal 

waterway: Tūtahi is on a terrace 2 km from Hobson Bay and 1 km from the head of 

Newmarket Stream, and two sites from the volcanic cones of Maungarei and Taurere 

are both approximately 1 km from the banks of the lower Tāmaki River. Again, these 

site frequencies are most likely the product of archaeological sampling biases rather 

than a reflection of actual patterns in Māori landscape use.  

Table 5.8. Geographic landforms and archaeological features associated with northern 
North Island sites containing fishbone assemblages analysed in this thesis. 

Number Site Name Coastal Landform Archaeological Features Present 

1 Twilight Beach open beach shell deposits 

2 Houhora coastal headland shell deposits and fire features 

3 Tauranga Bay open beach shell deposits and fire features 

4 Tauroa Point open rocky shore shell deposits and fire features 

5 Kokohuia protected beach storage pits, shell, and fire features 
with a possible house 

6 Kioreroa protected mudflats shell deposits 

7 Urquharts Bay harbour mouth shell deposits and fire features 

8 Bream Tail open beach shell deposits and fire features 

9 Mangawhai Sandspit open beach shell deposits and fire features 

10 Harataonga East open beach shell deposits and fire features 

11 Harataonga West open beach shell deposits and fire features 

12 OM 219 open beach storage pits and shell deposits 

13 R09/887 open beach shell deposits and fire features 

14 Sandy Bay Rockshelter open beach shell deposits 

15 Martins Bay open beach shell deposits and fire features 

16 Orokarakara river mouth shell deposits under a cottage 

17 Tiritiri Matangi Wharf open beach shell deposits and fire features 

19 Ororopupu coastal headland terraced headland pā with shell 
and storage pits 

20 Davidson Undefended Site protected beach storage pits, shell, and fire features 

21 Sunde open rocky shore storage pits, shell, and fire features 

22 Taurere inland volcanic 
cone 

volcanic cone pā with storage pits 
and shell 

23 Tūtahi inland terrace storage pits, shell, and fire features 
under a European house 

24 Maungarei inland volcanic 
cone 

terraced volcanic cone pā with 
storage pits, shell, and fire features 
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Table 5.8. Continued. 

Number Site Name Coastal Landform Archaeological Features Present 

25 Te Ahua Pā coastal headland terraced cliff pā with shell and 
charcoal deposits 

26 NRD protected beach house structures, storage pits, 
shell, hāngī/fires, and burials 

27 Te Mataku protected beach shell deposits and fire features 

28 Ahuahu EA36 open beach shell deposits and fire features 

29 Sarah's Gully Pā coastal headland headland pā with storage pits, 
shell, and fire features 

30 Sarah's Gully Midden open beach shell deposits and fire features 

31 Sarah's Gully Settlement open beach storage pits, shell, and fire features 

32 Cross Creek open beach storage pits, shell, and fire features 

33 Arthur Black's Midden open beach shell deposits 

34 Hahei open beach shell deposits 

35 Hot Water Beach open beach shell deposits and fire features 

36 Tairua protected beach shell deposits and fire features 

37 Tōtara Palms river mouth shell deposits and fire features 

38 Cabana harbour mouth storage pits, shell, and fire features 

39 Koutunui river terrace ditch and bank pā with storage pits 
and shell 

40 U14/363 harbour mouth storage pits, shell, and fire features 

41 U14/2912 open beach storage pits, shell, and fire features 

42 U14/2907 open beach storage pits, shell, and fire features 

43 U14/1717 open beach shell deposits and fire features 

44 Papamoa Supacenta Area H open beach storage pits, shell, and fire features 

45 U14/2841 open beach shell deposits and fire features 

46 V14/40 river mouth storage pits, shell, and fire features 

47 Maketu North open beach shell deposits and fire features 

48 V14/193 river mouth shell deposit 

49 Kohika inland swamp wet site and swamp pā with 
exceptional wood assemblage, 
carved house, storage pits, shell, 
and hāngī 

50 Omaio coastal headland terraced headland pā with storage 
pits and shell deposits 

 

Beyond these environmental dimensions, it is also likely that this sample of 

fishbone assemblages reflects a wide range of social, historical, and economic contexts, 

but such social conditions can be very difficult to identify from archaeological evidence 

alone. Many Māori archaeological sites reflect complex patterns of landscape use and 

reuse by non-sedentary groups of varying sizes (Allen 1996, 2020; Holdaway 2004; 

Marshall 2004; Phillips and Campbell 2004), and it is all but impossible to identify 
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ethnographic social units in such complex deposits of cultural material (Allen 1996; 

Allen and Nagaoka 2004:210–211; Holdaway 2004). Therefore, I avoided using words 

for site functions that have connotations with specific settlement types, settlement 

duration, or group sizes (e.g., village vs. fishing camp) in this thesis. Instead, I attempted 

to classify Māori fishbone assemblages using qualitative differences in the types of 

archaeological features that were present at each site, based on the assumption that 

different kinds of features might indicate differences in the kinds of human activities 

that fishing was associated with at that site (Table 5.8).  

All of the fishbone assemblages in my sample were collected from shell-bearing 

deposits, and such concentrations of animal remains were the only recorded features at 

eight archaeological sites (16 % of sites). One or more fire features that were likely used 

in food preparation were reported at 38 archaeological sites (78%). Archaeologists 

documented such fire features using a variety of terms, and I attempted to preserve the 

original terminology in my narrative descriptions of site excavation histories 

(Supplementary Materials S2). However, I decided to group all putative earth 

ovens/umu/hāngī, firescoops, and hearths together under the category of fire features 

(Table 5.8) even though they represent very different kinds of food preparation 

methods because the criteria used to distinguish these feature types were rarely 

reported. Although I did not record occurrences of postholes in Table 5.8, postholes of 

varying sizes, numbers, and densities were ubiquitous at sites that had fire features 

present, and archaeologists often interpreted them as the remains of temporary 

shelters, windbreaks, and/or meat drying racks. Credible evidence of more permanent 

architectural structures with rectangular rows of postholes was found at Kokohuia and 

the NRD site, but there was no clear stratigraphic association between these structures 

and the analysed fishbone assemblages of either site. Architectural remains were also 

present at Kohika where wet site conditions preserved an exceptional wood assemblage 

that included pieces of a carved house. Rectangular pit features that were consistently 

interpreted as kūmara (Ipomea batatas) storage pits were recorded at 20 sites (40%), 

while seven sites had defensive ditch-and-banks or terraces commonly associated with 

pā defences. However, fish and shell remains were often recovered from the fill of these 

storage and defensive features, and it is possible that some fishbone assemblages 

actually represent fishing activities at the end of the features’ use lives and/or 

subsequent periods of site reuse. Individual kōiwi tangata/human burials were present 
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at multiple sites, but the NRD site and Long Bay had much higher densities of human 

remains and marked evidence of mortuary practices that were not observed at any 

other site with analysed fishbone assemblages. 

Given this wide range of geographical, environmental, and functional variation in 

the archaeological contexts of the fishbone assemblages in my sample, there may be a 

variety of cultural and ecological factors affecting the variability of these archaeological 

fish catches. Therefore, I compared Māori fishbone assemblages from different regions, 

the east and west coasts, different geographical landforms, and sites with functionally 

different archaeological features to evaluate whether they affected fishing practices, and 

I present the results of these comparisons (Section 7.1) before evaluating the results of 

my hypothesis tests. 

5.7. Assemblage Radiocarbon Chronologies 

The 281 radiocarbon dates that are associated with the fishbone assemblages in 

my database reflect seven decades of developments in radiometric methods. Because 

radiocarbon calibration curves are constantly being updated, many of these dates were 

originally calibrated with curves that are now out of date. Consequently, the published 

radiocarbon chronologies for these assemblages are not necessarily reliable, even for 

relatively recent datasets.  

To address this problem, I recalibrated all available CRAs for the assemblages in 

this thesis using OxCal Online version 4.3 (Ramsey 2009a, 2020). For radiocarbon dates 

from charcoal samples and terrestrial bird remains, I always applied the Southern 

Hemisphere atmospheric calibration curve SHCal13 (Hogg et al. 2013). For radiocarbon 

dates on marine fish, I always applied the marine calibration curve Marine13 (Reimer et 

al. 2013) with a marine reservoir offset (ΔR) of -7 ±45 14C years, which is an average of 

multiple ΔR values measured for modern shellfish from the North Island (Petchey et al. 

2008: Figure 2A).  

I used mixed calibration curves for two radiocarbon dates from human remains 

and two radiocarbon dates from dog remains because stable isotope proxies of their 

diets indicate these individuals ate a combination of terrestrial and marine foods. For 

one sample from Long Bay (Wk-45309 Campbell et al. 2019a: Table 1), Associate 

Professor Fiona Petchey (Radiocarbon Dating Laboratory, University of Waikato) 

estimated the person’s diet was 60% marine, based on a 13C concentration 
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of -15.43‰δ13C and a 15N concentration of +17.02 ‰δ15N. Because the second sample 

of radiocarbon dated human bone – from the Davidson Undefended site (NZ-4346; 

Davidson 2013: Table 1) – had a similar carbon isotope value of -15.0‰δ13C, I also used 

a 60% marine mixture for this sample. The concentration of 15N would ideally be 

measured to corroborate this characterization of the person’s diet, but nitrogen 

isotopes have not been reported for this individual. I decided to use a calibration curve 

with 60% of Marine13 (and the same ΔR) and 40% of SHCal13 for the second 

radiocarbon date on human remains despite this limitation. Further bone isotope 

analysis of two specimens from Te Mataku led Petchey (in Pillay 2020 Appendix C) to 

conclude these animals had diets with 71 ± 10% marine carbon (Sample Wk-50720 

with -14.61‰δ13C and +14.88 ‰δ15N) and 99 ± 10% marine carbon (Sample Wk-

50721 with -12.07‰δ13C and +16.28 ‰δ15N). I recalibrated these samples using 

mixed marine and atmospheric curves with 71 ± 10% Marine 13 and 99 ± 10% Marine 

13, respectively. 

It is also important to consider whether radiocarbon dates for marine shellfish 

collected from inshore habitats reflect a mixture of terrestrial and marine carbon. In 

Aotearoa, shellfish that only consumed marine sources of carbon typically have a δ13C 

value between +2‰ and -2‰δ13C (Fiona Petchey, personal communication, 24 April 

2020). 13C concentrations were reported for 121 of the 150 radiocarbon dated mollusc 

shells in my sample, but none of these δ13C values fall below -2‰δ13C (minimum = -

0.5‰δ13C, maximum = +3.7‰δ13C, mean = +1.4‰δ13C) indicating that all of these 

animals only accessed marine carbon reservoirs in their lifetimes. Although the marine 

and terrestrial mixture is not known for 27 of the shellfish radiocarbon samples that 

have no reported stable carbon measurements, I decided to apply the Marine13 

calibration curve (with the same ΔR of -7 ±45 14C years) to every marine shell date.  

To refine and summarise site chronologies with more than one radiocarbon date, 

I performed Bayesian analysis on calibrated radiocarbon dates using Sequence models 

in OxCal (Ramsey 2009a, 2020). I created separate models for each site using the 

stratigraphic relationships reported by excavators to define phases of site activity and 

groups of radiocarbon dates, and to determine whether the boundaries between phases 

were contiguous or sequential (i.e., did successive, dated strata show conformities or 

disconformities?). I evaluated the appropriateness of each site’s Sequence model by 

manually identifying possible outliers using the agreement indices of individual 



Materials and Methods 

135 
 

radiocarbon dates as reported by OxCal (after Ramsey 2009b). If the agreement index 

for any individual date was less than 60%, I considered the possible causes for 

discordance between the radiocarbon dates in the assemblage. If the low agreement 

could be explained by measurement error, or if the dated event might not be related to 

the target event (e.g., because of intrusive samples or dating of old wood), I removed the 

outlying date from the Sequence model and calculated a new model. If the agreement 

index of the revised model was still less than 60%, or if there was no clear explanation 

for the low agreement, I rejected the Sequence model and only used 95% probability 

distributions of the unmodelled, calibrated radiocarbon results to define the chronology 

of the site. When models showed high agreement indices for all of the included 

radiocarbon dates, I conservatively used the maximum 95% confidence age ranges of 

the radiocarbon dates associated with each assemblage to estimate the interval in which 

Māori likely deposited fish remains and other cultural material at the site.  

For example, I created a Sequence model with two sequential phases to 

represent Layer IV and Layer II of Excavation Area B at Tauroa Point that have 

associated fishbone assemblages (Wichman 2006:26–32). After I calibrated and 

modelled the five radiocarbon dates from these deposits, I assigned a ‘start’ date of 

1265 cal CE to the Tauroa Area B - Layer IV assemblage from the earliest year in 

Wk-13536’s modelled, 95% confidence interval, and an ‘end’ date of 1462 cal CE from 

the latest year in Wk-2502’s modelled, 95% confidence interval (Figure 5.19). For the 

Tauroa Area B - Layer IV assemblage I used a start date of 1572 cal CE and an end date 

of 1860 cal CE based on the maximum 95% confidence intervals of, respectively, 

Wk-2501 and Wk-2924 (Figure 5.19). It is important to note that because the date range 

of each assemblage represents a summary of 95% confidence intervals from modelled 

radiocarbon dates, they provide high probability estimates for the date of assemblage 

formation, but they do not imply anything about the duration of site occupation or 

fishbone accumulation. Based on the archaeological evidence from Tauroa Point and 

most other sites, the individual fishbone deposits probably represent much shorter time 

spans of only one fishing episode, one season, or, at most, an accumulation from several 

seasons of fishing.  

For detailed information about my radiocarbon recalibrations and Bayesian 

Sequence models I made for individual sites, and narrative descriptions of the 

interpretive decisions I made when assessing site stratigraphy and the quality of  
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Figure 5.19. Example radiocarbon Sequence model with modelled radiocarbon dates 
and 95% confidence intervals from Tauroa Point. Grey summed probability curves 
represent terrestrial samples calibrated with SHCal13. Blue summed probability curves 
represent marine samples calibrated with Marine13. Lighter probability curves indicate 
the unmodelled, calibrated date range of each sample. Yellow boxes indicate the 
maximum 95% confidence age ranges of the dates in each phase. Note: Wk-13533 is 
associated with the Tauroa Area A assemblage and has no stratigraphic relationship to 
Area B, so it was excluded from the Sequence model. 

published radiocarbon determinations, see Supplementary Materials S2 – Site Narrative 

Descriptions and Chronologies. 

Several months after I finished recalibrating and modelling these radiocarbon 

dates in mid-2020, updated calibration curves for terrestrial (SHCal20: Hogg et al. 

2020) and marine samples (Marine20: Heaton et al. 2020) became available. Petchey 

and Schmid (2020) also published revised ΔR corrections for the Marine13 calibration 

curve in Aotearoa, and Petchey (2020) subsequently updated these new ΔR values for 
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the Marine20 curve as well. The SHCal20 and SHCal13 curves are virtually identical 

over the last 1,000 years, indicating that recalibrating terrestrial radiocarbon dates 

would not have an effect on my assemblage chronologies (Figure 5.20). The Marine20 

and Marine13 curves also have very similar shapes, but Marine20 reflects greater 

variability in global marine reservoir ages and it therefore produces similar but wider 

calibrated date ranges than Marine13 (Figure 5.20). In other words, my assemblage 

chronologies based on Marine13 calibrations are probably accurate, but they also likely 

suffer from a modest amount of false precision. Meanwhile, Petchey and Schmid’s 

(2020; Petchey 2020) work on local ΔR corrections for Aotearoa helps account for local, 

time-specific deviations in South Pacific marine reservoir ages. These values improve 

 

Figure 5.20. Comparison of the SHCal20 and SHCal13 (grey curves), and Marine20 and 
Marine13 (blue curves) calibration curves. Both marine curves are shown with no ΔR 
correction. 
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the accuracy of calibrated marine radiocarbon chronologies, especially for the period of 

1350–1400 CE when there were notable changes in regional ocean currents and/or 

upwelling (Komugabe-Dixson et al. 2016; Petchey and Schmid 2020). Therefore, my 

assemblage chronologies may be slightly inaccurate, especially for the period before 

1500 CE. Nevertheless, I decided not to conduct another round of radiocarbon 

recalibration for this thesis because my existing chronologies appear to be sufficiently 

accurate for determining whether fishbone assemblages date to before or after 1500 cal 

CE, the period when I hypothesize that Māori fisheries may have changed substantially.  

5.7.1. Summary of Assemblage Age Estimates 

The fishbone assemblages that I analyse in this thesis represent five centuries of 

fishing activity from about 1300–1800 cal CE (Figure 5.21). There are also five 

assemblages that might have been deposited by 1275 cal CE or earlier, and the Tōtara 

Palms Layer 2 assemblage could have been deposited as late as 1890 cal CE. Because 

there are very large overlaps in the date ranges of most assemblages (Figure 5.21), it is 

not possible to place assemblages into a relative sequence unless they have direct 

stratigraphic relationships with other assemblages from the same site. In most cases, it 

is also not even possible to group assemblages together at centennial scales. 

Fortunately, most assemblages can be confidently assigned to either the <1500 cal CE 

period (n = 25 assemblages) or the >1500 cal CE period (n = 40) based on radiocarbon 

date ranges, which makes it possible to compare and contrast assemblages from before 

and after the period when I hypothesize that Māori fisheries may have changed  

substantially. There are also 17 assemblages (21% of assemblages) with date ranges 

spanning the period from 50 years before and after 1500 cal CE that I placed into an 

‘indeterminate’ period because I did not feel I could confidently assign them to either of 

the other two time periods. 

Unfortunately, the fishbone assemblages are not evenly distributed across these 

two time periods within several geographical regions. There are very few assemblages 

from Northland that date to before 1500 cal CE, and Bay of Plenty has only one 

assemblage that might date to before 1500 cal CE (Figure 5.21). This bias is reversed in 

Waikato in favour of the earlier period. Therefore, it may be difficult to determine 

whether the variation in these assemblages reflects temporal differences, regional 
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differences, or both. However, comparing temporal variation in fish catches within the 

Northland, Auckland, and Waikato regions may help resolve these issues.  

 

Figure 5.21. Fishbone assemblage date ranges based on earliest and latest 95% 
confidence intervals of recalibrated radiocarbon chronologies. Dashed red line indicates 
hypothesized start of changes in climate, harvest pressure, and fishing strategies at 
1500 cal CE. Assemblages with date ranges that span both dashed grey lines have an 
indeterminate relative age with respect to 1500 cal CE. 
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5.8. Chapter Summary 

In this thesis, I evaluate long-term trends in Māori fisheries using previously 

published archaeological fishbone assemblages, and new analysis of previously 

excavated assemblages. Collectively, this sample includes 83 fishbone assemblages from 

50 northern North Island archaeological sites. I collected data on taxonomic 

abundances, radiocarbon determinations, and, where it was available, snapper body 

size estimates which I use to test my hypotheses. Because many of the site chronologies 

were based on outdated radiocarbon calibrations, I recalibrated every assemblage’s 

radiocarbon results and I used stratigraphic relationships between assemblages to 

create Bayesian models that refine and summarise site chronologies with multiple 

radiocarbon dates. In my own analysis of fish remains, I followed international best 

practices and identified over 14 different skeletal elements, including vertebrae, for all 

fish taxa to ensure the identified fish taxa are representative of the recovered fishbone 

assemblages. These protocols also enable analysis of anatomical body part 

representation, which is critical for understanding the taphonomic history of 

zooarchaeological assemblages. Because no single quantitative measure of taxonomic 

abundance is free from analytic issues, and because comparisons of multiple abundance 

measures help build confidence in the accuracy of results, I use both NISP and MNI 

wherever to estimate relative taxonomic abundance in this thesis.  

Before interpreting these archaeofisheries records or drawing any conclusions 

about long-term trends in Māori fisheries, it is important to consider whether the data 

from these assemblages are comparable and suitable for studying the taxonomic 

composition of fish catches and snapper body size distributions, given their condition. 

With these issues in mind I also recorded a wide array of information about each 

assemblage’s excavation history, recovery methods, and zooarchaeological analysis to 

facilitate a systematic data quality assessment, which I present in Chapter 6. 
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6. Data Quality Assessment 

Archaeological assemblages are complex. They are the accumulated, decaying 

material outputs of complex behavioural systems that are transformed and, in many 

ways, created by our efforts to study them and understand the past. Human foodways 

are dynamically structured by environmental conditions, economics, social 

organization, and belief systems (Gumerman 1997; Reitz et al. 2009). Archaeological 

food remains are further affected by socially mediated disposal practices (Gifford-

Gonzalez 2014), organic decay (Nicholson 1996, 1998), mechanical and chemical 

destruction (Lubinski 1996; Lyman 1985), and archaeological methods of recovery and 

analysis (Nims and Butler 2019a). Archaeologists studying Māori archaeofisheries have 

acknowledged that these processes do affect fishbone assemblages (Leach 2006:4–5; 

Smith 2013:3–4), and numerous case studies have evaluated site-specific taphonomic 

and methodological biases in fishbone data for specific sites from Aotearoa and Oceania 

(e.g., Allen 2014; Butler 2001; Campbell 2005a, 2016; Campbell and Nims 2019; Gordon 

1993; Harris et al. 2017; Lambrides et al. 2018; Lambrides and Weisler 2015; Nagaoka 

1994; Nims et al. 2020; Vogel 2005; Vogel and Anderson 2012). However, these issues 

have not been widely addressed, and there is a need for more research on taphonomic 

and site formation processes in Oceania ichthyoarchaeology (Lambrides and Weisler 

2016). With over 40 years of research on archaeological assemblage formation, it is 

clear that multiple processes cause directional and systematic bias in archaeological 

datasets and that researchers should explicitly and holistically test for these issues prior 

to conducting comparative analysis (Huggett 2015:23; Jones 2018; Jones and Gabe 

2015; Nims and Butler 2019a).  

In my review of potential taphonomic biases in previous archaeofisheries 

surveys (Section 3.4.1), I highlighted five key formational and methodological factors 

that may have systematically obscured archaeological understandings of Māori 

fisheries. First, taxon- or site- specific patterns of post-capture transport, butchery, 

culinary preparation, consumption, and disposal could have large effects on relative 

taxonomic abundances and patterns of taxon presence/absence, especially if 

researchers only identify skeletal elements from one body part that may not always be 

represented. A second, closely related cause for concern is the possibility of differential 
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destruction, which can potentially compound or obscure patterns of differential 

handling and delete fragile skeletal elements from the archaeological record. Third, 

because archaeological collection methods based on coarse mesh sieving and 

handpicking omit small-bodied fishes and fragmented specimens from recovered 

assemblages, it is essential to consider whether the taxonomic composition of fishbone 

assemblages is just a reflection of archaeological sampling practices. Fourth, the 

widespread practice of identifying only a restricted set of jaw elements often produces 

identified assemblages with inaccurate patterns of taxonomic representation and rank-

order abundance, especially when differential deposition, differential destruction, and 

recovery biases remove small mouth parts from sites. Finally, archaeologists’ 

methodological decisions also affect the sample size of assemblages. Analysing a greater 

volume of deposits, using finer recovery methods, and identifying more elements all 

increase sample sizes and the likelihood that samples will be representative of the 

deposited material they come from.  

In this chapter, I evaluate the data quality of the fishbone assemblages from my 

survey of previously published assemblages and my new analysis to determine whether 

they are suitable for testing my hypotheses given these five potential biases. I begin by 

evaluating NISP counts and MNI estimates to determine whether they provide accurate 

measures of rank-order abundances within each assemblage, or whether they could be 

subject to problems of specimen interdependence and aggregation effects. Then I briefly 

summarise the ubiquity and relative abundance data for climate indicator species, high-

ranked fishes, and small pelagic fishes, and the snapper body size data that I use to 

identify changes in Māori fisheries. Finally, I test each of the taphonomic and 

methodological processes specified above to evaluate which data from assemblages can 

provide useful and accurate information for testing my hypotheses. It is important to 

acknowledge that all assemblages are ‘biased,’ and studying the effects of different 

formational processes on zooarchaeological collections can provide important 

information about past social and environmental conditions. Therefore, the presence of 

bias in an assemblage should not automatically preclude its inclusion in an analysis, but 

it should prompt careful consideration about whether the assemblage is actually useful 

for addressing relevant research questions.  
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6.1. Interdependence, Aggregation, and Relative Abundances 

Before beginning any quantitative analysis of zooarchaeological data, it is critical 

to determine whether problems of specimen interdependence or aggregation have 

affected the accuracy of the quantitative measures that researchers use to estimate 

taxonomic abundances (Section 5.5. Quantitative Methods). One simple method for 

evaluating  the validity of ordinal abundances in an assemblage is to check for rank-

order correlations between multiple measures of taxonomic abundances (Grayson 

1984:106; Lyman 2008:77). If rankings are not correlated, detailed analysis of the 

taphonomic factors that affect taxonomic abundances might help determine which 

measurement is more likely to provide accurate estimates of relative abundance. 

Otherwise, affected assemblages should only be interpreted in terms of taxonomic 

presence/absence. When taxonomic abundances are quantified using a single 

quantitative measure, the validity of ordinal-scale abundances can be assessed by 

checking whether taxa have large absolute differences in their abundances (Grayson 

1984:98). If successively ranked taxa have large differences in absolute terms, then 

their ordinal scale abundances are less likely to be affected by interdependence and 

aggregation. Here, I consider assemblages that have a minimum difference of at least 30 

NISP or 10 MNI between any two successively ranked taxa to be adequately well-

separated. These thresholds are relatively arbitrary, but I chose these specific values 

because they represent a relatively large proportion of the total sample size in several 

small assemblages. 

Out of the 83 northern North Island fishbone assemblages in my database, 

taxonomic abundances are available in both NISP and MNI for 52 assemblages (63%), 

and in both MNE and MNI (but not NISP) for three assemblages. Because 16 of these 

assemblages had fewer than five taxa present, limiting the power of statistical tests, I 

did not include them in this comparison. Results from Spearman’s rank-order 

correlation tests on the remaining 39 assemblages indicate paired NISP-MNI ranks are 

statistically correlated for 33 fishbone assemblages, and MNE-MNI ranks are correlated 

in one assemblage. The correlations between NISP and MNI are highly practically 

significant in 34 cases, but none of the MNE-MNI assemblages show high practical 

significance (Table 6.1; Table 6.2). For those assemblages that have statistically and 

practically significant correlations in taxonomic rankings, both measures appear to  
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Table 6.1. Rank-order correlation tests and practical significance of the relationship 
between paired NISP- and MNI-based taxonomic abundance rankings for 37 
assemblages quantified with both measurements.  

Assemblage rs df p value rs
2 (%) 

Ahuahu EA36 Upper 0.824 8 0.003 67.9 

Arthur Black's Midden Sq1,4,5 L2 0.932 7 <0.001 86.8 

Arthur Black's Midden Sq2+3 L2 0.942 11 <0.001 88.7 

Cabana L2 0.723 13 0.002 52.3 

Harataonga East 2000 0.894 16 <0.001 79.9 

Harataonga West 2000 0.923 5 0.003 85.2 

Hot Water Beach 2017 0.794 14 <0.001 63.0 

Houhora 0.919 20 <0.001 84.4 

Koutunui 0.552 8 * 0.098 ** 30.4 

Long Bay Phase 1 0.824 15 <0.001 67.9 

Long Bay Phase 4 0.880 15 <0.001 77.4 

Long Bay Phase 5 0.822 18 <0.001 67.6 

Long Bay Phase 7 0.868 17 <0.001 75.3 

Long Bay Phase 10 0.883 6 0.004 78.0 

Long Bay Phase 12 0.927 5 0.003 85.9 

Maketu North 2007 0.706 7 0.033 49.9 

Ororopupu Area B 0.996 7 <0.001 99.2 

Sandy Bay Rockshelter 0.864 19 <0.001 74.7 

Sunde Lower 0.754 12 0.002 56.9 

Tauranga Bay Area E L2 0.373 7 * 0.323 ** 13.9 

Tauranga Bay Area E L3 0.843 7 0.004 71.0 

Tauranga Bay Area E L4-6 0.729 18 <0.001 53.2 

Tauranga Bay Southern Area 0.896 23 <0.001 80.2 

Tauroa Area A 0.831 8 0.003 69.1 

Tauroa Area B - Layer IV 0.820 4 0.046 67.2 

Tauroa Area B LII 0.814 10 0.001 66.2 

Te Ahua Pā 1.000 5 <0.001 100.0 

Tūtahi 0.706 5 * 0.076 49.9 

U14/1717 Area A 0.974 7 <0.001 94.9 

U14/2841 L2 0.924 8 <0.001 85.3 

U14/2907 - 2007 0.961 11 <0.001 92.3 

U14/2907 - 2012 L1 0.856 7 0.003 73.3 

U14/2907 - 2012 L2 0.801 12 <0.001 64.1 

U14/2912 L2 0.873 5 0.010 76.2 

U14/2912 L4 0.973 12 <0.001 94.8 

V14/193 0.664 4 * 0.150 ** 44.1 

V14/40 NE 1.000 4 <0.001 100.0 
a NISP and MNI results are based on different element sets 
* correlation is not statistically significant (p > 0.05) 
** practical significance is not high (rs

2 < 45%) 
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Table 6.2. Rank-order correlation tests and practical significance of the relationship 
between paired MNE- and MNI-based taxonomic abundance rankings for two 
assemblages quantified with both measurements. 

Assemblage rs df p value rs
2 (%) 

NRD Area A 0.536 15 0.027 ** 28.7 

NRD Area B 0.478 11 * 0.099 ** 22.8 

* correlation is not statistically significant (p > 0.05) 
** practical significance is not high (rs

2 < 45%) 

 

provide accurate estimates of relative taxonomic abundances. For the one assemblage 

that has strong practical significance but low statistical significance (Tūtahi), NISP and 

MNI can also be considered accurate.  

Of the five assemblages where correlations between NISP (or MNE) and MNI 

have poor practical significance (Table 6.1; Table 6.2), two have poor agreement 

because there is only 1 MNI represented for most taxa (Koutunui and Tauranga Bay 

Area E L2; Figure 6.1). In both assemblages, there are many secondary taxa that are 

poorly separated (<30 NISP or <10 MNI difference between successively ranked taxa) 

when measured with either abundance measure. However, each assemblage appears to 

be dominated by a single dominant taxon in terms of both NISP and MNI abundances, 

and I conclude that both measures provide accurate quantitative estimates of relative 

taxonomic abundances despite their moderate to weak correlations.  

Two assemblages from the NRD site have poor agreement between MNE and 

MNI results because MNI was not estimated for two of the most abundant taxa – 

Elasmobranchii (“Elsm”) and eagle ray (“Mylt”) – that are primarily represented by 

vertebrae and dental plates (Figure 6.1). It is difficult to estimate MNI from many 

repeating, un-sided elements, especially given that the numbers of vertebrae vary 

widely among different species of sharks and rays, and among individuals of the same 

species. Based on observations that school shark and rig have between about 100 to 

150 vertebrae each (Duffy 2015b), it is likely there are at least 30 to 43 individual 

elasmobranchs (MNImin; (Eq. 5.4) represented in the NRD Area A assemblage and 14 to 

21 individuals in the NRD Area B assemblage, which would suggest there are far fewer 

sharks, skates, and rays than the most abundant bony fish (snapper [“Chra”]). On the 

other hand, most elasmobranch specimens were recovered from separate 

archaeological features, and it is likely that a much larger minimum estimate would be  
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Figure 6.1. Absolute taxonomic abundances based on NISP, MNE, and MNI for five 
assemblages with moderate to weak rank-order correlations between different 
abundance measures (rs2 < 45%). Note: taxonomic names abbreviated. 

observed if minimum numbers were tallied at the feature level (MNImax; (Eq. 5.6). 

Campbell et al. (2011:137) also note that elasmobranch vertebrae rarely survive in 

most archaeological contexts and speculate that many more individuals were originally 

deposited at NRD. Ultimately, it is unclear whether these assemblages represent a 

snapper-dominated fishery, or a fishery that was co-dominated by snapper, sharks, and 

rays, and I therefore decided to exclude these assemblages from quantitative 

comparisons.  

In the fifth assemblage with low practical significance – V14/193 – MNI was 

estimated from a small subset of the identified skeletal elements to provide results that 

can be compared with other assemblages where only five jaw elements were identified 

(Trilford et al. 2018:12–13). The results also show a single taxon dominating and 

numerous secondary taxa with small absolute differences in NISP or MNI. However, two 

secondary taxa are missing because they were not represented by any of the jaw 
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elements that were used to estimate MNI, and this abundance measure cannot be 

considered an accurate estimate of relative taxonomic abundances. Therefore, I only 

include NISP data from the V14/193 assemblage in quantitative comparisons. 

For the 16 assemblages with fewer than five represented taxa and two measures 

of taxonomic abundances (Figure 6.2), the validity of the relative taxonomic abundances 

can be assessed simply by checking whether successively ranked taxa are well-

separated. There is a difference of at least 30 NISP between dominant taxa and the 

secondary taxa in 13 cases, and Omaio shows a difference of at least 30 MNE, providing 

confidence that these results are accurate estimates of taxonomic abundance. But in two 

assemblages (Mangawhai Sandspit L3 and Mangawhai Sandspit L4), no two fishes are 

separated by more than 20 specimens, and the problem of specimen interdependence 

cannot be dismissed. In contrast, only six assemblages appear to have well-separated 

MNI abundances with a difference of at least 10 MNI between the dominant taxa and 

secondary taxa (Arthur Black’s Midden Sq1,4,5 L4; Papamoa Supacenta F1006; 

R09/887; Te Mataku Lower; Tiritiri Matangi Wharf L3; and U14/363). In the remaining 

10 assemblages, there are fewer than 10 MNI separating any two taxa, calling the 

validity of their MNI results into question. Notably, the rank-order taxonomic 

abundances at OM 219 appear to be poorly correlated because specimens identified to 

family Carangidae (“Crng”) are the most abundant taxon in terms of NISP, but only the 

third most abundant taxon estimated with MNI (Figure 6.2). I suspect the NISP count for 

Carangidae in OM 219 includes carangid scutes, which could be artificially inflating the 

abundance of this taxon’s specimen counts relative to other fishes. Unfortunately, in the 

absence of further information on element frequencies for this assemblage, it is not 

possible to identify the cause of this discrepancy, and I decided to exclude this 

assemblage from quantitative analysis.  

In the 28 remaining assemblages with abundances reported in a single 

measurement unit only, NISP results were reported in four cases (5% of all 83 

assemblages), and MNI results were reported for 24 assemblages (29%). Because 

results for other quantitative measures are not available for comparison, the validity of 

the abundance measures in these assemblages can only be assessed by checking for 

separation between successively ranked taxa. Three of the NISP-only assemblages show 

a difference of at least 30 NISP between the dominant fishes and the secondary taxa,  
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Figure 6.2. Absolute taxonomic abundances based on NISP, MNE, and MNI for 16 
assemblages with too few represented taxa for statistical comparison. Note: taxonomic 
names abbreviated. 
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and their results can be considered accurate measures of relative abundance (Figure 

6.3). However, because NISP counts for Urquharts Bay 2017 are poorly separated, they 

could potentially be affected by problems of specimen interdependence and they should 

only be interpreted in terms of taxon presence/absence. Meanwhile, all 23 of the MNI-

only assemblages show a difference of at least 10 MNI between successively ranked, 

taxa, and their results can also be considered accurate measures of relative taxonomic 

abundances (Figure 6.4). 

 

Figure 6.3. Absolute taxonomic abundances for four assemblages with results reported 
in NISP only. Note: taxonomic names abbreviated. 
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Figure 6.4. Absolute taxonomic abundances for 23 assemblages with results reported in 
MNI only. Note: taxonomic names abbreviated. 
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6.1.1. Summary of Relative Abundance Assessment 

I undertook a preliminary data quality assessment to determine whether relative 

taxonomic abundances in 83 northern North Island fishbone assemblages could be 

affected by problems of specimen interdependence for NISP and MNE, or aggregation 

effects for MNE and MNI. Based on comparisons of NISP- and MNI-rankings, and checks 

for separation in the absolute abundances of successively ranked taxa, I determined the 

NISP results reported from four assemblages, MNE results from 2 assemblages, and MNI 

results from 12 assemblages may not provide accurate estimates of rank-order 

taxonomic abundances. While these assemblages can still be used to assess patterns of 

taxonomic presence/absence, their relative taxonomic abundances will not be 

compared in my quantitative hypothesis tests. For the remaining assemblages, rank-

order abundances reported in NISP, MNE, and/or MNI appear to provide accurate 

estimates of relative taxonomic abundance (Table 6.3), and I consider it appropriate to 

use data from these assemblages for both qualitative and quantitative assessments of 

taxonomic representation and relative abundances.  

Unfortunately, even when relative taxonomic abundances are robust according 

to my criteria, NISP and MNI results are not always available for the same assemblages, 

creating analytic challenges for quantitative comparisons. Robust NISP data are 

available for 52 assemblages, robust MNE data can be used in place of NISP in three 

assemblages, and MNI results are reliable in 68 assemblages. However, only 44 

assemblages have robust rank-order abundances that were quantified using both units 

of measurement. It is possible that very different patterns in relative taxonomic 

abundances may emerge when any of these three subsets of assemblages are 

considered separately, and there is no a priori justification for determining whether any 

given measure might be more accurate than the others. I will address this issue by 

performing all quantitative analysis using two subsets of fishbone data based on (1) all 

robust NISP results, and (2) all robust MNI results. If both subsets of data produce 

comparable trends then they can be considered to be relatively accurate. But if they 

produce different trends it will be necessary to consider the possible causes of 

variability before drawing any conclusions. 

It is also important to note that this preliminary assessment only considered 

whether these archaeological fishbone assemblages are affected by problems related to 

using NISP, MNE, or MNI as counting units. When I argue that these measures provide  
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Table 6.3. Assemblages with robust, ordinal-scale taxonomic abundances.  

Assemblage 

N
IS

P
 

M
N

I 

Assemblage 

N
IS

P
 

M
N

I 

Ahuahu EA36 Upper X X Omaio X*  

Arthur Black's Midden Sq1,4,5 L2 X X Orokarakara L2 X  

Arthur Black's Midden Sq1,4,5 L4 X X Ororopupu Area B X X 

Arthur Black's Midden Sq2+3 L2 X X Papamoa Supacenta F1006 X X 

Bream Tail  X R09/887 X X 

Cabana L2 X X Sandy Bay Rockshelter X X 

Cross Creek L3  X Sarah's Midden L5  X 

Cross Creek L5  X Sarah's Pā  X 

Cross Creek L7  X Sarah's Settlement AB L1-3  X 

Davidson Undefended Site  X Sarah's Settlement AB L4-9  X 

Hahei Lower  X Sunde Lower X X 

Hahei Shell  X Sunde Upper  X 

Hahei Upper  X Tairua Bed 2  X 

Harataonga East 1962 X  Tauranga Bay Area E L2 X X 

Harataonga East 2000 X X Tauranga Bay Area E L3 X X 

Harataonga West 1962  X Tauranga Bay Area E L4-6 X X 

Harataonga West 2000 X X Tauranga Bay Southern Area X X 

Hot Water Beach 2017 X X Taurere  X 

Hot Water Beach L4  X Tauroa Area A X X 

Hot Water Beach L5  X Tauroa Area B - Layer IV X X 

Houhora X X Tauroa Area B LII X X 

Kioreroa Sq13 X  Te Ahua Pā X X 

Kohika  X Te Mataku Lower X X 

Kokohuia Phase 1  X Tiritiri Matangi Wharf L3 X X 

Kokohuia Phase 2  X Tiritiri Matangi Wharf L5 X  

Koutunui X X Tiritiri Matangi Wharf L7a X  

Long Bay Phase 1 X X Tōtara Palms L2 X  

Long Bay Phase 4 X X Tūtahi X X 

Long Bay Phase 5 X X Twilight Beach  X 

Long Bay Phase 7 X X U14/1717 Area A X X 

Long Bay Phase 10 X X U14/2841 L2 X X 

Long Bay Phase 12 X X U14/2907 - 2007 X X 

Maketu North 2007 X X U14/2907 - 2012 L1 X X 

Maketu North 2017 X  U14/2907 - 2012 L2 X X 

Mangawhai Sandspit L3   U14/2912 L2 X X 

Mangawhai Sandspit L4   U14/2912 L4 X X 

Martins Bay X  U14/363 X X 

Maungarei D Midden Sq  X Urquharts Bay 2012 Phase 1 X  

Maungarei D Terrace  X Urquharts Bay 2017   

NRD Area A   V14/193 X  

NRD Area B   V14/40 NE X X 

OM 219   *MNE used in place of NISP 
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accurate estimates of relative taxonomic abundance in an assemblage, it only means 

that they are considered reliable for characterizing the identified sample. Patterns of 

taxonomic presence/absence and their relative abundances could still be affected by 

any number of taphonomic or analytic processes that systematically remove or 

artificially increase specimen counts and minimum estimates, which I turn to now. 

6.2. Ubiquity, Relative Abundance, and Snapper Size Datasets 

To test my hypotheses and evaluate whether snapper and other high-ranked fish 

stocks were disrupted by changes in sea surface temperature or human harvest 

pressure, or whether Māori used different fishing strategies and technologies over time, 

I examine patterns in taxonomic ubiquity, relative abundances, and snapper body sizes. 

Before exploring how these data have been structured by formational and 

methodological processes, and whether the data from some assemblages are less 

accurate proxies for hypothesized trends than others, given their taphonomic histories, 

I briefly introduce these variables and the range of values that are represented in my 

database. 

The first variable I use to evaluate trends in Māori archaeofisheries consists of 

species presence/absence patterns for climate indicator taxa, high-ranked fishes, and 

small, schooling pelagic fishes. The key climate indicator species that I consider are 

cold-sensitive snapper, grey mullet, trevally, and blue mackerel, plus cold-tolerant 

greenbone, blue cod, barracouta, turbot, and soles. Of these, only lemon sole (Pelotretis 

flavilatus) has not been identified in any northern North Island archaeological 

assemblages (Figure 6.5). The term ‘high-ranked fishes’ refers to species that are in the 

medium, large, or very large size classes. Although there are 76 different coastal fish 

species from these size classes in northern North Island (Figure 4.1), only 38 such high-

ranked fish taxa are present in at least one of the archaeological assemblages in my 

database (Figure 6.5). Similarly, there are 18 small- or very small-sized pelagic fish 

species that form schools, but only four of these are represented in any of the sampled 

archaeological assemblages (Figure 6.5).  

In evaluating the data quality of indicator taxon ubiquity, the question I ask is, 

“Could patterns of taxonomic presence/absence be explained by differences in 

formational processes or archaeological methods?” Because snapper is almost  
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Figure 6.5. Number of northern North Island fishbone assemblages containing indicator 
taxa for my hypothesis tests.  
*Note: all climate indicator taxa except blue mackerel are also high-ranked fishes, while 
blue mackerel are also considered small pelagic fishes. 

universally represented, the answer for this species is clearly, no – they are present 

under all conditions (Figure 6.5). For rare taxa that are present in only a handful of 

assemblages, there are not enough records of their presence to determine with 

confidence why they are represented in some assemblages but not in others. However,  
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for taxa that are present in at least 10 assemblages (Elasmobranchii, sharks, eagle ray, 

red cod, John dory, red gurnard, trevally, jack mackerels/kōheru, kahawai, blue moki, 

tarakihi, blue cod, and blue mackerel) I carry out data quality checks to test whether 

their occurrences are statistically correlated with various taphonomic factors. 

To determine whether the relative abundances of snapper, high-ranked fishes, 

and small pelagic species changed over time, I created three relative abundance indices: 

SAI, SCI, and SPI (Section 4.2.4). Because robust, rank-order taxonomic abundances are 

available in NISP from some assemblages, and only in MNI for others, each abundance 

index was calculated twice using each measure of abundance and different subsets of 

assemblages (Table 6.3). For the Omaio assemblage, I included calculations based on 

MNE data in place of NISP abundance indices and included it with all other assemblages 

with robust NISP abundances. When calculating SCI, I excluded higher-level taxonomic 

identifications that could potentially represent multiple species from different size 

classes (e.g., members of Carangidae range from small-sized kōheru to large kingfish) 

and deep-water obligate taxa. I also exclude cartilaginous fishes from this index out of 

recognition that their skeletal remains do not survive in the same numbers as the 

skeletons of bony fishes, even though this removed all taxa from the very large size class 

from consideration. While I calculated separate SCIs for fishes in the very small, small, 

medium, and large size classes, the values of SCIL and SCIVL were equal to or close to 0 in 

every assemblage. Thus, I decided to combine the medium, large and very large SCIs 

into a single index of high-ranked fishes (SCIHR) for most comparisons. 

There are relatively even distributions of widely ranging SAI and SCIHR values 

across the 53 assemblages with robust NISP taxonomic abundances and the 65 

assemblages with robust MNI abundances, but SPI is close to 0 in most assemblages 

(Figure 6.6). In the 42 assemblages that have both NISP and MNI data, the paired NISP 

and MNI values of all three abundance indices are very highly correlated (Figure 6.6) 

and the relationships are statistically significant (Table 6.4). This indicates the NISP and 

MNI versions of the indices have not been affected by problems of specimen 

interdependence or aggregation affects. However, it is still not clear whether these 

indices accurately reflect Māori fishing practices in the past, or whether the variability 

in SAI, SCI, or SPI is the product of formational and/or methodological processes, and I 

also conduct data quality tests to evaluate the effects of such factors.  
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Figure 6.6. Distributions of the snapper abundance index (SAI), size class index for high-
ranked fishes (SCIHR), and small pelagic index (SPI) for 55 assemblages with NISP 
abundances and 67 assemblages with MNI abundances. 

 

Figure 6.7. Paired snapper abundance index (SAI), high-ranked size class index (SCIHR), 
and small pelagic index (SPI) for 42 assemblages with both NISP and MNI abundances. 
Blue lines indicate best fit linear regression models. 
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Table 6.4. Rank-order correlation tests and practical significance of the relationship 
between paired NISP and MNI abundance index values for 42 assemblages with both 
NISP and MNI abundances. 

Abundance 
Index 

rs df p value rs
2 (%) 

SAI 0.941 40 * <0.001 ** 88.6 

SCIHR 0.948 40 * <0.001 ** 89.8 

SPI 0.985 40 * <0.001 ** 96.9 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (rs

2 > 45%) 

 

Finally, to help differentiate climate-related changes in Māori fisheries from the 

potential effects of harvest pressure, I examine temporal patterns in the fork length 

estimates from archaeological snapper specimens. Snapper fork lengths were estimated 

using Leach and Boocock’s (1995) body size regression models for five jaw elements in 

25 assemblages (Figure 6.8). Earlier, Nichol (1988, 1986) estimated fork lengths from 

snapper jaw specimens in four assemblages using his own body size regression 

equations. It is uncertain whether these two models produce similar body size 

estimates, but I decided to include them for this analysis because there are so few 

assemblages with body size estimates available for comparison. These two samples of 

assemblages include a moderate amount of variability in ranges of body size 

distributions, with a range from 25 cm to over 50 cm median fork length. Several 

specimens came from individuals that were estimated to have extremely large fork 

lengths, but the vast majority of these specimens come from smaller fishes, indicating 

my body size rankings based on a maximum length of 70 cm for snapper was an 

appropriate decision.  

From a data quality perspective, it is important to ask whether these differences 

can be explained by post-depositional destruction, archaeological recovery methods, or 

sample size effects. Destructive forces could affect body size frequencies if specimens 

from different sized fish have different survivorship rates. Recovery methods could 

affect body size frequencies if specimens of smaller fishes are excluded by coarse sieves 

or handpicking, and small samples of body size estimates may not accurately reflect the 

true distribution of snapper sizes in an assemblage. Because these body size estimates 

are all based on measurements from paired jaw bones that were universally identified 
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in the assemblages that have snapper size estimates, zooarchaeological identification 

methods should have no effect on estimated body size distributions. 

 

Figure 6.8. Distributions of snapper body size estimates from jaw specimens in 29 
northern North Island fishbone assemblages. Red ‘x’ indicates mean snapper lengths. 

6.3. Differential Handling and Destruction 

The taphonomic history of archaeological fish remains begins in a past systemic 

context (after Schiffer 1987:3) at the intersection between humans, their behavioural 

systems, and dynamic environmental systems with human procurement of fishes. Fish 

catches are then transformed through practices of post-capture transport, butchery and 

food preparation, consumption, and disposal. These processes can distort patterns of 

relative taxonomic abundances if the body parts of some fishes were systematically 

removed, or by altering patterns of taxonomic ubiquity if whole bodies of specific taxa 

were selectively deposited elsewhere. Determining whether or not fish catches were 

divided and redistributed to other locations is extremely challenging if not impossible, 

but the former issue of taxon-specific butchery can be addressed by studying patterns of 

body part representation when zooarchaeologists identify skeletal elements from a 

wide range of body parts. 
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Interpreting patterns of body part representation and taxonomic abundances is 

further complicated by the possibility of differential destruction. Any surviving fish 

remains from the systemic context that are deposited together are subsequently 

transformed by cultural, biological, and geochemical processes of redeposition and 

decay. Because not all animal remains are equally resistant to mechanical and chemical 

weathering, it is critical to consider whether any differences in element and taxonomic 

frequencies between fishbone assemblages are caused by the differences in specimen 

durability or the intensity of post-depositional destruction. Zooarchaeologists often 

assess patterns of differential destruction by comparing element frequencies with 

properties that are thought to influence their survivorship, such as mineral bone 

density, element shape (e.g., Lyman 1985; Wolverton et al. 2010), soil chemistry, or the 

intensity of microbial alteration (e.g., Jans et al. 2004; Smith et al. 2007). Unfortunately, 

none of these approaches are practical for evaluating patterns of post-depositional 

destruction in Aotearoa fishes because researchers have not measured any of these 

variables for local species or archaeological sites to date. Alternatively, 

zooarchaeologists can evaluate the role of destructive processes directly by measuring 

patterns of specimen weathering and fragmentation (e.g., Campbell 2005a), or 

indirectly using abundance indices of specimen fragmentation (e.g., Grayson 1991; 

Nagaoka 2002). If these tests are not, or cannot be, carried out, taxon- and site-specific 

patterns of body part representation can be studied for evidence of post-depositional 

destruction, but the effects of differential handling and differential destruction cannot 

be distinguished from one another (Butler and Chatters 1994; Lyman 1985; Smith et al. 

2011). For example, Campbell’s (2016) analysis of fish remains from Urquharts Bay 

showed that blue mackerel were represented exclusively by vertebrae, which could 

either indicate the heads of these fishes were removed before they were carried to the 

site, or that their cranial elements were more vulnerable to post-depositional 

destruction.  

In this section, I briefly explore the effects of differential body part 

representation on comparisons of northern North Island fishbone assemblages, and the 

effects of specimen fragmentation on my hypothesis tests. In these two data quality 

checks, I draw on the assemblages that I analysed for this thesis and a small number of 

previously reported assemblages that have the necessary element frequencies and 

specimen abundances for assessing body part representation and fragmentation, 
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respectively. The results of these comparisons may not be representative of my entire 

northern Aotearoa database, but they should provide some general insights into the 

taphonomy of fishbone assemblages in this region and highlight areas for further 

research. 

6.3.1. Differential Body Part Representation 

Regardless of which taphonomic processes are responsible for differential body 

part representation, taxon-specific differences in cranial or postcranial abundances are 

unlikely to affect rank-order NISP or MNI abundances when taxa are well-separated, but 

they may have strong effects on proportional taxonomic abundances. Depending on 

how fish remains were identified, the absence of certain body parts can also affect 

comparisons of MNI abundances and taxonomic ubiquity. When researchers identify 

and estimate minimum numbers with an element set that represents a single body part, 

such as jaw bones, MNI will underestimate the proportional and rank-order abundances 

of any taxa that are predominately represented by other body parts. And when jaw 

bones are not represented at all for a given taxon it will not be recorded as present even 

if it is the dominant fish species in the recovered assemblage (Campbell 2016; Campbell 

and Nims 2019; Harris et al. 2017; Nims et al. 2020).  

With these considerations in mind, I attempted to evaluate whether post-capture 

handling and destruction have affected patterns of relative taxonomic abundances in 18 

northern North Island fishbone assemblages that were analysed with a wide range of 

skeletal elements and available element frequencies. This set of assemblages includes 

V14/40 NE (Campbell 2013), and the 17 assemblages from Cabana, Hot Water Beach, 

Koutunui, Long Bay, Sandy Bay Rockshelter, Tauranga Bay, and Tiritiri Matangi Wharf 

that I analysed. For this comparison, I simply calculated the abundance of cranial 

specimens that were represented for each taxon with at least 30 NISP relative to its 

total NISP count. On average, the expected percent of cranial specimens for complete, 

unfragmented fish skeletons should be about 40%NISP based on the anatomical 

abundances of identified element sets that were used for these assemblages. While 

more detailed analysis of individual element frequencies for each taxon in each 

assemblage would be required to fully understand patterns of body part representation, 

this approach provides a useful, first-order approximation that can be easily compared 

across multiple fishes and sites simultaneously. If there are similar relative abundances 
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of cranial specimens in these assemblages, then it is unlikely that taxonomic 

abundances have been distorted by differential handling or destruction. But if there are 

large differences in the percent differences of cranial and postcranial specimens among 

taxa, or among assemblages, their relative NISP abundances may not be comparable.  

The analysis shows that patterns of body part representation are highly variable 

in this subset of assemblages, but, in general, most fishes are represented by fewer 

cranial specimens than expected (Figure 6.9). Red gurnard, blue mackerel, leatherjacket, 

and especially yelloweye mullet are consistently represented by less than 35%NISP 

cranial elements. However, jack mackerels/kōheru and kahawai show high variability in 

their relative abundances of cranial specimens, and snapper consistently have higher 

than expected abundances of head bones. There is also one assemblage (Cabana L2) 

where tarakihi show much higher than expected numbers of cranial specimens. It is 

important to note that, besides pilchard, which have about 44 vertebral elements (Table 

5.7), all these fishes have very similar numbers of vertebrae (mean 26 ± 5 vertebrae), so 

the differences in body part representation for snapper (23 vertebrae on average) 

cannot be explained by anatomical differences in element frequencies. It is not clear 

from these patterns alone whether cases of high cranial abundances in snapper, 

tarakihi, kahawai, and jack mackerels/kōheru are caused by differential destruction or  

 

Figure 6.9. Relative abundances of cranial specimens for fishes with at least 30 NISP in 
18 assemblages analysed with an extended element set that have element frequencies 
available. Dashed red line indicates approximate, expected proportion of cranial 
specimens in a complete, unfragmented fish based on the identified element sets used 
for these assemblages. 
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differential handling, but these examples indicate that body parts from these taxa do not 

always survive in the same ways as the body parts of other fishes. 

While higher than expected frequencies of snapper cranial specimens suggest 

raw NISP counts of snapper may be underrepresented relative to other fishes, these  

differences probably have not affected the overall NISP abundances in assemblages with 

vertebral and other postcranial element identifications. Given the strong correlations 

between NISP and MNI abundances in 15 assemblages (Table 6.1) and the separation 

between snapper and the next most abundant taxon in the three Tiritiri Matangi Wharf 

assemblages (Figure 6.2), differential body part representation probably has not 

affected the rank-order taxonomic abundances of these assemblages. Because all taxa 

appear to be missing relatively similar proportions of skeletal parts, with snapper 

missing about as many postcranial specimens as other fishes are missing from the head, 

it is also possible that the differences in the proportional abundances of cranial 

specimens largely balance each other out in some cases. Fortunately, although other 

fishes have variable patterns of body part representation, snapper reflect a relatively 

consistent overrepresentation of cranial specimens in most of the assemblages they 

appear in, and their relative NISP abundances in different assemblages should generally 

be comparable to one another. Where vertebrae and other postcranial specimens are 

identified, MNI abundances are probably unaffected by differences in body part 

representation, but either measure of taxonomic abundance could still be affected if 

whole skeletons were removed by selective transport or differential destruction. 

I explore these issues greater depth below (Section 6.5), but these patterns of 

body part representation suggest the NISP abundances of many taxa could be 

dramatically underrepresented relative to snapper when zooarchaeologists only 

identify jaw or cranial elements. Removing vertebrae and other postcranial specimens 

from consideration would cause a greater than 70% median decrease in the absolute 

NISP of red gurnard, blue mackerel, and leatherjacket in this sample of assemblages, 

while yellow eye mullet would see a median decrease of more than 95%NISP (Figure 

6.9). Snapper, on the other hand, would be much less affected by removing postcranial 

specimens, which would cause a median decrease of less than 40%NISP. Differential 

body part representation could also have a substantial effect on the MNI abundances if 

these assemblages were analysed with cranial elements alone. While there would be no 

change in the majority of cases where the most common element (MCE) used to 
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estimate MNI derives from the head, there are many cases where a fish’s MNI would 

decrease because its most commonly represented element is a postcranial bone (Table 

6.5). Because snapper would be completely unaffected by these methodological 

decisions, the relative MNI abundances of many fishes would decrease relative to 

snapper, just as with NISP abundances. Ultimately, differential body part representation 

has different effects on taxonomic abundances depending on the identification methods 

that zooarchaeologists use, and we cannot appreciate the full extent of differential 

handling and destruction in fishbone assemblages when researchers identify elements 

from one body part alone. 

Table 6.5. Number of assemblages where the most common element (MCE) used for 
each taxon’s MNI estimates derives from cranial body parts, postcranial body parts, or 
where elements in both skeletal regions are equally abundant. 

Taxon Common Name 
Body Part with MCE 

Cranial Equal Postcranial 

Sardinops sagax pilchard 1 0 0 

Aldrichetta forsteri yelloweye mullet 0 1 7 

Chelidonichthys kumu red gurnard 4 0 2 

Pseudocaranx georgianus trevally 0 1 0 

Trachurus/Decapterus jack mackerels/kōheru 2 0 3 

Chrysophrys auratus snapper 13 0 0 

Scorpis sp. sweeps 1 0 1 

Arripis trutta kahawai 2 0 3 

Nemadactylus macropterus tarakihi 1 1 0 

Pseudolabrini temperate wrasses 1 1 0 

Parapercis colias blue cod 0 0 1 

Scomber australasicus blue mackerel 1 0 2 

Meuschenia scaber leatherjacket 1 0 4 

 Total 27 4 23 

 

6.3.2. Specimen Fragmentation Rates 

In the absence of more detailed taphonomic analysis, zooarchaeologists 

commonly use estimates of specimen fragmentation to compare the relative intensity of 

destructive processes that assemblages have been subjected to. Fragmentation intensity 

is often calculated using an abundance-based index such as NSP:NISP, which represents 

the relative number of unidentifiable fragments that each whole element has broken 

into. Because NSP:NISP is a measure of which specimens are counted towards NISP or 



Nims – 2022 

164 
 

considered unidentified, it is also sensitive to differences in identification methods and 

analyst experience (Marean 1991; Nims and Butler 2019a) and it is important to only 

compare assemblages that were identified with similar analytic protocols. Here, I briefly 

examine fragmentation rates in the 11 assemblages that I analysed on my own. I 

excluded the Long Bay assemblages and other assemblages analysed with a range of 

cranial and postcranial elements because unidentified specimens were not counted or 

reported. NSP and NISP totals are also available for a small number of other 

assemblages, but they do not provide comparable measures of specimen fragmentation 

because the assemblages were analysed using cranial elements alone.  

NSP:NISP ratios suggest there is substantial variability in fragmentation intensity 

in these 11 assemblages. While several assemblages have relatively equal numbers of 

fish specimens and identified fish specimens, four of the 11 assemblages have at least 

five times more NSP than NISP, and in the exceptional case of Cabana L2 there are 

nearly 25 times more NSP (Table 6.6). The median fragmentation intensity is 3.7 

NSP:NISP, and, excluding the outlier in the Cabana assemblage, the mean fragmentation 

intensity is 4.2 ± 2.1 NSP:NISP. It is unclear from this sample alone whether other 

assemblages may have been affected by destructive post-depositional processes, but it 

does indicate that there can be considerable differences in fragmentation intensity 

among even a small number of assemblages. 

Table 6.6. Measures of fragmentation intensity (NSP:NISP) in 11 northern North Island 
fishbone assemblages analysed with an extended set of cranial and postcranial elements 
that have NSP and NISP abundances available. 

Assemblage NSP NISP NSP:NISP 

Cabana L2 4883 196 24.91 

H
igh

 

Tauranga Bay South Area 20,844 2766 7.54 

Hot Water Beach 2017 7635 1077 7.09 

Koutunui 4080 631 6.47 

Tiritiri Matangi Wharf L5 185 43 4.30 

Lo
w

 

Tiritiri Matangi Wharf L3 272 73 3.73 

Tauranga Bay Area E L2 351 111 3.16 

Sandy Bay Rockshelter 1124 427 2.63 

Tiritiri Matangi Wharf L7a 227 90 2.52 

Tauranga Bay Area E L3 224 99 2.26 

Tauranga Bay Area E L4-6 3905 2153 1.81 
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These patterns of specimen fragmentation raise questions about whether the 

ubiquity of some indicator taxa or their relative taxonomic abundances have been 

affected by post-depositional destruction, especially if the skeletal remains of some taxa 

are more vulnerable to destruction than others. To evaluate the possibility that 

differences in fragmentation intensity have affected the occurrences of indicator taxa or 

the SAI, SCI, and SPI abundance indices, I compared these variables against the 

NSP:NISP ratios for each sampled assemblage. If there are strong correlations between 

fragmentation intensity and any of these proxies that I use for my hypothesis tests, it is 

likely that destructive post-depositional processes have affected the comparability of 

assemblages in this sample, and it could be an important factor influencing other 

assemblages as well. 

Nine of the fifteen indicator taxa appear in at least four of the 11 assemblages 

with comparable fragmentation data, but only blue mackerel have potentially been 

affected by fragmentation intensity. For this comparison, I grouped all assemblages 

together based on whether they have low fragmentation (< 5 NSP:NISP) or high 

fragmentation (> 5 NSP:NISP). In nearly every case, the available indicator taxa are at 

least slightly more likely to appear in assemblages that have high fragmentation than in 

assemblages that have low fragmentation (Figure 6.10). For red gurnard, trevally, and 

kahawai, this negative correlation between fragmentation and ubiquity is very nearly 

statistically significant (Table 6.7). This is the opposite of the expected trend, as it is 

unlikely that greater fragmentation is responsible for increases in taxonomic presence, 

and I interpret higher frequencies of taxa in more fragmented assemblages as a 

coincidence. The odds ratio for blue mackerel, on the other hand, indicates this species 

occurs 18 times more often in assemblages with low fragmentation than in highly 

fragmented assemblages and this pattern is very nearly statistically significant (Figure 

6.10; Table 6.7). This is a highly practically significant relationship between 

fragmentation and blue mackerel presence, and it is very likely that the remains of this 

species are vulnerable to destructive processes, and that occurrences of blue mackerel 

could be strongly influenced by the intensity of those processes. 

Meanwhile, fragmentation intensity does not appear to have any meaningful 

effect on the relative abundances of snapper, high-ranked taxa, or small pelagic fishes. 

Comparing NSP:NISP to SAI, SCI, and SPI shows that both high and low values of these 

abundance indices are observed in assemblages that have a variety of fragmentation 



Nims – 2022 

166 
 

 

Figure 6.10. Number of assemblages with indicator taxa present by fragmentation 
intensity (“low” < 5 NSP:NISP, n  = 7; “high” > 5 NSP:NISP, n = 4). 

Table 6.7. Results of Fisher’s exact tests between taxonomic presence/absence and 
fragmentation intensity. 

Taxon Common Name p value n 
Odds 
Ratio 

Elasmobranchii sharks, skates, rays 0.576 11 0.40 

Chelidonichthys kumu red gurnard 0.061 11 0.00 

Pseudocaranx georgianus trevally 0.061 11 0.00 

Trachurus/Decapterus jack mackerels/koheru 1.000 11 0.00 

Arripis trutta kahawai 0.061 11 0.00 

Nemadactylus macropterus tarakihi 0.242 11 0.13 

Parapercis colias blue cod 1.000 11 0.44 

Thyrsites atun barracouta 1.000 11 0.44 

Scomber australasicus blue mackerel 0.088 11 ** 18.00 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (odds ratio > 6.71) 

 

intensities. While SAI and SCI appear to be positively correlated with specimen 

fragmentation, and SPI appears to have a negative correlation, which suggests that the 

remains of larger-bodied fishes are more likely to survive more intense destructive 

processes than the remains of small, pelagic fishes (Figure 6.11; Table 6.8). However, 
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none of these relationships are statistically significant. To the extent that any 

correlations do exist, NSP:NISP has weak relationships (rs2 ≤ 10%) with all three 

NISP-based abundances, but it has a moderately strong relationship with the MNI-based 

abundances, and SPIMNI is particularly well-correlated with fragmentation intensity. It is 

interesting that fragmentation intensity appears to have a stronger effect on MNI than 

on NISP abundances, especially considering that NISP is hypothetically more likely to be 

influenced by problems of specimen interdependence that may arise when specimens 

are heavily fragmented. Given the small sample size available for consideration, this 

counter-intuitive result and the correlations themselves may simply be the product of 

chance. 

 

Figure 6.11. Assemblage fragmentation intensity (NSP:NISP) and abundance indices by 
abundance measure used. Blue lines indicate best fit linear regression models. 
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Table 6.8. Rank-order correlation tests and practical significance of the relationships 
between fragmentation intensity and abundance indices based on different units. 

Abundance 
Index 

Units rs df p value rs
2 (%) 

SAI NISP 0.318 9 0.341 10.1  
MNI 0.567 7 0.121 32.1 

SCIHR NISP 0.273 9 0.418 7.4  
MNI 0.536 7 0.137 28.7 

SPI NISP -0.582 9 0.066 33.9  
MNI -0.617 7 0.086 38.0 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (rs

2 > 45%) 

 

6.3.3. Summary of Differential Handling and Destruction 

Assessing patterns of differential body part representation and post-depositional 

destruction in northern North Island fishbone assemblages is challenging given the 

absence of necessary data for measuring the effects of these factors. My preliminary 

analysis of body part representation based on a sample of 18 assemblages identified 

with a range of cranial and postcranial elements indicates that snapper often appear to 

be missing postcranial bones in archaeological assemblages, while most other fishes 

appear to be missing cranial elements. It is not clear whether these patterns were 

caused by taxon-specific handling practices or differential destruction. However, if the 

trend is common, snapper could be widely overrepresented relative to other fish taxa in 

assemblages that were identified using jaw or cranial elements alone. Comparisons of 

fragmentation rates in a smaller subset of 11 assemblages confirms the possibility that 

there can be very high variability in specimen fragmentation among any given set of 

collections. Fragmentation intensity appears to have a very large effect on the ubiquity 

of blue mackerel, which may indicate the remains of this species are highly vulnerable 

to post-depositional destruction. This result appears to be consistent with my 

observation that the relative abundance of small pelagic fishes, including blue mackerel, 

is negatively correlated with fragmentation intensity, but it is also clear that these 

correlations are relatively weak. Overall, these findings highlight concerns that 

differences in the taphonomic histories of fishbone assemblages may impact some 

aspects of the data I use to understand fishing practices in the past. Because I have so 

little information on the taphonomic histories of other assemblages it is not possible to 
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control for these factors in this thesis, but my analysis emphasizes the need for further, 

detailed taphonomic study of zooarchaeological assemblages. 

6.4. Archaeological Recovery Biases 

Fishbone assemblages are acutely sensitive to the recovery methods that 

archaeologists use. Assemblages that were not collected using fine mesh could 

substantially underrepresent the ubiquity and relative abundances of small-bodied 

fishes, which would artificially inflate the snapper abundance and size class indices. 

Because coarse mesh sieves (≥ 4 mm) and handpicking consistently omit the remains of 

pilchard, piper, and jack mackerels/kōheru from northern North Island fishbone 

assemblages (Allen 2014; Campbell and Nims 2019), such coarse recovery methods 

could have an especially large effect on the ubiquity of small pelagic fishes and the SPI. 

The jaw bones of small-bodied snapper might also be lost with coarse sieves or be 

overlooked during excavation, which would preferentially remove small individuals 

from comparisons of snapper body size estimates. Considering that about half of all 

northern North Island fishbone assemblages (40 out of 83) were not collected with fine 

mesh, any of these sieve-size effects would have a widespread impact on archaeologists’ 

ability to understand Māori fishing in the past (Figure 6.12). In short, the variables I am 

interested in studying to evaluate my hypotheses are all vulnerable to screen size  

 

Figure 6.12. Number of northern North Island fishbone assemblages by minimum mesh-
size used to recover analysed fishbone specimens. 
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biases, and it is essential to evaluate the extent and the magnitude of any such bias 

before interpreting archaeofisheries records. 

Although most indicator taxa are no more likely to appear in assemblages 

recovered with fine mesh than in assemblages recovered with coarser recovery 

methods, there are at least six taxa that are much less common in coarse-sieved 

assemblages than in fine-sieved assemblages. Every taxon is present in at least one 

coarse-sieved and/or handpicked assemblage, indicating that it is possible to recover 

every one of these fishes with a wide range of collection strategies (Figure 6.13). Several 

larger-bodied taxa are equally well-represented in both coarse- and fine-sieved 

assemblages, while eagle ray and blue moki are both more commonly found in 

assemblages that were collected with coarse recovery methods. There is no apparent 

cause-effect relationship between these variables that would explain this pattern, and I 

interpret the higher occurrences of these fishes in coarse-sieved assemblages as a 

coincidence. On the other hand, red cod, jack mackerels/kōheru, and blue cod, are at 

least five times more likely to be observed in fine-sieved assemblages than coarse-

sieved assemblages (Table 6.9). Chi-squared tests on the association between recovery 

method and taxonomic representation are also statistically significant for the last two of 

these taxa, while red cod are present in too few cases to rule out the possibility that 

their association with fine-sieved assemblages is the result of chance. Red gurnard also 

has a statistically significant association between ubiquity and recovery with fine sieves, 

but the association is only moderately strong (odds ratio = 4.1).  

Overall, it is clear the ubiquity of several fishes is strongly influenced by the 

recovery methods that archaeologists used. Based on the results of this data quality 

check, it is essential to control for differences in recovery methods when assessing 

patterns of ubiquity for red cod, jack mackerels/kōheru, and blue cod. Red gurnard, 

John dory, and potentially other species that I have not considered here are also 

potentially affected by sieve-size, and other studies from this region demonstrate that 

overall taxonomic richness decreases when coarser-sieves are used (Allen 2014; 

Campbell and Nims 2019). 
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Figure 6.13. Number of northern North Island assemblages with indicator taxa present 
by recovery method. “fine” = 3.2 mm sieves or finer (n = 43 assemblages); “coarse” = 4 
mm sieves or coarser (n = 28); “hand” = collection by handpicking (n = 4); 
“unk.” = recovery methods unknown (n = 8).  
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Table 6.9. Results of chi-squared tests between taxonomic presence/absence and 
minimum sieve size used to recover fish remains. 

Common Name Chi-Squared Method n χ2 p value 
Odds 
Ratio 

sharks, skates, rays Pearson's Chi-Square test 71 0.14 0.704 0.83 

sharks Fisher's exact test 71 - 0.467 2.53 

eagle ray Pearson's Chi-Square test 71 1.24 0.265 0.48 

red cod Fisher's exact test 71 - 0.078 6.17 

John dory Fisher's exact test 71 - 0.466 2.11 

red gurnard Pearson's Chi-Square test 71 6.90 * 0.009 3.73 

trevally Pearson's Chi-Square test 71 1.29 0.256 1.80 

jack mackerels/kōheru Pearson's Chi-Square test 71 11.56 * <0.001 5.84 

kahawai Pearson's Chi-Square test 71 <0.01 0.956 0.97 

blue moki Fisher's exact test 71 - 0.304 0.47 

tarakihi Pearson's Chi-Square test 71 1.63 0.201 1.89 

blue cod Pearson's Chi-Square test 71 9.70 * 0.002 5.06 

barracouta Pearson's Chi-Square test 71 0.03 0.853 1.09 

blue mackerel Pearson's Chi-Square test 71 2.54 0.111 2.40 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (odds ratio > 6.71) 

 

Recovery methods also have moderate effects on all three relative abundance 

indices. Comparing the range of AIs for fine- and coarse-sieved assemblages 

demonstrates that very high and very low AI values can be observed in assemblages 

that were recovered using either collection strategy. Nevertheless, assemblages in these 

two groups have very different distributions, with fine-sieved assemblages showing 

much lower median abundances of snapper and other high-ranked fishes (Figure 6.14). 

The median abundance of small pelagic fishes is not very different in these two groups, 

but there are far more high SPI values in fine-sieved assemblages as well. Two-sample 

Wilcoxon-Mann-Whitney tests show these differences are statistically significant for all 

abundance indices measured using either NISP or MNI, and they all have moderate to 

high practical significance (Table 6.10). SAI and SCI values for fine-sieved assemblages 

are generally smaller than equivalent measures for coarse-sieved assemblages in 71- 

74% of the possible pairings, differences that are well above the 67% threshold to be 

considered moderate differences. SPI values for NISP in fine-sieved assemblages are 

larger in about 72% of pairings with coarse-sieved assemblages. Calculating SAI and SPI 

with MNI abundances shows even larger differences between sieve sizes, such that AIs 

are larger in about 75% of pairings for one recovery method versus the other. 
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Figure 6.14. Abundance indices by recovery methods and abundance measure used. 

Table 6.10. Results of two-sample Wilcoxon-Mann-Whitney tests comparing abundance 
index values of fine-sieved assemblages vs. coarse-sieved assemblages by taxonomic 
abundance units used. 

Abundance 
Index 

Units 
fine coarse U 

Statistic 
p value f (%) 

Median AI n Median AI n 

SAI NISP 0.348 34 0.627 15 160.0 * 0.039 31.4 

 MNI 0.210 38 0.559 19 184.5 * 0.003 25.6 

SCIHR NISP 0.585 34 0.945 15 153.5 * 0.028 30.1 

 MNI 0.465 38 0.744 19 223.5 * 0.020 31.0 

SPI NISP 0.143 34 0.009 15 366.5 * 0.015 71.9 

 MNI 0.135 38 0.000 19 550.0 * 0.001 ** 76.2 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (f < 25% or f > 75%) 

 

Together, these results suggest small-bodied fishes are removed from 

assemblages when coarse-sieves are used, artificially inflating the relative abundance of 

snapper and other high-ranked fishes and deflating the abundances of small pelagic 
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fishes. This explanation is consistent with findings from other studies in Aotearoa (Allen 

2014; Campbell and Nims 2019) and other parts of the world (e.g., Gordon 1993; 

Nagaoka 2005b; Partlow 2006) that coarse recovery methods are not sufficient for 

collecting small fishes, and they do not result in accurate taxonomic abundances. In light 

of these observations, I control for differences in recovery methods for all subsequent 

comparisons of AIs.  

Sieve size does not appear to have any similar effects on distributions of snapper 

body size estimates. Both fine and coarse-sieved assemblages have similar median 

snapper fork lengths, and the range of fork lengths in several coarse-sieved assemblages 

extends below many fine-sieved assemblages (Figure 6.15). The presence of small 

snapper in handpicked assemblages indicates these methods can recover snapper jaw  

elements from small individuals as well, but it is not clear whether coarser recovery 

methods collect representative samples of small snapper specimens. 

To explore the effect of using different sieve sizes on body size distributions in 

greater detail, I compared the estimated fork lengths of snapper from four assemblages 

that I analysed using nested sieves. In three assemblages, few or no intact, snapper jaw 

specimens fell through the 6.4 mm sieve and sorted into finer sieve size fractions 

(Figure 6.16). And even though 2 mm mesh sieves were used for three of the 

assemblages, only one measurable specimen sorted into the 2 mm sieve in the Tauranga 

Bay Southern Area assemblage. Interestingly, this was also the only assemblage with a 

substantial number of measurable snapper specimens in the 3.2 mm sieve fraction 

(45% of measured specimens), but the 6.4 mm sieve fraction also has smaller snapper 

than either of the finer-sieve fractions (Figure 6.16).  

The absence of substantial sieve size effects on snapper body size estimates is 

probably related to the measurements that Leach and Boocock (1995) specified for 

body size regression, which require relatively intact specimens. Even if very small-

bodied snapper are present in a given assemblage, it is unlikely that any complete jaw 

elements would fall through the 6.4 mm mesh given the morphology of these bones. The 

same cannot be said for handpicked assemblages, however, as it is entirely plausible 

that measurable jaw specimens with a maximum dimension smaller than 30 mm would 

be easily overlooked, potentially removing the smallest snapper from body size 

distributions. I exclude handpicked assemblages from further comparisons of snapper 

body size estimates, but fine- and coarse-sieved samples can be considered comparable. 
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Figure 6.15. Distributions of snapper body size estimates in northern North Island 
assemblages by recovery method. 

 

Figure 6.16. Distributions of snapper body size estimates in different sieve-size 
fractions of assemblages processed using 6.4, 3.2, and 2 mm nested sieves, labelled with 
the sample size of measured specimens. 
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6.4.1. Summary of Recovery Biases 

Archaeologists have used a wide range of recovery methods to collect fish 

remains from northern Aotearoa archaeological sites, and not all of these recovered 

assemblages are comparable or representative of the deposited fish remains. My data 

quality checks show coarse-sieved assemblages are much less likely to have red cod, 

jack mackerels/kōheru, and blue cod present, and they have very different relative 

taxonomic abundances of snapper, high-ranked fishes, and small pelagic fishes, 

probably because coarse sieves do not recover small skeletal elements. To control for 

these sieve size effects, I only compare assemblages that were collected with similar 

recovery methods in all further analysis of relative taxonomic abundances and the 

ubiquity of these four taxa. Sieve-size does not appear to affect distributions of snapper 

fork lengths, but only because measurable specimens are relatively intact by definition, 

making it much more likely that specimens from even small individuals can be collected 

with coarse mesh. Further comparisons of assemblages collected with different 

recovery methods and analysis of different sieve-size fractions in assemblages sampled 

with nested sieves would almost certainly reveal additional sieve-size effects on other 

important variables (e.g., taxonomic richness, evenness, and diversity).  

6.5. Zooarchaeological Identification Biases 

Zooarchaeologists’ choice of which skeletal elements to identify directly affects 

which taxa are represented in identified assemblages, their relative abundances, and 

patterns of body part representation. Assemblages that have been analysed with 

different element sets may not be comparable to one another, and, as my preliminary 

assessment of differential body part representation suggests, snapper are very likely to 

be overrepresented when zooarchaeologists use identified element sets that do not 

include postcranial elements. Other researchers in Aotearoa have also repeatedly 

emphasized in recent years that identifying a wide range of cranial and postcranial 

elements is crucial for accurately characterizing the taxonomic composition of fishbone 

assemblages from Aotearoa (Campbell 2016; Campbell and Nims 2019; Harris et al. 

2017; Nims et al. 2020). Unfortunately, only about one quarter of all northern North 

Island assemblages (22 out of 83) have been identified with an element set that includes 

postcranial elements, and only 16 of those were sieved with fine mesh (37% of fine-
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sieved assemblages; Figure 6.17). Any biases in archaeological fishbone data introduced 

by zooarchaeological identification methods that exclude postcranial elements from 

consideration could therefore have wide impacts on patterns of taxonomic ubiquity and 

relative taxonomic abundances. On the other hand, identification methods should not 

have any influence on snapper body size frequencies as all these measurements are 

based on the same five paired jaw elements that have been identified in nearly every 

assemblage. 

Most indicator taxa are equally likely to appear in assemblages that were 

analysed using either cranial element sets or a combination of cranial and postcranial 

elements, but three taxa show large differences in ubiquity between these two 

identification methods. For this comparison, I grouped element sets based on jaw bones 

alone and jaw bones with additional cranial elements together and consider them as a 

single category. Every taxon was identified in at least one assemblage analysed with 

cranial elements and with both cranial and postcranial elements, indicating it is possible 

to identify each fish with a range of identification methods (Figure 6.18; Figure 6.19). 

Blue moki and tarakihi occur less often in assemblages identified with postcranial 

element sets, but these minor differences are best explained as the product of chance. 

Meanwhile, jack mackerels/kōheru recovered with coarse sieves (Figure 6.19), and blue 

mackerel recovered with any method (Figure 6.18) are about five to six times more 

common in assemblages analysed with postcranial elements. Jack mackerels/kōheru 

 

Figure 6.17. Number of northern North Island fishbone assemblages by identified 
element set and recovery methods used. “D&P” = dentary and premaxilla only. 
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Figure 6.18. Number of northern North Island assemblages with indicator taxa present 
by identification method. “unk.” = unknown (n = 10 assemblages); “cranial” = five paired 
jaw elements with (n = 33) or without (n = 16) additional cranial elements; 
“+postcranial” = cranial and postcranial elements (n = 22). 

 

Figure 6.19. Number of northern North Island assemblages with indicator taxa present 
by identification method and minimum sieve-size used (vertical axis).  
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were identified in every fine-sieved assemblage analysed with postcranial elements, but 

only in 61% of the fine-sieved assemblages analysed with cranial elements alone. Chi-

squared tests indicate these associations are statistically significant for all three groups 

of fishes (except for jack mackerels/kōheru in coarse-sieved assemblages; Table 6.11). 

If assemblages recovered by sieving with any mesh size are considered together, jack 

mackerels/kōheru and blue mackerel are, respectively, 20 and 6 times more likely to be 

recorded in assemblages that include postcranial identifications. 

I interpret the strong associations between identification methods and 

occurrences of jack mackerels/kōheru and blue mackerel as evidence that identifiable 

cranial bones are not always recovered for these fishes, and that analysing postcranial 

elements is necessary to reliably determine whether or not they are present. These 

results are not surprising for blue mackerel, which consistently appeared to have fewer  

than expected cranial elements in my preliminary analysis of body part representation 

(Figure 6.9). Jack mackerels/kōheru had much more variable patterns of body part 

representation, but they may be missing from assemblages where cranial specimens 

Table 6.11. Results of chi-squared tests between taxonomic presence/absence and 
identification methods used to analyse fishbone assemblages. 

Common Name 
Recovery 
Methods 

Chi-Squared Method n χ2 p value 
Odds 
Ratio 

sharks, skates, rays all Pearson's Chi-Square test 71 0.19 0.664 1.25 

sharks all Fisher's exact test 71 - 0.266 2.59 

eagle ray all Pearson's Chi-Square test 71 1.24 0.265 0.48 

red cod fine Fisher's exact test 39 - 0.694 1.58 

 coarse Fisher's exact test 23 - 1.000 0.00 

John dory all Fisher's exact test 71 - 1.000 1.14 

red gurnard all Fisher's exact test 71 - 0.183 2.34 

trevally all Pearson's Chi-Square test 71 2.46 0.117 2.27 

jack mackerels/kōheru fine Pearson's Chi-Square test 39 7.00 * 0.008 ** ∞ 

 coarse Fisher's exact test 23 - 0.281 5.14 

kahawai all Fisher's exact test 71 - 1.000 1.23 

blue moki all Fisher's exact test 71 - 0.158 0.21 

tarakihi all Pearson's Chi-Square test 71 0.77 0.379 0.62 

blue cod fine Pearson's Chi-Square test 39 1.40 0.237 2.31 

 coarse Fisher's exact test 23 - 0.539 0.00 

barracouta all Pearson's Chi-Square test 71 0.02 0.878 1.08 

blue mackerel all Pearson's Chi-Square test 71 10.37 * 0.001 5.63 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (odds ratio > 6.71) 
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alone were recorded because the heads of these fishes were destroyed or systematically 

removed. Given these observations, I control for differences in identification methods in 

all further comparisons of ubiquity for jack mackerels/kōheru and blue mackerel. 

When recovery methods are accounted for, there are no strong differences in the 

relative abundance indices of assemblages that were identified with various element 

sets. Notably, the median SAI values of fine-sieved assemblages are much lower in cases 

with cranial identification than in cases with cranial and postcranial identifications 

(Figure 6.20). However, the differences in the overall distributions of SAI in these two 

groups are not statistically significant, and the common language effect size f shows the 

cranial-only assemblages have larger SAI values in only 54% of all possible NISP pairs 

(Table 6.12). Interestingly, the median SAI is lower in assemblages analysed with 

cranial elements alone, which is not consistent with expectations from my analysis of 

body part representation that snapper would be overrepresented in such assemblages. 

Coarse-sieved assemblages with cranial and postcranial elements appear to have higher 

SPINISP values than assemblages with cranial identifications alone, but because there 

were very few coarse-sieved samples available for comparison this result may not be 

reliable. Other abundance indices also show no meaningful differences between 

assemblages analysed with different element sets. 

Considering these results together, relative abundances of snapper, high-ranked 

fishes, and small pelagic fishes are not seriously affected by the element sets that 

researchers used to identify fish remains when differences in recovery methods are 

controlled for. If all cranial-only and cranial plus postcranial assemblages are compared 

without accounting for recovery methods, snapper and high-ranked fish abundances are 

still similar regardless of differences in identified element sets. However, the SPI of 

cranial-only assemblages is smaller in, respectively, 35% and 29% of all possible pairs 

of NISP- and MNI-based abundances. Because sieve size also has a strong effect on 

abundances of small pelagic fishes, it is difficult to determine the effects that different 

identification methods have on taxonomic abundances when recovery methods have 

not been accounted for. Regardless, this evidence should not be interpreted as an 

indication that identification methods have no effect on relative abundances in general. 

Several other studies clearly show that identifying vertebrae can be essential for gaining 

an accurate understanding of relative taxonomic abundances in assemblages from the 
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Figure 6.20. Abundance indices by identification methods, recovery methods, and 
abundance measure used. 

Table 6.12. Results of two-sample Wilcoxon-Mann-Whitney tests comparing abundance 
index values of assemblages analysed with cranial elements alone vs. cranial and 
postcranial elements, by recovery method and taxonomic abundance units used. 

Recovery 
Methods 

Abundance 
Index 

Units 
cranial +postcranial U 

Statistic 
p 

value 
f (%) 

Median AI n Median AI n 

fine SAI NISP 0.081 17 0.498 15 138 0.678 54.3 

  MNI 0.078 19 0.386 15 106 0.212 37.4 

 SCIHR NISP 0.540 17 0.630 15 141 0.628 55.3 

  MNI 0.442 19 0.608 15 130 0.677 45.8 

 SPI NISP 0.296 17 0.041 15 126 0.955 49.4 

  MNI 0.191 19 0.054 15 134 0.768 47.0 

coarse SAI NISP 0.627 9 0.813 4 12 0.414 33.3 

  MNI 0.545 15 0.667 1 - - - 

 SCIHR NISP 0.791 9 0.961 4 15 0.710 41.7 

  MNI 0.785 15 0.833 1 - - - 

 SPI NISP 0.000 9 0.039 4 6 0.051 ** 16.7 

  MNI 0.000 15 0.167 1 - - - 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (f < 25% or f > 75%) 
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northern North Island (Campbell 2016; Nims et al. 2020) and in other parts of Oceania 

(Bouffandeau et al. 2018; Cannon et al. 2019; Filimoehala 2019; Lambrides et al. 2018; 

Lambrides and Weisler 2015; Ono and Addison 2013; Ono and Clark 2012). However, 

the results of these comparisons do indicate that differences in SAI, SCI, and SPI values 

in this sample of assemblages cannot confidently be explained by differences in 

identification methods alone. 

6.5.1. Summary of Zooarchaeological Identification Biases 

Assessing the role of identification methods on the results of zooarchaeological 

analysis is challenging given the complex interactions that take place between 

formational processes and methodological decisions. In any given assemblage, it is 

difficult to determine whether the absence of a species indicates it was not deposited, or 

whether its remains have been removed from the assemblage by destructive forces, 

inadequate archaeological recovery methods, or because zooarchaeologists did not or 

could not identify its surviving specimens. Nevertheless, comparing assemblages 

identified with different element sets shows real differences in patterns of taxonomic 

representation. When researchers only identify jaw bones or cranial elements, jack 

mackerels/kōheru and blue mackerel are much less likely to be identified, whether or 

not differences in recovery methods are controlled for. Jack mackerel/kōheru 

specimens are also much more likely to be recovered with fine sieves, and blue 

mackerel bones appear to be vulnerable to post-depositional destruction. My study of 

differential body part representation further shows the cranial elements of these fishes 

are missing in several cases, which suggests it is their vertebrae and other postcranial 

elements that are most likely to survive and be archaeologically recovered. In short, 

analysed element sets that are based on jaw or cranial elements alone cannot be 

considered adequate for studying patterns of taxonomic ubiquity for these small, 

pelagic school fishes. The choice of identification methods also affects the abundances of 

pelagic fishes if recovery methods are not accounted for, but sieve size has an equal-

sized effect on relative taxonomic abundances and controlling for differences in sieve 

size alone appears to be sufficient for ensuring that assemblages have comparable 

relative abundance indices. 
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6.6. Sample Size Effects 

Differences in assemblage sample size can affect comparisons of taxonomic 

ubiquity, relative abundances, or body size distributions when recovered and identified 

samples are not representative of the fish remains that were deposited together. Larger 

assemblages are more likely to include a larger number of less common fishes and to 

provide more accurate estimates of relative abundances, while smaller assemblages are 

much less likely to be representative of deposited assemblages (Grayson 1984:116–

117; Lyman 2008:142). I attempted to control for extreme sample size effects in my 

research design by excluding assemblages with less than 50 NISP or 30 MNI, but this 

sample size threshold does not guarantee assemblage representativeness. Some 

assemblages that meet the minimum NISP threshold also have MNI totals that fall below 

the minimum of 30 MNI, but I include these MNI abundances where NISP and MNI totals 

are correlated. The northern North Island fishbone assemblages in my database have 

highly variable sample sizes, but most assemblages have fewer than about 1,500 NISP 

or 300 MNI (Figure 6.21). Without detailed information about the depositional contexts 

that specimens were recovered from, it is not possible to evaluate whether any given 

assemblage comprises a representative sample. Instead, I attempt to determine whether 

there are any associations or correlations between sample size and taxonomic ubiquity 

or relative abundances. 

Most indicator taxa appear in assemblages with a wide range of sample sizes, but 

at least two species only appear in relatively large samples. Because jack 

mackerels/kōheru are present in every fine-sieved assemblage analysed with cranial  

 

Figure 6.21. Assemblage sample sizes measured as total NISP (n = 59 assemblages) and 
total MNI (n = 78 assemblages).  
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and postcranial elements, there are no comparable assemblages without jack 

mackerels/kōheru to compare against (Figure 6.22). Meanwhile, red cod and blue moki 

are only present in assemblages that have minimum sample sizes of 196 NISP and 231 

NISP, respectively. All other taxa are present in at least some smaller collections. 

 

Figure 6.22. Sample sizes of assemblages with indicator taxa present and absent. Red 
cod, jack mackerels/kōheru and blue cod only include fine-sieved assemblages, while 
jack mackerels/kōheru and blue mackerel only include assemblages analysed with an 
element set that includes postcranial bones. 
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However, it is still not clear whether differences in sample size should be 

controlled for in any comparisons of taxonomic ubiquity. The critical question that must 

be addressed here is, “Can we be confident that indicator taxa are absent even if 

assemblage sample sizes are small?” The answer to this question depends on the causes 

for small sample sizes, which brings us back to the question of representativeness. If 

samples are small because very few fish specimens were present in the deposited 

assemblage, then there are no further specimens to identify and the assemblage 

represents a 100% sample. But if only a fraction of the deposits containing fish remains 

have been excavated or if only a portion of the fish remains present in excavated 

deposits were recovered and identified, then it is less clear whether the absence of any 

given fish should be interpreted as evidence of absence for any given assemblage, even 

if sample size is large. Unfortunately, details on the sampling strategies employed in 

fishbone sampling and analysis have not been thoroughly documented in many cases, 

and readers have little basis for determining whether we should accept that taxa are 

truly absent without such information. Sample representativeness requires greater 

attention in northern North Island fishbone analysis, but, given the current level of 

information available, I do not control for differences in sample size in comparisons of 

taxonomic ubiquity in this thesis. 

Regarding relative taxonomic abundance indices, we can have greater confidence 

that sample size has not affected comparisons of snapper, high-ranked fish, or small 

pelagic fish abundances. For this quality check, I adopt the ‘regression approach’ 

(Lepofsky and Lertzman 2005; Lyman and Ames 2007) to detecting sample size effects, 

which involves searching for correlations between sample size and measured variables 

of interest (see also Grayson 1984: Chapter 4). Among assemblages with sample sizes 

smaller than 1,500 NISP or 300 MNI, all three abundance indices are highly variable for 

both NISP and MNI measures of abundances (Figure 6.23). Multiple outlier assemblages 

with exceptionally high sample sizes also contained large amounts of snapper and high-

ranked fishes, and relatively small amounts of small pelagic fishes, which creates the 

appearance of minor correlations between sample size and taxonomic abundances. 

However, Spearman’s rank-order correlation tests show these relationships are not 

statistically significant, except in the case of MNI sample size and snapper MNI 

abundances. Meanwhile, the practical significance of the correlations between sample 

size and the abundance indices are negligible in every case (Table 6.13). Based on these 
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results, it is safe to conclude that sample size does not predict the taxonomic 

abundances I use in my hypothesis tests. 

Table 6.13. Results of Spearman’s rank-order correlation tests between abundance 
indices in fine-sieved assemblages and sample size.  

Abundance 
Index 

Units rs df p value rs
2 (%) 

SAI NISP 0.123 32 0.488 1.5 

 MNI 0.351 36 * 0.031 12.3 

SCIHR NISP 0.151 32 0.394 2.3 

 MNI 0.289 36 0.079 8.3 

SPI NISP -0.179 32 0.311 3.2 

 MNI -0.295 36 0.072 8.7 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (rs

2 > 45%) 

 

 

Figure 6.23. Abundance indices of fine-sieved assemblages and assemblage sample size 
by abundance measure used. 
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Finally, for snapper fork length estimates, I consider 30 measured specimens to 

be the minimum sample size required for statistically meaningful comparisons of 

snapper body size distributions. Seven of the 27 sieved assemblages with snapper body 

size estimates do not meet this minimum. Among the remaining 21 assemblages, sample 

sizes range from a minimum of 31 specimens at Long Bay Phase 10 to a maximum of 

1,906 specimens from Twilight Beach (Figure 6.24). However, distributions of snapper 

fork lengths do not vary with sample size. Ordering body size distributions by the 

number of measured specimens shows that the range and median fork lengths vary 

widely across both small and large assemblages (Figure 6.25). Therefore, all the  

 

Figure 6.24. Sample size of measured snapper specimens in 27 sieved assemblages. 

 

Figure 6.25. Distributions of snapper body size estimates in sieved assemblages with at 
least 30 measured specimens labelled with the sample size of measured specimens. 
Note: assemblage names abbreviated. 
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snapper size estimates from sieved assemblages with at least 30 measured specimens 

can be considered comparable to one another. 

6.6.1. Summary of Sample Size Effects 

Concerns about sample size effects stem from recognition that small samples are 

less likely to include taxa with small numbers of specimens or have accurate relative 

taxonomic abundances when identified assemblages are not representative of the fish 

remains in archaeological deposits. Assessing sample representativeness can be 

accomplished statistically using sampling to redundancy procedures that successively 

add samples from a parent population until measured variables of interest stop 

changing, indicating that redundancy and representativeness have been reached 

(Lepofsky and Lertzman 2005; Lyman and Ames 2007). However, such approaches 

require detailed understanding of the sample contexts and sampling decisions that 

often cannot be gleaned from archaeological reports alone. It is therefore unclear 

whether indicator taxa are absent from assemblages because they are truly absent or 

because the sample size was insufficient, and, unfortunately, there are no apparent 

methods for resolving this ambiguity in comparisons of taxonomic ubiquity. Because 

taxa with only a few surviving, deposited specimens are especially unlikely to appear in 

smaller samples, absences of indicator taxa can best be interpreted as evidence that 

there are few or no specimens of that taxon in those deposits. For patterns of relative 

taxonomic abundance, on the other hand, adopting a regression approach to identifying 

sample size effects shows there are no correlations between abundance indices and 

sample size in fine-sieved assemblages, although relative abundances might change in 

small assemblages if additional samples were added. Snapper fork length estimates also 

do not appear to be influenced by sample size effects in assemblages with more than 30 

measured specimens. 

6.7. Chapter Summary 

Careful consideration of five taphonomic factors that structure archaeological 

fishbone data shows that some of the 83 northern North Island assemblages in my 

database are not comparable or useful for my hypothesis tests given their condition. 

Patterns of taxonomic presence/absence for several indicator fishes that might reflect 

climate effects, harvest impacts, and/or changes in fishing strategies are influenced by 
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the sieve sizes that archaeologists use to recover fish remains, and the set of fishbones 

that zooarchaeologists choose to identify. While the ubiquity of other taxa can be 

assessed using all assemblages, red cod and blue cod are only readily collected with 

fine-sieves, blue mackerel occurrences depend on the analysis of both cranial and 

postcranial elements, and jack mackerels/kōheru require both fine sieves and 

postcranial identifications. In terms of relative taxonomic abundances, problems with 

specimen interdependence in NISP counts could not be ruled out for four out of 59 

assemblages, and the possibility of aggregation effects on MNI estimates cannot be 

dismissed from 13 out of 78 assemblages. Key abundance indices that quantify the 

relative amounts of snapper, high-ranked fishes, and small pelagic fishes in fishbone 

assemblages are strongly influenced archaeological sieve sizes, which means patterns of 

relative abundances in coarse-sieved assemblages (4 mm or larger mesh) or with 

coarser recovery methods should not be considered reliable. Abundances of small 

pelagic fishes also appear to be affected by the choice of identified elements, but these 

biases co-vary with archaeological recovery methods, and controlling for sieve size 

alone is sufficient for ensuring the values of this index are comparable. Because snapper 

fork length estimates are by definition based on measurements of relatively intact jaw 

specimens, all assemblages that were recovered with sieves and have a minimum 

sample size of 30 measured specimens appear to provide reliable estimates of snapper 

size distributions in archaeological assemblages. 

I also considered the effects of differential body part representation and 

fragmentation on interassemblage comparability using small subsets of assemblages 

with identified postcranial elements and element frequencies available, and found 

preliminary evidence of high variability in handling practices and/or post-depositional 

survivorship. Snapper often had many more cranial specimens than expected from the 

element frequencies of complete skeletons, and most other fishes often had many more 

postcranial specimens than expected. It is not clear from this data alone whether 

snapper head bones are more resistant to post-depositional destruction than their 

postcranial elements (and vice versa for other fishes), or whether these differences 

reflect taxon-specific butchery and disposal practices. Meanwhile, comparisons of taxon 

presence/absence and fragmentation intensity shows that blue mackerel remains may 

be highly vulnerable to destructive forces. 
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Unfortunately, it is not possible to conduct wider evaluations of these 

taphonomic factors and their impacts on fishbone assemblages without postcranial 

identifications, element frequencies, and specimen counts. Similarly, I showed that 

sample size is not correlated with relative taxonomic abundances, but more detailed 

understandings of the archaeological deposits and sampling procedures researchers 

used are required to determine whether identified assemblages are representative of 

the deposits they derive from. This is especially true for many legacy collections with 

fish remains from very large excavation areas and diverse depositional contexts that 

have been aggregated together into one or two assemblages. 

My data quality assessment shows that coarse-sieved fishbone assemblages are, 

at best, only suitable for studying the presence/absence for medium- and large-bodied 

fishes in the northern North Island (Table 6.14). To understand patterns of ubiquity for 

several climate indicator taxa, or the relative taxonomic abundances of any fishes, it is 

essential to sample animal remains using fine sieves (3.2 mm or finer mesh). Controlling 

for archaeologists’ choice of recovery methods removes 48-59% of the available 

assemblages from comparisons of these variables (Table 6.14). Several pelagic fishes 

that can help inform our understanding of past fishing strategies and/or climate effects 

are also unlikely to be identified if postcranial elements are not analysed, and their 

ubiquity can only be compared in the 22 assemblages that have vertebral or other 

postcranial identifications. Snapper body size distributions do not appear to be affected 

by variation in recovery methods, but I decided to only compare snapper size estimates 

in the 21 assemblages recovered with sieves of any size that have a minimum sample of 

30 measured specimens (Table 6.14). Other properties of these fishbone assemblages 

(e.g., overall taxonomic richness) have almost certainly been structured by formational 

processes and methodological decisions as well. However, focusing on assemblages that 

meet the data quality standards established in this assessment helps increase 

confidence that long-term changes in the measured variables of interest were caused by 

changes in fish catches, and not by site formation processes or differences in the 

methods that archaeologists used to recover and analyse fish remains. 

In addition, this assessment illustrates the need for more postcranial 

identifications in Aotearoa archaeological fishbone analysis. Analysing pectoral, pelvic, 

and vertebral elements is required to fully assess patterns of body part representation 

in recovered fishbone assemblages, which provides critical information about people’s 
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butchery practices; transport, storage, and exchange; culinary practices; food 

consumption; and disposal practices in the past. Body part representation can also help 

explore taphonomic processes that lead to differential destruction of fish remains in 

archaeological contexts. If any of these factors destroy or remove jaw elements for some 

taxa, then identifying cranial elements alone will not provide accurate information 

about the taxonomic richness or relative taxonomic abundances of fishes in an 

archaeological assemblage. Ultimately, ichthyoarchaeologists should always seek to 

identify skeletal elements from a wide range of body parts to maximize the information 

that we can gain about environmental conditions, fishing practices, and people’s 

foodways. 
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Table 6.14. Assemblages with reliable fishbone data for measured variables of interest. 
“X” indicates that I use data from the specified assemblage in my hypothesis test. 
Taxonomic ubiquity: Indicator taxa are grouped by the archaeological methods that 
affect taxonomic presence/absence: Group “A” = require fine sieves (red cod and blue 
cod); Group “B” = require postcranial identifications (blue mackerel); Group “C” = 
require fine sieves AND postcranial identifications (pilchard, piper, jack 
mackerels/kōheru); “Others” = no special methods required (all other indicator taxa). 

Assemblage 
Taxonomic Ubiquity AIs Snapper Fork 

Lengths A B C Others NISP MNI 

Ahuahu EA36 Upper    X 
   

Arthur Black's Midden Sq1,4,5 L2    X 
  

X 
Arthur Black's Midden Sq2+3 L2 X   X X X 

Arthur Black's Midden Sq1,4,5 L4    X 
  

  
Bream Tail X   X 

 
X 

 

Cabana L2 X X X X X X 
 

Cross Creek L3    X 
  

X Cross Creek L5    X 
  

Cross Creek L7    X 
  

Davidson Undefended Site    X 
   

Hahei Lower X   X 
 

X 
 

Hahei Shell X   X 
 

X 
 

Hahei Upper X   X 
 

X 
 

Harataonga East 1962    X 
   

Harataonga East 2000 X   X X X 
 

Harataonga West 1962    X 
   

Harataonga West 2000 X   X X X 
 

Hot Water Beach 2017 X X X X X X 
 

Hot Water Beach L4    X 
   

Hot Water Beach L5    X 
  

  
Houhora    X 

   

Kioreroa Sq13    X 
   

Kohika    X   X 

Kokohuia Phase 1    X 
  

X 

Kokohuia Phase 2    X 
  

X 

Koutunui X X X X X X 
 

Long Bay Phase 1 X X X X X X X 

Long Bay Phase 4 X X X X X X X 

Long Bay Phase 5 X X X X X X X 

Long Bay Phase 7 X X X X X X X 

Long Bay Phase 10 X X X X X X X 

Long Bay Phase 12 X X X X X X X 

Maketu North 2007 X   X X X 
 

Maketu North 2017  X  X 
   

Mangawhai Sandspit L3 X   X 
   

Mangawhai Sandspit L4 X   X 
   

Martins Bay X   X X 
  

Maungarei D Midden Sq    X 
   

Maungarei D Upper    X 
   

NRD Area A    X 
  

X 

NRD Area B    X 
  

X 
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Table 6.14. Continued. 

Assemblage 
Taxonomic Ubiquity AIs Snapper Fork 

Lengths A B C Others NISP MNI 

OM 219    X 
   

Omaio    X 
  

  
Orokarakara L2    X 

   

Ororopupu Area B    X 
  

X 

Papamoa Supacenta F1006 X   X X X 
 

R09/887 X   X X X X 

Sandy Bay Rockshelter X X X X X X 
 

Sarah's Midden L5    X 
   

Sarah's Pa    X 
   

Sarah's Settlement AB L1-3    X 
   

Sarah's Settlement AB L4-9    X 
   

Sunde Lower X   X X X X 

Sunde Upper X   X 
 

X X 

Tairua Bed 2    X 
   

Tauranga Bay Area E L2 X X X X X X 
 

Tauranga Bay Area E L3 X X X X X X 
 

Tauranga Bay Area E L4-6 X X X X X X 
 

Tauranga Bay Southern Area X X X X X X X 

Taurere    X 
   

Tauroa Area A X   X X X 
 

Tauroa Area B - Layer IV    X 
   

Tauroa Area B LII    X 
   

Te Ahua Pa X   X X X X 

Te Mataku Lower X   X X X 
 

Tiritiri Matangi Wharf L3  X  X 
   

Tiritiri Matangi Wharf L5  X  X 
   

Tiritiri Matangi Wharf L7a  X  X 
   

Tōtara Palms L2 X   X X 
  

Tūtahi    X 
  

X 

Twilight Beach X   X 
 

X X 

U14/363    X 
   

U14/1717 Area A X   X X X 
 

U14/2841 L2 X   X X X 
 

U14/2907 - 2007 X   X X X 
 

U14/2907 - 2012 L1 X   X X X 
 

U14/2907 - 2012 L2 X   X X X 
 

U14/2912 L2 X   X X X 
 

U14/2912 L4 X   X X X 
 

Urquharts Bay 2012 Phase 1  X  X    

Urquharts Bay 2017 X X X X    

V14/40 NE X X X X X X  

V14/193  X  X    

Total 43 22 16 83 34 38 21 
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7. Results 

In this chapter, I describe the patterns of variation, stability, and change that I 

observed in archaeological records of Māori fisheries from northern North Island sites. I 

begin with brief overviews of Māori fishbone assemblages, their geographic variability, 

and the differences between assemblages from different environmental and functional 

contexts. Then I summarize the overall temporal patterns in the assemblages. Finally, I 

present the results of my hypothesis tests that evaluate the potential roles of climate 

change, human harvest pressures, and shifting fishing strategies and technologies in 

driving long-term trends in northern Māori archaeofisheries.  

7.1. Northern North Island Archaeofisheries 

A total of 64 distinct fish taxa are represented in the 83 fishbone assemblages I 

analyse in this thesis, with 54 distinct fishes positively identified below the family level 

(Table 7.1). Several taxa may be underrepresented because they have been widely 

removed by archaeological recovery and identification methods, or because they are 

more vulnerable to post-depositional destruction. In addition to the sieve size effects I 

identified for red cod and blue cod in the previous chapter (Section 6.4. Archaeological 

Recovery ), several other fishes are also predominately represented in fine-sieved 

assemblages, including pilchard (100% of occurrences), piper (100%), pink maomao 

(Caprodon longimanus; 100%), sweeps (93%), greenbone (75%), right eye flounders 

(86%), and New Zealand sole (Peltorhamphus novaezeelandiae; 83%). Even relatively 

common species like yelloweye mullet could be affected by sieve size as they 

predominately appear in assemblages sieved with 3.2 mm or finer mesh (84% of 

occurrences). The choice of identified elements also appears to affect the occurrences of 

several species that are primarily represented in assemblages analysed with both 

cranial and postcranial elements, such as pilchard (100% of occurrences), yelloweye 

mullet (84%), piper (100%), and pink maomao (88%). 

Despite possible methodological issues, these fishbone assemblages indicate 

Māori fished a very wide range of species from multiple habitat types. At least one fish 

associated with pelagic habitats is represented in 68 assemblages, and rocky reef and 

soft substrate fishes are present in slightly more than 60 assemblages each (Figure 7.1). 
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Sixty-nine assemblages contain fishes from at least two of these habitat categories, and 

nearly half have fishes from all three habitats (n = 41 assemblages). On the other hand, 

fishes from deep water (i.e., species rarely found shallower than 20 m depth) and 

freshwater habitats are much less commonly represented, and always in small 

abundances (Figure 7.1). Freshwater eels (Anguilla sp.) were reported from six 

assemblages, deep water mottled ghostshark (Hydrolagus novaezelandiae) and gemfish 

(Rexea solandri) are present in one assemblage each (Sunde Lower and Ahuahu EA36, 

respectively), and frostfish (Lepidotus caudatus) was reported from Maketu North 2007 

and Layer 2 of U14/2907 - 2012. Given the scarcity of freshwater and deep water 

obligates, such habitats were probably not the primary focus of Māori fisheries in any of 

these archaeological assemblages, and these infrequent occurrences could reflect 

catches of individuals that occasionally strayed into shallow marine waters.  

In contrast with this evidence of diverse fisheries, only a small number of fishes 

were consistently fished at these archaeological sites. Thirteen fish taxa are represented 

in more than 20% of assemblages, but the remaining 51 fishes are rarely represented 

(Table 7.1). Only nine taxa appear as the most abundant fish in any of the 78 

assemblages that have robust rank-order abundance data for either NISP, MNE, or MNI: 

elasmobranchs, yelloweye mullet, jack mackerels/kōheru, snapper, tarakihi, wrasses, 

blue cod, blue mackerel, and leatherjacket. As I noted in Section 6.2, snapper is clearly 

the most ubiquitous fish in northern fishbone assemblages as they occur in 96% of all 

collections and numerically dominate more than half of them (Table 7.1). Kahawai, 

wrasses, red gurnard, jack mackerels/kōheru, and barracouta are also ubiquitous and 

appear in more than half of all 83 assemblages in my sample, but of these fishes only 

jack mackerels/kōheru are ever ranked as the most abundant fish in any assemblages. 

Although leatherjacket is slightly less widely represented, they are the only other taxon 

with the highest abundance ranks in at least 10% of assemblages using either NISP or 

MNI abundances. Elasmobranchs, yelloweye mullet, tarakihi, blue cod, wrasses, and 

blue mackerel also appear as the most abundant taxon in at least one assemblage, but 

snapper, jack mackerels/kōheru, and leatherjacket are the dominant fishes in 84% of 

assemblages by NISP, and in 91% of assemblages by MNI.  
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Table 7.1. Taxonomic ubiquity (“Ubiq.”) measured as the number and percent of 
assemblages each fish appears in for 83 northern North Island fishbone assemblages, 
and the number of assemblages where each fish is represented as the most abundant 
taxon in terms of NISP (n = 59 assemblages) and MNI (n = 78 assemblages).  

Taxon Common Name 
Ubiq. #1 NISP #1 MNI 

n % n % n % 

Chrysophrys auratus snapper 80 97.6 30 50.8 47 61.0 

Arripis trutta kahawai 62 75.6 - - - - 

Pseudolabrini temperate wrasses 51 62.2 1 1.7 2 2.6 

Trachurus/Decapterus jack mackerels/kōheru 50 61.0 14 23.7 16 20.8 

Chelidonichthys kumu red gurnard 48 58.5 - - - - 

Thyrsites atun barracouta 46 56.1 - - - - 

Elasmobranchii sharks, skates, rays 38 46.3 2 3.4 - - 

Meuschenia scaber leatherjacket 38 46.3 4 6.8 8 10.4 

Parapercis colias blue cod 37 45.1 - - 1 1.3 

Nemadactylus macropterus tarakihi 33 40.2 2 3.4 1 1.3 

Pseudocaranx georgianus trevally 31 37.8 - - - - 

Scomber australasicus blue mackerel 24 29.3 4 6.8 2 2.6 

Aldrichetta forsteri yelloweye mullet 19 23.2 1 1.7 - - 

Scorpis sp. sweeps 15 18.3 - - - - 

Myliobatis tenuicaudatus eagle ray 14 17.1 - - - - 

Zeus faber John dory 14 17.1 - - - - 

Latridae trumpeters 13 15.9 - - - - 

Carangidae trevallies 12 14.6 1 1.7 - - 

Pseudophycis bachus red cod 12 14.6 - - - - 

Latridopsis ciliaris blue moki 11 13.4 - - - - 

Girella tricuspidata parore 10 12.2 - - - - 

Hyporhamphus ihi piper 9 11.0 - - - - 

Mugil cephalus grey mullet 9 11.0 - - - - 

Caprodon longimanus pink maomao 8 9.8 - - - - 

Odax pullus greenbone butterfish 8 9.8 - - - - 

Seriola lalandi kingfish 8 9.8 - - - - 

Mugilidae mullets 7 8.5 - - - - 

Rhombosoleidae right eye flounders 7 8.5 - - - - 

Selachii sharks 7 8.5 - - - - 

Anguilla sp. freshwater eels 6 7.3 - - - - 

Conger sp. conger eels 6 7.3 - - - - 

Peltorhamphus novaezeelandiae New Zealand sole 6 7.3 - - - - 

Sardinops sagax pilchard 6 7.3 - - - - 

Allomycterus pilatus southern burrfish 5 6.1 - - - - 

Gempylidae snake mackerels 5 6.1 - - - - 

Latris lineata trumpeter* 5 6.1 - - - - 

Bodianus sp. pigfishes 4 4.9 - - - - 

Polyprion sp. basses* 4 4.9 - - - - 

Scorpaena sp. scorpionfishes 4 4.9 - - - - 
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Table 7.1. Continued. 

Taxon Common Name 
Ubiq. #1 NISP #1 MNI 

n % n % n % 

Upeneichthys porosus red mullet 4 4.9 - - - - 

Anguilliformes eels 3 3.7 - - - - 

Bathytoshia sp. stingrays 3 3.7 - - - - 

Chirodactylus spectabilis red moki 3 3.7 - - - - 

Genyagnus monopterygius spotted stargazer 3 3.7 - - - - 

Nemadactylus douglasii porae 3 3.7 - - - - 

Rhombosolea sp. flounders 3 3.7 - - - - 

Seriolella brama blue warehou 3 3.7 - - - - 

Aplodactylus arctidens marblefish 2 2.4 - - - - 

Dipturus sp. skates 2 2.4 - - - - 

Galeorhinus galeus school shark 2 2.4 - - - - 

Kyphosidae drummers 2 2.4 - - - - 

Lepidopus caudatus frostfish 2 2.4 - - - - 

Leptoscopus macropygus estuary stargazer 2 2.4 - - - - 

Moridae morid cods 2 2.4 - - - - 

Squalus sp. dogfish sharks 2 2.4 - - - - 

Colistium nudipinnis New Zealand turbot 1 1.2 - - - - 

Genypterus blacodes ling 1 1.2 - - - - 

Gymnothorax sp. moray eels 1 1.2 - - - - 

Helicolenus percoides jock Stewart 1 1.2 - - - - 

Hydrolagus novaezealandiae mottled ghostshark 1 1.2 - - - - 

Isurus oxyrinchus shortfin mako 1 1.2 - - - - 

Lotella rhacina rock cod 1 1.2 - - - - 

Notorynchus cepedianus broadsnout sevengill 1 1.2 - - - - 

Rexea solandri gemfish 1 1.2 - - - - 

 

 

Figure 7.1. Number of assemblages (n = 83) containing at least one fish associated with 
various habitat types. 
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7.1.1. Estimating Elasmobranch Contributions to Māori Fisheries 

It is important to note that the widespread presence of sharks, skates, and rays in 

in northern North Island assemblages presents an interpretive difficulty for 

assessments of relative taxonomic representation in Māori archaeofisheries, and for 

prey choice model interpretations in particular. Because decisions to pursue smaller 

fishes are expected to be based in part on encounter rates for all highly ranked fishes, 

shifts in Māori fisheries could potentially be explained by changes in encounter rates 

with elasmobranchs. However, due to the fragile nature of elasmobranch skeletal 

remains, frequencies of shark and ray specimens in archaeological assemblages 

probably do not provide accurate estimates of their relative taxonomic abundances, and 

it is not possible to directly assess variability in the scale of elasmobranch fisheries 

using abundance measures alone. 

To address this interpretive issue, I measured the effects of elasmobranch fishing 

on resource return rates indirectly by comparing taxonomic richness in assemblages 

with and without sharks, skates, and rays. If high-return elasmobranchs were 

encountered frequently, then I expect the overall return rates of fisheries would be 

maximized by focusing on smaller numbers of higher ranked taxa, and that assemblages 

with elasmobranch taxa present would have low taxonomic richness compared to 

assemblages where cartilaginous fishes are absent. If elasmobranchs were encountered 

infrequently, they would have relatively little impact on the return rates of fisheries, 

and assemblages with and without cartilaginous fishes present should have relatively 

similar taxonomic richness. To control for differences in assemblage sample size, which 

can strongly influence total taxonomic richness, I used slope analysis to detect 

differences in the relationships between the taxonomic richness of assemblages where 

and elasmobranch presence/absence. This method calculates linear regression models 

for the relationship between sample size and a variable of interest in different groups of 

assemblages, and then draws comparisons between the slopes of each group’s model to 

determine whether ‘real’ differences exist in the measured variable (Grayson and 

Delpech 1998; Lyman 2008:181–185; Lyman and Ames 2007; Nagaoka 2002).  

Carrying out slope analysis on the richness of fishbone assemblages indicates 

there are no differences between assemblages that have sharks, skates, and/or rays 

present, and assemblages without them. When three outlier assemblages with 

extremely large sample sizes are excluded (larger than 4,000 NISP or 1,000 MNI), the 
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slope of linear regression models between sample size and the number of bony fish taxa 

is nearly identical in assemblages with elasmobranchs present (a = 0.004 taxa/NISP; 

0.011 taxa/MNI) and with no elasmobranchs (a = 0.003 taxa/NISP; 0.017 taxa/MNI 

Figure 7.2). Spearman’s correlation tests demonstrate that the rank-order relationships 

between richness and sample size are statistically significant for both groups of 

assemblages, the correlations are strong in assemblages with elasmobranchs present, 

and there are moderate correlations in assemblages without elasmobranchs (Table 7.2).  

 

Figure 7.2. Relationship between taxonomic richness of bony fishes and two measures 
of sample size for assemblages with and without elasmobranchs present by recovery 
methods used. 
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Table 7.2. Rank-order correlation tests and practical significance of the relationship 
between taxonomic richness of bony fishes and two measures of sample size for 
assemblages with and without elasmobranchs by recovery methods used. 

Units 
Recovery 
Methods 

Elasmobranchii rs df p value rs
2 (%) 

Model 
Slope 

NISP fine Absent 0.691 13 * 0.004 ** 47.7 0.003 

  Present 0.739 19 * <0.001 ** 54.6 0.004 

 coarse Absent 0.181 6 0.668 3.3 0.001 

  Present 0.530 7 0.142 28.1 0.002 

 all Absent 0.541 21 * 0.008 29.2 0.003 

  Present 0.708 28 * <0.001 ** 50.1 0.004 

MNI fine Absent 0.503 17 * 0.028 25.3 0.010 

  Present 0.577 21 * 0.004 33.3 0.016 

 coarse Absent 0.449 10 0.143 20.1 0.013 

  Present 0.926 12 * <0.001 ** 85.7 0.022 

 all Absent 0.521 29 * 0.003 27.1 0.011 

 
 Present 0.659 35 * <0.001 43.5 0.017 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (rs

2 > 45%) 

 

There are also no substantial differences between the slopes of linear regression 

models calculated for assemblages recovered with fine sieves or coarse sieves (Figure 

7.2). Relationships between richness and NISP sample sizes are highly practically 

significant in fine-sieved assemblages whether or not elasmobranchs are present, and 

moderately significant for MNI sample sizes, while coarse-sieved assemblages show 

relatively poor correlations (Table 7.2). Therefore, the relatively modest correlation 

between sample size and richness for all assemblages without elasmobranchs could 

reflect sieve size effects on sample richness. Additional variability is also present within 

these data, but these results indicate that taxonomic richness generally increases with 

sample size at the same rates regardless of whether cartilaginous fishes are represented 

or not. Therefore, I infer that sharks, skates, and rays were only captured incidentally at 

these sites, and that elasmobranch catches did not influence decisions to fish smaller 

species of bony fish in this sample of assemblages.  

7.1.2. Geographical, Environmental, and Functional Variation 

Despite the large gaps in the regional coverage of these archaeological samples 

(see Section 5.6), there appears to be some geographical variation in northern North 

Island fishbone collections. To examine regional patterns of fishbone representation, I 
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compared the relative taxonomic abundances of the nine fish taxa that appear as the 

most abundant taxon in at least one fishbone assemblage and found minor differences 

in the diversity of west coast and east coast assemblages (Figure 7.3). Two of the nine 

assemblages from the west coast of Northland and Auckland are dominated by wrasses, 

while no east coast assemblages have such high relative abundances of these fishes. All 

seven of the remaining west coast assemblages are dominated by snapper, which is 

consistent with the high abundances of snapper in many assemblages from the east 

coast. The absence of other dominant species from west coast assemblages could be 

explained by the small sample of assemblages available for comparison. Unfortunately, 

we still know almost nothing about the archaeology of Māori fisheries in several 

geographic regions, such as Hokianga Harbour, Bay of Islands, and the west coast of the 

Waikato Region. The absence of inland fishbone assemblages also restricts our 

understanding of freshwater fishing and of possible transport and use of marine fish 

foods to the interior of the North Island. 

Meanwhile, variation in the most abundant taxa of east coast assemblages is not 

random, and these patterns could hypothetically reflect regional differences in fishing 

practices and species preferences, or latitudinal variation in fisheries biogeography. 

Multiple Northland assemblages, from Houhora in the north to Urquharts Bay in the 

south, are dominated by blue mackerel, which is not observed in such high numbers in 

any other region (Figure 7.3). Between the Bream Tail site in the north (near the border 

between Northland and Auckland) and Cabana at southern end of the Coromandel 

Peninsula, snapper and leatherjacket are usually the only two most abundant fishes, and 

they show very high relative abundances. It is also notable that many of these 

assemblages were collected by handpicking or by sieving with coarse mesh, and using 

fine mesh sieves might have recovered assemblages with very different taxonomic 

compositions. In the Bay of Plenty (i.e., from Koutunui in the west to Omaio in the east), 

fishbone assemblages are largely dominated by jack mackerels/kōheru, while tarakihi 

are also abundant in several assemblages from this region.  
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Figure 7.3. Latitudinal variation (top = northwest, bottom = southeast) in the relative 
abundances of the most abundant fish taxa from nine west coast, and 74 east coast, 
fishbone assemblages by abundance measure. Assemblage names marked with 
asterisks were not recovered with fine sieves. 
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These regional differences are unexpected from a biogeography perspective, as 

my study area represents a discrete biogeographic zone today (Roberts et al. 2015a). 

One older analysis by Francis (1996) also found no latitudinal differences in rocky reef 

fish diversity between Three Kings Islands in the north and East Cape in the southeast, 

but it also showed there are higher numbers of warm water reef fishes on the east coast 

than the west coast due to the subtropical East Auckland Current. It is therefore unlikely 

that these differences reflect latitudinal or biogeographic variation. Instead, the blue 

mackerel fisheries in Northland and the jack mackerel/kōheru fisheries in western Bay 

of Plenty may reflect cultural differences in fishing practices and/or species 

preferences. Alternatively, these geographical differences could also be influenced by 

temporal variation in fish catches (see Section 7.2).  

In addition to examining geographic variation, I also compared how often 

different fishes were represented as the most abundant taxon in assemblages deposited 

at different kinds of coastal landforms. While snapper appear to dominate in most 

assemblages regardless of whether archaeological sites are located on rocky headlands, 

open sandy beaches, estuaries, embayments, or inland volcanic cones and terraces, 

other dominant fishes might covary with these environmental variables (Figure 7.4). 

Temperate wrasses and tarakihi are strongly associated with rocky reefs, and the 

dominance of these fishes in several assemblages from rocky headland sites suggests 

catches of these fisheries reflect local variation in habitat availability to some extent.1 

Sites located along relatively protected waters of embayments and the estuarine 

environments of harbour mouths are dominated by snapper or by small fish species 

that form large schools, including yelloweye mullet, jack mackerels/kōheru, and blue 

mackerel. Snapper was the most abundant fish deposited at the four inland assemblages 

from Auckland, which may simply reflect the prevalence of snapper at most other 

assemblages in this region. However, if the inland assemblages were sampled with finer 

sieves, they might show evidence of different fishing practices dominated by smaller-

bodied taxa. Notably, there is a perfect correlation between the diversity of the most 

abundant fishes from each coastal landform type and the number of sites in each 

category. Therefore, it is likely that additional kinds of fish catches would be  

 
1 All three of the archaeologically represented species in Tribe Pseudolabrini are reef fishes, 
while tarakihi are primarily associated with areas of soft substrates like sand and mud that are 
immediately adjacent to rocky reefs. 
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Figure 7.4. Counts of assemblages from different coastal landforms by their most 
abundant fish taxon and geographic region for two measures of taxonomic abundance. 

represented for inland sites, rocky shores, embayments, and harbour mouths if more 

assemblages were sampled and analysed. In short, the variability in fishbone 

assemblages from different kinds of coastal landforms could be a product of sample size 

effects. 

I also compared fishbone assemblages that were associated with different kinds 

of archaeological features to determine whether archaeologically represented feature 

types co-vary with fish catches in any way. Many of the archaeological sites that these 

assemblages come from have overlapping types of features, but I decided to group them 

into coarse categories based on whether they came from sites with storage pits (n = 20 

assemblages), pā defences (n = 8), burial sites (n = 8), or none of these features present 

(i.e., only shell deposits; n = 42). This is not a mutually exclusive classification system, as 

storage pits were also represented at each of the sites with pā defences and with 

evidence of mortuary practices. However, this classification does help differentiate 

fishbone assemblages that were collected from potentially very different kinds of 

behavioural contexts (sites with storage vs. sites without storage; sites with defences vs. 
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sites without defences), which could have an effect on the kinds of fishing practices that 

are archaeologically represented. 

Once again, sites with different kinds of archaeological features reflect very 

similar patterns in the dominant fish taxa that Māori captured. Notably snapper is the 

most common taxon to dominate assemblages at all site types. There is one exception to 

this pattern, as sites with storage pit features and shell deposits (but no other kinds of 

features), have unusually large numbers of assemblages dominated by jack 

mackerels/kōheru in terms of NISP abundances. However, this anomaly mainly appears 

to be a coincidental bias in archaeological quantification methods, as numerous 

assemblages from Northland, Auckland, and Waikato that are only associated with 

storage pit features have taxonomic abundances reported in MNI but not NISP. These 

‘missing’ assemblages all show snapper as the most abundant taxon when MNI 

abundances are used, and if their NISP results were available it is likely that snapper 

would actually be the most common taxon to dominate in this category as well. While 

sites with numerous burials and with pā defences have similar numbers of assemblages  

 

Figure 7.5. Counts of assemblages associated with different archaeological feature types 
by their most abundant fish taxon and geographic region for two measures of taxonomic 
abundance. 
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represented in my sample, pā appear to reflect a more diverse range of fishing practices. 

This pattern likely reflects the greater number of archaeological sites and regions that  

are represented by fishbone assemblages from pā (n = 7 sites from 3 regions) compared 

to the large number of assemblages that come from only two Auckland mortuary sites. 

Overall, the diversity of fishes that are represented as the most abundant taxa in 

assemblages associated with various kinds of features is perfectly correlated with the 

number of sites that are in each category. Therefore, it is likely that additional kinds of 

fish catches could be represented if more samples from a greater variety of sites were 

sampled and analysed. In short, the variability in fishbone assemblages from different 

functional contexts could be a product of sample size effects. 

7.1.3. Summary of Northern North Island Archaeofisheries 

This review of Māori fishbone assemblages demonstrates that Māori peoples 

fished a wide variety of species in the coastal waters of northern Aotearoa. Snapper 

were fished at virtually every site, and they are the most abundant taxon in the majority 

of assemblages, but jack mackerels/kōheru and leatherjacket also commonly dominate 

multiple assemblages, and yelloweye mullet, tarakihi, wrasses, blue cod, and blue 

mackerel are the most abundant fishes in some assemblages as well. Even though they 

do not appear in such high abundances, red gurnard, trevally, kahawai, and barracouta 

were also very commonly captured. This sample of identified fishbone assemblages 

represents a diverse range of archaeological sites situated on a variety of coastal 

landforms that are associated with different kinds of archaeological features, but these 

environmental and morphological attributes are not correlated with the kinds of fishes 

that Māori were catching. On the other hand, Māori fish catches did appear to vary 

between different regions within my study area, with notable blue mackerel catches in 

several Northland assemblages, snapper throughout Auckland, the Hauraki Gulf, and the 

Coromandel Peninsula, and jack mackerels/kōheru in western Bay of Plenty. If these 

differences were purely geographic in nature, they may reflect cultural differences in 

fishing practices or species preferences, but it is also possible that they represent 

temporal variation in fish catches, which I turn to now. 
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7.2. Temporal Variation in Northern Archaeofisheries 

Comparing patterns of taxonomic representation in different time periods 

confirms the composition of Māori fisheries did change substantially after 1500 cal CE. 

Only three groups of fishes show substantial increases in ubiquity, all of which are 

strongly associated with pelagic habitats: jack mackerels/kōheru, barracouta, and blue 

mackerel (Table 7.3). The increase in barracouta occurrences from only 28% in early 

assemblages to 75% of late assemblages is especially dramatic and represents the single 

greatest change in ubiquity for any fish taxon. Meanwhile, 10 taxa from a wide range of 

habitat types show decreasing occurrences after 1500 cal CE. The ubiquity of pink 

maomao, sweeps, blue cod, wrasses, and leatherjackets from reef habitats decreased by 

between 12-36%, while the ubiquity of eagle ray and tarakihi from soft substrates 

decreased by 18% and 12% respectively. The ubiquity of yelloweye mullet from 

freshwater, pelagic, and/or reef habitats, and pelagic pilchard, both decreased by 

similar amounts. Trumpeters (family Latridae) that could not be identified to species 

decreased as well, but this change is most likely related to differences in 

zooarchaeologists’ confidence in species-level identifications rather than shifts in fish 

catches. Other fishes that are widely represented in early assemblages do not show 

large changes in ubiquity, including fishes that associate with soft substrates (red 

gurnard), reefs (parore), or multiple habitat types (elasmobranchs, kahawai, snapper, 

and John dory), and one pelagic fish (trevally). 

Relative taxonomic abundances of fishes in northern North Island archaeological 

assemblages also changed substantially over time. Assemblages that date to before 

1500 cal CE are dominated by snapper in 79% or 86% of assemblages depending on 

whether NISP or MNI abundances are considered, but they are only present in 28% and 

50% of assemblages from after 1500 cal CE (Figure 7.6). Leatherjacket and wrasses are 

the only other taxa to dominate early assemblages, and they are equally well-

represented in later assemblages. After 1500 cal CE, jack mackerels/kōheru dominate in 

38% and 28% of assemblages, and blue mackerel appear as the most abundant fish in 

14% of NISP assemblages and 6% of MNI assemblages. Assemblages with wide date 

ranges that cannot be confidently assigned to either period are largely dominated by 

snapper, but jack mackerels/kōheru, unidentified trevallies, and leatherjackets also 

appear as the most abundant taxa in one assemblage each. It is unclear whether this  
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Table 7.3. Temporal variation in taxonomic ubiquity in assemblages that date to before 
1500 cal CE (n = 25 assemblages) and after 1500 cal CE (n = 40), or to either period 
(“Indet.”, n = 17), for fish taxa that are present in 20% of assemblages from at least one 
period. “Diff.” = (>1500 [%]) – (<1500 [%]) 

Taxon Common Name 
<1500 Indet. >1500 Diff. 

(%) n % n % n % 

Chrysophrys auratus snapper 25 100.0 17 100.0 38 95.0 -5 

Pseudolabrini temperate wrasses 21 84.0 10 58.8 20 50.0 -34 

Arripis trutta kahawai 18 72.0 15 88.2 29 72.5 - 

Parapercis colias blue cod 17 68.0 5 29.4 15 37.5 -30 

Chelidonichthys kumu red gurnard 15 60.0 7 41.2 26 65.0 5 

Meuschenia scaber leatherjacket 14 56.0 7 41.2 17 42.5 -14 

Trachurus/Decapterus jack mackerels/kōheru 13 52.0 8 47.1 29 72.5 20 

Nemadactylus macropterus tarakihi 12 48.0 8 47.1 13 32.5 -16 

Elasmobranchii sharks, skates, rays 11 44.0 4 23.5 23 57.5 13 

Pseudocaranx georgianus trevally 11 44.0 5 29.4 15 37.5 -6 

Aldrichetta forsteri yelloweye mullet 10 40.0 1 5.9 8 20.0 -20 

Scorpis sp. sweeps 9 36.0 - - 6 15.0 -21 

Latridae trumpeters 7 28.0 2 11.8 4 10.0 -18 

Thyrsites atun barracouta 7 28.0 8 47.1 31 77.5 50 

Myliobatis tenuicaudatus eagle ray 6 24.0 1 5.9 7 17.5 -6 

Caprodon longimanus pink maomao 5 20.0 - - 3 7.5 -12 

Girella tricuspidata parore 5 20.0 - - 5 12.5 -8 

Sardinops sagax pilchard 5 20.0 - - 1 2.5 -18 

Scomber australasicus blue mackerel 5 20.0 3 17.6 16 40.0 20 

Zeus faber John dory 5 20.0 3 17.6 6 15.0 -5 

Total Number of Distinct Taxa 46  34  59   

 

variation reflects a transitional pattern, or whether the snapper dominated assemblages 

were deposited earlier than the assemblages of jack mackerel/kōheru. Notably, most 

assemblages from after 1500 cal CE that are dominated by snapper were not recovered 

with fine sieves, and other taxa might have been more abundant if different collection 

methods were used. When considering fine-sieved assemblages alone, there is an even 

stronger decrease in the number of assemblages with large numbers of snapper from 

92% and 75% of NISP and MNI assemblages, respectively, to high abundances of 

snapper in only 18% and 17% of assemblages, while jack mackerels/kōheru become the 

most common fishes to dominate later assemblages (47% and 44% of assemblages; 

Figure 7.6).  
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Figure 7.6. Temporal variation in the relative abundances of the most abundant fish taxa 
by abundance measure, arranged from northwest (top) to southeast (bottom). 
Assemblage names marked with asterisks were not recovered with fine sieves. 
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Comparing variation across space and time simultaneously suggests that there is 

some geographical variation in fish catches, but the shifts within each region are  

broadly similar and point to similar trends in fishing practices. The earliest assemblages 

from Northland, Auckland, Waikato, and Bay of Plenty are largely dominated by snapper 

fisheries, while leatherjacket is also prominent in multiple Coromandel Peninsula 

assemblages (i.e., Figure 7.6: >1500 cal CE, from Sarah’s Gully Settlement in the north to 

Cabana in the south). After 1500 cal CE, assemblages from Northland (Figure 7.6: 

Tauranga Bay to Bream Tail) and from Bay of Plenty (Koutunui to Omaio) are largely 

dominated by different species of small pelagic fishes, with blue mackerel observed in 

the north and jack mackerels/kōheru in the south. However, snapper is still prominent 

in several Northland assemblages, while snapper and leatherjacket frequently continue 

to be represented as the most abundant fishes in Auckland, the Hauraki Gulf, and 

Waikato (from Harataonga East in the north to Tōtara Palms in the south) even when 

focusing on the five fine-sieved assemblages alone. 

When relative taxonomic abundances from fine-sieved assemblages are 

compared by grouping fishes from the same habitats together, the shift towards pelagic 

fisheries after 1500 cal CE is even more striking. Early assemblages predominately 

reflect fishing over rocky reefs and, to a lesser extent, soft substrates in addition to large 

catches of snapper and other taxa that could have been captured from a wide range of 

habitat types (Figure 7.7). Later assemblages have far fewer generalist fish remains, and 

10 of them (53% of late, fine-sieved assemblages) predominately reflect pelagic fishing. 

Soft substrate and reef fishes also appear in large numbers in several late assemblages 

from Northland, the Hauraki Gulf, and Bay of Plenty, while deep water obligates and 

freshwater fishes do not appear in large numbers at any point in time. 

Similar changes are also apparent at the local scale in several sites that have fish 

remains from multiple temporal contexts. Fifty-nine assemblages have either direct 

stratigraphic relationships or close spatial associations with at least one other 

assemblage that allow for local scale temporal comparisons (Figure 7.8). Although 12 of 

these localities contain fishbone assemblages that are all from a single period, there are 

nine locations where assemblages have substantial chronological differences in their 

age estimates: Tauranga Bay, Tauroa Point, Harataonga, Sunde, Ahuahu, Sarah’s Gully, 

Cross Creek, Arthur Black’s Midden, and Hot Water Beach.  
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Figure 7.7. Temporal variation in the relative abundances of fishes from different 
habitat categories by abundance measure in fine-sieved assemblages only, arranged 
from northwest (top) to southeast (bottom).  

Assemblages that have very close spatial and temporal associations show very 

little evidence of local scale, short-term change in fish catches, which suggests Māori 

usually fished the same species in similar proportions at a given site over multiple 

periods of occupation. Successive stratigraphic deposits at Kokohuia, Mangawhai 

Sandspit, Tiritiri Matangi Wharf, Long Bay, Hahei, and U14/2907 do not have any 

substantial changes in chronological age or the taxonomic composition of their 

associated fishbone assemblages (Figure 7.8). Both assemblages from Omaha (OM 219 

and R09/887) appear to contain relatively equal proportions of snapper and jack 

mackerel/kōheru, and there was no short-term variation in fish catches at Maungarei or 

the NRD site either. However, there were modest differences between assemblages with 

similar ages from Urquharts Bay and U14/2912, which both had one assemblage 

dominated by snapper and/or reef fishes, and another dominated by small pelagic 

species. Meanwhile, differences between two assemblages from Maketu North probably 

reflect differences in the identification methods that were used for each collection. 
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Figure 7.8. Local scale variation in the relative abundances of the most abundant fish 
taxa by abundance measure, grouped by site location and arranged in order of 
increasing age (top = youngest, bottom = oldest). Assemblage names marked with 
asterisks were not recovered with fine sieves. 
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Five of the nine localities with multiple deposits from separate time periods 

show local scale evidence of substantial changes in Māori fish catches, and they largely  

demonstrate that snapper relative abundances decreased over time. At Tauranga Bay, 

the Southern Area assemblage from before 1500 cal CE is dominated by snapper, but all 

three of the post-1500 cal CE assemblages from the East Area (Layers 4-6, 3, and 2) are 

dominated by blue mackerel and/or leatherjacket, and they have almost no snapper 

specimens represented (Figure 7.8). Early assemblages from Harataonga West are also 

dominated by snapper, but the later Harataonga East assemblages have very few 

snapper specimens and large amounts of leatherjacket and jack mackerels/kōheru. On 

Ahuahu Great Mercury Island, an assemblage deposited from between 1350–1500 cal 

CE at Te Mataku was dominated by snapper, but an assemblage from less than a 

kilometre away on the island’s west coast that dates to between 1500–1650 cal CE 

(Ahuahu EA36 Upper) has few snapper and large amounts of jack mackerel/kōheru. 

Arthur Black’s Midden also shows a substantial decrease in the relative abundances of 

snapper from the pre-1450 cal CE deposits of Layer 4, and the Layer 2 assemblages 

from between 1400–1600 cal CE. Changes in fish abundances at Sunde contrast with the 

general patterns of decreasing snapper abundances, where large amounts of yelloweye 

mullet and snapper were both observed in the pre-1400 cal CE, Sunde – Lower 

assemblage, but snapper were virtually the only fish in the Sunde – Upper assemblage 

deposited between 1475–1700 cal CE. Notably, snapper and rocky reef wrasses and/or 

leatherjackets are also represented in relatively constant abundances across all 

represented time periods at Tauroa Point, Cross Creek, Sarah’s Gully, and Hot Water 

Beach, indicating relative abundances of snapper did not decrease uniformly at every 

site in the northern North Island. Nevertheless, these local comparisons do indicate that 

the regional scale shifts from snapper and rocky reef focused fisheries to pelagic 

focused fisheries also took place at local scales across Northland, Auckland, and Waikato 

regions. 

7.2.1. Summary of Temporal Variation in Northern Archaeofisheries 

Overall, the temporal patterns in northern North Island fishbone assemblages 

reveal major changes in Māori fishing strategies over time. The archaeological evidence 

indicates snapper were the focus of marine fisheries for the first several centuries of 

Māori settlement, with rocky reef and soft substrate fishes also playing important roles. 
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Snapper were still fished in large quantities at several sites in Northland, Auckland, and 

Waikato throughout time, but by 1500 cal CE Māori fisheries began to diversify. Fine-

sieved assemblages, which provide the most accurate estimates of relative taxonomic 

abundances, show an almost exclusive focus on jack mackerels/kōheru in the Bay of 

Plenty. In other regions, blue mackerel and other pelagic fishes were fished in large 

numbers alongside a range of rocky reef and soft substrate fishes at most sites. Because 

there are biases in the temporal distributions of assemblages within each region, these 

patterns could potentially reflect geographic differences as well as long-term change. 

However, the three northern regions all show shifts towards more diverse, largely 

pelagic fisheries despite the scarcity of early assemblages in Northland, and the small 

number of late fine-sieved assemblages from Auckland and Waikato. Unfortunately, no 

early assemblages are available to evaluate intraregional trends for the Bay of Plenty, so 

geographical influences cannot be ruled out entirely for that region.  

7.3. Hypothesis Test Results 

To explore whether the broad changes in Māori fishbone assemblages reflect 

disturbances caused by (H1) climate shifts or (H2) increasing harvest pressure on 

nearshore fish stocks, or (H3) independent shifts to mass capture fishing strategies, I 

examined changes in taxonomic ubiquity, relative abundances, and snapper sizes more 

closely. First, I tested whether climate sensitive fishes, highly ranked fishes, and small 

pelagic school fishes were captured more or less frequently over time. Decreases in the 

ubiquity of snapper would support both the climate change hypothesis and the harvest 

impact hypothesis. Increasing occurrences of cold-tolerant barracouta, greenbone, blue 

cod, turbot, and/or sole and decreasing occurrences of cold-sensitive grey mullet, 

trevally, or blue mackerel would also provide support for the climate change hypothesis 

specifically. Decreases in the ubiquity of other highly ranked fishes could indicate that 

harvest pressures affected multiple medium- and large-bodied taxa. Meanwhile 

increases in the ubiquity of small pelagic fishes could indicate either low-return 

individual capture or high-return mass capture. Second, I use a snapper abundance 

index (SAI) and size class abundance indices (SCI) to test whether the relative 

abundances of the highest return, individual capture fishes decreased over time in fine-

sieved assemblages, which could indicate that encounter rates decreased due to climate 

or harvest pressures. I also use a small pelagic fish index (SPI) to test whether 
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occurrences of these small school fishes should be considered as individual captures 

(associated with low SPI) or high-return mass capture resources (high SPI). Third, I test 

whether snapper body sizes increased (suggesting that snapper stocks were affected by 

declining sea surface temperature) or decreased (suggesting they were under 

increasing harvest pressures), and whether the range and variability of snapper catches 

reveal any changes in fishing practices and technologies. 

7.3.1. Ubiquity of Indicator Taxa 

Snapper is present in all but three assemblages that date to after 1500 cal CE, 

which demonstrates that the ubiquity of snapper did not change over time (Table 7.3; 

Figure 7.9). One assemblage without snapper comes from Northland (Kioreroa Sq13), 

and two are from the Bay of Plenty (Papamoa Supacenta Area H and Koutunui). 

However, a few snapper specimens were also identified in a separate, smaller sample of 

the same archaeological deposits at the Koutunui site (Cawte 2017), demonstrating that 

at least some snapper were captured and deposited at this location between 1485–

1677 cal CE. These results do not lend support to any of the three hypotheses of 

fisheries change. 

Two other temperature-sensitive fishes provide some support for the hypothesis 

that climate change affected Māori fisheries. Cold-tolerant barracouta occur much more 

often after 1500 cal CE and the onset of LIA conditions than before 1500 cal CE (Figure 

7.9; Figure 7.10). They are present in only seven early assemblages (28%), but they are 

over 7 times more likely to be identified in late assemblages (75%), which is a highly 

practically and statistically change (Table 7.4). This result is consistent with my 

expectation that barracouta became more common in the northern North Island as 

average sea surface temperatures declined. Decreases in the occurrences of cold-

sensitive trevally after 1500 cal CE and the onset of LIA conditions are also consistent 

with expectations from the climate change hypothesis (Figure 7.9; Figure 7.10), but this 

was a relatively minor change that is not statistically significant (Table 7.4).  

Contrary to my expectations, cold-tolerant blue cod show decreases in ubiquity, 

and cold-sensitive blue mackerel occur more often after 1500 cal CE. Such changes are 

apparent when all assemblages are compared with each other (Table 7.3), and when 

differences in recovery and identification methods are controlled for (Figure 7.9; Figure 

7.10). Neither shift is statistically significant, but blue cod were 4.7 times more likely to  
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Figure 7.9. Occurrences of cold-sensitive fishes (grey mullet, trevally, snapper, and blue 
mackerel) and cold-tolerant fishes (greenbone, barracouta, turbot, and sole) over time 
in 83 northern North Island fishbone assemblages (43 fine-sieved assemblages for blue 
cod, and, 22 assemblages with postcranial identifications for blue mackerel).  

Table 7.4. Results of chi-squared tests between taxonomic presence/absence and time 
period for four climate indicator fishes. 

Taxon Method n χ2 p value Odds Ratio 

trevally Pearson's Chi-Square test 66 0.36 0.550 0.73 

blue cod Pearson's Chi-Square test 36 3.35 0.067 0.21 

barracouta Pearson's Chi-Square test 66 14.41 * <0.001 ** 7.97 

blue mackerel Fisher's exact test 20 - 0.650 2.33 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (odds ratio > 6.71) 
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Figure 7.10. Number of northern North Island assemblages with climate indicator fishes 
present by time period. Indeterminate (“Indet.”) assemblages have date ranges that 
span 1450-1550 cal CE and have uncertain relative ages with respect to 1500 cal CE. 

be observed in early assemblages, which indicates this decrease has moderate practical 

significance (Table 7.4). Meanwhile, grey mullet, greenbone, and flatfishes occur 

sporadically in small numbers before and after 1500 cal CE and do not provide evidence 

for or against climate shifts. 

Patterns of taxon presence/absence for nine of the most widely represented 

medium- and large-bodied fishes also provide little evidence that these fishes were 

affected by harvest pressures. Given the high vulnerability of blue cod to fishing 

pressures at local scales (Beentjes and Carbines 2005; Beer 2011), the decreases in the 

ubiquity of this species may indicate that it was affected by sustained or increasing 

fishing intensity. However, the strong increases in occurrences of barracouta after 1500 

cal CE are not consistent with the harvest impact hypothesis, and elasmobranchs, red 

cod, John dory, red gurnard, trevally, kahawai, blue moki, and tarakihi all show no 

statistically or practically significant changes in ubiquity (Figure 7.11; Figure 7.12; 

Table 7.4; Table 7.5). While the decreases in blue cod occurrences may reasonably be 

explained by harvest pressure, there is no reason to expect that decreasing catches of 

this fish alone would have driven large scale shifts in Māori fishing practices. 
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Figure 7.11. Occurrences of medium- and large-bodied fishes over time in 83 northern 
North Island fishbone assemblages (43 fine-sieved assemblages for red cod). Note: 
medium-sized trevally, blue cod, and barracouta results are presented in Figure 7.9.  

Table 7.5. Results of chi-squared tests between taxonomic presence/absence and time 
period for medium- and large-bodied fishes. 

Taxon Method n χ2 p value Odds Ratio 

sharks, skates, rays Pearson's Chi-Square test 66 1.01 0.314 1.69 

red cod Fisher's exact test 36 - 0.709 1.44 

John dory Fisher's exact test 66 - 0.735 0.69 

red gurnard Pearson's Chi-Square test 66 0.08 0.781 1.16 

kahawai Pearson's Chi-Square test 66 0.01 0.912 0.94 

blue moki Fisher's exact test 66 - 0.666 0.58 

tarakihi Pearson's Chi-Square test 66 1.75 0.186 0.50 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (odds ratio > 6.71) 
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Figure 7.12. Number of northern North Island assemblages with medium- and large-
bodied fishes present by time period. Indeterminate (“Indet.”) assemblages have date 
ranges that span 1450–1550 cal CE and have uncertain relative ages with respect to 
1500 cal CE. 

Changes in the ubiquity of small pelagic school fishes do not provide substantial 

evidence for or against the hypothesis that Māori shifted to mass capture fishing 

strategies. The modest increases in blue mackerel occurrences in fine-sieved 

assemblages (Figure 7.9) and in all assemblages (Table 7.3) over time could reflect 

increases in either low-return catches of small fishes or high-return mass capture 

fishing, but the changes are not practically or statistically significant (Table 7.4). Jack 

mackerels/kōheru also appeared to show slight increases in ubiquity (Table 7.3), but 

focusing on assemblages that were handled with appropriate recovery and 

identification methods indicates they did not have any change in occurrences (Figure 

7.13). More specifically, jack mackerels/kōheru were present in every fine-sieved 

assemblage with postcranial element identifications from all time periods. When 

differences in recovery and identification methods are controlled for, piper also show a 
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slight increase in ubiquity over time, and pilchard show a notable decrease (Figure 7.13; 

Figure 7.14). However, neither change is statistically significant, and, even though 

pilchard are 6.3 times more common in early assemblages (Table 7.6), I cannot conclude 

that they were widely represented in either time period because most early occurrences 

of pilchard come from a single site (Long Bay).  

 

Figure 7.13. Occurrences of small pelagic school fishes over time in 16 fine-sieved 
assemblages with postcranial element identifications.  

 

Figure 7.14. Number of northern North Island assemblages with small pelagic school 
fishes present by time period. Indeterminate (“Indet.”) assemblages have date ranges 
that span 1450–1550 cal CE and have uncertain relative ages with respect to 1500 cal 
CE. 

Table 7.6. Results of chi-squared tests between taxonomic presence/absence and time 
period for two small pelagic school fishes. 

Taxon Method n p value Odds Ratio 

pilchard Fisher's exact test 15 0.287 0.16 

piper Fisher's exact test 15 0.608 2.50 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (odds ratio > 6.71) 
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Altogether, patterns of taxonomic ubiquity provide limited support for the 

hypotheses that climate change or harvest pressures caused broad changes in northern 

Māori fisheries, and no evidence of changes in small pelagic fish occurrences over time. 

Despite the hypothesized declines in sea surface temperatures and increasing harvest 

pressures, snapper was consistently available and captured throughout the northern 

North Island. Barracouta, a cold-tolerant species that is vulnerable to warmer waters, 

was captured much more frequently after the onset of LIA conditions. Given the 

relatively high body size ranking of barracouta, a foraging theory perspective suggests 

the increases in ubiquity for this species were caused by increasing encounter rates 

over time, possibly because stock sizes increased under cooler conditions. Alternatively, 

pelagic barracouta might also have been captured more frequently as a result of shifts in 

Māori fishing strategies towards pelagic fisheries, which could also explain the 

moderate increases in blue mackerel prevalence despite their vulnerability to cooler 

temperatures. However, statistical tests suggest the change in blue mackerel 

occurrences could also be caused by chance alone. Decreases in blue cod occurrences 

are not consistent with the predicted effects of LIA impacts on this species, and it is 

more likely that they were affected by harvest pressures, or that the shift to more 

pelagic fisheries meant Māori spent less time fishing over the rocky reefs where these 

fish reside. This latter hypothesis could be supported by concurrent decreases in the 

ubiquity of other rocky reef taxa, including sweeps, wrasses, and leatherjacket. Other 

indicator taxa showed no meaningful changes in ubiquity, indicating their availability 

was not affected by climate change or harvesting pressures.  

7.3.1. Relative Abundance Indices 

The relative abundances of snapper decreased substantially over time in fine-

sieved, northern North Island fishbone assemblages, providing support for both the 

climate change and harvest pressure hypotheses of Māori fisheries change. Before 

1500 cal CE, assemblages from Northland, Auckland, and Waikato display a wide range 

of SAI values (Figure 7.15). Several early assemblages from the Coromandel Peninsula 

that only have abundances reported in MNI have substantially less snapper than other 

assemblages from this time period, but the overall distribution is heavily weighted 

towards moderate SAI values, with median SAI close to 0.6 and 0.5 based on NISP and 

MNI results, respectively (Figure 7.15; Figure 7.16). Several assemblages from Auckland 
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that were deposited between about 1400–1650 cal CE still have very high SAI values, 

but nearly all assemblages deposited after about 1500 cal CE show much lower and 

decreasing abundances of snapper. Northland and Auckland assemblages also show a 

relatively consistent trend of decreasing SAI over time, indicating a large reduction in 

snapper catches occurred independently from potential regional differences in snapper 

availability. When all assemblages from after 1500 cal CE are considered as a group, 

median SAI is less than 0.1, a 54% decrease in median snapper representation for NISP 

and a 40% decrease for MNI that is highly statistically significant (Figure 7.16; Table 

7.7). These differences also have high practical significance, as early assemblages have 

higher SAI values in 89% and 85% of all possible pairings with late assemblages when 

considering, respectively, NISP and MNI abundances. 

 

Figure 7.15. Abundance indices over time by abundance measure used and geographical 
region in fine-sieved assemblages only. 
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Figure 7.16. Distributions of abundance indices in different time periods by abundance 
measure used. Indeterminate (“Indet.”) assemblages have date ranges that span 1450–
1550 cal CE and have uncertain relative ages with respect to 1500 cal CE. 

Table 7.7. Results of two-sample Wilcoxon-Mann-Whitney tests comparing abundance 
index values of fine-sieved assemblages by time period and taxonomic abundance units 
used. 

Abundance 
Index 

Units 
<1500 cal CE >1500 cal CE U 

statistic 
p value f (%) 

AImed n AImed n 
SAI NISP 0.573 12 0.030 17 182.0 * <0.001 ** 89.2  

MNI 0.471 16 0.075 18 243.5 * <0.001 ** 84.5 

SCIHR NISP 0.771 12 0.309 17 176.0 * <0.001 ** 86.3 

 MNI 0.694 16 0.425 18 211.5 * 0.020 73.4 

SPI NISP 0.009 12 0.554 17 26.0 * <0.001 ** 12.7 

 MNI 0.016 16 0.436 18 33.0 * <0.001 ** 11.5 

* correlation is statistically significant (p < 0.05) 
** practical significance is high (f < 25% or f > 75%) 
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Changes in size class indices from fine-sieved, northern North Island 

assemblages show that Māori increasingly turned to small-sized fishes over time. Early 

assemblages have high relative abundances of high ranked fishes (Figure 7.15: SCIHR), 

which is not surprising given the dominance of medium-sized snapper in assemblages 

from this period. Meanwhile, assemblages deposited after 1500 cal CE have somewhat 

higher median SCI values than relative snapper abundances for the same period, 

suggesting other medium- and larger-sized fishes replaced snapper to some extent, but 

they also show marked declines in the abundances of fishes larger than 1 kg overall. The 

SCI values for medium and large fishes combined in assemblages from before 1500 cal 

CE are larger in 86% of all possibly pairings with later NISP-assemblages, and in 73% of 

later MNI-assemblages (Figure 7.16; Table 7.7). These differences have high practical 

significance and nearly high practical significance, respectively, they are both 

statistically significant, and they confirm that decreases in snapper catches were not 

offset by substantially greater catches of other larger-bodied fishes. Comparing the SCI 

values for individual body size classes shows the abundances of fishes that grow to a 

maximum size of 10 kg or larger, or smaller than 100 g, are both negligible in every fine-

sieved assemblage at all times (Figure 7.17). Instead, fishbone assemblages show an 

almost exclusive focus on species that grow to between 100 g and 10 kg, with most 

early assemblages showing a clear emphasis on medium-sized fishes, and much higher 

abundances of small-sized fishes after 1500 cal CE. 

Trends in the SPI indicate that very few of the small-sized species in early 

assemblages are small pelagic school fishes, and that there are major increases in the 

abundances of small pelagic fishes after 1500 cal CE. No assemblage dated to before 

1500 cal CE has more than 0.23 SPI, but later assemblages have median values of 0.44 

SPINISP and 0.55 SPIMNI (Figure 7.15; Figure 7.16). This trend is largely driven by the 

addition of assemblages from the Bay of Plenty that have several very high SPI values, 

but there are substantial increases in the abundances of small pelagic fishes in 

Northland and Auckland assemblages as well, suggesting this shift in fish catches was 

not limited to a single region. Comparisons between the SPI values of early vs. late 

assemblages show that late assemblages have higher abundances of small pelagic fishes 

in 88.5% of pairs for NISP-assemblages and 87% of pairs for MNI-assemblages, which 

are highly significant changes, both statistically and practically speaking (Table 7.7).  
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Figure 7.17. Temporal variation in the relative abundances of fishes from different body 
size classes by abundance measure in fine-sieved assemblages only, arranged in order 
of increasing latitude (top = north, bottom = south). 

With regards to my proposed explanations of fisheries change, these relative 

abundance indices provide evidence that can support all three of my hypotheses. Long-

term decreases in the relative abundances of snapper and other high-ranked fishes are 

consistent with expectations from H1 that snapper stock sizes decreased under LIA 

conditions after about 1500 cal CE, and with expectations from H2 that sustained 

harvests negatively impacted snapper stocks over time. The median SCI abundances 

remained relatively high after 1500 cal CE in several assemblages, which suggests that 

not all medium- and large-sized fishes were affected by harvest pressures in the same 

ways that snapper might have been. At the same time, abundances of small pelagic 

fishes increased dramatically, which could be interpreted as evidence of decreasing 

return rates in fisheries following declines in snapper catches, or an independent shift 

in fishing strategies to focus on mass capture strategies of small-bodied fishes that form 

massive schools. Because all early occurrences of pilchard, piper, jack 

mackerels/kōheru, and blue mackerel show low relative abundances, these cases 
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probably represent low-ranked captures of individual, small fishes. However, I argue 

that later assemblages dominated by jack mackerels/kōheru or blue mackerel should be 

considered as evidence of highly productive, mass capture fishing strategies, which 

could have developed in response to decreases in snapper encounter rates, and/or 

independently of such disturbances in fish stocks. Assemblages that meet these 

expectations are common in the sample from Bay of Plenty, but there are also several 

examples from Northland and Auckland where mass capture pelagic fishing likely 

occurred. Other fishing strategies also clearly persisted in all four regions, but these 

assemblages provide strong evidence for the emergence of mass capture fishing 

strategies after 1500 cal CE.  

7.3.2. Snapper Body Size Estimates 

The estimated fork lengths (FL) of snapper from archaeological assemblages are 

highly variable, and they do not show any clear long-term trends in snapper body sizes. 

In the oldest three sieved assemblages with at least 30 measured specimens, mean 

snapper body sizes range from about 40 cm FL at Tauranga Bay Southern Area and 

Sunde Lower, to 53 cm FL at Twilight Beach (Figure 7.18). At one standard deviation, 

these assemblages represent snapper that range in size from 26 cm FL and 63 cm FL. 

Although Tauranga Bay has the smallest mean snapper size, examining size frequency 

distributions in greater detail shows this assemblage also has the largest individual 

snapper size estimates of any assemblage from any period, with one specimen 

estimated at 115 cm FL (Figure 7.19; see also Figure 6.8). Because the body size 

regression models calculated by Leach and Boocock (1995) used a sample of snapper 

between 13 cm FL and 94 cm FL the accuracy and precision of size estimates that fall 

outside of this range are unknown, but it is notable that snapper close to 90 cm in size 

appear in all three of the earliest assemblages.  

After 1400 cal CE, multiple assemblages with much smaller snapper appear in 

the Long Bay and Arthur Black’s Midden L2 assemblages, where mean snapper sizes are 

all close to 30 cm FL, or about 10 cm smaller than the snapper at Tauranga Bay 

Southern Area (Figure 7.18; Figure 7.19). These seven assemblages also have smaller 

maximum snapper sizes: most phases at Long Bay do not have any snapper larger than 

55 cm FL, and the largest snapper at Long Bay Phase 7 and Arthur Black’s Midden L2 

are only about 65 cm long. Assuming modern allometric relationships between snapper 
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fork length and body mass have not changed substantially over the last 800 years, the 

mean weight of individual snapper in assemblages with small-bodied snapper (about 

0.6 kg) was at least half the mean biomass of earlier, larger-bodied snapper catches 

(about 1.2-2.4 kg). Meanwhile, Te Ahua Pā and Kokohuia Phase 1 date to between the 

fifteenth and mid-sixteenth centuries and show that larger snapper were still being 

captured on the west coast during this period. The mean size of snapper is about 48 cm 

FL in both assemblages, and the largest snapper are about 70 cm in fork length. While it 

is unclear whether there were different sizes of snapper in each stratigraphic 

component of the Cross Creek site, which were reported as a single, aggregated dataset, 

the site’s mean snapper size of 40 cm FL suggests larger snapper were also captured on 

the Coromandel Peninsula potentially through the mid-sixteenth century.  

Assemblages dated to after 1500 cal CE contain the same range of body sizes as 

the earlier assemblages. Four assemblages from the Hauraki Gulf (R09/887 and Sunde 

Upper) and Manukau Harbour (NRD Areas A and B) have small-bodied snapper catches  

 

Figure 7.18. Snapper fork length estimates from 8,352 measured specimens and mean 
fork lengths for 21 assemblages recovered with sieves and a minimum sample size of 30 
measured specimens. Grey boxes and error bars indicate one standard deviation of 
assemblage fork length estimates (vertical axis) and the age range of assemblages 
(horizontal axis). Right-hand axis indicates the approximate body mass of an individual 
snapper at the corresponding fork lengths from the left-hand axis. 
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Figure 7.19. Size frequency distributions of snapper by time period, arranged in order of 
increasing latitude (top = north, bottom = south). Asterisk (*) = maximum recorded fork 
length estimate; solid line = mean fork length; dashed lines = one standard deviation 
from the mean. 
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with mean sizes of about 30 cm FL each, but there is also more variability in the 

maximum sizes of snapper from these assemblages (Figure 7.18; Figure 7.19). Sunde 

Upper has snapper up to about 60 cm FL, NRD Area B and R09/887 both have 70 cm 

snapper, and NRD Area A has at least one individual that was close to 90 cm in size. 

Larger snapper were captured at both Kokohuia Phase 2 (46 cm mean FL) and Tūtahi 

(43 cm mean FL) from the west coast and Hauraki Gulf, respectively, while the only Bay 

of Plenty assemblage with snapper size estimates (Kohika) has a very large mean 

snapper size of 56 cm FL that is only matched by the catch from Twilight Beach. Because 

Ororopupu Area B (aka Station Bay Pā) has an extremely large age estimate, it is unclear 

whether this fishbone assemblage dates to before or after 1500 cal CE, but its mean 

snapper size of about 44 cm FL is consistent with other assemblages from both time 

periods.  

Notably, the Sunde Upper assemblage represents the only confirmed case where 

mean snapper sizes changed substantially between successive deposits at a single site. 

Snapper from Sunde Lower had a mean length of 43 cm FL while the sizes of snapper in 

the Upper layer decreased by about 8 cm to a mean of 35 cm FL, which represents about 

a 50% decrease in the mean body mass of individual snapper from 1.3 kg to 0.7 kg 

(Figure 7.18; Figure 7.19). Decreases in snapper sizes were also observed between 

Arthur Black’s Midden Layer 4 (42 cm mean FL) and Layer 2 (29 cm mean FL), but the 

Layer 4 assemblage was excluded from analysis because of its small sample size of 26 

measured specimens. The other sites with snapper size estimates from multiple 

assemblages (Long Bay, Kokohuia, NRD) show virtually no changes in snapper size over 

time. Ideally, the four stratigraphic layers at Kokohuia that were combined into two 

occupational phases would be reported and studied individually, and it is unclear how 

snapper sizes changed overtime in the Cross Creek assemblages. However, the very 

strong similarities between snapper sizes in the Kokohuia Phase 1 (Layers V and IV) 

and Phase 2 (Layers III and II) aggregates suggests there was strong continuity in the 

body sizes of snapper at that site. 

Comparing the coefficient of variation in snapper sizes demonstrates that there 

were no substantial changes in the variability of snapper catches in these assemblages. 

The coefficient of variation (CV) is a unitless estimate of dispersion in a population 

calculated as the ratio of the standard deviation to the mean of a measured variable of 

interest. Snapper fork lengths show CV values that range from a minimum of 19% at 
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Kohika, Sunde Upper, and Twilight Beach, to a maximum of about 43% in the NRD 

assemblages and Arthur Black’s Midden L2, but most assemblages have less than 

33%CV (Figure 7.20). None of the assemblages with higher coefficients of variation 

were deposited before 1500 cal CE, but there are also several assemblages from after 

1500 cal CE with low CV values. The coefficient of variation for snapper sizes has a 

strong, negative rank-order correlation with mean fork length (rs2 = 55.2%) that is 

statistically significant (rs = -0.743, df = 19, p < 0.001), and the high CV values in these 

later assemblages can most likely be explained by the small mean sizes of these 

snapper. This correlation between CVs and mean fork lengths also reflects the high 

degree of consistency in the standard deviations of snapper body sizes, which remain 

remarkably similar across each assemblage (range = ±7 cm to ±13 cm FL) despite 

changes in mean snapper sizes (Figure 7.19).  

Overall, the lack of any clear trend in snapper sizes does not provide support to 

either the climate change or harvest pressure hypotheses, but it might be interpreted to 

support the shifting strategies hypothesis. I predicted the body sizes of snapper in 

nearshore stocks would have increased over time if decreasing sea surface 

temperatures impacted snapper stocks, leading to increases in growth rates as 

competition for food decreased, but there is no evidence of local or regional body size  

 

Figure 7.20. Coefficients of variation (mean/standard deviation) and means of snapper 
fork length estimates by time period. Error bars indicate one standard deviation from 
the mean. 
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increases in these assemblages. On the other hand, my expectations from the harvest 

pressure hypothesis were that sustained and increasing exploitation would have 

reduced the numbers of large snapper by selectively removing them from local habitats. 

Fishing pressures can also have long-term effects on population growth rates and size-

at-maturity, and cause behavioural and microhabitat depression in older, larger 

snapper, which quickly respond to modern changes in fishing effort by relocating to 

deeper waters and protected areas. While there is some evidence of local decreases in 

snapper body sizes at Sunde and, potentially, Arthur Black’s Midden, no other sites 

show decreases in snapper sizes over time. At a regional level, the appearance of 

multiple assemblages from as early as 1430 cal CE that have smaller-bodied snapper 

could be interpreted as evidence that the availability of large snapper declined in some 

places over time. However, very large snapper (>70 cm FL and >4.7 kg) continued to be 

captured in multiple assemblages, and the wide range of mean snapper sizes in all 

periods does not suggest that there were broad-scale decreases in snapper sizes. 

Therefore, even if climate disturbances and/or harvest pressures affected snapper 

population densities and growth trajectories, they did not have any consistent impact 

on the sizes of the snapper that Māori captured.  

Size frequency distributions of fish catches also always reflect the size selectivity 

of the gear that was used to capture fish, and the changes in snapper sizes could be 

interpreted as evidence that Māori began applying a wider range of fishing strategies to 

capture snapper by the fifteenth century. From this perspective, the assemblages with 

average fork lengths that cluster around the lower (ca. 30 cm mean FL and 600 g mean 

weight) and upper (ca. 45 cm mean FL and 1.4-2.4 kg mean weight) modal snapper sizes 

could be interpreted as the products of two different fishing strategies that captured 

different sub-populations of snapper. While the snapper in any given assemblage might 

have accumulated through fishing with more than one procurement method, the small 

standard deviations of snapper sizes suggest either that (1) every fishing method that 

was used at a site selected for similar sized snapper, or (2) that a single method 

produced most of the catch in each assemblage. Assemblages clustering around the 

larger mode of snapper fishing might all reflect mass capture and/or individual capture 

of the largest available adults from nearshore environments. 

Intentionally pursuing smaller fish is not an expected outcome based on prey 

choice model solutions that rank resources based on individual body sizes. Such 
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changes would only be expected to occur when larger individuals and all other larger 

sized species were not encountered, possibly due to local or seasonal variation in the 

size-structure of snapper and other fish populations, or because of intense exploitation 

pressures on local stocks. Alternatively, these assemblages could represent cases where 

Māori captured and processed small-bodied snapper en masse, which may have 

provided much higher resource return rates than pursuing and handling large numbers 

of large snapper either individually or en masse. Size frequency distributions alone 

cannot confidently distinguish which of these possibilities is more plausible, but the co-

occurrence of other taxa in the same assemblages might provide some circumstantial 

evidence. For example, piper, pilchard, and small-bodied snapper are consistently 

represented together in each Long Bay assemblage, potentially indicating that Māori 

used mass capture methods to collect young snapper as they predated on schools of 

very small forage fish, which has been called the “prey as bait” fishing strategy in other 

cultural contexts (Monks 1987). If these assemblages and/or the equally small snapper 

from Arthur Black’s Midden L2 do represent a form of a mass capture fishing, they 

would show that such procurement strategies were practiced as early as 1400 cal CE, 

but for now any such claims are still hypothetical. 

7.4. Chapter Summary 

Archaeological fishbone assemblages deposited by northern North Island Māori 

between about 1300–1850 cal CE reflect fisheries that included a broad range of 

nearshore coastal species from reef, soft substrate, and pelagic habitats. The available 

sample of assemblages contains notable gaps in the temporal coverage for each region, 

with few examples from before 1500 cal CE in Northland and Bay of Plenty, and little 

reliable data from later times in Auckland and Waikato. These complications make it 

difficult to determine whether variability in archaeofisheries is a result of geographical 

or temporal differences in fishing practices. However, because the available trends from 

Northland, Auckland, and Waikato all appear consistent with one another, and with the 

overall temporal patterns, the long-term changes in this sample of assemblages 

provides robust evidence that long-term shifts occurred in fisheries and/or fishing 

practices. In short, early fishbone assemblages are largely dominated by snapper and 

rocky reef fishes like leatherjacket and wrasses. After about 1500 cal CE, snapper and 

reef fishes remain important in many cases, but two groups of small pelagic school 
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fishes – jack mackerels/kōheru and blue mackerel – overwhelmingly dominate many 

later assemblages, and the ubiquity of medium-sized, pelagic barracouta increased by 

more than seven times. Meanwhile, relative abundances of all highly ranked fishes 

(>1 kg maximum body size) decreased along with snapper abundances, occurrences of 

blue cod showed moderate decreases after 1500 cal CE, and mean snapper body sizes 

were highly variable in each period. 

My hypothesis tests indicated that many of these changes can be explained by 

(H3) shifts in Māori fishing strategies, and that (H1) climate change disturbances and 

(H2) increasing human harvest pressure on fisheries are also consistent with many of 

my observations (Table 7.8). First, comparisons of taxonomic ubiquity identified 

increasing occurrences of barracouta ubiquity that could be explained by either H1 or 

H3, and not by changes in harvest pressure, and moderate decreases in blue cod 

occurrences that are consistent with H2 and not with the effects of declining 

temperatures. Second, decreases in median snapper abundances could reflect either 

temperature or harvest effects on snapper populations, but the cumulative abundances 

of medium- and large-sized fishes did not change to the same extent, indicating other 

highly ranked fishes were not affected by harvest pressures in the same ways that 

snapper might have been. On the other hand, increases in small pelagic fish abundances 

strongly support the hypothesis that mass capture fishing strategies became much more  

Table 7.8. Summary of hypothesis test results. Italicized expectations were observed in 
archaeological patterns, crossed out expectations were not supported by evidence. 

  H1 Little Ice Age H2 Harvest Pressure H3 Shifting Strategies 

Timing of 
Change 

Beginning at or soon 
after 1500 CE 

Beginning shortly before 
or by 1500 CE 

Beginning shortly before 
or by 1500 CE 

Taxonomic 
Ubiquity 

• Decrease: snapper, 
trevally, grey mullet, 
blue mackerel 

• Increase: barracouta, 
greenbone, blue cod, 
turbot, soles, and 
smaller fishes 

• Decrease: all medium 
and larger sized fishes 

• Increase: smaller fishes 

• Decrease: blue cod 

• Greater local variation 

• Increase: small, 
schooling, pelagic fishes 

• Greater local variation 

Relative 
Taxonomic 
Abundances 

Decreasing snapper 
abundance index (SAI) 

Decreasing SAI and size 
class abundance index 
(SCI) for high-ranked 
fishes 

Increasing small pelagic 
abundance index (SCI) 

Snapper 
Body size 

Increasing mean size Decreasing mean size Increasing range and 
variability 
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common after 1500 cal CE. Third, while there are no clear trends in snapper body sizes, 

several assemblages with small-sized snapper (~30 cm mean FL) could provide some 

preliminary evidence that mass capture fishing strategies were used to collect snapper 

in some cases. 

In the end, my archaeological hypothesis tests provided no unambivalent proof 

for any unicausal explanation of change in Māori archaeofisheries (Table 7.8), but no 

such proof was ever anticipated. The complexity of mutually constituted relationships 

between humans and their environments, and the dynamic processes that reproduce 

and transform them, ensures that no single explanation will almost never produce a 

satisfactory account of a socioenvironmental system’s history. The formational and 

methodological processes that produce archaeological records also introduce further 

complications that must not be neglected when constructing an understanding of how 

such systems behaved through time. Ultimately, it is necessary to carefully consider 

multiple factors that could have influenced the historical trajectories of fish stocks and 

Māori fishing practices, and in my final chapter I attempt to weave the evidence from 

my hypothesis tests together with other sources of information into a more complete 

picture of these human ecodynamics. 
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8. Discussion and Conclusions 

In this thesis, I address the twin challenges of exploring complex, ecodynamic 

relationships between Māori and marine fisheries in northern Aotearoa using data from 

archaeological fishbone assemblages that are inherently complex in and of themselves. I 

build on previous surveys of archaeofisheries data to improve archaeological 

understandings of spatial and temporal variability in Māori fishing strategies and 

resource use through time, from the earliest Polynesian arrivals in the thirteenth 

century CE to the start of the nineteenth century. Because archaeological assemblages 

are the product of numerous events, human behaviours, destructive processes, and 

archaeological sampling strategies, I present methods for evaluating zooarchaeological 

data quality that determine whether assemblages are useful for addressing research 

topics of interest given their condition. This study also addresses critical knowledge 

gaps in fisheries biology by documenting the long-term effects of climate change and 

sustained human harvesting on coastal North Island fish stocks, and considers how 

Māori fishers might have responded to such changes in resource availability. Here, I 

summarize my thesis research and interpret the broad patterns and local variability 

that I observed in the archaeology of Māori fisheries, which show continuity in snapper 

and rocky reef-focused fishing practices, and that Māori increasingly captured small 

pelagic fishes with mass harvest strategies after about 1500 cal CE.  

8.1. Archaeological Ecodynamics of Northern Māori Fisheries 

Out of recognition that zooarchaeological assemblages are fundamentally 

structured by complex interactions between people, animals, and environmental 

processes, I approach this analysis of Māori fisheries from the perspective of human 

ecodynamics (Chapter 2). Because the human ecodynamics research strategy 

emphasizes that human and environmental systems are inextricably intertwined and 

that they are transformed through non-linear, multicausal, and historically contingent 

processes, it is ideally suited for studying multiple possible causes of 

socioenvironmental change and stability at the same time. In practice, human 

ecodynamics does not provide any general or specific predictions about cultural, 

ecological, or environmental change. Instead, researchers using this framework 
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iteratively compare and contrast the empirical descriptions, deductive models, and 

qualitative analyses of potentially unrelated theories and research disciplines in an 

effort to assemble holistic understandings of socioenvironmental systems.  

I operationalize this human ecodynamics framework by reviewing Aotearoa’s 

climate history, fisheries biology, and archaeological literature, and I identified at least 

three major transformations in Māori socioenvironmental systems from about 1500 CE 

that likely had important ramifications for northern fisheries (Chapter 3). First, climate 

proxies of local terrestrial conditions and ocean conditions show that Aotearoa 

experienced a prolonged, El Niño-like state with cooler, saltier seas; cooler summer air 

temperatures; colder winters relative to summers; and wetter weather overall from 

about 1500–1650 CE, followed by gradual warming until the late 1800s (Lorrey et al. 

2011, 2014). Based on my assessment of 38 fish species’ environmental requirements 

and vulnerabilities at each life history stage, I predict that long-term decreases in sea 

temperatures associated with this Little Ice Age could have substantially reduced 

several key fish stocks (snapper, trevally, grey mullet, and blue mackerel), and/or 

allowed others to expand (barracouta, greenbone, blue cod, and some flatfishes), in 

northern North Island waters.  

Second, zooarchaeological evidence also shows multiple avian megafauna and 

northern pinniped populations were in decline, extirpated, or extinct by the end of the 

fifteenth century, likely due to human predation, commensal predation, and 

anthropogenic landscape transformations (Anderson 1989, 2014a; Smith 2005; Worthy 

1999). Māori population sizes probably grew quickly in the northern North Island over 

this same period (Anderson 2014d:123–128), and it is possible that the combination of 

population growth and the disappearance of these other important animal foods placed 

increasing pressure on fisheries and all other components of Māori foodways. Over 

time, the increased and sustained harvests sizes could have reduced the availability of 

any preferred fishes through exploitation depression, or caused microhabitat 

depression if fishes relocated to areas safe from human fishing.  

Third, human population growth and changes in food availability have also been 

cited as possible factors in Māori peoples’ decisions to begin laying claim to more local 

resources; expand into new, undefended territories; and construct pā fortifications 

across northern and central Aotearoa in the 1400s and 1500s (Allen 2012; Campbell et 

al. 2019a:39–40; McCoy and Ladefoged 2019; Schmidt 1996). Under these dynamic 
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socioenvironmental conditions, I expect fishing strategies and technologies could have 

changed as well to increase the volume of marine food production and help feed larger 

populations more efficiently. Following from my review of these three transformations, 

I hypothesize that northern Māori fisheries may have changed in response to (H1) Little 

Ice Age and (H2) harvest effects on fish stocks, and/or that (H3̄) Māori practiced more 

high return, mass capture fishing strategies to meet increasing demand for fish 

resources over time. 

I also use a prey choice model from the field of behavioural ecology to develop 

expectations about how Māori fishers may have responded to these hypothesized 

changes in the socioenvironmental context of fishing practices, and to predict how their 

responses would be reflected in archaeological assemblages themselves (Chapters 2 

and 4). Given that fish catches are structured by patterns of human selection and 

cultural preferences (Izzo et al. 2016; Zangrando and Martinoli 2012), such models 

provide a useful heuristic device for interpreting differences and similarities between 

zooarchaeological samples in terms of essential factors that may influence people’s 

behaviour while they are producing resources. I ranked each fish species using its 

maximum body size as a proxy for its net caloric return rate (total caloric value divided 

by handling time costs), assuming that catching large amounts of food efficiently was an 

important goal influencing fishers’ decisions, and that larger animals provide more food 

more efficiently up to a certain point. Solutions to prey choice models like the one I 

made for 135 species of northern North Island coastal fishes suggest that fishers will, on 

average, preferentially harvest the resources with the highest expected net value, and 

that lower return resource types are only captured when high-ranked resources are 

encountered infrequently. Because snapper are the largest fish that is commonly 

represented in previous archaeofisheries surveys from northern Aotearoa, I therefore 

predicted that (H1) Little Ice Age or (H2) harvest effects on the availability of snapper 

would have decreased the overall return rates of Māori fisheries and led to increases in 

the representation of smaller fishes. Alternatively, (H3) developments in mass capture 

fishing strategies could have altered the relationship between body size and resource 

return rates, making large schools of small-bodied fishes one of the highest-ranked 

resources available to Māori when they were captured and processed en masse.  

Using archaeological fishbone data from 17 assemblages that I analysed and 66 

previously published assemblages, I present a long term record of Māori fish catches 
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deposited between 1250–1850 cal CE at sites across Northland, Auckland, Waikato, and 

Bay of Plenty (Chapter 5). To determine whether this sample provides an accurate 

reflection of Māori fisheries in the past, I carried out a systematic data quality 

assessment for multiple potential sources of bias in the sampled assemblages (Chapter 

6). Careful consideration of these taphonomic and methodological factors shows that 

some of the 83 northern North Island assemblages in my database are not comparable 

or useful for testing my hypotheses given their condition. I noted several cases where 

specimen interdependence and aggregation effects could affect the accuracy of NISP, 

MNE, and MNI rank-order taxonomic abundances. Postcranial identifications and 

element abundances that are necessary for assessing differential handling and 

destruction were only available for a small number of assemblages, but this sample 

illustrated that small pelagic fish skeletons may be particularly prone to post-

depositional destruction. Only about half of the collections in my database were 

recovered with fine sieves and only about a quarter included postcranial element 

identifications that are essential for accurately characterizing the taxonomic 

composition and relative abundances of fishbone assemblages.  

Comparing the 83 fishbone assemblages in this database while controlling for 

these recovery and identification biases as needed demonstrates that northern Māori 

had stable snapper and rocky reef-focused fishing practices, and that they substantially 

increased their catches of small pelagic fishes after about 1500 cal CE (Chapter 7). Early 

assemblages contained a wide range of species from all available habitats, but relative 

taxonomic abundances show that snapper, tarakihi, temperate wrasses, and 

leatherjacket were the only dominant taxa at most sites in Northland, Auckland, and 

Waikato. It is notable that the oldest Bay of Plenty assemblage in my database 

(U14/363: ca. 1325-1550 cal CE) is also dominated by snapper remains, and Māori may 

have captured large amounts of snapper elsewhere in this region as well, but more 

early, fine-sieved collections need to be analysed to test this hypothesis. There is no 

evidence that northern fish catches changed substantially over the first several 

centuries of Māori habitation in Aotearoa (Figure 7.6), and angling may have been a 

common fishing practice given that many bone and shell fishhooks were found in each 

early context (see narrative site descriptions for early assemblages in Supplementary 

Materials S2). However, Māori also likely used other fishing methods as they adapted 

skills and knowledge from tropical Polynesian fisheries to new subtropical and warm 
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temperate seas. Linguistic comparisons of fishing terms from Polynesian and 

reconstructed Proto-Polynesian languages suggest Ancestral Polynesian settlers were 

familiar with many net, trap, poison, and spear fishing methods that leave little to no 

archaeological traces (Kirch and Green 2001:137–141). Considering the wide range of 

analogous techniques and technologies that were in use both at the end of the 

nineteenth century (Best 1929; Hīroa 1926; Paulin 2007; Paulin and Fenwick 2016) and 

in the Ancestral Polynesian homelands, Māori almost certainly used many mass capture 

fishing practices in addition to angling when they first arrived in northern Aotearoa.  

Despite this overall pattern of consistency in taxonomic representation among 

early archaeological fish catches, there are also several notable examples of local 

variation that could reflect historically contingent factors in Māori fishing practices. 

First, the Hahei and Hot Water Beach 2017 collections have unusually low abundances 

of snapper and large amounts of leatherjacket, making them outliers from other North 

Island assemblages. According to Mann’s (2009) analysis of Arthur Black’s Midden L2, 

which also had very high leatherjacket MNI abundances, these assemblages could 

represent highly productive net and trap fisheries that captured large amounts of 

leatherjacket for their livers, which were reported to be a prized food in some 

ethnohistoric observations from Northland. Based on this interpretation, Māori may 

have used broadly similar fishing practices at Hahei, Hot Water Beach, and at 

contemporary North Island sites, albeit with local preferences for a particular rocky reef 

species. Second, the estimated fork lengths of snapper at Long Bay and Arthur Black’s 

Midden Layer 2 (less than 40 cm mean FL) are noticeably smaller than the snapper from 

other early assemblages, which were between 40-50 cm mean FL (Figure 7.19). These 

size differences represent decreases of about 0.5 kg to 1.5 kg in the mean body mass of 

individual snapper, and they could have had substantial effects on the total resource 

return rates of snapper fisheries. Additionally, the catches of piper, pilchard, and small-

bodied snapper at Long Bay might suggest that Māori used mass capture methods to 

collect young snapper that preyed on schools of very small forage fish (i.e., a “prey as 

bait” fishing strategy: Monks 1987). Given how few assemblages have snapper body size 

estimates, it is unclear whether Māori also fished sub-40 cm snapper in other locations 

before the early 1400s, and whether the differences at Long Bay and Arthur Black’s 

Midden reflect local variation in snapper stocks and/or Māori fishing practices. 
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Later assemblages show that the character of northern Māori fisheries changed 

substantially in many places across Northland, Auckland, Waikato, and Bay of Plenty to 

capture large amounts of jack mackerels/kōheru and blue mackerel even as snapper 

and reef fisheries persisted. The coarse temporal resolution of assemblage age 

estimates makes it difficult to determine precisely when these transformations began, 

but the earliest five deposits dominated by pelagic fish species were deposited between 

the early-1400s and the mid-1600s. It is therefore likely that the changes in Māori fish 

catches coincided with the start of the Little Ice Age, the disappearances of megafauna 

food species, and increases in Māori population sizes. Interestingly, three of these early 

pelagic assemblages (Urquharts Bay 2017, Mangawhai Sandspit L4, and OM 219) 

contain large amounts of snapper in addition to piper, jack mackerels/kōheru, and/or 

blue mackerel, making them very similar to catches with overlapping age estimates 

from Long Bay. It is challenging to identify what fishing strategies produced such 

assemblages, but they might indicate that mixed schools of snapper and pelagic fishes 

were being captured together, or that Māori pursued multiple species separately with 

diverse fishing methods. Assemblages deposited after 1500 cal CE, are equally likely to 

be dominated by small pelagic fishes or by snapper and rocky reef fishes (Figure 7.6), 

and controlling for archaeological recovery biases confirms that jack mackerels/kōheru 

and blue mackerel are the most abundant taxa in 12 of the 20 late, fine-sieved 

assemblages (Figure 7.7). Given the high relative and absolute abundances of pelagic 

taxa in these assemblages, I assume they represent high return, mass capture fishing for 

large schools rather than low return, individual captures of low-ranked resources. 

Despite these changes, snapper, tarakihi, wrasses, and/or leatherjacket continued to be 

well-represented in many sites across my study area after 1500 cal CE (Figure 7.6), 

indicating that rocky reef and snapper fisheries persisted alongside these pelagic mass 

capture fisheries. Snapper body size frequencies also remain equally variable through 

time, where some archaeological assemblages contain large-bodied snapper and others 

are almost entirely composed of young, small-bodied snapper both before and after 

1500 cal CE. 

To evaluate whether the large increases in small pelagic fish catches are related 

to other socioenvironmental changes, I examined patterns of taxonomic ubiquity, 

relative taxonomic abundances, and snapper size frequencies in these assemblages for 

evidence of (H1) climate and (H2) harvest effects, and/or (H3) changes in Māori fishing 
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strategies (Chapter 7). Taking each line of evidence in turn suggests all three 

hypotheses are consistent with many of the observed changes in Māori archaeofisheries 

records to some extent, and that multiple, historically contingent factors could have 

influenced fishing practices over time. First, patterns of taxonomic ubiquity show that 

occurrences of only three out of 20 commonly represented fishes changed substantially 

after 1500 cal CE: the percent ubiquity of wrasses and blue cod decreased by 30-34%, 

and barracouta ubiquity increased by 50% in later assemblages (Table 7.3; Figure 7.10). 

Notably, the increase in barracouta representation is consistent with expectations that 

this species would be encountered more frequently under Little Ice Age conditions 

(Table 4.4), and because blue cod population structures are prone to overfishing 

(Beentjes and Carbines 2005; Beer 2011) their declines might reflect harvest pressure 

effects on local fish stocks. Temperate wrasses, on the other hand, are not particularly 

vulnerable to these changes in sea surface temperatures or harvest pressure. Instead, 

decreases in the ubiquity of wrasses are probably related to the spread of pelagic 

fishing strategies that would not have captured species from rocky reef habitats, which 

might also account for increases in pelagic barracouta representation and decreases in 

reef-dwelling blue cod. And even though the ubiquity of wrasses and blue cod decreased 

over time, both taxa were still deposited in the majority of assemblages from after 1500 

cal CE (wrasses: 50% ubiquity; blue cod: 60% ubiquity in fine-sieved assemblages), 

undermining the hypothesis that either taxon experienced harvest effects. Therefore, 

the spread of pelagic fisheries is the most likely cause of the decreases in the relative 

number of assemblages that have rocky reef taxa present, and absolute encounter rates 

with wrasses and blue cod in reef habitats may been relatively constant.  

Relative taxonomic abundances show large decreases in the median abundances 

of snapper and high-ranked fishes that appear to be consistent with all three 

hypotheses of fisheries change, especially when focusing on the median abundance 

indices of fine-sieved assemblages (Figure 7.15; Figure 7.16). Meanwhile, the median 

abundances of small pelagic fishes increased dramatically as Māori began catching large 

amounts of jack mackerels/kōheru and blue mackerel at many sites. There is evidence 

of in situ decreases in snapper catches at Ahuahu and Tauranga Bay where the relative 

abundances of small pelagic fishes increased over time, and at Arthur Black’s Midden 

and Harataonga where leatherjackets increased instead (Figure 7.8). However, 

successive deposits at Cross Creek, Hot Water Beach, Sarah’s Gully, and Tauroa Point 
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show no changes in fish catches after 1500 cal CE, and snapper, tarakihi, wrasses, and 

leatherjacket continued to be well-represented in many late assemblages, especially in 

the Hauraki Gulf and on the West Coast of the North Island. If decreasing sea surface 

temperatures or increasing harvest pressures did influence fishing practices, it appears 

they only affected snapper stocks in some places but not in others. And if small pelagic 

fishes became more common because they were high return mass capture resources, 

the variability in later fishbone assemblages might reflect local differences in fishing 

technologies and/or the availability of pelagic fish schools in coastal waters. 

As I suggested above, snapper body size ranges provide no evidence of region-

wide shifts in snapper stock structures such as might be caused by climate change or 

harvest pressure, or of any robust changes in the fishing gear and strategies that Māori 

used to capture snapper. The overall pattern from these archaeological assemblages is 

that snapper size ranges were equally variable before and after 1500 cal CE, with some 

catches containing large-bodied snapper and others that are almost entirely composed 

of young, small-bodied snapper. Three sites with very similar snapper fork length 

estimates in successive deposits (Kokohuia, Long Bay, and NRD) show that Māori 

consistently captured the same sized fish over multiple episodes, albeit over relatively 

short time spans. Meanwhile, the Sunde assemblages show a decrease of 8 cm mean FL 

between the Lower (ca. 1300–1400 cal CE) and Upper (ca. 1475–1700 cal CE) 

assemblages. Snapper sizes may have decreased at Arthur Black’s Midden as well, but 

the small sample size of measured specimens from the earlier L4 assemblage makes it 

unclear whether the mean size estimates for this context are representative of the 

deposited fish catch. These two sites also show that decreases in the average body sizes 

of snapper may or may not be associated with changes in the taxonomic composition of 

fish catches; Māori continued fishing large amounts of snapper at Sunde, while the later 

component of Arthur Black’s Midden reflects increases in leatherjacket fishing. Despite 

the absence of any clear regional trends in snapper body sizes over time, these results 

could indicate that long-term human harvest pressures did affect local snapper stocks in 

some places. It is also likely that the high degree of variability in snapper sizes reflects 

large amounts of local variation in the size selectivity of the fishing gear that Māori used 

to catch snapper.  

Ultimately, the archaeological record provides evidence of stability, local 

variation, and substantial changes in northern Māori fisheries that are the outcomes of 
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historically contingent relationships between climate, fisheries biology, harvest effects, 

Māori fishing strategies and technology, and archaeological practices themselves. 

Potential climate effects (H1) are attested to by the dramatic increase in occurrences of 

cold-tolerant barracouta and decreases in the number of assemblages that were 

dominated by snapper over time, but the ubiquity and relative abundances of other 

climate indicator taxa (cold-sensitive trevally, grey mullet, and blue mackerel; cold-

tolerant greenbone, blue cod, and flatfishes) did not change as expected. Given the 

documented vulnerabilities of snapper reproductive biology to cold temperatures 

(Parsons et al. 2014; Sim-Smith et al. 2013; Wakefield et al. 2015) and the absence of 

large snapper catches from many sites after about 1500 cal CE, snapper recruitment 

rates likely declined to some extent during the Little Ice Age. Nevertheless, I did not 

observe any widespread increases in snapper body sizes that would reflect such 

changes in recruitment or competitive release associated with population collapse, and 

very high abundances of snapper continued to appear in some late assemblages, 

especially in the Hauraki Gulf and on the West Coast. If the Little Ice Age did affect 

snapper, the impacts must have been non-linear as they clearly did not affect snapper 

fisheries equally in all areas. One potential explanation for this variation that could be 

explored further is whether sea surface temperature changes varied in different coastal 

habitats. If the protected waters of the Hauraki Gulf and other harbours provided 

relatively stable environments that literally insulated snapper, they may have been 

protected from climate changes that had a greater effect on snapper in more exposed 

locations. However, much finer-resolution marine climate reconstructions and more 

fine-sieved Hauraki fishbone assemblages are required to evaluate this possibility. 

While human harvests could also have impacted preferred fish stocks in some 

locations (H2), there is little evidence of long-term harvest effects on any fish species 

through either exploitation or microhabitat depression. Snapper body sizes did 

decrease over time in one or two archaeological sites, which is consistent with my 

expectations that sustained human harvesting would reduce the total number of large 

snapper available to fishers. On the other hand, these changes were not accompanied by 

any major shifts in prey choice, and several other sites had very consistent snapper 

sizes in successive deposits. Body size distributions from several of these sites have also 

been studied elsewhere with size-structured exploitation models to estimate the 

intensity of fishing effort at each site (Plank et al. 2018), confirming that sites with very 
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different exploitation rates have very similar fish catches. Interpreting these results in 

terms of my prey choice model suggests coastal fishes were so plentiful that even 

sustained and increasing human harvests did not affect the availability of preferred 

resources at any point in time. Alternatively, northern Māori may have been able to 

prevent such negative impacts if horticultural and other animal food sources (e.g., 

freshwater fishes, shellfishes, or smaller bird species) were able to satisfy increasing 

demand for food resources associated with population growth and the loss of moa 

species and pinnipeds.  

Regardless of whether climate, harvest, or other processes affected the 

availability of marine fishes over time, the changes I observed in Māori fish catches 

strongly suggest that Māori began using different fishing technologies and strategies 

independently of such ecological factors (H3). Jack mackerels/kōheru and blue mackerel 

occur incidentally in many early archaeological fishbone assemblages, but Māori 

captured them in very large quantities at many sites after 1500 cal CE, which represents 

a major shift in strategy from rocky reef fishing to open water, pelagic fishing. 

Characterizing the technology used to capture these fishes is much more difficult as nets 

and traps were made from perishable materials that rarely preserve in most 

archaeological contexts, but it is likely that these small pelagic species were fished en 

masse in large schools given their high relative and absolute abundances. According to 

Paulin’s (2007; see also Paulin and Fenwick 2016) overview of ethnohistoric fishing 

records, Māori often used extremely large nets in the eighteenth and nineteenth 

centuries that measured hundreds or thousands of meters in length to capture vast 

amounts of pelagic shoaling fishes such as mackerels. Māori probably produced similar 

kinds of fishing gear in earlier periods as well, and these mass capture practices would 

certainly have altered the relationship between body size and return rates to make 

schools of small pelagic fishes one of the highest-ranked fish resources available to 

Māori. It is still unclear why fishers switched strategies to preferentially pursue small 

pelagic fishes instead of snapper and rocky reef fishes in some places but not others, but 

regional variability in later assemblages could reflect historical factors, cultural and 

social differences between Māori groups, or local variations in the availability small 

pelagic fishes and other food resources.  

In summary, adopting a human ecodynamics approach prompted me to consider 

multiple possible causes of change in Māori fisheries simultaneously, and developing a 
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prey choice model for northern North Island marine fishes helped me predict how those 

transformations would be reflected in archaeological fishbone assemblages themselves. 

Archaeofisheries records show that Māori quickly adapted tropical Polynesian fishing 

practices to catch novel, temperate fish species, and they also began fishing large 

schools of small pelagic fishes across northern Aotearoa after 1500 cal CE. Contrary to 

expectations for two of my hypotheses, the earlier snapper and rocky reef fisheries 

remained very stable through a major period of climate change and centuries of 

sustained human harvests, demonstrating that Māori maintained productive marine 

fisheries even as the availability of other important food sources declined. It is likely 

that other historical factors influenced local decisions to adopt mass capture pelagic 

fishing strategies, which would have provided a very productive alternative to snapper 

and rocky reef fishing in many places.  

8.2. Key Knowledge Gaps 

While the patterns I document in this thesis broadly agree with previous Māori 

archaeofisheries surveys, each new study has continued to identify new trends and 

greater spatiotemporal variation in fishbone assemblages, which demonstrates that 

there are still large gaps in archaeological understandings of Māori fishing. Leach and 

Boocock (1993) reported that snapper dominated a sample of eight northern North 

Island assemblages, Anderson (1997) found that snapper fisheries gave way to fisheries 

co-dominated by snapper and leatherjacket in 20 northern sites, and Leach (2006:183–

184, 230) later observed long-term decreases in snapper abundances and increasing 

snapper body sizes across the North Island. Leach’s (2006:162–165) study also 

documented geographic differences between two Coromandel Peninsula sites with high 

abundances of leatherjacket and wrasses (Hahei and Cross Creek ), two Bay of Plenty 

sites dominated by carangids (Kohika and Matakana Island), and all other North Island 

sites that had large amounts of snapper. Smith’s (2013:Table 8) assessment of 

taxonomic ubiquity in 75 Greater Hauraki Gulf assemblages identified substantial 

decreases in snapper and increased jack mackerel (Trachurus spp.) occurrences from 

1450–1650 cal CE, and long-term decreases in occurrences of wrasses, kahawai, and 

leatherjackets. My analysis suggests northern Māori fished for snapper and/or wrasses 

and leatherjacket throughout time, but that small pelagic fishes were also important 

catches in many places after 1500 cal CE, and I only found a couple of isolated cases 
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where snapper body sizes changed. Overall, there are more similarities than differences 

between the results of these studies, and the disagreements between them can probably 

be explained by differences in the sample size of assemblages that were available for 

comparison at the time.  

For example, comparing the northern North Island fishbone assemblages in my 

survey by publication date shows that the cumulative taxonomic richness of 

archaeologically represented fishes has continued to increase steadily over the last 50 

years in Northland, Auckland, Waikato, and Bay of Plenty (Figure 8.1A). If these regional 

cumulative richness curves reached a plateau, we could infer that new assemblages 

were not adding new information about the range of taxa that Māori fished in the past, 

but new taxa are still being identified and this sample is not yet representative of Māori 

fishing practices in the past. Therefore, analysing further assemblages will almost 

certainly change our understanding of geographical and temporal variation in Māori 

fisheries, especially if they come from poorly sampled areas (e.g., the west coast, Bay of 

Islands, Firth of Thames, eastern Bay of Plenty, inland sites) or time periods (early Bay 

of Plenty and Northland sites, or late Auckland and Coromandel sites).  

Beyond the total sample size of analysed assemblages, improvements in 

identification methods and increasing samples of fine-sieved assemblages may improve 

the accuracy of the patterns we observe. The cumulative richness curves show large, 

recent increases in the total number of identified fish taxa from each region that appear 

to be correlated with changes in the identified element sets that researchers use (Figure 

8.1A and B). While Nichol (1988) identified some vertebrae in some assemblages from 

the 1980s, postcranial and vertebral elements have only been analysed systematically 

for a relatively small number of collections reported by Campbell since the early 2010s 

(Urquharts Bay 2012 and 2017, all phases of Long Bay, V14/40 NE, Maketu North 2017, 

and V14/193) and the assemblages I analysed for this thesis. Analysing these collections 

with an expanded element set identified many new fish taxa, and they provided more 

accurate understandings of relative taxonomic abundances in Māori fisheries (Campbell 

2016; Campbell and Nims 2019; Nims et al. 2020). Meanwhile, fine-sieved fishbone 

assemblages have been recovered at a relatively constant rate since the 1980s, but 

recovery methods alone do not appear to be correlated with any changes in cumulative 

taxonomic richness (Figure 8.1A and C). Nevertheless, given how important fine sieves  
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Figure 8.1. Archaeological fishbone assemblages from the northern North Island that 
met my minimum sample size and chronology criteria by publication date and (A) 
cumulative taxonomic richness, (B) identification methods used, and (C) recovery 
methods used. 

are for the accuracy of relative taxonomic abundances, steady increases in the total 

number of fine-sieved assemblages almost certainly explains why earlier studies did not 

observe the same increases in pelagic fishing strategies that I identified (Allen 2014). 

Despite these increases in the sample of assemblages with enhanced recovery 

and identification methods, several economically and/or culturally vital fish species are 

still underrepresented in archaeological records of Māori fisheries, likely due to a 

combination of site sampling and preservation biases. Many freshwater fishes can be 



Nims – 2022 

248 
 

found in marine environments during at least one stage of their life histories, but Māori 

largely captured freshwater species en masse in rivers, lakes, and lagoons with large 

nets, traps, and weirs during seasonal runs (Best 1929; Hīroa 1926; Marshall 1987; 

Paulin 2007) and not in marine habitats. This suggests that the scarcity and absence of 

lamprey, freshwater eels, smelt, kōkopu, and other freshwater species from 

archaeological records is caused by the absence of analysed fishbone assemblages from 

the interior of the North Island (Figure 5.18). It is also possible that terrestrial 

preservation conditions are not as favourable for fishbone preservation as coastal sites. 

Campbell (2005b) notes that kākahi (freshwater mussel; Echyridella menziesi) shell is 

rarely observed in archaeological contexts, possibly because it is vulnerable to post-

depositional destruction and decay, or because inland shell accumulations are less likely 

than coastal sites to be protected by windblown sand shortly after deposition. Thus, if 

shell and/or sand matrix plays an important role in protecting animal bone from 

chemical and mechanical weathering, freshwater fish remains may also be scarce from 

inland archaeological sites because shelly, sandy contexts are less common than on the 

coast. 

Contrary to the findings of earlier archaeofisheries studies that found few 

occurrences of sharks, skates, or rays, elasmobranch remains are represented in more 

than 45% of the fishbone assemblages I surveyed, making them some of the most 

commonly captured fishes in northern Aotearoa archaeological sites. However, these 

taxa are rarely found in large abundances. Māori often fished large quantities of school 

shark, rig, and potentially other elasmobranchs at coastal sites during summer in the 

eighteenth and nineteenth centuries (Brassey 2017, 2018; Paulin 2007; Shepherd and 

Campbell 2021), and Māori oral literature confirms they were fished in earlier periods 

as well (Wehi et al. 2013). It is therefore surprising that elasmobranch remains are not 

more abundant in archaeological deposits, especially considering that calcified 

vertebrae, teeth, and dentine body spines appear to resist post-depositional destruction 

and decay in many depositional contexts. I attempted to overcome these taphonomic 

complications and estimate the contributions of elasmobranchs in the archaeological 

fish catches from my database by comparing the taxonomic richness of assemblages 

with and without shark, skate, or ray specimens present, and found no differences 

between these two groups of  (Section 7.1.1). This suggests that high-return 

elasmobranch species were not captured often enough to alter the overall return rates 



Discussion and Conclusions 

249 
 

of fisheries or patterns of prey selection on average, and that they were probably only 

captured infrequently at most of the sites where they have been observed.  

In one possible and important exception to this pattern, the NRD site contained 

thousands of elasmobranch vertebrae and hundreds of eagle ray teeth across numerous 

features in two different excavation areas. Given inherent differences in the anatomical 

abundances of shark vertebrae and bony fish jaw elements, and possible issues with 

specimen interdependence and aggregation effects at this site (Section 6.1), it is difficult 

to determine whether chondrichthyans were the most abundant taxon present based on 

their NISP counts, or whether snapper dominate the assemblage based on MNI 

estimates. However, because Māori fishers also deposited large numbers of relatively 

small-bodied snapper at this site along with their potentially vast catches of sharks, it is 

likely that high-ranked sharks and rays were relative scarce during at least one fishing 

episode, making it more efficient to capture bony fishes than to keep searching for 

sharks. Alternatively, sharks and bony fishes might have represented entirely separate 

resources that were only rarely landed together at the same site. If shark fishing was a 

specialized activity conducted separately from other marine fishing, zooarchaeological 

evidence of shark remains may be scarce because archaeologists have not yet excavated 

any other sites where sharks were landed en masse, and/or because few shark remains 

survived at any such sites that have been excavated. 

Flounders (pātiki; Rhombosolea spp. and Colistium spp.) are another group of 

fishes that were fished in large numbers from lagoons (Best 1929) and referenced 

relatively often in Māori proverbs (Whaanga et al. 2018), but are barely represented in 

archaeological records. Specimens attributed to family Rhombosoleidae have been 

identified in only seven assemblages, New Zealand sole is in 6 assemblages, flounders 

(Rhombosolea sp.) are in three, and turbot is in one assemblage (Table 7.1). None of the 

assemblages in my database contained more than a handful of flatfish specimens, but 

Campbell (2016) reported an undated assemblage from Parton Rd, Papamoa in western 

Bay of Plenty that had unusually high abundances of flounder, sole, and turbot, which 

were all predominately represented by vertebrae. In short, we still know very little 

about freshwater, elasmobranch, and flatfish procurement in archaeological contexts, 

but continuing to sample archaeological assemblages with fine sieves and analysing 

fishbone assemblages with vertebral identifications can help us learn more about these 

culturally vital fisheries.  
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8.3. Data Quality, Ethics, and Recommendations 

Archaeologists have ethical obligations to ensure our knowledge claims are 

accurate and based on sound data, primarily because archaeological statements have 

real-world consequences for Māori and other peoples living in the present. Throughout 

this thesis I have primarily considered questions of data quality as academic issues, but 

archaeological data are often used to legitimize government policy (Arnold 1990; 

Trigger 1984, 2006), to inform environmental conservation practices (Butler and 

Delacorte 2004; Lyman 1995, 2006, 2012; Wolverton et al. 2016a), and as evidence in 

court (Martindale 2014; Martindale and Armstrong 2019). For example, archaeological 

fishbone data have been used as evidence in two Waitangi Tribunal (1988, 1992) 

fisheries claims against the New Zealand government after it breached the Treaty of 

Waitangi by alienating Māori from their marine resource rights over a 150-year long 

period (Anderson 2014b; Bess 2000, 2001; Paulin 2007). In one of these sea fisheries 

claims, there were important differences in each expert witness’s sampling and 

quantitative methods that fuelled serious debate about whether archaeofisheries 

records provide accurate or useful information about fishing practices in the past 

(Leach 2006:184–185; Waitangi Tribunal 1992:49–62). The Tribunal ultimately 

determined that archaeological patterns do provide valuable, long-term information 

about Māori fisheries, especially when they are considered in conjunction with other 

lines of historical evidence, and the archaeology contributed to successful treaty 

settlements in both cases despite data quality issues in the evidence. However, these 

two claims also illustrate that archaeologists are gambling with other people’s human 

rights and resource rights whenever we share the findings of our research and that 

readers may reasonably question the legitimacy of our conclusions whenever we fail to 

demonstrate our data are reliable and related to the causal factors we invoke.  

Based on the results of my data quality assessment, I have several 

recommendations for all future fishbone analysis in Aotearoa to enhance the accuracy 

and comparability of archaeofisheries data. First, archaeologists should attempt to 

recover zooarchaeological remains using fine sieves (3.2 mm or finer) whenever 

possible to ensure that recovered assemblages accurately represent the taxonomic 

composition and relative taxonomic abundances of the deposits they come from. There 

may be legitimate reasons for choosing to use coarser methods in certain contexts, as 



Discussion and Conclusions 

251 
 

fine sieves produce dramatically larger assemblages that take up more room in 

curatorial facilities and take much longer to process. However, it is preferrable to 

manage the size of assemblages and/or time spent analysing large collections by 

adopting sampling-to-redundancy protocols, which help researchers produce 

representative samples with less material (Lepofsky and Lertzman 2008; Lyman and 

Ames 2004, 2007). Second, zooarchaeologists should attempt to identify vertebrae and 

a wide range of cranial and postcranial elements beyond the angular/articular, dentary, 

maxilla, premaxilla, and quadrate. While it is not always necessary to identify all skeletal 

elements (Nims et al. 2020), vertebral identifications do provide critical information 

about post-capture handling practices, post-depositional destruction, relative 

taxonomic abundances, and the taxonomic richness of assemblages in many cases 

(Campbell 2016; Campbell and Nims 2019; Harris et al. 2017). Therefore, I strongly 

recommend attempting identifications for vertebrae whenever a suitable reference 

collection is available. Third, zooarchaeologists should publish and report their primary 

data with detailed accounts of the sampling strategies, excavated volume, recovery 

methods, and laboratory methods that their observations of human-animal 

relationships are based on. Documenting these basic details helps increase any reader’s 

confidence in the conclusions of archaeological interpretations and provides future 

researchers with the basic metadata that are required to replicate and understand the 

results of any given analysis. Finally, I recommend that future archaeologists continue 

to critically reuse other researchers’ data in the hope that developing a culture of data 

reuse will help improve archaeological data collection and reporting practices.  

8.4. Conclusion 

Marine fisheries provided Māori peoples with a stable, productive food source 

since they first arrived in Aotearoa. Archaeological fishbone assemblages from the 

northern North Island show that Māori have long fished a wide range of species in many 

coastal habitats, with a particular focus on snapper and on temperate wrasses and 

leatherjackets from rocky reefs. After about 1500 cal CE, Māori also began harvesting 

large amounts of small pelagic school fishes across the east coast of Northland, 

Auckland, Waikato, and Bay of Plenty, most likely with highly productive mass capture 

fishing practices. Beyond these broad patterns, cold-tolerant barracouta became much 

more common in northern waters after the start of the Little Ice Age, there is moderate 
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local variability in the size selectivity of the fishing gear that Māori used to capture 

snapper, and long-term local harvest pressures may have affected snapper body size 

distributions at two sites. Overall, these findings lead me to conclude that northern fish 

stocks remained reliable in the face of marked climate change and centuries of 

sustained human harvesting, and that fishers’ decisions to capture small pelagic species 

were not driven by changes in the availability of rocky reef taxa. Instead, these mass 

capture pelagic fisheries may have developed to produce more food more efficiently as 

human population sizes increased and megafaunal food sources disappeared, or due to 

other independent historical factors such as social and cultural changes among Māori 

groups and the availability of other food resources.  

Studying the complex relationships between Māori, marine fishes, and coastal 

climate conditions with the framework of human ecodynamics helped me evaluate the 

roles of multiple socioenvironmental processes with equal weight at the same time. The 

hypotheses that I chose to explore explicitly acknowledge the ways that environmental 

conditions can affect human behaviours, the active roles that humans play in shaping 

their land- and seascapes, and the importance of social and historical factors for 

understanding human-environment relationships. In northern Aotearoa, the 

socioenvironmental context of fishing was influenced by both the climate and human 

predation, but these processes did not lead to any substantial changes in fishing 

practices themselves or the productivity of fisheries in most places. Further research on 

the social and historical processes that influenced the spread of pelagic mass capture 

fishing practices is required to fully understand the transformations that took place 

over time. Fortunately, the human ecodynamics research strategy is ideally suited for 

continuing this work, and iteratively incorporating evidence about other important 

foodways, local and traditional ecological knowledge, and historical accounts from 

Māori oral histories can help assemble more holistic understandings of the processes 

that co-constructed the seascapes of Aotearoa. 
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Appendix A: Coastal Fishes of Aotearoa 

Table A1. Coastal northern North Island fish species included in the prey choice model. Italicized, lower case habitat associations are of 
secondary importance (R = rocky reefs; S = soft substrates; P = pelagic; F = freshwater; b = brackish waters). Lengths are measured in 
standard length unless otherwise noted (DW = disk width; FL = fork length; TL = total length). “Mass Est.” = estimated mass for given 
length. 

Order Family Species Common Name Habitat Schooling 
Length 

(cm) 
Mass Est. 

(g) 
Size Class 

Myxiniformes Myxinidae Eptatretus cirrhatus common hagfish R, S  97 TL 1790 medium 

Pteromyzontiformes Geotriidae Geotria australis lamprey F, b  75 TL 558 small 

Lamniformes Lamnidae Carcharodon 
carcharias 

great white shark P, b x 575 
 

1,000,000 very large 

  Isurus oxyrinchus shortfin mako P  321 FL 254,000 very large 

  Lamna nasus porbeagle P x 280 TL 319,000 very large 

Carcharhiniformes Scyliorhinidae Cephaloscyllium 
isabellum 

carpet shark R, S  77 
 

2780 medium 

 Triakidae Galeorhinus galeus school shark S, b x 144 FL 14,500 large 

  Mustelus lenticulatus rig S, b x 119 TL 7350 medium 

Carcharhiniformes Carcharhinidae Carcharhinus 
brachyurus 

bronze whaler R, S, b  330 TL 274,000 very large 

  Galeocerdo cuvier tiger shark P, b  337 FL 459,000 very large 

  Prionace glauca blue shark P, b  383 TL 205,000 very large 

 Sphyrnidae Sphyrna zygaena smooth 
hammerhead shark 

S, b x 317 FL 118,000 very large 

Hexanchiformes Hexanchidae Hexanchus griseus sixgill shark D  584 FL 590,000 very large 

  Notorynchus 
cepedianus 

broadsnout 
sevengill 

S, b  280 TL 138,000 very large 

Squaliformes Squalidae Squalus acanthias spiny dogfish P, b x 106 FL 4840 medium 
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Order Family Species Common Name Habitat Schooling 
Length 

(cm) 
Mass Est. 

(g) 
Size Class 

Torpediniformes Torpedinidae Tetronarce fairchildi electric ray S  123 TL 21,500 large 

Rajiformes Rajidae Dipturus innominatus smooth skate S  151 
 

31,700 large 

  Dipturus nasutus rough skate S  90 TL 6200 medium 

Myliobatiformes Dasyatidae Bathytoshia 
brevicaudata 

shorttail stingray R, S, b x 210 DW 91,000 very large 

  Bathytoshia lata longtail stingray r, S, b  180 DW 56,700 very large 

 Myliobatidae Myliobatis 
tenuicaudatus 

eagle ray r, S, b x 105 DW 6850 medium 

Anguilliformes Anguillidae Anguilla australis shortfin eel p, F, b  120 TL 2450 medium 

  Anguilla dieffenbachii longfin eel p, F, b  175 TL 16,300 large 

 Muraenidae Enchelycore ramosa mosaic moray R  180 TL 10,900 large 

  Gymnothorax nubilus grey moray R  82 TL 956 small 

  Gymnothorax 
porphyreus 

lowfin moray R  106 TL 2640 medium 

 Muraenidae Gymnothorax prasinus yellow moray R  150 TL 6270 medium 

 Ophichthidae Ophisurus serpens snake eel S, b  250 TL 8870 medium 

  Scolecenchelys 
australis 

shortfin worm eel S x 40 TL 62 very small 

  Scolecenchelys 
breviceps 

longfin worm eel S, b  60 TL 215 small 

 Congridae Conger monganius northern conger R  90 TL 1010 medium 

  Conger verreauxi southern conger R  200 
 

13,300 large 

  Gnathophis habenatus silver conger S  47 
 

131 small 

Clupeiformes Engraulidae Engraulis australis anchovy P, b x 12 TL 11 very small 

 Clupeidae Sardinops sagax pilchard P x 22 
 

119 small 

  Sprattus antipodum slender sprat P x 12 
 

17 very small 

  Sprattus muelleri sprat P x 13 
 

21 very small 

Gonorynchiformes Gonorynchidae Gonorynchus forsteri sandfish S, b  56 
 

1110 medium 

Salmoniformes Retropinnidae Retropinna retropinna common smelt F, b  16 FL 22 very small 
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Order Family Species Common Name Habitat Schooling 
Length 

(cm) 
Mass Est. 

(g) 
Size Class 

Ophidiiformes Ophidiidae Genypterus blacodes ling S  136 TL 17,500 large 

Gadiformes Moridae Lotella rhacina rock cod R  50 
 

736 small 

  Pseudophycis bachus red cod R, S, b x 65 
 

2630 medium 

  Pseudophycis barbata southern bastard 
cod 

R, b  62 
 

1430 medium 

 Merlucciidae Macruronus 
novaezelandiae 

hoki* P, b x 38 
 

200 small 

Mugiliformes Mugilidae Aldrichetta forsteri yelloweye mullet r, S, P, f, 
b 

x 36 
 

481 small 

  Mugil cephalus grey mullet P, F, b x 59 TL 2310 medium 

Beloniformes Scomberesocidae Scomberesox saurus saury P, b x 35 
 

102 small 

 Hemiramphidae Hyporhamphus ihi piper P, b x 40 
 

82 very small 

Beryciformes Trachichthyidae Paratrachichthys trailli common roughy R x 25 
 

184 small 

 Berycidae Centroberyx affinis golden snapper R, P, b x 27 
 

289 small 

Zeiformes Zeidae Zeus faber John dory R, S, b x 58 TL 2800 medium 

Scorpaeniformes Sebastidae Helicolenus percoides jock Stewart R  43 
 

2460 medium 

 Scorpaenidae Scorpaena cardinalis red rock cod R  29 TL 491 small 

  Scorpaena papillosa red scorpionfish R, b  22 
 

144 small 

 Triglidae Chelidonichthys kumu red gurnard S, b  50 
 

1340 medium 

  Pterygotrigla 
andertoni 

spotted gurnard D  45 
 

1150 medium 

Perciformes Polyprionidae Polyprion americanus bass R x 130 TL 35,300 large 

  Polyprion oxygeneios hapuku R  124 TL 25,600 large 

 Epinephelidae Epinephelus rivulatus halfmoon groper R  34 TL 621 small 

  Hyporthodus 
octofasciatus 

convict groper D  117 TL 26,100 large 

 Serranidae Caesioperca 
lepidoptera 

butterfly perch R x 32 
 

725 small 

  Caprodon longimanus pink maomao R x 44 
 

726 small 
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Order Family Species Common Name Habitat Schooling 
Length 

(cm) 
Mass Est. 

(g) 
Size Class 

Perciformes (con.) Serranidae (con.) Hypoplectrodes sp. A eyebrow perch D  47 
 

n/a small 

  Hypoplectrodes huntii redbanded perch R  20 
 

70 very small 

 Callanthidae Callanthias australis splendid perch D x 28 
 

280 small 

 Plesiopidae Acanthoclinus fuscus olive rockfish R, b  30 TL 173 small 

 Carangidae Decapterus koheru koheru P, b x 40 FL 721 small 

  Naucrates ductor pilotfish R  25 FL 178 small 

  Pseudocaranx 
georgianus 

trevally P, b x 46 FL 1290 medium 

  Seriola dumerili amberjack P x 168 TL 56,000 very large 

  Seriola lalandi kingfish P, b x 129 TL 27,800 large 

  Trachurus declivis jack mackerel r, P, b x 46 TL 1160 medium 

  Trachurus 
novaezelandiae 

horse mackerel P, b x 36 TL 772 small 

 Emmelichthyidae Emmelichthys nitidus red baitfish D x 30 FL 158 small 

 Sparidae Chrysophrys auratus snapper R, S, P, b x 70 FL 4690 medium 

 Mullidae Parupeneus spilurus blackspot goatfish S  27 
 

365 small 

  Upeneichthys porosus red mullet R, S x 36 
 

716 small 

 Pentacerotidae Paristiopterus labiosus giant boarfish S  90 TL 15,200 large 

  Zanclistius elevatus longfin boarfish D  35 
 

886 small 

 Kyphosidae Kyphosus bigibbus grey drummer R x 53 
 

2330 medium 

  Kyphosus sectatrix beaked drummer R x 45 
 

1410 medium 

  Kyphosus sydneyanus silver drummer R x 65 
 

5690 medium 

 Girellidae Girella tricuspidata parore R, b x 38 FL 932 small 

 Scorpididae Bathystethus cultratus grey knifefish P x 35 TL 634 small 

  Labracoglossa nitida blue knifefish R x 24 TL 204 small 

  Scorpis lineolata sweep R, b x 26 FL 218 small 

  Scorpis violacea blue maomao R x 40 TL 658 small 

 Microcanthidae Atypichthys latus mado R x 22 
 

237 small 
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Order Family Species Common Name Habitat Schooling 
Length 

(cm) 
Mass Est. 

(g) 
Size Class 

Perciformes (con.) Arripidae Arripis trutta kahawai R, P, b x 72 
 

3720 small 

 Chironemidae Chironemus 
marmoratus 

hiwihiwi R  40 TL 720 small 

 Aplodactylidae Aplodactylus arctidens marblefish R  57 
 

2250 medium 

 Latridae Chirodactylus 
spectabilis 

red moki R  70 TL 5240 medium 

 
 

Latridopsis ciliaris blue moki S x 80 TL 10,700 large 

  Latris lineata trumpeter* R x 45 TL 1660 medium 

  Nemadactylus 
douglasii 

porae S x 60 
 

2920 medium 

  Nemadactylus 
macropterus 

tarakihi S x 46 FL 1800 medium 

 Labridae Bodianus flavipinnis yellowfin foxfish D  37 
 

729 small 

  Bodianus 
unimaculatus 

red pigfish R  38 
 

791 small 

  Odax pullus greenbone 
butterfish 

R  70 SL 2940 small 

  Coris picta combfish R  21 
 

63 very small 

  Coris sandeyeri Sandager's wrasse R  34 TL 503 small 

  Notolabrus celidotus spotty R, b x 22 
 

107 small 

  Notolabrus fucicola banded wrasse R  41 TL 979 small 

  Pseudolabrus miles scarlet wrasse R  35 
 

648 small 

 Pomacentridae Parma alboscapularis black angelfish R  23 
 

252 small 

 Pinguipedidae Parapercis colias blue cod R  60 SL 3820 medium 

 Percophidae Hemerocoetes 
monopterygius 

opalfish S  22 
 

60 very small 

 Leptoscopidae Crapatalus 
angusticeps 

slender stargazer S, b  39 
 

687 small 
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Order Family Species Common Name Habitat Schooling 
Length 

(cm) 
Mass Est. 

(g) 
Size Class 

Perciformes (con.) Leptoscopidae 
(con.) 

Crapatalus 
novaezelandiae 

sand stargazer S  53 
 

1750 medium 

  Leptoscopus 
macropygus 

estuary stargazer S, b  50 
 

778 small 

 Uranoscopidae Genyagnus 
monopterygius 

spotted stargazer S  45 
 

679 small 

  Kathetostoma 
binigrasella 

banded stargazer D  56 
 

2060 medium 

  Kathetostoma 
giganteum 

giant stargazer S, b  65 
 

4930 medium 

  Xenocephalus armatus brown stargazer D  52 
 

1650 medium 

 Acanthuridae Prionurus maculatus spotted sawtail R, b  55 
 

2190 medium 

 Sphyraenidae Sphyraena sp. Kermadec 
barracuda 

R, S  42 
 

n/a small 

 Gempylidae Rexea solandri gemfish D x 103 FL 7590 medium 

  Thyrsites atun barracouta P, b x 115 TL 9260 medium 

 Trichiuridae Lepidopus caudatus frostfish D x 156 
 

5290 medium 

 Scombridae Scomber australasicus blue mackerel P x 42 FL 815 small 

 Centrolophidae Hyperoglyphe 
antarctica 

bluenose* P  60 TL 4030 medium 

  Seriolella brama blue warehou P, b x 60 
 

2900 medium 

  Seriolella punctata silver warehou D x 55 TL 3290 medium 

Pleuronectiformes Bothidae Arnoglossus scapha witch S  35 
 

456 small 

 Rhombosoleidae Colistium nudipinnis New Zealand 
turbot 

S, b x 49 TL 1860 medium 

  Pelotretis flavilatus lemon sole S, b x 50 
 

1980 medium 

  Peltorhamphus 
novaezeelandiae 

New Zealand sole S, b x 52 
 

1510 medium 
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Order Family Species Common Name Habitat Schooling 
Length 

(cm) 
Mass Est. 

(g) 
Size Class 

Pleuronectiformes 
(con.) 

Rhombosoleidae 
(con.) 

Rhombosolea leporina yellowbelly 
flounder 

S, b x 39 TL 1060 medium 

  Rhombosolea plebeia sand flounder S, b x 45 
 

994 small 

  Rhombosolea retiaria black flounder S, b  45 
 

1450 medium 

Tetraodontiformes Monacanthidae Aluterus monoceros smooth 
leatherjacket 

R x 64 TL 3690 medium 

  Meuschenia scaber leatherjacket R x 28 TL 580 small 

 Tetraodontidae Arothron 
firmamentum 

starry toado P x 35 
 

738 small 

  Lagocephalus 
cheesemanii 

Cheeseman's 
puffer 

P  28 
 

251 small 

 Diodontidae Allomycterus pilatus southern burrfish S, b x 50 TL 2570 medium 
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Supplementary Materials 

Supplementary materials and supporting datasets for this thesis can be accessed at: 

https://figshare.com/s/0c1718c67ac53902b806  

 

S1 – Coastal Fish Life Histories 

This is an overview of the life history characteristics that likely affected the 

geographic range, abundances, and mean body sizes of 38 archaeologically common 

marine fish species as sea surface temperatures cooled across the southwest Pacific 

Ocean during the Little Ice Age from about 1500-1900 CE.  

 

S2 – Site Narrative Descriptions and Chronologies 

 This is a detailed account of the archaeological excavation histories of the 83 

fishbone assemblages I analyse in this thesis. I also document the radiocarbon 

chronologies, recalibrations, and Bayesian Sequence models of each site, and narrative 

descriptions of the interpretive descriptions I made when assessing site stratigraphy 

and published radiocarbon determinations. Finally, I explain where each sample of 

fishbone data came from, describe the methods that were used to collect and identify 

fish remains, and the interpretive decisions I made during data recording and database 

synthesis to ensure that these data were comparable. 

https://figshare.com/s/0c1718c67ac53902b806
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