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Abstract 
 
 

It is often assumed that all avifaunal remains recovered from archaeological contexts have 

been deposited as a result of cultural activity. Increasingly, however, it is recognized that bird 

bones can accumulate within archaeological deposits as a result of natural (i.e. non-cultural) 

events and processes. 

 

The problem of determining the origin of avifaunal remains has long been recognized by New 

Zealand archaeologists, but not systematically addressed. If cultural interpretations are based 

on excavated avifaunal assemblages, however, we must be reasonably confident of the 

cultural origin of the remains recovered, or our conclusions may be based on false 

assumptions.  

 

This thesis proposes, tests and assesses a model designated “SPIT=O”, which was constructed 

as a tool to distinguish between the cultural or natural origins of avifaunal remains recovered 

during archaeological excavation in New Zealand. Following SPIT=O, the physical nature of 

a site (S) and the palaeoecological details of New Zealand’s predators (P) are considered, to 

establish all the potential agents and processes of deposition for avian remains at that site. The 

species identified in the recovered avian assemblage (I) and the taphonomic features and 

patterns exhibited by the specimens (T), are compared to taphonomic traces considered 

typical of potential predators and other taphonomic processes, to draw conclusions regarding 

their most likely origin (=O).  

 

To test SPIT=O, the model is applied to an assemblage of small-bird remains (i.e. birds other 

than moa, Dinornithiformes) recovered during an archaeological excavation at Watsons 

Beach, South Otago (New Zealand Archaeological Association (NZAA) site number H45/10). 

Following the model, it is determined that the sample of avifaunal remains to which SPIT=O 

is applied are, for the most part, cultural in origin. 

 

Although developed to address the question of origin for avifaunal remains in New Zealand 

archaeological deposits, the methods applied in SPIT=O could be applied in the analysis of 

any avifaunal deposit, palaeontological or archaeological, within New Zealand or elsewhere. 
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Preface 
 
 
In 2001, the archaeological site at Watsons Beach, South Otago, New Zealand was subject to 

a salvage excavation before the site was lost to erosion. It produced an interesting assemblage 

of small-bird bones that promised to provide new insights into the exploitation of avian 

resources by Maori in coastal Otago. Having studied the small-bird remains from Shag River 

Mouth, Otago (J43/2) for my Honours dissertation, I was given the opportunity to work with 

the Watsons Beach material for my Masters. 

 

Initially, my research outline described a standard analysis and archaeological interpretation 

of the assemblage, albeit with an ecological focus. During a quick visit to the Anthropology 

department, palaeobiologist Dr. Richard Holdaway cast a critical eye over the bones I was 

working on and casually asked: “Are you sure the assemblage is cultural?” As a result, my 

thesis outline changed radically. 

 

For a conceptual introduction to this project, consider the image shown below. It was taken in 

1930 by ornithologist Edgar F. Stead on Big South Cape Island, off Stewart Island and shows 

over 150 fresh carcasses of mottled petrel (Pterodroma inexpectata) strewn around a 

muttonbirder’s hut. The birds were not caught by humans, however, but by skuas (Family: 

Stercorariidae). How would this site be interpreted by archaeologists in years to come, after 

scavengers and the elements had played their parts? Would any remaining bones and feathers 

be linked to the hut and its human inhabitants, or recognized for what they are; remnants 

discarded by a large predatory seabird? How would we work it out?  

 

 
 
Figure i  Skua midden beside muttonbirder’s hut on Big South Cape Island (from Stead 1932: Plate 
XLV). 
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Chapter One: Introduction 
 
1.1 Problem and research question 
Avifaunal remains are regularly recovered from a range of archaeological (cultural) and 

palaeontological (non-cultural) contexts; most frequently from caves, rock-shelters, swamps, 

lake margins and coastal dunes. In theory, anywhere human activity has occurred, the 

potential exists for the sequential deposition and subsequent mixing of cultural and non-

cultural deposits, including any avifaunal components. For archaeologists, distinguishing 

between culturally and naturally deposited specimens is crucial in the construction of a valid 

site interpretation. 

 

Eastham (1997:422), who was ultimately interested in “the range of ecological information 

for a [palaeontological or archaeological] site which can be gained through study of the bird 

bones,” raised the question of whether avian remains in archaeological contexts “were 

imported by humans, by mammals, by other birds, or were local residents dead through 

natural causes” (Eastham 1997:427).  

 

Using a Mousterian hunter-gatherer site (Gorham’s Cave, Gibraltar) as an example, Eastham 

(1997:428) described a “potentially complex range of interactions between birds and other 

animal species”. Eastman (1997:428) made four important observations about these 

interactions as they contributed to faunal deposition events at the site: 

i) A diverse range of species nest and roost near or above the cave entrance. 

ii) During periods of high sea-level, dead birds and fish are washed into the sand 

deposits. 

iii) Animal scavengers, including various bird species, are attracted to carrion in the 

vicinity. 

iv) Insects associated with decaying flesh attract insectivorous bird species, which in 

turn attract avian predators. 

Eastham (1997:428) concluded:  

It is clear, therefore, that not all the birds whose bones were recovered on site 
have been imported by hunter-gatherer people, but many arrived independently, 
when foraging for themselves or as food for other animals. 

 

How, then, do archaeologists distinguish between bird remains deposited as a direct result of 

human activity and those that have accumulated naturally (i.e. as a result of non-human agents 
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and processes), without simply relying on the location of the remains within an archaeological 

deposit? 

 

In an important review of New Zealand archaeozoological research, Allen and Nagaoka 

(2004:210) referred to the difficulty of distinguishing natural from cultural avifaunal 

assemblages. They identified the need for further research into: 

site formation, including fine-grained and integrated analysis of the agents and 
processes related to deposit accumulation, dispersion, and post-depositional 
disturbances, both biological and physical (Allen and Nagaoka 2004:208). 
 

Clearly the problem is recognized in this country, but it is seldom addressed directly in the 

normal course of archaeological excavation, analysis and reporting. Hence, the question at the 

core of this research is: 

Are the avifaunal materials recovered during an archaeological excavation a product of 

cultural activity, or could all or part of the avifaunal assemblage have been included as a 

result of other, natural processes? 

 

In this thesis, a methodological model designated SPIT=O, is constructed to test the origins of 

bird remains recovered from archaeological contexts in New Zealand. The model is applied in 

a case study and assessed on its performance and potential as an archaeological tool. 

 

1.2 Research background 
To distinguish between cultural and natural avifaunal components in archaeological contexts, 

we need to determine how the bones were accumulated and deposited. How did the birds die? 

What agents and processes impacted on their remains? What effects did those agents and 

processes exert until (and during) their recovery and curation? These questions are central to 

the scientific discipline of taphonomy. Derived from the Greek taphos (burial) and nomos 

(laws), taphonomy has been defined as “the study of the transition, in all details, of organics 

from the biosphere to the lithosphere or geological record” or, more simply, “the science of the 

laws of embedding or burial” (Lyman 1994:1). Taphonomic analyses are the actual methods 

used to “reconstruct the history of a fossil, including the manner in which it died” (Williams 

2003:343). 

 

This then is a study in avian taphonomy. Nagaoka et al. (2008:475-476) have reminded us that 

archaeologists do not engage in taphonomic analysis “for its own sake, but to solve problems in 

zooarchaeological research”, especially “to answer the question: ‘Are we studying what we 
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think we are studying?’” This consideration is fundamental to the research question framed 

above: Are all the recovered bird bones a product of human activity at the site under 

investigation? 

 

Generally, archaeozoologists are involved in the analysis of a faunal assemblage recovered 

from an area exhibiting a greater concentration of animal remains than that found normally 

across the landscape (Lyman 1994:189-190). A fundamental taphonomic problem to be 

addressed is the identification of “the agent(s) or process(es) responsible for creating those 

dense concentrations of bones” (Lyman 1994:189). Lyman (1994:161) noted that:  

places chosen [for excavation] are usually selected by an archaeologist because 
they contain a dense concentration of artifacts; if bones are spatially associated 
with artifacts, then they too are usually collected (because they are there and) 
regardless of their frequency per unit volume of sediment. 

 
Spatial association with cultural material, however, is not sufficient justification to assume a 

cultural origin for those avifaunal remains. There are a number of events that can result in the 

deposition of “natural” bird bones in close proximity to cultural material.  

 

“Natural” bird deaths (i.e. not caused by humans) include those caused by “accidental” means 

(e.g. storm-wrecks, burrow collapse, pitfall/miring events or disease/ill-health), and those 

caused by non-human predators. The resulting remains may lie where they fall in the primary 

deposit, to be incorporated in situ into the stratigraphic record. This may occur immediately 

prior to, during, after, or between periods of human activity at the location, resulting in the 

close spatial association of the avifaunal remains with any cultural deposits. Alternately, the 

remains may be subject to secondary deposition, resulting in their relocation adjacent to, or 

within a cultural deposit. In these circumstances, avifaunal remains may have moved to a 

greater or lesser extent by one or more means, such as: 

i) vertical migration of material through soft sediments (i.e. bioturbation), 

ii) transportation by non-human agents (e.g. water, wind or scavengers) and 

iii) cultural or natural intrusions (e.g. post-holes, ploughing or animal burrows). 

 

While the question of distinguishing natural from cultural components can (and should) be 

asked of any faunal assemblage under investigation, avifaunal remains present a significant 

and particular set of challenges. This is largely due to the very nature of birds themselves. 

Serjeantson (1997:258) observed that because many birds can fly:  

the processes by which [their] bones become incorporated in deposits are often 
more complicated than for fish and mammals…[so] it is consequently more 
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difficult with bird bones to distinguish those that have entered the deposits 
following human action from those introduced by other predators or by natural 
death.  

 

Gal (2008:80) reiterated this point in relation to cave deposits specifically, saying:  

the taphonomic characteristics of avian bone assemblages…tend to be more 
complicated. Birds are more diverse in size and ecological preference than 
mammals. 

 

At a more technical level, Lyman (1994:446) has suggested that avian remains have generally 

received little attention in taphonomic studies because they tend to be less abundant than 

mammals or fish in archaeological deposits. Perhaps, as Higgins (1999:1449) speculated:  

Avian remains may have been ignored because some researchers assume that 
birds contribute little energy to the human diet…[or] because analyses of 
dominant taxa seemingly result in adequate depictions of general subsistence 
strategies of prehistoric peoples. 
 

As a further challenge, the identification of bird bones requires access to a suitable collection 

of reference specimens (Morales Muniz 1993:6, 8). Steadman (2006:101) has also observed 

that the level of competence required to generate high-quality data from avian remains, takes 

years of hands-on study to achieve. 

 

The issues raised above seem to indicate that bird bones might deserve some special attention, 

not least when their cultural or natural status is considered. Steadman, however, who certainly 

believes that all bones in an assemblage should be carefully evaluated to determine how they 

were deposited, warned against applying a higher standard to bird bones than bones of other 

taxa (Steadman 2002:571, 582). Rather, Steadman (2002:572) asserted:  

It is simply unreasonable to expect each individual bone, bird or otherwise, to 
exhibit obvious signs of butchery, cooking or consumption. 
 

Steadman (2002:583) concluded that where bird bone is recovered “in unarguably cultural 

contexts”, without “potential for bone deposition through natural mortality…or from prey 

remains accumulated by non-human predators”, it is logical to interpret a cultural origin for the 

bird bones too, whether or not there is evidence of such on each bone.  

 

However, since few archaeological deposits are so uncomplicated as to preclude the potential 

for at least some non-cultural bone deposition, surely Steadman’s ideal is not applicable in 

many archaeological field situations. It seems even less applicable to the study of curated 

archaeological assemblages, separated by time and space from their original context. 
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Nagaoka et al. (2008:476) have suggested that taphonomic studies in archaeozoology benefit 

from a theoretical framework to “provide structure and direct goals”. They refer, in particular, 

to the concepts of “immanence” and “configuration” in relation to properties that may affect an 

assemblage. Immanent properties are those that do not change through time or space, for which 

we derive “law-like” statements, while configurational properties are contingent upon specific 

conditions that exist for a particular period of time, at a particular location (Nagaoka et al. 

(2008:476).  

 

Taphonomic analyses often involve recording and interpreting the extent to which immanent 

properties are recognized for particular bones or assemblages (Nagaoka et al. 2008:476). 

Burning, for example, is an immanent property. The extent of burning however, is 

configurational, because it depends on why and how the bone was exposed to fire (e.g. during 

cooking, due to incidental proximity to an active hearth or as a result of a forest fire). The 

current project uses standard archaeozoological methods to assess the extent to which a range 

of immanent properties (breakage, weathering, burning, etc.) are expressed, to determine the 

taphonomic history for a particular avifaunal assemblage and so address the broader question 

regarding the likely origins of the remains.  

 

Recognizing that “taphonomic histories vary by assemblage and appropriate quantitative 

analysis should vary by research problem”, Nagaoka et al. (2008:493) have concluded that: 

any particular assemblage must be evaluated on an individual basis for the 
analytical role it can play in a particular research question. Taphonomic methods 
should be creative and diverse to account for the myriad permutations and 
magnitudes that attritional agents can play in taphonomic histories of 
archaeological faunas. 
 

With this in mind, the methodological model introduced in this thesis has been constructed to 

be generally applicable to any avifaunal assemblage, with the scope to select, apply and focus 

on methods that are deemed most relevant to a particular assemblage. 

 

Observing that “the logical starting point for all taphonomic analysis (regardless of taxon), is 

the model of a complete living organism”, Lyman (1994:451) asked “should the different life 

habits of fish…birds…and mammals…be taken into account in our taphonomic analyses?” 

Avian palaeoecology is a fundamental consideration in the cross-disciplinary approach that is 

adopted in this project. The rich and rapidly expanding academic literature relating to faunal 

extinctions, biological conservation and wildlife management, is integrated with the 

taphonomic methodologies regularly employed in archaeozoology. This research will provide 
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an ecological context for New Zealand archaeologists to employ in their efforts to confidently 

interpret the origins of any avian assemblage they recover. 

 
1.3 Introduction to Watsons Beach and the associated small-bird assemblage  
 
To test the SPIT=O model constructed in this thesis, it is applied to a case study assemblage of 

small-bird remains recovered from Watsons Beach (see Figures 1.1 and 1.2 for location of 

New Zealand sites mentioned in text). Situated about 40 km south of Dunedin, the Watsons 

Beach archaeological site (H45/10) is a midden complex on the South Otago coast. In the first 

reported descriptions of the site, Teal (1977) noted that scatters of midden containing blue 

mussel only, were eroding out of the edge of the beach terrace for about 15 metres. 

 

In 2000, concerned by the threat of erosion, the Moturata Taieri Whanau approached 

archaeologists at the University of Otago, requesting that the Watsons Beach site be 

excavated before the site was lost. For eighteen months, the site was monitored to “record 

[existing] conditions, facilitate future research and study the processes of coastal erosion” 

(Tucker and Christie 2001:280). Based on artefact types, the presence of moa bone and the 

absence of later pre-contact Maori or post-contact material, it was suggested the site was 

“characteristic of the late Archaic” (Tucker and Christie 2001:292). “Archaic” is a commonly 

used designation for the earliest cultural period of the New Zealand Maori archaeological 

sequence (Anderson 1989). Evidence for a range of activities (residential, cooking, processing 

and tool production) was identified in different areas across the site (Tucker and Christie 

2001:292). 

 

The research potential and threat of complete destruction, led to a salvage excavation at the 

site in 2001 (Authority No. 2001/138), directed by Rachel Darmody and Chris Jacomb 

(Jacomb and Darmody 2002). Three main areas (A, B and C) were excavated where the 

cultural deposits were densest (Jacomb and Darmody 2002:48). It was determined that the 

“generally shallow and sporadic” deposit probably represented a “brief occupation” that “may 

have been concentrated along a single dune ridge” (Jacomb and Darmody 2002:58). Faunal 

material recovered included seal, dog, rat, moa, small-bird, fish and shellfish (predominantly 

mussel), indicating fairly broad-ranging resource exploitation. While ovens and midden were 

scattered over the whole site, Area A presented evidence for several discrete activity areas; 

adze fragments and flakes, moa bones, red ochre, post holes and a concentration of small 

parrot bones (Jacomb and Darmody 2002:57). Although an extensive area was investigated,  
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Figure 1.1  Map of New Zealand showing the location of sites mentioned in text. 
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Figure 1.2  Map of south-eastern South Island showing the location of sites mentioned in text. 
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little structural evidence in the form of post holes was identified (Jacomb and Darmody 

2002:52). 

 

It is expected that when the full archaeological interpretation of the Watsons Beach site is 

published, it will describe chronological, economic and settlement characteristics compatible 

with current models proposed for southern New Zealand. According to Anderson and Smith 

(1996) and Smith (1999), a group of relatively large, well-structured villages were established 

on New Zealand’s southeast coast in the first centuries of settlement. These sites included 

Papatowai, Little Papanui, Warrington, Shag River Mouth and probably Pounawea, Hinahina 

and Harwood (Anderson and Smith 1996:360). Sustained by large-bodied, easily exploitable 

local resources (especially moa and seals) these resource-rich, “multi-function” sites were 

most likely occupied continuously for a few decades. As the local resources were depleted, the 

populations relocated. Some resources would have been exploited at a distance, resulting in a 

range of smaller, “single function” and “restricted function” satellite sites in coastal and inland 

locations, but resources from these were not necessarily returned to the village base (Anderson 

and Smith 1996; Smith 1999). As moa and seal populations declined through heavy 

exploitation, the larger village sites became unsustainable. Populations became increasingly 

mobile thereafter, moving between single or restricted function settlements distributed over a 

wide area to make use of specific resources (Anderson and Smith 1996; Smith 1999; see also 

summary in Marshall 2004:61, 65-67). 

 

From the information published to date (Tucker and Christie 2001; Jacomb and Darmody 

2002), the archaeological deposits excavated at Watsons Beach seem to exhibit features most 

characteristic of an early, restricted function site. It is a relatively small site, with evidence for 

a range of activities primarily associated with food procurement and processing, but no 

evidence for long-term occupation. The nature of the occupation at the site appears to be 

consistent with more widespread evidence for the occurrence of early, targeted resource 

exploitation along the southeast and southern coasts of the South Island. Until analyses are 

complete, it is too early to speculate on the relative importance of the various faunas and 

artefacts represented, or whether the site is likely to have been associated with a larger village 

elsewhere on the coast.  

 

An estimated eight thousand complete and fragmentary small-bird specimens were recovered 

from Areas A and B, during the 2001 excavation at Watsons Beach. The initial test of the 

SPIT=O model documented in this thesis involved the identification, analysis and 
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interpretation of a sample of the specimens recovered from Area A. Moa remains were not 

made available for this study.  

 

To place the Watsons Beach site and assemblage in the context of the current project, the 

unique nature of the small-bird remains, especially the geographic location, large size of the 

assemblage and concentrations of parakeet (Cyanoramphus spp.), means that any cultural 

interpretation is likely to make a significant contribution to our understanding of small-bird 

exploitation in Otago archaeology. As Hamel (2001:25) noted, “there is a geographic gap in the 

sites analysed for bird bone between Dunedin and the Catlins”. Further, any determination that 

small-birds are a significant economic component in the Watsons Beach midden is relevant to 

economic and settlement models for southern New Zealand. 

 

1.4 Research outline 

 

Chapter One has presented the research question and briefly described the approach developed 

in this project to address it. The case study site at Watsons Beach has been introduced and the 

significance of the recovered small-bird assemblage established.  

 

Chapter Two is a literature review, undertaken with a view to developing a model to 

systematically test the origin of avifaunal remains recovered from archaeological contexts in 

New Zealand. The review will: 

i) introduce the international literature of avian taphonomy and how taphonomic 

methods have been applied to avian remains in archaeozoology, 

ii) provide a New Zealand context for the current project and 

iii) identify the main objectives for the development of an “origin model” for avifaunal 

remains. 

 

Chapter Three introduces and describes the SPIT=O model; its structure, application and the 

specific techniques used in this study for species identification, quantification, taphonomic 

description and analyses. 

 

Chapter Four documents the test application of the SPIT=O model to test the origin of a sample 

of small-bird remains recovered during archaeological investigations at Watsons Beach, South 

Otago. 
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Chapter Five provides an assessment of the SPIT=O model as a means to distinguish between 

naturally or culturally deposited avian remains. The assessment considers the theoretical 

foundations of the model, its performance and potential for use as an archaeological tool. 

 

Chapter Six presents a summary of the current project, emphasizing the relevance of the 

research question to archaeozoology, the potential of the SPIT=O model to address it and the 

significance of the case study site and assemblage to Otago archaeology. 
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Chapter Two: Literature reviewed to develop the SPIT=O model 
 
2.1 Introduction 

A rapidly expanding literature specifically considers the interpretation of avian remains and 

the various agents and processes of deposition that may affect them. Familiarity with this 

range of taphonomic effects is necessary to account for their potential involvement in the 

accumulation and deposition of any given assemblage of bird bones. Once identified, such 

taphonomic traces and any associated bias can be accommodated within an interpretation 

relating to that assemblage. 

 

This chapter is presented in three main sections. The first reviews international research on 

taphonomic effects (natural and cultural) that can impact on avian remains and the application 

of such research in archaeology. The second reviews the New Zealand literature to provide a 

context for the development of a model to test the origin of New Zealand avifaunal remains 

recovered from archaeological contexts. The final section of this chapter draws on the 

literature reviewed to identify the main objectives for such a model. 

 

2.2 Natural and cultural taphonomic effects: a review of the international 
literature relevant to determining the origin of avifaunal deposits 
 
The following section is a review of the international literature in avian taphonomy that has 

implications for the determination of origin for avifaunal material. While the review 

concentrates on studies that identify taphonomic effects on avian remains, some of the 

research draws on evidence from mammal remains. New Zealand references are integrated 

into the next section. 

 

2.2.1 Natural taphonomic effects 

Various authors have attempted to identify generalised taphonomic patterns in avian deposits 

that formed as a consequence of non-predator related deaths. Under controlled and 

uncontrolled conditions, they have studied the natural processes of disarticulation, decay, 

biogenesis and weathering (Bickart 1984; Bochenski and Tomek 1997; Cruz 2008; Davis 

1997; Davis and Briggs 1998; Jehl 1988, Oliver and Graham 1994; Serjeantson et al. 1993). 

Higgins (1999) stressed the significance of the unique structure of avian bone and the 

complexities this brings to the taphonomic interpretation of any avifaunal assemblage, with 
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particular reference to natural breakage patterns that may be mistaken for cultural 

modifications. 
 

Some research has considered cases of “accidental” avian deaths resulting from, for example, 

trapping or storm-wreck events (e.g. deFrance 2005; Emslie et al. 1996; Oliver & Graham 

1994; Stewart 2002) and post-mortem damage and transport of avian remains from the initial 

deposition site by, for example, scavengers or water (e.g. Balcomb 1986; Cruz 2008; Davis 

and Briggs 1998; Emslie and Messenger 1991; Linz et al. 1991; Oliver & Graham 1994; 

Serjeantson 1993; Tobin and Dolbeer 1990; Trapani 1998).  

 

These studies provide baseline data for non-predator related taphonomic processes that impact 

on avifaunal remains. Of particular relevance to the current study are the “natural” sequence 

of skeletal disarticulation, the effect of hydrodynamic sorting on different element types and 

the process of weathering in avian bone. The trends established in these studies should be 

taken into account whenever the origins of avifaunal remains are considered, due to their 

potential influence on element representation, survival and spatial distribution. 

 
From the results of a range of studies that recorded the disarticulation sequence for bird 

carcasses in different environments (see Table 2.1), Serjeantson (2009:109) derived the 

following generalised sequence for the natural disarticulation of avifaunal skeletons. 

i) The ribs separate from the sternum first.  

ii) The head (sometimes attached to the cervical vertebrae) separates from the rest of 

the vertebral column early. 

iii) Hind limbs often disarticulate from pelvis quite early. 

iv) Synsacrum separates from thoracic unit. 

v) Wings stay joined to sternum for a period of time due to strength of wing 

ligaments (in volant species at least). 

Although variation in this sequence will occur depending on the specific circumstances of the 

disarticulation event (environment, presence or absence of scavengers, etc.), the process is 

likely to follow this general pattern. 
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Trapani (1998) documented the experimental displacement of bird bones in a flume (both flat 

bed and ripple bed trials) to establish trends for hydrodynamic sorting in bird bones. From the 

results shown in Table 2.2, Serjeantson (2009:110) derived the following generalised 

dispersal sequence for avian bones transported by water. 

i) The cranium, innominate, vertebrae, ribs and coracoid move furthest, probably 

because of their irregular shape. 

ii) The scapula and furcula move the least, probably because they are flatter. 

iii) Long bones, which are higher and rounder, travel intermediate distances. 

Understanding this sequence facilitates the interpretation of element representation and spatial 

distribution where transport by water (or another vector) may have occurred.  

 

In pre-burial contexts, weathering of bird bone is caused by sunlight and bioerosion (resulting 

from cyanobacteria, algae and fungi colonising the bone surface). Once buried, damage is 

generally caused by acid etching by roots and organic acids in soils (Serjeantson 2009:110-

111, 113). Table 2.3 demonstrates the different weathering stages for bone remains of large 

and small mammals and birds. 

 

According to Cruz (2008:36), bird bones have shorter taphonomic histories than mammal 

bones and mammals are “generally less affected by carnivores and resist weathering during 

longer periods than avian remains in the same environment”. Avian remains rarely reach 

advanced stages of weathering (Behrensmeyer et al. 2003:52). Nonetheless, taphonomic 

studies on mammal remains have contributed to the development of methodologies in avian 

taphonomy.  

 

Expanding on earlier research on the taphonomy of large mammal remains (see 

Behrensmeyer 1978), Behrensmeyer et al. (2003) investigated the potential of avian skeletal 

remains as a source of palaeoecological information. Behrensmeyer et al. (2003:52) “examine 

the taphonomy of a modern avian bone assemblage and test the relationship between 

ecological data based on avifaunal skeletal remains and known ecological attributes of a 

living bird community”. Having established the nature of taphonomic biases represented in a 

recently deposited “pre-burial avian bone assemblage”, the researchers were able to identify 

and account for such biases in the analysis of fossil deposits (Behrensmeyer et al. 2003:52-

53). 
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Table 2.1  Natural disarticulation sequence documented for ice-trapped American coots (Fulica 
americana), bird carcasses of various species left in a field and Manx shearwaters (Puffinus puffinus) 
preyed on by great black-backed gulls (Larus marinus) (from Serjeantson 2009,Table 5.1. Original 
data sourced from: Oliver and Graham 1994; Bickart 1984; Serjeantson et al. 1993). 
 

Ice-trapped coots 
(Oliver and Graham 1994) 

Birds in a field 
(Bickart 1984) 

Manx shearwater 
(Serjeantson et al. 1993) 

 
Cervical from thoracic 
vertebrae 
Skull from atlas 
 
Trunk from pectoral girdle & 
wing 
Sternum from coracoid & wing 
Synsacrum & hind limb from 
thoracic unit 
Humerus from coracoid 
 
Femur from synsacrum 
 
Humerus from scapula & 
coracoid 
Tibiotarsus from femur 
 

Ribs from sternum  
Hind limb (femur from pelvis) 
 
 
 
Synsacrum from vertebrae 
 
 
 
 
Humerus from scapula & 
coracoid 
Radius and ulna from 
humerus 
Scapula from coracoid 
 
Wing digits from wing 

Ribs from sternum 
Hind limb (femur from pelvis) 
 
Skull from vertebral column 
 
 
 
 
Synsacrum from thoracic unit 

 
 
Table 2.2  Hydrodynamic sorting: dispersal sequences for bones of rock dove (Columbia livia), in a 
flume. A ranking of 1 indicates the element moved the furthest during the trial (from Trapani 1998, 
table 2). 
 

Flat-bed trials Ripple-bed trials 
Element Rank Element Rank 
Cranium 
Incomplete cranium 
Vertebral segment 
Vertebrae (3) 
Ribs (2) 
Innominate 
First phalanx 
Coracoid 
Caudal vertebra 
Sternum 
Tarsometatarsus 
Femur 
Sacrum 
Mandible 
Ulna 
Humerus 
Phalanges (2) 
Radius 
Tibiotarsus 
Carpometacarpus 
Furculum 
Scapula 

1 
1 
1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Cranium 
Innominate 
Incomplete cranium 
Vertebral segment 
Coracoid 
Ribs (2) 
Vertebra (3) 
Tarsometatarsus 
Humerus 
Sternum 
Sacrum 
Tibiotarsus 
Caudal vertebra 
Ulna 
First phalanx 
Femur 
Carpometacarpus 
Phalanges (2) 
Mandible 
Radius 
Furculum 
Scapula 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
20 
20 

 



Table 2.3  Weathering categories for bird bones, correlated with stages for large mammals and 
microfauna (from Bochenski and Tomek 1997: table 4). Original data sourced from 
Behrensmeyer 1978, Andrews 1990 and Bochenski and Tomek 1997). 
 

 Large mammal (Behrensmeyer 
1978) 
 

Small mammal (Andrews 
1990) 

Bird bones (Bochenski & 
Tomek 1997) 

Stage 
0 

No modification Range 
0-3 
years 

No modification Range 
0-2 
years 

No modification Range 
0-4+ years  

1 Cracking parallel to fibre 
structure; articular 
surfaces may show 
mosaic cracking; fat, 
skin and other tissue 
may or may not be 
present   

 
0-3 

Slight splitting 
parallel to fibre 
structure 

 
0-2 

Articular ends: one 
or more small holes 
with rough edges; 
shaft: no 
modification or 
single small holes 
with rough edges, 
or merely 
depressions with 
rough bases; 
breakage may be 
sharp and rounded 
or semi-rounded; 
tendons and 
feathers may or 
may not be present 

 
1-4+ 

2 Concentric flaking 
usually associated with 
cracks; crack edges 
usually angular in cross 
section; remnants of 
ligaments, cartilage, 
and skin may be 
present 

 
2-6 

More extensive 
splitting but little 
flaking 

 
3-5+ 

Articular ends: 
sieve-like surface 
due to extensive 
pitting; holes with 
sharp and rough 
edges; shaft: many 
large and small 
holes with rough 
edges and 
depressions with 
rough bases. 
Concentric flaking. 
Breakage: sharp 
and rough, very 
fragile. Neither 
tendons nor 
feathers present 

 
? (at least 
1 year but 
probably 
many) 

3 Patches of rough 
homogeneously 
weathered compact 
bone, resulting in 
fibrous texture; 
weathering penetrates 
1-1.5mm 

 
4-15+ 

Deep splitting and 
some loss of deep 
segments or “flakes” 
between splits 

 
4-5+ 

  

4 Bone surface coarsely 
fibrous and rough; 
splinters of bone loose 
on surface; weathering 
penetrates inner 
cavities 

 
6-15+ 

    

5 Bone falling apart in 
situ, with large splinters 
lying around 

 
6-15+ 
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Andrews (1990), in one of the first detailed studies of small mammal taphonomy, studied 

mid-Pleistocene palaeontological deposits at Westbury-sub-Mendip, a limestone cave 

complex in southwest England. His intention was to use the small mammal remains to 

construct a palaeoecological interpretation for the period of their accumulation. First however, 

to identify and accommodate any bias in the assemblage, he had to determine how the small 

mammals arrived in the deposits, what processes brought about their accumulation and how 

those processes affected the remains represented (Andrews 1990:1).  

 

Much of Andrews’ work focused on identifying a range of potential predators and describing 

the predation effects on their small mammal prey. He determined that the range of species 

eaten, skeletal element representation, breakage patterns and signs of digestion, tend to be 

similar for individuals within a species, but vary significantly between species. Once 

described, these species-specific patterns (or taphonomic signatures) can be identified in other 

assemblages. For each predator, Andrews described the behaviours that have significance in 

the accumulation and preservation of small mammal assemblages. The predator list included 

10 owls, 10 diurnal raptors, eight other birds that occasionally prey on small mammals and 12 

mammalian carnivores (Andrews 1990:178). Andrews’ methodology has influenced a recent 

proliferation of similar research in avian taphonomy. 

 

An increasingly popular research focus relates to the identification of taphonomic signatures 

for various predatory birds, especially owls and diurnal raptors (e.g. Bochenski 2005; 

Bochenski & Tornberg 2003; Bochenski et al. 1993, 2009; Cruz-Uribe and Klein 1998; 

Hockett 1991, 1995, 1996; Laroulandie 2002, 2005; Lloveras et al. 2009; Robert and Vigne 

2002a, 2002b). Most of these authors refer to the potential use of taphonomic signatures to 

address the archaeological problem of distinguishing between human and non-human 

deposits. An exception is Bochenski et al. (1993) which is included here for its specific focus 

on fragmentation of bird bone (cf. other taxa) in owl prey assemblages. As a result of this type 

of research, papers are now being written that report the identification of avian prey 

components (and the predator responsible) from excavated archaeological sites (e.g. De 

Cupere et al. 2009; Marrin Arroyo et al. 2009).  

 

Bochenski (2005, 2009) provides a concise summary of data from a range of (predominantly 

European) publications identifying the taphonomic effects evident in bird bone assemblages 

deposited by various avian predators, including species of owl, falcon, and eagle. Bochenski 

(2005:41) stresses that consideration of “a combination of many criteria [is required] to 
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successfully attribute analysed material to a particular predator or a group of predators”. 

Broadly, like Andrews (1990), the methodology involves detailed analysis of frequency and 

fragmentation of skeletal elements (e.g. proportion of complete bones and relative abundance 

of elements and body parts), signs of digestion (e.g. rounding and thinning of bones at breaks, 

and holes and depressions with rounded edges) and the biological background (food 

preferences and habitat) of the possible predators. By applying a standard set of taphonomic 

analyses to avian remains collected from prey deposits from known predators, Bochenski 

(2009:128) has produced a summary of characteristic damage to bird bones (eaten and 

uneaten), by various birds of prey (Table 2.4). 

 

Of course, owls and diurnal raptors are not the only birds that prey on avifauna. On the island 

of Skomer, South Wales, for example, Serjeantson et al. (1993) described the sequence of 

disarticulation and typical patterns of damage inflicted on large numbers of Manx shearwater 

(Puffinus puffinus) by the large black-backed gull (Larus marinus). Emslie and Messenger 

(1991) studied pellet and bone accumulations of Western gulls (Larus occidentalis) at a 

breeding colony on Farrallon Island, California. The aims of Emslie and Messenger’s study 

(1991:133) were to:  

i) identify patterns in element representation and breakage, 

ii) determine the rate of bone accumulation by gulls and 

iii) document the occurrence of non-native vertebrate remains as evidence of long-

distance foraging behaviour for the species. 

 

Only a few researchers have considered taphonomic traces on avian bone that are attributable 

to non-human mammalian predators (e.g. Bickart 1984; MacDonald et al. 1993; Oliver and 

Graham 1994; Cruz 2008). This may be because “bird bones are less attractive to carnivores 

than those of mammals because the quantity of cancellous tissue and the bone marrow content 

is less” (Serjeantson 2009:122). Also, as Landt (2007:1637) observed in relation to small 

mammal remains (<20 kg), “there are few reports that focus on features of carnivore tooth 

mark patterning…because a large number of predators (canids, felids, mustelids, viverrids) 

consume entire carcasses”. In a study of surface bone deposits in Patagonia, Cruz (2008) 

compared the taphonomic histories of mammalian and avian bone deposits. Cruz (2008:34) 

found that due to the small size and particular bone structure of birds, most elements were 

destroyed when consumed by dogs and small carnivores. Those that survived showed little 

modification attributable to carnivores. 
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Table 2.4  Summary of characteristic damage to bird bones by various birds of prey (from Bochenski et al. 2009 Table 5). 
 

Material Species Whole  
bones 
(%) 

Preservation 
of proximal 
vs distal parts 

Predominance  
of distal TMT  
&/or scapular 
COR 

Ratio: wing 
elements vs 
leg elements 
 

Ratio: proximal  
elements vs 
distal elements 

Dominant 
elements 
among leg 
bones 
(based on 
MNE%) 

Representation of 
elements 
(based on MNI %) 
 
 

Digestion Punctures 

Head Sternum TMT 
Pellets Eagle owl Mod. + + Wing>leg 

1:1 
Prox>dist TMT & HUM 

or 
TMT & CMC 

Poor Poor High Little Humerus 
(and other 
long 
bones) 

 Tawny owl Mod. + + Wing>leg Prox>dist HUM & ULNA High Mod. High Little - 
 Long-eared owl High - - 1:1 Prox>dist HUM & ULNA High Poor High Very little - 
 Gyrfalcon Low + + 1:1 1:1 CMC & TBT Poor Poor Mod. Heavy - 
 Imperial eagle Low + + Leg>wing 1:1 COR & TMT High Poor Mod. Mod. ? - 
Food 
remains 

Peregrine falcon High No data No data Wing>>leg Prox>dist HUM & ULNA No 
data 

No  
data 

No 
data 

Absent Wing 
bones 

 Gyrfalcon High + - Wing>>leg Prox>dist COR & HUM Poor High Poor Absent Humerus 
& coracoid 

 Imperial eagle High - - Wing>>leg Prox>dist COR & HUM Poor High Mod. Absent No data 
 Golden eagle High - - Wing>leg Prox>>dist COR & HUM Poor High Poor Absent Sternum & 

pelvis 
 White-tailed eagle Very 

high 
- - Wing>>leg Prox>dist COR & HUM Poor High Poor Absent Sternum & 

pelvis 
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When they are observed on bird bones, puncture marks and “ragged” or “crenulated” edges 

are typical signs of carnivore gnawing (Serjeantson 2009:122). Such damage is most often 

found on larger avian species, such as pelicans, swans, ducks and geese (Serjeantson 

2009:123). In domestic contexts, carnivores will often scavenge bones discarded by humans 

(Serjeantson 2009:122). Distinguishing between damage from dogs, pigs and humans is 

difficult, but such damage tends to be most evident on the articular ends of long bones 

(Serjeantson 2009:123; see also research on human tooth marks, discussed below). Cats 

produce similar taphonomic traces, but the puncture marks are smaller and the bone is less 

likely to be completely destroyed (Serjeantson 2009:123). When rodents gnaw avian bone, the 

molars produce flat parallel marks, often exposing the marrow cavity along the length of the 

shaft (Serjeantson 2009:124).  

  

2.2.2 Cultural taphonomic effects 

Signs of butchery and cooking on bird bones, especially cut marks and burning, are generally 

accepted as the most obvious evidence for human modification, particularly when such 

evidence is present on a significant number of bones from a cultural deposit. In a study that 

confirms the systematic acquisition and consumption of birds by humans in Europe during the 

Middle Pleistocene, Blasco and Peris (2009) carried out detailed analyses of the cut marks, 

burning and tooth marks on bird bones (Aythya sp.) recovered from an archaeological site on 

the Iberian Peninsula. The analysis of cut marks accounted for the shape, length, frequency, 

location, distribution, orientation, delineation and causal action (e.g. defleshing or 

disarticulation) of the incisions investigated. Burning was analysed according to degree of 

colour change and element affected (Blasco and Peris 2009:2215). Dominguez-Rodrigo et al. 

(2009:1) accept that cut marks can be distinguished from the effects of post-deposition 

trampling, but advise that a number of variables need to be studied under low magnification. 

Even then, there is some degree of overlap between the two effects. 

 

When burning and cut marks on bird bones indicate a cultural origin, further analyses can be 

carried out to identify other taphonomic evidence for “a codified sequence of actions of 

disarticulation and dismemberment” (Cassoli and Tagliacozzo 1997:303). Once identified, 

such patterns of modification may then be found in other assemblages where cut marks or 

burning are less evident or completely absent. 

 

An ongoing debate relates to the interpretation of avian element representation as an indicator 

of human butchery (see, for example, Ericson 1987; Livingston 1989; Higgins 1999; Bovy 
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2002). Bird wings far outnumber both axial and leg elements in avian assemblages from 

numerous archaeological sites worldwide, representing different time periods, environmental 

contexts and bird species (Bovy 2002:965). Researchers differ in their interpretations of this 

pattern. Those in favour of a cultural cause, have variously suggested that processes of 

butchery and consumption, the use of wing bones in artefact manufacture, differential 

transport or human scavenging could produce an abundance of wings in site deposits (Bovy 

2002:965-968). Other explanations identify natural post-deposition factors, such as 

differential preservation of the various skeletal elements, non-human scavenger damage or 

analytical bias (Bovy 2002:968-969). It seems likely that all of these explanations might be 

relevant in different cases, depending on the site in question and the nature of the assemblage. 

 

Laroulandie (2005) identified and documented “new” criteria to help distinguish cultural from 

non-cultural bird bone deposits. By reproducing the effects experimentally, and comparing 

them to Upper Palaeolithic cultural assemblages from southern France, Laroulandie (2005:26) 

is confident that a specific pattern of “notch and medial wrench” on the distal end of bird 

humeri, is indicative of human modification. It results from the over-extension of the elbow 

joint during disarticulation and has not yet been observed in non-cultural contexts. 

Laroulandie (2005:28) also recognizes “peeling (located near long bone ends) and squash 

(and associated forms) on the distal end of humeri, [as] obvious signs of human activity on 

bird bones”. 

 

Laroulandie (2005:27-28) described a pattern of bone modification she interprets as human 

tooth marks. Located near the ends of the long bones (except tarsometatarsus), scapula, 

coracoid, synsacrum and sternum, the damage is described as a “unique hole” or “squash”, 

generally round to oval, from 1-5 mm long. Blasco and Peris (2009:2215) identified human 

tooth marks on bird bone (Aythya sp.) in the form of “pits” “scores” and “crenulated edges”. 

Their analysis accounted for the type, frequency, location, distribution and measurements of 

damage. Pits and scores were measured using stereoscopic and environmental scanning 

electron microscopy (Blasco and Peris 2009:2220). 

 

In a study of tooth marks from a range of omnivores and carnivores (including humans), 

Delaney-Rivera et al. (2009:2607) have warned that “there is considerable overlap in tooth 

mark dimensions created by different sized taxa” and that “the degree of confidence ascribed 

to inferences about the size and/or taxa responsible for tooth marks in zooarchaeological and 

palaeontological assemblages” relates to the number and location of the marks, as well as 
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contextual and taphonomic evidence for the presence or absence of the taxa that may be 

responsible for the damage. Delaney-Rivera et al. (2009:2597) found that “human 

consumption of animal tissue produced tooth marks comparable in size to medium felids and 

small canids”. 

 
2.2.3 Archaeological applications 
To demonstrate how avian taphonomy can be applied by archaeologists to facilitate cultural 

interpretations from excavated faunal remains, two quite different projects are described 

below. 

 

Weisler and Gargett (1993) realized the importance of differentiating between naturally and 

culturally deposited bird bone in their efforts to better understand the role that human 

predation may have played in the processes of avian extinction on Pacific islands. While 

recognizing the value of the archaeological record in determining whether over-exploitation, 

rather than habitat alteration, was a primary factor in various avian extirpations on individual 

islands, Weisler and Gargett (1993:85) stressed the need to distinguish the cultural 

accumulations of bird bone from the natural (non-human), noting: 

Sites preferred by humans were also those used by many species of land and 
seabirds…especially…where human habitation was sporadic. Consequently, 
bones from cultural and non-cultural deposits could be mixed. 

 

Stating that “archaeologists need to employ other lines of evidence in addition to stratigraphic 

context to recognize culturally deposited bird bone” (Weisler and Gargett 1993:86), Weisler 

and Gargett (1993:87-88) studied every bone to identify signs of the following impacts: 

i) weathering (e.g. sinuous grooves and brown staining from plant root etching), 

ii) non-human predation (e.g. rat gnawing), 

iii) burning (e.g. location and nature of damage), 

iv) differential element representation (e.g. body part ratios) and 

v) cut marks and other modifications (e.g. signs of artefact manufacture and patterned 

breakage). 

By experimentally replicating breakage patterns on cooked bone (ragged breaks at chewed 

epiphyses and mid-shaft snap fractures on cooked bone), Weisler and Gargett (1993:89) were 

confident that the occurrences of these break types in the archaeological assemblage resulted 

from human processing and consumption. The researchers concluded that some bird bones 

provided evidence for human butchering and consumption while others, including those from 

some locally extirpated species, were probably natural occurrences. The latter were, therefore, 



 

 23 

removed from the sample to be employed in studies of human-caused extinction (Weisler and 

Gargett 1993:90-91). 

 

In order to distinguish naturally deposited faunal material from culturally deposited midden 

contents, Erlandson et al. (2007) excavated a bald eagle nest on Saint Miguel Island to 

establish a feeding ecology for the bird in coastal California. The nest was on the margins of 

one of the nearly 700 archaeological sites recorded on the 32 km² island. Using archaeological 

techniques, nearly 10,000 faunal elements were recovered. They represented over 90 taxa, 

including birds, marine molluscs and other invertebrates, marine fish, land mammals, marine 

mammals and one reptile (Erlandson et al. 2007:255). Many of the species represented also 

typically appear in archaeological shell middens of the Californian Channel Islands and 

broader Pacific Coast of North America. The faunal contents of the nest site chosen were 

clearly of natural origin, but the authors concluded that:  

it is not difficult to envision cases where the commingling of elements might be 
much more extensive and the differentiation of archaeological and biological 
components within a faunal assemblage much more difficult (Erlandson et al. 
2007:268).  

 

The importance of their research is shown by its impact on: 

Orr’s assertion that abalone shells found… on [nearby] Santa Rosa Island were 
unequivocal evidence for a human presence on the Northern Channel Islands 
during pre-Clovis times. The discovery of several large black abalone shells 
embedded in the Ferrelo Point eagle nest demonstrates that Phil Orr was wrong in 
asserting that eagles and other large carrion-feeding birds were incapable of 
transporting large abalone shells inland (Erlandson et al. 2007:268-9). 
   

By identifying the easily observed taphonomic markers for the bald eagle (especially talon 

marks and a predominance of new born or immature pinniped remains), this research alerted 

North American archaeologists to the previously overlooked contributions made by the bald 

eagle to Pacific coast archaeological deposits (Erlandson et al. 2007:269).  

 

2.2.4 Summary 

Internationally, avian taphonomy has received considerable attention in a number of areas that 

can facilitate the interpretation of origin for avifaunal remains. These include the 

identification of taphonomic effects resulting from: 

i) non-predator related deaths, 

ii) deaths caused by mammalian predators (human and non-human), 

iii) deaths caused by avian predators and 

iv) post-mortem transport of remains (e.g. by water or scavengers). 
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Much of this research provides a baseline, describing typical taphonomic patterns (or 

signatures) for various death events and post-mortem taphonomic processes. Once 

recognized, such patterns can be identified in other assemblages and their probable cause 

accommodated in any interpretation of that assemblage. Such an approach is now widely 

applied in palaeoecology and archaeozoology. 

 

In Birds, Serjeantson’s (2009) recent contribution to the Cambridge Manuals in Archaeology 

series, two chapters are, in effect, devoted to the problem addressed in this thesis. The chapters, 

titled “Natural taphonomy and recovery” and “Taphonomy: human modifications and element 

survival”, summarize results from much of the work cited above. Synthesising the research, 

Serjeantson (2009:131) has listed nine criteria to consider when establishing the origin of avian 

remains (Table 2.5).  

 

Ideally, a methodological model designed to test the origin of avian bone from archaeological 

contexts will provide a systematic framework for the identification of any potential agents and 

processes of deposition (as discussed above), with reference to all of Serjeantson’s criteria.  

 
Table 2.5  Serjeantson’s (2009:131) nine criteria used to determine whether an assemblage is natural 
or anthropogenic. 
 

Criteria Description 
1. Behaviour Species in or out of natural range or habitat 
2. Age and sex Presence or absence of juveniles; proportion of juveniles 
3. Context Natural site or site associated with human activity, or 

potentially either 
4. Natural traces on bones Presence or absence of digestion traces, gnaw marks, beak 

marks, etc. 
5. Anthropogenic traces on bones Presence or absence of cuts, chops, disarticulation and 

peeling marks, burning or chewing 
6. Degree of disarticulation Bones partly in articulation or disarticulated 
7. Fragmentation Where fragmented; how much; survival of different areas of 

bone 
8. Frequency of skeletal parts Expected or skewed anatomical distribution 
9. Associated material Absence or presence of artefacts and human food remains 

 
 

2.3 New Zealand avifauna and avifaunal deposits: a review of literature relating 
to the natural or cultural origin of avifaunal remains 
 

2.3.1 Introduction 

The literature reviewed above demonstrates that to identify the origin of avifaunal deposits, 

requires knowledge of the local environment and stratigraphic context from which the 

remains are recovered, the ecology of the species represented and that of their predators.  
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Because the primary objective of this project is to create an “origin model” applicable to a 

New Zealand case study, a familiarity with New Zealand avifauna and the types of deposit 

from which their remains are recovered is required. This section of the literature review will: 

i) provide an introduction to New Zealand’s avifauna, 

ii) identify the types of avifaunal deposit found in New Zealand (palaeontological and 

archaeological), 

iii) establish how the natural or cultural origins of selected avifaunal deposits have 

been determined to date in New Zealand and 

iv) provide an overview of New Zealand archaeological research that has investigated 

taphonomic effects (natural or cultural) in avifaunal deposits from archaeological 

contexts. 

 

2.3.2 Avifauna in New Zealand 

The unique nature of the ecologically dominant, but vulnerable avifauna in pre-human New 

Zealand is now well documented. Tennyson and Martinson (2006:5) have described it (in 

part) as follows:  

Apart from bats, no land mammals existed in pre-human New Zealand, so many 
bird species evolved to fill the empty niches which are occupied by mammals 
elsewhere. On land, birds took on the role of large grazing herbivores (moa and 
geese), fearsome predators (Haast’s eagle and Forbes’ harrier) and tiny ground 
insectivores (flightless New Zealand wrens). Many developed characteristics 
typical of island species worldwide, such as flightlessness, large size and drab 
colouration… 
 
In addition…birds in pre-human New Zealand tended to be long-lived, to have 
slow breeding rates, and to lay large eggs. These factors, typical among birds that 
have evolved on oceanic islands without predatory mammals, ultimately doomed 
the birds when mammals were introduced. 

 

Almost half of the bird species that bred on mainland New Zealand prior to the arrival of 

humans are now locally or globally extinct. Many more are endangered (Worthy and 

Holdaway 2002:565). Prior to the arrival of humans in New Zealand, there were relatively 

few species that preyed on birds and therefore had the potential to contribute avifaunal 

remains to the fossil record. Almost all of these were avian. Of the most significant predators, 

three are now extinct: Haast’s eagle (Harpagornis moorei), Eyles’s harrier (Circus eylesi) and 

the laughing owl (Sceloglaux albifacies). Extant species are the New Zealand falcon (Falco 

novaeseelandiae), morepork (Ninox novaeseelandiae) and subantarctic skua (Catharacta 

skua). Several species probably undertook more opportunistic scavenging for carrion or 

preyed on vulnerable chicks, including gulls (Larus sp.), kea (Nestor notabilis), New Zealand 
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raven (Corvus sp.), weka (Gallirallus australis) and adzebill (Aptornis sp.) (Worthy and 

Holdaway 2002:325, 415, 479, 487).  

 

Though probably not a significant predator of birds, New Zealand sea lions (Phocarctos 

hookeri) are known to prey on penguins, at least occasionally (Lalas et al. 2007). 

Interestingly, Cape fur seals (Arctocephalus p. pusillus) have been culled selectively in South 

Africa to reduce their impact on endangered penguins, gannets and cormorants (David et al. 

2003). In New Zealand, it seems possible that sea lions and perhaps seals, could deposit avian 

remains on land by regurgitation at haul-up sites, in the stomach of dead animals or through 

secondary deposition of material washed ashore (Moore and Moffat 1992:68). 

 

With the Polynesian settlement of New Zealand by the latter half of the thirteenth century AD 

(Higham and Jones 2004:232), predation by humans, dogs (Canis familiaris) and kiore 

(Rattus exulans) would have significantly raised the rate of deposition for avian bone. From 

the eighteenth century AD, European hunting and deforestation added to the Polynesian 

impact on bird populations. Europeans also introduced an increasingly diverse range of 

voracious predators to the environment, including larger rats (Rattus norvegicus and Rattus 

rattus), cats (Felis catus), stoats (Mustela erminea), weasles (M. nivalis), ferrets (M. furo) and 

possums (Trichosurus vulpecula) (King 2005; Worthy and Holdaway 2002:550-554). 

 

2.3.3 Types of avifaunal deposit in New Zealand 

Worthy and Holdaway (2002:11) have claimed that “the fossil record of [New Zealand] birds 

for the last 30,000 years, through the last glaciation and the postglacial period before the 

arrival of humans, is possibly the best in the world”.  

 

Avifaunal remains have been recorded from over 800 palaeontological and archaeological 

sites in New Zealand (Millener 1991:1321), generally from three types of deposit: cave 

sediments, coastal dunes and swamp alluvium. Archaeological deposits can occur in all of 

these situations. A general introduction to each type of avifaunal deposit follows. 

 

Caves  

After Anderson (1989:53), the term “cave” used here, includes vertical sinkholes, horizontal 

caves and rockshelters. Usually found in limestone, but also marble (Takaka) and 

occasionally lava (Auckland), the avian species recovered from sinkholes are most often 

flightless forest-dwellers (Millener 1991:1322), as these species were most prone to 
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pitfall/trapping accidents. Avian predators such as the Eyles’s harrier (Worthy and Holdaway 

2002:351, 354), New Zealand falcon (Worthy and Holdaway 2002:357) and laughing owl 

(Worthy and Holdaway 2002:360, 362) utilized rocky overhangs and ledges for roosting and 

nesting, resulting in prey accumulations that contained avian remains. Rockshelters are also 

known to have been used by some moa species (especially Anomalopteryx) for nesting and 

resting (Anderson 1989:53). Worthy and Holdaway (1996b:8) note that faunal deposits in 

New Zealand caves often reflect the affects of fluvial transport. 

 

Swamps 

Mud springs, lake-margins, wet earthflows and peat swamps have all produced deposits 

containing bird remains (Anderson 1989:52). Local limestone features often affect the pH of 

the swamps, providing an alkaline environment that favours bone preservation (Millener 

1991:1322). Animals attracted by water or food, can become trapped in soft sediments, 

“creating an enhanced rate of deposition for some species” (Worthy 1998a:149). Many moa 

leg bones have been recorded standing upright, suggesting the birds were trapped in the soft 

ground (Anderson 1989:52), while the orientation of others indicate they have undergone 

some post-deposition transportation (e.g. Worthy and Holdaway 1996a:289). Lake dwelling 

birds can be subject to storm-wreck, with their remains washed up on lake margins. 

 

Dunes 

In various areas around New Zealand’s coast, the conditions within the sand dunes have 

preserved numerous naturally accumulated faunal assemblages. Millener (1991:1322) 

suggested that such dune deposits “consist for the most part of species which utilize or have 

utilized forested habitats almost exclusively”. Millener added (1991:1322) that the consistent 

occurrence of kaka, parakeets, kokako, saddleback, tui, forest-dwelling species of moa and 

rail, and obligate arboreal landsnail species, indicated extensive vegetation cover at, or close 

to the site of deposition. 

 

While Millener’s observations were accurate for the Northland dunes he studied in detail, it is 

to be expected that sites in different environments will result in a different range and 

proportion of species representing different habitats. As Worthy (1998a:149) notes: 

Dunes preserve the bones of the species that die on their surfaces, so all those 
species that live on or around the dunes could be expected to die on them in the 
frequency they occur in life. 
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Hence, if dunes have an associated lake or wetland, large numbers of waterfowl would likely 

be deposited, along with species from local terrestrial habitats (Worthy 1998a:149). Worthy 

(Worthy 1998a:149) also observed that when there is an unusual abundance of seabirds 

offshore, or an intense storm, an increase in the number of beach-wrecked birds could easily 

exaggerate their numbers, rather than reflect their natural frequency. 

 

When sea-birds decay on beaches and dunes, the legs and wings tend to separate from the 

pectoral girdle. In petrels, the flattened wing and leg bones are likely to remain on site, while 

the pectoral girdle, with greater wind resistance, is blown away before its elements 

disassociate (Worthy 1998b:64). 

 

Species of penguin and petrel that commonly nest in dune burrows are prone to trapping 

accidents. These and other avifaunal remains in dunes are often exposed by wind erosion. 

Different bones will survive for different lengths of time when exposed to sun and sand 

abrasion. Generally, the larger, more robust bones will survive longer, and being heavier, will 

be the least likely to be blown away from the site all together (Worthy 1998a:149).  

 

The majority of cultural midden sites containing bird bone have been recorded in coastal 

dunes. While the alkaline conditions of a coastal shell midden can provide an excellent matrix 

for preserving bone, dune sites are prone to erosion by wind and water that can cut through 

natural paleosols and cultural deposits, redistributing accumulations of faunal and artefactual 

material (Worthy 1998a:80). As Anderson (1989:55) observed: 

Faunal remains in sand dunes can present a difficulty in distinguishing between 
natural and cultural deposition because there are frequent opportunities for 
cultural material to be lowered by deflation to horizons occupied by natural bone 
accumulations, or indeed for the reverse to happen. 

 

2.3.4 A review of selected New Zealand avifaunal deposits 

Reviewing a selection of New Zealand research relating to avifaunal deposits where the 

natural or cultural nature of an assemblage has been considered in some detail, provides 

further insight into how the problem of distinguishing the two might be approached more 

systematically by archaeologists.  
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2.3.4.1 Avian remains in palaeontological deposits 
 

Pyramid Valley Swamp, North Canterbury 

In their reanalysis of existing faunal collections from Pyramid Valley Swamp, Worthy and 

Holdaway (1997) described a diverse, naturally deposited faunal assemblage, including nearly 

50 bird species, a tuatara, one gecko and one species of bat (Worthy and Holdaway 1997: 69). 

Pyramid Valley has been an important site in efforts to reconstruct New Zealand’s Holocene 

vertebrate fauna in general and more specifically, that typical of the eastern South Island 

mosaic vegetation habitat zone (Worthy and Holdaway 1997:106-107).  

 

Worthy and Holdaway (1997:102-103) included a taphonomic discussion relating the ecology 

and behaviour of various species to their ultimate presence in the deposit. The presence of 

Haast’s Eagle, for example, is explained by its attraction to dead or dying moa (and other 

large bird species) that had become mired in the swamp in their search for food or water. 

Damage to twelve moa pelves was consistent with that expected from an eagle’s talons 

(Worthy and Holdaway 1997:105). The eagles represented may have been injured by their 

struggling prey, become entangled in lakeside vegetation, or died of other natural causes 

while in the vicinity. Their remains have then fallen, or been washed, into the lake (Worthy 

and Holdaway 1997:103).  

 

Rates of deposition are estimated for some species by considering numbers of individuals 

represented and the chronology, process and area of site formation. The calculations indicate 

the assemblage is most likely a result of gradual accumulation rather than “any catastrophic 

mode of entrapment and deposition” (Worthy and Holdaway 1997: 77-81, 103).  

 

It should be noted that recent, as yet unpublished research at this site may lead to a 

reinterpretation of the avifaunal remains as a prey assemblage resulting from active hunting 

rather than the exploitation of trapped animals (R. Holdaway 2010: pers. comm.). 

 

Hawkes Cave and Predator Cave, Takaka Hill, Nelson 

Worthy and Holdaway (1996b) collected sediment samples from two palaeontological 

limestone cave deposits on the Takaka Hill, in order to analyse the nature of the Holocene 

microvertebrate assemblages, identify the predator responsible for their deposition and 

characterize the taphonomic signature for the identified predator (Worthy and Holdaway 
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1996b:1-2). That a predator was responsible in both cases (rather than pitfall/trapping) was 

indicated by:  

a combination of features [that was] highly unusual for New Zealand cave 
deposits…the material was concentrated in a small area (c. 1m sq)…it showed no 
signs of damage from fluvial processes; bones were mixed together, with no 
articulation; and digestion features and green-stick fractires (sic) were common 
(Worthy and Holdaway 1996b:8). 

 

The faunal assemblage was recovered by wet-sieving through 1 mm mesh, ensuring retention 

of any tiny bones from very small birds, rats, bats, lizards, tuatara or frog – most of which 

were represented (Worthy and Holdaway 1996b:8). Drawing particularly on the work of 

Andrews (1990) (discussed above) and by systematically eliminating other “known possible 

predators”, it was determined from the analysis of species representation and patterns of bone 

breakage and survival, that the predator responsible for both assemblages was the laughing 

owl (Sceloglaux albifacies) (Worthy and Holdaway 1996b:20-22). 

 

Mt. Cookson, North Canterbury 

In a study to describe the late Quaternary fossil vertebrate fauna at Mt. Cookson, North 

Canterbury, Worthy and Holdaway (1995) investigated palaeontological faunal deposits from 

an area of limestone caves and cliffs. Most of the remains studied resulted from pitfall 

accidents, but three deposits were attributed to New Zealand falcon (Worthy and Holdaway 

1995:333). 

 

The pitfall fossils were typically found down vertical shafts, often transported laterally away 

from the shaft by frequent water flows (Worthy and Holdaway 1995:343). In Merino Cave, 

the direction and inclination of moa remains were measured to demonstrate their alignment 

with the flow of water. The worn, broken bones had clearly been transported from the original 

site of deposition and were usually oriented with the heavier end of the bone upstream 

(Worthy and Holdaway 1995:345-346). 

 

Two of the New Zealand falcon deposits were found on dry, sunny ledges. The third was in a 

small horizontal cave. Numerous bones, many with “greenstick” breaks were concentrated in 

a small area (Worthy and Holdaway 1995:343). Falcon sites “#1” and “#2” contained 

“smooth, rounded stones of allochthonous origin” which were interpreted as falcon rangle 

stones (Worthy and Holdaway 1995:347). Falcon site #1 was interpreted as a falcon nesting 

site because it contained falcon eggshell, juvenile falcon bone and larger undigested bones of 

prey species, probably brought to the nest to feed chicks. Falcon site #2 was interpreted as a 
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rest site for the off duty parent bird because the prey remains were small and more 

comminuted, with visible signs of digestion. The remains were probably a result of decaying 

falcon pellets (Worthy and Holdaway 1995:347). The falcon “cave” site also contained rangle 

stones and the prey remains were extremely fragmented and heavily digested (Worthy and 

Holdaway 1995:348).  

 

Comparing the parakeet remains from these falcon sites with those recovered from Predator 

Cave (discussed above), it was noted that the falcon deposits contained less whole bones, 

tarsometastarsi were mostly undigested (indicating the lower leg was discarded prior to 

ingestion) and the under-representation of most other parts was indicative of “the greater 

digestive abilities of falconids [cf. owls]” (Worthy and Holdaway 1995:348). 

 

2.3.4.2 Avian remains in mixed palaeontological / archaeological deposits 
 
Tokerau Beach, Doubtless Bay, Northland 

In his study of moa, Archey (1941:93) wrote: 

Caution must be used…in drawing conclusions from beach deposits, for not all 
occurrences of human remains and those of the moa on the same sand dunes are 
evidence of contemporaneity. 
 

His observations at Doubtless Bay demonstrate the care with which Archey (1941:93) 

considered stratigraphy, geomorphology and site formation processes in his determination that 

the moa remains were of natural origin: 

moa-bones and egg-shell were seen everywhere among scattered midden material 
and hangi stones; close investigation, however, showed the association to be 
secondary. On their eastern side the sandhills are for the most part intact and 
capped by an undisturbed layer of close-packed midden-shell, but their shoreward 
sides have been eroded by the present prevailing westerly wind to a steeper slope 
now covered by scattered shells and oven stones which have clearly fallen from 
the midden above. Moa remains lie among these scattered shells, sometimes quite 
high up, but they are never found in the undisturbed midden. They occur as 
individual skeletons, and they lie in, not on, the underlying slope, which is of a 
darker coloured, more consolidated sand than the upper midden-crowned layer. 

 

During his study of the Quaternary avifauna of the North Island, Millener (1981) extended the 

palaeoenvironmental record for the area, considering in detail the geology of the dune systems 

and identifying all the faunal remains from Tokerau Beach. The recovered assemblage 

included: 

in excess of 2000 bones of 50 terrestrial or freshwater avian taxa (MNI = 925), 
numerous bones of tuatara (Sphenodon) and unidentified skinks or geckos 
(Scincidae / Gekkonidae), and shells of 18 species of landsnail. As in other Far 
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North dune areas the taxa represented are overwhelmingly of forest habitat. 
Although some of the 34 species of sea-birds found were definitely in situ or 
clearly derived from Holocene dunes many were surface-collected and probably 
represent relatively recent beach-wrecks (Millener 1981:231).  
 

Observing that “in many places… occupation soils topped by compact midden material 

overlie the older sands”, Millener (1981:231) stressed that “in none of the extensive midden 

horizons were bird bones ever found in situ”. 

 

Fyffe site, Kaikoura Peninsula 

The Fyffe archaeological site (S49/46) is located in an area where a series of beach ridge 

deposits have been uplifted by earthquakes over the last two millennia. In an environment 

with such an active geomorphological history, McFadgen (1987) believes the site may, 

initially, have been misinterpreted. Earlier investigators suggested the Fyffe site may have 

been an early large Polynesian settlement with associated hunting and gardening activity. 

Having studied in detail the geology, stratigraphy and site formation processes, McFadgen 

proposed the area accommodated “intermittent occupation, probably for fishing, fowling and 

scavenging” (McFadgen 1987:381). 

 

Part of McFadgen’s reinterpretation is based on the likely origin of various elements of the 

faunal assemblage, particularly the avian remains. While Trotter had originally identified a 

layer containing naturally accumulated faunal material, deposited prior to a cultural layer in 

black soil, he did not know how the natural assemblage accumulated. McFadgen (1987:391) 

suggests that it may be wave-deposited material, a process that would not have ceased with 

the occupation of the site. At least part of the faunal assemblage within the cultural layer may, 

therefore, be the result of secondary deposition from an uncertain source. 

 

Italian Creek Rockshelter, Central Otago 

At Italian Creek Rockshelter (S133/258), numerous fragments of moa eggshell, many burnt, 

were found around two hearths and originally interpreted as cultural (Ritchie 1982:25-26). On 

this basis, Italian Creek Rockshelter was included in lists of “moa-hunting” sites (e.g. 

Anderson, 1989:142) and radiocarbon dates on charcoal from the hearths were interpreted to 

suggest the presence of moa in the Cromwell Gorge until at least AD1400 (Anderson et al. 

2005:244).  

 

Samples of moa eggshell from the site were subsequently submitted for dating in order to 

determine an age for the moa remains directly (Anderson et al. 2005:244). The results suggest 
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that the eggshell largely, if not completely, predates the hearths. Although a conclusive 

interpretation is elusive, the moa eggshell may have been deposited naturally during “nesting 

on several occasions prior to the arrival of people” (Anderson et al. 2005:244, 246).  

 

The interpretation of the eggshell as a product of cultural or natural events, has significant 

implications for statements regarding the subsistence behaviour of Maori and the process and 

chronology of extirpation of moa in the region. A tacit understanding of moa ecology (i.e. that 

moa in the area typically nested in rock shelters) is vital to the renewed discussion.  

 

Takahe Valley, Fiordland 

O’Regan (2006) reanalysed an avifaunal assemblage originally recovered in 1949-1950 from 

a rockshelter site in Takahe Valley, Fiordland (D42/1). Careful consideration was given to the 

cultural or natural origin of the remains. Three types of droppings at the site indicated that 

kakapo, takahe and possibly moa had inhabited the cave naturally (O’Regan 2006:85). 

Kakapo feathers showed no signs of purposeful collection or modification (cf. Lee Island, 

discussed below), and were possibly a result of moulting (O’Regan 2006:95-96). A partial 

duck skeleton was not incorporated in the analysis because, with tendons and ligaments still 

attached, it was considered more recent than the rest of the remains (O’Regan 2006:97). 

 

A few bones of New Zealand falcon and laughing owl were found in the site and although no 

direct evidence was found, O’Regan (2006:99) acknowledged these birds of prey may have 

been responsible for the small number of bones from several volant species; eight forest birds 

and a petrel. Due to remaining uncertainty, the bones of these flighted species were described 

as “of undetermined origin” (O’Regan 2006:99). 

 

Bone breakage patterns for kiwi were not regarded as typical of natural subfossil bird bone 

deposits, however. Of particular note were a number of almost intact mandibles, and femora 

and tibiotarsi shafts without ends (O’Regan 2006:93, 98). The kakapo tibiotarsi exhibited 

similar breaks (O’Regan 2006:96). The evidence from bone breakage and body part 

representation were interpreted as evidence for kiwi-hunting and processing in the region and 

the site was reclassified as a small fowling camp, rather than the kill site of a single moa.  
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2.3.4.3 Comparisons of closely associated archaeological and palaeontological avian 
deposits 
 

Marfells Beach, Marlborough 

Marfells Beach presents a unique opportunity to analyse the late Holocene avifauna from an 

active lacustrine-coastal dune environment. Avian remains have accumulated there from 1500 

BP to the present, represented in both natural and archaeological (NZAA site number P29/2) 

deposits. By comparing the natural and cultural avifaunal assemblages recovered from 

contemporary, exposed deposits, Worthy (1998a) concluded that with a few exceptions, 

species were opportunistically hunted in the same relative frequencies in which they occurred 

in the surrounding environment. Hence, Worthy proposed that for most extinct species, it was 

their low reproductive potential, combined with the effects of opportunistic hunting and 

environmental changes initiated by humans (and their commensals), that gradually led to their 

extinction.  

 

Worthy (1998a:149-150) considered the “potential rate of deposition” and “expected 

probability of recovery” for various species in natural dune-lacustrine deposits and to what 

extent such an assemblage is likely to reflect the avian population from which it derived. 

 

Cultural bird bone was largely identified on the basis of spatial association with a midden 

since “only bones catalogued as from the midden were considered part of it” (Worthy 

1998a:157). Worthy (1998a:157) noted, however, that the bones had “preservation features 

consistent with [a cultural interpretation]”. In this case, the approach also seems to be 

supported by differences in the frequency of representation of species; while most species are 

represented in similar proportions in both the natural and cultural assemblages, evidence for 

targeted hunting and avoidance of a few species is apparent in the assemblage defined as 

cultural (Worthy 1998a:157). The presence of both cultural and natural assemblages in 

contemporary, adjacent deposits makes Marfells Beach a valuable reference point, because 

they have been exposed to the same post-deposition taphonomic effects. 

 

Old Neck and Native Island, Paterson Inlet, Stewart Island 

Prior to Worthy’s (1998b) report, the faunal assemblages from Old Neck (S189/4) and Native 

Island (S189/1) were both assumed to have derived from Maori middens exposed in dunes in 

both areas (Worthy 1998b:75). Based on radiocarbon dates, stratigraphy, species 

representation and differences in frequencies of element preservation, the Native Island  

avifaunal assemblage has been reinterpreted as a product of natural accumulation and 
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deposition processes, including both predation by skuas and individual natural deaths in the 

dunes (Worthy 1998b: 58-59, 75).  

 

Both sites were situated in comparable dune environments, so as part of his analysis, Worthy 

(1998b:61) sampled Puffinus griseus remains from each and conjectured that “if both sites 

had similar origins, then the taphonomy…will be the same in both sites”. At Native Island, 

most bones were whole and element survival was related to element size and robustness (i.e. 

humeri were most abundant with ulnae, tarsometatarsi and tibiotarsi in order of decreasing 

abundance). At Old Neck however, far more bones were broken and “survival was not 

primarily related to robustness” (Worthy 1998b:61). Further, the breaks in robust bones from 

Old Neck were “mainly greenstick fractures indicating the bones were broken at death or 

shortly thereafter”, while those from Native Island “resulted from weathering and erosion 

processes” (Worthy 1998b:62).  

 

The moa remains from Native Island were eroding out of natural sands and can be accounted 

for by a single individual. They included a set of seven articulated vertebrae, sternum, sternal 

rib, part of a tibiotarsus and some tracheal rings (Worthy 1998b:65). In contrast, moa remains 

from Old Neck were predominantly (95%) the femora and tibiotarsi from over seventy birds. 

Worthy suggests the meat-rich leg portions were butchered elsewhere (possibly the South 

Island) and brought to the site for consumption (Worthy 1998b:49, 65). 

 

As a result of his research, Worthy (1998b:78) recommended that: 

When archaeologists wish to use element survival as a means of detecting 
butchery patterns, comparisons be made with faunas from similar natural sites. It 
is also desirable that such comparisons be restricted to pairs of the same or similar 
species, as species that differ morphologically will respond differently to the same 
set of taphonomic conditions. 

 

2.3.5 Avian taphonomy in New Zealand archaeological research 

 

2.3.5.1 Introduction 

This section reviews New Zealand archaeological research to establish the range of 

taphonomic effects (cultural or natural) that have been considered in the analysis of avifaunal 

remains. While not necessarily studied to establish origin per se, the results from these studies 

contribute to cultural interpretations. Initially, the focus of avian taphonomic studies in New 

Zealand was the moa, due to the central role it plays in our efforts to understand the 

development of the archaeological sequence. The extinct, flightless ratite represents a highly 
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unique bird, whose massive element size means that moa bone taphonomy is more 

comparable to that of larger mammals than smaller birds (see McGovern-Wilson 1992). The 

analysis and interpretation of small-bird remains, however, is gaining momentum. 

 

2.3.5.2 Selected research 

As early as the nineteenth century, Julius von Haast “the father of research on moas and moa 

hunting in New Zealand” (Anderson 1989: dedication page), used the presence or absence of 

moa in an archaeological site to determine, at least in part, the status of the human occupiers 

as either early moa-hunters or his later “shellfish eaters” (Allen and Nagaoka 2004:195). Von 

Haast also showed remarkable foresight in his taphonomic approach. His interest in 

subsistence patterns saw him rank the species of moa he identified from Rakaia in terms of 

relative abundance, then note that the species seemed to have been hunted in similar 

proportions to their natural occurrence in the local environment, as represented by naturally 

accumulated remains identified from the palaeontological site at Glenmark (Allen and 

Nagaoka 2004:195). Further, he interpreted differential element representation, breakage 

patterns and cut marks in relation to moa processing practices, and dog gnaw marks to 

determine the feral or domesticated nature of the local canine population (Allen and Nagaoka 

2004:195-196). 

 

Anderson (1989; see also Anderson et al. 1996b) and Kooyman (1985, 1996) engaged in 

detailed programmes of research, both incorporating the taphonomic study of moa remains to 

identify hunting methods and processing techniques. The analyses of element representation, 

cut marks and bone fracture patterns were central to their research. 

 

McGovern-Wilson (1992) investigated the physical and chemical effects of post-depositional 

taphonomic processes on seal and moa remains, so their effects could be accounted for in 

archaeological analyses. He concluded the effects of surface exposure, soil chemistry, 

temperature, moisture and freeze-thaw cycles had little impact on the large game species 

(Allen and Nagaoka 2004:208). 

 

In his analysis of the bird remains from the Washpool midden (N168-9/22) in Palliser Bay, 

Leach (1979a) documented a systematic approach to quantifying avifaunal remains that also 

facilitated the interpretation of butchery patterns. Because the frequency of avifaunal remains 

represented declined over time, with associated changes in the proportions of birds from 

different habitats, Leach commented on the changing interactions between humans and the 
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environment. Further, having ruled out bias from differential survival and accounting for 

“uneven ability to identify the discrete parts of the body,” Leach (1979a:115-120) interpreted 

body part representation for both tui (Prosthemadera novaeseelandiae) and parakeet 

(Cyanoramphus spp.) as indicative of processing the birds (in slightly different ways) to attain 

both meat and feathers. 

 

Sutton and Marshall (1980) were among the first to publish a theoretical perspective that 

incorporated results from the detailed archaeozoological analysis of small-bird remains. For 

Tiwai Point (S181-2/16), they looked at the spatial distribution of remains, age of the birds 

and body part and element representation. With reference to the ecology of the birds and 

ethnographic record for southern Maori they argued the site was probably occupied in all 

seasons, with a hunting focus on marine mammals, moa and muttonbirds (Puffinus griseus). 

These findings contributed to their interpretation of coastal hunting strategies and cultural 

adaptation in the Subantarctic Zone. 

 

Other projects that have focused specifically on small-bird taphonomy include McGovern-

Wilson’s (1986) study of avifaunal assemblages from previously excavated cultural and 

natural sites in southern New Zealand. He determined the changes in species distribution 

across the region over time and analysed the element representation of exploited species for 

evidence of butchery patterns. McGovern-Wilson (1986:255) found that in general, “no 

matter what species was being exploited, those elements with little or no meat value (the wing 

and leg extremities, and the head) were discarded at the colony or kill site”. Little evidence 

for rat gnawing or cut marks was recorded (McGovern-Wilson 1986:255). 

 

Kirk (1989) analysed the changing proportions of small-bird species from various habitats 

represented in the earlier and later layers of the archaeological site at Shag River Mouth, 

Otago (J43/2). Results suggested cultural over-exploitation reduced the availability of 

penguins and shags, while deforestation led to a reduction in the number of forest species 

represented. Conversely, birds from estuarine and open habitats were more numerous in later 

layers. Further analyses considered factors such as species, age and body part representation 

in the interpretation of hunting and processing techniques and season of occupation at the site 

(McGovern-Wilson et al. 1996). 

 

Small-bird remains excavated from a series of rockshelter sites (S131/3, S131/4 and S131/6) 

on Lee Island, Fiordland, included not only bones, but skin and bundles of feathers (some 
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cut), so provide a unique insight into hunting and processing techniques (Anderson et al. 

1991; Holdaway 1991). Element representation for several species was considered with 

reference to the ethnographic record to establish processing techniques. The occurrence of an 

almost complete, fully articulated yellowhead (Mohoua ochrocephala) skeleton and 

articulated wing and leg of a diving petrel (Pelecanoides urinatrix) were interpreted as results 

of post-occupation, natural deaths (Anderson et al. 1991:60). 

 

2.3.5.3. Summary 

In many of these studies, there is strong prima facie evidence that the avifaunal remains are, 

for the most part, cultural. Interpretations have been constructed (often based on body part 

representation and inferred butchery patterns) that are compatible with the remains 

investigated. Worthy (1998b:77) advises however, that “any pattern attributed to butchery can 

only be detected after that resulting from natural weathering and other effects has been 

factored out”. Further, Worthy (1998b:77) stresses that collection bias (e.g. unrepresentative 

retention of larger specimens due to sieve size) and differential recognition of specimens (i.e. 

some elements or parts of elements are easier to identify than others) can influence 

interpretations of “cultural” processing. In the light of these comments and the research 

already reviewed, some doubt regarding origin remains unless all the possible taphonomic 

impacts are thoroughly considered. While some researchers comment on one or two potential 

sources of taphonomic bias, a standardised methodological approach would facilitate this 

process. 

 

2.4 Towards the development of an “origin model” for avifaunal remains 

With the support of a significant and expanding literature, it has been established that 

avifaunal remains recovered during archaeological excavation should not be assumed to be of 

cultural origin solely on the basis of spatial association with known cultural deposits. The 

study of taphonomic agents and processes which can be involved in their deposition, has 

become a subject of considerable interest and importance in the international literature. While 

not every bird bone can be expected to show identifiable signs of either cultural or natural 

origin, the environmental and stratigraphic context of a deposit and taphonomic patterns 

displayed by an assemblage can provide critical insight into the means of death and post-

mortem processes of accumulation and deposition that affected the individuals represented.  

 

The studies reviewed in this chapter suggest that the following considerations should inform 

an evaluation of the problem of cultural or natural origins.  
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• The nature of the physical environment and potential for natural taphonomic processes 

to impact on avian remains (e.g. disarticulation, weathering and transport due to water, 

wind or scavengers). 

• Stratigraphic evidence for spatially associated cultural deposits and any taphonomic 

processes.  

• Habitat suitability for specific potential predators (human and non-human). 

• Taxa represented in the assemblage (identifications and quantification). 

• Element and body part representation. 

• Modifications to bone (breakage patterns, attrition, burning, tooth marks, cut marks 

and evidence of artefact manufacture). 

• Any bias imposed during recovery and analysis. 

 

The SPIT=O model described in Chapter Three was constructed to facilitate the consideration 

of all these factors in the analysis of bird remains. 
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Chapter Three: Methods for the SPIT=O model 
 

3.1 Introduction 
The objective of this research is to develop a model that can systematically test the cultural or 

natural origins of bird bone assemblages recovered from archaeological contexts. This chapter 

describes the model, designated SPIT=O, and the methods used in its application. It is 

expected that the analytical focus and specific laboratory techniques adopted in future 

research will vary depending on the nature of the site and assemblage under investigation. 

 
In the SPIT=O model (Figure 3.1), several lines of evidence are considered, to determine the 

“best fit” conclusion regarding the cultural or natural origins for a particular avifaunal 

assemblage recovered from an archaeological context.  
 

 
SPIT=O 

 
 
 S 

 
SITE 
 

 
Describe the physical environment and archaeological context for the 
site from which the avifaunal assemblage was recovered. 
 

 
 P 

 
PALAEOECOLOGY 

 
Establish the potential agents and processes of deposition for the 
recovered avifaunal assemblage, given the nature of the site 
described in (S). 
 

 
 I 

 
IDENTIFICATION & 
QUANTIFICATION 
 

 
Identify and quantify the taxa and elements represented by the 
recovered avifaunal assemblage. 

 
 T 

 
TAPHONOMY 

 
Identify the taphonomic features and patterns exhibited by the 
recovered avifaunal assemblage. 
 

 
=O 

 
=ORIGINS 

 
By comparing the nature of the recovered assemblage with 
taphonomic traces typical of the potential agents and processes of 
deposition at the site, draw conclusions regarding the most likely 
origins of the recovered avifaunal remains, based on the evidence 
gathered in (S), (P), (I) and (T). 
 

 
Figure 3.1  The SPIT=O model. 

 

Following this model, the potential causes of avian death and associated processes of 

deposition are identified for a particular archaeological site. To determine the actual cause of 

death, the potential causes are considered in relation to the nature of the avian assemblage 

recovered. Through a process of elimination, potential agents and processes of deposition are 

excluded until, drawing all the lines of evidence together, a conclusion is reached regarding 
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the cultural or natural origins of that assemblage. The methods used in each step of the model 

(S), (P), (I), (T) and (=O) are described below. 

 

3.2 Site (S) 
Relevant information is gathered to construct a description of the site environment and 

formation processes that will enable potential causes of avian death and deposition at the site 

to be established. Consideration is given to the physical environment and archaeological 

context from which the avifaunal assemblage under investigation was recovered. 

 

3.2.1 Physical environment 

The geographic location, climate, geomorphology and vegetation history for the site are 

described because a combination of these factors define the environment and habitats in the 

area under investigation. Habitat prescribes the potential agents of death and deposition for 

the recovered avifaunal assemblage (considered in P). Geomorphology may also provide 

some insight into whether the avian deposit under investigation is in situ or secondary and the 

site formation processes that may have impacted on the avian remains. 

 

3.2.1.1 Geographic location and climate 

Geographic location and climate are critical factors in determining the nature of the physical 

environment at a site. Prevailing climatic (and topographic) conditions will define the nature 

of the vegetation and determine the likelihood of episodes of erosion or flooding. 

 

In New Zealand, climatic conditions are generally mild and oceanic, but range from warm (in 

the North) to cool-temperate. Southern New Zealand is influenced by the circumpolar 

westerly vortex, while northern regions extend into the sub-tropical ridge of high pressures. 

The South Island and southern half of the North Island are divided by axial ranges forming an 

almost continuous mountain barrier from south-west to north-east. The northern half of the 

North Island has low rugged ranges throughout. The dominant westerly airflow is interrupted 

by the axial ranges, resulting in high annual rainfall in the west, with drier conditions in the 

east, as shown in Figure 3.2 (McGlone et al. 1993:294-296). 
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Figure 3.2  Mean annual precipitation, 1951-1975 (from McGlone et al. 1993:296). 
 

 
Figure 3.3  Pre-human, late Holocene vegetation in New Zealand (from McGlone et al. 1993:298). 
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3.2.1.2 Geomorphology  

A description of the topography will provide information on habitat availability. Further 

analysis of site formation processes, soils and sediments may clarify the primary or secondary 

nature of the avifaunal deposit.  

 

a) Topography 

A description of the local topography should include reference to any water courses, lakes, 

swamps, cliffs, caves, dunes, etc. to provide insight into habitats that may have supported 

various predator and prey species, as well as identifying features that may have contributed to 

pitfall or trap events, or secondary deposition of avifaunal remains. 

 

b) Sedimentary structures 

Created during or after deposition, sedimentary structures are generally small-scale variations 

in texture or composition of the sediments, which may be the result of variations in conditions 

of transport and deposition (Rapp and Hill 2006:53). Unless geological research has been 

undertaken in the area, stratigraphic plans recorded during the archaeological excavation will 

probably provide the most detailed record of the nature of the sediments and associated site 

formation processes. These will be considered within the archaeological context (see section 

3.2.2 below) and, ideally, should document sedimentary structures that may indicate a 

separate deposition event for the avifaunal remains, whether primary (e.g. burrow collapse) or 

secondary (e.g. dune conflation).  

 

c) Deposit orientation 

Recording the orientation of avifaunal remains during excavation may, in some cases, reveal 

whether they have been transported by wind or water (see, for example, Worthy and 

Holdaway 1995:345). Such an interpretation may also be supported by the taphonomic 

analysis of element representation. The orientation and grouping of element types 

redistributed by wind or water is determined by their size, shape and weight. Typically, 

specimens of a similar nature will be transported similar distances and deposited together. In 

general, spherical specimens are more easily transported than angular ones because it takes 

lower flow velocities to start them moving and less energy to keep them going (Rapp and Hill 

2006:53). 
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d) Soil or sediment texture 

Analysis of the soils and sediments surrounding the recovered avifaunal deposits may be 

compared with those associated with more secure cultural origin (e.g. the fill of an in situ 

hearth). In particular, the composition, size, sorting and shape of sediment particles can be 

studied systematically for indications of their likely source and deposition history (for an 

extended discussion see, for example, Goldberg and Macphail 2006:11-19 or Rapp and Hill 

2006:47-54). 

 

In brief, sediments can contain a variety of mineral and rock types which reflect the source of 

the material. The size distribution of particles within deposits is dependant on several 

variables. Generally, however, if there is a single size frequency mode, it is an indication that 

the sediment reflects a single agent of transportation and deposition, while bimodality of size 

frequencies indicates mixing of sediment from two sources (Rapp and Hill 2006:50-51). 

Sorting is the separation of particles by size and is usually the result of variations in transport 

velocity and turbulence. In well-sorted (high energy or very mobile) deposits, particles are of 

similar size, while those that are poorly sorted (low energy) contain a wide range of particle 

sizes (Rapp and Hill 2006:51). The shape of sedimentary particles can also be used to 

interpret conditions of transport and deposition, with the form and amount of rounding, pitting 

or abrasion evident on particles indicating the extent and method of transport (Rap and Hill 

2006:51-52). 

 

3.2.1.3 Vegetation history 

In the context of this study, coincident deposition of cultural material and avian remains 

within an archaeological site can not be assumed, so the relationships that exist between 

changing vegetation types and species representation need to be considered when establishing 

which predators may have deposited avian remains, over time, in the site catchment.  

 

For New Zealand, McGlone et al. (1993:299) summarized the strong relationships between 

vegetation type and rainfall that have been determined by pollen analyses:  

Forests in the drier and drought-prone regions are dominated by Podocarpus and 
Prumnopitys in the lowlands and by Nothofagus solandri or Phyllocladus-
Podocarpus hallii in the uplands. In wetter areas Dacrydium cupressinum, 
Metrosideros, Weinmannia and tree ferns tend to be prominent. At higher 
altitudes in regions of high rainfall, N. solandri may be absent, and either N. 
menziesii or a diverse podocarp-hardwood low forest or shrubland may be present. 
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Generally, the broadleaf species of New Zealand provide a diverse and rich habitat for 

avifauna, with an abundance of fruit, nectar and edible foliage. Beech (Nothofagus spp.) forest 

is a poorer, less attractive habitat with fewer edible resources, sporadic mast-fruiting and seed 

production and a less diverse understorey (McGlone 1989:123). Any significant loss of 

broadleaf species in particular, will have impacted on the preferred habitat availability for a 

wide range of birds (McGlone 1989:123). The effect would have been most significant for 

non-volant species, which if cut off from suitable habitat would have become locally extinct 

(especially if also subject to predator behaviour). Volant species may, at least initially, have 

become more concentrated in surviving broadleaf forest. Broadleaf forest replaced completely 

by beech would have become less attractive to avifauna generally, while replacement of any 

forest by shrub or grasslands would have seen a reduction in forest-dwellers in the area, but a 

corresponding rise in the populations of species preferring more open conditions.  

 

Coastal environments also changed over time, with various episodes of erosion and 

accumulation of sediments - perhaps in part due to deforestation (see McGlone 1989:121-122 

for a debate on deforestation versus climate as causal factors). Coastal bird species are less 

likely to have been affected as much by vegetation changes as land birds (due to their 

predominantly offshore range), although habitat changes may have occurred at some breeding 

colonies. Populations of estuarine species may have changed locally with deforestation, 

reflecting variations in the structure of their preferred habitats. This is demonstrated by the 

increased representation of estuarine species over time from archaeological deposits at 

Pounawea and Shag River Mouth (McGovern-Wilson et al. 1996a:234). 

 

The level of botanical information available for a site will vary depending on the amount of 

research that has already been documented for the area and whether specific analytical goals 

are built into the excavation design (e.g. to establish a palynological profile for the site). In 

general though, to identify the types of habitat that were available to avifaunal predators and 

prey in the site catchment, reference should be made to the predominant pre-human 

vegetation associated with the locality (see, for example, Figure 3.3) and any major changes 

that occurred with the arrival of humans.  

 

3.2.2 Archaeological context 
While archaeological context alone is not enough to establish a cultural origin for any 

recovered avian remains, such an association is, of course, a significant factor to be 

considered. The distribution of the avian remains at the site, their spatial relationships with 
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known cultural material or features and any established chronology for the site, are as relevant 

as the environmental and ecological aspects considered in the holistic approach developed in 

SPIT=O. The site history and excavation record associated with the recovery of the 

assemblage must, therefore, be investigated for evidence of origin.  

   

3.2.2.1 Site history 

Relevant details from any archaeological history of the site should be considered in the final 

interpretation of the origin of the assemblage (=O). Such information may refer to the nature 

of the site, its deposition history or any previously reported avifaunal assemblage. 

 

3.2.2.2 Excavation record  

Details from the excavation during which the avian assemblage was recovered will contribute 

critical evidence regarding the origin of the avifaunal remains and their relationship to known 

cultural deposits. 

 

a) Site plan and stratigraphy 

Records of site structure and stratigraphy can be used to establish the nature of cultural 

sediments (e.g. intact or disturbed, single or multiple deposition events), or inclusions within 

sediments and soils, including; evidence of structures (e.g. postholes), ecofacts, charcoal, 

artefacts, lithics and faunal components – commensal, domestic or subsistence species. 

Spatial (or inferred functional) associations between these and the recovered avifaunal 

remains may (or may not) lend support to a cultural interpretation of the latter. Some 

avifaunal remains may be most closely associated with natural substrate, overburden or lenses 

between, or intrusions into cultural deposits. 

 

b) Chronology 

Establishing a chronology for the excavated archaeological deposits may help determine 

whether the recovered avifaunal remains are likely to derive from contemporary deposition 

events. 

 

In New Zealand, radiocarbon dating is the most common means used to establish absolute 

dates for the deposition of various components in excavated deposits. Small-bird remains can 

be dated using accelerator mass spectrometry (AMS), to establish whether the avifaunal and 

other cultural materials are contemporaneous (see Bevan-Athfield and Sparks 2001 and 
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Higham et al. 2005 on the diet-related suitability of various small-bird species for radiocarbon 

dating). 

 

In addition to absolute dating, species representation may provide insight into the relative 

chronology of deposits. Moa remains exhibiting clear signs of butchery for consumption 

indicate the deposit was laid down prior to the birds’ extinction (see, for example Worthy 

1995 on the predominance of moa femora and tibiotarsi in the midden at Old Neck, Stewart 

Island). In contrast, the presence of domestic fowl probably indicates a post-European 

component in the deposit. 

 

Geomorphology and stratigraphy may also provide details of relative chronology with specific 

indicators providing maximum or minimum dates for deposition (e.g. Taupo tephra or 

presence of European artefacts).  

 

c) Analytical biases introduced during recovery 

Reitz and Wing (1999:118) have noted that even with care, “the integrity of the faunal 

assemblage is often compromised” during archaeological recovery. Factors such as the 

excavation location and type of deposit (e.g. refuse, burials, house floors, hearths) and sieving 

and sampling strategies will influence the range and relative abundance of species and 

elements recovered (Reitz and Wing 1999:118-119). These should be considered and 

accounted for in the interpretation of avifaunal remains.  

 

Ideally, excavation location is based on established research objectives, so associated bias can 

be minimized (Reitz and Wing 1999:119). Where research involves reanalysing previously 

curated material, however, care should be taken to establish sample context to facilitate 

interpretation and comparative studies. 

 

It is well recognized that screen size influences faunal recovery and analysis. Resulting bias 

can be critical to the interpretation of an assemblage. James (1997:385) noted, for example, 

that: 

[The] use of small-mesh screens (1/8 in. and 1/16 in.) has been instrumental in the 
past decade for the recovery of previously unreported and new species of late 
Holocene Pacific Island birds that were decimated by prehistoric Polynesians. 
 

However, although fine-gauge screening during excavation “recovers a more complete sample 

of the non-renewable archaeological deposit”, costs (in time and effort) increase as mesh size 
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decreases (Reitz and Wing 1999:119). Reitz and Wing (1999:119) have recommended that 

during preliminary field work, an assemblage should be tested to establish an appropriate 

recovery strategy. 

 

Further, even when fine-mesh sieves are used, “small taxa will be under-represented relative 

to large taxa” (Lyman 2008:155) and even within a taxon, “small fragments will be lost more 

often than large fragments” (Lyman 2008:159). Lyman (2008:157) observed that the choice of 

mesh size really depends on the research questions asked and advised that taking bulk 

samples “to determine what and how much is being lost” might be an appropriate 

compromise. 

 

A sample should be “large enough to reflect the composition or character of the population 

being studied” (Reitz and Wing 1999:106). Lyman (2008:159) has stressed the importance of 

cautiously interpreting any “correlations between target variables and sample-sizes” unless 

sample-size effects can be “analytically controlled or eliminated”.  

 

Sampling to redundancy, or cumulative sampling, for example, is one means to establish that 

the taxa represented in a sample are likely to adequately represent the taxa present in the 

sampled population. Reitz and Wing (1999:107) described the method as follows: 

As sample size increases, new species are identified at a decreasing frequency so 
that the resulting plot between individuals and species counts rises steeply and 
then levels off as increasingly rare species are added…To test this relationship, 
data for numbers of individuals and species can be plotted on a graph and a linear 
regression constructed. 

 
Reitz and Wing (1999:107, 122) noted that when adequate samples can not be 

established, analysis must be descriptive. 

 

3.3 Palaeoecology (P) 
The agents and processes potentially responsible for the deposition of the recovered avian 

assemblage are identified, given the nature of the site described in (S). In particular, 

consideration is given to: 

i) predators (human and non-human), 

ii) “accidental” deaths (pitfall, miring, storm-wreck, burrow collapse, illness) and 

iii) post-mortem transport (water, wind, scavengers, etc.). 
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Because SPIT=O has been designed specifically to apply to avian remains from 

archaeological contexts, it is expected that humans (and probably their commensals, dog and 

rat), will always be identified as potential predators at this stage. However, some predators 

may be excluded. By way of example, if a site was located in the North Island, it is unlikely 

that any avian remains would have been accumulated by Haast’s eagle because, based on the 

fossil record, the known distribution for this species is limited to the South Island. 

 

3.4 Identification and quantification (I) 
The methods described in this section establish the identification and relative proportions of 

taxa represented by the recovered assemblage. In the consideration of origins (=O), the range 

of species and their relative abundance is compared to the preferred prey species of the 

potential predators identified in (P), to help establish the most likely agent of death. In (T), the 

relative abundance (survival) of different skeletal elements will be considered in relation to 

patterns of disarticulation considered typical for various agents or processes of deposition.  

 
3.4.1 Identification of taxa 

All identifications are carried out with reference to suitable comparative material. The 

specimens are cleaned, so all the diagnostic features and evidence of modification can be 

observed. A fairly conservative approach can be taken to the identification process, following 

Bochenski’s (2008:1248) recommendation that “in case[s] of less diagnosable elements, it is 

better to either identify a bone only to genus, or to assign the fragment as a “probable” 

identification”. The identifications assigned and recorded indicate the level of uncertainty 

remaining (Table 3.1).  

 
Table 3.1  Identification categories and descriptions. 
 

Identification Description 

Not 4 ID 
 

No identification was attempted on this element type during this project 
(including: vertebrae, ribs and phalanges and claws) 

No ID Identification was attempted but not achievable 

? ID Appears identifiable but identification not yet achieved 

? Common name Probably this species but less than confident 
 

Common name Confident identification to species level 
 

Genus Confident identification to genus level only 
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3.4.2 Quantification 

This section describes the methods used to record primary data and derive the relative 

abundance of recovered taxa and (and their body parts). Following Allen’s (2003:317) 

recommendation, NISP (number of identifiable specimens), MNE (minimum number of 

elements) and MNI (minimum number of individuals) are reported, as part of a standard 

archaeological, analytic protocol to facilitate regional comparisons. These measures (NISP, 

MNE and MNI) are also used in the taphonomic analyses described in (T). 

 

NISP and MNI are commonly used to establish relative frequencies of taxa in faunal 

assemblages (Lyman 1994:191). In (=O), the relative abundance of avifaunal taxa in an 

excavated assemblage is compared to the relative importance of species typically represented 

in different types of avifaunal deposit (e.g. the preferred prey lists for the range of predators 

that may have been responsible for accumulating the avifaunal deposit).  

 

MNE is used to establish the relative frequencies for different parts of the skeleton. These 

data are investigated further in the taphonomic analyses (T), described below. The proportions 

of different elements represented for each taxa in the excavated assemblage may be similar to 

a pattern of remains typical for disarticulation by a particular predator. Or, if a skeleton is 

relatively complete, an accidental death may be considered more likely (Lyman 1994:203). 

 

3.4.2.1 Recording elements and portions of elements  

As each specimen is identified to taxa, the element, portion and side of element are recorded 

to allow for the relative abundance of species to be derived using NISP, MNE and MNI as 

required. 

 

The data are recorded for every specimen in the study sample following the scheme shown in 

Table 3.2. The system is based on Leach’s (1979a) analysis of avian remains from the 

Washpool site. Some minor amendments were made to increase the scope for recording detail 

and determining patterns during taphonomic analysis. 
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Table 3.2  Scheme to record body part, element and portion data (includes inset below). 
 

 
Body 
part 

 
Element 

 
Element 
abbreviation 

 
Portion 

 
Portion 
abbreviation 

 All elements  Complete C 
 All elements  Fragmentary F 
Head Cranium CRAN Brain case CASE 
   Os premaxilla OS PMAX 
   Os nasale OS NAS 
   Palatine PAL 
   Quadrate QUAD 
 Mandible MAND Ramus RAM 
   Ramus - articulating end RAM-POST 
   Symphatic SYMPH 
Core Sternum STER Rostrum ROST 
   Keel K 
   Sternal plate Pl 
 Pelvis PELV Sacrum SAC 
   Os innominate OS IN 
   Acetabulum ACET 
 Furcula FURC Fused part FUSED 
 Vertebra VERT  C or F 
 Rib RIB  C or F 
 Scapula SCAP   

 Coracoid COR   

Wing Humerus HUM * See below for portions for long  

 Ulna ULNA bones:  

 Radius RAD SCAP, COR  

 Carpometacarpus CMC HUM, ULNA, RAD, CMC  

Leg Femur FEM FEM, TT,TMT  

 Tibiotarsus TT   

 Tarsometatarsus TMT   

 Claw CLAW  C or F 
Other Phalanges PHAL  C or F 
 Still to identify ?  F 
 Not identifiable -  F 

 

Portion Portion 
abbreviation 

Notes 

Complete C  
Proximal P Includes: scapula end of coracoid & coracoid end of the 

scapula 
Proximal + 
Shaft 

PS Over half of shaft is present 

Shaft S Over half of shaft is present 
Distal + Shaft DS Over half of shaft is present 
Distal D Includes: sternal end of coracoid and non-articulated 

end of scapula 
Shaft 
fragment 

SF  

Fragment F  
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Following Bochenski et al. (1993:314), the “long bone” elements included in this study were 

the femur, tibiotarsus, tarsometatarsus, humerus, ulna, radius, carpometacarpus, coracoid and 

scapula. In this study the proximal and distal ends for coracoid and scapula have been defined 

in reverse as prescribed by the reference specimens held in the Otago Archaeology  

Laboratories (OAL) at the University of Otago and commonly practised by New Zealand 

archaeologists.  

 

Vertebrae (VERT), ribs (RIB), phalanges (PHAL) and claws (CLAW) are not identified to 

taxa, but recorded as complete (C) or fragmentary (F).  

  

The side of each element is recorded as shown in Table 3.3.  
 
Table 3.3  Side categories and descriptions. 

Side 
abbreviation 

Description 

L Left 
Right Right 
n/a Not applicable 
- Not able to determine 
? Not yet determined 

 

If the specimen is not from an adult of the species, an estimate of the approximate age is 

recorded, based on the appearance of the bone compared to the descriptions shown in Table 

3.4. 

 
Table 3.4  Age categories and descriptions. 

Age Description 

Adult Full size; fused, not porous/granular 
Sub-adult Adult size, fusion lines visible, slightly porous/granular  
Immature Small size, unfused, porous/granular 
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3.4.2.2 Deriving NISP, MNE and MNI 

Lyman (1994:100-101) has stressed the importance of clearly defining the quantitative units 

used in all taphonomic analyses. This allows for the replication of methods used and 

facilitates comparative research.  

 

When reporting NISP, MNE and MNI derivations, the results can be presented as absolute 

numbers or as percentages of the respective totals derived in each analysis. Graphical 

representation facilitates interpretation (in =O). 

 

a) NISP (number of identifiable specimens) 

Lyman (1994:511) has defined NISP as “the number of identified specimens in a collection 

where “identified” usually means identified to taxon, but may mean identified to skeletal 

element represented”.  

 

Depending on the objective and requirements of different quantitative and taphonomic 

analyses, the value of NISP may be derived from different data sets. NISP values are defined 

as shown in Table 3.5. 
 
Table 3.5  NISP values and definitions. 

NISP value 
 

Definition 

NISP(t) Total number of specimens identified as small-bird 
 

NISP(e) Number of specimens identified to element type 
 

NISP(fe) Number of fragmentary (incomplete) specimens identified to element type  
 

NISP(g) Number of specimens identified to genus level (at least) 
 

 

As a simple count of the actual number of specimens, NISP is easy to establish. When used to 

establish relative frequency for different taxa, however, it should be noted that the analyst 

assumes that fragmentation, recovery rate and the opportunity to be counted are uniform for 

all taxa (Lyman 1994:192). This should be considered as a potential cause of bias for each 

assemblage. 

 

b) MNE (minimum numbers of elements) 

Lyman (1994:510) has defined MNE as the minimum number of a complete skeletal element, 

or specified portion thereof, necessary to account for the specimens observed. 
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For long bone elements, MNE can be calculated for each element type as the sum of complete 

bones (left and right sides) and either; proximal and proximal shaft (left and right sides) or 

distal and distal shaft (left and right sides) – whichever is more numerous (Bochenski et al. 

2009:123). 

 

For other elements (cranium, mandible, pelvis and sternum), MNE can be calculated as the 

sum of complete bones and a value determined by the other portions represented. A single 

easily identifiable feature may be chosen as an additional “countable” fragment. 

 

It should be noted that MNE can be maximized by taking account of age, gender, size and 

archaeological context (e.g. layer).  

 

c) MNI (minimum numbers of individuals) 

Lyman (1994:510) has defined MNI as “the minimum number of (complete) individual 

animals necessary to account for (to have contributed) the specimens observed”. 

 

The MNI for a taxon, is equal to the greatest MNE calculated (either left or right, if 

applicable) for an element type of that taxon. 

 

Lyman (1994:195) stresses that MNI is an analytical unit and does not necessarily represent 

the actual number of individuals deposited from the original population. More individuals 

may have been used than are represented, or, only those parts represented by the most 

abundant element may actually have been consumed, utilized or discarded. 

 

3.4.2.3 Relative abundance of specimens across the site  

An assessment of the relative abundance of specimens or species by excavation square 

provides an overview of the spatial distribution of the avian remains. For example, NISP(g), 

the number of specimens for each identified species, can be represented graphically for each 

sampled excavation square to ascertain whether the species represented were deposited evenly 

or differentially across the site.  

 

3.5 Taphonomy (T) 
Ultimately, taphonomic analyses are designed to facilitate the interpretation of the unique 

deposition history for a particular assemblage. In this study, taphonomic features and patterns 

identified within an avifaunal assemblage may provide evidence to support or refute their 
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deposition by particular agents and processes, thereby facilitating the interpretation of the 

remains as cultural or natural in origin. The analyses described below are based on those 

summarized by Bochenski et al. (2009), allowing for a broad comparison with an 

international summary of taphonomic data for various birds of prey, but modified to establish 

a standard, comparative procedure for SPIT=O and its application to a New Zealand case 

study. 

 

The taphonomic features and patterns exhibited by the recovered assemblage are identified by 

analyzing data collected on element representation and evidence for modification on each 

specimen. Element representation analyses provide information on element survival (i.e. 

which parts of a skeleton are represented in the assemblage) and element fragmentation (i.e. 

the extent and intensity of the breakage in the assemblage). Modifications that may be in 

evidence include the type of breaks exhibited, weathering, digestion, burning, tooth marks, cut 

marks or signs of artefact manufacture.  

  
3.5.1 Element representation  

The information derived from element representation relates to the distribution of element 

types and skeletal completeness (i.e. element survival and fragmentation). Derived data can be 

considered in the determination of most likely agents and processes involved in carcass 

disarticulation and transport. If, for example, the representation of elements from the 

recovered assemblage is similar to a pattern considered typical for a particular predator, then 

that predator will be considered as a more likely agent of death and deposition.  

 

Depending on the nature of the assemblage under investigation, trends in the representation of 

elements (and parts of elements) may be most usefully analysed for the whole assemblage or 

for particular species.  

 

Where appropriate, a Chi-squared test (see Appendix 1 for method) is incorporated into the 

analyses to quantitatively evaluate the significance of differences in survivorship of particular 

skeletal elements or their fragments (Bochenski et al. 2009:123). The causes of predominance 

or under-representation of particular elements (or parts of element) are considered when 

establishing the origins of the assemblage (in =O). 
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3.5.1.1 Spatial distribution of element types 

By graphically representing the relative abundance of element types (or larger body parts) by 

excavation square, it can be established whether they are evenly or differentially distributed 

across the site. When considering the origin of the assemblage (in =O), associations may be 

drawn, for example, with cultural material or features recorded in the stratigraphic record, or 

the spread and number of element types may be more consistent with an episode of 

differential transport of the remains through water or sand. 

 

3.5.1.2 Element survival analyses 

In contrast to Bochenski et al. (2009), element survival analyses are based on MNE rather 

than NISP values (where applicable), to reduce the bias resulting from any differences in 

fragmentation across element type. 

 

a) Relative abundance of element types 

The relative abundance of each element type, for each species, is calculated as the MNI for 

each element as a percentage of the MNI for the most abundant element. The most abundant 

element, therefore, holds a value of 100%. Presenting the results graphically facilitates 

interpretation. 

 

b) Element survival ratios 

Element MNE : maximum element MNE for the species 

The ratio of the MNE for each element type to the MNE for the most abundant element type 

is calculated and a Chi-squared test applied to determine whether the proportion of each 

element differs significantly from the expected proportion if complete skeletons were 

represented in the sample. See Appendix 1 for Chi-squared method. 

 

Axial:limb ratio 

The ratio of axial to limb elements is calculated as the MNE of axial elements (cranium, 

mandible, pelvis, sternum, coracoid and scapula) divided by the sum of wing and leg 

fragments (humerus, ulna, carpometacarpus, femur, tibiotarsus and tarsometatarsus) expressed 

as absolute values or percentage. 

 

Based on the elements just specified, the expected ratio based on elements from a single 

individual is 1:1.5 (from 8:12) or 40% axial, 60% limb. 
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Wing:leg ratio 

The ratio of wing to leg elements is calculated as the number of wing fragments (humerus, 

ulna and carpometacarpus) divided by the sum of wing and leg fragments (femur, tibiotarsus 

and tarsometatarsus) expressed as absolute value or percentage (Bochenski et al. 2009:123). 

 

Based on the elements just specified, the expected ratio based on elements from a single 

individual is 1:1 (from 6:6) or 50% wing, 50% leg. 

 

Proximal:distal element ratio 

The ratio of proximal to distal elements is calculated as the MNE for proximal element 

fragments (scapula, coracoid, humerus, femur and tibiotarsus) divided by the sum of the MNE 

for proximal and distal element fragments (ulna, radius, carpometacarpus and 

tarsometatarsus) expressed as absolute values or percentage (Bochenski et al. 2009:123). 

 

Based on the elements just specified, the expected ratio based on elements from a single 

individual is 1:0.8 (from 10:8) or 56% proximal, 44% distal. 

 

3.5.1.3 Element fragmentation analysis 

a) Extent of fragmentation 

Extent of fragmentation refers to the proportion of broken elements in an assemblage. An 

assemblage with very few whole elements has a greater extent of fragmentation than an 

assemblage with a high proportion of whole elements (Nagaoka et al. 2008:479). 

 

Extent of fragmentation is expressed as:  

i) A percentage of complete elements for the two most abundant species and 

ii) A percentage of complete elements for each type of element for those species.  

The results are categorised as shown in Table 3.6. 

 
Table 3.6  Categories for extent of fragmentation based on percentage of complete specimens. 

% of complete specimens 
 

Extent of fragmentation 

0-30 High 
 

31-69 Moderate 
 

70-100 Low 
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b) Intensity of fragmentation 

Intensity of fragmentation refers to the degree to which elements in an assemblage are broken 

(Lyman 1994:334-338; Nagaoka et al. 2008:479).  

 

Intensity of fragmentation is expressed as the ratio of NISP(fe):MNE(fe) for:  

i) The whole assemblage and 

ii) Each element type for any dominant species (where appropriate).  

The results are categorised as shown in Table 3.7. 

 
Table 3.7  Categories for intensity of fragmentation based on the MNE(fe) value in the ratio when 
NISP(fe)=1. 
 

MNE(fe) value in ratio when 
NISP(fe) value is 1.0 
 

Intensity of fragmentation 

0.00-0.30 
 

High 

0.31-0.69 
 

Moderate 

0.70-1.00 
 

Low 

 

Large fragments are more likely to overlap with each other (adding one to NISP and one to 

MNE), while smaller fragments are less likely to overlap (adding one to NISP but not to 

MNE). Hence, a ratio of 1:1 represents the lowest intensity of fragmentation (Lyman 

1994:337). 

 

Note that the NISP:MNE ratio is calculated using NISP and MNE derived only from 

fragments of elements (fe) because including whole bones reduces the proportional difference 

(Lyman 1994:337; or, for an alternative approach, see Bochenski et al. 1993: 314). 

 

c) Portions of elements represented 

The portions of elements represented are expressed as the ratio of the sum of the proximal 

ends of an element (complete, proximal and proximal shaft) to the sum of the distal ends of 

that element (complete, distal and distal shaft). 

 

The expected ratio is 1:1 or 50% proximal, 50% distal. 
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d) Analytical biases introduced during identification and quantification 

The analyses above are based on specimens that have been identified to a taxon, but 

consideration must also be given to elements (and parts of elements) that were recovered but 

not identified to taxa.  

 

The identification of selected elements to species implies some level of analytical bias. 

Choosing not to identify vertebrae, claws and phalanges to species, for example, prevents 

their consideration in element representation analyses.  

 

Furthermore, some bone fragments do not present diagnostic anatomical markers. For 

example, the intact articulating end of a scapula can usually be identified to a taxon with 

confidence, but the blade end can not. If a significant number of broken scapulae occur in the 

sample, the analysis of identified remains will result in an under-representation of blade ends, 

even though they are present (but unidentified) in the sample.  

 

Such analytical biases must be acknowledged, especially if making an argument based on the 

presence or absence of body parts and portions of elements. 

 

3.5.2 Modifications 

The taphonomic features recorded for each specimen include: breakage, attrition (from 

weathering or digestion), burning, tooth marks, cut marks and evidence for artefact 

manufacture. Patterns identified within each of these modification types may point to a typical 

taphonomic signature for a particular agent or process of deposition and therefore clarify the 

origin for the bone. It is expected that the method used in future studies to record any 

modification to specimens will be developed (at least in part) to suit the nature of the 

assemblage to be studied. Different assemblages may require different foci. 

 

Easily observable, macroscopic features are recorded, facilitated by the use of a low 

magnification lamp. Notes on the taphonomic modifications recorded are provided below. 

 

3.5.2.1 Types of break 

Shipman et al. (1981:260) believe that “only rarely will a particular type of break identify the 

agent of breakage unambiguously”. They recognize however, the potential of comparing 

assemblages with known agents of breakage with assemblages recovered from archaeological 
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deposits. They stress the need to “compare like with like” in such analyses (Shipman et al. 

1981:259). 

 

With no comparative specimens, nor a well documented system to establish fracture patterns 

for small avian bones, the types of break defined here are kept simple and, at least in part, 

developed to accommodate the nature of the case study assemblage. Even so, the assignment 

of a particular break type to an individual bone is not always straightforward and certainly 

prone to a degree of subjectivity. 

 

In order to identify general trends in breakage pattern within the assemblage, each specimen is 

assessed and the type of break recorded with reference to Table 3.8 and Figure 3.4. Figure 3.4 

provides a sketched example of the break types defined in Table 3.8. 

 
Table 3.8  Codes and descriptions for types of break recorded for avifaunal specimens. 

Type of break 

Code Category Description 
A No break No break identified 
B Spiral Fracture is curved in helical pattern around 

circumference of shaft 
C Spiral / transverse Part of fracture is helical around shaft and part runs at 

right angles to the long axis of the bone 
D Irregular transverse A ragged fracture runs at right angles to the long axis of 

the bone  
E Straight transverse A smooth fracture runs at right angles to the long axis of 

the bone 
F Central sliver / fragment 

detached 
A sliver or long fragment of bone is missing from an 
otherwise intact shaft 

G Marginal sliver or fragment 
detached 

A sliver or fragment of bone is missing from the proximal 
or distal end of long bone. 

G* Wrench (specific) Medial portion of distal humerus is missing 
H Snipped / notched A distinctive symmetrical curved break, often occurring 

on both sides of a tubular bone 
I Puncture / perforation A discrete hole is apparent in the bone 
I* Puncture / squash (specific) A hole (or squash) in the fossa olecrani (on posterior 

face of distal humerus) 
J Crush A ragged break where bone appears squashed 
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Figure 3.4  Sketch of break types shown on the distal shaft portion of a right humerus (anterior view 
except I* which shows posterior view). 
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Some additional notes are provided below relating to the classification process and 

significance of some break types: 

 

A: No breakage 

If specimens are not broken, but show some sign of weathering (including tiny cracks or 

perforations) record as “no break” but assign the appropriate level of attrition (see below). 

 

B: Spiral break 

Spiral fractures have often been interpreted as an indication that bone has been broken while 

fresh, in a twisting motion that points to a cultural origin for the bone. It should be noted 

however, that Shipman et al. (1981:371-372) and Johnson (1985:175) both identify two types 

of spiral fracture. One, with a smooth fracture surface is a result of breaking dry bone. The 

second has a rough fracture surface and is caused when fresh, green bone is broken. If it is not 

possible to consistently differentiate between these two types of spiral fracture, record as one 

type.  

 

E: Transverse break – straight 

A straight, transverse break with a smooth fracture surface is generally indicative of dry bone 

which suffered “horizontal tension failure” some time after initial deposition (Lyman 

1994:318-319). 

 

F: Sliver or fragment detached - central 

This type of break may result from a deteriorating weathering crack, but is recorded as a type 

of break. 

 

G*: Specific “wrench” on distal humerus (cultural marker) 

Medial portion of the distal humerus is missing. Laroulandie (2005:26) has described this 

(and related modifications, see I*) as a distinctive cultural phenomenon that occurs during the 

disarticulation of the elbow by overextension. This pattern has not yet been recorded for any 

non-human predators.  

 

H: Snipped/notched break 

A distinctive curved break, it may be “reflected” on opposite “sides” of a tubular bone. 

Laroulandie (2005:27) describes a similar phenomenon of “large notches and attached flakes 

above a curved line of fracture” on the articulating ends of ulna and radius in particular. 
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Laroulandie (2005:27) believes the fracture morphology she describes may be a cultural 

marker linked to the process of disarticulation. 

 

I: Puncture/perforation 

There are numerous potential causes of “holes” in bird bone. If weathering, tooth marks or the 

over-extension of the elbow joint are considered the most likely cause, a perforation is 

recorded as the corresponding category. Otherwise, indeterminate but distinct perforations are 

recorded as present to allow for further analysis. The beaks and claws of birds of prey, 

scavengers and cultural processes can all leave punctures in avian remains. For an assemblage 

that includes numerous specimens that exhibit perforations, it is recommended that the 

element, location, extent, shape and size of the puncture be recorded to facilitate 

interpretation.  

 

I*: Specific damage on distal humerus (cultural marker) 

A lesser expression of the effect detailed in G* above, Laroulandie (2005:26) describes a light 

squashing of the fossa olecrani (on posterior face of distal humerus) or a hole in this position 

(with or without adhering flake). Again, believed to be a distinctive cultural phenomenon that 

occurs during the disarticulation of the elbow by overextension, it occurs when the olecranon 

of the ulna penetrates the fossa olecrani of the humerus.  

 

J: Crush 

This type of squashed break may be consistent with tooth marks and chewing. 

 

Peeling or flaking 

Peeling and flaking were not recorded in this study because the confident identification of 

these phenomena was not achieved for the case study assemblage. A description is included 

here for inclusion in future research.  

 

Peeling or flaking has been described as “a roughened surface with parallel grooves, which 

occurs during fragmentation by bending of fibrous material such as bone” (Laroulandie 

2005:25). Peeling has been observed on avian long bones from archaeological contexts, 

“always adjacent to the zone of fragmentation of the articular ends whether these zones are 

partially or totally removed” (Laroulandie 2005:26). Laroulandie’s (2005) analysis of long 

bones modified by eagle owl, peregrine falcon and carnivores has not revealed peeling, but 
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Bochenski has seen peeling on the sternum and pelvis of birds modified by golden eagle 

(Laroulandie 2005:26). 

 

3.5.2.2 Attrition (weathering or digestion) 

Taphonomic methods for recording weathering on faunal remains, generally refer to 

Behrensmeyer’s (1978) scale for stages of weathering for large mammal remains or Andrews’ 

(1990) research on small mammals. Although Behrensmeyer’s (1978) scale has been 

successfully modified for use on moa bone in New Zealand (see McGovern-Wilson 1992, for 

example), one might expect our small birds to be more comparable to small mammals due to 

their size.  

 

Andrews’ (1990) weathering scale defines degrees of splitting, flaking and damage to teeth as 

stage indicators. However, in a study specifically designed to compare the effects of erosion 

versus digestion on bird bones, Bochenski and Tomek (1997) note that while flaking was 

observed on their weathered bird bone, cracking and splitting were not (and clearly, birds 

don’t have teeth). Hence, they defined new categories as discussed previously (see Table 2.3). 

 

Bochenski and Tomek (1997) reported that in cases where avian bone was exposed to 

processes of either weathering or digestion by owls, both resulted in undamaged bone and 

damaged bone with varying degrees of pitting (holes) and flaking. In general, weathered bone 

was characterized by holes with sharp edges and rough bases to depressions, while digested 

bone exhibited rounded edges to holes and breaks with some thinning of bone. Similar 

rounding of edges was, however, also recorded for weathered bone, making taphonomic 

interpretation difficult. They suggest, therefore, that taphonomic interpretations should take 

account of both surface damage and bone fragmentation (Bochenski and Tomek 1997:384-

386). 

 

Distinguishing weathered from digested bone is a complex issue, especially since both may 

occur on a single specimen. The matter is often addressed using scanning electron microscopy 

(SEM) or light microscope examinations (e.g. Andrews 1990, Bochenski and Tomek 1997). 

For SPIT=O, however, the focus is on developing methods based on macroscopic features to 

facilitate their adoption by any researcher. A scale was created to provide a general overview 

of the level of damage exhibited by an assemblage. Further notes can be added if required 

(e.g. thin bone – digestion?), leaving the option open for future investigation.  
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The scale used to record attrition is shown in Table 3.9. 

 
Table 3.9  Codes, categories and descriptions for recording attrition on small-bird remains. 

Attrition scale (weathering/digestion) 

Code Category Description 
0 No attrition No visible damage 
1 Slight attrition Damage just visible in form of tiny hole or flake 
2 Slight to moderate 

attrition 
Easily visible but less than 50% of articular end or surface 
affected by holes or flakes. Specimen otherwise sound 

3 Moderate attrition About 50% of articular end or surface affected by many holes or 
flakes but specimen otherwise sound 

4 Moderate to heavy 
attrition 

Articular ends and up to 50% of the specimen affected by holes, 
flakes or cracks and fragile 

5 Heavy attrition Generally more than 50% of specimen affected and very fragile 
 

Broadly, 1 and 2 compares to Bochenski and Tomek’s weathering stage 1, while 3 to 5 

compares to their weathering stage 2. 

 

3.5.2.3 Burning 

The scale used to record burning is shown in Table 3.10. 
 
Table 3.10  Codes, categories and descriptions for recording burning on small-bird remains. 

Burning scale  

Code Category Description 
0 No burning No sign of burning 
1 Possible burning Discolouration of bone but of uncertain origin 
2 Lightly burnt Small area of bone blackened 
3 Moderately burnt Up to about 50% of bone blackened 
4 Heavily burnt Generally more than 50% of specimen blackened or an area is 

grey/white and fragile 
 

This scale is suitable for an assemblage in which only a small proportion of bone exhibits 

evidence for burning. Any further information on the nature of burnt bone can be recorded as 

notes. In an assemblage that includes numerous specimens that exhibit evidence for burning, 

it is recommended that the extent, colour and location of the burning be recorded to facilitate 

interpretation (see for example, Blasco and Peris 2009). 

 

3.5.2.4 Tooth marks 

The categories used to record tooth marks are shown in Table 3.11. 
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Table 3.11  Codes, categories and descriptions for recording tooth marks on small-bird remains. 
 

Tooth marks  

Code Category Description 
0 None No visible evidence of tooth marks 
1 Possible Indistinct pits or incisions of uncertain origin   
2 Definite Clear tooth pits or incisions 

 

This scale is suitable for an assemblage in which only a small proportion of bone (if any) 

exhibits evidence for tooth marks. In an assemblage that exhibits a significant number of tooth 

marks, it is recommended that their type, location, frequency and measurements are recorded 

to allow for more detailed analysis and interpretation (see for example, Blasco and Peris 2009; 

Delaney-Rivera et al. 2009; Landt, M. J. 2007; Weisler and Gargett 1993). 

 

3.5.2.5 Cut marks 

The categories used to record cut marks are shown in Table 3.12. 
 

Table 3.12  Codes, categories and descriptions for recording cut marks on small-bird remains. 

Cut marks  

Code Category Description 
0 None No visible evidence of cut marks 
1 Possible Indistinct, single or irregular incision(s) of uncertain origin   
2 Definite A series of regular, deep, incisions 

 

This scale is suitable for an assemblage in which only a small proportion of bone (if any) 

exhibits evidence of cut marks. In an assemblage that exhibits a significant number of cut 

marks it is recommended that the location, frequency and measurements of the cut marks are 

recorded as well (see for example, Cassoli and Tagliacozzo 1997; Blasco and Peris 2009; 

Otarola-Castillo 2010). 

 

3.5.2.6 Artefact manufacture 

The categories used to record evidence for artefact manufacture are shown in Table 3.13. 

 
Table 3.13  Codes, categories and descriptions for recording evidence for artefact manufacture in 
small-bird remains. 
 

Artefact manufacture 

Code Category Description 
0 None No visible evidence for artefact manufacture 
1 Possible Bone may be shaped, cut, incised or polished / ground 
2 Definite Bone clearly shaped, cut, incised or polished / ground 

 



 67 

This scale is suitable for an assemblage in which only a small proportion of bone (if any) 

exhibits evidence of modification for future use. In an assemblage that includes a significant 

number of artefact products (or by-products) it is recommended that more detail is recorded.  

 

Figure 3.5 provides a photographic record for some of the modifications described above that 

have been identified as cultural by Laroulandie (2005). Figure 3.6 shows some modifications 

to bird bone by other animals. 

 

   
   (a)       (b) 

 
       (c) 

 
 
Figure 3.5  Examples of modifications identified as cultural (from Laroulandie 2005:Figures 3.4, 3.5  
                  and 3.7). 

(a) Medial wrench on distal humerus. 
(b) Notch fracture on radius. 
(c) Human tooth marks. 
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 (a) 
 

 (b) 
 

Figure 3.6  Non-cultural modifications on small-bird remains made by other animals. 
(a) Beak impacts of eagle owl (Bubo bubo). 
(b) Probable marks of gnawing left by (clockwise from left); fox (Vulpes vulpes) or badger 

(Meles meles), weasel (Mustela nivalis) and house mouse (Mus musculus) 
(from Serjeantson 2009: Figures 5.9 and 5.14). 
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3.6 Origins (=O) 
By considering the evidence gathered in S, P, I and T that relates to the site, avian ecology 

and the nature of the recovered assemblage, conclusions are drawn regarding the most likely 

origin of the recovered bird bone. 

 

In particular, the nature of the recovered assemblage is compared to typical taphonomic 

signatures for potential agents and processes of deposition and assessed for evidence of biases 

introduced by first-order post-deposition processes (e.g. weathering, scavenging and 

transport) or by second-order processes during recovery and analysis. Potential predators are 

excluded through a process of elimination (e.g. being incompatible with habitats available). In 

this way, it may be possible to identify the actual cause of death and establish the deposition 

history for the individuals represented. If all but one agent of deposition has been eliminated, 

it should still be established that the nature of the avifaunal remains is consistent with that 

agent, before a final interpretation is constructed. 

 

Table 3.14 provides an overview of the indicators to consider when trying to establish the 

agents and processes of deposition, recovery and analysis responsible for the avifaunal 

remains under investigation. 
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Table 3.14  A summary of indicators associated with agents and processes of deposition and post-
mortem taphonomic bias. 
 

FACTOR AGENT or 
PROCESS 

INDICATORS 

Cultural 
agent  

Human Undisturbed in situ deposit in archaeological context 

  Burning / Cut marks / Artefact manufacture 
  Medial wrench / Squash & notch / Peeling / Tooth marks 
  Economic range of species 
  Economic breakage and processing patterns 
   
Cultural 
post-mortem 
bias 

Recovery  Sieve size, sampling strategy 

 Analytical (ID) Under-representation of species / element / portion 
   
Natural 
agent 

Non-human 
predators 

Distribution / Habitat / Diet 

  Taphonomic signature 
  Absence of cultural indicators 
   
 “Accidental” 

death 
Location accommodates trap or wreck scenario 

  Complete skeleton or natural disarticulation pattern 
  Absence of cultural indicators 
   
Natural 
post-mortem 
bias 

Wind or water 
transport 

Site formation evidence  
(e.g. eroding or intrusive deposits) 

  Element representation (sorting) 
  Attrition (e.g. sand abrasion / water rolled / bleaching) 
  Absence of cultural indicators 
   
 Scavengers Taphonomic signature 
  Absence of cultural indicators 
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Chapter Four: The application of SPIT=O to Watsons Beach 
 
4.1 Introduction 
This chapter documents the application of the SPIT=O model to an assemblage of bird 

remains recovered from the archaeological deposit at Watsons Beach, South Otago (H45/10), 

to test their cultural or natural origins. The methods used follow those described in Chapter 

Three, adapted to suit the study of an assemblage where the analyst was not involved in the 

excavation, nor the initial sort of the material. While this situation is less than ideal, it is 

relatively common in the study of archaeological and palaeontological bird remains. 

Consequently, the case study is justified here in the application of the model to a real world 

situation, to test its viability for a curated assemblage. 

 

4.2 (S) Site  
 

4.2.1 Physical Environment 

4.2.1.1 Geographic location and climate 

“Watsons Beach proper” lies on the north side of Big Creek, about 10 km south of Taieri 

River Mouth. The archaeological site is situated in low sand dunes on the bay that runs south 

from Big Creek to a rocky headland (Tucker and Christie 2001:280; see Figures 1.2 and 4.1). 

 

The site is located between two major rainfall zones; the wetter Catlins coast to the south 

(1600-800 mm rainfall per annum) and generally drier Otago coast to the north (mostly 800-

600 mm, but 1600-800 mm on the Otago Peninsula and below 600 mm in North Otago) 

(McGlone 1983:12). 

 

 4.2.1.2 Geomorphology 

Topography 

At the coast, Big Creek is oriented approximately W-E and dissects a sand dune system. To 

the north and south of these dunes, the coastline is predominantly rocky for several 

kilometres. Behind the southern dunes that contain the archaeological site, a grassy, slightly 

boggy terrace runs back about fifty to eighty metres to a low ridge at the base of surrounding 

hills (Tucker and Christie 2001:280-281). From the dunes, the beach slopes down only a few 

metres to the sea and in the water adjacent to the beach, several rock stacks protrude at high 

tide.  
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Figure 4.1  Watsons Beach location on topographic map (NZMS Topo 50 series CF16 Taieri Mouth).  
                   Shading for areas of native vegetation emphasized. 
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Figure 4.1  NZMS Topo series legend. 
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Currently used for grazing stock, the coastal terrace on which the archaeological site is 

located is the result of a three metre tectonic uplift event associated with the Akatore Fault. 

This uplift event also blocked the drainage of several antecedent streams through the Akatore 

block at Big Creek Swamp, Bull Creek Swamp, Nobles Stream Swamp and Rocky Valley 

Creek Swamp (Litchfield and Norris 2000:417). Litchfield and Norris (2000:417) dated the 

event to between 1150-1000 yr BP (800 - 950 AD), while McFadgen (2007:204) has 

reinterpreted the data and suggests the rupture occurred less than one thousand years ago, 

between 1340 and 1410 AD (610 – 540 BP). 

 

McFadgen (2007:204-205) notes that the Watsons Beach archaeological site is: 

on the uplifted side of the fault and should be younger than the Akatore 
earthquake. Before the earthquake, this part of Watson’s Beach would have been 
underwater. The sand on which the site is located is probably a result of the 
earthquake, and of similar age to the sand accumulation at Pleasant River and 
elsewhere on the coast. 

 
Correlating this influx of quartz sand with the Ohuan depositional episode, McFadgen 

(2007:205) believes that coastal progradation of up to 500 m occurred on Otago beaches 

between about 1340 and 1650 AD, altering the coastal environment and affecting shellfish 

beds. McGlone (1989:121-122), however, has advised caution regarding McFadgen’s 

nationwide correlation of depositional events, at least until research independently establishes 

detailed regional profiles.  

 

Residents remember that during the 1960s or 1970s, the dunes at Watsons Beach were large 

enough to jump and slide down, but in the early 1990s, severe storms stripped away much of 

the dune system that remained in the bay (Tucker and Christie 2001:291). This degradation of 

the dunes is consistent with Department of Conservation records which indicate that there was 

a 41% reduction in the area of active dunelands along the Otago coastline from the 1950s to 

1990s. The general trend continues, but probably at a reduced rate (Hilton et al. 2000: 24 and 

Otago maps in Appendix 2). 

 

Because the SPIT=O model has been developed since the excavation at Watsons Beach, 

recording the orientation of avifaunal specimens and the sampling of associated sediments 

were not incorporated into the excavation plan. 
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Figure 4.2  Forest cover in New Zealand at European contact (from McFadgen 2007:129). 
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4.2.1.3 Vegetation history 

McGlone (2001:1) has described the pre-human, mid-late Holocene vegetation of the south-

eastern South Island as follows:  

Dense tall podocarp-angiosperm forest dominated the moist Southland and 
southern coastal Otago districts. Open, discontinuous podocarp-angiosperm forest 
bordered the central Otago dry interior, extending along the north Otago coast. 
Grassland was mostly patchy within these woody ecosystems, occurring on 
limited areas of droughty or low nutrient soils and wetlands, or temporarily after 
infrequent fire or other disturbance. 

 

Watsons Beach is located within McGlone’s (2001:8) “closed forest zone”, which, on fertile 

lowland soils in areas of moderately moist climate, supported matai (Prumnopitys taxifolia), 

totara (Podocarpus totara) and kahikatea (Dacrycarpus dacrydioides) as the most abundant 

canopy podocarps. Wetter districts were dominated by rimu (Dacrydium cupressinum), miro 

(Prumnopitys ferruginea), Southern rata (Metrosideros umbellate) and kamahi Weinmannia 

racemosa. Beech (Nothofagus spp.) dominated the mountains (McGlone 2001:8).  

 

Corresponding to its location between two major rainfall zones, a transitional vegetation 

sequence is reflected in the following extract from a description of remnant indigenous forest, 

recorded for the Tokomairiro Ecological District in a Department of Conservation report 

(McEwen 1987:79):  

Remnants of indigenous vegetation include rata/kamahi forest as far north as 
Akatore Creek; podocarp/kamahi forest beside the Taieri R. near Taieri Mouth; 
coastal podocarp/hardwood forest (rimu, miro, Hall’s totara/mahoe, broadleaf, 
Pittosporum spp.) in the hills from Taieri Mouth to Saddle Hill. 
 

The northern limit of rata at Akatore Creek (less than 10 km north of Watsons Beach) 

probably results from the drier conditions. 

 

Although no pollen cores have been reported from the immediate vicinity of the Watsons 

Beach site, palynology from nearby Bull Creek Swamp indicates the area immediately 

surrounding the swamp was forested in the late Holocene “with a rimu-matai-totara 

(Dacrydium cupressinum – Prumnopitys taxifola – Podocarpus totara) type forest 

accompanied by tree ferns.” Other pollens identified included “small trees” (Aristotelia, 

Hoheria, Leptospermum, Pittosporum and Pseudopanax), “shrubs” (Hebe and Coriaria), 

“herbs” (Apiaceae and Liliaceae) and “swamp herbs” (Drosera and Callitriche) (Litchfield 

and Norris 2000:411). 

 

Hamel (1982:129) has observed that: 
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North of the Clutha [River] mouth rainfall tends to be so low that the original 
forest was at best a narrow strip of broadleaf-podocarp forest along the coastal 
slopes and gullies, with open kanuka forest behind it. By the early 19th century, 
this forest was reduced to numerous discrete patches.  

 
By the time of the first European surveys (c. 1840-1860 AD), significant deforestation had 

certainly occurred in South Otago, but some forest cover remained in the vicinity of Watsons 

Beach, at least in the surrounding hills (see Figure 4.2). It is in these coastal hills, particularly 

the stream and river valleys, that remnant and regenerating forest survives today (shown in 

Figure 4.1), demonstrating that interactions between vegetation type, climate and topography 

can reduce the risk and spread of fire (Ogden et al. 1998:688). 

 

Without soil and pollen evidence, it is hard to establish the vegetation sequence in the 

immediate vicinity of the Watsons Beach archaeological site. The recently uplifted terrace 

was clearly subject to significant episodes of dune building and erosion, but may have 

supported coastal grasses, scrub or forest at some stage. Pingao, or golden sedge 

(Desmoschoenus spirilis), is reported from the area today and was traditionally a preferred 

weaving fibre for Maori (Tucker and Christie 2001:289). 

 

4.2.2 Archaeological context 

4.2.2.1 Site history 

The history of the Watsons Beach archaeological site indicates there has been significant 

potential for the mixing of cultural and natural deposits. For at least twenty years, within an 

area of about 300 m by 20 m, residents have witnessed the action of wind and tide 

intermittently exposing and eroding areas of cultural material (ovens, faunal material and 

artefacts) in the dunes just above the beach (Tucker and Christie 2001:291). In addition to 

conflation and erosion of the dunes by wind and tide, the site is under threat from stock 

trampling on the surface and penguin and rabbit burrowing within the cultural deposits 

(Tucker and Christie 2001:291).  

 

Over the years, numerous moa bones have been seen or collected by locals and visitors at 

Watsons Beach, although it has not yet been ascertained whether the birds represented are 

likely to have been hunted locally, “mined” for artefact manufacture or deposited naturally 

(Tucker and Christie 2001:292). Little moa was recovered during the excavation, but it was 

noted that some of the elements found, such as tracheal rings and moa eggshell may indicate 

that at least some of the moa remains represent a local kill, consistent with an early site 

interpretation (Jacomb and Darmody 2002:56). 
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Figure 4.3  Sketch map of Watsons Beach site (H45/10) (from Jacomb and Darmody 2002:49). 
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4.2.2.2 Excavation record 

Site plan and stratigraphy 

During the 2001 excavation of the Watsons Beach archaeological site, three main excavation 

areas were established: A, B and C (see Figure 4.3). Each 1 m square was identified with a 

letter and number; from 0 (from South to North along baseline) and either backwards from L 

(squares west of the baseline) or forwards from M (squares east of the baseline). 

 

The stratigraphy at the site incorporated a “sand overburden” above “a single cultural 

deposit…on clean sand”. In  Area B up to three cultural deposition episodes were recorded, 

“including an initial deposit of seal bones and butchering artefacts” below “a charcoal-stained 

sand layer containing fire-cracked rocks and seal and bird bones, and ovens, capped by a layer 

of burnt and unburnt mussel midden”. In Area A “only two episodes were visible” with “no 

lower component and little seal bone”. Elsewhere, only a sparse scatter of mussel midden or 

fire-cracked rock was present (Jacomb and Darmody 2002: 54).  

 

For the initial test of the SPIT=O model, a sample of bone from Area A was analysed (see 

section 4.4.1.1 for sampling strategy), so further detail from Area A is provided here, drawn 

from the interim excavation report (Jacomb and Darmody 2002). 

 

i) The southernmost feature excavated in Area A was a small fire scoop, badly 

damaged by rabbits. 

 

ii) About ten metres to the north of (i), a low mound (about 5 x 5 m in area) was 

excavated. It contained at least two fire areas covered by a layer of midden; 

predominantly blue mussel (Mytilus edulis), a few paua (Haliotis sp.) and some 

dog and fish bone. Some moa eggshell and numerous bird bones (including parrot 

beaks) were recovered from charcoal-stained sand. 

 

iii) A few metres north of (ii), a shallow oven and hearth were excavated. A broken 

silcrete blade was recovered. 
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iv) A few metres west of (iii), a cultural layer of charcoal-stained sand was located 

beneath a cover of grass and clean sand. A fairly large area was excavated due to 

the discovery of two possible postholes but generally the layer contained only 

sparse scatterings of crushed shell midden and a few fragments of red ochre, with 

considerable disturbance from rabbit burrowing. A concentration of small parrot 

bones and two unusual discoidal stone artefacts were notable finds. 

 

v) A trench excavated at the north end of Area A provided evidence for the active 

nature of the dunes at the site, recording periods of sand deposition and erosion 

through wind and wave activity since the cultural deposit was laid down. 

 

vi) The base of a small oven was excavated just north of the red ochre deposit. 

  

The cross-section shown in Figure 4.4 passes north – south through the “low mound” 

described above. The sampled avifaunal remains were most closely associated with the shell 

midden layer and charcoal-stained sand below it. About 90% of the sampled small-bird 

remains were recovered from sub-surface layers in excavation squares R17, S17, S18, T18 

and R20 which are associated with the 5 x 5 m mound described in (ii) above. Of those 

remains, most were concentrated in square R17, layer 1 as discussed below. 

 

Intrusive animal burrows and eroding areas on the surface of the midden layer have been 

recorded, but the midden still appears to cap the lower layers, without obvious mixing from 

later deposits. 

 

In general, although there is documented evidence for conflation, erosion and rabbit 

burrowing in Area A, the stratigraphy recorded suggests that surviving cultural features and 

materials appear otherwise to have remained reasonably intact since their primary deposition. 

 



 81 

 

(16)
0 1 2 3 4 5 6 m

(22)

rb rb

rb

eroded midden

midden

light yellow brown sand

yellow brown sand

dark brown-yellow brown sand

dark sand, charcoal

lens of dark sand, charcoal

rabbit burrow, midden !ll

!"#$%&'()('!"#$%&'%!()#*+!,-)#!,.!%)*$/&'!$+-&01+!2!3-&4!56!4!$&!77!4



 82 

Chronology 

As described above, the components of the primary Watsons Beach midden deposits 

excavated by Jacomb and Darmody (2002) are consistent with an early New Zealand 

Polynesian or “Archaic” site complex. Tucker and Christie (2001:292) have also suggested 

that the known site assemblage is consistent with a “late Archaic” context. 

 

Seven radiocarbon dates have been processed on archaeological materials recovered from 

Watson Beach deposits during the excavation in 2001. These dates are presented in this thesis 

from information provided by C. Jacomb (2010: pers. comm.). 

 

The Watsons Beach radiocarbon samples are all from midden deposits in Areas A and B, 

including marine (shellfish) and terrestrial (moa egg shell) samples (Table 4.1; C. Jacomb 

2010: pers. comm.). In field records, these samples are all identified to “Layer 2”. This 

designation may be specific to each area, as the stratigraphy was not continuous across Areas 

A and B (as noted above). 

 

No further stratigraphic or context information has been made available beyond the details 

shown at Table 4.1. However, at two sigma, it seems significant that the dates from both areas 

cluster around the fourteenth century AD. This suggests that there is a tight, early chronology 

for the primary Polynesian occupation of the larger site (cf. Higham and Jones 2004). 

 
Table 4.1  Radiocarbon ages for primary midden deposits from Watsons Beach (H45/10) on marine 
(M) shellfish “mussel” and “paua” (marine data from Reimer et al. (2009) with Delta R –7±45) and 
terrestrial (T) “moa egg shell” (southern hemisphere atmospheric data from McCormac et al. 2004). 
Calibrated radiocarbon ranges are shown at 2-sigma (95% confidence). Provenance information 
includes area (A or B) followed by excavation unit. All radiocarbon data and sample details from C. 
Jacomb 2010: pers. comm. 
 

Lab No. 
(Wk) 

Provenance Material 
(Marine or 
Terrestrial) 

CRA D13C (‰) CAL AD 
(2 sigma) 

12960 A/Q18 Mussel (M) 1010±36 1.8±0.2 1275-1445 
12961 A/S18 Mussel (M) 982±38 1.7±0.2 1290-1455 
12962 A/R18 Moa egg shell 

(T) 
494±42 -16.4±0.2 1320-1466 

12963 B/K26 Mussel (M) 988±37 1.3±0.2 1310-1437 
12964 B/K29 Paua (M) 1045±45 1.4±45 1268-1420 
12965 B/K29 Mussel (M) 1018±39 1.3±0.2 1293-1425 
12966 B/K28 Moa egg shell 

(T) 
631±44 -16.3±0.2 1284-1403 
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Assemblage recovery 

In keeping with the project’s objectives, the excavation grid was laid out to include 

concentrations of cultural material previously identified through surface inspection and test-

pitting (Jacomb and Darmody 2002:48). Hence, all avifaunal material recovered has a close 

spatial association with cultural material. 

 

In general, material was recovered from the excavation using 3.2 mm sieves, then stored in 

bags labelled with the site code, date of collection, excavation area, square and level/spit data 

until analysed in the laboratory. Bulk samples were also taken at intervals, but these were also 

screened using 3.2 mm sieves, so no information regarding loss during recovery is available 

(Jacomb 2010: pers. comm.). If present in the deposit, specimens from very small faunas (tiny 

birds, lizards, frogs, bats, etc.) would not necessarily have been recovered. 

 

Small-bird remains were recovered from Areas A and B. Bird-bone artefacts and moa remains 

were analysed separately. Much of the small-bird bone had already been bagged with one 

specimen per numbered, labelled, zip-lock bag. Some squares had not yet been processed to 

individual specimen level, so the established system was continued as the laboratory analysis 

proceeded. No formal identification to species had been carried out at this stage, but it had 

been recognized during excavation, that a large number of small parakeet (Cyanoramphus 

spp.) were represented. 
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4.3 (P) Palaeoecology 
 

Based on the physical nature of the environment described in (S) above and with reference to 

the distribution and preferred habitat details of potential predators (see Appendix 2), it can be 

determined which agents and processes of deposition were most likely to have been active at 

Watsons Beach and, potentially, involved in the deposition of the recovered avian remains. 

 

Situated on the South Otago coast, the locality provided both rocky shore and sandy shore 

habitats. A stream and associated swamp provided freshwater habitats. The pre-human 

environment was generally forested with a diverse and productive, largely closed-canopy 

podocarp-broadleaf forest most typical of southern, wetter areas. Over time, both Maori and 

European settlers contributed to large scale deforestation in the wider area, but significant 

pockets of forest survived, at least in the steep stream and river valleys. 

 

The geologically recent formation of the coastal terrace and lack of palynological evidence 

from Watsons Beach, creates some uncertainty regarding the vegetation history for the site. It 

is not yet known if the terrace ever supported forest, or coastal scrub and grassland. However, 

local forest, scarps and off-shore rock-stacks would have provided avian predators with 

plentiful nest and roost sites. 

 

Situated in a geologically active, high rainfall, coastal location with streams and swamps, a 

diverse range of non-predator related taphonomic effects must be considered in the 

interpretation of the avifaunal remains. Storm-wrecks, burrow collapse and post-mortem 

transport (by wind, water or scavengers) could all have contributed to the deposition of bird 

remains at the site. 

 

Due to the presence of the archaeological site, humans, dogs and rats are clearly predators that 

may have contributed avian remains to local deposits. Dog and rat were both represented in 

the Watsons Beach midden. 

 

Given the location and environment of the site, Haast’s eagle, New Zealand falcon, laughing 

owl, morepork and skua are all strong candidates as potential agents of deposition and may all 

have engaged in predatory behaviour in the area (see distribution and habitat details in 

Appendix 2). Eyles’s harrier is a less likely candidate because in the South Island, its remains 
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have only been found north of the Waitaki River, generally in drier forests or shrublands areas 

with more open or mosaic vegetation cover (Worthy and Holdaway 2002:349). 

 

Gulls, weka, New Zealand ravens and seals could all have frequented the coastal site and 

engaged in opportunistic predation or scavenging of birds resulting in occasional deposition 

of their remains. The South Island adzebill may have inhabited the area, perhaps taking 

seabirds during nesting seasons (Worthy and Holdaway 2002: 402, 404), although it may not 

have been common on the coast (Tennyson and Martinson 2006:70). Kea, on the other hand, 

were largely restricted to alpine areas (Worthy and Holdaway 2002:555). 

 

This first test application of SPIT=O considers only pre-European predators, due to the 

“Archaic” nature of the archaeological midden deposits sampled, the fourteenth century 

radiocarbon dates and reasonably intact stratigraphy of the cultural deposit described in (S). It 

is assumed, therefore, that any substantial accumulation of avian bone in the archaeological 

deposit is most likely to have been deposited before, during or just after the human 

occupation. If any stratigraphic or taphonomic evidence to the contrary had been found, 

consideration of post-European agents would have been incorporated into these analyses.  
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4.4 (I) Identification and quantification  
 

4.4.1 Case-specific methods for Watsons Beach 

4.4.1.1 The sample 

The objective of this thesis is to develop and test SPIT=O. Hence, a manageable sample of 

material was selected from Area A, because the excavation record appeared to provide more 

detail than that for Area B.  

 

Within Area A, small-bird remains were recovered from five spatially separated sub-areas. To 

ensure the sample provided representative coverage across Area A, about one square in three 

was selected at random for each sub-area (Orton 2000:167). If four or less squares were 

represented, one square was included in the sample. The sample includes all the small-bird 

specimens from all levels from selected squares in each sub-area to ensure the sub-areas were 

sampled with the same intensity (Orton 2000:165). The numbers of small-bird specimens 

recovered per square (and layer) are shown in Table 4.2.  

 
Table 4.2  NISP by square and layer for small-bird specimens sampled from Watsons Beach Area A. 
 

Sub-area Square Surface  Layer 1  Layer 2  “?”  NISP(t) 

(Aa) R17 

S17 

S18 

T18 

 1096 

29 

8 

21 

61 

 

335 

 1157 

29 

343 

21 

(Ab) R20 48  157  205 

(Ac) B21  76   76 

(Ad) R28   3  3 

(Ae) L37     50 50 

NISP(t)  48 1230 556 50 Total=1884 

 

The volume of material to be processed and the number of specimens already bagged 

individually, led to the decision not to wash the bones, but to gently brush any excess matrix 

from each item as identifications were made. To ensure this process would be adequate, a 

small sample was cleaned in an ultrasound bath. The data collected before and after cleaning 

was not affected, so washing was not deemed necessary for this material.  

 

In order to provide as much data as possible regarding taphonomic patterns exhibited by the 

assemblage and to support any conclusion drawn regarding the value of “looking at every 
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bone”, element and modification data from every specimen in the sample was recorded, 

including fragmentary material that was not identifiable beyond Class: Aves. 

 

4.4.1.2 Identification 

The majority of identifications in this study were achieved using the reference specimens held 

in the OAL. This comparative collection consists of three sections. The first includes bones 

from about one hundred species, represented by the left and right elements of nine bones: 

femur, tibiotarsus, tarsometatarsus, coracoid, humerus, ulna, radius, carpometacarpus and 

quadrate.  

 

The second section in the collection consists of three sets of bags containing the skulls, 

sternum and pelvic bones of the same species represented on the boards described above. 

Finally, a series of boxes organized by taxonomic order, contain complete skeletons (largely 

disarticulated) for most of the species represented above. For many of these species a range of 

individuals of different size and age are available, providing some scope to allow for intra-

specific variation. 

 

Each specimen in the case study was removed from its bag, brushed gently to remove any 

matrix and examined under a 3x diopter magnifying lamp. Identifications were made to 

species level (where possible) by comparing each bone against comparative material. 

 

Following Worthy (1998a:135) no attempt was made to distinguish between red and yellow-

crowned parakeet (Cyanoramphus novaezelandiae and C. auriceps.) because the bones of the 

two species are “morphologically indistinguishable, and their size ranges overlap broadly”. 

 

A visit to the collections at Otago Museum facilitated some identifications, particularly for 

species where holdings at Anthropology were incomplete - e.g. kaka (Nestor meriodionalis). 

At this stage, a small amount of material (about 4%) remains unidentified (“? ID”) due to a 

lack of appropriate specimens.  

 

4.4.1.3 Quantification  

Because the following analyses are part of the initial test of the SPIT=O model and the 

Watsons Beach cultural deposits are likely to derive from one occupation event, the Area A 

sample of small-bird remains was quantified as a single unit (i.e. all squares and layers have 

been combined). Size and age of the specimens were not taken into account in the derivation 
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of MNE and MNI, but the latter is considered in the consideration of relative abundance of 

taxa by excavation square (i.e. spatial distribution of species). 

 
4.4.2 Results for the identification and quantification of species 

Complete data recorded for the 1,884 specimens in the Watsons Beach Area A sample is 

included in an Excel spreadsheet in Appendix 3. A tabular, graphic and textual summary of 

species identifications, their corresponding NISP, MNE and MNI derivations and their spatial 

distribution follows. In the tables and figures below, NISP(t) is derived from all the small-bird 

specimens sampled, NISP(g), MNE(g) and MNI(g) are derived from specimens identified at 

least to genus level. 
 

Table 4.3  Species identified from Watsons Beach Area A sample, with NISP, MNE and MNI 
derivations provided in absolute values and as a percentage of their respective totals.  
 

Common name or 
category 

NISP(t) % NISP(g) % MNE(g) % MNI(g) % 

         
Black or Red-billed Gull 1 0.1 1 0.1 1 0.1 1 0.6 
Finsch's Oystercatcher 1 0.1 1 0.1 1 0.1 1 0.6 
Kaka 3 0.2 3 0.2 3 0.2 1 0.6 
Kelp Gull 1 0.1 1 0.1 1 0.1 1 0.6 
Little Blue Penguin 1 0.1 1 0.1 1 0.1 1 0.6 
New Zealand Pigeon 18 1 18 1.3 13 1.1 3 1.8 
New Zealand Quail 13 0.7 13 0.9 11 0.9 2 1.2 
Parakeet 984 52.2 984 69.2 856 71.2 114 68.7 
Spotted Shag 1 0.1 1 0.1 1 0.1 1 0.6 
Tui 399 21.2 399 28.0 314 26.1 40 24.1 
Weka 1 0.1 1 0.1 1 0.1 1 0.6 
Still to Identify (?) 75 4       
No ID possible (No ID) 353 18.7       
No ID attempted (Not 4 ID) 33 1.8       
         
Total 1884 100.4 1423 100.2 1203 100.1 166 100 

 

Figure 4.5 shows the results of a test to determine whether the sample size adequately 

represents the taxonomic richness of the sampled population. NISP was plotted against the 

cumulative number of taxa identified (adding data by sampled excavation square, from South 

to North). The dominance of two species (parakeet and tui), low number of taxa identified in 

total (see Table 4.3) and very variable NISP values for each excavation square (see Table 

4.2), did not result in a redundancy curve, although there is some indication that the number 

of new species may have reached a plateau. It is acknowledged, that analysing further 

material may increase the number of taxa identified. 
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Figure 4.5  Cumulative richness of avian taxa across cumulative NISP(t) from excavated squares for 
the Watsons Beach Area A sample. 
 

However, plotting the proportion of identified species against cumulative sample size for the 

sampled squares (again, from South to North) does produce redundancy curves (see Figure 

4.6). The relative frequency of taxa other than parakeet and tui can be expected to remain very 

low, even with analysis of additional material. 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 4.6  Proportion of parakeet, tui and other taxa (combined) across cumulative NISP(g) for 
excavated squares from the Watsons Beach Area A sample. 
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NISP (%) for all specimens (n=1884)
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Fig 4.7  Pie graph showing NISP (%) for the main categories for all the small-bird remains analysed 
from Watsons Beach Area A sample. NISP(t) n=1884. 
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Fig 4.8 Pie graph showing MNE (%) for the small-bird remains from Watsons Beach Area A sample 
that were identified to genus. MNE(g) n=1203. 
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Fig 4.9  Pie graph showing MNI (%) for the small-bird remains from Watsons Beach Area A sample 
that were identified to genus. MNI(g) n=166. 
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The pie graphs shown in Figures 4.7, 4.8 and 4.9 are based on NISP, MNE and MNI 

respectively and demonstrate the relative proportions of taxa represented in the Watsons 

Beach Area A sample. 

 

Parakeet (Cyanoramphus spp.) clearly dominate the small-bird assemblage, accounting for 

more than 50% of the total specimens in the sample NISP(t) and nearly 70% of the specimens 

identified to genus NISP(g). Combined, tui (Prosthemadera novaeseelandiae) and parakeet 

account for over 70% of the total number of specimens, NISP(t) and over 90% of the MNE(g) 

and MNI. The MNI for parakeet in the sample is 114, while tui have an MNI of 40. 

 

New Zealand pigeon (Hemiphaga novaeseelandiae), New Zealand quail (Coturnix 

novaezelandiae) and kaka (Nestor meridionalis) are the only other species confidently 

identified in the sample that are represented by more than one bone, but have an MNI of only 

three, two and one respectively. 

 

Black or red-billed gull (Larus bulleri or L. novaehollandiae), Finsch’s oystercatcher (sub-

adult) (Haematopus finschi), kelp gull (Larus dominicanus), little blue penguin (Eudyptula 

minor), spotted shag (Stictocarbo punctatus) and weka (sub-adult) (Gallirallus gallirallus) are 

the other species confidently identified, all with an MNI of one and each represented by only 

one bone. 

 

Looking at the number of specimens per taxa in each excavation square provides an overview 

of the spatial distribution of the small-bird remains from the Area A sample. The NISP for 

each species identified to genus (total NISP(g)=1423) is represented graphically for each 

excavation square below (see Figures 4.10 and 4.11 and note the change in scale for NISP to 

facilitate interpretation).  
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Distribution of parakeet and tui remains 
(H45/10 Area A sample, NISP(g)=1383)
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Figure 4.10  Bar graph showing the distribution of identified parakeet and tui specimens. Note: In 
relation to sampling strategy described in section 4.4.1.1: sub-area (Aa) = R17, S17, S18 and T18, 
sub-area (Ab) = R20, sub-area (Ac) = B21, sub-area (Ad) = R28 and sub-area (Ae) = L37. 
 

 

 

 

Distribution of remains for less abundant small-bird species 
(H45/10 Area A sample, NISP(g)=40)  
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Figure 4.11  Bar graph showing the distribution of less abundant small-bird species identified Note: In 
relation to sampling strategy described above: sub-area (Aa) = R17, S17, S18 and T18, sub-area (Ab) 
= R20, sub-area (Ac) = B21, sub-area (Ad) = R28 and sub-area (Ae) = L37. 
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Figures 4.10 and 4.11 show that parakeet and tui remains dominate the assemblage and that 

one or both of these species are found in all the sampled squares. While there is a range of 

species represented in most squares, L37, R28 and T18 contain only tui or parakeet. 

 

Square R17 from sub-area (Aa) has by far the greatest NISP(g) (n=919) representing 65% of 

the total identified specimens, while square R20 from sub-area (Ab) contains the greatest 

range of identified species, with nine of the eleven identified species represented.  

 

For tui and parakeet combined, 88% of the specimens are from sub-area (Aa), 6% from sub-

area (Ab), 4% from sub-area (Ac), 0.1% from sub-area (Ad), and 2% from sub-area (Ae). Of 

the less abundant species, 65% of the specimens were from sub-area (Aa), 20% from sub-area 

(Ab) and the remaining 15% from sub-area (Ac). 

 

Although not treated separately in the quantifications presented above, it is interesting to note 

that the eleven specimens recorded as sub-adult (due to the granulated nature of the bone), are 

all from layer 2 in square R20, sub-area (Ab). The bones represent one parakeet, one weka, 

one Finsch’s oystercatcher and probably, two tui. 

 

Given that the analysed sample represents only about half of the avifaunal material recovered 

from Area A (and perhaps a quarter of the complete assemblage), it is clear that small-birds 

species, particularly parakeet and tui, are represented in significant numbers across Area A, 

but concentrated in sub-area (Aa).  
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4.5 (T) Taphonomy 

Ideally, the taphonomic analysis of element representation and modifications to the H45/10 

Area A sample specimens would identify trends or patterns that are consistent with a 

taphonomic signature typical of a particular predator or deposition process, allowing the 

origin of the bone to be established. If a combination of agents and processes affected the 

assemblage, a more complex picture will emerge. 

 
4.5.1 Element Representation 

Below, Figure 4.12 provides an overview of the elements represented by all the specimens 

from the H45/10 Area A sample. 

 

NISP values for each element type grouped by body part
(n=1884)
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Figure 4.12  Bar graph showing absolute NISP values for each element type (all species) analysed 
from Watsons Beach Area A sample. NISP(t) n=1884. 
 

A brief consideration of the elements represented and possible sources of bias related to 

recovery and analysis is provided here. In general, the avifaunal specimens range from 

complete elements to small shaft fragments. While tiny fragments or whole elements from the 

smallest species may have been lost during recovery using a 3.2 mm sieve, it is clear from the 

nature of the assemblage that considerable care has been taken in the separation of avifaunal 

material from other faunas.  

 

Although fragile, the complete absence of furculae was unexpected and may have been due to 

identification error during initial sorting, so the element was excluded from the following 
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analyses. Vertebrae and ribs are also under-represented, but it is not known if they were lost 

during recovery, never present or misclassified. Avian phalanges and claws are easily 

recognised, but those from smaller species may have been lost during recovery. The great 

majority of the specimens that remain unidentified (No ID) are accounted for by shaft 

(especially tibiotarsus) and sternal fragments. These elements are well represented by 

identified portions from species of similar size, however, so there has been no obvious bias 

introduced. 

 

By NISP, the tibiotarsus is the most frequently represented element identified, followed by the 

humerus, coracoid and sternum. Of the major identifiable elements in the avian skeleton, the 

ulna, radius and carpometacarpus (i.e. distal wing elements) are particularly notable for their 

low numbers. While they can be difficult to identify to species, these elements are easily 

recognized (even without the articular ends), so their under-representation here (in the 

complete sample), is most likely related to a taphonomic bias associated with deposition 

events, not recovery and analysis. 

 

4.5.1.1 Detailed element representation analyses for parakeet and tui 

Having established general patterns of element frequency for the whole sample, parakeet and 

tui were selected for detailed analysis of element representation. Together, these taxa account 

for over 90% of the sampled assemblage that was confidently identified, so are the most likely 

(and significant) to exhibit any distinct taphonomic trends. The two taxa were analysed 

separately to eliminate bias from other species and allow for a comparison of data from two 

volant, forest species of comparable size, to determine whether they were influenced by 

similar or different taphonomic agents or processes. 

 

Distribution of elements 

Figures 4.13 and 4.14 demonstrate that for both parakeet and tui there is a general trend for 

most body parts (especially core, wing and leg) to be represented across the sampled 

excavation squares, but with a significant concentration of specimens in R17, sub-area (Aa). 

The similar distribution patterns suggest that the tui and parakeet were probably deposited by 

the same agents and processes.  
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Distribution of parakeet specimens by body part and square 
(H45/10 Area A sample, NISP=984)
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Figure 4.13  Distribution of parakeet specimens from the Watsons Beach Area A sample, by body part 
and excavation square. 
 

 

Distribution of tui specimens by body part and square
(H45/10 Area A sample, NISP=399)
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Figure 4.14  Distribution of tui specimens from the Watsons Beach Area A sample, by body part and 
excavation square. 
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Element survival and fragmentation analyses 

Element survival and fragmentation analyses were carried out following the methods 

described in Chapter Three, with results presented here for parakeet and tui. 

 

Relative abundance of element types (parakeet and tui) 

To facilitate the direct comparison of parakeet and tui element abundance, Figure 4.15 is 

based on element MNI values. Although the most abundant elements are different (sternum 

then coracoid for parakeet; humerus then sternum for tui), the generally similar trends support 

the deposition of the two species by the same agents and processes. 

Relative abundance of element types for Parakeet and Tui
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Figure 4.15  Bar graph showing the relative abundance of element types for parakeet and tui 
analysed from Watsons Beach Area A sample. Element MNI is shown as a percentage of the MNI for 
each species (parakeet MNI=114, tui MNI=40). 
 
 
The observed ratios in the following element survival and element fragmentation analyses are 

derived from the Watsons Beach MNE data (see Appendix 3), as described in Chapter Three. 

The Chi-squared test for “goodness-of-fit” (see Appendix 1) is applied to determine whether 

the observed ratios of elements differ significantly from the expected ratios. 

 

In each case, “expected” indicates a confidence level of less than 95%, “<” or “>” indicates a 

confidence level of 95%-99.9% and “<<” or “>>” indicates a confidence level of greater than 

99.9%. Cramer’s V measures the strength of any difference in ratio (V takes a value between 0 

and 1, with 0 indicating no difference and 1 indicating a strong difference). 
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Element survival ratios : parakeet 

Table 4.4 demonstrates that in relation to the occurrence of humeri and coracoids in the 

sample, parakeet ulnae, radii and carpometacarpi are the most strongly under-represented 

elements. 

 
Table 4.4  Summary of Chi-squared tests applied to determine whether the observed proportion for 
each parakeet element from Watsons Beach differs significantly from the expected proportion if 
complete skeletons were represented in the sample (based on the maximum element MNE observed). 
 

Element Expected 
ratio 

Observed ratio 
(Parakeet max. 
MNE=174 COR) 

Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value 
& summary 

Cranium 1:2 
(87:174) 

3:174 78.311 
p<0.001 

0.67 
<< under-represented 

Mandible 1:2 7:174 69.398 
p<0.001 

0.62 
<< under-represented 

Sternum 1:2 114:174 4.785 
0.05>p>0.02 

0.13 
< under-represented 

Pelvis 1:2 36:174 24.048 
p<0.001 

0.34 
<< under-represented 

Furcula 
 

1:2 0:174 85.506 
p<0.001 

0.70 
<< under-represented 

Coracoid 1:1 
(174:174) 

174:174 0.002874 
p>0.5 

0.00 
expected 

Scapula 1:1 65:174 48.803 
p<0.001 

0.45 
<< under-represented 

Humerus 1:1 164:174 0.24 
p>0.5 

0.03 
expected 

Ulna 1:1 7:174 152.243 
p<0.001 

0.92 
<< under-represented 

Radius 1:1 2:174 166.142 
p<0.001 

0.97 
<< under-represented 

Carpometacarpus 1:1 2:174 166.142 
p<0.001 

0.97 
<< under-represented 

Femur 1:1 46:174 73.314 
p<0.001 

0.58 
<< under-represented 

Tibiotarsus 1:1 131:174 5.784 
0.02>p>0.01 

0.14 
> under-represented 

Tarsometatarsus 1:1 105:174 16.573 
p<0.001 

0.24 
<< under-represented 

 

Table 4.5 shows that axial elements for parakeet occur more frequently than those of the 

limbs, while proximal elements greatly outnumber distal elements. The additional tests shown 

demonstrate that it is the infrequency of distal wing elements that produce the significant 

result, because the proximal:distal leg elements occur in expected proportions. 
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Table 4.5 Summary of Chi-squared tests applied to determine whether the observed proportions for 
various parakeet skeletal ratio types from Watsons Beach differ significantly from the expected 
proportions if complete skeletons were represented in the sample. 
 

Ratio type Expected 
ratio 

Observed ratio Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value 
& 
summary 

axial:limb 
 

1:1.5 1:0.8 (399:335) 62.466 
p<0.001 

0.29 
axial>>limb 

wing:leg 
 

1:1.0 1:0.9 (173:162) 0.299 
p>0.5 

0.03 
expected 

Proximal:distal 
elements 

1:0.8 1:0.2 (580:116) 216.376 
p<0.001 

0.56 
*proximal>>distal 

     
 
* Additional tests 

    

Proximal wing (hum) 
: distal wing (ulna, 
rad, cmc) 

1:3.0 1:0.1 (164:11) Distal wing values too 
low for test 

n/a 

Proximal leg (fem, tt) 
: distal leg (tmt) 

1:0.5 1:0.6 (177:105)  1.759 
0.2>p>0.1 

0.08 
expected 

 

 
Extent of fragmentation : parakeet 

i) The proportion of complete parakeet bones was calculated as:  

NISP parakeet complete / NISP parakeet total = 425/984= 43% 

Overall, the parakeet assemblage exhibits a moderate extent of fragmentation (31-69% 

complete).  

 

ii) Proportion of complete parakeet bones by element.  

Table 4.6 shows that a high extent of fragmentation (0-30% complete) is exhibited by the 

parakeet crania, mandibles, pelves, sterna and tibiotarsi. In contrast, although present in 

significant numbers, the great majority of coracoids, carpometacarpi and tarsometatarsi are 

complete.  

 
Table 4.6  Extent of fragmentation: proportions of complete parakeet bones by element. 
 

Axial  
 

% complete Extent Wing  % complete Extent Leg  % complete Extent 

CRAN 
 

0 (0/4) High HUM 47 (87/185) Mod. FEM 63 (35/56) Mod. 

MAND 
 

0 (0/12) High RAD 100 (2/2) Low TT 7 (11/170) High 

PELV 
 

2 (1/52) High ULNA 57 (4/7) Mod. TMT 82(95/117) Low 

STER 
 

4 (5/122) High CMC 100 (2/2) Low    

COR 
 

80(151/189)  Low       

SCAP 
 

49 (32/66) Mod.       
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Intensity of fragmentation : parakeet 

i) The intensity of fragmentation for all parakeet bones was derived from NISP and MNE for 

broken bones only (fe), as described in Chapter Three. 

NISP(fe):MNE(fe) = 559:431 = 1:0.77 

Overall, the parakeet assemblage exhibits a low intensity of fragmentation (0.70-1.0), 

indicating that while the extent of fragmentation is moderate, the broken bones are not broken 

into many pieces. 

 

ii) Intensity of fragmentation of parakeet bones by element.  

Table 4.7 shows that the intensity of fragmentation for the parakeet elements is low (0.70-1.0) 

to moderate (0.31-0.69), even where extent of fragmentation was very high (e.g. tibiotarsus 

and sternum).  
 
Table 4.7  Intensity of fragmentation ratios for broken parakeet specimens by element. 
 

Axial  NISP(fe): 
MNE(fe) 

Intensity Wing  NISP(fe): 
MNE(fe) 

Intensity Leg NISP(fe): 
MNE(fe) 

Intensity 

CRAN 1:0.75  
(4:3) 

Low HUM 1:0.79  
(98:77) 

Low FEM 1:0.52  
(21:11) 

Mod. 

MAND 1:0.58  
(12:7) 

Mod. RAD None n/a TT 1:0.75   
(159:120) 

Low 

PELV 1:0.67   
(51:35) 

Mod. ULNA 1:1.00  
(3:3) 

Low TMT 1:0.45   
(22:10) 

Mod. 

STER 1:0.93   
(117:109) 

Low CMC None n/a    

COR 1:0.61   
(38:23) 

Mod.       

SCAP 1:0.97   
(34:33) 

Low       

 

Portions of elements represented : parakeet 

The ratio of proximal to distal portions for each element were calculated as: 

Sum of C + P + PS : Sum of C + D + DS 

 

For the results shown in Table 4.8, it should be noted that for broken scapulae, distal ends can 

not be identified to species, so the result here is most likely a result of analytical bias. The 

results indicating a significantly higher number of proximal humeri and distal tibiotarsi, 

however, are interpreted as a bias related to deposition agents and processes. 
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Table 4.8  Summary of Chi-squared tests applied to determine whether the observed ratio for portions 
of parakeet elements represented from Watsons Beach differ significantly from the expected ratio if 
complete skeletons were represented in the sample.  
 

Element Expected 
ratio 

Observed ratio 
proximal:distal 

Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value 
& summary 

COR 1:1 1:1.05  (166:174) 0.144 
p>0.5 

0.05 
expected 

SCAP 1:1 1:0.51  (65:33 ) 9.806 
0.01>p>0.001 

0.32 
proximal > distal 

HUM 1:1 1:0.65  (164:107) 11.572 
p<0.001 

0.21 
proximal >> distal 

RAD 1:1 1:1.00  (1:1) Values too low for test n/a 
 

ULNA 1:1 1:0.50  (4:2) Values too low for test n/a 
 

CMC 1:1 1:1.00  (1:1) Values too low for test n/a 
 

FEM 1:1 1:0.98  (46:45) 0.00 
p=1 

0.00 
expected 

TT 1:1 1:2.79  (47:131) 38.702 
p<0.001 

0.23 
proximal << distal 

TMT 1:1 1:0.98  (105:103) 0.004808 
p>0.05 

0.00 
expected 
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Element survival ratios : tui 

Table 4.9 demonstrates that in relation to the occurrence of sterna and humeri, tui ulnae, radii 

and carpometacarpi are most strongly under-represented. 

 
Table 4.9  Summary for Chi-squared tests applied to determine whether the observed proportion for 
each tui element from Watsons Beach differs significantly from the expected proportion if complete 
skeletons were represented in the sample (based on the maximum element MNE observed).  
 

Element Expected 
ratio 

Observed ratio 
Tui max. MNE=69 
(HUM) 

Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value 
& summary 

Cranium 1:2  
(34.5:69)  

3:69 26.266 
p<0.001 

0.60 
<< under-represented 

Mandible 1:2 10:69 14.28 
P<0.001 

0.43 
<< under-represented 

Sternum 1:2 30:69 0.284 
p>0.5 

0.05 
expected 

Pelvis 1:2 10:69 14.28 
p<0.001 

0.43 
<< under-represented 

Furcula 
 

1:2 0:69 33.016 
p<0.001 

0.69 
<< under-represented 

Coracoid 1:1 
(69:69) 

42:69 6.09 
0.02>p>0.01 

0.23 
< under-represented 

Scapula 1:1 41:69 6.627 
0.02>p>0.01 

0.25 
< under-represented 

Humerus 1:1 69:69 0.007246 
p>0.5 

0.00 
expected 

Ulna 1:1 11:69 40.613 
p<0.001 

0.71 
<< under-represented 

Radius 1:1 0:69 67.014 
p<0.001 

0.99 
<< under-represented 

Carpometacarpus 1:1 5:69 53.635 
p<0.001 

0.85 
<< under-represented 

Femur 1:1 12:69 38.716 
p<0.001 

0.69 
<< under-represented 

Tibiotarsus 1:1 43:69 5.58 
0.02>p>0.01 

0.22 
< under-represented 

Tarsometatarsus 1:1 38:69 8.411 
0.01>p>0.001 

0.28 
< under-represented 

 
 
Table 4.10 shows that for tui, proximal elements far outnumber distal elements. The 

additional tests shown here demonstrate that it is the infrequency of distal wing elements that 

produce this significant result, because the proximal:distal leg elements occur in expected 

proportions.  
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Table 4.10  Summary of Chi-squared tests applied to determine whether the observed proportions for 
tui skeletal ratio types from Watsons Beach differ significantly from the expected proportions if 
complete skeletons were represented in the sample. 
 

Ratio type Expected 
ratio 

Observed ratio Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value 
& summary 

axial:limb 
 

1:1.5  1:1.3 (136:178) 1.301 
0.5>p>0.2 

0.06 
expected 

wing:leg 
 

1:1.0  1:1.1 (85:93) 0.275 
p>0.5 

0.04 
expected 

proximal:distal 
elements 

1:0.8  1:0.3 (207:54) 58.69 
p<0.001 

0.47 
*proximal>>distal 

     
 
*Additional tests 

    

Proximal wing : 
distal wing 

1:3.0  1:0.2 (69:16) Values for distal wing too 
low for test 

n/a 

Proximal leg : distal 
leg 

1:0.5  1:0.7 (55:38)  2.044 
0.2>p>0.1 

0.15 
expected 

 

Extent of fragmentation : tui 

i) The proportion of complete tui bones was calculated as: 

NISP tui complete / NISP tui total = 128/399= 32% complete 

Overall, the tui assemblage exhibits a moderate (31-69%) extent of fragmentation, although 

notably close to a high extent. 

 

ii) Calculating the proportion of complete tui bones by element (see Table 4.11) demonstrates 

that while most elements exhibit a high (0-30%) or moderate (31-69%) extent of 

fragmentation, the femora, while under-represented, are notable because a great majority are 

complete. 

 
Table 4.11  Proportions of complete tui bones by element.  
 

Axial % complete Extent Wing % complete Extent Leg % complete Extent 

CRAN 0   (0/3) High HUM 52  (44/85) Mod. FEM 75  (9/12) Low 

MAND 7   (2/27) High RAD None n/a TT 0   (0/58) High 

PELV 0   (0/17) High ULNA 0   (0/11) High TMT 43  (22/51) Mod. 

STER 13 (4/32) High CMC 20  (1/5) High    

COR 37  (21/57)  Mod.       

SCAP 61  (25/41) Mod.       

 

Intensity of fragmentation : tui 

i) Intensity of fragmentation for all tui bones are derived from NISP and MNE for broken 

bones only, as described in Chapter Three. 

NISP(fe):MNE(fe) = 271:186 = 1:0.6  

Overall, the broken tui specimens exhibit a moderate (0.31-0.69) intensity of fragmentation. 
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ii) Intensity of fragmentation of tui bones by element. 

Table 4.12 shows the intensity of fragmentation for the broken tui specimens is low (0.70-1.0) 

to moderate (0.31-0.69), even where extent of fragmentation is very high. 
 
Table 4.12  Intensity of fragmentation ratios for tui bones by element.  
 

Axial NISP(fe): 
MNE(fe) 

Intensity Wing NISP(fe): 
MNE(fe) 

Intensity Leg NISP(fe): 
MNE(fe) 

Intensity 

CRAN 1:1.00   
(3:3) 

Low HUM 1:0.61  
(41:25) 

Mod. FEM 1:1.00   
(3:3) 

Low 

MAND 1:0.32   
(25:8) 

Mod. RAD None n/a TT 1:0.74   
(58:43) 

Low 

PELV 1:0.59  
(17:10) 

Mod. ULNA 1:1.00  
(11:11) 

Low TMT 1:0.55   
(29:16) 

Mod 

STER 1:0.93  
(28:26) 

Low CMC 1:1.00  
(4:4) 

Low    

COR 1:0.58  
(36:21) 

Mod.       

SCAP 1:1.00  
(16:16) 

Low       

 

Portions of elements represented : tui 

The ratio of proximal to distal portions for each element were calculated as: 

Sum of C + P + PS : Sum of C + D + DS  

These results in Table 4.13 indicate the occurrence of a significantly higher number of 

proximal ulnae and distal tibiotarsi in the assemblage. 
 
Table 4.13  Summary of Chi-squared tests applied to determine whether the observed ratio for 
portions of tui elements represented from Watsons Beach differ significantly from the expected ratio if 
complete skeletons were represented in the sample. 
 

Element Expected 
ratio 

Observed ratio 
proximal:distal 

Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value & 
summary 

COR 1:1 1:1.11  (37:41) 0.115 
p>0.5 

0.04 
expected 

SCAP 1:1 1:0.61  (41:25) 3.409 
0.1>p>0.05 

0.23 
expected 

HUM 1:1 1:1.15  (60:69) 0.496 
0.5>p>0.2 

0.06 
expected 

RAD 1:1 None Values too low to test n/a 
 

ULNA 1:1 1:0  (11:0) 9.091 
0.01>p>0.001 

0.95 
proximal>distal 

CMC 1:1 1:5  (1:5) Values too low to test n/a 
 

FEM 1:1 1:0.91  (11:10) 0.00 
p=1 

0.00 
expected 

TT 1:1 1:3.58  (12:43) 16.364 
p<0.001 

0.55 
proximal<<distal 

TMT 1:1 1:0.92  (38:35) 0.055 
p>0.5 

0.03 
expected 

 



 105 

4.5.1.2 Summary table for parakeet and tui 
 

Table 4.14 presents a summary of element representation data, based on that produced by 

Bochenski et al. (2009; see Chapter Two, Table 2.4 this thesis) to facilitate a comparison of 

results for avian remains with a range of taphonomic histories. 

 

The parakeet and tui remains from Watsons Beach exhibit similar, though not identical trends. 

It appears that a slightly greater proportion of tui bones were broken (and into more pieces) 

than parakeet. Further, while parakeet humeri exhibit a greater proportion of proximal ends 

than distal ends, in tui this pattern occurs for ulnae. Axial elements are represented more than 

limb elements only in parakeet. For both taxa, distal wing elements are strongly under-

represented, while humeri and coracoid are among the most frequently represented. 
 

Table 4.14  Summary of results from element representation analyses for parakeet and tui from 
Watsons Beach (H45/10) Area A sample. 
 

Taphonomic category Species 
Parakeet (H45/10) 
 

Tui (H45/10) 

Extent of fragmentation 
(high=less than 31% whole bones 
low=more than 69% whole bones) 
 

Moderate 
43% complete 
 

Moderate (close to high) 
32% complete 

Intensity of fragmentation 
 

Low Moderate 

Element types exhibiting 
proximal>distal portions 
 

SCAP 
HUM 

ULNA 

Element types exhibiting 
proximal<distal portions 
 

TT TT 

Axial:limb elements ratio 
 

axial>limb expected 

Wing:leg elements ratio 
 

expected expected 

Proximal:distal elements ratio proximal>distal 
(esp. wing) 

proximal>distal 
(esp. wing) 
 

Dominant element (%MNI) 
 

STER HUM 

Dominant elements (MNE) 
among long bones 

COR 
HUM 

HUM  
TT /COR/SCAP 
 

Representation of elements (%MNI) 
HEAD 
STERNUM 
TMT 
 

 
 
Low 
High 
Moderate 

 
 
Low 
High 
Moderate 
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4.5.2 Modifications 
 

4.5.2.1 Types of break 
Table 4.15  Summary of results for types of break recorded for H45/10 Area A sample. 

Type of break 

Code Category NISP Percentage of total NISP (n=1884) 
A No break 476 25.27% 
B Spiral 556 29.51% 
C Spiral / transverse 94 4.99% 
D Irregular transverse 526 27.92% 
E Straight transverse 159 8.44% 
F Central sliver / fragment detached 51 2.71% 
G Marginal sliver or fragment detached 154 8.17% 
G* Wrench (specific) 28 1.49% 
H Snipped / notched 8 0.42% 
I Puncture / perforation 77 4.09% 
I* Puncture / squash (specific) 5 0.27% 
J Crush 1 0.05% 

 

A quarter of the specimens from the Watsons Beach sample were not broken. The most 

frequently recorded break types for the remaining specimens are consistent with breakage of 

fresh bone; nearly 30% of the bone exhibited a spiral break and a similar proportion exhibited 

irregular transverse breaks. Less than 10% of the assemblage exhibited the straight transverse 

break generally interpreted as breakage occurring on dry bone, some time after deposition. 

 

When spiral, spiral transverse and irregular transverse breaks are considered together and the 

44 cases where more than one of these types of break occurred on the same specimen are 

taken into account, 80% of the broken specimens support a conclusion that most of the 

breakage exhibited by the assemblage occurred before or shortly after deposition, while the 

bone was still fresh. 

 

The twenty-eight cases of specific wrench (G*) are of particular interest as they are a very 

strong indication that the avian assemblage at Watsons Beach was accumulated by humans. 

As noted earlier, this evidence for a medial wrench on the distal humerus has been identified 

as a unique cultural marker, occurring with the over-extension of the elbow joint when the 

wing is disarticulated (Laroulandie 2005). For parakeet, 25 of the 107 (23%) distal humeri 

(i.e. complete, distal and distal shaft) examined in the sample, exhibited this break. For tui, 2 

of the 69 (3%) of the distal humeri exhibited the break, as did the single New Zealand pigeon 

humerus (100%). See Figure 4.16 (a).and (b). 
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(a)                 (b)  
 
Figure 4.16  (a) Break type G*: Medial wrench on distal humeri of parakeet (10-4) and New Zealand 
                          pigeon (10-251). 

        (b) Close up of medial wrench features shown in (a). 
 

The eight cases of “snipped” or “notched” bone recorded from this assemblage are distinctive 

but not numerous. They occur at shaft breaks on four humeri, two tibiotarsi, one scapula and 

one femur. At this stage, it is not possible to equate these features confidently with 

Laroulandie’s (2005) cultural indicator described in chapter four, but the break type is worthy 

of further research, especially if found elsewhere in any number. See Figure 4.17. 

 

 
Figure 4.17  Break type H: Notch on unidentified tibiotarsus (9-43). Scale in mm divisions. 

 

Distinct punctures occur on only 4% of the specimens, so are not particularly numerous. Of 

the various elements from parakeet, tui and New Zealand Pigeon that exhibit these 

perforations, however, over one third (37%) occur on sterna (predominantly the anterior keel), 

with almost another third (29%) occurring on humeri. The rest occur on long bones, 

mandibles and a pelvis. Many birds of prey puncture the bones of their victims, with beak and 

claw marks most abundant on humeri - and sterna for some species (Bochenski et al. 
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2009:128). Perforations made by beaks tend to be an “irregular square or triangular form, or a 

zigzag outline” (Serjeantson 2009:117-118). However, scavengers and humans hunting with 

spears may also leave punctures in bird remains. Further work is required to identify the most 

likely cause of the perforations in this assemblage. See Figure 4.18 (a) to (d). 

 

(a)                   (b)  
 
 

(c)             (d)  
 
Figure 4.18  Break type I: Punctures. Scale in mm divisions. 

(a) New Zealand pigeon sternum (10-258) 
(b) Parakeet sternum (10-302) 
(c) New Zealand pigeon femur (12-423) 
(d) New Zealand pigeon humerus (12-446) 

 

4.5.2.2 Attrition (weathering or digestion) 
Table 4.16  Summary of results for attrition recorded for H45/10 Area A sample. 

Attrition scale (weathering/digestion) 

Code Category NISP Percentage of total NISP (n=1884) 
0 No attrition 555 29.46% 
1 Slight attrition 655 34.77% 
2 Slight to moderate attrition 404 21.44% 
3 Moderate attrition 230 12.21% 
4 Moderate to heavy attrition 40 2.12% 
5 Heavy attrition 0 0.00% 
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From an initial assessment of the Watsons Beach assemblage, it was apparent that most of the 

specimens were remarkably well preserved and there were no obvious signs of staining or 

acid root etching (cf. Weisler and Gargett 1993). The most visible signs of attrition seemed to 

be the formation of one or more small holes (especially at the articular ends of long bones), 

flakes detached from the surface or margins of specimens or, occasionally, possible thinning 

of bone on break margins.  

 

The Watsons Beach assemblage is extremely well preserved. About 64% of the specimens 

showed either no or slight (only just visible) attrition. Another 34% of specimens showed 

slight to moderate or moderate attrition. 

 

Most of the cases of moderate to heavy attrition came from sub-surface layers of squares in 

sub-area (Aa): R17, S17, R18, S18, T18 but also from R20, sub-area (Ab) and R28, sub-area 

(Ad). These more heavily damaged specimens may be a result of a deposition related event or 

process. It should be noted, however, that about half of these cases were recorded for pelves 

or sterna, which were more difficult to assess consistently for attrition than long bones. 

Further, while the rostrum of the sternum is robust, the keel and sternal plates are fragile, 

especially in the smaller species. That these parts survived in such numbers to be recorded at 

all is further testament to the well preserved nature of these small-bird remains. 

 

The sample contained no specimens showing signs of digestion. Six specimens were recorded 

as bleached. Three of these were from the R20 surface layer, so may have been affected 

recently, a scenario supported by one of the bones being bleached only on the shaft beside a 

straight transverse break, normally associated with dry bone. The remaining three specimens 

from sub-surface layers (R17 layers 1 and 2 and S18 layer 1) may have been exposed for a 

time prior to burial. A short period of exposure may also explain the cases noted above, where 

specimens from a similar area exhibited moderate to heavy attrition.  

 

In general, however, the low levels of attrition exhibited throughout the Watsons Beach small-

bird sample, suggests rapid, permanent burial with little subsequent transport by wind or 

water. 
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4.5.2.3 Burning 
Table 4.17  Summary of results for burning recorded for H45/10 Area A sample. 

Burning scale 

Code Category NISP Percent of total NISP (n=1884) 
0 No burning 1877 99.63% 
1 Possible burning 6 0.32% 
2 Lightly burnt 0 0.00% 
3 Moderately burnt 1 0.05% 
4 Heavily burnt 0 0.00% 

 

There is almost no evidence of burning in the Watsons Beach Area A small-bird sample. The 

one “definite” case of moderate burning is recorded for the distal shaft of a right parakeet 

humerus from sub-area (Aa) S18, layer 2A. Of the six “possible” cases, four have the same 

provenance, one is from the surface of R20, sub-area (Ab) and the last is from S17, layer 1, 

sub-area (Aa). It seems most likely that any burning of bird bone in this sample is incidental, 

rather than deliberate. 

 

4.5.2.4 Tooth marks 
Table 4.18  Summary of results for tooth marks recorded for H45/10 Area A sample. 

Tooth marks  

Code Category NISP Percentage of total NISP (n=1884) 
0 None 1880 99.79% 
1 Possible 4 0.21% 
2 Definite 0 0.00% 

 

The four cases of tooth marks were found only on bone from medium sized birds, but all are 

only “possible” records.  

 

An ulna shaft from a kelp gull and a kaka coracoid (distal shaft) may show modification by 

dog or human teeth. The ulna was from S18 layer 2A in sub-area (Aa), while the kaka 

coracoid was from a surface collection in R20, sub-area (Ab), so the tooth marks are of less 

certain origin. See Figure 4.19. 

 
Figure 4.19  Break type J: Possible dog/human crush fracture on kaka coracoid (38-1).  

        Specimen also exhibits cut marks on shaft. Scale in mm divisions. 
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One kaka tibiotarsus shaft and one radius shaft from an unidentified medium sized bird 

exhibit possible rat gnawing. Both specimens were found in B21, layer 1, sub-area (Ac). 

 

4.5.2.5 Cut marks 
Table 4.19  Summary of results for cut marks recorded for H45/10 Area A sample. 

Cut marks  

Code Category NISP Percentage of total NISP (n=1884) 
0 None 1883 99.95% 
1 Possible 0 0.00% 
2 Definite 1 0.05% 

 

The only specimen exhibiting “definite” cut marks is the same kaka coracoid (distal shaft) 

that may also have been chewed (by dog or human), resulting in a crushed break. It is 

bleached to white and was collected from the surface of R20. See Figure 4.19. 

 

4.5.2.6 Artefact manufacture 
Table 4.20  Summary of results for signs of artefact manufacture recorded for H45/10 Area A sample. 
 

Artefact manufacture 

Code Category NISP Percentage of total NISP (n=1884) 
0 None 1884 100.00% 
1 Possible 0 0.00% 
2 Definite 0 0.00% 

 

No small-bird artefacts were found in the sample, but any artefacts found during excavation or 

sorting were removed for separate analysis. Jacomb and Darmody (2002:56) note that “few 

bone artefacts were found, a notable example being a sharp, fine-pointed bird-bone awl”. 
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4.6 (=O) Origins 

An interpretation of the origins of the Watsons Beach small-bird can now be derived from the 

information and data collated in S, P, I and T. To facilitate this process reference is made to: 

i) Tables 2.1, 2.2 and 2.3: Tabulated summaries of research into some natural 
taphonomic processes: disarticulation, hydrodynamic sorting and weathering. 

 
ii) Table 2.4: Bochenski et al. (2009) summary of characteristic damage to bird 

bones by various birds of prey. 
 
iii) Appendix 2: Ecological details and typical taphonomic signatures for New 

Zealand’s main pre-human avian predators. 
 

iv) Appendix 4: SPIT=O element representation analyses for parakeet remains 
from a range of previously documented deposits. 

 

The nature of the environment at Watsons Beach is dynamic. The terrace on which the site 

lies was created by tectonic uplift only about 1000 years ago and has since been subject to 

significant episodes of dune building and degradation. The fourteenth century archaeological 

deposits, already damaged by stock trampling and penguin and rabbit burrowing, have now 

been all but destroyed due to erosion by wind and water. Given this context, it is certainly 

plausible that avian remains recovered from the archaeological site at Watsons Beach may 

have been subject to mixing of cultural and natural deposits.  

 

Extremely well preserved avian skeletal elements with very different morphology and from 

most parts of the body, are represented across the sampled area, indicating rapid burial and 

little sorting or movement through sand or water at any time. For the two dominant species at 

least, element representation analyses produced similar results for both distribution and 

element survival. Given these factors, it seems likely that most of the small-bird remains 

originated from a single deposition source (whether cultural or natural) and were deposited at 

the site, remaining more or less in situ until their recent exposure and recovery. 

 

Based solely on the environment at the site and the preferred habitats of New Zealand’s pre-

European predators, a list of the most likely agents that may have deposited avifaunal material 

in the Watsons Beach area includes: humans, dogs, rats, Haast’s eagle, New Zealand falcon, 

laughing owl, morepork, skua, gulls, weka, ravens and seals. Alternately, avifaunal remains 

may have accumulated through natural processes after “accidental” deaths from storm-wreck, 

burrow collapse or illness. 

 



 113 

With the identification and quantification of the small-bird assemblage taken into account, a 

number of potential agents and processes of deposition can be excluded (as primary agent at 

least). Combined, parakeet (MNI=114) and tui (MNI=40) represent over 90% of the sampled 

assemblage that was identified to species. Only eleven specimens representing four 

individuals from three species (tui, weka and Finsch’s Oystercatcher) were sub-adult.  

 

Although the species recovered from the Watsons Beach site are all found in natural dune 

deposits (see, for example, MNI lists from Marfells Beach, Worthy 1998a:144-148 and Native 

Island, Worthy 1998b:76-77), the limited range of species and very high proportion of 

parakeet and tui tends to suggest the assemblage is a result of a targeted hunting strategy. A 

greater diversity of coastal and forest species would be expected in a non-predator related 

deposit at Watsons Beach. Volant, forest species are not prone to storm-wreck nor burrow 

collapse and illness suddenly striking down this number of adult birds in one location seems 

implausible. The scavengers and opportunistic bird-eaters (gulls, weka, New Zealand raven 

and seals) would not target adult parakeet or tui, but accumulate a few avian bones at a time, 

most often from a single, perhaps young, individual.  

 

Dogs are unlikely to catch large numbers of parakeet and tui and although rats are known to 

take these species from nests, there are very few young birds represented and there is no rat 

gnawing evident on any of the parakeet or tui bone sampled. The two cases of “possible” rat 

gnawing identified, occurred on specimens from medium-sized, adult birds. It seems most 

likely that this would result from opportunistic feeding on a carcass.  

  

Of the birds of prey, Haast’s eagle is unlikely to have accumulated an abundance of small 

forest species, preferring larger prey (over 1 kg body mass) taken in open or mosaic 

vegetation cover (Worthy and Holdaway 2002:329, 332). The morepork, although a forest 

hunter, is unlikely (though not unknown) to prey on the larger species that occurred in the 

sampled assemblage, nor those from grassland, shrubland or dune habitats (Worthy and 

Holdaway 2002:371, 360). While southern skuas are known to accumulate large middens of 

avian remains, their typical prey includes small to medium sized petrels and occasionally 

shorebirds (Worthy and Holdaway:499). In a study of the avifaunal composition of skua 

middens on subantarctic Enderby Island, van Tets (1979:55) specifically notes the low 

incidence of land birds and, in particular, complete absence of red-crowned parakeet remains 

– a species common on the island. 
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Parakeet have been common prey for laughing owl and New Zealand falcon, and both have 

also taken larger birds at times (Worthy and Holdaway 2002:357-358, 362-363). While the 

laughing owl could survive in dense forest, both species would hunt the forest fringes and 

more open territory (Worthy and Holdaway 2002:358, 360). Rat remains (prey for both 

species) were recovered, but these are also common in midden deposits. While owls 

commonly nest in caves and New Zealand falcons under rock ledges, both birds will also nest 

and roost in trees, so could deposit avian remains within or around a tree trunk (Worthy and 

Holdaway 2002:362; personal observation for New Zealand falcon). The presence of New 

Zealand quail in the Watsons Beach sample, however, suggests there was at least some open 

shrub or grassy spaces in the area (Worthy and Holdaway 2002:408). Furthermore, the young 

geological age of the coastal terrace, lack of stratigraphic evidence of soil formation or 

weathering and proximity of the archaeological deposits to the sea, is consistent with site 

formation on a dune landform, perhaps supporting coastal shrubs or grasses, rather than trees. 

An absence of tree roost sites would reduce the likelihood of an avian predator being 

responsible for the small-bird remains at the site. 

 

Looking at element representation and modification clarifies the situation further. For the 

purposes of this project, the SPIT=O suite of element representation analyses have been 

applied to documented parakeet remains from three other deposits: 

i) A laughing owl prey deposit from Predator Cave, Takaka (Worthy and Holdaway 

1996b). 

ii) A New Zealand falcon prey deposit, “Falcon 2”, from Mt. Cookson, North 

Canterbury (Worthy and Holdaway 1995). 

iii) The natural (non-predator related) dune deposit from Marfells Beach (Worthy 

1998a). 

To facilitate comparison, Table 4.21 provides a summary of results for the parakeet element 

representation analyses for these three sites, in addition to the summary for Watsons Beach. 

Additional comments regarding digestion, punctures and particularly relevant defining 

characteristics have been added. Detail for these analyses are documented in Appendix 4. 

 

Table 4.21 shows that parakeet remains from a prey deposit of New Zealand’s laughing owl 

exhibited a strong dominance of tarsometatarsi over other elements, with very few sterna 

represented and clear signs of digestion, most evident as thinning on the shafts of long bones.  
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Typical of owl prey assemblages (Bochenski 2005:37), these patterns are not reflected in the 

Watsons Beach remains, in which sterna are abundant and there is no evidence for digestion. 

Hence, laughing owls were probably not responsible for the small-bird deposits at Watsons 

Beach. 

 

That leaves the New Zealand falcon or humans as the most likely deposition agent responsible 

for the small-bird remains from Watsons Beach. Given that no evidence of digestion was 

recognized in the sample and attrition levels were generally low for the whole assemblage, 

this would suggest an accumulation of predominantly uneaten remains.  

 

Generally, uneaten food remains from birds of prey exhibit a low extent of fragmentation (i.e. 

a high proportion of complete bones), a scarcity of skull and mandible remains and holes 

(especially in sterna and the articular ends of long bones) caused by beak or claw as the bird 

manipulates the prey (Bochenski et al. 2009:128). Uneaten remains from diurnal birds of prey 

typically include high proportions of sterna and coracoid, but low proportions of leg elements 

(Bochenski et al. 2009:128). Usually, wing elements greatly predominate over those of the leg 

(Bochenski et al. 2009:127). 

 

The Watsons Beach tui and parakeet remains differ from this generalized picture in two 

important ways:  

i) The extent of fragmentation is moderate (defined as 31%-69% complete) but 

tending toward higher rather than lower fragmentation (parakeet 43% complete; 

tui 32% complete). If the whole assemblage is considered, the extent of 

fragmentation is still moderate, but only just (31.5% of the specimens were 

complete). 

ii) The wing:leg ratio is “expected” for both parakeet and tui (cf. wing > leg). Further, 

there is a highly significant under-representation of distal wing elements (ulna, 

radius and carpometacarpus) for both species, and for the whole assemblage. 

 

If New Zealand falcon prey deposits exhibit similar patterns to those documented for other 

diurnal birds of prey, it is unlikely the remains under investigation were accumulated by this 

species. At Mt. Cookson, however, the “signature” left by New Zealand falcon appears to be a 

little different – at least for parakeet bones – due to the recovery of a combination of eaten 

and uneaten remains. Three assemblages recovered from Mt. Cookson exhibited similar 

patterns and have been attributed to New Zealand falcon (Worthy and Holdaway 1995). The 
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defining features of all three assemblages are the presence of rangle stones, highly fragmented 

remains with extensive evidence of digestion and about half the parakeet elements represented 

are tarsometatarsi (especially distal portion which account for 30-40% of total MNE). The 

parakeet remains from one of these sites (Falcon #2) were subjected to the element 

representation analyses adopted in SPIT=O, to establish a comparative baseline (see 

Appendix 4 and summary of results in Table 4.21).  As this pattern is not in evidence at 

Watsons Beach, New Zealand falcon is unlikely to be a primary agent of bird-bone 

deposition. 

 

Having excluded all other agents and processes, it seems most likely that humans were indeed 

the primary agent of deposition for most of the small-bird remains recovered from Watsons 

Beach. It should be established, however, that the nature of the assemblage is consistent with 

cultural procurement and processing. Little evidence of burning or cut marks were exhibited 

by the remains from Watsons Beach, but the parakeet and tui bones reveal evidence for 

cultural processing nonetheless. 

 

The most conclusive evidence for a cultural origin is found on the parakeet remains in 

particular (but also one New Zealand pigeon and a few tui specimens). Nearly a quarter of the 

parakeet distal humeri show damage resulting from a medial wrench caused by the over-

extension of the elbow joint, during the disarticulation of the wing. To date, only humans are 

known to create this effect (Laroulandie 2005:26). For parakeet, there are also significantly 

more proximal humeri than distal humeri, indicating that as the wing was taken apart at the 

elbow, the distal humerus often broke right off. It probably remained articulated with the 

significantly under-represented ulna, radius and carpometacarpus. In tui, the distal humerus is 

more robust, so remained intact more often. However, although not many tui ulnae were 

recovered, all were broken and represented by only the proximal end. This suggests that as tui 

wings were disarticulated, the ulna was more likely to break than the humerus (cf. parakeet). 

 

To give due consideration given to all potential sources of taphonomic bias, it should be noted 

that like the assemblage from Watsons Beach, relatively few parakeet radii and 

carpometacarpi were recovered from a natural, non-predator related dune deposit at Marfells 

Beach. The larger and more robust ulnae, however, were well represented at the latter. 

Further, the majority of the Marfells Beach elements were complete, with no bias in the 

representation of proximal to distal ends (see Table 4.21 and Appendix 4). Hence, it is argued 

here, that in a similar dune environment at Watsons Beach, the relatively low number of 
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ulnae, lower proportion of complete elements and the differential representation of proximal 

to distal parts for humeri and tibiotarsi, supports an interpretation of a predator related bias (in 

this case human), rather than non-predator related disarticulation and transport. Further 

consideration is given to the cultural interpretation of parakeet and tui element representation 

at Watsons Beach in Chapter Five. 

 

Among the less frequently represented species (New Zealand pigeon, kaka and New Zealand 

quail) the sampled remains are not numerous enough to determine distinct element 

representation trends. However, the single New Zealand pigeon distal humerus exhibits the 

medial wrench that has been defined as a cultural indicator and there is a distinct puncture in 

one New Zealand pigeon sternum that may be cultural in origin. Cut marks and possible dog 

or human tooth marks were recorded on one kaka specimen. Rat gnawing was recorded on 

another. These occurrences add some weight to a cultural context for these bones. All three 

birds regularly appear in midden sites and are traditionally recognized as good eating (see for 

example, Best 1942). Feathers from all three species have also been used for artefact 

manufacture (see, for example, Hiroa 1926; Mead 1969; Te Papa 2010). 

 

A number of species identified were represented by single specimens: Black or red-billed 

gull, Finsch’s oystercatcher (sub-adult), kelp gull, little blue penguin, spotted shag and weka 

(sub-adult). It should be noted that carcasses from all of these species are found naturally 

deposited as beach-wrecks around New Zealand (Turbott 1990), but their concentration in 

R20 (four of the six) and association with specimens showing clear evidence of cultural 

processing may indicate these remains are also a cultural component of the assemblage. Some 

doubt must remain however, regarding their origin. 

 

The application of SPIT=O to a sample of small-bird remains from Watsons Beach has 

provided convincing evidence for the targeted hunting of parakeet and tui by Maori at 

Watsons Beach in the fourteenth century. There is some evidence that New Zealand pigeon 

and kaka were also hunted as the opportunity arose. The few specimens representing New 

Zealand quail, black or red-billed gull, Finsch’s oystercatcher, kelp gull, little blue penguin, 

spotted shag and weka are considered to be of undetermined origin. 

 

The following chapter assesses the theoretical foundation, performance and potential of the 

SPIT=O model as an archaeological tool. 
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Chapter Five: An assessment of the SPIT=O model 
 
 

In Chapter Four, the test application of the SPIT=O model established that the Watsons Beach 

small-bird assemblage is, for the most part, likely to be a cultural component of the 

archaeological deposit. The following discussion provides an assessment of the model; its 

theoretical foundations, performance and potential as an archaeological tool. 

 

5.1 Comments on the theoretical foundations of SPIT=O 
The SPIT=O model developed in this thesis was constructed to test the cultural or natural 

origins of avian remains recovered from an archaeological context in New Zealand. In part, it 

is based on Lyman’s (1994:451) observation that taphonomic analyses should be grounded in 

the ecology of the organisms under investigation. Following the model, all potential 

taphonomic agents and processes for a site are considered with particular attention given to the 

preferred habitats and behaviours of the species recovered and those of their potential 

predators.  

 

As noted in Chapter One, Nagaoka et al. (2008) propose a theoretical framework for 

taphonomic analyses in archaeology, based on the concept of immanent and contingent 

properties. They provide an example of measuring the (contingent) extent of (immanent) 

burning on specimens, to measure the impact of the effect on an assemblage, thereby allowing 

for comparison and interpretation of different taphonomic histories between assemblages 

(Nagaoka et al. 2008:476). The SPIT=O methods include the analysis of immanent properties 

commonly assessed in archaeozoology (e.g. weathering, burning, tooth marks and cut marks) 

but also includes an assessment of the assemblage for features consistent with specific 

“taphonomic signatures”, which take on a “law-like” status in the context of the current 

project.  It is assumed, for example, that all individuals from a particular predatory species 

will leave the same (immanent) taphonomic traces on their prey, due to their shared 

behaviours. The taphonomic signature observed in an assemblage, however, is contingent 

upon the species of prey available, the deposition environment and impact of post-

depositional processes (e.g. scavenging, transport or weathering).  

 

The SPIT=O model also meets the recommendation of Nagaoka et al. (2008:493) that 

“quantitative analysis should vary by research problem” to accommodate a diverse range of 

taphonomic histories. The model allows for the development of different analyses depending 
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on the nature of the avifaunal deposit under investigation, but is based on a core set of 

taphonomic analyses that will facilitate comparative studies. 

 

Serjeantson’s (2009) criteria to distinguish between natural and anthropogenic avifaunal 

remains (see Table 2.5) are all accommodated by the methods adopted in the SPIT=O model. 

In addition the model provides a more structured, systematic approach to the problem in the 

consideration of non-predator related deaths, deaths caused by predators (human, other 

mammals and birds), post-mortem transport (e.g. by water, wind or scavengers) and recovery-

related or analytical bias (see Table 3.14). 

 

5.2 Comments on the performance of SPIT=O: Watsons Beach 
As shown in Chapter Four, SPIT=O facilitated the interpretation of a cultural origin for the 

dominant parakeet and tui represented at Watsons Beach. Unsurprisingly, various issues arose 

during the test application of the model, many relating to the consistent identification and 

cause of specific taphonomic effects. Comments on some of these are provided below. 

 

Ecological profiles and taphonomic signatures 

To apply SPIT=O to the Watsons Beach assemblage, a knowledge of the ecological profiles 

and taphonomic signatures for New Zealand’s predators was required to enable a comparison 

of these with the recovered remains. For the parakeet dominated case-study assemblage, a 

summary was compiled for the relevant pre-European predators and the SPIT=O element 

representation analyses were applied to parakeet remains from a range of previously 

documented deposits (laughing owl and New Zealand falcon prey deposits and a natural, non-

predator related dune deposit). Following the work of Andrews (1990) and Bochenski (2005), 

there is scope to document a complete series of “archaeologist-friendly” taphonomic 

signatures for New Zealand predators. Any such summary should use a consistent, analytical 

approach to facilitate comparative studies. Detail is needed for taphonomic traces left by 

native and non-native predators. The excavation of subfossil and recent prey deposits, or the 

re-analysis of previously recovered material, will be required. 

 

Unique cultural indicators 

The most convincing evidence in support of a cultural origin in the Watsons Beach 

assemblage, was the frequent occurrence of a “medial wrench” on distal humeri, described by 

Laroulandie (2005) and identified as a cultural marker. It would be beneficial to study and 

document all of Laroulandie’s unique cultural indicators (i.e. medial wrench or notch and 
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peeling) in a New Zealand context. Establishing the presence or absence of these features in a 

range of New Zealand avian assemblages (both archaeological and palaeontological) would 

ensure the accurate use of these taphonomic markers to identify cultural assemblages. Further, 

just as we should question the origin of avifaunal remains in archaeological contexts, we 

should question the origin of avifaunal assemblages that have been designated “natural”. 

Indicators such as those described by Laroulandie should prove valuable in this process. 

 

Puncture marks 

With regard to their research on European birds of prey, Bochenski et al. (2009:129) 

observed: 

That the puncturing of sterna and pelves has not been reported from human-
derived assemblages so far, and that those elements are frequently punctured by 
diurnal birds of prey suggests that the feature may be an easy criterion to 
distinguish nonhuman predation. 
 

By way of contrast, the current research proposed that puncture marks in the anterior sternum 

of Watsons Beach parakeet, tui and New Zealand pigeon, may have been caused by bird-

spears, a method commonly used for fowling by Maori. However, it was also noted that the 

marks could have been caused during processing or by birds scavenging in the midden.  

 

In the context of New Zealand archaeology, research could establish whether a correlation 

exists between puncture marks on avian remains and the presence of bird-spears or points in 

the associated artefact assemblage. A number of such artefacts were recovered, for example, 

from Shag River Mouth in Otago (McGovern-Wilson et al. 1996b) and the Washpool site in 

Palliser Bay (Leach and Leach 1979). A wider (perhaps experimental) study documenting the 

type of puncture marks made in avian bone by bird-spear points, non-human predators and 

scavengers would facilitate the interpretation of such punctures. 

 

Attrition 

It is difficult to distinguish between attrition resulting from digestion and weathering in avian 

remains. The Watsons Beach assemblage was no exception. Scanning electron microscopy 

(SEM) may facilitate this process where uncertainty arises. In this study, the small-bird 

assemblage was considered in isolation from the other faunal material. Andrews (1990), 

however, demonstrated the value of examining rat jaws and teeth using SEM to identify signs 

of digestion by avian predators - a method that was followed successfully by Worthy and 

Holdaway (1996) in the identification of a laughing owl deposit from Takaka Hill near 

Nelson, New Zealand. 



 122 

 

Ethnographic accounts 

New Zealand archaeologists regularly interpret avian element representation with reference to 

ethnographic accounts of Maori practices. Indeed, such accounts were used in this study to 

provide insight into the Watsons Beach assemblage. Further consideration of such references 

and the likely taphonomic impact of different cultural objectives relating to small-bird 

exploitation should facilitate interpretation. For example, identifying which feathers (e.g. 

breast, wing or tail), from which taxa, were typically utilized by Maori in artefact manufacture 

could help establish typical species-specific taphonomic patterns for such activity. Early 

ethnographic sources and more recent research (e.g. Te Papa 2010) provide considerable 

insight and could be incorporated into taphonomic interpretations. 

 

Analytical bias 

The SPIT=O model was developed after the rescue excavation at Watsons Beach, so the 

objectives on site and during initial processing in the laboratory resulted in some analytical 

biases that could be controlled or eliminated in future projects. For example: 

i) Test excavation outside obviously cultural deposits would provide some control 

for determining where avian remains are deposited. If remains are of “natural” 

origin, some specimens are likely to be deposited outside the cultural deposits 

(unless preservation is dependant on the physical conditions of the archaeological 

deposit). Soil samples from these areas would also facilitate the interpretation of 

the deposition history for the site. 

ii) The blanket use of 3.2 mm sieves (on site and for bulk samples in the laboratory) 

prevented any discussion of material potentially lost during recovery. To recover 

specimens from very small birds, lizards, tuatara, bats and frogs at 

palaeontological sites, Worthy and Holdaway (1996b:2-3) wet sieve through 1 mm 

mesh. These small fauna are important in the application of SPIT=O, because they 

constitute part of the prey assemblage for several New Zealand predators (e.g. 

morepork, laughing owl and New Zealand falcon). 

iii) Recording the orientation of avifaunal specimens, particularly where 

concentrations are observed would provide some indication of whether remains are 

likely to have been transported by wind or water. 

iv) Ideally, the researcher responsible for the final analysis of the avifaunal remains 

would be involved in both the excavation and initial sorting process to facilitate a 
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better understanding of potential biases – e.g. differential selection of material for 

identification. 

 

There are numerous avenues for further research in avian taphonomy and archaeozoology in 

New Zealand. The flexibility of the SPIT=O model would accommodate and benefit from 

progress in any of the areas mentioned above (and many others).  

 

5.3 Comments on the use of SPIT=O results in archaeological interpretations 
Having applied the SPIT=O model to a sample of the Watsons Beach small-bird assemblage, a 

range of data is now available to consider in a full archaeological interpretation. The data 

provides insight into small-bird procurement and processing strategies at the site itself, 

facilitates comparative studies between sites and contributes to current economic and 

settlement models for southern New Zealand. A brief discussion follows to demonstrate the 

potential use of the results obtained. It is acknowledged that at all the sites discussed, different 

analytical biases may have been introduced during recovery and analysis. At this stage, 

however, a comparison of the documented small-bird remains from selected sites provides 

direction for further investigation. 

 

Small bird exploitation at Watsons Beach 

Having established a likely cultural origin for most of the avifaunal remains, the ecological 

information that has been collated can provide insight into the interaction of humans with their 

environment. At Watsons Beach, for example, the frequent occurrence of parakeet and tui 

indicates the existence of substantial areas of forest, while the occurrence of New Zealand 

quail (whether or not it is culturally accumulated), indicates the likely presence of at least 

some open scrub or grassland.  

 

Detailed consideration of the results of the element representation analyses for parakeet and 

tui, provides additional insights into the processing strategies adopted at the site. The absence 

of the distal wing elements from both parakeet and tui at Watsons Beach, indicates the wings 

were either removed before the birds were returned to the site, or harvested at the site for use 

elsewhere. The former interpretation accommodates the possibility that birds were disabled, 

perhaps to use as decoys (see Best 1942:321), or simply had their less meaty parts removed to 

reduce the weight to be carried. Similar wing element representation from a diverse range of 

sites and species have led to the interpretation that wings were removed at the capture site. 

Examples include; parakeet and kaka processing at Lee Island (Anderson et al. 1991:61-63), 
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New Zealand quail processing at Shag River Mouth (McGovern-Wilson et al. 1996:228, 231) 

and muttonbird (sooty shearwater, Puffinus griseus) processing at Tiwai Point (Sutton and 

Marshall 1980:33-34). 

 

At Lee Island, bundles of feathers (including cut wing and tail feathers) indicated that the 

highly regarded red plumage of kaka was collected for some economic purpose (Anderson et 

al. 1991:65). It is possible that at Watsons Beach, value was placed on the green and violet-

blue feathers found on the wings of parakeet and the iridescent blue and white wing feathers 

of tui.  

 

The relatively low recovery of head elements from Watsons Beach may also indicate their 

removal before return to the site, or feather collection. At Washpool, Leach (1979a:115-120) 

calculated different ratios for the representation of head elements (crania/maxillae: mandibles) 

in parakeet and tui. He interpreted the results as indicative of feather collection from different 

parts of the head; red or yellow feathers from the crown of parakeets (relatively more 

crania/maxillae represented) and white feathers from the throats of tui (relatively more 

mandibles represented). The differences in relative abundance of these elements are not as 

distinct at Watsons Beach, although the pattern for tui is not dissimilar. At Lee Island, 

Anderson et al. (1991:61) suggested kaka heads may have been left attached to preserved 

bodies to facilitate identification and a head count as described by Best (1942:275) and Firth 

(1959:164). However, while element representation at Lee Island indicated that the whole 

body of the birds may have been preserved for later consumption (i.e. relatively few kaka 

sterna and pelves) (Anderson et al. 1991:62), this is not the case for the parakeet and tui from 

Watsons Beach. 

 

The abundance of parakeet and tui sterna, coracoids and humeri in the Watsons Beach deposit 

indicates the upper body of the birds were not preserved whole, but the carcass discarded at the 

site. In such small birds, however, breast meat can be pulled from the bones quite easily, either 

before or after cooking. Although element representation data was not reported from Wakapatu 

in western Southland, Higham (1969:157) noted that: 

Many of the petrel and kakariki [parakeet] specimens were found with their bones 
still in articulation. This does not mean that they were valued only for their 
feathers, the plucked bodies being thrown on the midden. During the European 
contact period, birds were filleted, roasted in their own fat, and stored in gourds or 
kelp containers. 
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Relatively few parakeet and tui femora and pelves were recovered from Watsons Beach. 

Although a similar pattern was observed in the parakeet remains from the natural, non-

predator related deposit at Marfells Beach (see Appendix 4), the effect at Watsons Beach is 

not considered to be a result of natural processes. In contrast to Marfells Beach, conditions for 

preservation were exceptional at Watsons Beach, demonstrated by the high survival rate of 

sterna (cf. very low survival at Marfells Beach). It is argued here then, that a greater 

proportion of femora and pelves would also have survived at Watsons Beach in the absence of 

some other taphonomic effect (in this case, human predation). 

 

The under-representation of femora and pelves from the Watsons Beach tui and parakeet is 

consistent with butchering the birds to recover the meatiest portion. This process was 

apparently carried out at the site, because discarded lower leg elements are relatively well 

represented. The tibiotarsus was usually broken, probably leaving the proximal end (less 

frequently represented) attached to the meaty femur. The distal end of the tibiotarsus and often 

complete tarsometatarsus were discarded at the site. It is hard to establish whether the 

“drumsticks” were eaten at the site or preserved and removed, but the majority of the few 

femur recovered were complete, showing no signs of consumption. At Washpool, Leach 

(1979a:116-120) also interpreted the under-representation of parakeet and tui femora and 

pelves as an indication of cultural processing for meat. However, while the Washpool parakeet 

and tui exhibited different breakage patterns in the lower leg elements, at Watsons Beach the 

processing technique appears similar for the two species.  

 

Small-bird exploitation at Watsons Beach in a wider archaeological landscape 

The composition of the Watsons Beach small-bird assemblage is not typical for archaeological 

deposits on the Otago coast The "targeted" hunting signature makes it significant 

archaeologically, in light of Hamel’s (2001:20) observation that: 

At any coastal Otago midden where small bird bones have been identified, the 
evidence indicates that they were hunted opportunistically, resulting in middens 
containing many species, each represented by only one or two individuals…Shag 
River Mouth (J43/2) and Long Beach are the only sites analysed in Otago which 
show some signs of a focus on a few species.  

 

At the Shag River Mouth site, occupied during the fourteenth century, Maori small-bird 

hunting strategies initially focused on coastal species, especially blue penguin (Eudyptula 

minor) and shags. Their predominance was replaced by New Zealand quail (Coturnix 

novaezelandiae) in the upper layers, reflecting changes in local vegetation patterns and species 

availability (Anderson et al. 1996a:67; McGovern-Wilson et al. 1996a:235). Spotted shag 
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(Stictocarbo p. punctatus) dominated the small-bird assemblage at Long Beach (I44/23), but 

only in the upper, seventeenth century layers, indicating perhaps, a later establishment of a 

local colony (McGovern-Wilson 1986:48, 50). Glover (2009:47, 97) has now found that 

penguins and shags were also exploited in significant numbers at St. Clair (I44/121), a site 

occupied “around the fourteenth century”.  

 
Although it appears a predominance of parakeet, in particular, may be unusual, it is not 

unprecedented in the archaeological record. Parakeet remains are commonly found in New 

Zealand sites and although they seldom dominate the small-bird species represented, 

significant numbers have been reported from some of the early, pre-fifteenth century deposits. 

Wakapatu, Tiwai Point, Pounawea and Shag River Mouth are examples from the South Island 

and Washpool and Whakamoenga Cave (N94/7) provide examples from the North Island 

(Higham 1968; Sutton and Marshall 1980; McGovern-Wilson 1986; Anderson et al. 1996; 

Leach and Leach 1979; Leahy 1976). In all of these sites, the high frequency of parakeet 

remains is associated with pre-fifteenth century deposits (for an evaluation and reinterpretation 

of early radiocarbon dates, see Anderson 1991). 

 

While no other cases have been documented in Otago, parakeets were the dominant small-bird 

species identified from one other site in southern New Zealand. At Wakapatu, in western 

Southland, sixty percent of the small-birds (74 individuals from a total MNI of 124) were 

identified as parakeet (Higham 1968:157, 164). At Pounawea, in the Catlins, parakeet 

(MNI=20) were the most abundant small-bird identified, but New Zealand pigeon were 

represented in similar numbers (19 individuals  from a total MNI of 129 (McGovern-Wilson 

1986:55)). Although the sample analysed for this project accounts for only about a quarter of 

the small-bird remains recovered from the site, the specimens identified represent more 

individual parakeet (MNI=114) and the highest proportion of parakeet (69% of total MNI) 

than any other site in southern New Zealand. 

 

The composition of the Watsons Beach small-bird assemblage is similar to that reported by 

Leach (1979b) from the Washpool midden site in Palliser Bay. The range of small-bird 

species is greater at Washpool, but parakeet and tui dominated the assemblage (about 36% 

and 33% respectively, of the total small-bird MNI) with lesser representation of New Zealand 

pigeon, kaka and New Zealand quail (among others). There is a “clear emphasis on the 

medium and small forest birds, and in particular the very mobile flocking birds which 
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characterise mixed forest conditions” (Leach 1979b:89). Leach (1979b:90) reported the 

following discussion, much of which is directly relevant to Watsons Beach: 

The abundance of flocking, honey and berry-eating birds in this site indicates that 
the occupants of the Washpool had some particularly suitable catching methods. 
...There are a number of smaller birds, however, which could not have been 
caught with spears, such as the thrush, robin, parakeet, bellbird, saddleback and 
fantail. Some quite different method must therefore be suggested, such as snares, 
set traps and nooses...In particular, an effective method of catching parakeets was 
obviously well developed. Members of this order are present throughout the high 
islands of Polynesia, and being social birds are attracted to a decoy. A knowledge 
of this behaviour, when combined with snares can be used in advantage when 
catching the birds…Apart from tui, parakeet and pigeon, most other birds were 
recovered in similar low numbers, and this probably reflects chance catching 
rather than specially adapted methods. 

 

In relation to economy and settlement models for southern New Zealand, it appears there were 

a number of pre-fifteenth century sites (Watsons Beach, Wakapatu, Tiwai Point, Pounawea 

and Shag River Mouth) at which the hunting of parakeet was an economic activity of some 

note. At Watsons Beach, when the results from the small-bird analyses are compared to 

results for other faunas, conclusions will be drawn about their relative importance for 

subsistence. The value placed on the birds’ feathers remains speculative, but it is known they 

were utilised and held in high regard - at least by the time of first European contact - from the 

ethnographic record. In April 1773, for example, George Forster recorded the following entry 

in his journal, at Dusky Sound, Fiordland, demonstrating the symbolic status attributed to at 

least some feathered artefacts: 

Captain Cook, and my father met them [a Maori man and woman] at the stage, 
and this man after saluting them with his nose against theirs, gave each of them a 
new cloak or piece of cloth made of the flax-plant, curiously interwoven with 
parrot’s feathers...Before he stepped on the bridge, he turned aside, put a piece of 
bird’s skin with white feathers through the hole in one of his ears, and broke off a 
small green branch from a neighbouring bush. With this he walked on, and 
stopping when he could just reach the ship’s sides with his hand, struck them and 
the main-shrouds several times with his branch. He then began to repeat a kind of 
speech or prayer (Thomas and Berghof 2000:97). 

 

In Chapter One, it was suggested that Watsons Beach may have been a restricted function site, 

perhaps associated with one of the early period permanent villages established elsewhere on 

the coast. The analysis of the small-bird remains has confirmed that the hunting of parakeet 

and tui (probably to procure both meat and feathers), was one strategic activity carried out 

during the occupation. The relatively low representation of femora and pelves may indicate 

that these meaty portions of the bird (in addition, perhaps, to the breast fillets) were recovered 

and removed from the area - possibly returned to a more permanent base.  
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5.4 The potential of the SPIT=O model as an archaeological tool 
In the analysis of the Watsons Beach small-bird, the SPIT=O model has demonstrated its 

potential to test the cultural or natural origin of avifaunal remains and account for taphonomic 

bias introduced during recovery and analysis. Where cultural origin can be determined, the 

results provide valuable data for wider cultural interpretations such as avian exploitation and 

processing strategies, human interactions with the environment and economic and settlement 

models. It remains to be seen how SPIT=O performs when applied to a range of avifaunal 

assemblages. The variables considered will still be valid in the consideration of origin, but 

sample size, species composition and intensity of fragmentation may influence the strength of 

the outcome or the value of the results with regard to further archaeological interpretation.  

 

Research on the avifaunal assemblage recovered from Shag River Mouth, on the Otago coast, 

provides an example of the type of analyses used and range of information that can be derived 

from the study of bird remains within the context of a large archaeological project. Species 

composition (including intra-site spatial variation), seasonality, habitat, body part 

representation and meat weights were considered in relation to capture and processing 

strategies, dietary component, environmental change and local patterns of over-exploitation, 

extirpation and extinction (Anderson et al. 1996; Kooyman 1996 and McGovern-Wilson et al. 

1996a). Various bird bone artefacts were documented and discussed, including a range of 

bird-spear points (McGovern-Wilson et al. 1996b). Results from the avifaunal analysis were 

integral to the development of Anderson and Smith’s (1996) proposed settlement model for 

southern New Zealand. Nagaoka (2001, 2002a, 2002b) has applied quantitative 

methodologies of foraging theory analyses to parts of the faunal assemblage (including 

avifaunal data), in an attempt to improve our understanding of the changes that occurred in 

subsistence strategies in southern New Zealand. Higham et al. (2005) have used avifaunal 

specimens recovered from the site to investigate the impact of the diet of species from various 

habitats (marine, estuarine and terrestrial), on the radiocarbon dates derived from their 

remains. All of these studies rely on the cultural origin of the recovered avifaunal specimens. 

 

There have been criticisms, however, that some of the interpretations based on the avifaunal 

remains from the Shag River Mouth site, have not taken account of a full range of taphonomic 

effects. Worthy (1998b:77-78) expressed concern that bias introduced during recovery (6 mm 

mesh size) and analysis (e.g. differential identification of elements, and absence of break type 

analysis) may have influenced the interpretation of butchery patterns. Scofield et al. (2003:22) 
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observed that no comment was made regarding the identification of chicken (Gallus gallus) at 

the fourteenth century site. The single specimen was either from an intrusive deposit which 

has not been considered, or, chickens were brought to New Zealand by Polynesians, but did 

not survive. If the methods adopted in SPIT=O had been incorporated into the project plan, all 

sources of taphonomic bias should have been considered and these issues addressed. Applying 

the analyses retrospectively may still lend weight to some interpretations and identify other 

elements whose origin should be questioned.  

 

5.5 Summary 
The successful application of the SPIT=O model has been documented for the small-bird 

assemblage recovered from Watsons Beach and it can facilitate a confident interpretation of 

avifaunal remains excavated from archaeological contexts. Further research to describe a full 

range of “typical” taphonomic traces for New Zealand deposits would strengthen results in 

future projects in this country. The model will easily accommodate changes to the analyses 

adopted, but retaining a core set of analyses will facilitate comparative studies. 
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Chapter Six: Conclusion 
 

Ultimately, archaeozoologists are interested in the cultural implications of any animal or plant 

remains recovered from archaeological contexts. Any such remains have been subject to 

taphonomic processes since their death. Identifying these processes (whether cultural or 

otherwise) and the effects they have had on the condition or frequency of the remains 

recovered, is essential if an accurate interpretation is to be constructed.  

 

Avifaunal remains recovered from archaeological contexts are regularly analysed to derive a 

range of information relating to the activities and behaviours of the human inhabitants of a 

site and their interactions with (and impact on) their environment. Usually, the primary 

concern of archaeologists with regard to any bird bone recovered is to incorporate relevant 

data into a sensible economic interpretation: what can the bird bone reveal regarding the 

subsistence activities and artefact manufacturing behaviours of the human inhabitants of the 

site under investigation? How, what, when and why were they hunting, eating and making 

things from the avian populations at their disposal? 

 

Increasingly however, bird remains are studied to provide further insights into cultural 

activities such as human interactions with the environment. The presence of various species 

may indicate the utilization of different local habitats, or raise the possibility of long-distance 

foraging or exchange between regions. Changes in species representation over time could 

indicate a change in local habitats, or changes in the exploitable avian population (e.g. the 

extirpation or extinction of a previously abundant species). Any indications of change raise 

questions of cause for the archaeologist, which may have involved or affected the human 

inhabitants of the site to a greater or lesser extent. 

 

An extinct bird species can be used as a chronological marker, where its presence may indicate 

a pre-extinction date for human activity at a site. Conversely, if the date of the site is 

established using non-avian remains, that date may clarify the chronology and explain the 

process of extinction for the species, including any role humans may have played. 

 

In a more interpretive approach, perhaps reported with reference to the ethnographic record, 

some bird remains may represent a species that had a symbolic role or status within the culture, 

or a change in species representation over time might indicate changes in cultural preference. 
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Regardless of how bird bones are analysed and reported, however, it is clear that any cultural 

interpretation relating to an avian assemblage recovered during excavation, whether it has 

chronological, ecological, social or economic implications, is only useful if the cultural origin 

of the bone being discussed is reasonably secure and any bias introduced during recovery and 

analysis is taken into account. The archaeologist must be confident that the excavated bones or 

quantified faunal proportions are a direct product of the cultural processes associated with the 

inhabitants of the site under investigation and not a product of some other, natural process, or 

their cultural interpretations will be based on false assumptions. 

 

Drawn from this wider context, the research question addressed by this thesis is: 

Are the avifaunal materials recovered during an archaeological excavation a product of 

cultural activity, or could all or part of the avifaunal assemblage have been included as a 

result of other, natural processes? 

 

Internationally, the taphonomic literature demonstrates that there is an increasing 

understanding of the potential for non-cultural bird bone to be recovered from archaeological 

deposits. Reports are now appearing that incorporate an interpretation of non-human predators 

as the deposition agent responsible for avifaunal material within a site. The methods used have 

drawn on evidence from diverse data sources; environmental, ecological, archaeological and 

taphonomic. A central theme in most of these studies is the need to consider a range of factors 

to confidently test the origin of remains.  

 

The problem of determining the origin of avian remains is recognized in New Zealand, but the 

issue is not yet systematically addressed by archaeologists. Generally (though not exclusively) 

a cultural origin for bird remains excavated from archaeological sites is assumed, due to their 

spatial association with obviously cultural material. Fortunately, there is a wealth of 

palaeoenvironmental and palaeoecological research that documents the taphonomic effects 

that have impacted on avian remains in New Zealand (e.g. the nature of prey assemblages 

accumulated by our native predators), facilitating due consideration of non-cultural 

contributions to, and impacts on, the fossil record. 

 

The SPIT=O model developed in this thesis provides a systematic method to consider the 

range of variables that may have impacted on avian remains recovered from an archaeological 

context in New Zealand. Following the model, the potential agents and processes of deposition 

for a specific archaeological site are established. Once the taxa represented by the recovered 
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avian assemblage have been identified and quantified, a range of taphonomic analyses are 

undertaken to identify trends in element representation and modification. Using the 

information and results collected, the taphonomic signature of the recovered assemblage is 

compared to those considered typical for the potential agents and processes of deposition. 

These are excluded through a process of elimination, until the origin of the avian remains has 

been determined. If a cultural origin for avifaunal remains can be established using the 

SPIT=O model, researchers can confidently commit to cultural interpretations based on that 

assemblage. Further, given the nature of the methods used, the results collated during the 

application of SPIT=O facilitate these interpretations. 

 

The test application of the SPIT=O model resulted in the confident interpretation of a cultural 

origin for most of the sampled assemblage of small-bird remains recovered from Watsons 

Beach. Parakeet and tui strongly dominate the assemblage. With due consideration given to 

biases introduced during recovery and analysis, the taphonomy of these two species 

demonstrate that the patterns of element representation and modification are most compatible 

with cultural processing. A critical cultural indicator in the assemblage is the presence of a 

medial wrench on a large number of distal humeri. There are no recognizable signs of non-

human predator effects, although there is some evidence for scavenger activity (e.g. rat 

gnawing). While not numerous, some specimens of New Zealand pigeon and kaka also 

exhibit features typical of cultural activity (medial wrench and cut marks respectively). The 

remaining species identified are considered to be of undetermined origin in the absence of 

such indicators and with too few specimens to analyse for trends in element representation. 

 

The information collated and results derived in the application of SPIT=O are directly 

relevant in determining the nature of small-bird exploitation by Maori at the site, so can be 

incorporated into a full archaeological interpretation. Environmental and ecological 

information contributes to our understanding of human interactions with the local 

environment and taphonomic patterns provide insights into the capture and processing 

methods used and the ultimate purpose for such activity (e.g. procurement for meat and 

feathers). Further, when considered with the results from other faunal analyses, the relative 

significance of small-birds will influence the interpretation of Watsons Beach in terms of 

current economic and settlement models for southern New Zealand. 

 

Watsons Beach should become an important reference point in any discussion of Maori 

fowling practices in coastal Otago. The avifaunal assemblage fills a “geographic gap” in 
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records of small-bird exploitation by Maori, providing data for the south Otago coast (Hamel 

2001:25). The site becomes one of only four sites in Otago where there is documented 

evidence for a hunting strategy that targets particular species of small-bird. It seems likely that 

at this site, parakeet and tui were harvested for their colourful plumage as well as their meat. 

Watsons Beach is the only site in Otago and one of only three in southern New Zealand, where 

parakeet are the dominant small-bird species represented. 

 

If applied consistently and to its full potential, the SPIT=O model can facilitate the 

interpretation of origin for avifaunal remains recovered from archaeological contexts. The 

nature of the site and assemblage to which the model is applied, will dictate the level of 

confidence expressed in the final conclusion. Interpretations for some sites (like Watsons 

Beach) will benefit from a firm outcome, but if origin can not be determined, it is important 

that this is acknowledged. 

 

While archaeologists may not follow (nor document) every step of SPIT=O in practice, the 

model can provide a useful framework when approaching small-bird assemblages, particularly 

those that may impact on broader cultural interpretations. Having recovered avian remains 

from an archaeological context, we should at least be prepared to answer the question that 

initiated this study:  

“Are you sure the assemblage is cultural?”  
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Appendix 1 
 

Method for Chi-squared test 
 
Fletcher and Lock (2005:129) describe the Chi-squared test as follows: 

The chi-squared test is a method to compare observed frequencies (the data) with 
those expected under the null hypothesis of no association (or independence) 
between the two variables. These expected frequencies are calculated using the 
marginal frequencies in the contingency table. 
 

To create a contingency table, data is displayed so that each cell contains the observed 

frequency for that particular combination of variables (Fletcher and Lock 2005:128). 

 

Step 1 
For the SPIT=O element representation analyses, contingency tables are created from the 

observed proportions (ratio) of elements (or portions, or group of elements) and the expected 

proportions (ratios) as defined in Chapter Three. 

 

Step 2 
The test statistic is calculated as: 

χ² = Σ (O-E)² / E 

where χ² is the Chi-squared value, O is the observed frequency and E is the expected 

frequency. 

 

Where χ² is very large, there is a large difference between the observed and expected 

frequencies, indicating significant evidence for association between the variables. A χ² value 

close to zero provides no evidence for association. 

 

For the purposes of this study, χ² values were calculated using statistical software available 

online (McDonald 2009). Yate’s continuity correction (for 2x2 tables) was applied to provide 

a more conservative test (Fletcher and Lock 2005:131). 

 

Step 3 
A Chi-squared distribution table is consulted to determine whether the calculated χ² value is 

significant. The degrees of freedom (d.f.) for a contingency table with row (r) and columns (c) 

are calculated as: 

d.f.= (r-1) (c-1) 
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For the SPIT=O element representation analyses described in Chapter Three, all contingency 

tables created are 2 by 2, so d.f.=1 in each case. 

 

Table A1.1 explains the descriptors used to record Chi-squared results in Chapter Four. 
 

Table A1.1  Descriptors used to record Chi-squared results in Chapter Four. 

Descriptor 

used in tables 

Level of confidence Relationship of Observed to 

Expected values 

expected Less than 95% confidence level Observed = Expected 

< 95-99% confidence level Observed less than Expected 

> 95-99% confidence level Observed greater than Expected 

<< Greater than 99.9% confidence level Observed less than Expected 

>> Greater than 99.9% confidence level Observed greater than Expected 

 

 
IMPORTANT NOTE 
For the Chi-squared test to be valid, all expected frequencies should be 5 or more (Fletcher 

and Lock 2005:131). 

 

Step 4 
A statistic called Cramer’s V is calculated to measure the strength of the result obtained in the 

Chi-squared test (Fletcher and Lock 2005:133): 

V = √ χ² / (n) (m) 

where V is the Cramer’s V statistic, χ² is the Chi-squared statistic, n is the total of all the 

frequencies (total number of objects) and m is the smaller of (c-1) and (r-1) (r and c are the 

number of rows and columns). 

 

V takes a value between 0 and 1 with values close to 1 indicating a strong relationship 

(Fletcher and Lock 2005:133). 
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Appendix 2 
 

An ecological profile for New Zealand’s pre-human avian predators 
 

This appendix summarizes the ecology and generalized taphonomic signature for each of the 
significant avian accumulators of avifaunal remains in New Zealand during the Holocene, 
prior to the arrival of humans: 
 
Table A2.1  Ecological profile for Haast’s eagle. 
 
Table A2.2  Ecological profile for Eyles’s harrier. 
 
Table A2.3  Ecological profile for New Zealand falcon. 
 
Table A2.4  Ecological profile for Laughing owl. 
 
Table A2.5  Ecological profile for Morepork. 
 
Table A2.6  Ecological profile for Subantartic skua. 
 
 
Most of the detail is drawn from Worthy and Holdaway (2002), supplemented with reference 
to other sources. 
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Table A2.1  Ecological profile for Haast’s eagle. 
 

 
Common 
name  

 
Haast’s eagle 

Family Accipitridae  
Genus and 
species 

Harpagornis moorei 
 
A proposal to amend this eagle’s name to Hieraaetus moorei has been made based 
on the analysis of mitochondrial DNA (Bunce et al. 2005). 

Description Very large, extinct diurnal raptor. Wingspan up to about 2.6 m (T&M:62). Estimated 
weight: males approx. 10kg, females 12-14kg. Strong elongated beak. Relatively 
short wing. Upper leg structure most suited to perching and gripping. Lower leg and 
toes extremely robust. Proportions most similar to large extant forest eagles. 
Features are associated with flapping rather than soaring flight and with catching and 
killing prey as large, or larger, than itself.  

Distribution Confirmed identifications are confined to the South Island. Almost all Holocene 
fossils have been recovered from sites in the east and south of the South Island, with 
one exception from near the top of Mount Owen, in northwest Nelson. In Southland, 
sites are predominantly coastal. Much of the eagle’s habitat was destroyed by fire 
and most of the suitable prey species became extinct. By the middle of the 14th 
century, the population of Haast’s eagle would have been severely limited. 

Habitat Drier vegetation zones from the coastal dunelands to mountain shrublands and 
herbfields. Most eagle fossils have been recovered from sites with low relief at low 
altitude, though this may reflect the distribution of sites with favourable conditions for 
preservation. May have preferred mosaic vegetation rich in ecotones (edge habitats) 
which could include: drier single-storey forest, shrubland, grasslands, swamp and 
duneland. 

Nest No documented nest/roost sites to date. 
Diet Probably terrestrial birds that preferred a similar habitat, from about 1kg body mass, 

up to the giant moa Dinornis giganteus (200kg or more). Finsch’s duck (Euryanus 
finschi) was abundant in the eagle’s range, so was probably a staple, with the 
addition of large rails (takahe Porphyrio hochstetteri, weka Gallirallus australis, New 
Zealand coot Fulica prisca and Hodgen’s rail Gallinula hodgenorum), parrots (kea 
Nestor notabilis and kaka N. meridionalis) and New Zealand pigeon (Hemiphaga 
novaeseelandiae). Kiwi (Apteryx sp.) and kakapo (Strigops habroptilus) may have 
been hunted at dawn and dusk.  

Feeding 
behaviour 

Large raptors typically have territories of 10-20 km sq. The eagle’s skeletal structure 
was specialized to take large, live prey. Its flight pattern and hunting techniques were 
probably similar to forest eagles. The nature of talon puncture marks on a number of 
fossil moa pelves indicate the eagle would grasp the hindquarters and crush the 
bone with its powerful claws, causing massive bleeding. Marks are consistent with 
the eagle striking the pelvic area from the side with one foot (more than once in 
some cases), leaving the other foot to grip further forward on the body, probably near 
the base of the neck. An elongated beak enabled it to reach into a carcass to access 
organs (more like a vulture than most eagles). 

Taphonomic 
signature 

To date, no assemblage has been found that is considered to be from an eagle roost 
or nest site, so information regarding a typical taphonomic signature for the species 
is limited. Talon marks have been identified on the pelvic girdle of over a dozen moa. 
The marks include pinpricks, crushing indentations, punctures and tears up to 75mm 
long and 10mm wide. Most damage occurs where bone protects the kidneys. The 
edges of holes in the thick bone of iliac plate are crushed inwards. 

Sources Worthy and Holdaway 2002; Tennyson and Martinson 1994:62; Bunce et al. 2005 
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Table A2.2  Ecological profile for Eyles’s harrier. 
 

 
Common 
name  

 
Eyles’s Harrier 

Family Accipitridae 
Genus and 
species 

Circus eylesi 

Description Large, extinct diurnal raptor. Females 3-3.5kg, males smaller. North Island form 
larger than in the South Island. Very strong beak, lower leg, feet and claws. Wing 
proportion and weight indicate a fast-flapping species with a high level of 
manoeuvrability, more like the woodland-dwelling, bird-eating hawks of the genus 
Accipiter than the soaring flight common to other harriers. 

Distribution North and South Islands. 
Exact distribution not yet established – recovered remains fairly rare. 
North Island: Coromandel and Taranaki dune sites, Waitomo Cave and Hawke’s 
Bay rockshelter sites and northern Wairarapa lake/swamp sites. 
South Island: East coast and Takaka Hill / Mt Arthur. No evidence from West 
coast, Southland nor Central Otago. Southernmost record to date is just north of 
the Waitaki River Mouth at Mt. Harris Swamp. 

Habitat Predominantly drier forest and shrubland from coastal to sub-alpine areas. 
Nest No documentation found. 
Diet Generally larger, diurnal prey including: 

NZ pigeon, kokako (Callaeas spp.), Finsch’s duck (Euryanas finschi), kaka and 
possibly, at least in the North Island, small moa (20-40kg). 

Feeding 
behaviour 

Capture prey with feet. 
Target meatier parts of the body (muscle and organs) with beak. 
Any ingested bones destroyed by the highly acidic (low pH) stomach fluids so 
accumulated remains represent those not eaten by the bird (cf. owls). 

Taphonomic 
signature 

Elements from or covering meatier parts of the body exhibit greater damage 
Peripheral elements more likely to remain intact  
 
Most abundant element(s): sternum and humerus 
Abundant carpometacarpus 
Cranium, pelvis, tibiotarsus and tarsometatarsus under represented 
 
Sternum: Heavily damaged, often only anterior end identified (rostrum) 
Humerus: Most have proximal damage (esp. part of bicipital crest missing or 
punctured) 
Scapula: Blade tends to be missing 
Coracoid: Tend to lack sternal end if incomplete 
Femur: Tend to be incomplete and represented by isolated proximal and distal 
ends 
 

Sources Worthy and Holdaway 2002:336-354 
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Table A2.3  Ecological profile for New Zealand falcon. 
 

 
Common 
name  

 
New Zealand Falcon 

Family Falconidae 
Genus and 
species 

Falco novaeseelandiae 

Description Extant (but endangered) diurnal raptor. Size:450 mm. 
Distribution Widespread prior to human settlement 
Habitat Prefers open country 
Nest Usually nests in small caves or overhangs, but will nest in temperate rainforest 

(Robertson 1985:154) 
Diet Predominantly feeds on smaller birds (e.g. tui and parakeet), lizards, tuatara and 

insects, but will take prey up to about 600g (e.g. New Zealand pigeon and kaka). 
Prey species are mostly diurnal but some nocturnal species (e.g. geckos and 
bats) are caught at dawn and dusk. 
 

Feeding 
behaviour 

A fierce and fearless predator. Smooth pea-sized rangle stones are swallowed 
and kept in the crop to aid digestion. The stones are regurgitated with waste 
pellets. Digestive acids are high pH so dissolve any ingested bone that is not 
regurgitated. 
 

Taphonomic 
signature 

Presence of rangle stones and highly fragmented remains with evidence of 
digestion. At Mt. Cookson, about half the parakeet elements represented are 
tarsometatarsi - especially distal portion which account for 30-40% of total MNE 
(Worthy and Holdaway 1995:348). 

Sources Worthy and Holdaway 2002:357-358; Worthy and Holdaway 1995; Robertson 
1985:154-155 
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Table A2.4  Ecological profile for Laughing owl. 
 

 
Common 
name  

 
Laughing Owl 

Family Strigidae 
Genus and 
species 

Sceloglaux albifacies 

Description Medium sized owl (400 mm) with large claws, probably extinct. 
Distribution Fossil evidence from the North Island, South Island and Stewart Island. 
Habitat Closed forest, forest edges and more open territory (W&H:360) 
Nest Cave entrances, cliffs and crevices and hollow trees (W&H:361-362) 
Diet Small birds (e.g. petrels and parakeets), rats, bats, lizards, tuatara, frogs and 

small invertebrates. Has eaten birds as large as weka and morepork (W&H362). 
Feeding 
behaviour 

Hunted on or near the forest floor at night, dawn or dusk (W&H:359). Prey 
species varied with area – adaptable generalist feeder (W&H369). 
Different butchering patterns for prey of different morphology (size and 
robustness). Up to 30 g swallowed whole – perhaps decapitated. Larger birds 
probably processed to some extent before ingestion (W&H 1996b:21-22). 

Taphonomic 
signature 

Prey assemblage dominated by small nocturnal fauna.  
Clear signs of digestion, most evident as thinning on shafts of long bones. 
Parakeet remains show a predominance of largely complete tarsometatarsi over 
other elements – robust lower leg and feet discarded before ingestion. Few 
sterna. Under-representation of bat skulls cf. snouts (W&H1996b:21-22). 

Sources Worthy and Holdaway 2002:358-371; Worthy and Holdaway 1996b 
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Table A2.5  Ecological profile for Morepork. 
 

 
Common 
name  

 
Morepork 

Family Strigidae 
Genus and 
species 

Ninox novaeseelandiae 

Description Small owl (size: 290 mm). Nocturnal. 
Distribution Main islands and closer offshore islands (not Chatham Islands), from sea level 

to bush line (Robertson 1985) 
Habitat Forest 
Nest Most commonly nest in holes in trees or clumps of epiphytes, but also known to 

nest on the ground, sheltered by rocks or tree roots, or in petrel burrows 
(Anderson 1992). 

Diet Predominantly insectivorous, but have preyed on adult and juvenile kiore 
(Rattus exulans), saddleback (Philesturnus carunculatus) and little shearwaters 
(Puffinus haurakiensis). Probably prey on small nocturnal vertebrates such as 
bats, frogs, skinks and geckos. 

Feeding 
behaviour 

Hunts within forest and on the forest fringes. Characteristically beheads prey 
(Anderson 1992). Small birds are often caught around dusk and dawn (Moon 
1979:153). Catches prey with talons and beak. When eating large prey, holds in 
one foot or stands on it with both feet and tears off pieces. Chicks mainly fed on 
birds – in pieces when chicks are young, but whole when chicks are older 
(Robertson 1985:257). 

Taphonomic 
signature 

No record found. Documented owl deposits have, to date, been attributed to 
laughing owls. 

Sources Worthy and Holdaway 2002:359-360, 371, 491; Anderson 1992; Robertson 
1985:257; Moon 1979:153 
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Table A2.6  Ecological profile for Subantartic skua. 
 

 
Common 
name  

 
Subantarctic Skua 

Family Stercorariidae 
Genus and 
species 

Catharacta skua 

Description Large (630mm) diurnal seabird – related to gulls (W&H:499). 
Distribution Mainly breeds on the islands to the south and east of New Zealand, but 

sometimes on the South Island. Fossils are occasionally found in dune deposits 
or middens. Probably more frequent on mainland when more seal, sea-lion and 
penguin colonies were available to scavenge (W&H:414) 

Habitat Open water of the southern oceans 
Nest Depression in grass (Stead:62) or scrape in moss, soil or shingle – often on or 

near exposed coastal uplands and cliffs (Robertson:219)  
Diet Mainly small to medium sized petrels and occasionally shorebirds (T&M). Birds’ 

eggs - muttonbird eggs have even been carried to nest sites (Stead:65,70). 
Scavenge dead sea-mammals, fish, etc (Stead:66). 

Feeding 
behaviour 

Although diurnal, will catch prey at night if plentiful (Stead:79). Prey is taken on 
the wing or from the ground or water. Small birds are swallowed whole. Legs, 
wings and heads of larger birds are torn off and discarded, with pellets of bone 
and feathers ejected later. (Stead:66). Large middens of prey remains 
accumulate at feeding stations and around nests (T&M). Food is torn to pieces to 
give to young (Stead:65) 

Taphonomic 
signature 

Description of mutton-bird remains on Big South Cape Island: Head left intact 
with feathers and wings from elbow out left untouched. The rest eaten – bones 
picked clean (Stead:79). 

Sources Worthy and Holdaway 2002; Stead, 1932; Tennyson and Martinson 1994; 
Robertson 1985 
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Appendix 3 
 

Watsons Beach small-bird identification and quantification data 
 
The CD-ROM located inside the back cover of this thesis contains the following data: 
 
A3.1 Description: Excel file for all Wastons Beach small-bird identifications to date. 
 File name: Watsons Beach Bird (All) 
 
A3.2 Description: Excel file for Watsons Beach Area A small-bird sample identification 

data. 
 File name: Watsons Beach Bird (Area A sample) 

 
Note: Identification data is on the sheet labelled “ID DATA”. Most of the other sheets 
 are pivot tables and graphs for graphs reproduced in hard copy in this thesis. 

 
A3.3 Description: Excel file summary of data for NISP, MNE and MNI derivations for 

Watsons Beach Area A sample small-bird specimens. 
 File name: Watsons Beach Bird (NISP, MNE, MNI derivations) 
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Appendix 4 
 
Element representation analyses for parakeet (Cyanoramphus spp.) 
remains from laughing owl, New Zealand falcon and natural (non-
predator related) dune deposits. 
 

A4.1 Summary 
Table A4.1 is a summary table for the three sets of element representation analyses presented 

in this Appendix: 

A4.2 Parakeet remains from a laughing owl deposit 

A4.3 Parakeet remains from a New Zealand falcon deposit 

A4.4 Parakeet remains from a natural (non-predator related) dune deposit 

 
Table A4.1  Summary of results from element representation analyses on parakeet remains recovered 
from a laughing owl, New Zealand falcon and natural (non-predator related) dune deposit. 
 

Taphonomic category Parakeet from a 
laughing owl prey 
deposit 
(Predator Cave) 
 

Parakeet from a New 
Zealand falcon prey 
deposit 
(Falcon 2) 

Parakeet from a 
natural dune deposit 
(Marfells Beach) 

Extent of fragmentation 
high=less than 31% complete 
low=more than 69% complete 

Moderate  
(nearly high) 
32% complete 

High 
(very) 
8.7% complete 

Low 
 
87% complete 

Intensity of fragmentation 
Low = ratio of 1: (0.70-1.0) 
High = ratio of 1: (0.0-0.30) 

Low 
(nearly moderate) 
0.70 

Low 
 
0.84 

Moderate 
 
0.55 

Element types exhibiting 
proximal > distal portions 
 

COR 
SCAP (analytical bias) 
HUM 

COR 
SCAP (analytical bias) 
HUM 

 
None 

Element types exhibiting 
proximal < distal portions 

TT 
TMT 

TT 
TMT 

 
None 

Axial:limb elements ratio 
 

expected axial << limb axial << limb 

Wing:leg elements ratio 
 

wing << leg wing << leg wing >> leg 

Proximal:distal elements ratio 
 

proximal << distal proximal << distal expected 

Dominant element (%MNI) 
 

TMT TMT HUM 

Dominant elements (MNE)  
among  long bones 

TMT 
 

TMT HUM 

Representation of elements  
(%MNI or MNE)  
(31-69% = moderate) 
HEAD 
STERNUM 
TMT 

 
 
 
Moderate 
Low 
High 

 
 
 
No data 
No data 
High 

 
 
 
Low 
Low 
Moderate 

Digestion 
 

Yes: thinning bone esp. 
on long bone shafts 

Yes – extensive  
except TMT 

Not mentioned 

Punctures 
 

Not mentioned Not mentioned Not mentioned 

Other  Rangle stones 
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A4.2 Laughing owl prey deposit recovered from Predator Cave, Takaka Hill, 
Nelson 
 
Data were sourced from Worthy and Holdaway (1996) but here, results from each layer have 

been combined and presented as a single unit. The method taken to analyse element 

representation follows chapter three of this thesis (but note changes in expected ratios as 

available element data changes). 

 

Relative abundance of element types  

To facilitate the direct comparison of parakeet element abundance, Figure A4.1 is based on 

element MNI values (data sourced from Worthy and Holdaway 1996: Table 2). 

 
Element representation (%MNI) for parakeet remains 

from the Predator Cave laughing owl prey deposit
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Figure A4.1  Bar graph showing the relative abundance of element types for parakeet from Predator 
Cave. Element MNI is shown as a percentage of the MNI for the species (parakeet MNI=126). 
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Element survival ratios 

The observed ratios in the following analyses are derived from the Takaka Hill MNE data (see 

Worthy and Holdaway 1996: Table 4). 

 
Table A4.2  Summary of Chi-squared tests applied to determine whether the observed proportion for 
each parakeet element from Predator Cave differs significantly from the expected proportion if 
complete skeletons were represented in the sample - based on the maximum element MNE observed. 
 

Element Expected 
ratio 

Observed ratio 
(Parakeet max. 
MNE=215 TMT) 

Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value 
& summary 

Cranium 1:2 
(71.7:143.3) 

No data n/a 
 

n/a 

Mandible 1:2 No data n/a 
 

n/a 

Sternum 1:2 No data n/a 
 

n/a 

Pelvis 1:2 No data n/a 
 

n/a 

Furcula 
 

1:2 No data n/a n/a 

Coracoid 1:1 
(215:215) 

131:215 19.91 
p<0.001 

0.24 
<< under-represented 

Scapula 1:1 65:215 79.289 
p<0.001 

0.53 
<< under-represented 

Humerus 1:1 128:215 21.563 
p<0.001 

0.25 
<< under-represented 

Ulna 1:1 59:215 87.682 
p<0.001 

0.57 
<< under-represented 

Radius 1:1 No data n/a 
 

n/a 

Carpometacarpus 1:1 109:215 34.028 
p<0.001 

0.32 
<< under-represented 

Femur 1:1 80:215 60.868 
p<0.001 

0.45 
<< under-represented 

Tibiotarsus 1:1 95:215 45.681 
p<0.001 

0.38 
<< under-represented 

Tarsometatarsus 1:1 215:215 0.002326 
p>0.5 

0.00 
expected 

 
Table A4.3  Summary of Chi-squared tests applied to determine whether the observed proportions for 
various parakeet skeletal ratio types from Predator Cave differ significantly from the expected 
proportions if complete skeletons were represented in the sample. 
 

Ratio type Expected 
ratio 

Observed ratio Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value  
& summary 

axial:limb 
 

1:3.0 1:3.5 (196:686) 3.483 
0.1>p>0.05 

0.06 
expected 

wing:leg 
 

1:1.0 1:1.3 (296:390) 12.608 
p<0.001 

0.14 
wing << leg 

Proximal:distal 
elements 

1:0.6 1:0.8 (499:383) 12.955 
p<0.001 

0.12 
proximal << distal 

 
Derivation of expected ratios: 
Axial (scap, cor) : limb (fem, tt, tmt, hum, ulna, cmc) = 4:12 = 1:3 
Wing (hum, ulna, cmc) : leg (fem, tt, tmt) = 6:6 = 1:1 
Proximal (scap, cor, hum, fem, tt) : distal (ulna, cmc, tmt) = 10:6 = 1:0.6 
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Leg elements occur significantly more frequently than wing elements. Distal elements occur 

significantly more often than proximal elements. The relative abundance of tarsometatarsi in 

relation to all other elements accounts for both of these effects. 

 
a) Extent of fragmentation  

i) Proportion of complete parakeet bones. 

NISP parakeet complete / NISP parakeet total = 358/1109= 32%   

Overall, this parakeet assemblage exhibits a moderate (31-69% complete), although close to 

high, extent of fragmentation. 

 

ii) Proportion of complete parakeet bones by element.  

 
Table A4.4  Extent of fragmentation: Proportions of complete parakeet bones by element. 
 

Axial  % complete Extent Wing  % complete Extent Leg  % complete Extent 
CRAN No data n/a HUM 16 

(29/177) 
High FEM 13  

(17/131) 
High 

MAND No data n/a RAD No data n/a TT 15  
(18/117) 

High 
 

PELV No data n/a ULNA 27 
(25/92) 

High TMT 45 
(121/268) 

Mod. 

STER No data n/a CMC 79  
(86/109) 

Low    
 

COR 29 
(44/150)  

High       

SCAP 28  
(18/65) 

High       

 

A high (0-30% complete) extent of fragmentation is exhibited by all the elements represented 

except CMC (low) and TMT (moderate). The extremities appear to suffer less damage. 

 

b) Intensity of fragmentation 

i) Intensity of fragmentation for all parakeet bones were derived from NISP and MNE for 

broken bones only (fe). 

NISP(fe):MNE(fe) = 751:524 = 1:0.70 

In general, the Predator Cave parakeet assemblage exhibits a low (0.7-1.0) intensity of 

fragmentation. 
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ii) Intensity of fragmentation of parakeet bones by element.  
Table A4.5  Intensity of fragmentation ratios for broken Predator Cave parakeet specimens by 
element. 
 

Axial  NISP(fe): 
MNE(fe) 

Intensity Wing  NISP(fe): 
MNE(fe) 

Intensity Leg NISP(fe): 
MNE(fe) 

Intensity 

CRAN No data n/a HUM 1:0.67  
(148:99) 

Mod. FEM 1:0.55 
(114:63) 

Mod 

MAND No data n/a RAD No data n/a TT 1:0.78   
(99:77) 

Low 

PELV No data n/a ULNA 1:0.51  
(67/34) 

Mod. TMT 1:0.64   
(147:94) 

Mod 

STER No data 
 

n/a CMC 1:1 
(23:23) 

Low    

COR 1:0.82   
(106:87) 

Low       

SCAP 1:1  
(47:47) 

Low       

 

The intensity of fragmentation for the Predator Cave parakeet elements is low (0.70-1.0) to 

moderate (0.31-0.69).   

 

c) Portions of elements represented  

Sum of C + P + PS : Sum of C + D + DS 

Table A4.6 shows that the coracoids, scapulae and humeri are represented most often by the 
proximal ends, while tibiotarsi and tarsometatarsi are represented more often by the distal 
ends. 
 
Table A4.6  Summary of Chi-squared tests applied to determine whether the observed ratio for 
portions of elements represented from Predator Cave differ significantly from the expected ratio if 
complete skeletons were represented in the sample. Working data are provided in parentheses. 
 

Element Expected 
ratio 

Observed ratio 
proximal:distal 

Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value 
& summary 

COR 1:1 1:0.48  (131:63) 23.139 
p<0.001 

0.35 
proximal >> distal 

SCAP 1:1 1:0.28  (65:18) 25.494 
p<0.001 

0.55 
proximal >> distal 

HUM 1:1 1:0.61  (128:78) 11.655 
p<0.001 

0.24 
proximal >> distal 

RAD 1:1 No data n/a 
 

n/a 

ULNA 1:1 1:0.98  (59:58) 0.00 
p>0.5 

0.00 
expected 

CMC 1:1 1:0.79  (109:86) 2.482 
0.2>p>0.1 

0.11 
expected 

FEM 1:1 1:0.85  (80:68) 0.818 
0.5>p>0.2 

0.07 
expected 

TT 1:1 1:2.38  (40:95) 21.6 
p<0.001 

0.4 
proximal << distal 

TMT 1:1 1:1.24  (174:215) 4.113 
0.05>p>0.02 

0.10 
proximal < distal 
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A4.3 New Zealand falcon prey deposit recovered from “Falcon 2” Mt. Cookson, 
North Canterbury 
 
Data were sourced from Worthy and Holdaway (1995). The method taken to analyse element 

representation follows chapter three of this thesis (but note changes in expected ratios as 

available element data changes). 

 

Relative abundance of element types  

To facilitate the direct comparison of parakeet element abundance, Figure A4.2 is based on 

element MNE values (data sourced from Worthy and Holdaway 1995: Table 1).  
 
 

Element representation (% MNE) for parakeet remains from "Falcon 1" NZ falcon prey deposit 
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Figure A4.2  Bar graph showing the relative abundance of element types for parakeet from Predator 
Cave. Element MNE is shown as a percentage of the maximum element MNE for the species 
(parakeet TMT MNEmax=150). 
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Element survival ratios  
Table A4.7  Summary of Chi-squared tests applied to determine whether the observed proportion for 
each parakeet element from Mt Cookson “Falcon 2” differs significantly from the expected proportion if 
complete skeletons were represented in the sample - based on the maximum element MNE observed.  
 

Element Expected 
ratio 

Observed ratio 
(Parakeet max. 
MNE=150 TMT) 

Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value 
& summary 

Cranium 1:2 
(50:100) 

No data n/a 
 

n/a 

Mandible 1:2 No data n/a 
 

n/a 

Sternum 1:2 No data n/a 
 

n/a 

Pelvis 1:2 No data n/a 
 

n/a 

Furcula 
 

1:2 No data n/a n/a 

Coracoid 1:1 
(75:75) 

19:150 100.0 
p<0.001 

0.77 
<< under-represented 

Scapula 1:1 21:150 95.813 
p<0.001 

0.75 
<< under-represented 

Humerus 1:1 19:150 100.0 
p<0.001 

0.77 
<< under-represented 

Ulna 1:1 19:150 100.0 
p<0.001 

0.77 
<< under-represented 

Radius 1:1 No data n/a 
 

n/a 

Carpometacarpus 1:1 6:150 131.083 
p<0.001 

0.92 
<< under-represented 

Femur 1:1 15:150 108.824 
p<0.001 

0.66 
<< under-represented 

Tibiotarsus 1:1 26:150 85.96 
p<0.001 

0.70 
<< under-represented 

Tarsometatarsus 1:1 150:150 0.003333 
p>0.5 

0.00 
expected 

 
Table A4.8  Summary of Chi-squared tests applied to determine whether the observed proportions for 
various parakeet skeletal ratio types from Mt Cookson “Falcon 2” differ significantly from the expected 
proportions if complete skeletons were represented in the sample. 
 

Ratio type Expected 
ratio 

Observed ratio Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value  
& summary 

axial:limb 
 

1:3.0 1:5.9 (40:235) 15.478 
p<0.001 

0.24 
axial << limb 

wing:leg 
 

1:1.0 1:4.3 (44:191) 90.706 
p<0.001 

0.62 
wing << leg 

Proximal:distal 
elements 

1:0.6 1:1.75 (100:175) 79.04 
p<0.001 

0.54 
proximal << distal 

 
Derivation of expected ratios: 
Axial (scap, cor) : limb (fem, tt, tmt, hum, ulna, cmc) = 4:12 = 1:3 
Wing (hum, ulna, cmc) : leg (fem, tt, tmt) = 6:6 = 1:1 
Proximal (scap, cor, hum, fem, tt) : distal (ulna, cmc, tmt) = 10:6 = 1:0.6 
 
Limb elements occur more frequently than axial elements. Leg elements occur more 
frequently than wing elements. Distal elements occur significantly more often than proximal 
elements. The high frequency of tarsometatarsi in relation to all other elements accounts for 
these effects. 
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a) Extent of fragmentation  

i) Proportion of complete parakeet bones. 

NISP parakeet complete / NISP parakeet total = 28/321= 8.7%   

Overall, this parakeet assemblage exhibits a high (0-30% complete) extent of fragmentation. 

 

ii) Proportion of complete parakeet bones by element.  

Table A4.9 shows a high (0-30% complete) extent of fragmentation is exhibited by all the 

elements represented except carpometacarpi (moderate 31-69%).  

 
Table A4.9  Extent of fragmentation: Proportions of complete parakeet bones by element. 
 

Axial  % complete Extent Wing  % complete Extent Leg  % complete Extent 
CRAN No data n/a HUM 0 

(0/26) 
High FEM 0  

(0/28) 
High 

MAND No data n/a RAD No data n/a TT 0 
(0/27) 

High 
 

PELV No data n/a ULNA 3 
(1/32) 

High TMT 16 
(25/158) 

High 

STER No data n/a CMC 33  
(2/6) 

Mod.    
 

COR 0 
(0/23)  

High       

SCAP 0  
(0/21) 

High       

 

b) Intensity of fragmentation 

i) Intensity of fragmentation for all parakeet bones was derived from NISP and MNE for 

broken bones only (fe). 

NISP(fe):MNE(fe) = 293:247 = 1:0.84 

Overall, the “Falcon 2” parakeet assemblage exhibits a low (0.7-1.0) intensity of 

fragmentation. 

 

ii) Intensity of fragmentation of parakeet bones by element.  
 
Table A4.10  Intensity of fragmentation ratios for broken “Falcon 2” parakeet specimens by element. 
 

Axial  NISP(fe): 
MNE(fe) 

Intensity Wing  NISP(fe): 
MNE(fe) 

Intensity Leg NISP(fe): 
MNE(fe) 

Intensity 

CRAN No data n/a HUM 1:0.73  
(26:19) 

Low FEM 1:0.54 
(28:15) 

Mod. 

MAND No data n/a RAD No data n/a TT 1:0.96   
(27:26) 

Low 

PELV No data n/a ULNA 1:0.58  
(31:18) 

Mod. TMT 1:0.94   
(133:125) 

Low 

STER No data 
 

n/a CMC 1:1 
(4:4) 

Low    

COR 1:0.83   
(23:19) 

Low       

SCAP 1:1  
(21:21) 

Low       
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Table A4.10 shows the intensity of fragmentation for all the “Falcon 2” parakeet elements is 

low (0.70-1.0) except for ulnae and femora which are moderate (0.31-0.69). 

 

c) Portions of elements represented  

Sum of C + P + PS : Sum of C + D + DS 
 
Table A4.11  Summary of Chi-squared tests applied to determine whether the observed ratio for 
portions of elements represented from “Falcon 1” differ significantly from the expected ratio if complete 
skeletons were represented in the sample. 
 

Element Expected 
ratio 

Observed ratio 
proximal:distal 

Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value 
& summary 

COR 1:1 1:0.21  (19:4) 8.522 
0.01>p>0.001 

0.61 
proximal > distal 

SCAP 1:1 1:0.0  (21:0) 19.048 
p<0.001 

0.91 
proximal >> distal 

HUM 1:1 1:0.37  (19:7) 4.654 
0.05>p>0.02 

0.42 
proximal > distal 

RAD 1:1 No data n/a 
 

n/a 

ULNA 1:1 1:0.74  (19:14) 0.485 
0.5>p>0.2 

0.12 
expected 

CMC 1:1 1:0.33  (6:2)  
Values too low for test 

 
n/a 

FEM 1:1 1:1.15  (13:15) 0.036 
p>0.5 

0.04 
expected 

TT 1:1 1:26  (1:26) 21.333 
p<0.001 

0.89 
proximal << distal 

TMT 1:1 1:4.55  (33:150) 73.53 
p<0.001 

0.63 
proximal << distal 

 
 
The coracoids, scapulae and humeri are represented most often by the proximal ends, but 
distal scapulae can not be identified so this may be an analytical bias. Tibiotarsi and 
tarsometatarsi are represented more often by the distal ends. 
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A4.4 Element representation analyses for parakeet remains from a natural dune 
deposit at Marfells Beach 
 
Data were sourced from Worthy (1998a). The method used to analyse element representation 

follows Chapter Three (but note changes in expected ratios as available element data 

changes). 

 

Relative abundance of element types  

To facilitate the direct comparison of parakeet element abundance, Figure A4.4 is based on 

element MNI values (data sourced from Worthy 1998a:135-136).  

Element representation (% MNI) for parakeet remains from Marfells Beach natural dune deposit
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Figure A4.3  Bar graph showing the relative abundance of element types for parakeet from a natural 
dune deposit at Marfells Beach. Element MNI is shown as a percentage of the MNI for the species 
(parakeet MNI=47). 
 

The relative abundance of element types shown in Figure A4.4 appears to be compatible with 

a higher survival rate for the more robust elements. Parakeet pelves (not represented at all), 

sterna and radii are particularly small and fragile. Although most of the skull is also very 

fragile, the premaxilla and mandible of parakeet are more robust than those of many species. 
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Element survival ratios 

 
Table A4.12  Summary of Chi-squared tests applied to determine whether the observed proportion for 
each parakeet element from the natural dune deposit at Marfells Beach differs significantly from the 
expected proportion if complete skeletons were represented in the sample - based on the maximum 
element MNE observed.  
 

Element Expected 
ratio 

Observed ratio 
(Parakeet max. 
MNE=80 HUM) 

Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value 
& summary 

Cranium 1:2 
(26.7:53.3) 

9:80 20.563 
p<0.001 

0.48 
<< under-represented 

Mandible 1:2 3:80 31.664 
p<0.001 

0.62 
<< under-represented 

Sternum 1:2 1:80 36.125 
p<0.001 

0.67 
<< under-represented 

Pelvis 1:2 No data n/a 
 

n/a 

Furcula 
 

1:2 No data n/a n/a 

Coracoid 1:1 
(40:40) 

20:80 34.81 
p<0.001 

0.59 
<< under-represented 

Scapula 1:1 No data n/a n/a 
 

Humerus 1:1 80:80 0.00625 
p>0.5  

0.01 
expected 

Ulna 1:1 47:80 8.063 
0.01>p>0.001 

0.25 
< under-represented 

Radius 1:1 1:80 75.111 
p<0.001 

0.96 
<< under-represented 

Carpometacarpus 1:1 11:80 50.813 
p<0.001 

0.74 
<< under-represented 

Femur 1:1 6:80 61.965 
p<0.001 

0.85 
<< under-represented 

Tibiotarsus 1:1 14:80 44.947 
p<0.001 

0.73 
<< under-represented 

Tarsometatarsus 1:1 38:80 14.246 
p<0.001 

0.35 
<< under-represented 

 

 
Table A4.13  Summary of Chi-squared tests applied to determine whether the observed proportions 
for various parakeet skeletal ratio types from the natural dune deposit at Marfells Beach differ 
significantly from the expected proportions if complete skeletons were represented in the sample. 
 

Ratio type Expected 
ratio 

Observed ratio (MNE) Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value  
& summary 

axial:limb 
 

1:2.4 1:5.9 (33:196) 24.105 
p>0.001 

0.32 
axial << limb 

wing:leg 
 

1:1.0 1:0.42 (138:58) 31.842 
p<0.001 

0.40 
wing >> leg 

Proximal:distal 
elements 

1:0.75 1:0.8 (120:96) 0.162 
p>0.5 

0.03 
expected 

 
Derivation of expected ratios: 
Axial (cran, mand, ster, cor) : limb (fem, tt, tmt, hum, ulna, cmc) = 5:12  = 1:2.4 
Wing (hum, ulna, cmc) : leg (fem, tt, tmt) = 6:6 = 1:1 
Proximal (cor, hum, fem, tt) : distal (ulna, cmc, tmt) = 8:6 = 1:0.75 
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Table A4.13 shows limb elements are represented to a greater degree than axial elements. 

Wing elements occur more frequently than leg elements. 

 

a) Extent of fragmentation  

i) Proportion of complete parakeet bones. 

NISP parakeet complete / NISP parakeet total = 210/241= 87%   

Overall, this parakeet assemblage exhibits a low (70-100% complete) extent of fragmentation. 

 

ii) Proportion of complete parakeet bones by element.  

 
Table A4.14  Extent of fragmentation: Proportions of complete parakeet bones by element. 
 

Axial  % complete Extent Wing  % complete Extent Leg  % complete Extent 
CRAN 0 

(0/9) 
High HUM 99 

(79/80) 
Low FEM 100  

(6/6) 
Low 

MAND 33 
(3/9) 

Mod. RAD 100 
(1/1) 

Low TT 39  
(7/18) 

Mod. 
 

PELV No data n/a ULNA 100 
(47/47) 

Low TMT 95 
(36/38) 

Low 

STER No data n/a CMC 100  
(11/11) 

Low    
 

COR 100 
(20/20)  

Low       

SCAP No data 
 

n/a       

 

Table A4.14 shows a low (70-100% complete) extent of fragmentation is exhibited by most of 

the elements represented. Most are complete and those that are more frequently broken are 

more fragile elements. The low extent of fragmentation for the radius is probably an anomaly. 

Only represented by one complete specimen, the low frequency may in fact be due to the 

small size and very fragile nature of this element. 

 

b) Intensity of fragmentation 

i) Intensity of fragmentation for all parakeet bones was derived from NISP and MNE for 

broken bones only (fe). 

NISP(fe):MNE(fe) = 31:17 = 1:0.55 

Overall, the parakeet assemblage from a natural dune deposit at Marfells Beach exhibits a 

moderate (0.31-0.69) intensity of fragmentation. 
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ii) Intensity of fragmentation of parakeet bones by element. 

Table A4.15 shows that where breakage occurs, the intensity of fragmentation for the parakeet 

elements from the natural dune deposit at Marfells Beach is generally low (0.70-1.0), with the 

exception of the mandible (high) and tibiotarsus (moderate). Of greatest significance is the 

very low occurrence of broken bones. 

 
Table A4.15  Intensity of fragmentation ratios by element, for broken parakeet specimens from a 
natural dune deposit at Marfells Beach.  
 

Axial  NISP(fe): 
MNE(fe) 

Intensity Wing  NISP(fe): 
MNE(fe) 

Intensity Leg NISP(fe): 
MNE(fe) 

Intensity 

CRAN 1:0.9 
(10:9) 

Low HUM 1:1.0  
(1:1) 

Low FEM None 
broken 

n/a 

MAND 1:0.17 
(6:1) 

High RAD No data n/a TT 1:0.64   
(11:7) 

Mod. 

PELV No data n/a ULNA None 
broken 

n/a TMT 1:1.0   
(2:2) 

Low 

STER 1:1.0 
(1:1) 

Low CMC None 
broken 

n/a    

COR None 
broken 

 
n/a 

      

SCAP No data 
 

n/a       

 

c) Portions of elements represented  

Sum of C + P + PS : Sum of C + D + DS 

Table A4.16 demonstrates that there is no difference in the representation of proximal or 
distal parts for any of the elements. 
 
Table A416  Summary of Chi-squared tests applied to determine whether the observed ratio for 
portions of elements represented from the Marfells Beach natural dune deposit differ significantly from 
the expected ratio if complete skeletons were represented in the sample. Working data are provided in 
parentheses. 
 

Element Expected 
ratio 

Observed ratio 
proximal:distal 

Chi-squared (df=1) 
(Yates correction) 
& probability values 

Cramer’s V value 
& summary 

COR 1:1 1:1.0  (20:20) 0.025 
p>0.5 

0.03 
expected 

SCAP 1:1 No data n/a n/a 
 

HUM 1:1 1:0.88  (80:79) 0.00 
p>0.5 

0.0 
expected 

RAD 1:1 1:1.0 (1:1)  
Values too low for test 

 
n/a 

ULNA 1:1 1:1.0  (47:47) 0.011 
p>0.5 

0.01 
expected 

CMC 1:1 1:1.0  (11:11) 0.045 
p>0.5 

0.05 
expected 

FEM 1:1 1:1.0  (6:6) 0.083 
p>0.5 

0.08 
expected 

TT 1:1 1:1.4  (10:14) 0.375 
p>0.5 

0.13 
expected 

TMT 1:1 1:1.06 (36:38) 0.014 
p>0.5 

0.01 
expected 

 
 




