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Abstract

With few studies of marine resource depression in the island setting, this investigation of
marine resource depression in the Pacific island of Tikopia aims to contribute to better
understanding the visibility of resource depression in the archaeological record, the overarching
narrative of resource depression in the Pacific, and Tikopia’s own prehistory. Overall analysis of
eleven major elements and seven taxa from the Tikopia fishbone assemblage does not initially
seem to indicate strong evidence for marine resource depression in the prehistoric cultural phases
of the island. However, further investigation of some select taxa presents interesting differences
by comparison, namely Scaridae, which exhibit statistically significant temporal decreases in
size. Causes of reduction in Scarus may be attributed to selective fishing pressure, or
environmental changes throughout the prehistoric cultural phases of the island.
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Introduction

While previous studies of island resource depression in Oceania have been conducted,
there are not many that incorporate fishbone assemblages in their analysis. This is often due to
the fragmented nature and difficulty in lower taxonomic classification among
ichthyoarchaeological assemblages (Casteel 1977), and the requirement of a large sample size.
Tikopia, near the Solomon Islands, provides a critical opportunity to continue study of marine
resource depression, given its extensive study by Kirch and Yen (1982), and previous resource
flow and land use study by Swift et al. (2021), providing the availability to analyze these results
in conjunction with terrestrial resource use. The application of foraging theory (Broughton
2002) will be used to define and understand marine resource depression in the Tikopia fishbone
assemblage, which was selected for its large sample size potential. This study will utilize a list
of select taxa, chosen based on their abundance in the assemblage, and taxonomically
identifiable elements to investigate the potential for marine resource depression in Tikopia.
Analysis will focus on the three major prehistoric cultural phases, as well as the initial human
settlement of the island, as defined by Kirch and Yen (1982). Based on foraging theory, if
resource depression has occurred, it can be expected to see a temporal decline in overall prey
sizes.



Resource Depression and Foraging Theory

Resource depression is generally caused by human foraging activity, resulting in a
decline in foraging efficiency. This combination of activity and a decline in efficiency is an
important variable in the behavioral transitions of prehistoric humans. Whether through
agriculture, hunting, or gathering; the concept of a ‘high return’ species persists; a preferred
species that maximizes foraging efficiency and the caloric or nutritional return of the organism
(animal or plant). In the archaeological record, this can be reflected by increases in high ranked
prey abundance and mean age, or even the opposite: a decrease in abundance in mean age. The
key to understanding this divergence is linked to the variation in behavior and spatial different
prey species, demonstrating that the whole of the archaeological record and its spatial analysis
must be taken into account. Unequivocally, however, resource depression from human foraging
activity will lead to a decline in foraging return (Broughton 2002). This reiterates that the
interactions between humans and their environments are not one way. Changes in environment
lead to changes in human behavior, and changes in human behavior can lead to changes in
environment as they respond to each other.

Broughton’s use of foraging theory to analyze prehistoric resource depression focuses on
the age and overall body size of prey that can be determined from faunal remains. For the
purpose of this study, body size will be the primary focus. When studying resource depression
through this lens, it can be expected that resource depression will be expressed by a decline in
overall size through time, and thus indicating a decline in foraging return. Primary measures
tend to make use of quantitative trends in relative taxonomic abundances and age composition of
exploited prey. These summarize the relative abundance of are considered ‘high-return’, or
large-bodied, species in the faunal sample to measure hunting ‘efficiency’, which is defined as
the overall caloric return rate derived from hunting. The expected decline through time comes in
the context of increased harvest rates, leading to depression of prey. Another suggestion
(Bayham 1979) implies that the exhibited relative abundance of a small-bodied species may be
have indirect implications regarding the availability of higher ranking species in the diet. While
there are multiple factors that could cause foraging efficiency to decline, Bayham suggests that
resource depression is the more ubiquitous cause.

This linkage between foraging pressures and resource what depression can also be
investigated in the marine setting. A study by Plank et al. (2018) explores inferences of fishing
intensity from archaeological and contemporary data in New Zealand. Application of a size-
structured model allowed for calculation of relative frequencies of live fish in length classes that
were determined by the allometric relationships between fish bones and live size. In using these
methods, the authors found great advantage in the adaptability of these models as new population
data becomes available, as well as providing a means of establishing relativities between
exploitation rates and varied socio-cultural conditions with differing harvesting technologies.
This method has the incredible potential of aiding future investigations by identifying
assemblages where overharvest is not the sole contributing factor to reduction in prey fish body
sizes.

Another investigation of ‘opihi (Cellana sp.) applies optimal foraging theory in attempt
to interpret assemblages across the windward north coast of Moloka’i, Hawaiian Islands (Rogers
and Weisler 2021). Interestingly, optimal foraging theory did not sufficiently explain prehistoric
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abundance, and collection efforts were found to more closely resemble modern foraging
behavior, suggesting that limpet harvesting in ancient Hawai’i was influenced by social and
cultural considerations. This study highlights the importance of alternative considerations, in
this case social and cultural influences, in which drivers are at play in the decision making of
ancient foragers outside of nutritional value.

Previous Studies of Pacific Island Resource Depression

Zooarchaeology is often an understudied aspect of the archaeological record, neglected in
favor of material culture. However, the faunal assemblage and paleo-environmental record hold
key data that can help researchers better understand both the kind of environment that existed in
prehistory, and the impacts of humans on their environment and vice versa. Here, we will look
at several examples of resource changes in the archaeological record across Oceania, and the
different ways that resource depression can present itself in the archaeological record.

One of the most notable and well-documented environmental effects, would be the
impact of regional sea level conditions on the habitability of islands in Pacific
Oceania. Attributed as the cause of the “long pause” in the migration and settlement of Oceania
(Dickinson 2003), persistent hydro-isostatic highstand conditions are thought to have affected
both the speed of migration and the habitability of islands in Oceania. Sea level draw down had
a severe and positive impact on the availability of resources available, producing new islands and
islets to make use of for settlement. Post mid-Holocene sea level began to decline by 1200 BC
for island arcs in both the northwest and southwest Pacific, and is known to have persisted until
AD 800 in the Tuamotu archipelago, demonstrating the vast regional differences in sea level that
would have directly affected island availability. It is also known that on all newly formed coral
atoll islands, once vegetated, human settlement followed close after (Dickinson
2003). Availability of new islands inherently means new land availability for the initial
migration and colonization of Near and Remote Oceania, subsequently impacting migration
patterns and presumed social networks. While this is quite the opposite of resource depression, it
is important to note that change in resource availability will have an impact on the human
populations that interact with that environment; whether that is large scale sea level draw down
or localized environments.

Oceania itself marks an ideal place to study human ecology and interaction with the
environment. Human behavioral ecology provides a strong theoretical framework to approach a
number of topics seen in prehistory, such as subsistence, territoriality, and monumentality. It can
be stressed that the strength in this approach lies in the use of models as heuristic devise and is
not mutually exclusive from other explanatory frameworks (DiNapoli and Morrison 2017), as
will be seen in case study of Rapa Nui later on. Human behavioral ecology theory is meant to
complement a larger research effort of Pacific archaeology, and should not be seen as the only
answer to questions brought out from the archaeological record.

Beginning with an extreme example of agricultural resource depression leading to
warfare, Mangaia provides an optimal case study by Butler et al. (2017). Here, it is seen through
modeling that the availability of land was the limiting factor for cultivation areas, as opposed to
the availability of labor. In accordance with the Malthus-Boserup debate and hypotheses,
demographics can be expected to respond drastically to food supply. Mangaia’s stochastic
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population dynamics appear to be no different, entering a time of heavy stress at the end of the
Tangatatau cultural phase and the beginning of the Ngaaitutaki phase. It is in this transitional
period that radiocarbon dates provide the narrowest range and highest overlap in evidence of
interpersonal violence and human remains being baked in earth ovens. This period of severe
hostility and violence, thought to be caused by resource depression seen in the disparity between
land availability for cultivation and the estimated population— essentially, too much available
labor and too little available land— is further corroborated by the oral history of Mangaia; again
focusing on this transitional period between the Tangatatau phase and Ngaaitutaki

phase. Mangaia presents an extreme case of agricultural resource depression leading to violent
conflict, yet exhibits resilience by persisting through this time of heavy stress.

In the same study, potential resource depression is also well documented through the
marine faunal assemblage of fish remains. Statistically significant declines in size among the
osteoichthyes assemblage occurred most notably in Serranidae, and Cirrhitus. However, Butler
notes an overall tendency of small-bodied fish taxa throughout the occupation sequence of
Tangatatau Rockshelter, and only slight evidence for marine resource depression of easily
accessible aquatic habitats: the nearshore reef flat, outer reef edge, and freshwater wetlands. In
comparison with other Easter Polynesian assemblages, Butler also notes a continuing pattern of
reliance on serranids, labrids, holocentrids, and acanthurids.

Investigating examples of resource depression in Oceania has proven difficult within
island archaeology, leaving only a few examples across the Pacific where marine resource
exploitation and depression can be studied and identified in the archaeological record. Jones
(2007) examines Fiji’s Lau group, and the human impacts on ancient marine environments.
Aiming to reconstruct and compare patterns of local marine exploitation, and human
environmental interactions in each island, measurements of fish remains and shells form the
archaeofaunal assemblage were taken to identify long term changes in size and make-up of
exploited species. Nineteen sites were excavated, collecting data from initial Lapita colonization
to European contact to maximize the sample set. Analysis indicated a reliance on inshore marine
resources throughout Lau prehistory, with little change in equitability and diversity through time.
This study also combined ethnographic research with archaeological investigation, finding high
correlation between fish taxa that Lauans reportedly preferred and taxa that were actually
collected and shown in the record.

A study of Rotuman fishing in Fiji by Allen et al. (2001) provides another example of
three large and temporally well-constructed archaeofaunal assemblages. This highlights
problems among limited detailed archaeofaunal studies of poor recovery, poor preservation, lack
of comparative collections, and sometimes a lack of academic or public interest. Excavation of
Maka Bay on Rotuma, Fiji focused on procuring stratigraphically secure samples to try and
distinguish temporal patterning across the three zones; though a notable drawback to this method
is the reduction in sample size. NISP and MNI were calculated from the archaeofaunal
assemblage, based on the counts of the five diagnostic paired cranial elements in fish:
premaxilla, dentary, articular, maxilla, and quadrate.

In Nagoaka’s (2002) study of New Zealand, we see an early example of foraging theory
application to an archaeological situation at the Shag River mouth site. One study examined the
effects of resource depression on human foraging at the Shag River mouth site, attempting to
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understand subsistence change in human behavior over a larger time scale. This study accounted
for the often overlooked butchery and transport patterns in animal foraging, which depends
primarily on the net returns or ‘utility’ of elements and the distance to the home base; meaning
that large animals would generally be processed in the field. “Utility’ refers to the meat, marrow,
and grease available to be harvested from skeletal elements. While more regional data are
needed to understand larger landscapes and the impact of human foraging on the landscape, as
well as the subsequent change and consequences on human cultural practices, this study
demonstrates the usefulness of foraging theory models to explain subsistence changes in
different contexts.

Arguably, the most famous account of resource depression is known to be the collapse of
Rapa Nui (Diamond 2005, Bahn and Flenley 1992). However, it is quite the opposite. While
there is extensive evidence of resource depression regarding the woodland forests and native
avifauna, the archaeological record shows a remarkable resilience both pre- and post-contact that
has been, quite simple, ignored. This can largely be attributed to an ambiguity and lack of
formal modeling for the island, an uncritical use of radiocarbon estimates, and a complete
inattention to information held in stratigraphic features (DiNapoli et al. 2020). A recent study
provides a method based approach to test hypotheses for the chronology of collapse, which can
also be applied to other case studies across the world exhibiting similar debates that remain
‘difficult’ to resolve. Results showed that there is a severe lack of evidence for a pre-contact
“collapse of Rapa Nui society, and instead supports a new and emerging model of resilient
communities whose long-term traditions had survived despite the impacts of European arrival. It
is assumed that ahu construction ceased around AD 1600, following the ecological, cultural, and
demographic catastrophes. This narrative remains incredibly popular, perpetuating the use of
Rapa Nui as a model for collapse. Making use of Bayesian modeling with dates from the Rano
Raraku site, monument construction of ahu was seen to actually continue into the post-contact
era. The study concludes by questioning the results of such a broad range of interdisciplinary
research that assumes, with such certainty, the societal collapse of Rapa Nui.

Another example of foraging efficiency can be seen in Tula, American Samoa. Previous
study by Rieth and Morrison (2017) of the area has identified a general stability in fish
exploitation during, approximately, 1500-2000 year sequences, and a recent study uses foraging
theory based analysis of fish remains from Tula, Tutuila Island, compared with Fatu-ma-Futi and
To’aga. These sites provide a more complicated look at resource depression and resilience in the
marine nearshore environments. Results, surprisingly, showed no expanding diet breadth, but
rather an abundance index for large-bodied prey that suggested temporal decrease in prevalence
of high ranked taxa. This decrease in high ranked fish taxa may correlate with a reverse trend
seen for marine molluscs; a change in focus from high value fish to high value shellfish as
returns for large fish declined. Results from Tula raises the possibility of decrease in encounter
rate of some large bodied fish over the course of two millennia, as well as geographical variation
in dominant fish taxa. While none of the sites exactly satisfy expectations for resource
depression, Tula shows the most significant shift between its dependency from fish to marine
molluscs.

Remaining at Fatu-ma-Futi, the role of climate chance and human predation on marine
resources can also be assessed. Climate change is often clamed as a causal variable in the
presence of certain social process, such as resource scarcity, cultural diversification, changes in
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spatial organization, and conflict. One study presents data on 1500 years of shellfish exploitation
at Fatu-ma-Futi to produce and Agent Based Model and test hypotheses on resource exploitation
and the effects of climate change on near-shore marine fauna. Unfortunately, a lack of
prehistoric marine resource data demonstrates a need for more field work. However, Agent
Based computer simulations are providing new techniques for modeling the social and ecological
processes seen in complex environments. Results of the study suggest that neither human
predation nor climate change influenced the structure of the Fatu-ma-Futi assemblage,
surprisingly. In comparison with others, these other sites exhibited a relative stability that went
unseen in Fatu-ma-Futi. Again, while more localized proxy climate data is needed to make a
more successful research attempt at understanding this discrepancy, it is speculated that the El
Nifio-Southern Oscillation (ENSO) activity may have been the primary cause (Morrison and
Addison 2008).

Similarly, study of foraging variability in Manu’a, American Samoa, utilizes the
vertebrate faunal assemblage to examine the role of humans in shaping environments and
modifying resources during the first millennium BC (Lambrides et al. 2021). Two early
occupation sites in Ofu and Olosega islands were used to assess forager decision-making at the
local and regional level in context with changing subsistence regimes. High degree of similarity
between archaeologically reported fish species and modern subsistence targets was noted in spite
of wide scale coastal landscape changes. Additionally, results indicate that foraging efforts
focused on the marine environment with concomitant evidence of interactions with terrestrial
habitats. This would suggest that fish resources have remained stable throughout the initial
occupation of the island, and into present day, dominated by inshore and coral reef species.
While some changes are noted between dominance of herbivorous and piscivorous species, this
does not seem to attributed to unsustainable anthropogenic practices, as both islands present high
degrees of similarity in early foraging decisions.

Ofu Island can also be used as a case study to understand human-environment
relationships. A recent study by Quintus and Clark (2017) utilizes three decades of past and
modern archaeological research to accomplish this; producing a revised model of the historical
ecology of the island. This serves to illustrate the structuring effects of environmental
history. Early writings identified key changes in local ecosystems that were brought about by
human interaction. This is supported by the facts that human interaction is continuous, and that
vulnerability to environmental change is a socio-natural phenomenon which relies on the
strength and resilience of the relationship between culture and nature.

Aswani and Allen (2008) apply a socio-ecological approach to understanding
anthropogenic impacts on coral reefs, with focus on Anaho Bay, Nuku Hiva Island in the
Marquesas. Multiple disciplines are used to assess interactions between humans and Anaho bay,
combining marine biological survey of substrates and spatial distribution of fish fauna, and
archaeological survey, mapping, and systematic excavation of surface structures across the
Anaho Valley catchment. Survey of benthic habitats and fisheries provided an overview of
modern reef health and extant fauna, in conjunction with previous studies of coral diversity.
Scaridae was noted as the most abundant modern taxa in the middle reef of the bay, and is
economically important throughout the Pacific, surpassed on the inner reef by Pomacentridae,
and on the outer reef by Lutjanidae. Results from the archaeological and ethnographic studies
unsurprisingly highlight the key roles of fish and shellfish in local diets over the last 700 years.
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Parrotfish once again presented as biologically and culturally important taxa. The archaeological
study also suggests that over-harvesting was not a prevalent issue in Anaho Bay’s past,
exhibiting no declines in large-bodied taxa, within-species size reductions, or increases in the
overall diet breadth. Environmental evidence seems to indicate a few different arguments for the
decline of the coral reefs, including the sedimentation of inshore marine habitats in Nuka Hiva
following the introduction of exotic goats, and climatic changes exacerbated over the past
millennium, also known as the ‘Little Ice Age’. By integrating natural and cultural records, these
combined data sets allow for detailed description and analysis of current and historic states of
Anaho Bay’s coral reefs. While resource depression did not seem to be particularly prevalent in
the archaeological record, analysis suggests that the reef is in fact in poor health, and that
mitigation of erosion would be critical to survival and improvement of reef health. Looking
forward, the authors also indicate that persisting global climate change and Anaho Valley’s
increased use will continue to cause reef deterioration.

Ichthyoarchaeology

For much of the archaeology field’s early development, faunal remains were often
ignored and unstudied. It was not until relatively recently that zooarchaeology began to make its
name, and even more recently that marine assemblages were finally studied. Zooarchaeology
has found its foothold largely in conservation science (Butler and Delacorte 2004), becoming
increasingly important in preserving ecological legacies, and informing future resource
management decisions of an area. As it can be used to inform both prehistoric human
interactions with the environment, and environmental conditions at the time of deposition,
zooarchaeology holds a unique position that allows researchers to investigate the deep time
entanglements between humans and their ecological niches.

Lambrides and Weisler (2016) published an extensive literature review of Pacific Island
ichthyoarchaeology, assessing developments in recovery methods, reference collections,
taxonomic identifications, quantification, taphonomy, applied zooarchaeology, diet
reconstructions, and other similar topics. The authors mark increased emphasis on
multidisciplinary research and subdisciplinary specialization as the field of Pacific Island
archaeology continued to grow; defining the “Pacific” as a geographic region that includes
Melanesia, Micronesia, and Polynesia. Fish bone analysis has undergone major developments
since its beginning, with routine collection and analysis beginning in the early 1970s. The
authors highlight the importance of screen size and reference collections in the process, as
smaller screen sizes prove more useful for recovering fish remains and reference collections have
ensured higher confidence in each identification level. While early reference collections of the
70s and 80s often lacked critical details regarding environmental variables, age, and sex of the
specimen, and additionally tended to inadequately represent the species diversity of a region.
Development of identification methods using cranial and postcranial elements is also discussed,
elevating the ability to identify remains to lower taxonomic levels with both greater confidence
and ease. Regarding future studies, Lambrides and Weisler (2016) push for standardization of
collection protocols, incorporation of a broader range of elements for identification of taxa, and
quantification methods that provide more complete reconstructions of different taxa’s economic
importance in an assemblage. The ability to produce species-level taxonomic identifications for
reconstructions of an archaeological assemblage, and therefore gaining insights to the
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interactions between humans and environment, can be integral to making more effective
management decisions regarding modern fisheries.

The identification and reporting of fish remains in marine assemblages is often very
superficial, given the difficulty with identifying to lower taxonomic levels and the reference
specimens needed for such identification (Casteel 1976). In general, the identification of bony
fish remains can be accomplished through a few basic, recognizable osteological elements.
These tend to be three common elements found most often in archaeological faunal assemblages:
otoliths, scales, and vertebrae. It is also possible to estimate live fish size and weight with
enough skeletal elements.

Leach (1986) proposes different parameters, to use the five paired cranial elements and
‘special bones.” These special bones are defined as elements with taxonomically unique
characteristics, allowing for definitive identification of a species from the element. Additionally,
cranial bones and these ‘special bones’ are determined to be allometric to live body size. This
approach will be employed in this study by using special bones from selected taxa, that are
specific to the island of Tikopia. Recent study by Leach et al. (2025) continues to utilize these
methods in estimation of live sizes from cranial bones of Odax pullus, making use of least
squares analysis and power curve equations in comparison with modern specimens to assess
accuracy in estimates of live body size from archaeological specimens. Examination of nutrient
availability by fish size also demonstrated the benefits of targeting larger fish for optimal
harvesting strategy and nutrient return.
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The Tikopia Setting

Tikopia, a Polynesian outlier in the southeast Solomon Islands, provides yet another
unique opportunity to investigate resource depression in the archaeological record. Located
southeast of the Santa Cruz islands and north of the New Hebrides archipelago, Tikopia is
comprised of lowland plains built from calcareous sands and reef detritus to the northern,
southern, and western sides of its volcanic crater; which characterizes the eastern side of the
island with steep slopes that terminate in precipitous cliffs. Inland of the village zone, in the
western lowland alluvial plain, are anthropogenic orchards of coconut, breadfruit, Tahitian
chestnut, sago, and Antiaris trees (Kirch and Yen 1982). The island contains thin soil deposits,
which have been extensively enriched by human activity (Swift et al 2021).

Looking at Oceanic islands as model systems for the long term relationships between
humans and ecosystems, Tikopia has been examined as a major case study (Kirch and Yen
1982). The island presents an economic system of “dual horticultural-marine exploitation” with
intensive orchards and marine exploitation, but no domestic animals in the historic period, as
pigs were eliminated due to depredation to gardens. Tikopia was colonized by Lapita people ca.
900 BC, with an influx of Polynesian speakers after AD 1200. Human land use of the island is
thought to have caused heightened erosion of volcanic hillsides and deposition of coarse
colluvium on the lower flanks. During human occupation, the island also saw the enclosure of
the marine embayment to form the brackish lake Te Roto. Tikopia’s early phase of occupation is
marked by high exploitation of natural resources, such as molluscs, birds, and fish; and then later
declines in concentration over time. Some bird species (Sula abbotti, Sula sula, Sterna fuscata,
Gallirallus, Megapodius freycinet, and Puffinus Iherminieri) were also extirpated over time.
Tikopia is one of the best and clearest examples of a socioecosystem capable of long term
sustainability, even with some evidence of reduction of the natural resource base after
colonization (Kirch 2007).

Faea and Ravenga districts are dominated by habitation sites, while Rotoaia lies inland of
this village zone. The island is comprised of a Pleistocene age volcano, with a central crater lake
named Te Roto. The island lies in the path of the southeastern tradewinds, which are
predominant from April through September, and experiences abundant rainfall especially during
the monsoon season. The Vai Teputa stream, on the western crater wall above Rotoaia, is the
only permanent water source on the island, and there are no quality sources for stone tools from
volcanic glass or chert. Tikopia’s andesites and basalts may have been suitable for aadze
production, but show no effort for systematic quarrying. Prehistoric settlement on the island was
concentrated on coastal dunes of the southwestern and northwestern coast, employing dual
economic orientation for land maintenance of anthropogenic orchards and exploiting the marine
environment. Human settlers actively stabilized dunes, enriched lowland soils, and increased the
rate of slope erosion on the island.

Kirch and Yen (1982) define three prehistoric cultural phases, based on ceramic wares.
The Kiki Phase presents Lapitoid Kiki pottery, notable for its lack of dentate stamping. The
Sinapupu Phase shifts to imported, incised, and appliqued Sinpapupu ware. Lastly, the
Tuakamali Phase is characterized by its absence of pottery.

The Kiki Phase begins ca. 500 or 900 BC (Swift et al. 2021), largely represented in the
archaeological record by Layer Il of site TK-4 and Layer Il of site TK-36. The island was
characterized by an active shoreline formed by a broad reef flat, which was more extensive in
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earlier time periods than later, at the base of the Rotoaia paleodune, and the permanent Vai
Teputa stream. TK-4 is considered by Kirch and Yen (1982) to be the initial colonization site,
based on postmolds and earth oven features. Carbonized coconut husks from the ovens, coupled
with Cypraea-shell food peelers, indicates early horticultural activity. Shellfish, one-piece fish
hooks, and high diversity of fish taxa among the assemblage demonstrate the early and continued
dependency on marine resources seen throughout Tikopia’s prehistory.

The Sinapupu Phase begins ca. AD 1000, marked by abrupt changes in the record. Local
manufacture of Lapita pottery ceased in favor of imported new Mangaasi-style pottery, as well as
the abandonment of certain ornament types, and a change in style of Tridacna-adz types;
however, one-piece fish hooks were continued. There is a complete absence of sea turtles and
sharks, though the absence of sea turtles in the Sinapupu Phase is thought to be for cultural
reasons as opposed to earlier extirpation, and a dramatic increase in pig remains in the
assemblage. This phase is largely represented by sites TK-35. Coastal dune habitation persisted,
but the colonization site of TK-4 had already been abandoned by this time. This expansion in
settlement area likely indicates an expansion in population. Kirch and Yen (1982) speculate a
decline in marine exploitation, as one-piece fishhooks persisted but were no longer certain if
trolling was practiced.

The Tuakamali Phase begins ca. AD 1600, exhibiting significant landscape
transformations on the island. The northern and northwestern coast saw an expansion of
shoreline, and the island saw the formation and enclosure of the Ravenga tombolo to form Lake
Te Roto against the southeasterly ocean. This phase is represented mostly by TK-20, TK-7, and
the earliest layer of TK-4. Agriculture now takes on its present form on the island, and pigs are
entirely eradicated near the end of the Sinapupu Phase to eliminate agricultural competition and
remove damage to gardens.

Kiki Phase Sinapupu Phase Tuakamali Phase
TK-4 1 - I
TK-7 - - I
TK-8 - - I
TK-20 - - I
TK-35 - ", 1Iv I, 11
TK-36 I, 11 - -
TP-46 - I, v 1 11
TP-47 - Il I, 1
TP-48 I, 1v - 111
TP-49 ", v - I, 11
TP-50 I, 1l - [
TP-51 I, v - [
TP-52 I, 11 - I
TP-53 1 - I

Table 1: Representation of cultural phases in assemblage by site and layer.
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Diodon
hystrix

Naso
sp.

Scarus
sp.

Acanthuridae

Balistidae

Holocentridae

Osteoichthyes

Anal Spine

131

Premaxilla

100

8

Dentary

103

103

Dorsal
Spine

458

142

Spine

1447

Jaw

76

Caudal

75

Tang

Tooth

34

Pharyngeal
Plate

101

Pharyngeal
Grinder

113

Vertebrae

4157

Total 1523 75

417

458

176

242

4157

Table 2: Counts of skeletal elements by taxonomic group

Kiki Phase | Sinapupu Phase | Tuakamali Phase
Acanthuridae dorsal spine 337 6 115
Balistidae dorsal spine 88 3 51
Balistidae tooth 19 15
Naso sp. caudal tang 37 3 35
Holocentridae premaxilla 3 1 4
Holocentridae dentary 57 1 45
Holocentridae anal spine 101 1 29
Diodon hystrix spine 1143 5 299
Diodon hystrix jaw 35 41
Scarus sp. pharyngeal plate 60 2 39
Scarus sp. pharyngeal grinder 68 2 43
Scarus sp. premaxilla 54 2 44
Scarus sp. dentary 57 1 45
Vertebrae (osteoichthyes) 3043 46 1068
Total 5102 73 1873

Table 2.1: Counts of skeletal elements by cultural phase
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Methods
Identification of Archaeological Fish Remains

Fish remains were largely identified using Patrick V. Kirch’s osteological reference
collection of specimens from the various Pacific islands, including Tikopia. In addition to this,
Casteel (1976), Wheeler and Jones (2009), and Leach (1986) were used in identifying elements,
while the reference collection was used for taxonomic identification.

Identifications were based on the five paired head bones in fish: premaxilla, dentary,
articular, maxilla, and quadrate. As well as a few ‘special bones,” as defined by Leach (1986),
that are characteristic of certain fish species. The special bones of the Tikopia assemblage
include Naso caudal tang, Scarus pharyngeal plate and pharyngeal grinder, Diodon hystrix
spines, Balistidae dorsal spines and teeth, Acanthuridae dorsal spines, and Holocentridae anal
spines. This study focuses on these special bones, as well as the premaxilla and dentary of
Scaridae, Diodon hystrix, and Holocentridae. In addition to measurements of special elements,
an overall recording of vertebrae diameters was taken for each sample bag. Measurements of
each osteological element were taken using Mitutoyo calipers in millimeters, up to the tenth
decimal place. Premaxillary height was measured from the distal end of the articular process and
the proximal end of the postmaxillary process (Figures 1.7 and 1.9). Dentary height was taken
on the proximal end of the articular process (Figures 1.6 and 1.10). Premaxilla and dentary were
the selected paired head bones utilized for Holocentridae, Scarus, and Diodon hystrix. It should
be noted that Diodon hystrix premaxilla and dentary could not accurately be distinguished from
each other and are recorded simply as ‘jaw’. Spine lengths were taken from proximal to distal
end. Pharyngeal plate length was recorded from proximal to distal end, while width was taken
from process to process. Pharyngeal grinder length was also taken from proximal to distal end,
while height was taken from grinding teeth ends to articular process. Figures 1.1 through 1.13
are taken with a ten centimeter scale.



5|
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Figure 1.1: Measurements of length for (left to right) two Acanthuridae dorsal spines, two
Holocentridae anal spines, and one Balistidae dorsal spine

Figure 1.2: Measurement of Balistidae tooth length
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Figure 1.3: Top row, length and width measurement of Diodon hystrix jaw. Bottom row, length
measurement of Diodon hystrix spines.



Figure 1.4: Left, measurement of length and height for Holocentridae dentary. Right,
measurement of length and height for Holocentridae premaxilla.

Figure 1.5: Measurement of height, length, and width of Naso caudal tang.
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Figure 1.6: Top row, measurement of length and width of Scarus pharyngeal grinder and height
and length of premaxilla. Borrom row, measurement of length and width of Scarus pharyngeal
plate and length and height of dentary.

Methods

The Tikopia fishbone assemblage was loaned by the Bishop Museum and analyzed at the
University of Hawai’i at Manoa’s Oceanic Archaeology Lab. Sample bags from certain units
were selected as representatives of the transect of Tikopia’s three major cultural phases: Table 1.
Bags had been sorted during previous excavation and analysis by Kirch and Yen (1982),
therefore only bags containing osteoichthyes remains were selected from the assemblage. Each
bag corresponds with unpublished data in Patrick Kirch’s archive that detailed results of previous
analysis of the fishbones, as published by Kirch and Yen (1982), containing a total count of
previously identified osteological elements and marine fish taxa where possible. This allowed
for expedited examination and identification of the skeletal elements.

Methods in this study are, in part, are derived from methods exhibited by Allen et al.
(2001), Jones (2007), and Braje et al. (2016). With each paper sample bag, the corresponding
data sheet in Kirch’s archive containing taxonomic information and skeletal element counts for
every site, unit, and layer in the assemblage was used to aid in sorting. The contents of each bag
were sorted by osteological elements of each taxon: Scarus sp., Acanthuridae, Diodon hystrix,
Naso sp., Balistidae, Holocentridae, and vertebrae. Shark vertebrae were excluded from this
study based on insufficient expected sample size. After measurements were taken and recorded
in a Microsoft Excel database, identifiable elements were grouped taxonomically, re-bagged
separately in plastic, labeled accordingly, and returned to the paper sample bags used by the
Bishop Museum with the rest of the skeletal elements.
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Statistical Analysis

Statistical analysis of the Tikopia fishbone assemblage was conducted using the program
R, to first produce box and whisker plots of each taxa and element, and then conduct Kruskal-
Wallis Analysis of Multi-Variance (ANOVA) tests and the follow-up Dunn’s Test. Box and
whisker plots were chosen for their use of the median, in order to examine the midspread,
interquartile, and minimum/maximum values of outliers in each data set. Due to this, Kruskal-
Wallis was chosen to test for statistically significant differences through use of said medians, and
its assumption that the data are not normally distributed. The follow-up use of Dunn’s Test was
conducted on results that exhibited p-value < 0.05 in order to identify where exactly the
statistically significant differences were occurring between the cultural phases. These tests were
conducted on both the assemblage of special element measurements, and vertebra diameters.
However, Dunn’s Test was not conducted on element and taxa pairings that did not contain
Sinapupu data, as it would have produced redundant results, given the reduction to only two
cultural phase data sets.

A potential issue lies in the ratio of complete versus fragmented elements, leaving
measurements to be considered as a minimum size. Out of the assemblage, eighty-five percent
of fishbones were considered fragments, while fifteen percent were considered complete.
Fragmented and complete elements were analyzed together in order to maintain a large sample
size.
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Results
Analysis Across Cultural Phases

Box and whisker plot analysis of skeletal element measurements yield a few potential
trends throughout the cultural phases of Tikopia’s fishbone assemblage. A decline in the final
phase can be seen in Figures 2.2, 2.4, 2.5, 2.7, 2.10, 2.11, and 2.13 for select elements of
Balistidae, Diodon hystrix, Holocentridae, Acanthuridae, Naso, and Scarus. A decline and
recovery between the Sinapupu and Tuakamali phases can definitively be seen in Figures 2.1,
2.9, 2.12, and 2.14 for vertebrae, and select elements of Balistidae, Diodon hystrix,
Holocentridae, and Scarus. Statistical analysis using Kruskal-Wallis ANOVA results (Figure
2.15) in significant differences (p<0.05) between phases for Diodon hystrix spine lengths,
Holocentridae dentary heights, Scarus dentary heights, Scarus pharyngeal grinder lengths,
Scarus premaxillary lengths, and Scarus pharyngeal plate widths, and for Diodon hystrix jaw
lengths and widths. Further exploration of these results using Dunn’s Test (Figure 2.16) show
statistically significant difference between the late Tuakamali Phase and early Kiki Phase, for all
element and taxon pairings, with only Scarus premaxillary lengths falling outside of statistical
significance.

The analysis for Acanthuridae dorsal spines, Figure 2.1, depicts a decline and recovery
between the Sinapupu and Tuakamali Phases. Statistical analysis does not indicate a significant
relationship in the difference between phases (p = 0.544) (Table 3.1).

Analysis of Balistidae dorsal spine lengths, Figure 2.2, displays a decline in lengths
between Sinapupu and Tuakamali Phases. Statistical analysis does not indicate a significant
relationship in the difference between phases (p = 0.067). Tooth lengths, Figure 2.3, show a
slight increase between Kiki and Tuakamali Phases, but it should be noted that there is a lack of
data from the Sinapupu Phase. Statistical analysis (Table 3.1) does not indicate a significant
difference between these two groups (p = 0.972).

Analysis of Diodon hystrix spines, Figure 2.5, display a slight increase between Kiki and
Sinapupu Phases, and a decline between Sinapupu and Tuakamali Phases. Statistical analysis
(Table 3.1) indicates a significant difference across the cultural phases (p = 0.027), and further
testing indicates that significant difference lies between the Kiki Phase and Tuakamali Phase (p =
0.023) (Table 3.2).

Holocentridae anal spines, dentary, and premaxillary (Figures 2.6, 2.7, and 2.8)
measurements all contain very little data from the Sinapupu Phase. Analysis of anal spine
lengths and dentary heights show an increase during the Sinapupu Phase, but decline in the
Tuakamali Phase, while dentary lengths decline overall at the Tuakamali Phase. Statistical
analysis only shows significant difference (p = 0.001) in dentary heights across the cultural
phases (Table 3.1), and further analysis indicates significant difference between the Kiki and
Tuakamali Phases (Table 3.2).

Analysis of Naso caudal tang widths and heights (Figure 2.9) exhibits an overall decline
in heights, but a decline and recovery between the Sinapupu and Tuakamali Phases for heights
and widths. Statistical testing does not indicate any significant differences.

Analysis of Scarus elements provide varying results. Dentary heights and lengths (Figure
2.10) have very little data to speak of for the Sinapupu Phase, but both seem to decline at the
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Tuakamali Phase. Premaxillary heights and lengths (Figure 2.12) both decline in the Sinapaupu
Phase and recover in the Tuakamali Phase. Pharyngeal grinder (Figure 2.11) heights increase in
the Kiki to Sinapupu Phase before declining in Tuakamali, while lengths decline between
Sinapupu and Tuakamali Phases. Similarly, pharyngeal plate (Figure 2.13) lengths increase in
the Kiki to Sinapupu Phase before declining in Tuakamali, while widths decline between
Sinapupu and Tuakamali Phases. Statistical analysis (Table 3.1) shows significant differences
between dentary heights (p = 0.001), pharyngeal grinder lengths (p = 0.002), premaxillary
lengths (p = 0.05), and pharyngeal plate widths (p = 0.007). Further statistical testing indicates
that the significant difference (Table 3.2) occurs between the Kiki and Tuakamali Phases for
dentary heights (p = 0.001), pharyngeal grinder lengths (p = 0.002), and pharyngeal plate widths
(p =0.03).

Analysis of overall vertebrae diameters shows a decline in the Sinapupu Phase, and
recovery in the Tuakamali Phase (Figure 2.14). Statistical analysis indicates a significant
difference (p = 0.002), and further statistical testing indicates significant difference (p = 0.003)
between the Kiki Phase and Tuakamali Phase (Table 3.1).

Focusing on a few statistically significant taxa, there are interesting implications
regarding changes in size. Holocentridae, namely, exhibits a statistically significant difference
only in dentary height measurements, yet not with any measurements associated with premaxilla
or anal spines. This would not indicate favorable evidence for an overall decline in
Holocentridae body sizes. By comparison, at least one dimension of almost every element
analyzed within Scaridae yielded statistically significant differences in declining sizes.
Similarly, this trend is also seen with Diodon hystrix spines and jaws, and the overall
measurements of vertebrae diameters.

Acanthuridae Dorsal Spine Lengths
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Figure 2.1: Acanthuridae dorsal spine lengths across cultural phases



Balistidae Dorsal Spine Lengths
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Figure 2.2: Balistidae dorsal spine lengths across cultural phases

Balistidae Tooth Lengths
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Figure 2.3: Balistidae tooth lengths across cultural phases
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Diodon hystrix Jaw Lengths
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Figure 2.4: Diodon hystrix jaw lengths and widths across cultural phases
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Figure 2.5: Diodon hystrix spine lengths across cultural phases
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Holocentridae Anal Spine Lengths
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Figure 2.6: Holocentridae anal spine lengths across cultural phases

Holocentridae Dentary Heights

30

25 —

Height in mm
N
o
|

10 — R

P

Kiki

Sinapupu Tuakamali

Length in mm

50

40

30

20

10

Holocentridae Dentary Lengths

'
P

T \ T
Kiki Sinapupu Tuakamali

Figure 2.7: Holocentridae dentary heights and lengths across cultural phases
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Holocentridae Premaxillary Heights
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Figure 2.8: Holocentridae premaxillary heights and lengths across cultural phases
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Figure 2.9: Naso sp. caudal tang heights, lengths, and widths across cultural phases.
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Figure 2.10: Scarus sp. dentary heights and lengths across cultural phases.
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Figure 2.11: Scarus sp. pharyngeal grinder heights and lengths across cultural phases.
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Figure 2.12: Scarus sp premaxillary heights and lengths across cultural phases.
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Figure 2.13: Scarus sp pharyngeal plate lengths and widths across phases.
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Vertebra Diameters
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Figure 2.14: Vertebrae diameters across cultural phases

Taxa/Element (I/w/h) KW Chi Sq | df | p-value
Acanthuridae Dorsal spine (1) | 1.2177 2 [0.544
Balistidae Dorsal spine (1) 5.4204 2 |0.06652
Balistidae tooth (I)* 0.0012037 |1 |0.9723
Diodon hystrix spine (1) 7.2135 2 |0.02714
Holocentridae dentary (h) 14.513 2 |0.0007056
Holocentridae dentary (1) 4.9297 2 10.08502
Holocentridae premaxilla (h) | 0.875 2 |0.6456
Holocentridae premaxilla (I) | 1.2083 2 |0.5465

33



Naso sp caudal tang (I) 0.20786 2 10.9013
Naso sp caudal tang (w) 0.091872 2 10.9551
Naso sp caudal tang (h) 2.4876 2 |0.2883
Scarus sp dentary (h) 14513 2 |0.0007056
Scarus sp dentary (I) 4.9297 2 |0.08502
Scarus sp phar. grinder (1) 12.903 2 |0.001578
Scarus sp phar. grinder (h) 4.787 2 [0.09131
Scarus sp. premaxillary (h) 5.0265 2 |0.081
Scarus sp. premaxillary (1) 5.9674 2 |0.0506
Scarus sp. phar. plate (I) 0.98371 2 |0.6115
Scarus sp. phar. plate (w) 9.8947 2 |10.007102
Holocentridae anal spine (I) | 0.23923 2 10.8873
Diodon hystrix jaw (I)* 17.772 1 {0.00002491
Diodon hystrix jaw (w)* 21.134 1 |0.000004284
Vertebra 12.813 2 |10.001651

Table 3.1: Kruskal-Wallis ANOVA statistical results. Taxa missing Sinapupu Phase data is

denoted with an asterisk. Results where p < 0.05 are highlighted.

Dunn Test

Comparison/significance | Mean rank diff.

p-value

Holocentridae Dentary (h)

3-1 @ 0.001

-21.13459

0.00085
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Diodon hystrix spine (1) 3-1@0.05 -712.54276 0.0226
Scarus dentary (h) 3-1 @ 0.001 -21.13459 0.00085
Scarus phar. grinder (I) 3-1@ 0.01 -21.87261 0.0018
Scarus premaxillary (1) 3-1@0.1 -12.63468 0.0959
Scarus phar. plate (w) 3-1 @ 0.05 -15.47509 0.0250
Vertebra 3-1@0.01 142.3874 0.0025

Table 3.2: Dunn Test statistical results for select taxa.

Analysis of Early Kiki Phase Trends

Box and whisker plot analysis of elements between site TK-4 Layer Il and site TK-36
Layer 111 targets the early human settlement of Tikopia, searching for evidence potential resource
depression in the early Kiki Phase. This is meant to target the initial human settlement of
Tikopia, with aim to evaluate potential resource depression trends that may have occurred
immediately after human arrival. The TK-4 site represents this initial human settlement, being
slightly earlier in time than site TK-36. Overall, taxa that seem to show recovery include Diodon
hystrix, Holocentridae, and Scarus (Figures 3.4, 3.5, 3.6, 3.12, and 3.13). Taxa that exhibit a
decline in size include Balistidae, Holocentridae, Scarus, and the overall vertebra (Figures 3.3,
3.7,3.10, and 3.14). Statistical testing using Kruskal-Wallis ANOVA of each sample set
exhibited significant differences for only vertebrae, Diodon hystrix spine lengths, and Naso
caudal tang widths (Table 4).

Analysis of Acanthuridae dorsal spine lengths (Figure 3.1) does not seem to show any
notable change in the early Kiki Phase. Additionally, statistical testing (Table 4) does not
indicate any significant difference between the samples (p = 0.806).

While analysis of Balistidae dorsal spine lengths (Figure 3.2) shows a similar lack of
notable change, there appears to be a decline in tooth lengths (Figure 3.3). However, statistical
testing (Table 4) did not result in significant differences for neither dorsal spine lengths (p =
0.725) nor tooth lengths (p = 0.459).

Analysis of Diodon hystrix jaw lengths and widths, and spine lengths appears to exhibit
slight increases (Figures 3.4 and 3.5). Statistical testing does not show significant difference
between jaw lengths (p = 0.787) and widths (p = 0.339), but does with spine lengths (p = 0.001)
(Table 4).

Holocentridae anal spine lengths (Figure 3.6) present a slight increase in size, while
dentary lengths and heights (Figure 3.7) show a noticeable decline in size. Very little
premaxillary data was available, but there appears to be an increase in size (Figure 3.8).
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Statistical testing does not show any significant differences for dentary lengths and heights (p =
0.317, p = 0.317), premaxillary lengths and heights (p = 0.496, p = 0.125), and spine length (p =
0.490) measurements (Table 4).

Analysis of Naso caudal tang lengths, widths, and heights present differing results.
Lengths show an increase in size, while heights and widths show a decline. Statistical testing
indicates significant difference in widths (p = 0.053), but not in lengths (p = 0.923) or heights (p
=0.866) (Table 4).

Similarly, analysis of Scarus elements also presents a variety of results. Both dentary
lengths and heights (Figure 3.10) show a decline in size. In contrast, premaxillary length and
height (Figure 3.12) show an increase, along with pharyngeal plate lengths and widths (Figure
3.13). Pharyngeal grinder heights show a decline in size, while lengths show an increase (Figure
3.11). There are no statistically significant differences for dentary length (p = 0.496) or height
(0.125), premaxillary length (p = 0.089) or height (0.237), pharyngeal grinder lengths (p = 0.225)
or heights (p = 0.733), and pharyngeal plate lengths (p = 0.719) or widths (p = 0.704) (Table 4).

Finally, analysis of vertebrae diameters exhibits a decline in size during the early Kiki
Phase. Statistical testing (Table 4) indicates there is significant difference between these two
sample sets (p = 2.2e-16).

In comparison with analysis across all cultural phases, statistical significance became
fewer and far between in analysis of the early Kiki Phase. Diodon hystrix spines and vertebrae
diameters maintained statistically significant differences in their potential overall size changes.
In contrast, only Naso caudal tang widths yielded statistically significant differences, but in
conjunction with insignificant changes in length or height, this would not indicate an overall
significance of Naso caudal tang size change.

Acanthuridae Dorsal Spine Lengths
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Figure 3.1: Acanthuridae dorsal spine lengths in early Kiki Phase
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Figure 3.2: Balistidae dorsal spine lengths in early Kiki Phase
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Figure 3.3: Balistidae tooth lengths in early Kiki Phase
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Figure 3.4: Diodon hystrix jaw lengths and widths in early Kiki Phase
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Figure 3.5: Diodon hystrix spine lengths in early Kiki Phase



Holocentridae Anal Spine Length
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Figure 3.6: Holocentridae anal spine lengths in early Kiki Phase
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Figure 3.7: Holocentridae dentary heights and lengths in early Kiki Phase
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Figure 3.8: Holocentridae premaxillary heights and lengths in early Kiki Phase
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Figure 3.9: Naso caudal tang heights, lengths, and widths in early Kiki Phase
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Figure 3.10: Scarus dentary lengths and heights in early Kiki Phase
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Figure 3.11: Scarus pharyngeal grinder heights and lengths in early Kiki Phase
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Figure 3.12: Scarus premaxillary heights and lengths in early Kiki Phase
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Figure 3.13: Scarus pharyngeal plate lengths and widths in early Kiki Phase
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Figure 3.14: Vertebrae diameters in early Kiki Phase

Taxa/Element (I/w/h) KW Chi Sq | df | p-value
Acanthuridae Dorsal spine (1) | 0.060121 1 [0.8063
Balistidae Dorsal spine (1) 0.12413 1 [0.7246
Balistidae tooth (I)* 0.54751 1 10.4593
Diodon hystrix spine (1) 10.5 1 {0.001194
Holocentridae dentary (h) 2.3498 1 [0.1253
Holocentridae dentary (1) 0.46392 1 [0.4958
Holocentridae premaxilla (h) |1 1 10.3173
Holocentridae premaxilla () |1 1 [0.3173
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Naso sp caudal tang (I) 0.0093274 |1 |0.9231
Naso sp caudal tang (w) 3.7337 1 ]0.05332
Naso sp caudal tang (h) 0.028597 1 [0.8657
Scarus sp dentary (h) 2.3498 1 [0.1253
Scarus sp dentary (I) 0.46392 1 [0.4958
Scarus sp phar. grinder (1) 1.4754 1 [0.2245
Scarus sp phar. grinder (h) 0.11608 1 [0.7333
Scarus sp. premaxillary (h) 1.4006 1 [0.2366
Scarus sp. premaxillary (1) 2.8748 1 [0.08998
Scarus sp. phar. plate (I) 0.1297 1 (0.7187
Scarus sp. phar. plate (w) 0.1441 1 ]0.7042
Holocentridae anal spine (I) | 0.476 1 {0.4902
Diodon hystrix jaw (1)* 0.07337 1 [0.7865
Diodon hystrix jaw (w)* 0.91353 1 ]10.3392
Vertebra 99.577 1 |2.2e-16
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Table 4: Kruskal-Wallis ANOVA statistical results of early Kiki Phase. Taxa missing Sinapupu

Phase data is denoted with an asterisk. Results where p < 0.05 are highlighted.
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Discussion and Conclusions

Based on these findings, there appears to be little overall evidence for overall marine
resource depression in pre-European contact Tikopia, with the exception of trends seen for
Scarus and Diodon hystrix. Potential for statistical bias should be noted among the sample sizes
of each cultural phase, specifically the Sinapupu phase, for which there is limited data in
comparison with the large sample sizes of Kiki and Tuakamali phases. The reduced sample size
of Sinapupu data in comparison with Kiki and Tuakamali phases can be attributed to fewer
excavated units from the This may affect the decline and recovery trends seen with certain taxa.

Scarus and Diodon hystrix remain the only taxonomic groups to exhibit statistically
significant size reduction between the Kiki and Tuakamali Phases. Almost all Scarus elements,
even with some examples of recovery after the Sinapupu Phase, still exhibited statistically
significant differences between the Kiki and Tuakamali Phases. Similarly, both elements for
Diodon hystrix also exhibited statistically significant differences between the Kiki and
Tuakamali Phases. This evidence of resource depression in Scarus and Diodon hystrix may be
attributed to species preference, or accessibility of larger reef areas in earlier phases. Selective
pressures from overharvesting may be one interpretation of overall decline in prey body size.

Another interpretation can be considered in conjunction with Swift et al. (2021) findings
regarding depletion and rejuvenation of Tikopia’s soils between the Sinapupu and Tuakamali
phases. Some taxa (Balistidae, Diodon hystrix, Scarus, Holocentridae, and overall vertebrae)
appear to exhibit a similar decline and recovery in the box and whisker plots, and all statistically
significant except for Balistidae. Diodon hystrix and Scarus present interesting results in this
regard, which leads this discussion to consider a potential for species preference along harvesting
practice in the Tikopia fishbone assemblage, or a consideration for patch preference among the
surrounding reef habitats. Other environmental factors may also be considered; such as the
closure of the marine embayment that formed lake Te Roto, and significant loss of reef area in
later phases.

Comparison of early Kiki Phase sites shows slight declines for some taxa after initial
settlement in site TK-4. This decline seemingly appears in the box and whisker plots for
Balistidae, Holocentridae, Scarus, and overall vertebrae; however, only vertebrae exhibit a
statistically significant difference. This would indicate little evidence in support of rapid prey
body size decline in the early human settlement of Tikopia.

While the Tikopia assemblage was chosen for its potential for large sample size, it
quickly became apparent during analysis that there is uneven representation for the three main
cultural phases. The Sinapupu Phase assemblage is much smaller in comparison with the Kiki
Phase and Tuakamali Phase. Unfortunately, this restricts the conclusions that can be drawn
regarding changes during the middle phase of the Tikopia sequence.

Looking at the ecological context of scarids, it is critical to consider environmental
changes outside of the selective pressures of overharvesting. As herbivorous browsers, scrapers,
and excavators, depending on premaxilla and dentary morphology, scarids feed on the epilithic
algae and macroalgae of hard corals, typically in the middle reef (Streelman et al. 2002). Heavy
sedimentation of Tikopia’s reef in the later cultural phases enforces significant change on reef
accessibility and ecology by extending the shoreline outward, and inherently changing the
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definitions of the shallow, middle, and deeper reef areas. This may influence Scarus body sizes
as a result of increased intra-genus competition for reduced resource access.

The narrative of ‘Pacific Island resource depression’ adheres to a strict dichotomy often
found in anthropological and archaeological research: did it occur, or not? The reality for both
humans and the ecological niches we fill is not that simple. Being incredibly skilled
environmental engineers, we have often distanced ourselves from the idea that we, too, fill an
ecological role in our environment, and tend to assume ourselves superior to the ecological
competitions and trials that all organisms experience. Humans are as much a part of their
ecosystem as any biotic or abiotic factors, both affecting the niche and being affected by it. As
demonstrated in the compilation of previous research, investigation of Pacific Island resource
depression presents a much more complex narrative of human and environmental entanglement.
Investigation of Tikopia has yielded a similar result of only slight evidence for marine resource
depression in some taxa. While more site data from the Sinapupu Phase may reveal new
insights, | believe the narrative remains largely the same. Understanding resource depression is
not a dichotomy, but rather a multi-faceted and multi-layer narrative that must incorporate
multiple considerations for different foraging patches and agricultural endeavors.
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