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EXECUTIVE SUMMARY

Smith, L W.G. (2011). Estimating the magnitude of pre-European Maori marine harvest in
two New Zealand study areas.

New Zealand Aquatic Environment and Biodiversity Report No. 82.

This report forms part of the Taking Stock project which is seeking to understand the long-term effects
of climate variations and human impacts on the structure and functioning of New Zealand’s marine
shelf ecosystems. It uses archacological data to estimate the numbers and biomass of marine animals
used as food by people in two New Zealand study areas during the period before European settlement.
The study areas are Greater Hauraki, on the northeast coast of the North Island, and Otago-Catlins, on
the southeast coast of the South Island. For each area estimates are made for three points in time; ca.
1400 AD, ca. 1550 AD, and ca. 1750 AD.

The method used to generate the estimates is novel, and involves three steps. First, archaeological
data were analysed to determine the range of marine animal species harvested by Maori at each focal
date in each study area, and the proportional contribution of each species to the total energy harvest
from animals. Second, the scale of the total energy harvest from animals was approximated by
estimating the size of human population, the energy required to sustain them, and the proportion of
that derived from animal foods. Finally, the number of each marine animal species required to
contribute the proportions derived in the first step to the total energy harvest from animals estimated
in the second step was calculated using an estimate of the calorific value of the meat derived from an
individual of the species concerned. Three estimates were made for each species; a minimum estimate
which used the lowest probable values for each variable in the second step of analysis, a maximum
estimate using the highest probable values, and a best estimate based on the most realistic or well-
supported values. Cumulative calculation errors were applied to each set of estimates.

Estimates are presented for 101 taxa from the Greater Hauraki study area (46 shellfish, 28 fish, 22
birds and 5 mammals) and 96 from the Otago-Catlins study area (36 shellfish, 25 fish, 28 birds and 7
mammals). In a small number of cases estimates are available for only one or two of the focal dates,
either because of changes in the availability of the species concerned or the pattern of harvesting by
Maori.

For the majority of species the minimum, best and maximum estimates all indicate increased
harvesting over time. For example, at ca. 1400 AD in Greater Hauraki the best estimate of harvested
biomass of snapper (Pagrus auratus) is 72.1 £ 21.6 tonnes (minimum 12.1 £ 3.6 t; maximum 107.5 +
32.3 t), which rose to 938.8 £ 281.7 t (min. 354.8 £ 106.4 t; max. 1354.7 + 406.4 t) at ca. 1550 AD,
and then 997.2 + 299.2 (min. 560.1 £ 168.0 t; max. 1393.9 + 418.2 t) at ca. 1750 AD. In contrast,
marine mammals and some marine and coastal bird exhibit declining trends under all three sets of
estimates. For example, the fur seal (Arctocephalus forsteri) which yielded a best estimate of 284.9 +
85.5 t (min. 47.9 + 14.4 t; max. 425.1 £ 127.5 t) at ca. 1400 AD in Greater Hauraki was no longer
harvested at the two later focal dates. In Otago-Catlins harvests of the same species fall successively
from best estimates of 237.0 = 71.1 t (min. 55.2 + 16.6 t; max. 383.5 + 115.1 t) to 103.3 + 31.0 t (min.
24.0 + 7.2; max. 173.8 £ 52.1 t) then 77.0 = 23.1 t (min. 57.4 + 17.2; max. 99.7 + 29.9 t) in ca. 1400,
1550 and 1750 AD, respectively.



In the Greater Hauraki region growth of the human population was one of two main reasons for the
increased harvests of most marine animals. In addition, the demand placed on most fish, shellfish and
some bird species increased over time because seals, moas and some of the marine and coastal birds
that made important contributions to earlier Maori diets ceased to be available. This process of
replacement of one food source by another was the single most important driver of change in Otago-
Catlins, where the human population remained more or less stable throughout the study period.

As well as contributing to understanding of long-term changes in the structure and functioning of
New Zealand’s marine shelf ecosystems, the estimates provide baseline data against which modern
customary and commercial harvests of marine animals can be measured.



1. INTRODUCTION

1.1 Overview

New Zealand was the last major land mass to be settled by humans, their arrival dated to around 1280
AD (Wilmshurst et al. 2011). Consequently, New Zealand has a short and reasonably complete
archacological, historical and contemporary record of human exploitation of marine resources
compared to most other places where the earliest evidence of human impacts on marine ecosystems is
difficult to discern because of climate fluctuations and changes in sea level (MacDiarmid 2011). The
collaborative multi-disciplinary Taking Stock project, funded by the Ministry of Fisheries, has the
overall objective of determining the effects of climate variation and human impact on the structure
and functioning of New Zealand shelf ecosystems over the timescale of human occupation. To
achieve this it set out to build a mass balance model of current coastal and marine shelf ecosystems in
each of two study areas, and then to estimate how each of these operated at five earlier intervals: ca.
1950 AD (before modern industrial fishing), ca. 1750 AD (before European whaling and sealing), ca.
1550 AD (about the middle of the Maori period of occupation), ca. 1400 AD (soon after Maori arrival
in New Zealand) and ca. 1000 AD (before human settlement). For each of the earlier intervals
reconstruction depends in part on estimation of the taxonomic composition and biomass of removals
from the marine environment through human activities. This report draws upon archaeological data
for the exploitation of marine resources by Maori in the Hauraki Gulf and along the Otago-Catlins
coast to estimate what they harvested from the sea at three intervals between earliest settlement and
European arrival at the end of the 18" century AD (ca. 1400, 1550, 1750 AD).

1.2 Previous Research

There is a long history of using archaeological data to infer changes in past ecosystems. Numerous
instances of animal extinctions and distributional changes have been detected, dated and examined
through archaeological research (e.g. Grayson 2001, Rick & Erlandson 2008). In New Zealand, as
elsewhere in the world, most of these examples concern terrestrial fauna, and in many cases predation
by people and their commensals or human-induced habitat modification have been implicated
(Anderson 1989, Anderson 1997, Holdaway 1999, McGlone 1989).

For the marine environment, evidence is much more equivocal. New Zealand seals provide one well-
explored case of pre-industrial human impacts (Smith 1989, Smith 2005), and internationally there are
others for terrestrial-breeding marine mammals (Bryden et al. 1999, Burton et al. 2001). Equally,
there are cases of apparently stable, long-term exploitative relationships (Etnier 2007), and for
marine-breeding animals there is little undisputed evidence of dramatic human impact before the
emergence of commercial whaling in the 18" and 19" centuries (Reeves & Smith 2006) and more
recent industrial-scale fisheries (Myers & Worm 2003, Pauly et al. 1998). Indeed, the New Zealand
data for pre-European shell and fin fisheries show that it is difficult to separate potential effects of
human predation and climate without intensive and closely targeted archaeological research (Leach
20006).

Direct estimation of animal population biomass from archacological data is not generally possible. The
archaeological window into past ecological systems is blurred by transformative processes that influence
the creation of the archaeological record. These include harvesting and carcass processing, which are
largely determined by cultural patterns, along with natural taphonomic processes of decay, and
variations in the accuracy with which different items are amenable to archaeozoological analysis (Reitz



& Wing 2008). Furthermore archaeologists are primarily concerned with determining long-term patterns
and regularities in human behaviour, rather than reconstructing past ecosystems, and their data
acquisition and analytical methods are designed accordingly. In order to be useful in palacoecological
reconstruction, archacozoological data must be interpreted with due regard to the cultural and natural
formation processes that shaped them, and the archaeological filters through which they have passed.

In the case of pre-European New Zealand, one of the key cultural factors that must be accommodated is
the mobile nature of human settlement, whereby members of a community are hypothesised (Anderson
& Smith 1996, Walter et al. 2006) to have made regular intra-annual shifts of residence to facilitate the
exploitation of dispersed, seasonally available resources, and communities made occasional territorial
shifts over time. Thus no single site can be considered to provide a complete picture of the pattern of
marine resource exploitation by a community, and some sites may represent multiple phases of
exploitation with differing return intervals. In these circumstances it is essential to aggregate data at a
regional level from a judiciously selected range of sites.

With these cautions in mind, some inferences about palacoecology are possible. The presence of
physical remains of an animal species in a regional set of archaeological sites can generally be used to
infer that this species occurred in the catchment area of those sites at the time of their occupation, and
thus provides a basis for reconstructing the distribution of that species in the past. Similarly, where age
or sex can be determined from physical remains, the presence of animals of specific age or sex classes
allows some inferences to be made about the age composition and breeding status of exploited
populations. Potential confounding factors include long-distance transportation of preserved food
remains, industrial usage of bones, teeth or shells from distant sources or older archacological deposits,
and disturbance of archaeological deposits introducing taxa from earlier or later time periods. Where
recovery and analytical procedures are adequate, problems of this kind can usually be identified and
ameliorated. In contrast, the absence of a species, age or sex class in the archaeological record is not so
clear cut. Cultural factors such as dietary preference and harvesting technology, or analytical factors
such as sample size, may have intervened. These must be accounted for before archaeological absences
can be used to infer lacunae in past animal distributions.

Caution is required in making inferences about the abundance of various species in the past from
archaeological data. The relative abundance of taxa in archaeozoological assemblages is primarily a
record of the frequency with which they were harvested, modified over time by taphonomic decay.
Nonetheless it is reasonable to infer that species which are regularly represented in high frequencies in a
regional sample of sites were relatively commonly available. Furthermore, where there is a significant
decline in the relative abundance of a species over time, without any evidence for changes in harvesting
technology, a decline in their availability can be inferred. Relative abundances of archacofauna can also
be used to derive quantitative assessments of the relative importance of various animals in the diet of the
people exploiting them by converting them into the weights of meat that they represent, from which can
be derived estimates of the nutritional and energy yields derived from each exploited species (Smith
2004, Smith 2011).

Two broad approaches were taken to generate information useful to the Taking Stock project. First, an
overview of marine resource utilisation was constructed for each study area based upon the
presence/absence of marine taxa in archacozoological assemblages and, where suitable data was
available, their relative abundance. The second approach involved estimating the magnitude of marine
biomass removals through human exploitation in each study area. This was undertaken using estimates
of the size of human populations, their energy requirements and the relative contributions of marine
foods to their diet.



1.3 Objectives

The purpose of this report is to assess and collate existing archaeological data on human removals
from the marine environment in two New Zealand study areas in order to address the archaeological
aspects of Objective 2 of the Taking Stock Project ZBD200505, which was “To assess and collate
existing archacological, historical and contemporary data (including catch records and stock
assessments) on relevant components of the marine ecosystem to provide a detailed description of
change in the shelf marine ecosystem in two areas of contrasting human occupation over last 1000
years”. The specific objective for the archaeological component of this project was to provide
detailed estimates of the magnitude of human removals from the marine shelf ecosystems of two
study areas at three points in times between first human arrival in New Zealand and European
settlement.

2. METHODS
2.1 Study Areas and Selection of Study sites

Two study areas were utilized for the Taking Stock project, Greater Hauraki on the east coast of the
North Island and Otago-Catlins on the east coast of the South Island, in each case extending from
mean high water out to a depth of 250 m (Figure 1). To derive archaeological information relevant to
human exploitation of these areas data was drawn from archaeological sites on the adjacent coasts.
More than 10 000 sites presumed to derive from the pre-European period have been recorded adjacent
to the Greater Hauraki coast and some 800 in Otago-Catlins (CINZAS 2008), the difference reflecting
the marked concentration of pre-European Maori population in the northern third of the country.

Only a small proportion of recorded sites in each area have been investigated by archaeological
excavation, and information from these was assessed through a review of published literature, theses
and dissertations in archaeology from University of Auckland and University of Otago, and
excavation reports lodged in the NZ Historic Places Trust’s Archaeological Report Digital Library. A
sample for each study areca was selected for detailed analysis on the basis of two criteria: the
availability of data on faunal remains suitable for the methodology described below; and the
availability of reliable chronological information enabling the sites, or specific assemblages from
them to be placed securely in time.

The requirements for data on faunal remains were (a) that taxonomic identifications had been reported
for all animal remains in the excavated sample, and (b) the number of animals assigned to each taxon
was reported. In this context identifications include determinations to species level along with
assignments to genus, family or higher-level designations as necessitated by the nature of
archacozoological material. Identification data were accepted as reported, except where assemblages
or components of them had been re-examined (e.g. Leach & Boocock 1993, Millener 1981, Smith
1985, Worthy 1998) any revisions of identification were incorporated. Where necessary
identifications were updated to accommodate revisions of nomenclature, based on the following
sources: for shellfish, Spencer et al. (2009); finfish, Froese & Pauly (2010); birds, Checklist
Committee (OSNZ) (2010); and mammals, King (1995) and Baker et al. (2010). Quantification of
identified taxa was in terms of the minimum number of individuals (MNI): the smallest number of
individual animals necessary to account for all of the remains of a taxon in an archaeological
assemblage (Reitz & Wing 2008). While NISP (number of identified specimens) is sometimes
preferred for inter-assemblage comparisons (Lyman 2008), this measure was not reported for the
majority of assemblages under consideration here. Initially assemblages were selected for analysis
only if MNI were reported for all classes of fauna represented at the site. However this did not
provide sufficiently large datasets for some time periods in each study area, and additional



assemblages for which some taxa were noted as present but not quantified were also included. All the
taxonomic identifications, MNI values and presence data utilised in this study, along with the data
sources that they were drawn from, are reported in detail by Smith & James-Lee (2010).

With regard to chronology, the primary requirement was for radiocarbon determinations that closely
dated formation of the occupation deposit from which the faunal sample under analysis derived. All
dates reported in publications were treated according to protocols that are set out in detail elsewhere
(Smith 2010). In brief these involved checking data accuracy; culling dates that did not meet sample
suitability criteria (Anderson 1991, Petchey 1999, Schmidt 2000a); recalibration using the SH04
calibration curve (McCormac et al. 2004) for terrestrial samples, and for marine samples the Marine
04 calibration curve (Hughen et al. 2004) with delta R set at -7+45, as recommended by the Waikato
Radiocarbon Dating Laboratory (Petchey pers. com.); and, where appropriate, combining multiple
determinations from the same context into pooled mean ages (Ward & Wilson 1978). The 126
admissible dates and 29 pooled mean ages employed in this study are reported in Smith & James-Lee
(2010).

Together the selection criteria admitted a total of 107 assemblages from 67 sites for analysis. For the
Greater Hauraki area a total of 75 assemblages from 48 sites were included and 32 assemblages from
19 sites in the Otago-Catlins area (Figure 1). In order to provide data relevant to Taking Stock’s ca.
AD 1400, ca. AD 1550 and ca. AD 1750 time slices, and bearing in mind the uncertainties inherent in
radiocarbon dating, assemblages were grouped according to three broad period designations: Early
(ca. AD 1250-1450), Middle (AD 1450-1650), and Late (AD 1650-1800). Assemblages were
allocated to time periods using Smith’s (2010) protocol which uses both 1o and 2o calibrated age
ranges to distinguish those that can be assigned with confidence to a discrete period from those that
overlap the period boundaries. On this basis almost two thirds of the assemblages were assigned to
one of the target periods, and the remainder to one of the two overlap zones (Table 1). Although the
latter do not represent discrete time spans, they usefully group assemblages that cluster in age around
the arbitrary period boundaries, and for assessment of general trends in faunal assemblage
composition during the initial steps of the analysis described below (2.3.1, 2.3.2) they are used as if
they were discrete periods. However estimation of the magnitude of Maori marine harvest was
undertaken only for the three formal periods.

2.2 Analytical Method: Overview

Estimates of the magnitude of marine biomass removals by people in the prehistoric past are
necessarily speculative, as they depend upon variables that cannot be known with precision. However
it is possible to deduce reasonable bounds for these, and thereby constrain the limits of speculation.
The approach used here builds upon that employed by Leach (2006: 277-279) to calculate the scale of
the Maori snapper fishery in Northland. It has been adapted to incorporate the full range of marine
taxa harvested by Maori in each study region. There were three major steps involved in this analysis
(Figure 2).

1. The archaeological assemblage data discussed above were scrutinized to establish the range of
animal species harvested by Maori in each study area during each study period, the relative
frequencies with which this occurred, and proportional contributions of each species to the total
energy harvest from animals.

2. The scale of the total energy harvest from animals during each period in each study area was
approximated by estimating the size of the human population, the energy required to sustain them,
and the proportion of this derived from animal foods.



3. The number of each marine animal species required to contribute the proportions derived in (1) to
the total energy harvest from animals estimated in (2) was calculated using an estimate of the
calorific value of meat derived from an individual of the species concerned.

Each of these steps is discussed further below.

2.3 Analysis of archaeological data

Although the final outputs of this project concern the harvesting of marine animals, preliminary
analysis of archacological data incorporated both marine and terrestrial fauna, as it is necessary to
reconstruct the contributions of all sources of food in pre-European Maori diet in order to apply the
model described above. Archaeological data from each time period in each study area were analysed
in five steps.

2.3.1 Determining the range of species harvested.

The species of animals harvested was established by summarising the full suite of assemblages in
each area/period data set. This enabled incorporation of taxa represented only in assemblages for
which quantified data were incomplete. The proportion of assemblages in which each species was
represented during each study period was calculated to provide the broadest level analysis of changes
in harvest patterns over time. Analysis of these data disclosed taxa that are likely to be either under-
or over-represented in quantified archacofaunal samples, and also highlighted variations in species
representation between sites of different functional types, both factors relevant to defining overall
regional patterns. Further details and results of this analysis are presented elsewhere (Smith in press).

2.3.2 Determining the frequency with which species were harvested.

The frequency with which species were harvested was investigated through analysis of the data sets
quantified via MNI. This is a derived measure, and presents some difficulties as variations in
calculation methodology can influence data outputs, especially when, as here, information is drawn
from a range of different researchers (Reitz & Wing 2008). However it was the only measure
available for a wide range of assemblages, and the only one from which estimates of harvested
biomass across all classes of fauna could be generated. The uncertainties that this introduces into
calculations are considered further below (Section 2.3.5).

MNI for each assemblage were first subdivided into seven faunal classes (fish, shellfish, marine and
coastal birds, marine mammals, moas, smaller terrestrial birds, and terrestrial mammals) and %MNI
within each class calculated. This procedure provides a much finer-grained assessment of within-class
frequency than is possible when assemblages are treated as a whole, due to wide variations in faunal
class abundance between sites of different functional types, such as specialised shell fishing camps or
generalised occupation sites (Smith in press).

Mean %MNI across all assemblages in each period/area data set were then calculated. For two data
sets (Greater Hauraki, Middle/Late and Late period marine/coastal birds) comprising a small number
of assemblages with low species MNIL, %sum MNI was preferred as a better estimate of relative
abundance. Where the taxa list for a period/area set included imprecisely identified taxa (e.g.
Phalacrocorax melanoleucos?; Trachurus ?sp.; ‘clephant seal or leopard seal’; etc.) in addition to
positively identified species of the same sort(s), frequencies for the former were redistributed to the
latter. Where the latter included more than one positively identified species, their relative abundance
was factored into the redistribution so as to maintain proportionality of positively identified taxa.



For several data sets adjustments were made to incorporate taxa known to be present from analysis in
2.3.1 above, but not present in the quantified samples. This was required for all classes of fauna for
the Middle period in Otago-Catlins for which there were only two study assemblages, neither having
quantified data. In these cases the average of mean %MNI in each of the adjacent overlap periods
(Early/Middle, Middle/Late) was calculated for the species noted as present in the Middle period
assemblages, and the resulting values were adjusted so that each faunal class summed to 100%. For
the Middle period in Greater Hauraki none of the assemblages, quantified or otherwise, yielded
marine or coastal birds, but as argued elsewhere (Smith in press) this is more likely to reflect
sampling variation than lack of harvesting. For the present analysis, the range of species represented
in the subsequent overlap period (Middle/Late) was utilised, with their frequency derived from the
average of mean %MNI in the Early/Middle and Middle/Late overlap periods, adjusted to total 100%.

Finally, adjustments were made to the Late period frequencies for marine/coastal bird in both study
areas where Diomedeidae appeared to be over-represented through bones from beach wrecks being
collected as raw material for artefact manufacture (Smith in press). Comparison with earlier periods
suggests remains of this family are about twice as common as expected, and on this basis %MNI for
species in this family were reduced by half and all other taxon frequencies increased proportionately.

The adjusted %MNI values for each taxon are referred to as faxon frequencies when incorporated in
subsequent steps of the analysis. Values for the Early, Middle and Late periods in each study area are
listed in Appendix 1.

2.3.3 Determining the energy yield per species in study assemblages

The importance of each species as a source of energy in the human diet was evaluated for each
assemblage using procedures set out in detail elsewhere (Smith 2011). In brief this involved
converting the frequency of each species in an assemblage first to the weight of meat that they
represented and then to the calorific value of energy that this would produce (Figure 3).

For smaller-sized classes of fauna it was presumed that all usable meat on each animal would have
been available for consumption, and MNI were used as the starting point for calculation. Mean adult
body weights, and a conservative estimate of the proportion likely to have been usable meat in the
prehistoric New Zealand setting were used to generate meat yields, and data from proximate
composition analysis for the species concerned or the nearest comparable taxon were used to derive
calorific yields. Details of the values adopted for each species, the rationale for their selection, and the
sources that they are drawn from are given elsewhere (Smith 2011).

For larger-sized animals, archaeological evidence frequently discloses only partial carcass
representation, hence assuming that complete animals were present risks over-estimating their dietary
importance. Except where skeletal element representation in an assemblage indicated that a complete
or near complete individual was present, species frequency for the larger animal classes was measured
in terms of the minimum number of butchery units (MNBU): the smallest number of butchery units
necessary to account for all of the remains of a taxon in an archaeological assemblage. Age and sex
related size differences are also relevant to accurate estimation of dietary importance in large animals,
and where adequate data were available for archaeological remains (in the present context, only for
some seal species) these were incorporated into calculations (Smith 2011).

These procedures were applied to the subset of study assemblages with quantified data for all classes

of fauna. In each case the proportion of total energy from animals (%Kcal) derived from each of the
seven major classes of fauna was calculated, and incorporated into the following step.
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2.3.4 Determining the relative energy yields of each faunal class per area/period

The relative contributions to the energy harvest from each faunal class during each formal period (i.e.
Early, Middle, Late) in each study area was estimated from mean energy contributions (%Kcal) of
ecach major faunal class in either the total area/period data set, or a subset thereof. A series of
adjustments were then made to each set of calculated values to take account of probable under-
representation of some classes of fauna. Both the rationale for the selection of most appropriate data
suites and justification for subsequent adjustments are discussed in detail in a manuscript currently in
preparation (Smith n.d.). Key elements of these are summarised below.

For the Early period in both study areas all the sample sites appear to have been villages at which a
wide range of subsistence activities were represented, indicating that the best estimate of the relative
importance of each faunal classes could be derived from its mean %Kecal in the total data set for each
area. Sites from the Middle period in Greater Hauraki included a small number of generalised village
sites along with a greater number of specialised shellfish gathering and/or fishing camps. Most of the
latter represented comparatively small volumes of food energy, and if incorporated directly into an
area/period average would over-estimate the importance of shellfish and fish. The best estimate for
this period was drawn from the mean %Kcal of the five largest assemblages, which included two
villages and three short-term camps. For the Middle period in Otago-Catlins, which had no quantified
data sets, mean %Kecal for each of the two adjacent overlap periods were averaged to provide a best
estimate. Quantified assemblages from the Late period in both study areas were relatively few in
number, of greatly unequal sizes and did not well represent the expected range of site types. The
addition of Middle/Late overlap period assemblages largely resolved these problems, hence the best
estimate for the Late period in each study area was derived from mean %Kcal of all Middle/Late and
Late assemblages.

Adjustments were made to the calculated values for each area/period so that they would better
represent the overall makeup of human dietary patterns. These are summarised below.

1. Due to the coastal location of nearly all study sites, it is likely that terrestrial animals exploited by
the Maori communities of each study area are under-represented. It is difficult to estimate the
magnitude of this as there are as yet no comprehensive analyses of energy yields per taxa at
inland sites. A semi-quantitative analysis of relative frequencies of the main faunal classes in
Early period sites in the southern South Island (Anderson 1982: Table 5) shows that when inland
sites are added to those on the coast, the weighted abundance of terrestrial taxa increases by about
7%. In view of the generally lower energy yields from terrestrial animals compared to those from
the sea, a lower value was used here, and 5% was added to the total calculated value for terrestrial
animals, distributed proportionately to each component (moas, terrestrial birds, terrestrial
mammals), and 5% deducted from the total for marine animals, subtracted proportionately from
each component (fish, shellfish, marine and coastal birds, marine mammals).

2. While marine mammals were totally absent from the study assemblages from the Middle and Late
periods in Greater Hauraki, analysis in 2.3.1 showed that small numbers of dolphins had almost
certainly been exploited. To accommodate this 0.05% of total Kcal was transferred from fish to
marine mammals in those two data sets.

3. Both marine/coastal and terrestrial small birds appear to be under-represented in the
archacological record, especially after the Early period, with the most likely explanation relating
to the manner in which bird carcasses were processed for preservation and transport (Smith in
press). There is as yet no quantified measure of the magnitude of under-representation, and the
values used here are estimates. The calculated values for marine/coastal and terrestrial small birds
were increased by 1% in Early period assemblages and 1.5% in Middle and Late period
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assemblages, with equivalent amounts subtracted from the marine and terrestrial components with
the highest values. This adjustment was not applied to the Otago-Catlins Late period
marine/coastal birds, which were already well represented in the calculated value.

4. Dogs appeared to be under-represented in the Early period data sets from both study areas, with
relative frequencies lower than those reported for other sites of this age (Allo Bay-Petersen 1979;
Clark 1995). On current data it is difficult to quantify the impact of this on relative energy yields
and an arbitrary value of 1% is used here, with this proportion of total Kcal transferred from the
moa component to terrestrial mammals.

5. Sharks and rays are almost certainly under-represented in the archaeological record due to poor
survival of their predominantly cartilaginous skeletons, while ethnohistorical evidence indicates
that they were likely to have been a significant component of Late period Greater Hauraki Maori
fisheries (Smith in press). If at least one taxon from this class had been represented in each Late
period assemblage, the energy yield for fish would have been at least 4% higher than the
calculated values. On this basis, 4% of total Kcal was transferred from shellfish to fish.

6. Shellfish appear to have been under-represented in the Late period Otago-Catlins data set, with
higher relative frequencies at sites not able to be included in the present study (Davies 1980). As
with dogs, it is difficult to quantify the extent of under-representation, and an estimate was
employed, with 2.5% of total Kcal was transferred from fish to shellfish.

Table 2 lists both the initial calculated values and final adjusted values for the Early, Middle and Late
Periods in each study area. The final adjusted values are referred to as faunal component energy
proportions when incorporated into subsequent steps of the analysis.

2.3.5 Calculating the contributions of each species to total energy harvested from
animals

The contribution of each species to the total energy harvest from animal foods during each of the
three formal periods in each study area was calculated as follows (also see Figure 2).

a. Taxon frequencies determined in 2.3.2 were multiplied by energy yield per animal using the
procedures described in 2.3.3 to derive an energy output per species. Note that for fur seals, these
calculations were undertaken by age-sex class, and that for Pilot whales, energy yield per animal
assumed that only 10% of available meat weight was consumed, following protocols established
elsewhere (Smith 1985, 2004).

b. The energy output for each species calculated in (a) was divided by the sum of energy outputs for
all species represented within the major faunal component to which it belonged to determine the
proportion which that species contributed to total energy derived from that faunal component.

c. The proportional contribution of each species calculated in (b) was multiplied by the relevant
faunal component energy proportion determined in 2.3.4 to derive a final proportional energy
contribution per species. The values calculated for each species are listed in Appendix 1.

Cumulative calculation errors involved in deriving the proportional energy contribution per species
were determined from estimates of the size of error associated with the three key input variables in the
calculation. The taxon frequencies were based upon MNI data, which have inherent uncertainty
(section 2.3.2) and calculated as means across variable sized sample sets of assemblages suggesting
an error of + 5% is in order. Energy yields per individual animal were derived from a mean body
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weight, an estimate of the proportion typically eaten, and a value for the energy yield per kg of flesh.
Each of these is likely to have varied due to a range of factors including the age, size and condition of
the animal concerned along with day-to-day variations in the butchery and consumption practices of
the communities harvesting the animals. Again, + 5% is allowed for each component, giving a
cumulative error of = 15% for the estimate of energy yield per animal. The faunal component energy
proportions were the most difficult to derive from the archaeological data because they involved
judgement about composition of an appropriate regional data set, and incorporated several
adjustments to calculated values to correct for perceived biases in the archaeological record. For these
an error of = 10% is proposed. With the final proportional energy contribution per species derived
from the product of these three variables, an error of = 30% should be applied to the calculated values.

2.4 Estimating the scale of the total energy harvest from animals

The scale of the total energy harvest from animals during the focal year of each period in each study
area was calculated from estimates of (a) the size of human population, (b) average energy needs per
person per day, and (c) the proportion of that energy derived from animal foods. There are
considerable uncertainties about these variables, described below, and different values for these
produce widely different totals for the estimate of total energy from animals. For these reasons an
attempt has been made to give a good indication of upper and lower limits as well as what is
considered a ‘best estimate’. Minimum estimates of total energy from animals use the lowest likely
values for (a), (b) and (c); maximum estimates use the highest acceptable values; while best estimates
are based on what are considered here to be the most well supported or realistic values. These values
are summarised in Table 3 and the rationale for their selection given below in sections 2.4.1 to 2.4.3.

2.4.1 Estimating the size of human population

The size of the human population is most reliably determined for the Late period (ca. 1750 AD) based
upon detailed analysis by Pool (1991) who gave a best estimate of ca. 100,000 for the total New
Zealand population in 1769, with ca. 90% of that in the North Island. It is estimated here that the
Greater Hauraki study area population was about 13.5% of the North Island total, based on Urlich’s
(1969) estimate that 5% were in Thames-Coromandel and 7% in Auckland, to which has been added
one tenth of the 15% she estimated for the whole of Northland. This yielded the best estimate value of
12 150. Minimum and maximum values were calculated using total North Island populations of 80
000 and 100 000 respectively, giving estimates for Greater Hauraki of 10 800 and 13 500. Anderson
(1998: 196-7) has estimated that in the early 19™ century the population of Ngai Tahu in the southern
two thirds of the South Island was no more than 5000. Anderson’s analysis of the distribution of this
population, along with the distribution of Late period archaeological sites suggests a population at ca.
1750 AD for Otago-Catlins of about 1800, with + 200 allowed for minimum and maximum estimates.

Population estimates for the Early period (ca. 1400 AD) are based on the likelihood that the initial
colonising population would have grown rapidly from a founding population of ca. 300-500 at 1280
AD increasing exponentially at rates in the order of 2% to 3.5% per annum. This would give
nationwide totals of at least 4000, and possibly up to 20 000 by 1400 AD, with the best estimate
towards the upper end of this range. Based on what is known of the nationwide distribution of Early
period archaeological sites, it is estimated that this population was more or less evenly distributed
between the North and South Islands, and about a quarter of the North Island total was in Greater
Hauraki. This gives minimum, best and maximum estimates of 500, 2000 and 2500. Likewise, it is
likely that about a quarter of the South Island population were in Otago-Catlins. The same minimum
and maximum estimates used for Greater Hauraki have been adopted, but a slightly lower best
estimate of 1800.
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For the Middle period (ca. 1550 AD) in Greater Hauraki population size was estimated using the
trend line for population growth in prehistoric New Zealand indicated by cumulative frequency of
radiocarbon dates, adjusted for calibration stochastic distortion effect (McFadgen et al. 1994: Figure
3). This suggests that at ca. 1550 AD the population would have reached about 90% of its ca. 1750
AD level (Figure 4). This factor was applied to the North Island population estimates for the Late
period given above, giving a minimum of 72 000, best estimate of 80 000, and a maximum of 90 000.
The proportion of these within Greater Hauraki is difficult to assess, but a range of values were used
here; 8.5% for the minimum estimate, 12.6% for the best estimate, and 13% for the maximum; giving
population estimates of 6100, 10 200 and 11 700.

It is widely recognised that the population in southern New Zealand took a much lower trajectory,
perhaps even declining after the Early period (Jacomb et al. 2010, McGlone et al. 1994). Examination
of the median ages of radiocarbon dated study assemblages from Otago-Catlins used in this study
supports this view (Figure 4), although it needs to be noted that both there are additional dated sites
from both Middle and Late periods that were excluded from the present study because they lacked
fully identified and/or quantified fauna. The best estimate used here (1800) assume that the population
at ca. 1550 AD was no greater than at ca. 1400 AD, while the maximum estimate (2600) is slightly
higher than that of the earlier period and the minimum estimate (500) maintains the same lower limit
as at ca. 1400 AD.

2.4.2 Estimating average energy needs per person per day

The daily energy requirements of a person depend upon a wide range of factors including gender,
body weight, activity levels and the energy demands of the environmental conditions in which they
live. The estimates used here are drawn from data compiled and reviewed in detail elsewhere (Leach
2006, Leach et al. 1996) which focused explicitly on determining an appropriate range for prehistoric
populations in the Pacific and New Zealand. For Greater Hauraki the minimum value (1800) is that
accepted by Leach et al. (1996: 24) as the lowest viable for a 70 kg woman with low activity levels.
The best estimate (2150) is the mean value suggested for pre-European Maori by Leach (2006: 277).
The maximum (2172) is the midpoint between that mean and the value derived by stochastic
modelling of pre-European diet in the Chatham Islands (Leach et al. 2003), where the environmental
conditions are likely to have placed greater energy demands on individuals than was the case in
Greater Hauraki.

Values adopted for Otago-Catlins are set slightly higher to accommodate the greater energy demands
of a colder climate. The minimum value (2150) is Leach’s mean for pre-European Maori; the best
estimate (2172) is the value adopted above for the upper limit in Greater Hauraki; and the maximum
value (2193) is that derived for the Chatham Islands.

2.4.3 Estimating the proportion of energy derived from animal foods

Estimates of the proportion of the total energy consumed by people that derived from animal foods
are based upon analysis of 8"°C, 8"°N and &S isotopes from the small number of archaeologically-
derived samples of human bone collagen thus-far analysed from the Pacific region (Leach et al. 2000,
Leach et al. 2003). These exhibit wide variation: the lowest value (0.4) is from Watom Island in the
tropical Pacific with a horticultural and fishing economy; a moderately high value (0.66) derives from
Wairau Bar, South Island New Zealand, where horticulture was combined with hunting of large
animals; and the highest value (0.9) is from the Chatham Islands where subsistence relied upon
hunting, fishing and the gathering of wild plants.
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In Greater Hauraki archaeological data for the Middle and Late periods indicate an economy based on
horticulture, fisheries and a very modest level of hunting (Smith in press, Smith n.d.). On this basis
the Watom and Wairau Bar values are adopted for minimum and maximum values respectively, and
the mid-point between these is used for the best estimate. Archacological data for the early period
indicate a much greater reliance on hunting, hence the Wairau Bar value is adopted for the best
estimate, with midpoints between that and each of the higher and lower measured values used for
minimum and maximum estimates.

The Otago-Catlins region was beyond the growing limits for pre-European horticultural crops, with
wild plant foods contributing to a diet that archaeological data indicates relied heavily on both hunting
and fishing throughout the prehistoric sequence (Smith in press, Smith n.d.). On this basis a single set
of values is used for all periods with the Wairau Bar and Chatham Islands values adopted for the
minimum and maximum estimates respectively, and the midpoint between these used as the best
estimate.

2.4.4 Calculating total energy harvest from animals

Estimates for the total energy harvest (Kcal) from animals in each study area during each of the target
years (1400 AD, 1550AD, 1750) were calculated as follows. The estimate of human population size
was multiplied by the estimated energy needs per person per day, which was multiplied by 365 to
determine the total energy needs for the year, and this was then multiplied by the estimated proportion
of energy derived from animal foods. In doing this minimum input values were combined to produce
minimum estimates, and likewise for best and maximum values. Calculated values, referred to as
energy from animals, are shown in Table 4.

2.5 Estimating the number and biomass of marine animals harvested

The final step of analysis involved using the variables and values calculated or estimated in the
preceding sections to estimate the number and biomass of animals harvested during the focal year in
each study area. This was undertaken in three steps.

a. The proportional energy contribution per species (2.3.5) was multiplied by the energy from
animals (2.4.4) to derive the total energy harvested from that species.

b. Total energy harvested from species was divided by the energy yield per individual of that species
(2.3.3) to determine the number of animals harvested.

c. The number of animals harvested was multiplied by the mean body weight per individuals of that
species (2.3.3) to determine the biomass harvested.

The estimated cumulative error (£ 30%) in calculating proportional energy per species was applied to
the number and biomass estimates (b and ¢), with uncertainties about the scale of the energy harvest
from animals expressed in the minimum, best and maximum estimates. Results of this are presented
below.

3. RESULTS
Analysis of the archaeological study assemblages demonstrated that at least 210 marine or coastal

species had been harvested by Maori in Greater Hauraki (147 shellfish, 35 fish, 22 birds, 6 mammals),
and at least 159 in Otago-Catlins (90 shellfish, 32 fish, 30 birds, 7 mammals). Estimates made of the
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number and biomass harvested from each of these are presented in Tables 5 — 28. Within each of
these tables taxa are arranged by systematic order after the following authorities: for fish, Froese &
Pauly (2010); shellfish, Spencer et al. (2009); birds, Checklist Committee (OSNZ) (2010); and
mammals, Baker et al. (2010). This enables placement of taxa identified only to genus or higher
levels, and those less securely identified, alongside the positively identified species to which they are
most closely related. Common names for taxa in these tables are listed in Appendix 1. For shellfish
the tables list individually only the 22 species with highest harvested biomass in each area/period with
the remainder grouped as ‘all others’. In the following presentation of results, only the best estimate
values are used in text; minimum and maximum can be found in the Tables. The latter exhibit parallel
trends to those identified using the best estimate values.

3.1 Fish
3.1.1 Greater Hauraki

A total of 35 fish taxa are recorded archaeologically as harvested by Maori in Greater Hauraki. These
included some genus, family or higher level groupings necessitated by the nature of archaeological
data: it is virtually impossible to identify the various species of Labridae on the basis of skeletal
morphology, so they are treated as a single family group; Anguilla species are also indistinguishable,
so are treated as a genus group, Carangidae are often difficult to distinguish, and only sometimes
identified to species level; and the poor survival of elasmobranch remains frequently precludes
specific identification.

At ca. 1400 AD 22 of these taxa were included in a total fish harvest best estimated at 128.5 + 44.3
tonnes (Table 5). The taxonomic range narrowed to 16 at ca. 1550 AD in a total harvest of 2328.2 +
698.5 t (Table 6). By ca. 1750 AD, the total fish take of 2607.1 + 782.1 t was drawn from 15 taxa
(Table 7).

Snapper (Pagrus auratus) were the largest single contributor to the fish harvest at each time period,
rising from 72.0 £ 21.6 t to 938.8 £ 281.6 t and then 997.2 £+ 299.2 t, although as a proportion of total
harvested fish biomass this represents a falling trend from 56% to 40% then 38%. At ca. 1400 AD
only three other taxa other than snapper made up significant proportions of harvested biomass;
kahawai (Arripis trutta) 19.2 £ 5.8 t (15%), wrasses (Labridae) 13.5 £ 4.0 t (10.5%), and leatherjacket
(Meuschenia scaber) 11.3 + 3.4 t (8.8%). At ca. 1550 AD there were four main contributors to
harvested biomass in addition to snapper; sharks (Carcharhiniformes) not positively identified to
species, 511.4 £ 153.4 t (22%); horse mackerel (Trachurus novaezelandiae), 323.1 £ 96.9 t (13.9%);
kahawai, 227.9 + 68.4 t (9.8%); and barracouta (Thyrsites atun) 169.3 = 50.8 t (7.3%). The harvest of
wrasses (23.1 £ 6.9 t) was now only 6.9% of the total, while leatherjackets were not represented in
any of the study sites from this era. At ca. 1750 AD the harvested biomass of sharks not positively
identified to species (959 = 287.8 t, 36.8%) was almost equal to that of snapper, and would just
outstrip it if combined with the 39.9 + 12 t identified as from northern dogfish (Squalus blainvillei).
The eagle ray (Myliobatis tenuicaudatus) was the only other significant component of the fishery at
ca. 1750 AD, contributing 319.3 £ 95.8 t (12.2%).

1.1.2 Otago-Catlins

A total of 32 taxa were identified in study sites from the Otago-Catlins region, including the genus
and higher-level groupings noted for Greater Hauraki, along with Nototheniidae, as it is difficult to
distinguish various species of black cods on skeletal morphology.
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In total 22 of these taxa were included in a total fish harvest best estimated at 78.3 + 23.5 t at ca. 1400
AD (Table 8). The taxonomic range narrowed to 14 at ca. 1550 AD in a total harvest of 797.5 £ 239.3
t (Table 9). By ca. 1750 AD, the total fish take of 725.1 + 217.5 t was drawn from 9 taxa (Table 10).

Barracouta (Thyrsites atun) formed the largest part of harvested fish biomass at each time period,
contributing 43.2 = 13.0 t (55.2%) at ca. 1400 AD, 361.4 = 108.4 t (45.3%) at ca. 1550 AD, and 363.3
+ 109.0 t (50.1%) at ca. 1750 AD. Three further species made important contributions to harvested
biomass at ca. 1400 AD; ling (Genypterus blacodes) 7.8 + 2.3 t (9.9%), hapuku (Polyprion oxygenios)
7.7 £ 2.3t (9.8%), and red cod (Pseudophycis bachus) 6.8 £ 2.0 t (8.7%). The same three species
were the major components in addition to barracouta at ca. 1550 AD, although in differing order;
hapuku 141.0 = 42.3 t (17.7%), red cod 128.3 + 38.5 t (16.1%), and ling 68.2 £ 20.5 t (8.5%). This
order was maintained at ca. 1750 AD; hapuku 230.9 £ 69.3 t (31.8%), red cod 68.4 + 20.5 (9.4%), and
ling 56.8 £ 17t (7.8%).

3.2 Shellfish
3.2.1 Greater Hauraki

The archaeological study sites provided records of 147 shellfish taxa harvested by Maori in the
Greater Hauraki region, with 31 of these being identifications only to genus or family level leaving
the possibility that the total number of species may have been slightly more than this. Of these taxa,
88 were represented in the estimated harvest of 6.6 + 2.0 t at ca. 1400 AD (Table 11), 66 in the
estimate of 1736.3 + 520.9 t at ca. 1550 AD (Table 12), and 38 in the estimate of 2294.7 + 688.4 t at
ca. 1750 AD (Table 13).

Three species dominate the shellfish biomass harvested at ca. 1400 AD, making up two thirds of the
total; paua (Haliotis iris) 2.2 £ 0.7 t (34%), cats eye (Lunella smaragdus) 1.2 + 0.4 t (18.2%), and
green-lipped mussel (Perna canaliculus) 0.9 £ 0.3 t (14.3%). At ca. 1550 AD two species made up
more than 84% of the total biomass harvested: cockle (Austrovenus stutchburyi) 1103.2 £ 331.0 t
(63.5%), and pipi (Paphies australis) 358.2 = 107.5 t (20.6%). Of the three formerly dominant species
(paua, cats eye and green lipped mussel), only cats eyes at 5% made a notable contribution with the
others providing less than 0.1% of harvested biomass. The same two species, cockle and pipi
continued to dominate the shellfish harvest at ca. 1750 AD as they did at ca. 1550; cockle providing
1358.0 + 407.4 t (59.2%), and pipi 594.5 £ 178.4 t (25.9%). Tuatua (Paphies subtriangulata) with
250.5 + 75.2 t (10.9%) was the only additional species at ca. 1750 to provide more than 1 % total
biomass harvested.

3.2.2 Otago-Catlins

The shellfish identified from study sites in Otago-Catlins include 90 taxa, including 25 identifications
to only to genus or family level. At ca. 1400 AD 55 taxa were represented in the total shellfish harvest
estimated at 9.1 = 2.7 t (Table 14), with just 12 taxa in the estimated 43.0 £ 12.9 t harvested at ca.
1550 AD (Table 15), but 29 were included in the estimated harvest of 51.4 + 15.4 t at ca. 1750 AD
(Table 16). The reduced taxonomic range at ca. 1550 is almost certainly due to the restricted sample
of study sites available for that time period; ten study assemblages were available for ca. 1400 AD
and nine for ca. 1750 AD , but only two for ca. 1550 AD.

At ca. 1400 AD four species made up 82.4% of the total harvested biomass; cockle (Austrovenus
stutchburyi) 2.4 £ 0.7 t (26.9%), paua (Haliotis iris) 2.3 £ 0.7 t (24.8%), blue mussel (Mytilus
galloprovincialis) 1.5 £ 0.5 t (16.6%), and pipi (Paphies australis) 1.3 = 0.3 t (14.1%). Two of these
four species also dominate harvested shellfish biomass at ca. 1550 AD; blue mussels providing 16.1 +
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4.8t (37.4%), and paua 14.2 + 4.3 t (33%). Mudsnails (Amphibola crenata) added another 4.2 £ 1.3 t
(9.8%), cockles 2.3 + 0.2 t (5.4%), and pipi 1.7 = 0.5 t (4%) to the total harvested biomass in ca. 1550
AD. At ca. 1750 AD the rank order of the two leading shellfish species reverses; paua yielding 35.1 +
10.5 t (68.4%), and blue mussels 8.2 £ 2.5 t (15.9%). None of the other previously important species
contributed more than 2.5% of total harvested biomass at ca. 1750 AD.

3.3 Marine and Coastal Birds
3.3.1 Greater Hauraki

A total of 22 marine and coastal bird species were positively identified in the study sites from Greater
Hauraki, along with identifications to five higher-level taxonomic groupings. Twenty two taxa were
represented in the estimated harvest of 19.2 + 5.8 t in ca. 1400 AD (Table 17). Only seven taxa were
among the harvest of 28.3 + t at ca. 1550 AD (Table 18), while at ca. 1750 AD there were ten in the
56.2 £16.9 t harvested (Table 19).

At ca. 1400 AD four taxa together made up 70.1% of the biomass harvested from marine and coastal

birds; little penguin (Eudyptula minor) 4.7 + 1.4 t (24.4%), spotted shag (Stictocarbo punctatus) 4.0 +
1.2 t (20.7%), albatrosses (Diomedeidae) 2.5 = 0.8 t (13.2%), and pied shag (Phalacrocorax varius)
2.3 £0.7 t (11.9%). Three of these taxa together yielded 90.2% of the harvested biomass in ca. 1550
AD; albatrosses 17.6 £ 5.3 t (62.2%), little penguin 5.1 + 1.5 t (185), and spotted shag 2.8 = 0.8 t
(10%). At ca. 1750 AD the same three taxa provided 71.6% of the harvested biomass; albatrosses
17.6 £ 5.3 t (31.3%), spotted shag 14.1 + 4.2 t (25%), and little penguin 8.6 £ 2.6 t (15.3%)).

3.3.2 Otago-Catlins

Thirty taxa of marine and coastal birds species were identified in the study sites from Otago Catlins.
These include penguins listed as Megadyptes sp. as virtually all were identified prior to recent
separation of the smaller extinct Waitaha penguin (M. waitaha) from the larger extant yellow-eyed
penguin (M. antipodes) (Bossenkool et al. 2009). The date at which the former replaced the latter in
the study area is not yet clearly known. At ca. 1400 25 marine and coastal bird taxa formed part of a
total estimated harvest of 32.1 & 9.6 t (Table 20). Only sixteen were among the harvest of 46.9 + 14.1
t in ca. 1550 AD (Table 21), while 18 contributed to the 80.3 + 24.1 t harvested in ca. 1750 AD
(Table 22).

At ca. 1400 AD four species made up 76% of the total biomass harvested from marine and coastal
birds; Megadyptes, at this time almost certainly the waitaha penguin, 8.8 = 2.6 t (27.2%), Fiordland
crested penguin (Eudyptes pachyrhynchus) 8.5 £ 2.5 t (26.4%), white-capped albatross (Thalassarche
cauta) 4.7 = 1.4 t (14.5%), and little penguin (Eudyptula minor) 2.5 = 0.8 t (7.8%). Five taxa,
including the four above, made up 74% of the biomass harvested at ca. 1550 AD; spotted shag
(Stictocarbo punctatus) 9.9 + 3.0 t (21%), white-capped albatross 6.9 + 2.1 t (14.6%), Megadyptes sp.
penguin 6.8 + 2.1 t (14.6%), Fiordland crested penguin 5.8 £ 1.8 t (12.5%), and little penguin 5.3 +
1.6 t (11.3%). At ca. 1750 AD the leading four taxa contributed 67.9% of the total biomass harvested;
white capped albatross 20.6 £ 6.2 t (25.6%), Stewart Island shag (Leucocarbo chalconotus) 15.1 £4.5
t (18.8%), spotted shag 9.9 + 3.0 t (12.3%), and Megadyptes, by this time probably yellow-eyed
penguin, 9.0 = 2.7 t (11.2%).
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3.4 Marine Mammals

3.4.1 Greater Hauraki

At least five marine mammal taxa are recorded as part of the Maori marine harvest in Greater
Hauraki. These include the fur seal (Arctocephalus forsteri), sea lion (Phocarctus hookeri) and
elephant seal (Mirounga leonina), along with at least one species of pilot whale (Globicephala) and
dolphins that have not been identified to species level.

All these taxa were represented in the total harvest estimated at 414.5 = 124.3 t in ca. 1400AD (Table
23). Fur seals made up the largest part of this, 284.9 = 85.5 t (68.7%), followed by sea lions, 63.4 +
19.0 t (15.3%), and pilot whales, 57.5 £17.3 t (13.9%). By ca. 1550 AD the total harvest had fallen to
1.79 £+ 0.54 t, derived entirely from dolphins (Table 24). Dolphins were also the sole contributor to the
marine mammals harvest of 2.13 + 0.64 t in ca. 1750 AD (Table 25).

3.4.1 Otago-Catlins

The archaeological record shows that at least eight marine mammal taxa were harvested in Otago-
Catlins, including the fur seal (Arctocephalus forsteri), sea lion (Phocarctus hookeri), elephant seal
(Mirounga leonina), leopard seal (Hydrurga leptonyx), at least one species of pilot whale
(Globicephala) and dolphins that include the common dolphin (Delphinus delphis) and Hectors
dolphin (Cephalorhynchus hectori). The latter are treated here as a single group as the majority of
dolphin remains have not been identified to species level.

At ca. 1400 AD five taxa were included in the total harvest of 371.3 + 111.4 t (Table 26). This was
dominated by two species; fur seals providing 237.0 £ 71.1 t (63.8%), and sea lions 126.2 = 37.8 t
(34%). Four of the same taxa, plus another, made up the considerably smaller harvest of 144.5 + 43.4
tat ca. 1550 AD (Table 27). Fur seals, at 103.3 + 31 t (71.5%), and sea lions, at 47.2 = 11.2 t (25.8%),
were again dominant at ca. 1550 AD. At ca. 1750 AD the total harvest had fallen further to 121.6 +
36.5 t derived from just three taxa (Table 28). The main contributors to the total harvested biomass at
ca. 1750 AD were fur seals, at 77.0 £ 23.1 t (63.4%), and pilot whales at 44.0 + 13.2 t (36.2 %)).

4. DISCUSSION

There has been only one previous attempt to calculate the numbers and biomass of marine animals
harvested by Maori, and this was concerned solely with the numbers of snapper harvested at ca. 1769
in the Northland region (Leach 2006). This utilised an analytical method broadly similar to that
employed here, but with some differences in input values. Leach’s estimate of 1919 £ 1612 t of
snapper harvested for the whole of Northland is almost exactly double that given by the best estimate
here for the Greater Hauraki region. The latter has a coastline approximately half the length of the
Northland region, suggesting that the methods produce broadly comparable results.

One of the major difference between the two approaches is the use here of minimum, best and
maximum estimates to provide a narrower band of greatest likelihood within the necessarily wide
error margins that must apply to calculations this sort. The differences between the minimum, best
and maximum estimates of harvested biomass are illustrated for snapper in the Greater Hauraki region
(Figure 5), which shows that at ca. 1750 AD the upper end of the error limit for the maximum
estimate is 4.6 times greater than the lower error limit for the minimum value. As noted in section 2.4
the extent of these differences is driven largely by the choice of values selected for human population
size, daily energy requirements and proportion derived from animals. While values considered most
likely to reflect the situation in each study area at each focal date were employed for calculation of the
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best estimates, these still need to be considered with some caution and are best viewed as indicators of
the order of magnitude of Maori harvests, rather than precise descriptors.

In both study areas the total biomass harvested for three of the four major classes of fauna increased
over time, with only marine mammals exhibiting a declining trend (Figure 6). In Greater Hauraki this
can be attributed partly to growth of the human population, for which the best estimate at ca. 1750
AD is 6.1 times greater than that at ca. 1400 AD. However both the fish and shellfish harvests
expanded at considerably greater rates than this (20.3 and 347.7 times respectively). The primary
driver of this was the need for Maori to compensate for the loss of two major sources of food
following the extinction of moa and extirpation of fur seals and sea lions from northern New Zealand
between 1400 and 1550 AD (Schmidt 2000b, Smith 2005). Fish and shellfish have significantly lower
energy yields per kilogram than the animals they were replacing, further increasing demand upon
these fisheries. The harvest of marine and coastal birds expanded at less than half the rate of human
population growth, indicating an overall diminution of their part in the human diet, which is likely to
reflect reduced availability through both hunting pressure and the impact of introduced mammalian
predators (Holdaway 1999, Smith in press).

Otago-Catlins provides an even clearer demonstration of the replacement process, as the best
estimates of human population postulate no growth between ca. 1400 and ca. 1750 AD. Over the
same period fish and shellfish harvests expanded by 9.9 and 5.6 times respectively, while the marine
mammal harvest fell to a third of its initial level. In this case the modest growth in the harvest of
marine and coastal birds indicates that they played an increasingly important part in human diet over
time. This divergence from the pattern observed in Greater Hauraki may reflect the important role that
growth of the human population played in depleting marine and coastal bird resources in the latter
area.

There is a strong trend through time in all four major classes of fauna from both study areas towards
exploitation of a narrower taxonomic range. The number of taxa within each class harvested at ca.
1750 AD ranges between 20% and 72% of those exploited at ca. 1400 AD (Table 29). Detailed
analysis elsewhere (Smith in press) shows that for fish and shellfish, at least, this cannot be attributed
to the size of archaeological samples under analysis; there are insufficient datasets to conduct similar
tests for birds and mammals. Only a small part of this trend is attributable to reduction of available
taxonomic breadth. Of marine taxa represented in the study assemblages only one has become extinct,
and the Waitaha penguin appears to have been rapidly replaced by the yellow-eyed penguin
(Bossenkool et al. 2009). Localised depletions were somewhat more common. As already noted, fur
seals and sea lions were extirpated from northern New Zealand, and at least some petrels, prions and
shearwaters ceased breeding on one or both of the main islands (Holdaway 1999) restricting
opportunities for anything other than opportunistic harvesting of these taxa to distant offshore islands.

Neither extinction nor serious depletion of populations has been documented for any of the fish or
shellfish taxa. For these classes of fauna, explanations for the narrowing of the range of species
harvested can be found in the cultural sphere. In the case of shellfish it can been attributed largely to
shifts in human settlement patterns which, in Greater Hauraki focussed increasingly on land suitable
for horticulture in the vicinity of estuaries, which typically support a high abundance but restricted
range of edible species (Smith in press). Otago-Catlins settlements of the later period appear to be
more strongly clustered than those of earlier periods, especially in the vicinity of rocky headlands,
although the driving forces in this case are less clearly understood. Declining diversity of fish catches
may have been influenced by these changes in settlement pattern, but there are also indications that
Maori fishing practice became more specialised with the dominant species in each region, snapper in
Greater Hauraki and barracouta in Otago-Catlins, forming an increasingly large proportion of the total
number of fish caught. It may be that the reliability with which these species could be located and
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harvested in large numbers became a critical factor when the demise of seals and moas placed
increasing demand on fishing as a source of dietary energy.

Although there are broad similarities in some trends over time, the patterns of species exploitation and
timing of changes in these varies considerably between the two study areas. This is not unexpected as
regional differences in pre-European Maori subsistence patterns are widely recognised (Leach 2006,
Smith 2004). It does indicate, however, that the harvest estimates generated here should not be
applied to other areas or more generally across the country. There are also some indications of
subregional variations within the datasets used here. For example the relative importance of
leatherjackets at ca. 1400 AD in Greater Hauraki can be correlated with the concentration of Early
period sites in the region on the east coast of the Coromandel, while the rise to prominence of
mackerel fisheries at ca. 1550 AD coincides with a greater number of sites around the shores of the
Hauraki Gulf (Smith in press).

One further feature of the species-by-species estimates is worthy of further comment. In several cases
there is a considerable difference between the relative abundance of taxa and their relative
contributions to harvested biomass, due to differences in body size. For example sharks make up only
6.2 % of the number of fish harvested in Greater Hauraki at ca. 1750 AD, but contributed 36.8% of
harvested biomass, almost equal to that from snapper which made up 59% of the total number of fish.
With only a small number of exceptions, previous analyses of the archacological evidence for Maori
fishing have relied solely on estimates of abundance, and for this reason they have been unable to
detect the late prehistoric rise in the importance of shark fishing in northern New Zealand.

Finally, this study has relied entirely upon pre-existing data of variable and sometimes unknown
quality. There are several ways in which future research could enhance the accuracy with which
estimates could be made regarding marine harvests in the past. Most importantly, existing
archacological data is least adequate for the Middle and Late periods of New Zealand’s prehistory,
largely because so much research effort has been focussed on the study of the initial colonisation
phase. Furthermore, much of what is available for later periods has derived from small-scale
development-driven rescue excavations, rather than properly resourced research investigations.
Targeted research on the nature and consequences of later phases of occupation has the potential to
provide greater clarity regarding the breadth, magnitude and consequences of Maori exploitation of
the marine environment.

5. MANAGEMENT IMPLICATIONS

The data presented in this report makes available for the first time a suite of numerical estimates for
the levels of customary harvest of a wide range of New Zealand's marine resources covering a
substantial portion of the period prior to European settlement in New Zealand. These provide baseline
data against which modern customary and commercial harvests can be assessed, and will have value
in future stock assessments. Once integrated with other suites of data from the Taking Stock project,
they will contribute to greater understanding of the long-term structure and functioning of New
Zealand's marine shelf ecosystems.
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Table 1: Number of study assemblages per area and period.

Period Greater Hauraki Otago-Catlins Total
Early 8 10 18
Early/Middle 11 9 20
Middle 25 2 27
Middle/Late 18 2 20
Late 13 9 22
Total 75 32 107
Table 2: Faunal component energy proportions (% total Kcal from animals): initial calculated

values and final adjusted values.

Marine/coastal Marine Terrestrial ~ Terrestrial

Area/period Value Shellfish Fish bird mammal Moa bird  mammal
Greater Hauraki
Early initial 0.66 11.50 3.39 59.77 21.10 1.46 2.11
Early final 0.62 10.74 4.16 54.80 23.38 2.76 3.54
Middle initial 43.13 51.72 0 0 0 0 5.15
Middle final 40.11 48.19 1.50 0.05 0 1.50 8.65
Late initial 51.95 43.16 1.05 0 0 0.51 3.33
Late final 44.50 44.12 2.50 0.05 0 2.67 6.17
Otago-Catlins
Early initial 0.61 5.81 5.92 57.21 27.05 0.77 2.63
Early final 0.57 5.39 6.49 52.10 29.49 1.90 4.06
Middle initial 3.38 59.07 8.42 21.10 3.15 1.95 2.93
Middle final 3.20 54.36 9.46 19.95 4.36 4.66 4.00
Late initial 1.89 57.36 17.73 12.00 0 2.25 8.77
Late final 4.28 52.49 16.22 10.98 0 4.77 11.25
Table 3: Maximum, minimum and best estimate values for variables used in estimating total

energy from animals.

Human population size (n) Energy/person/day (kcal) Proportion from animals
Area/year Min Best Max Min Best Max Min Best Max
Greater Hauraki
ca. 1400 500 2 000 2 500 1 800 2150 2172 0.53 0.66 0.78
ca. 1550 6 100 10 200 11700 1 800 2150 2172 0.40 0.53 0.66
ca. 1750 10 800 12 150 13 500 1 800 2150 2172 0.40 0.53 0.66
Otago-Catlins
ca. 1400 500 1 800 2 500 2150 2172 2193 0.66 0.78 0.90
ca. 1550 500 1 800 2 600 2150 2172 2193 0.66 0.78 0.90
ca. 1750 1 600 1 800 2 000 2150 2172 2193 0.66 0.78 0.90

25



Table 4: Estimated total energy (Kcal x 10°) harvested from animals during focal years in each

study area.

Area/year Minimum estimate Best estimate Maximum estimate
Greater Hauraki

ca. 1400 174.11 1 035.87 1545.92
ca. 1550 1 603.08 4242.36 6121.85
ca. 1750 2 838.24 5053.40 7 063.67
Otago-Catlins

ca. 1400 258.97 1113.06 1 801.00
ca. 1550 388.45 1 236.74 1 873.04
ca. 1750 828.70 1113.06 1 440.80
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Table 29: Taxa harvested at ca. 1750 AD as a proportion of taxa harvested at ca. 1400 AD.

Greater Hauraki Otago-Catlins
Fish 0.68 0.41
Shellfish 0.43 0.53
Marine and coastal bird 0.45 0.72
Marine mammal 0.20 0.60
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Greater Hauraki GH

Case study sites ¢

Other Maori sites -

Otago-Catlins

Figure 1: Greater Hauraki and Otago-Catlins, showing location of study sites and other pre-European
Maori sites.
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Figure 2: Simplified model of analytical procedure.
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total meat yield
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o
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Figure 3: Procedures used in determining energy yield per species in study assemblages.
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Figure 4: (A) Estimated growth rate for total New Zealand population based on cumulative frequency of
radiocarbon dates (after McFadgen ef al. 1994: Figure 4) showing proportion of population at
ca. 1550 AD. (B) Frequency of radiocarbon dated assemblages in Otago-Catlins study dataset.
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Figure 5: Minimum, best and maximum estimates for biomass of snapper harvested in Greater Hauraki.
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Figure 6: Best estimates for biomass harvested from four classes of marine fauna in each study area
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