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Archaeozoological data from two New Zealand regions, Greater Hauraki in northern North
Island and Otago-Catlins in southern South Island, are examined to document exploitation of
the marine environment by Maori prior to European settlement. Data from 107 reliably dated
archaeological assemblages are summarized to show the range of shellfish, finfish, marine bird
and marine mammal taxa that were harvested and the relative importance of species within each
of these classes. Regional differences in faunal spectra are detected and shown to be attributable
chiefly to geographic variations in availability of taxa. Changes over time are apparent in the
northern region, but are much less marked in the south. Marine mammals and birds disappear or
decline in abundance, with human predation the most likely cause. Changes in the composition
of shellfish and finfish harvests reflect changes in the location and organization of human
settlements, driven largely by expanding demand for land suitable for horticulture.

Keywords: archaeozoology; Maori prehistory; marine resources; human impacts; shellfish;
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Introduction

This paper summarizes archaeological data on
human use of marine resources in two New
Zealand study areas. The purpose is to assist in
understanding the nature and causes of changes
in coastal and marine shelf ecosystems over the
timescale of human occupation. It is part of a
broader collaborative project that is attempting
to use knowledge of the past to improve future
fisheries management. Led by Alison MacDiar-
mid of NIWA, the scope of this project is
summarized by its title—7Taking Stock: Long-
term effects of climate variation and human

impacts on the structure and functioning of

New Zealand marine shelf ecosystems. This
sets out to build a mass balance model of
current coastal and marine shelf ecosystems in
two study areas, and then estimate how it might
have operated during five earlier time slices:

c. 60 years ago (before modern industrial fish-
ing), 250 years ago (before European whaling
and sealing,), 450 years ago (about the middle
of the Maori period of occupation), 600 years
ago (soon after Maori arrival in New Zealand)
and 1000 years ago (before human settlement)
(Fig. 1). For each of the earlier periods
reconstruction depends in part on estimation
of the taxonomic composition and biomass of
removals from the marine environment through
human activities, alongside evidence for envir-
onmental changes likely to have altered marine
productivity. Archaeological data provide the
main source of evidence for estimating what
people harvested from the sea prior to the
emergence of written records.

There is a long history of using archaeolo-
gical data to infer changes in past ecosystems.
Numerous instances of animal extinctions and
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Figure 1 Time slices examined in Taking Stock project in relation to marine harvesting modes and

archaeological periods.

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 terres-

trial fauna, and in many cases predation by
people and their commensals or human-in-
duced habitat modification has been implicated
(Anderson 1989, 1997a; McGlone 1989; Hold-
away 1999; Worthy 1999).
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For the marine environment, evidence is
much more equivocal. New Zealand seals pro-
vide one well-explored case of pre-industrial
human impacts (Smith 1989, 2005), and inter-
nationally there are others for terrestrial-breed-
ing marine mammals (Bryden et al. 1999; Burton
et al. 2001). Equally, there are cases of appar-
ently 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 commer-
cial whaling in the eighteenth and nineteenth
centuries (Reeves & Smith 2006) and more
recent industrial-scale fisheries (Pauly et al.
1998; Myers & Worm 2003). 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 archaco-
logical research (Leach 2006).

Direct estimation of animal population
biomass from archaeological data is not gen-
erally possible. The archaeological window into
past ecological systems is blurred by transfor-
mative processes that influence the creation of
the archaeological record. These include har-
vesting 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 archaeozoolo-
gical analysis (Fig. 2). Furthermore archaeolo-
gists 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, archaeozoological 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

Maori exploitation of marine resources 3

are hypothesized (Anderson & Smith 1996b;
Walter et al. 2006) to have made regular intra-
annual shifts of residence to facilitate the
exploitation of dispersed, seasonally available
resources (Fig. 3A), and communities made
occasional territorial shifts over time (Fig. 3B).
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 infer-
ences about palaecoecology 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 archaeological deposits, and disturbance
of archaeological deposits introducing taxa
from earlier or later time periods. Where
recovery and analytical procedures are ade-
quate, 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.

Considerable caution is required in making
inferences about the abundance of various
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Figure 2 Transformation processes that potentially modify the archaeological reflection of abundance

patterns in the natural world.

species in the past from archaeological data.
The relative abundance of taxa in archaeozoo-
logical 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 frequen-
cies 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.

Two broad approaches were taken to gen-
erate information useful to the Taking Stock

project. First, an overview of marine resource
utilization was constructed for each study area
based upon the presence/absence of marine
taxa in archacozoological assemblages and,
where suitable data were available, their rela-
tive abundance. These data are summarized in
the present paper. The second approach in-
volved 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.
The latter component of the project will be
reported elsewhere.
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Figure 3 Model of prehistoric settlement patterns in New Zealand. A, Inter-relation of functionally discrete
sites utilized by a community. B, Territorial shifts of a community over time.

Study areas, sites and time frames

The study areas for the Taking Stock project
were selected to best utilize available data on past
and present marine shelf ecology, human im-
pacts and climate. The Greater Hauraki study
area extends from just south of Whananaki to

Waihi Beach on the east coast of the North
Island, while the Otago-Catlins study area
extends from just north of Oamaru to Slope
Point on the east coast of the South Island
(Fig. 4). While the marine shelf environments
that are the focus of the Taking Stock project
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Figure 4 Greater Hauraki and Otago-Catlins study areas showing location of case study sites and other
recorded archaeological sites of presumed pre-European age.

extend from mean high water out to a depth of
200 m, it is the archaeological sites on the
adjacent coasts that are of concern here. Both
study areas have large numbers of recorded pre-
European sites, although there are significantly
more in the Greater Hauraki area, reflecting the
marked concentration of Maori population in
the northern third of the country. However, only
a small proportion of these sites have been
investigated by archaeological excavation.

A thorough review was undertaken of
information available about excavated sites in
each study area, using published literature,
theses and dissertations in archaeology from
University of Auckland and University of
Otago, and the NZ Historic Places Trust’s
Archaeological Report Digital Library. Sites
were selected for detailed analysis on the basis
of two criteria: the availability of data on fauna
suitable for the methodology described below;
and the availability of reliable chronological

information (rigorously scrutinized radiocar-
bon datasets) enabling the sites, or specific
assemblages from them, to be placed securely
in time. The latter is of particular importance as
many previously reported summaries of archae-
ological fauna relied upon dates that are now
regarded as inadmissible (Smith 2008:369), and
did not have access to more recent, reliable age
determinations. In the present context the
primary concern was to identify assemblages
relevant to Taking Stock’s c. AD 1400, c. AD
1550 and c. AD 1750 time slices. With the need
to compile data from a broad range of sites in
each region, and in view of the uncertainties
inherent in radiocarbon dating, data were
compiled in terms of three broader period
designations: Early (c. AD 1250-1450), Middle
(AD 1450-1650), and Late (AD 1650—-1800)
(Fig. 1). Assemblages were assigned to periods
using protocols described in detail elsewhere
(Smith 2010). In practice the radiocarbon data



Downloaded by [University of Otago], [Professor | Smith] at 13:07 26 September 2011

for almost a third (32%) of the assemblages
overlap the period boundaries, and these were
classified as either Early/Middle or Middle/
Late. Although they do not represent discrete
time spans, these designations usefully group
assemblages that cluster in age around the
arbitrary boundaries, and for the general de-
scriptive purposes of the present paper are used
as if they are discrete periods. The abbrevia-
tions E, EM, M, ML and L are used for the
period names.

For the Greater Hauraki area a total of 75
assemblages from 48 sites were analysed, and
32 assemblages from 19 sites in the Otago-
Catlins area. The temporal distribution of the
assemblages is summarized in Table 1, and the
spatial distribution of the sites in Figure 4. Full
details of these sites and their chronology are
presented elsewhere (Smith & James-Lee
2010:tables 1, 2, appendix 1).

Method

Data on faunal remains from each of the
study assemblages was extracted from pub-
lished and unpublished sources, and is pre-
sented in detail elsewhere (Smith & James-Lee
2010:appendices 2-9). Where assemblages had
been re-examined (e.g. Millener 1981; Leach &
Boocock 1993; Worthy 1998a) revised identi-
fications were incorporated. Reported taxo-
nomic identifications were checked and where
necessary updated in the light of revisions of
nomenclature, based on the following sources:
for shellfish, Spencer et al. (2009); fish, Froese

Table 1 Frequency of study assemblages by period.

Greater Otago-
Period Hauraki Catlins Total
Early 8 10 18
Early/ 11 9 20
Middle
Middle 25 2 27
Middle/Late 18 2 20
Late 13 9 22
Total 75 32 107

Maori exploitation of marine resources 1

and Pauly (2010); birds, Checklist Committee
(OSNZ) (2010); and mammals, King (1995)
and Baker et al. (2010). Summaries of data
were compiled for four broad classes of fauna:
shellfish, finfish, coastal birds and marine
mammals. For the purposes of ecosystem
modelling in the Taking Stock project, coastal
birds include both marine species and shore-
birds that are significant feeders in tidal or
marine environments during any part of the
year.

At their simplest, the summaries of data
involved recording the number of assemblages
in which each species was represented and, in
order to assess changes over time, the propor-
tion of assemblages that they occurred within
each time period. For marine birds and seals
information was also compiled on the presence
of age or sex classes that could indicate the
former presence of breeding populations. For
most assemblages data were also available on
the frequency with which each taxon was
represented. While NISP (number of identified
specimens) is often preferred for inter-assem-
blage comparisons (Lyman 2008), the only
measure available for most of the assemblages
was the minimum number of individuals
(MNI): the smallest number of individual
animals necessary to account for all the
remains of a taxon in an archaeological
assemblage (Reitz & Wing 2008). These data
were used to determine which species regularly
made up a significant proportion of the
animals harvested within each faunal class.
However, to avoid the exaggerating effects of
small sample sizes (Grayson 1978), this proce-
dure was only undertaken with larger data sets
(MNI > 10). Where appropriate, two measures
of taxonomic composition were also calculated
from the larger datasets. Species richness was
assessed using Margalef’s Index, Dy, (Magur-
ran 2004:76—77), which adjusts the number of
taxa in an assemblage to control for sample
size. The evenness of species represen-
tation was evaluated with Simpson’s measure,
Ey;p (Magurran 2004:115-116, 239-40), which
yields values between zero and one, with
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higher values indicating that individuals are
distributed more evenly across all taxa present
in an assemblage. Correlations between index
values and MNI were examined to determine
whether observed differences may reflect no
more than variations in sample size, and only
those with no significant correlation are re-
ported below. In practice this restricted their
use to the analysis of shellfish and finfish

assemblages.

Results

Shellfish: Greater Hauraki

Shellfish are virtually ubiquitous in New Zealand
coastal sites, and they are represented in all 75

study assemblages from the Greater Hauraki
region. A total of 147 taxa are represented, 106
identified to species level, and the remaining 41
less precisely (Smith & James-Lee 2010:appen-
dix 2). Table 2 lists 24 species that occur in 10
or more assemblages, and/or make up >10%
of molluscan MNI in any of the 70 assemblages
for which quantified data are available.

Pipis and cockles were the most frequently
exploited species. Although the former occur in
a slightly greater number of assemblages, the
latter is more often the predominant species.
These are also the only two species to over-
whelmingly dominate any of the assemblages,
with cockles making up > 75% molluscan
MNI in 20 assemblages and pipis in 12. Few

Table 2 Most common and abundant shellfish in Greater Hauraki assemblages.

n assemblages® in which
% molluscan MNI is:

n assemblages' in

Taxon which present >50 25-50 10-25
Green-lipped mussel Perna canaliculus 23 1 2 4
Rock oyster Saccostrea cuccullata glomerata 21 - - 1
Scallop Pecten novaezelandiae 26 - - -
Pipi Paphies australis 70 19 6 15
Tuatua Paphies subtriangulata 45 3 - 8
Cockle Austrovenus stutchburyi 68 28 9 8
Ringed venus shell Dosinia anus 12 - - -
Cook Strait limpet Cellana denticulata 11 - 2 1
Radiate limpet Cellana radians 14 - 1 3
Paua Haliotis iris 12 - - -
Spotted top shell Diloma aethiops 8 - 1 2
Cooks turban Cookia sulcata 13 - - -
Cats eye Lunella smaragdus 44 1 4 4
Black nerita Nerita atramentosa 13 - - -
Horn shell Zeacumantus lutulentus 12 - - -
Turret shell Maoricolpus roseus 14 - - -
Ostrich foot Struthiolaria papulosa 20 - -

Ribbed slipper shell Maoricrypta costata 7 - - 2
Dark rock shell Haustrum haustorium 16 - - -
White rock shell Dicathais orbita 20 - - -
Large trophon Xymene ambiguous 11 - - -
Speckled whelk Cominella adspersa 25 - - -
Purple-mouthed whelk ~ Cominella glandiformis 14 - - -
Mudsnail Amphibola crenata 30 - 3 1

! Total assemblages with shellfish = 75.
2 Out of assemblages with shellfish MNI > 10 (n = 70).
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other species make a significant impact in the
molluscan assemblages. Tuatua and cats eyes
form a second rank of widely and occasionally
heavily exploited species. A third group that
includes the mudsnail, scallop, speckled whelk,
green-lipped mussel, rock oyster and ostrich
foot occurs in between a third and half of all
assemblages. Amongst these, only the mudsnail
and green-lipped mussel ever make up a
significant proportion of MNI. The remaining
15 species listed in Table 2 are best described as
only occasionally exploited.

Table 3 lists 36 taxa that occur in 25% or
more of the assemblages in any one time
period, showing the proportion of study assem-
blages within each period in which they occur.
These data suggest that over time a narrower
range of taxa were represented. Seven species
were widely exploited during the E period,
occurring in >70% of assemblages. Over time
the number of species that occur this widely
narrows to three in the EM period, and then
two in the remaining periods. Confirmation of
this observation from presence-absence data in
the full suite of assemblages can be found when
species richness is calculated for the subset of
assemblages with MNI data, which shows a
significant lowering of species richness over
time (Fig. 5A). While most assemblages (78%)
have low richness values (<2), all but four of
the 13 assemblages with higher values are from
the E or EM periods. Conversely, all but four
of the 28 assemblages with very low richness
values (< 1) are from the M, ML or L periods.
These variations are not driven by sample size,
with no significant correlations between rich-
ness and MNI for any of the periods (Table 4).

Evenness values are generally low through
all periods, reflecting a tendency for assem-
blages to have one dominant species amongst a
range of less abundant taxa (Fig. 6A). Higher
values are evident only in the ML and L periods
where some assemblages are composed of more
or less even numbers of just two taxa, cockle
and pipi. One or other of these nearly always
predominates in the assemblages with lower
evenness values throughout the M, ML and L

Maori exploitation of marine resources 9

periods. Prior to that, however, it is taxa from
rocky shore habitats that fulfill this role,
providing five of the six species that are the
most abundant in E period assemblages, and
four out of seven in the EM period. This trend
is also evident in the presence-absence data
(Table 3) which shows that six of the seven
most widely represented species in the E period
are rocky shore taxa (cats eye, green-lipped
mussel, radiate limpet, black nerita, white rock
shell, Cook Strait limpet). In all subsequent
periods the predominant species are from
estuarine (pipi, cockle) or open sandy beach
(tuatua) habitats. While rocky shore species
continue to be exploited—they make up be-
tween 34% and 45% of all taxa throughout all
periods—all but three of the 29 instances in
which any one of these makes up >10% of
molluscan MNI are confined to the E and EM
periods. Potential explanations for this will be
considered below.

Shellfish: Otago-Catlins

As in Greater Hauraki, shellfish are represented
in all the study assemblages from the Otago-
Catlins region. A total of 90 taxa are repre-
sented, 68 identified to species level and the
remaining 22 less precisely (Smith & James-Lee
2010:appendix 6). However, the majority of
these are neither widely represented nor abun-
dant. Only 19 taxa are represented in five or
more of the study assemblages, and include all
those that make up > 10% of molluscan MNI
in the 22 assemblages for which these data are
available (Table 5). Taxonomic composition
indices were calculated for 19 assemblages
with MNI >20, and disclosed no significant
correlation between MNI and species richness
(Table 4).

Five species stand out as the most common
and abundant. Blue mussels, cockles, and pipis
were clearly the most frequently and heavily
exploited species. Cats eyes were as widely
represented, but much less often in high
numbers, while mudsnails occurred in slightly
fewer assemblages but quite commonly in high
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Table 3 Temporal distribution of frequently exploited shellfish in Greater Hauraki assemblages.

% study assemblages per period in which present

Early E/M Middle M/L Late
Taxon n=_8 n=11 n=25 n=18 n=13
Cats eye Lunella smaragdus 100 64 52 67 31
Green-lipped Perna canaliculus 88 45 20 22 15
mussel
Radiate limpet Cellana radians 88 45 4 6 -
Cockle Austrovenus stutchburyi 75 91 92 100 85
Black nerita Nerita atramentosa 75 45 - 11 -
White rock shell Dicathais orbita 75 36 12 33 8
Cook Strait limpet Cellana denticulata 75 36 - 6 -
Pipi Paphies australis 63 100 100 100 85
Tuatua Paphies subtriangulata 63 73 64 67 31
Dark rock shell Haustrum haustorium 63 45 12 11 8
Cooks turban Cookia sulcata 63 45 - 11 8
Scallop Pecten novaezelandiae 50 36 36 44 8
Paua Haliotis iris 50 36 4 11 8
Mudsnail Amphibola crenata 38 55 44 44 15
Ringed venus shell Dosinia anus 38 18 16 11 8
Purple-mouthed Cominella glandiformis 38 18 8 28 15
whelk
Spotted top shell — Diloma aethiops 38 18 8 - 8
Venus shell ?sp. Dosinia sp. 38 18 4 6 8
Ribbed slipper Maoricrypta costata 38 18 - 11 -
shell
White slipper shell Maoricrypta monoxyla 38 - - 17 -
Rock oyster Saccostrea cuccullata 25 27 36 39 -
glomerata
Turret shell Maoricolpus roseus 25 27 28 11 -
Speckled whelk Cominella adspersa 25 18 36 44 31
Morning star Tawera spissa 25 18 - 6 -
Encrusted limpet  Patelloida cortica 25 18 - - -
Trophon Xymene traversi 25 18 - - -
Mudflat top shell  Diloma subrostrata 25 9 4 17 -
Trophon Xymene plebius 25 9 4 17 -
Large trophon Xymene ambiguous 25 9 4 11 15
Small circular Sigapatella tenuis 25 - - 6 -
slipper
Ribbed venus Protothaca crassicostata 25 - - - 8
Paua ?sp. Haliotis sp. 25 - - - -
Purple cockle Purpurocardia purpurata 25 - - - -
Large dog cockle  Tucetona laticostata 13 27 - 6 -
Ostrich foot Strutholaria papulosa - 27 36 33 15
Wheel shell Zethalia zelandicum - 27 - 6 -
Additional taxa occurring in this period 54 37 44 49 19
Total taxa represented 88 68 66 79 38
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Figure 5 Species richness (Dyg) plotted against sample size (MNI) for shellfish assemblages from A, Greater
Hauraki and B, Otago-Catlins. The progressive lowering of intercepts in the best-fit regression lines for
successive periods in the Greater Hauraki series is highly significant (¥ = 7.10185, P < 0.0001). There is no
significant difference between periods in Otago-Catlins.

numbers. It should also be noted that the
predominance of blue mussels may be even
greater than these data suggest as the poor
survival of their shells in archaeological sites
generally leads to underestimation of their
abundance in MNI counts.

Paua, Cooks turban, and green-lipped mus-
sels are slightly less widely represented and
seldom very common in the molluscan assem-
blages, suggesting lower rates of harvesting.
Again, differences in archaeological survival
may be a factor, with Cooks turban and paua
particularly difficult to quantify accurately, and
therefore probably under-represented. It will
also be noted that a moderately large number
of assemblages have Haliotis remains that
cannot be positively assigned to species. At

least one of limpets of the Cellana genus is
probably equally widely represented, but in the
majority of assemblages it was not possible to
identify these to species. The mud oyster, shield
limpet, spotted top shell, ribbed mussel, tuatua,
a whelk and the rock shell Haustrum lacunosum
form a third group of moderately well repre-
sented but seldom abundant species.

There is conflicting evidence as to whether
there was change over time. Among the assem-
blages for which it was calculated, species
richness values range from low to moderate at
all periods, with only one high value, from an
ML period assemblage (Fig. 5B). Likewise
there is no obvious shift in taxonomic evenness,
with a range of low to moderate values for
most assemblages from all periods (Fig. 6B).
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Table 4 Correlations of species richness and sample size for shellfish assemblages.

Study area/period n assemblages r P (2-tailed) significance
Greater Hauraki
Early 9 0.618 0.076 NS
Early/Middle 10 —0.057 0.003 NS
Middle 24 0.114 0.013 NS
Middle/Late 15 0.290 0.084 NS
Late 11 0.182 0.033 NS
Otago-Catlins
Early 8 0.043 0.002 NS
Early/Middle 5 0.032 0.001 NS
Middle/Late + Late 6 0.238 0.056 NS

However, a trend is apparent when presence-
absence data for the full sample are considered
(Table 6). For this purpose the M and ML
periods, each represented by only two assem-
blages, are excluded from consideration. The E

A Early EarIy/MiddIe
0o 2

and EM periods exhibit a broadly consistent
pattern with the same six or seven species
occurring in more than half of all assemblages
in each period. However, in the L period the
two most widely represented species occur in

Middle Middle/Late Late

Evenness
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Figure 6 Numbers of shellfish assemblages in taxonomic evenness (E,p) bands for (A) Greater Hauraki and

(B) Otago-Catlins.
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Table 5 Most common and abundant shellfish in Otago-Catlins assemblages.

N assemblages® in which
% molluscan MNI is:

n assemblages' in

Taxon which present >50 25-50 10-25
Blue mussel Mytilus galloprovincialis 22 6 2 3
Green-lipped mussel Perna canaliculus 14 - 1

Ribbed mussel Aulacomya maoriana 8 - - -
Mud oyster Ostrea chilensis 10 - - -
Pipi Paphies australis 21 4 4 3
Tuatua Paphies subtriangulata 7 - - -
Cockle Austrovenus stutchburyi 22 3 4 1
Radiate limpet Cellana radians 6 1 -
Striated limpet Cellana strigilis 8 - -

Limpet Cellana ?sp. Cellana sp. 12 - 2 -
Paua Haliotis iris 17 - - 1
Paua ?sp. Haliotis 7sp. 8 - 1 -
Shield limpet Scutus breviculus 9 - - 1
Spotted top shell Diloma aethiops 8 - - 1
Cooks turban Cookia sulcata 15 - - -
Cats eye Lunella smaragdus 19 - - 1
Rock shell Haustrum Lacunosum 5 - - -
Whelk Buccinulum ?Sp. Buccinulum 7sp. 5 - - -
Mudsnail Amphibola crenata 18 3 3 1

! Total assemblages with shellfish = 32.
2 Out of assemblages with shellfish MNI > 10 (n = 22).

only 56% of the assemblages, with another two
in 44%. This appears to indicate a shift in
shellfishing practice towards a narrower range
of species at any one locality, but variation
between localities in which species were tar-
geted. With this apparent change in shellfishing
strategy it is difficult to assess any changes at
the species level, although it can be noted that
all of the assemblages in which cockles make up
> 25% of molluscan MNI are confined to the
E and EM periods, while all but one of those
dominated by blue mussels are from the EM,
ML or L periods.

Finfish: Greater Hauraki

Finfish occur in 56 of the 75 Greater Hauraki
study assemblages (Smith & James-Lee
2010:appendix 3). They are absent in two
from the EM period, seven from the the M

period, three from the ML period and four
from the L period. A total of 35 taxa have been
identified (Table 7). It should be noted that
some of these are family or higher-level group-
ings necessitated by the nature of archaeologi-
cal data: it is virtually impossible to identify the
various species of Labridae on the basis of
skeletal morphology; Carangidae are often
difficult to distinguish; and the poor survival
of elasmobranch remains frequently precludes
specific identification.

Snapper were clearly the main focus of
fishing activity, occurring in 75% of all assem-
blages, and dominating finfish MNI counts in
more assemblages than any other species. The
next most widespread species, kahawai, occurs
in less than half as many assemblages and is
abundant in only two. Wrasses and barracouta
are moderately widely represented, but again
only rarely abundant. But for difficulties in
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Table 6 Temporal distribution of frequently exploited shellfish taxa in Otago-Catlins assemblages.

% study assemblages per period in which present

Downloaded by [University of Otago], [Professor | Smith] at 13:07 26 September 2011

Early/ Middle/
Early Middle  Middle Late Late
Taxon n=10 n=9 n=>2 n=2 n=9
Cockle Austrovenus stutchburyi 80 56 50 50 56
Blue mussel Mytilus galloprovincialis 70 78 100 100 33
Pipi Paphies australis 70 67 100 100 33
Mudsnail Amphibola crenata 60 56 50 50 44
Cats eye Lunella smaragdus 50 78 100 50 33
Cooks turban Cookia sulcata 50 56 50 50 33
Limpet Cellana ?sp. Cellana 7sp. 40 33 100 - 33
Green-lipped mussel Perna canaliculus 40 33 - 100 56
Paua sp. Haliotis 7sp. 40 22 - - 11
Paua Haliotis iris 30 67 100 100 44
Striated limpet Cellana strigilis 30 22 50 50 11
Swollen trumpet shell Argobuccinum 30 - - - -
pustulosum
Shield limpet Scutus breviculus 20 44 - 50 22
Ribbed mussel Aulacomya maoriana 20 33 - 50 22
Top shell Diloma zelandica 20 - — 50 -
Southern cats eye Modelia granosa 20 - - 50 -
Siphon limpet ?sp. Siphonaria ?sp. 20 - - 50 -
Ribbed venus Protothaca crassicostata 20 — — - -
Spotted top shell Diloma aethiops 10 44 50 50 11
Mud oyster Ostrea chilensis 10 44 - 50 33
Whelk Buccinulum ?sp. Buccinulum 7sp. 10 33 — 50 -
Rock shell Haustrum lacunosum 10 22 - 50 11
Turret shell Maoricolpus roseus 10 22 - 50 -
Top shell Diloma ?sp. Diloma ?sp. 10 22 — 50 -
Silver paua Haliotis australis 10 22 - 50 -
Opal top shell Cantharidius tenebrosus 10 22 - 50 -
Wheel shell Zethalia zelandicum 10 22 — - 11
Purple-mouthed whelk Cominella glandiformis 10 22 - - -
Large trough shell Mactra discors 10 22 - - -
Radiate limpet Cellana radians 10 - 50 50 33
Tuatua Paphies subtriangulata - 33 50 50 22
Opal top shell ?sp. Cantharidius 7sp. - 22 - - 11
Muricid ?sp. Muricidae ?sp. - 22 - - -
Circular slipper shell Sigapatella - 22 - - -
novaezealandiae
Mussel ?sp. Mytilidae ?sp. - - - - 33
Limpet ?sp. limpet 7sp. - - - - 22
Additional taxa occurring in this period 25 30 0 25 7
Total taxa represented 55 58 12 49 29
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Table 7 Frequency and abundance finfish in Greater Hauraki assemblages.

n assemblages® in which %
finfish MNI is:

n assemblages' in

Taxon which present >50 25-50 10-25
Blue shark Prionace glauca 1 - - -
Northern dogfish Squalus blainvillei 1 - - -
Shark ?sp. Carchariniforme 7sp. 6 - - -
Eagle ray Mpyliobatis tenuicaudatus 4 - - -
Shark/ray ?sp. Elasmobranchii ?sp. 1 - - -
Ghost shark Callorhinchus milii 1 - - -
Freshwater eel 7sp. Anguilla sp. 5 - - -
Red cod Pseudophycis bachus 3 - - -
John dory Zeus faber 3 - - -
Red gurnard Chelidonichthys kumu 12 - - -
Hapuku Polyprion oxygenios 1 - - -
Trevally Pseudocaranx dentex 8 - - 1
Kingfish Seriola lalandi 1 - -

Jack mackerel Trachurus declivis 4 - - -
Horse mackerel Trachurus novaezelandiae 7 - 1 1
Mackerel ?sp. Trachurus 7sp. 13 - 1 -
Carangid ?sp. Carangidae ?sp. 4 - - 2
Kahawai Arripis trutta 20 2 1
Snapper Pagrus auratus 42 9 3 5
Blue maomao Scorpis violacea 2 - - -
Tarakihi Nemadactylus macropterus 8 - 1
Red moki Goniistus spectabilis 1 - - -
Blue moki Latridopsis ciliaris 3 - - -
Trumpeter Latris lineata 1 - - -
Grey mullet Mugil cephalus 2 - - -
Yellow-eyed mullet Aldrichetta forsteri 8 - 1

Wrasses Labridae 16 - - 6
Butterfish Odax pullus 2 - -

Spotted stargazer Genyagnus monopterygius 1 - - -
Blue cod Parapercis colias 9 - - -
Barracouta Thyrsites atun 15 - 1 2
Blue mackerel Scomber australasicus 3 - - 1
Common warehou Serolella brama 1 - - -
Flounder ?sp. Rhombosolea sp. 1 - -
Leatherjacket Meuschenia scaber 13 3 3 2

! Total assemblages with finfish = 56.

2 Out of assemblages with finfish MNI > 10 (n = 21).

identification, one or more species of mackerel
may have had similar representation. The only
other species of note is the leatherjacket, which,
although not widespread in occurrence, made a
significant contribution to finfish MNI in more

assemblages than any species other than snap-
per.

The finfish assemblages disclose several
indicators of change over time (Table 8). The
proportion of assemblages in which finfish
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occur (including those not identified to species)
declines from 100% in the E and EM periods to
76% in the M period and 77% in the L period.
Reasons for this will be considered in the
Discussion. Throughout all periods snapper
remain the most frequently represented species,
although their predominance is markedly lower
during the M and ML periods. Wrasses,
kahawai and leatherjacket were all widely
represented in the E period, but never again
occur so prominently. This decline is particu-
larly marked for leatherjackets, with all the
assemblages in which they made up > 10%
finfish MNI confined to the E and EM periods.
The majority of other species also decline in
frequency of representation after the Early
period, suggesting that there may have been a
narrowing of the taxonomic range in the finfish
catch over time. However, this is not supported
by the analysis of species richness (Table 9, Fig.
7A), although it should be noted that quanti-
fied data of suitable sample size were available
for less than half of the assemblages, with none
from the L period, so some caution must
remain.

Another potential indicator of change is
that eight of the 11 highest evenness values are
from the the M and ML periods, indicating that
fish catches of these periods were less likely to
be dominated by a single species (Fig. 8A).
However, this might be a product of identifica-
tion difficulties, which may have disguised an
increase in mackerel fishing during the M and
ML periods. Because the bones of jack mack-
erel and horse mackerel can be difficult to
distinguish they are often identified as
Trachurus ?sp, and it is likely that most of those
identifed as Carangidae ?sp also derive from
one of these species. When the presence-
absence data for these taxa are summed, they
suggest mackerel were represented at 25% of
sites in the E period and 33% in the EM period,
rising to 67% in the M period and 53% in the
ML period, before falling again to 11% in the L
period.

Finfish: Otago-Catlins

Finfish remains occur almost as frequently as
shellfish in Otago-Catlins sites, occuring in all
but two of the 32 study assemblages (Smith &
James-Lee 2010:appendix 7). They are reported
as absent from an L period assemblage at
Katiki Beach, and from the E period in the
lowest layer of the TT1 excavation at Papato-
wai. In the latter case, at least, this is clearly a
product of archaeological sampling, as other E
period assemblages from the same site do
contain fish remains.

A total of 32 taxa have been identified
(Table 10), with some only to family or taxa
above species for reasons outlined earlier. Six
taxa stand out as the main focus of Maori
fishing in the Otago-Catlins region. Barracouta
are represented in every assemblage, and make
up more than 50% on finfish MNI in over half
of those with assemblages large enough for
meaningful analysis. Red cod are almost as
widely represented, frequently second to barra-
couta in MNI counts, and outnumber them in a
small number of assemblages. Ling, hapuku,
wrasses and blue cod are the only other taxa to
occur in more than half of the study assem-
blages, and occasionally make up significant
proportions of total finfish numbers. Of the less
widely represented taxa, only the black cods
ever figure strongly in MNI counts. Both the
assemblages where this occurs are from the
same site (Ross’s Rocks, East Otago), suggest-
ing that it represents a localized pattern of
either species abundance or fishing practice.

There are indications of both stability and
change over time in the Otago-Catlins fishery
(Table 11). The two main species, barracouta
and red cod, remain overwhelmingly dominant
through all time periods. Among the second
rank of species there are apparent declines in
the frequency of exploitation for blue cod,
trumpeter and black cods, especially if the
inadequate sampling from M and ML period
sites is set to one side. In contrast to this,
however, ling and hapuku appear to occur
more often in sites after the E period. At a
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Table 8 Temporal distribution of finfish in Greater Hauraki assemblages.

% study assemblages per period in which present
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Early E/M Middle M/L Late
Taxon n=2_y n=11 n=25 n=18 n=13
Snapper Pagrus auratus 100 73 36 44 69
Wrasses Labridae 100 45 4 6 8
Kahawai Arripis trutta 88 45 12 17 15
Leatherjacket Meuschenia scaber 75 45 - 6 8
Tarakihi Nemadactylus macropterus 50 27 - 6 -
Blue cod Parapercis colias 50 18 4 11 -
Red gurnard Chelidonichthys kumu 38 18 8 22 8
Barracouta Thyrsites atun 38 9 20 28 8
Red cod Pseudophycis bachus 25 9 - - -
Blue moki Latridopsis ciliaris 25 9 - - -
Yellow-eyed mullet Aldrichetta forsteri 25 - 12 11 8
Freshwater eel ?sp. Anguilla 7sp. 25 - 4 6 8
John dory Zeus faber 25 - - 6 -
Trevally Pseudocaranx dentex 13 9 8 17 8
Eagle ray Myliobatis tenuicaudatus 13 9 - 6 8
Shark ?sp. Carchariniforme 7sp. 13 - 12 6 8
Horse mackerel Trachurus novaezelandiae 13 - 8 22 -
Jack mackerel Trachurus declivis 13 - 8 - 8
Grey mullet Mugil cephalus 13 - 4 - -
Common warehou Serolella brama 13 - - - -
Ghost shark Callorhinchus milii 13 - - - -
Blue shark Prionace glauca 13 - - - -
Shark/ray Elasmobranchii ?sp. 13 - - - -
Mackerel ?sp. Trachurus sp. - 27 24 22 -
Blue maomao Scorpis violacea - 18 - - -
Trumpeter Latris lineata - 9 - - -
Blue mackerel Scomber australasicus - - 8 6 -
Carangid ?sp. Carangidae ?sp. - - 4 11 8
Spotted stargazer Genyagnus monopterygius - - 4 - -
Flounder ?sp Rhombosolea sp. - - 4 - -
Butterfish Odax pullus - - - 6 8
Hapuku Polyprion oxygenios - - - 6 -
Kingfish Seriola lalandi - - - 6 -
Red moki Goniistius spectabilis - - - 6 -
Northern dogfish Squalus blainvillei - - - - 8
Total taxa represented 23 15 18 22 15
Total assemblages with finfish identified to species 8 9 15 15 9
Total assemblages with finfish 8 11 19 16 10

broader level, there are clear signs that the
range of fish exploited declined over time. Of
the 22 taxa represented in E period assem-

blages, six are not represented again, and
another four occur in only one other time
period. Species richness values fall significantly
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Table 9 Correlations of species richness and sample size for finfish assemblages.

Study area/period n assemblages r p (2-tailed) Significance
Greater Hauraki
Early 6 0.551 0.257 NS
Early/Middle 5 0.264 0.668 NS
Middle 4 —0.436 0.564 NS
Middle/Late 6 0.631 0.179 NS
Otago-Catlins
Early 5 0.770 0.128 NS
Early/Middle 7 —0.151 0.746 NS
Middle/Late + Late 9 0.147 0.706 NS
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Figure 7 Species richness (Dyg) plotted against
sample size (MNI) for finfish assemblages from (A)
Greater Hauraki and (B) Otago-Catlins. The pro-
gressive lowering of intercepts in the best-fit regres-
sion lines for successive periods in the Otago-Catlins
series is  highly  significant  (F = 5.81369,
P=0.01192). There is no significant difference
between periods in Greater-Hauraki.

over time (Table 9, Fig. 7B), while evenness at
the high and low extremes seen in some E and
EM period assemblages is no longer evident by
the L period (Fig. 8B). Once again, reasons for
this will be considered below.

Coastal birds: Greater Hauraki

Birds are relatively scarce in the Greater Haur-
aki study assemblages, occurring in only 24 of
the 75 under analysis (Smith & James-Lee
2010:appendix 4). Moas and smaller birds
from terrestrial and wetland habitats occur in
16 of these, and coastal birds in 17. Where
quantified data are available, coastal birds
make up between 16% and 100% of MNI
from small birds (i.e. other than moa). These
are predominantly small assemblages—only
four have coastal bird MNI > 10, with the
largest at 94—which limits the certainty with
which patterns of abundance can be inferred
and precludes meaningful analysis of taxonomic
composition indices.

A total of 22 coastal bird species have been
identified (Table 12). It should be noted that it
is often difficult to achieve positive identifica-
tions to species level from archaeological re-
mains of birds, and in the present dataset
another five less certain taxonomic categories
are represented. The little penguin is the most
widely represented species, with the spotted
shag the only other to occur in a moderately
large number of sites. These species, along with
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Figure 8 Numbers of finfish assemblages in taxonomic evenness (£ p) bands for (A) Greater Hauraki and

(B) Otago-Catlins.

the fluttering shearwater, black-backed gull,
sooty shearwater, common diving petrel and
pied shag, are the only ones that ever form a
large proportion of coastal bird MNI, although
as already noted the small size of most assem-
blages limits confidence in these data. Further-
more shag, shearwater and petrel bones that
have not been positively identified to species
occur in a moderately large number of assem-
blages, and sometimes as abundantly as the
positively identified taxa, suggesting that some
of the latter may be under-represented. Eigh-
teen of the positively recorded species are
thought to have been breeding in northern
New Zealand at the time of first human arrival
(Holdaway et al. 2001). For five of these, bones
of immature animals have been reported from
at least one study assemblage, indicating ex-
ploitation of breeding sites. The four remaining

species are all recorded seasonal or occasional
visitors to coasts of the Greater Hauraki
region.

There is strong evidence for change over
time. The proportion of assemblages in which
coastal birds are represented declines from
100% in the E period to 45% of the EM sites.
Coastal birds are totally absent in the M period,
and then occur in 11% of ML sites and 15% of
L sites (Table 13). Further to this, the majority
of coastal birds in both ML and L sites are
represented by single bones, raising the possibi-
lity that they were raw materials collected for
artefact manufacture, perhaps from beach
wrecks, rather than remains of animals hunted
for food. It is also noteworthy that apart from
one example of a spotted shag from an ML site,
all of the immature bird bones reported for the
study sites derive from the E period.
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Table 10 Frequency and abundance finfish in Otago-Catlins assemblages.

n assemblages' in

n assemblages® in which

% finfish MNI is:

Taxon which present >50  25-50 10-25
Shark/ray ?sp. Elasmobranchii 7sp. 3 - - -
Ghost shark Callorhynchus milli 3 - - -
Freshwater eel ?sp. Anguilla 7sp. 1 - - -
Red cod Pseudophycis bachus 24 3 4 6
Northern bastard red cod  Pseudophycis breviusculus 1 - - -
Rock cod Lotella rhacinus 1 - - -
Ling Genypterus blacodes 22 - - 4
Sea perch Helicolenus barathris 3 - - -
Red rock cod Scorpaena papillosus 1 - - -
Red scorpion fish Scorpaena cardinalis 3 - - -
Dark toadfish Neophrynicthys latus 1 - - -
Red gurnard Chelidonichthys kumu 1 - - -
Hapuku Polyprion oxygeneios 17 - - 1
jack mackerel Trachurus declivis 1 - - -
Horse mackerel Trachurus novaezelandiae 1 - - -
Carangid ?sp. Carangidae ?sp. 1 - - -
Snapper Pagrus auratus 5 - - -
Tarakihi Nemadactylus macropterus 4 - - -
Blue moki Latridopsis ciliaris 4 - - -
Trumpeter Latris lineata 10 - - -
Yellow-eyed mullet Aldrichetta forsteri 2 - - -
Wrasses Labridae 17 - - 2
Blue cod Parapercis colias 15 - 1 2
Black cod Nototheniidae 8 - 2 -
Barracouta Thyrsites atun 30 12 7 1
Gemfish Rexea solandri 1 - - -
Common warehou Seriollela brama 1 - - -
Bluenose warehou Hyperoglyphe antarctica 2 - - -
Frostfish Lepidopus caudatus 1 - - -
Flounder ?sp. Rhombosolea sp. 3 - - -
Brill Colistium guntheri 1 - - -

' Total assemblages with finfish = 30.
2 Out of assemblages with finfish MNI > 10 (1 =21).

Coastal birds: Otago-Catlins

Birds are present in all but one of the Otago-
Catlins (Smith & James-Lee
2010:appendix 8). These include moas in 18

assemblages

assemblages (along with another five where
their bones are present as industrial raw
materials), smaller terrestrial and wetland birds
in 26 assemblages, and coastal birds in all 31.

The latter make up 50% or more of total small
bird MNI in two-thirds of the 27 assemblages
for which quantified data are available.

A total of 30 coastal bird species have been
identified from the Otago-Catlins study assem-
blages (Table 14). All yellow-eyed penguin
identifications are listed here as Megadyptes
sp. as virtually all were made prior to recent
separation of an extinct smaller species
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Table 11 Temporal distribution of finfish in Otago-Catlins assemblages.

% study assemblages per period in which present

Early/ Middle/
Early Middle  Middle Late Late
Taxon n=10 n=9 n=>2 n=2 n=9
Barracouta Thyrsites atun 90 100 100 100 89
Red cod Pseudophycis bachus 70 78 50 100 78
Blue cod Parapercis colias 60 44 50 100 22
Trumpeter Latris lineata 50 33 - 100 -
Ling Genypterus blacodes 40 89 100 50 78
Wrasses Labridae 40 78 100 100 22
Black cods Nototheniidae 40 22 - 100 -
Hapuku Polyprion oxygeneios 30 56 50 100 67
Snapper Pagrus auratus 30 22 - - -
Tarakihi Nemadactylus 30 - - 50 -
macropterus
Redscorpion fish Scorpaena cardinalis 20 - - 50 -
Blue moki Latridopsis ciliaris 10 22 - - 11
Sea perch Helicolenus papillosus 10 11 50 - -
Yellow-eyed mullet Aldrichetta forsteri 10 11 - - -
Bluenose warehou Hyperoglyphe antarctica 10 11 - - -
Elasmobranch ?sp. Elasmobranchii ?sp. 10 - - 50 11
Freeshwater eel ?sp. Anguilla sp. 10 - - - -
Rock cod Lotella rhacinus 10 - - - -
Red gurnard Chelidonichthys kumu 10 - - - -
Jack mackerel Trachurus declivis 10 - - - -
Horse mackerel Trachurus novaezelandiae 10 - - - -
Gemfish Rexea solandri 10 - - - -
Flounder ?sp. Rhombosolea ?sp. - 33 - - -
Ghost shark Callorhynchus milli - 22 - - 11
Northern bastard red cod Pseudophycis breviusculus - 11 - - -
Frostfish Lepidopus caudatus - 11 - - -
Carangid ?sp. Carangidae ?sp. - 11 - - -
Common warehou Seriollela brama - 11 - - -
Brill Colistium guntheri - 11 - - -
Red rock cod Scorpaena papillosus - - 50 - -
Dark toad fish Neophrynicthyis latus - - 50 - -
Total taxa represented 22 21 9 11 9
Total assemblages with finfish 9 9 2 2 8

(M. waitaha) from

the larger form (M.

antipodes) now resident in the study area
(Bossenkool et al. 2009). Not listed in Table
14 are any of the reported identifications only
to taxa above species level. Careful scrutiny of
these suggests that in all cases they are likely to

derive from species already positively identified
within the assemblage concerned. However, it is
likely that frequency counts underestimate the
abundance of some taxa.

In contrast to what was observed with
shellfish, finfish and Greater Hauraki birds,
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Table 12 Frequency, abundance and breeding status of coastal birds in Greater Hauraki assemblages.

n
assemblages’
in which %
coastal bird

MNI is:
Breeding n assemblages'

Taxon status® in which Present >50 25-50
Little blue penguin Eudyptula minor NO, N, Imm 14 1 1
Albatross/mollymawk ?sp. Diomedeidae ?sp. 5 - 1
Northern giant petrel Macronectes hallii 1 - -
Grey-faced petrel Pterodroma macroptera NO, N, Imm 3 - -
Mottled petrel Pterodroma inexpectata N 1 - -
Broad-billed prion Pachyptila vitata 1 - -
Prion ?sp. Pachyptila sp. 1 - -
Sooty shearwater Puffinus griseus NO, N, Imm 4 - 1
Fluttering shearwater Puffinus gavia NO, N, Imm 6 - 1
Little shearwater Puffinus assimilis NO, N 1 - -
Shearwater Puffinus ?sp. 3 - 1
Common diving petrel Pelecanoides urinatrix NO, N 4 - 1
Petrel ?sp. Procellariidae ?sp. 7 - 2
Australasian gannet Morus serrator NO, N 2 - -
Little shag Phalacrocorax melanoleucos NO, N 3 - -
Black shag Phalacrocorax carbo NO, N 3 - -
Pied shag Phalacrocorax varius NO, N 2 - 1
Shag Phalacrocorax?sp. Phalacrocorax ?sp. 3 - 1
Spotted shag Stictocarbo punctatus NO, N, Imm 7 1 1
Lesser knot Calidras canutus rogersi 1 - -
NZ dotterel Charadrius obscurus NO, N 1 - -
Wrybill Anarhyncus frontalis 1 - -
Black-backed gull Larus dominicanus NO, N 5 - 1
Red-billed gull Larus novaehollandiae NO, N 1 - -
Caspian tern Hydroprogne caspia N 1 - -
Black-fronted tern Childonias albostriata N? 1 - -
White-fronted tern Sterna striata NO, N 2 - -

' Total assemblages with birds = 24.

2 Out of assemblages with coastal bird MNI >5 (n =11).
3 At time of human arrival breeding populations on northern offshore islands (NO) and/or North Island (N) (after
Holdaway et al 2001); Imm = bones of immature individuals reported from study assemblages.

none of the Otago-Catlins coastal bird assem-
blages is ever dominated by one species that
contributes more than 50% of total category
MNI, indicating that birding here tended to be
a broad-spectrum rather than closely targeted
pursuit. Nonetheless the spotted shag stands
out as the most widely represented species and

the one which most often occurs in moderately
large numbers in assemblages. A second group
of species that are widely represented, but less
often abundant in sites, includes the white-
capped albatross, Stewart Island shag, little
blue, crested and yellow-eyed penguins, and the
common diving petrel. The only other species
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Table 13 Temporal distribution of coastal birds in Greater Hauraki assemblages.

% study assemblages per period in which present

E E/M M M/L L
Taxon n=2_y n=11 n=25 n=18 n=13
Little penguin Eudyptula minor 88 55 - 6 8
Spotted shag Stictocarbo punctatus 63 9 - 6 8
Petrel ?sp. Procellariidae ?sp. 50 18 - - 8
Black-backed gull Larus dominicanus 50 9 - 6 -
Fluttering shearwater Puffinus gavia 38 27 - 8
Common diving petrel Pelecanoides urinatrix 38 9 - - 8
Black shag Phalacrocorax carbo 38 9 - - -
Shearwater Puffinus ?sp. 38 - - -
Sooty shearwater Puffinus griseus 25 18 - -
Albatross/mollymawk ?sp. Diomedeidae ?sp. 25 9 - 6 8
Little pied shag Phalacrocorax 25 9 - 6 -

melanoleucos

Shag ?sp. Phalcrocorax sp. 25 9 - - -
Pied shag Phalacrocorax varius 25 - - - -
Australasian gannet Morus serrator 13 18 - - -
White-fronted tern Sterna striata 13 9 - 6 -
Wrybill Charadrius frontalis 13 9 - - -
Red-billed gull Larus novaehollandiae 13 9 - - -
NZ dotterel Charadrius obscurus 13 9 - - -
Eastern knot Calidras canutus 13 9 -
Grey-faced petrel Pterodroma macroptera 13 - - 6 8
Little shearwater Puffinus assimilis 13 - - - -
Northern giant petrel Macronectes hallii 13 - - - -
Caspian tern Hydroprogne caspia 13 - - - -
Broad-billed prion Pachyptila vitata 13 - - - -
Prion ?sp. Pachyptila sp. 13 - - - -
Black-fronted tern Childonias albostriata 13 - - - -
Mottled petrel Pterodroma inexpectata - 8 - - -
Total taxa represented 26 18 0 7 7
Total assemblages with identified coastal birds 8 5 0 2 2

that ever form a significant part of the study
assemblages are two shearwaters (sooty, flut-
tering), and the pied shag. Nine of these 10
species are thought to have maintained breed-
ing populations in southern New Zealand at the
time of human arrival (Holdaway et al. 2001).
In the case of the tenth, the presence of
osteologically immature bones of white-capped
albatross at two sites supports the suggestion
(Holdaway et al. 2001) that this species was also

breeding in the region. Remaining species have
all been recorded as seasonal or occasional
visitors to Otago-Catlins coasts.

There are some fluctuations in the frequency
with which species occur in each time period
(Table 15). Of the seven species represented in
50% or more of E sites, five show evidence for
decline. Crested, little blue and yellow-eyed
penguins along with sooty shearwaters and fairy
prions are all represented in lower proportions
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Table 14 Frequency, abundance and breeding status of coastal birds in Otago-Catlins assemblages.

n assemblages® in
which % coastal bird

MNI is:
n assemblages’
Breeding in which
Taxon status® present >50 25-50 10-25
NZ crested penguin Eudyptes pachyrhynchus S, SO, Imm 14 1 2
Yellow-eyed penguin Megadyptes sp. S, SO 13 - 5
Little penguin Eudyptula minor S, SO, Imm 14 2 3
Wandering albatross Diomedea exulans 5 - -
Royal albatross Diomedea epomorpha 1 - -
Grey-headed albatross Thalassarche 1 - -
chrysostoma
Buller’s albatross Thalassarche bulleri 2 - -
White-capped albatross Thalassarche cauta S?, Imm 16 1 2
Southern giant petrel Macronectes giganteus 1 - -
Mottled petrel Pterodroma inexpectata S, SO 2 - -
Cook’s petrel Pterodroma cookii S 3 - -
Broad-billed prion Pachyptila vitata S, SO 4 - -
Fairy prion Pachyptila turtur S, SO 8 - -
Sooty shearwater Puffinus griseus S, SO, Imm 9 - 4
Short-tailed shearwater Puffinus tenuirostris 2 - -
Fluttering shearwater Puffinus gavia S, SO, Imm 7 - 1
Little shearwater Puffinus assimilis 1 - -
White-faced storm petrel  Pelagodroma marina S, SO, Imm 4 - -
Common diving petrel Pelecanoides urinatrix S, SO, Imm 12 1 1
South Georgian diving Pelecanoides georgicus 1 - -
petrel
Little shag Phalacrocorax S, SO 4 - -
melanoleucos
Black shag Phalacrocorax carbo S, SO 5 - -
Pied shag Phalacrocorax varius S, SO 7 - 1
Stewart Island shag Leucocarbo chalconotus S, SO, Imm 16 1 2
Spotted shag Stictocarbo punctatus S, SO, Imm 22 2 6
Black-backed gull Larus dominicanus S, SO, Imm 7 - -
Red-billed gull Larus novaehollandiae S, SO 1 - -
Black-billed gull Larus bulleri S 3 - -
Black-fronted tern Childonias albostriata S 1 - -
White-fronted tern Sterna striata S, SO 3 - -

! Total assemblages with birds = 31.

2 Out of assemblages with coastal bird MNI > 10 (n = 14).

3 At time of human arrival breeding populations on South Island (S) and/or southern offshore islands (SO) (after
Holdaway et al 2001); Imm = bones of immature individuals reported from study assemblages.

of later assemblages (leaving aside the poorly
sampled M and ML periods). Indeed if all three
penguins are combined as a group they decline
from occurrence in 90% of the E period
assemblages, through 78% in the EM period

to just 33% in the L period. Likewise petrels,
prions and shearwaters as a group occur in 80%
of E period assemblages, falling to 67% in the
EM and 44% in the L period, with both the
sooty shearwater and fairy prion absent from
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Table 15 Temporal distribution of coastal birds in Otago-Catlins assemblages.

% study assemblages per period in which present

Early/ Mid/
Early Middle  Middle Late Late
Common name n=10 n=9 n=>2 n=2 n=9
NZ crested penguin Eudyptes pachyrhynchus 70 33 50 100 11
Spotted shag Stictocarbo punctatus 60 78 50 100 67
Little penguin Eudyptula minor 60 56 50 100 -
Yellow-eyed penguin Megadyptes sp. 60 20 - 100 33
Sooty shearwater Puffinus griseus 60 20 - 50 -
Stewart Island shag Leucocarbo carunculatus 50 44 50 50 56
Fairy prion Pachyptila turtur 50 22 - 50 -
White-capped albatross  Thalassarche cauta 40 33 50 50 78
Common diving petrel  Pelecanoides urinatrix 30 56 - 100 22
Pied shag Phalacrocorax varius 30 11 - 100 11
Fluttering shearwater Puffinus gavia 20 33 - 50 11
Black shag Phalacrocorax carbo 20 11 50 - 11
Black-backed gull Larus dominicanus 20 11 - 50 33
Little shag Phalacrocorax 20 11 - 50 -
melanoleucos
Broad-billed prion Pachyptila vitata 20 11 - - 11
White-fronted tern Sterna striata 20 11 - - -
White-faced storm petrel Pelagodroma marina 20 - - 50 11
Mottled petrel Pterodroma inexpectata 20 - - - -
Black-billed gull Larus bulleri 10 22 - - -
Wandering albatross Diomedea exulans 10 11 - - 33
Cook’s petrel Pterodroma cookii 10 11 - - 11
Short-tailed shearwater  Puffinus tenuirostris 10 11 - - -
Buller’s albatross Thalassarche bulleri 10 - - - 11
Sth. Georgian diving Pelecanoides georgicus 10 - - - -
petrel
Black-fronted tern Childonias albostriata 10 - - - -
Southern giant petrel Macronectes giganteus - 11 - - -
Little shearwater Puffinus assimilis - - - 50 -
Royal albatross Diomedea epomorphora - - - - 11
Grey-headed albatross  Thalassarche chrysostoma - - - - 11
Red-billed gull Larus novaehollandiae - - - - 11
Total taxa represented 25 21 6 15 18
Total assemblages with coastal birds 10 9 2 2 8

the later. In contrast to this, shags as a group,
and the spotted and Stewart Island shags as their
main representatives, show little change over
time, while the albatross/mollymawk group of
species occur more frequently in the L period
than in earlier times.

Marine mammals: Greater Hauraki

Mammals are represented in 27 of the 75
Greater Hauraki study assemblages (Smith &
James-Lee 2010:appendix 5), with terrestrial
mammals (dog, rat) occurring in all but one
of these. Marine mammals are confined to just
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17 assemblages, although in four cases their
remains are almost certainly raw materials for
artefact manufacture and may not represent
animals caught at that time or place (Table 16).
All of the primary remains are from E or EM
period sites. The fur seal is the most widely
represented species, followed reasonably closely
by the sea lion, with all the specimens identified
only to the otariid family deriving from one or
other of these two species. These data are
consistent with previous observations that there
were once breeding populations of fur seals and
sea lions in the Greater Hauraki region, and
that these disappeared by c. 1500 A.D. (Smith
1989, 2005). Elephant seal remains also occur
only in the E period.

Pilot whales were almost certainly exploited
only by scavenging from naturally stranded
animals. Notable by their absence in any of the
study assemblages are dolphins. Dolphin ?sp
bones have been reported from at least one
undated site in the Greater Hauraki region and
others further north on the east coast of
Northland (Smith 1985, 1989; Furey 2002a).
In addition, bone harpoon heads thought to
have been used in dolphin hunting are also
known from the region (Smith 1989), making it

likely that these animals were at least an
occasional part of the marine harvest.

Marine mammals: Otago-Catlins

Mammals are represented in all of the Otago-
Catlins study assemblages except for one from
the Late period (Smith & James-Lee 2010:ap-
pendix 9). The remaining 31 assemblages all
include terrestrial mammals (dogs, rats), with
marine mammals represented in 28. However,
each of the assemblages where the latter are
missing is from a site that yielded marine
mammal remains from one or more other
assemblage of the same period, indicating that
the apparent absences are sampling errors.
Taxonomic identifications have usually been
reported for seal remains, although these are
not available for two EM period assemblages,
but have seldom been reported for cetaceans
because of the difficulty of achieving accurate
identification.

The fur seal is clearly the most widely
represented species and, where marine mammal
assemblage sizes are sufficiently large to make
comparisons meaningful, they generally make
up more than half of marine mammal MNI

Table 16 Frequency and temporal distribution of marine mammals in Greater Hauraki assemblages.

n assemblages

% study assemblages per period in which present

in which E E/M M M/L L
present n=2_8 n=11 n=25 n=18 n=13
Fur seal Arctocephalus 9 75 9 - 6' 8!
forsteri
Otarid seal ?sp. Otariidae 7sp. 5 25 18 - - 8!
Sea lion Phocarctus 6 63 9 - - -
hookeri
Elephant seal Mirounga 4 50 - - - -
leonina
Pilot whale Globicephala 7sp. 1 13 - - - -
Whale ?sp. Cetacea 7sp. 8 50 9 - 6! 15!
Assemblages with non-industrial marine mammals 7 3 - - -

! Probably industrial remains.
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(Table 17). Sea lions and elephant seals occur in
about half as many assemblages and seldom
make up more than a third of marine mammal
MNI. Leopard seals occur rarely, with never
more than a single individual represented in an
assemblage. Cetacean remains are also rela-
tively uncommon. The only species-level iden-
tifications reported are for cranial remains from
single individuals of Hectors and common
dolphins from one Late period assemblage.
On the basis of size, it is suspected that remains
from other sites include both dolphins and
some larger whales.

Change over time may be indicated by the
decline in occurrence, then disappearance from
the study assemblages of sea lions, elephant
seals and leopard seals by the end of the ML
period. More detailed analysis elsewhere (Smith
1985, 1989, 2005) indicates that there were fur
seal breeding populations on the Otago-Catlins
coast until about the end of the seventeenth
century, with only non-breeders present there-
after.

Discussion

The evidence reviewed above indicates that a
broad range of marine resources were exploited
by the pre-European Maori occupants of the
two study areas. Nonetheless these represent
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just a small proportion of what was available.
For example, the 147 molluscan taxa present in
the Greater Hauraki sites represent only about
26% of those reported for waters shallower
than 50 metres within the study area (Morley &
Hayward 2009), the 35 fishfish taxa similarly
represent about 20% of those available in the
northeastern North Island (Paul 2000), and
from both study areas only three cetacean
species have been positively identified out of
some 56 that have been reported from New
Zealand waters (Baker et al. 2010). Several
factors are likely to have contributed to this
pattern, and it is pertinent to consider which of
these were likely to be in operation with each
class of fauna in the two study areas, and
whether they exhibit any changes over time.

In the case of shellfish, accessibility was
important with deepwater shellfish beyond
reach of shoreline harvesting. Two types of
shoreline were clearly preferred collecting
zones, as most species found archaeologically
derive from rocky shore or estuarine settings,
and relatively few from open sandy beaches. In
each of the quantified study assemblages there
is an overwhelming focus on species from
just one of these zones (Fig. 9), suggesting
that harvesting was localized and presumably

Table 17 Frequency and temporal distribution of marine mammals in Otago-Catlins assemblages.

% study assemblages per period in which

present
n assemblages Early/ Mid/

in which Early Middle Middle Late Late

present n=10 n=9 n=2 n=2 n=9
Fur seal Arctocephalus forsteri 24 90 56 100 100 67
Otarid seal ?sp. Otariidae ?sp. 1 10 - - - -
Sea lion Phocarctus hookeri 11 70 33 - 50 -
Elephant seal Mirounga leonina 10 70 33 - 50 -
Leopard seal Hydrurga leptonyx 3 10 11 - 50 -
Hectors dolphin  Cephalorhyncus hectori 1 - - - - 1
Common dolphin  Delphinus delphis 1 - - - - 1
Whale 7sp. Cetacea 7sp. 7 20 22 50 50 11
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Figure 9 Proportions of rocky shore, estuarine and open beach shellfish MNI per assemblage by time period

in A, Greater Hauraki and B, Otago-Catlins.

focused on what was available in close proxi-
mity to the human settlements concerned.

Within each of the two main harvesting
zones differing selection processes appear to
have been in operation. Relative abundance
was significant in estuarine settings, with vir-
tually all harvesting focused on cockles, pipis,
and to a lesser extent mudsnails, which often
occur in extremely dense beds (Shawcross
1967). Size was much more important on the
rocky shore, where Anderson (1981) has shown
that the optimal collecting strategy involves
taking the largest individuals encountered,
regardless of species. In the present study six
of the nine rocky shore species that occur in
50% or more Greater Hauraki assemblages at
any one time period (Table 3) are from large or
moderate size classes (> 3 g wet meat weight),
as are all the rocky shore taxa that occur with
this frequency in Otago-Catlins (Table 6). Size
may also have been the primary consideration
when harvesting on open sandy beaches, as it is
only the larger species such as tuatua, scallops
and ringed venus that occur with any frequency
in the archaeological record.

Although  shellfish  were  ubiquitous
throughout the prehistoric sequence in both
study areas (Fig. 10), there were distinct
changes in assemblage composition over time.
In Greater Hauraki, E and EM period assem-
blages are dominated by rocky shore shellfish
with estuarine species predominant in later
periods, while in Otago-Catlins there appears

to have been a transition in the opposite
direction (Fig. 9). The former trend has been
noted previously, and was suggested to have
arisen from harvesting pressure on preferred
rocky shore taxa (Green 1970). Detailed time-
series data available from four Greater Hauraki
sites (Fig. 11A) allow some testing of this. Two
of these (Cross Creek, Hahei) exhibit the
progressive shift in emphasis from larger to
smaller species that Anderson’s (1981) model
predicts as the outcome of sustained harvesting
on the rocky shore, but this is not apparent at
the two other sites (Hot Water Beach, Sunde),
and nor is it evident in summary-level data for
the whole region (Fig. 11B). This indicates that
while there might have been some localized
effects, harvesting pressure cannot explain the
changes observed at a regional level. There are
no size-frequency data available for estuarine
shellfish from the Otago-Catlins sites with
which to assess whether there was evidence of
harvesting pressure (cf. Swadling 1976), but it
seems unlikely that this could have been
sufficient to lead to cessation of estuarine
shellfishing.

Given the strongly localized nature of
shellfishing identified above, a more likely
explanation for the observed changes in each
region is that there were shifts in preferred
settlement location. For the Greater Hauraki
region it can be postulated that growth of the
human population in conjunction with the
shifting nature of Maori horticulture led to
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Figure 10 Changes over time in proportions of assemblages containing each main class of marine fauna in

A, Greater Hauraki and B, Otago-Catlins.

increasing demand for land suitable for horti-
culture, and it seems likely that there was
greater availability of this in the vicinity of
estuaries than adjacent to rocky shores. Horti-
culture was not a factor in Otago-Catlins, as
this region was too cold for any of the
prehistoric cultigens to grow. Almost all of
the ML and L period sites dominated by rocky
shore shellfish are on headlands with earthwork
fortifications, suggesting that defensibility
might have been increasingly important in
selecting settlement location. However, with
only six quantified assemblages post-dating
the M period it is difficult to determine whether
the observed patterns are artefacts of sampling
rather than real changes in shellfish selection
and settlement location.

Maori harvesting of finfish employed both
shore-based and boat-based fishing strategies

utilizing a technological suite that included a
diverse range of hooks, nets and traps along
with single- and double-hulled canoes (Leach
2006). The archaeological data from Greater
Hauraki and Otago-Catlins indicate taxonomic
composition of fish catches consistent with
patterns identified for broader Northern North
Island and Southern South Island data sets in
previous reviews (Leach & Boocock 1993;
Anderson 1997b; Leach 2006), supporting
Anderson’s conclusion that the concentration
upon a relatively narrow range of medium-sized
carnivorous taxa arose from their ready avail-
ability in the most easily accessible inshore
waters, coupled with reliance upon angling as
the predominant harvesting technology. At the
same time, the present study suggests that
broad regional catch patterns disguise some
more localized variation, such as the high
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Figure 11 Changes over time in proportions of total shellfish MNI contributed by large and small rocky
shore shellfish species in Greater Hauraki. A, Time series from four stratified sites. B, Mean proportions for

all assemblages per period.
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relative abundance of leatherjackets in the
Coromandel, although it is difficult to deter-
mine whether this reflects localized natural
abundance or a greater emphasis on fishing
with nets (Witter 1969; Mann 2009).

Both study areas exhibit consistency in the
fish that were most commonly caught, with
barracouta and red cod predominant through-
out the Otago-Catlins sequence, and snapper in
Greater Hauraki. Some variations over time are
apparent amongst the lesser ranked taxa. In
Otago-Catlins there was a significant fall in
finfish taxonomic richness, with at least six
species not occurring after the E period, and
blue cod, trumpeter and black cods caught less
often after the EM period. Time series data
from strata within the Shag River Mouth site
show rapid declines in each of these species,
suggesting that they may have been vulnerable
to persistent local harvesting (Anderson &
Smith 1996a). At a region-wide level their place
seems to have been taken by hapuku and ling.
However, the limited number and size of mid
and late sequence assemblages from this study
area make it difficult to be confident that these
variations in minor taxa are anything other
than sampling effects.

In Greater Hauraki we can have greater
confidence that apparent changes through time
are not the product of sample size, although
they may reflect the geographic composition of
the data set rather than changes in fishing
practice. The mid-sequence rise in prominence
of mackerel fishing closely parallels changes in
the relative proportions of study assemblages
from the Coromandel and Inner Gulf sub-
regions. The latter make up only 13% and
27% of assemblages in the E and EM periods,
before rising to 76% and 67% in M and ML
periods, then falling again to 8% in the L
period. This raises the possibility that mackerel
were encountered more frequently in the waters
of the Inner Gulf than along the eastern shore
of the Coromandel, and that this has shaped
the overall composition of the regional sample.
Reduced representation of Coromandel sites
might also have influenced the lower represen-

tation of leatherjackets after the EM period.
However, this species is absent from all 13 post-
EM period Coromandel assemblages with fish
identified to species. It is notable that all of
these assemblages are dominated by estuarine
and/or open sandy beach shellfish, which
suggests that it was the movement of settle-
ments away from rocky shore environments
that was the main reason for reduced catches of
leatherjackets, and perhaps also of wrasses,
tarakihi and blue cod.

Changes in settlement pattern may also lie
behind the absence of fish from between 12%
and 24% of M, ML and L period assemblages
in Greater Hauraki (Fig. 10). In some circum-
stances absence of bones from the archaeologi-
cal record may be attributed to use of preserved
food supplies captured elsewhere, but the dry-
ing and/or smoking methods used by Maori to
preserve fish did not involve the separation of
flesh and bone (Colenso 1869; Hammond, cited
in Furey 1996:74; Anderson 1998:120-122),
and thus cannot have influenced the pattern
observed here. Nor can it have been due to
differential survival, as all of the fish-less
assemblages contain shellfish which would
have neutralized any acidity in the soil likely
to compromise bone survival. What is notable
is that the fish-less assemblages are composed
solely of shellfish, suggesting that they derive
from localities occupied for brief periods during
which a limited range of activities were under-
taken. In several cases the excavators have
interpreted these as camps associated with
gardening activity (Phillips 1997; Furey 2002b;
Moore 2006), although other kinds of specia-
lized activity or short-term occupation may
equally be represented. It can be hypothesized
that restricted-function sites such as these
became a more prominent part of the Greater
Hauraki cultural landscape from about the
middle of the prehistoric sequence.

There are two ways in which the
archaeological record may not accurately re-
flect past fishing practice. Poor survival of their
predominantly cartilaginous skeletons raises
the possibility that sharks and rays are
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under-represented by the small numbers of
elements recovered in the study assemblages.
This is most likely to be the case in Greater
Hauraki, as late eighteenth- and nineteenth-
century records indicate that small schooling
sharks were an important component of har-
bour fisheries in Greater Hauraki (Polack 1840;
Watson 1969; Murdoch 1996) and some other
parts of the North Island (Taylor 1855; Colenso
1869; Matthews 1910). While there are similar
records for parts of the South Island (Anderson
1997b), these do not include the Otago-Catlins
region (Bathgate 1992), suggesting that there is
likely to have been as much regional variation
in this as has been documented for other
fisheries. Equally, it would be unwise to pre-
sume that the accounts of shark fishing in
Greater Hauraki can be projected back in
time any further than the Late period without
some corroborative evidence.

Eels are also scarcely represented in the
archaeological record, despite nineteenth- and
twentieth-century accounts of mass capture,
preservation and their importance as a food
resource (Colenso 1891; Beattie 1920; Best
1929). Although predominantly freshwater
fish, Anguillidae are included in the present
discussion because part of their life cycle is in
the marine environment and it was during their
annual downstream migration to sea that mass
harvesting took place. It has been argued that
their scarcity in New Zealand archaecological
sites is due to poor survival of their bones,
rather than the absence of large-scale eeling
during prehistory (Marshall 1987; Paulin 2007).
In contrast Leach (2006:186—190) has proposed
that their scarcity may reflect cultural prefer-
ence, with eels generally avoided as a food
source until the historic era. The abundance of
eel bones in sites of considerable antiquity in
Britain and Europe (Wheeler & Jones 1989:164)
and the Pacific (Leach & Ward 1981:59; Kirch
& Yen 1982:292), along with the good preser-
vation conditions for fishbone already noted
for the study assemblages, makes it difficult to
accept differential survival as an explanation
for their scarcity in the dataset under analysis
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here. What these data indicate is that eels were
a minor but consistent part of the fisheries
throughout the prehistoric sequence in both
study areas, making it unlikely that they were
explicitly avoided as a source of food. At the
same time there is nothing suggestive of mass
harvesting and, following Leach, it is proposed
here that this form of exploitation did not
emerge until very late in the prehistoric se-
quence or during the historic era.

Birds were hunted throughout Polynesia,
particularly during the initial colonization
phase, using techniques ranging from snaring
and spearing to hand harvesting of burrow-
nesting and colonial seabirds (Steadman 1997).
It has been suggested that Maori fowling
strategies focused on birds of larger size (e.g.
Cassels 1984; Holdaway 1999) and while this
seems to have been the case for terrestrial taxa,
the evidence is equivocal for coastal birds, as
data from the present study show significant
correlation between body size and frequency of
occurrence in Greater Hauraki sites, but not in
Otago-Catlins (Fig. 12). Worthy’s (Worthy
1998b) analysis of avifauna from Marfell’s
Beach has shown that frequencies of culturally
deposited taxa closely match those deposited
naturally, indicating that, with few exceptions,
bird species were hunted as they were encoun-
tered, rather than being explicitly targeted. If
this observation can be generalized across the
country, it would imply that penguins, shags
and Procellariidae dominated the coastal bird
harvest in Greater Hauraki and Otago-Catlins
because they were the most abundant taxa, and
perhaps also because their colonial breeding
habits made them easily and predictably acces-
sible.

Coastal birds show a dramatic decline by
mid-sequence in the Greater Hauraki data set
which is not paralleled in Otago-Catlins (Fig.
10). Although not discussed here, terrestrial
birds exhibit almost identical trajectories in
each region (Smith & James-Lee 2010), suggest-
ing that there may have been a rapid
and significant reduction in the availability of
birds in the north. There have been several
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Figure 12 Frequency of occurrence of coastal bird taxa shows significant correlation with mean body weight

in A, Greater Hauraki (Spearmans r=0.4306, P =

r=0.2213, P =0.2315).

nationwide assessments of Holocene avifaunal
losses in New Zealand which have disclosed
high rates of extinction and extirpation follow-
ing human arrival, especially amongst flightless
terrestrial taxa of large body size (Cassels 1984;
Holdaway 1999; Worthy 1999; Worthy &
Holdaway 2002). Among coastal birds there
were only two extinctions—Puffinus spelaeus
(Holdaway & Worthy 1994) and Megadyptes
waitaha (Bossenkool et al. 2009)—but many
other coastal taxa were extirpated from the
main North and South Islands or had their
ranges severely reduced (Holdaway 1999).
While the loss of larger terrestrial taxa has
been attributed principally to hunting by
Maori, it has been proposed that predation by
the Pacific rat (Rattus exulans) played a much
larger part in the demise of smaller birds,
especially the burrow-nesting petrels, prions
and shearwaters (Holdaway 1999). Holdaway’s
analysis did not detect any difference between
the North and South Islands in the rate of loss
of these birds over the entirety of the prehis-
toric period. However, it should be noted that
his study, along with the other nationwide
assessments, did not have the benefit of well-
dated assemblages with quantified relative
abundance data from within that period. The
present data set shows that bird species most
likely to be at risk from Pacific rats (body size
< 0.5 kg and/or egg length < 60 mm; Hold-
away 1999) actually increase as a proportion of

0.0455), but not in B, Otago-Catlins (Spearmans

the coastal avifauna harvested by Maori over
time in Greater Hauraki while remaining more
or less stable in Otago-Catlins (Table 18). This
suggests that it is unlikely that the differences
between the two regions can be attributed to
varying impacts of rat predation, and alterna-
tive explanations need to be considered.
Sampling could provide one such alterna-
tive, if the later datasets derived only from
small excavations yielding restricted faunal
assemblages that might have failed to detect
comparatively rare taxa. However, the mean
size (total MNI) of the 56 M, ML and L
assemblages from Greater Hauraki is 2347
(range 4-19,909), which is slightly greater
than the 2153 (range 38-15,577) for the 19 E
and EM assemblages. If sample size was a
contributing factor it would be more likely to
have operated in Otago-Catlins, where the 11
later assemblages are much smaller (mean 391;
range 11-3194) than the 19 earlier ones (mean
11,176; range 36—77,508). However, as noted,
birds are much better represented in later sites
in Otago-Catlins than in Greater Hauraki.
Changes in settlement pattern in Greater
Hauraki could also have contributed to the
observed pattern. Whereas the E and EM
period datasets derive from sites that appear
to have been hamlets or villages at which a wide
range of subsistence activities are represented
(Anderson & Smith 1996b; Walter et al. 2000),
the shellfish and finfish data reviewed above
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Table 18 Proportion of coastal bird harvest vulner-
able to rat predation.

Study area E+EM ML +L
Greater Hauraki

% coastal bird taxa 68 78

% coastal bird MNI 73 81
Otago-Catlins

% coastal bird taxa 54 48

% coastal bird MNI 51 53

suggest that some of the assemblages from
subsequent periods derived from functionally
specialized short-term camps, each of which
would be expected to yield only part of the
faunal spectrum harvested by a community.
However, the approach taken in this study does
not rely upon single sites, instead aggregating
data at a regional level, so that there can be
reasonable confidence that the full range of
subsistence pursuits undertaken during the M,
ML and L periods are represented among the
large number of Greater Hauraki assemblages
from these periods. As noted, birds are con-
sistently poorly represented across all these
assemblages.

For reasons outlined in relation to fish, the
low representation of birds in later Greater
Hauraki sites is most unlikely to be due to poor
bone survival. It is more difficult to be sure that
it was not influenced by the preservation and
transport of bird carcasses. Some nineteenth-
century accounts indicate that bones were
removed from pigeons and other large birds
before they were cooked and potted in fat (Best
1909:474), while the method usually described
for ‘mutton birds’ left all the bones except those
from the head and extremities of the limbs to
travel with the carcass to wherever it was
consumed (Richdale 1948:100-102). Although
it might be presumed that the latter is likely to
have been the norm for at least the Procellar-
iidae, it is impossible to rule out regional
variations in preservation methods as a con-
tributing factor in the paucity of marine birds
after the EM period in Greater Hauraki. Even
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with that caution in mind, the magnitude of
difference between the trajectories of bird
representation in the two study regions strongly
suggests that Maori harvesting had a much
more rapid and dramatic impact on coastal
bird populations in northern New Zealand.

Marine mammal exploitation in tropical
Polynesia included hunting dolphins with har-
poons (Leach et al. 1984; Anderson et al. 1994)
and very rare examples of capturing seals
(Walter & Smith 1998; Smith et al. 2001). The
strong focus on the later, and especially fur
seals, in New Zealand can be attributed to their
abundance and the predictability with which
they could be captured at breeding colonies and
haul-outs (Smith 2005). Technological factors
such as the size and strength of bone harpoon
heads, fibre lashings and rope, and stability of
canoes are likely to have contributed to the
range of cetaceans exploited being restricted to
dolphins and only those larger species that
commonly strand.

Marine mammals disappeared from the
Greater Hauraki study sample by the end of
the EM period (Fig. 10). This is largely a record
of declining presence of fur seals, sea lions and
elephant seals, and all but the first mentioned
of these were no longer represented in Otago-
Catlins sites by the beginning of the Late
period. Detailed analysis elsewhere (Smith
1985, 1989, 2005) has shown that the south-
ward retreat of fur seal and sea lion breeding
ranges cannot be attributed to climatic change,
habitat modification or introduced predators.
Instead it was due to moderate but sustained
human predation, and happened most rapidly
in northern New Zealand where human popu-
lation growth was sustained by horticultural
production. There is as yet no evidence that
elephant seals maintained breeding colonies in
New Zealand, although they were present
prehistorically in Tasmania (Bryden et al.
1999), but their disappearance from both study
regions after the EM period is suggestive of a
predation effect. Leopard seals appear to never
have been more than occasional visitors to
New Zealand, and there is nothing in the
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archaeological record to suggest any change in
that through time. Difficulties of identification
preclude any meaningful interpretation of the
record for cetaceans, although, as noted above,
it is suspected that dolphins were hunted more
often than is reflected in the present study
samples and that this probably occurred
throughout the prehistoric sequence (Smith
1989).

Conclusion

Previous analyses of pre-European Maori ex-
ploitation of marine resources have generally
been ecither detailed analyses of a single site,
national reviews of data for a single class of
fauna, or very general overviews. Most were
undertaken prior to recent reassessments of
New Zealand’s prehistoric chronology which
relegated to an ‘undated’ status much of the
evidence upon which they were based (Smith
2008:369). The present study explicitly set out
to examine the full range of marine resources
evidenced in the archaeological record, using
information from as many sites within each of
two study regions that met data quality stan-
dards and could be securely placed in time.
While the broad pattern of marine exploitation
described here is consistent with many of those
earlier studies, there is now greater clarity
about the nature, extent and causes of both
regional differences and changes over time.

The evidence from this study indicates that
Maori harvested marine resources in a prag-
matic and opportunistic way, with those taxa
most abundantly and predictably available near
at hand featuring most prominently in the
archaeological record. Harvesting technology
provided some constraints on the range of
species that could be taken, and it is possible
that others were excluded due to cultural
preferences. Regional differences in exploita-
tion largely reflect geographical variations in
the availability of marine taxa. There is very
little evidence for targeted exploitation of
specific taxa.

Changes over time are apparent in two main
ways. Some taxa, including seals and coastal
birds, were exploited less often and less widely
as time progressed, and it is most likely that this
reflects the impact of sustained harvesting by
Maori. These changes occurred most rapidly
and more completely in the northern study
region, where human population growth, en-
abled by horticultural production, is likely to
have been more rapid and sustained. Changes
over time in the composition of shellfish and
finfish harvests are much less likely to be due to
harvesting pressure. At least some of these
changes in the northern study area have been
linked to changes in human settlement patterns
which appear to reflect increasing demand for
horticultural land, highlighting the importance
of viewing Maori use of marine resources
within the broader context of their total sub-
sistence and settlement patterns.
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